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PREFACE

d

This book is designed lly for college in geneties It is
the outgrowth of study on the part of the writer in connection with
teaching the subject over a period of many years. Although written
primarily for use as a text and reference work, 1t 18 hoped that the large
amount of matenal on man and the domesticated plants and animals will
make 1t of interest and value to the peneral reader.

The aim has been to present a clear and readable account of the ele-
ments of the science of genetics. In addition to a full expl ion of the
classieal laws of Mendel and of the supplementary prineiples of heredity
discovered since Mendel’s time, there is included a thorough discusston
of the roles of heredity and environment as cooperating factors 1n the
development of the individual organism.

The historical approach has been adopted as the one most likely to
gain the mterest of the reader Numerous historteal references are found
in each chapter, 1t 1s felt that a knowledge of the development of a
science is of particular mterest and mmportance to the beginning student
A separate chapter on the rediscovery of Mendel’s work bas been mtro-
duced because of the human interest and cultural value of the facts sur-
rounding this episode. Similar reasons have prompted the inclusion of
two rather long chapters on the heredity of human traits, as well as an
English translation of Mendel’s autobiography.

A glossary of terms most commonly used in geneties has been appended
for the convemence of the reader.

Genetics 1s one of the youngest and most vigorous branches of biology.
Its growth m recent years has been remarkable, especially with respect
to the application of principles of genetics to microorganisms, natural
populations, and man. Important new discoveries have been made m
the biochemistry of gene action and the chenucal mduction of mutations.
The author’s aim 1n the present revision of this book is to incorporate
the most interesting and significant of the recent advances and to bring
the discussion of all topics up to date. The entire text has been given a
thorough revision, and important changes and additions have been
made in every chapter.

The chapters on Linkage and Crossing Over, The Gene and Mutation,
Heredity and Evolution, and Human Heredity have been extensively
rewritfen, The discusston of Multiple Alleles now receives a separate
chapter heading Two entirely new chapters, Domesticated Plants,
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i PREFACE

and Domesticated Amimals, have been added These chapters consist
of brief biographies of some of our most important domesticated species,
accompanied by lists of well-established Mendelian characters for each
of the selected species Since such material is often not readily accessible,
owing to its wide dispersal in books, monographs, and journals, these
two chapters, 1t 1s hoped, will prove especially useful Students of agri-
culture and animal breeding should find these additions of special interest
and practical value

Lists of questions and problems have been included at the end of each
chapter; these have been revised and enlarged for the present edition.
The problems represent considerable range n difficulty. Usually, the
easier problems appear at the head of the list and the more difficult
ones at the end The general purpese m the preparation of the questions
and problems is the development of a mastery of the principles and the
stimulation of logieal thinking

Special pains have been taken 1n the selection and preparation of many
new allustrations for this edition. Authors and publishers have been
most generous 1n permitting the reproduction of illustrations and tables
from their publications Acknowled, t of the sources of such material
is gratefully given in the legends of figures and footnotes to tables.

I wish to express my gratitude to the following persons for special
material or assistance on matters that he within their particular fields
of interest and authority: Dr Meta S. Brown, Cotton Investigation
Section, Department of Agronomy, Agricultural and Mechanical College
of Texas; Dr. Cuthbert Dukes, Rescarch Department, St, Luke’s Hos-
pital, Londen; Dr. Halbert L. Dunn and Mr. Sam Shapiro, National
Office of Vital Statistics, Public Health Service, Department of Health,
Education, and Welfare, Washington; Mr. Jan-Albert Goris, Commis-
sioner of Information, Belgian Government Information Center, New
York; Dr Hans Gruneberg, Reader in Genetics in the University of
London; Dr. James B. Hamlton, Department of Anatomy, College of
Medicine, State University Medical Center at New York City; Professor
F. B. Hutt, New York State College of Agniculture, Cornell University;
Dr. Donald F. Jones, Department of Genetics, The Connecticut Agri-
cultural Experiment Station, New Haven; Dr. R L. Knight, East
Malling Research Station, Kent, England; Mr. C A. Krug, Director,
Instituto Agronomico, Departamento da Producio Vegetal, Campinas:
Brazil; Professor Alfred Kuhn, Max-Planck-Institut fur Biologie, Tubin-
gen, Germany; Dr. Wilham G. Lennox, The Neurological Institute of
the Children’s Medical Center, Boston; Professor . T. Morgan, Jry
Department of Botany, College of Agriculture, University of Maryland;
Professor C. Pavan and Mrs M. E Breuer, Department of Biolog¥s
University of S&io Paulo, Braail; Professor Lionel 8. Penrose, The Galton
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Laboratory, Umversity College, London; Professor M. M. Rhoades,
Department of Botany, University of Ilineis; Dr. Leo Sachs, Depart-
ment of Experimental Biology, Weizmann Institute of Science, Rehovoth,
Isracl; Dr E. R Sears, Bureau of Plant Industry, Soils, and Agricultural
Engineering, U S. Department of Agriculture, Columbia, Missouri; Dr.
Landrum B. Shettles, Columbia-Presbyterian Medical Center, New
York; Dr. H. A. Spoehr, Department of Plant Biology, Carnegie Insti-
tution of Washington, Stanford, California; Dr. B M Slxzynskx, Institute
of Ammal Genetics, Uni ity of Edi 1 ; Dr. W. M.
Stanley, Virus Laboratory, University of Cahforma, Berkcley, Dr. John
W. Thieret, Curator of Economic Botany, Chicago Natural History
Museum; Dr David H. Thompson, Senior Naturahst, Cook County
Forest Preserves, Illmois; Dr. Fritz Vert, Director of Libraries, Chicago
Teachers College; Professor Orland B White, University of Virginia;
Dr Alexander 5. Wiener, Senior Bactenologist (Serology) to the Office
of the Chef Medical Examner of New York City. I am indebted to
Professor R A. Fusher, also to Messrs, Oliver and Boyd, Itd , of Edin-
burgh, for permission to reprint Table 2 from their book “Statistical
Methods for Research Workers,”

I am deeply grateful to Professor Sewall Wright for his eritical reading
of much of the material in this and earlter editions and for his many
valuable suggestions. Special thanks are due to my wife, Alta R. Coln,
who made some of the drawings and read parts of the text, to the great
improvement of the clarity of the language Many of the drawings are
the work of Virgil Vogel, to whom I express sincere appreciation I also
wish to thank my sons Edward and Galen for their help in the preparation
of some of the drawings.

As in the past, the author will value lighly all suggestions for changes
or additions that readers may think desirable.

Epwarp C. Coun
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TO THE STUDENT

WHAT IS GENETICS?

Geneties is that branch of mology which deafs with the Jaws or prin~
ciples of heredity and vamation as observed in plants, i anumals, and
in man Its {unction is to discover and explan the mechanism of the
origmn and transsussion of the hereditary substances from one generation
ta the next, as well g the process of interactian of thess heredstary sub-
stances wath the internal and externsl environment of the mdividual
dunng its development,

Geneties 18 one of the newest subdiwvisions of blology. It originated as
a distinct field of study 1 1900 with the rediscovery of Mendel's pioneer
experuments Since that date 1t has grown at an accelerating rate through
the labors of many mvestigatons in fiefd and laboratory in all the mayor
countries of the world Today it 13 one of the most active and frwatin)
branches of the biological sciences

Two subdiisions of biology closely related to geneties are eytology
{the study of the cell) and embryology (the study of reproduction and
development) These subjects are covered more or less adequately m
books on general biology

REASONS FOR STUDYING GEMENICS

Some of the advantages to be gamed from s study of genetics are the
foltotwing.

1 Genetics ¢ conceyned largely mith an explanation of the differences
axisting smong indiniduals, beace 1t 15 of great value to persons who are
contemplating marnage. It helps 1 analyzing the potentiabiies of mdi-
viduals already bving as well as in predioting the trasts of future offspring
from a given mating.

Most persons who marry contemplate the birth of children Geneties
is of great assistance to the parent and the teacher m understanding
differences among children Such 3 of 15 ind ble for
the proper adj of hods of hing and care of tbe young in
gccordanee with the individual needs of children.
+2 QGeneties is making valuable contributions to the improvement of
dcmesncnied piants and smmals of economic importance. Through the

pp of genetie prineiples, 11 18 now possibie to support in a given

gcogmphxml region a much hrger human populatton than could have
=it




xiv TO THE STUDENT

been done prior to the development of the science of geneties Our sub-
ject, therefore, has far-reaching social implications

3 Applications of genetics are finding their way into medical practice
and into measures for the improvement of the health and intelligence
of future generations In the years that lie ahead we may confidently
expect increased activity in this direction. As citizens, we shall be
called upon to form judgments on 1ssues affecting the biological improve-
ment of the population In the present book special emphasis is given to
the applications of genetics to man

SUGGESTIONS FOR STUDY

The amount of reading required for a beginning course 1 genetics is
not extensive Intenswe study, however, is essentsal for success in the
course. Such study involves reading and rereading until a thorough grasp
of the prnciples is obtained Each principle is rllustrated by examples
desenbed in the text. The problems and questions at the end of each
chapter are designed to furmsh a check on your mastery of the principles
Genetics resembles mathematies in that one topic is built upon another
in logical order, therefore never leave one topic until you are satisfied
that you have mastered it

Although extensive reading is not required, some additional reading
xs hxghly recommended, especially for those who are majoring in the

The refe given 1n the footnotes of the text will
be found especially useful as a guide to supplementary reading.

Terminology. Like other specialized branches of learning, genetics
has 1ts own terminology The number of terms required in this course
is not excessive, and most of the terms will be used again and again.
Care has been taken to explain 1n the text and to illustrate each new
term at its first introduction Try to make each of these words a part
of your own voeabulary. Do not hesitate to commt definitions to mem-
ory;n this respect the glossary at the back of the book will prove helpful
Terms, nevertheless, are merely tools for use in elear thinking Qur most
wmportant objective should be to develop the ability to think logically about
the facts and principles of the subject we are studying and to acquere the
skill to solve problems as they are presented to us

Read Chapter 1 carefully in order to acquire a background for an
appreciation of Mendel's discoveries. The experiments of Mendel con-
stitute a brilliant example of the application of the scientific method to a
specific problem The inductive method is one of the chief contributions
of science to civilization

Study Chapter 2 as & unit Give special attention to the illustrative

ples therein described If you und. d these you should be able
1o work the problems and answer the questjons at the end of the chapter.




TO THE STUDENT xv

The idea of probability 1s of fundamental importance in geneties It is
not especially difficult, but the tram of thought may be new to you,
and 1f so, intensive study will be in order

Written Work. In case you use the checherboard method as illustrated
on page 13 of Chapter 2, and one of the parents i a matmng 1s purebred
(homozygous), use only one row of squares for that parent In other
words, use only as many squares each way as there are kinds of eggs or
sperms

Your resulting ratios should always be expressed in the lowest terms,
eg, 1:1 rather than 2:2. Where actual numbers of offspring are given,
asin Problem 2, first decide in your own mund what simple ratio is repre-
sented by the offspring, keeping in mind at all times that with very small
numbers the offspring may not fit any stmple ratio closely. Try to dis-
tinguish between what 1s possible and what 1s probable

Most of the problems in Chapter 2 are designed to give you an oppor-
tumty to apply the prineiple of probabihty Keep in mind the rule that
the chance of two or more wndependent cvents occurring simullaneously 1s
equal {0 the product of the chances of the events occurring separately Like-
wise, 1f one event can occur only afler another has occurred, then the proba~
bility that both unll take place is equal to the product of the two prabalnl'zl'zes
If you have any difficulty with any of the problems ivolving probability,
review the discussion and the examples given 1n the text.

E.CC
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MENDEL: STUDENT, PRIEST,
TEACHER, INVESTIGATOR

In the history of man’s progress toward an understanding of the laws

of nature, no story has higher dramatic interest than that of the dis-
covery of the laws of heredity This story centers about the hfe of a great
man, Gregor Johann Mendel,! born July 22, 1822, in Heinzendorf, a vil-
lage in the Sudeten region of Silesia, at that time a part of the Austro-
Hunganan Empire.

Mendel was the second child of a successful farmer and frutgrower.
His ancestry was probably a mixture of German and Czech In the vil-
lage elementary school Mendel showed such talent that at the age of
eleven he was sent to the upper elementary school at Leipmk, a town
about thirteen mules distant. Here, too, he did well and reached the top
of his class, with the result that at the end of 1834 he was sent to Troppau
High School, more than twenty miles away.

While 1n high school, misfortunes at home compelled him, for a time,
to earn his own expenses, and in the spring of 1838 a senious 1llness forced
him to return home, where he remamed unti! September. Mendel com-
pleted the required six years at high school and graduated 1n August of
1840 with an excellent record

1In 1840 [quoting from a short autobiography written later] after having com-
pleted his studies at the Gymnasium his first concern was to secure the means
necessary for e hisstudies In Olmiitz he pted therefore tedl
to offer hus services as a private tutor, but on account of lack of friends and of
recommendations his efforts remained unsuccessful The grief resulting from these
shattered hopes and the uneasy and sad prospects for the future were of such s

3 As authonty for most of the facts on the life of Mendel I am wmdebted to the
excellent biography “Life of Mendel,” by Hugo Iltis, published onginally 1n German,
1921, under the title “Gregor Johann VMendel, Leben, Werk, und Wirkung” and
translated mto English by Eden and Cedar Paul, W. W. Nerton & Company, Inc.,
New York, 1932.

1



2 ELEMENTS OF GENETICS

deep impact that he fell 1l and had to spend a whole year with his parents to
recuperate

Finally, with some financial help from one of his sisters and money
earned 1 private teaching, he completed the two-year course at Olmutz
Philosoplucal Institute.

Mendel’s autobiography, mentioned above, consisted of four pages in
longhand. It was written in 1850 to accompany his application for admis-
sion to an examunation for lugh-school teachers Fortunately thisinterest-
g manuscript was preserved It was published in full in the original
German, with a brief statement by Hugo Iltis (see Appendix A for an
English translation n full)

In October, 1843, Mendel was admitted to the Augustiman monastery
at Brunn in Moravia

During the time here that he was not busy with hus classical and theo-
logieal studies he worked with botanical and mineralogical collections in
the monastery His mterest m natural science grew In 1848 he com-
pleted s thealogieal studies, and one year later accepted an assignment
gs substitute teacher in the lgh school at Znaim,

MENDEL AS TEACHER

In his high-school position at Znaim Mendel taught Greek and ele-
mentary mathematies In 18350, at the urging of lus chief and eolleagues,
he took the examination for a teaching certificate The examination was
conducted by professors at the University of Vienna, In spite of the fact
that the young teacher had studied little science 1n school and had never
attended a umversity he succeeded 1n passing the examination in physics,
but failed 1n geology and i the clasufication of mammals.

The chairman of the committee, recogni Mendel’s na-
tive abihty, recommended that be be given more traiming. As a result of
this recommendation, the abbat of the monastery permitted him to enter
the University of Vienna as a student Here he studied from 1851 to
1833, taking courses in zoology, systematic botany, paleontology, phys-
ics, and mathematies

In 1854 Mendel began his eareer as a supply teacher of physics and
natural history in the Brunn Modern 8chool In 1856 he came up for a
second trial at the examinations, but agamn he fled to win a certificate.
The record is not elear as to why he failed Iltis beheses that he was in
some way offended in the oral part of the examination and +oluntanly
withdrew. Whether this 14 true or not, 1t agrees with what we might ex-
pect from one of Mendels sensitive and independent nature. The events
in his later hfe show clearly that when he believed himself to be in the
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right he could be one of the most stubborn of men. Apparently his awn
school authonties did not regard him as incompetent, for he remained as
supply teacher for twelve more years, and then was elected abbot. With
his students and colleagues he was a popular and successful teacher.

- /aﬁ:ié*{w\\?} 7(
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Figure 1. Gregor Mendel, 1822-1881 (From Iitis,
“lafe of Mendel,” W W. Norton & Company, Inc)

MENDEL AS INVESTIGATOR

According to one of his colleagues, Mendel was stimulated to begin his
experniments on artificial crossing of plants by the dispute with an ex-
nminer already referred to. Iitis does not accept this theory, but beheves
that he entered upon the experiments for their own sake However this
may be, 1t is well known that 1n those of tough mental fiber a failure in
one line of endeavor merely spurs the will to succeed 1n some other line
Mendel's brilliant success as an investigator in succeeding years proved
beyond all doubt the superior quality of his mind .

Mendel states 1n the introduction to his paper describing the famous
experiments with peas that these experiments were suggested by results
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obtained 1n artificially fertilizing ornamental plants in order to produce
new color vartettes The striking regulanty with which the same hybrid
forms appeared when fertilization took place between the same species
led hum to follow up the development of the hybrids in their own off-
spring This principle of the uniformity of first-generation hybrids is illus-
trated in the well-known case of the mule, a hybrid between the horse
and the ass Mules are no more vanable than the parent species from
which they are derived

As the son of a farmer and frmitgrower Mendel had grown up in an
atmosphere of plant and animal breeding, and he maintained his interest
in plants and animals throughout life Fruits, flowers, and bees were of
spectal mterest to him In his study of botany, zoology, and paleontology
at the University of Vienna he must have gone into the technical classifi-
cation of plants and ammals as well as into their past history, and no
doubt there had developed mn him a thurst for a more adequate philo-
sophical explanation of what he saw in hiving nature

A number of reports of experiments on plant hybridization, including
one on a hybrid between the pea and the vetch, had recently been pub-
lished. Mendel may have been mfluenced by them. It is possible also
that his interest in evolution and the origin of species was instrumental
in directing the line of hus researches,

MENDEL AND EVOLUTION

We do not know at what time Mende! first became interested in the
growing discussion of evolution which, in 1859, burst with explosive force
1 the publication of Charles Darwin's book “The Origin of Species,”
shaking the intellectual world to its foundations. We learn from Iltis that
Mendel, during his own rescarches, became a thorough student of Dar-
win’s work, that he bought all of Darwin's books; and that almost 21l of
the Darwinian hterature of the 1860s and 1870s is in the library of the
monastery st Brunn In a copy of “The Origin of Species” and also in
a copy of ““The Variation of Animals and Plants under Domestication™
by Darwin, belonging to the library, there are many notes in Mendel’s
handwriting.

With characteristic independence of mind, Mendel did not accept Dar-
win’s theorics as adequate, although he was not opposed to evolution.
And, interestingly enough, the very field in which Darwin’s theories later
proved to be madequate (the field of heredity) is the one in which Mendel
was to make his own great contribution. According to one of his fellow
teachers, Mendel frequently tried to produce permanent variations by
the transplantation of plants from their natural habitat, but the results
were always negative, These experiments seem to have convinced him
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that nature did not work 1n any such way, and that, contrary to Darwin’s
belief, the mhentance of acqured characters was not a factor in evolu-
tion. It is certain, however, that Mendel realized the important relation-
ship of his own discovernes to the prineiple of evolution, for we find this
pomnt specifically emphasized in his paper on experiments with peas

Regrettably, Darwin never knew of Mendel and hus work. A search
through Darwin’s extensive library, made by s son following the sci-
entist’s death, failed to disclose a copy of the paper on peas, and no refer-
ence to Mendel has ever been found in any of Darwin's writings. In the
sixth edition of *The Origin of Species”! published 1n 1872, six years
after Mendel made known the laws of heredity, we still find the follow-
g statement-

The laws governing inhentance are for the most part unknown, No one can
say why the same peculiarity i different individuals of the same species, or in
different species, 13 sometimes mhented and sometimes not so, why the child

often reverts in certam ch to1ts her or dmother or more
remote ancestor . . .

These were exactly the questions which Mendel’s experiments had an-
swered. Had Darmin come m contact with Mendel's work the history of
biology during the last third of the mineteenth century would have been
quite different. Darwin’s extensive knowledge of hybridization, based 1n
part on his own expermments, would no doubt have led him to appreciate
at once the importance of Mendel’s work As a result, the study of evolu-
tion would have taken a more frustful turn and Mendel would surely
have recerved during hus hifetime the recognition due him. This, however,
was not to be.

MENDEL'S EXPERIMENTS WITH PEAS

In 1856, soon after us second failure in the examination, Mendel be-
gan his experiments 1n crossing the edible pea These were continued up
to and including 1863. His breeding experiments were carrted on each
summer in a garden plot measuring only 20 feet by 120 feet alongside
the bmlding of the monastery (Fig 2) Again and again he writes in his
letters how cramped he 1s in his researches During the winter months
when he could not continue his experiments out of doors, it is casy to
imagine him gomng over and over lus results until he had finally formu-
lated the laws by which his name, years after s death, was Lo .
famous,

Mendel delivered the first report of his work before the T
for the Study of Natural Science on February 8, 1865, At a.

1 Charles Darwin, “The Ongm of Species,” D. Appleton-Century Co.,
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ing one month later he concluded s discussion. In 1866 the paper was
pubhished 10 the proceedings of the roctety The proceedings were ex-
changed with more than 120 other rocicties, uniy erxitics, and academies
at home and abroad.?

Mendel's report fell on deaf ears. In his lectures before the society
there were no questions and no diccussion The same silence eny eloped
the publication of tus article During the following 31 years not one pet-
son, so far as the records show, reahzed that here i the compass of 46

Figure 2. Garden of the Augustinian monastery at Britnn, Morawvia, in which
Mendel carried on his expeniments with peas (From Shull, J Heredily, 1935.)

pages was revealed one of the most important laws of nature ever dis-
covered by man. How are we to explan this apparent blimdness of other
scientists? An attempt to answer this question had best be deferred until
after an examination of the nature of the discoveries themselves.
BMendel's choiee of peas as experimental material was not an accident
He tells how important he regards the right material to the suecess of
any experiment and gives his reasons for selecting peas: first, he found
that peas were obtainable 1n many pure-breeding varicties; second, the
flowers were well protected from the influence of foreign pollen, oning te
! Mendel's orgmal paper, “Versuche tber Pflanzenhybriden® (Expeniments 1
Plant Hybnd ), % as publish % des N b Vereinsin
Brunn, vol 4, 1866 A reprint of an I'nglish translation by the Royal Horticultursl
Society of London 15 published and sold by Harvard Unnvcrssty Press, Cambndge

Mass A facsumile reprint of the onginal German edition was published in J. Herediti
42:1-47, 1951
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the close encasement of the reproductive organs inside the petals of the
flower (Fig. 3); and third, the hybnds resulting from crossing two varie-
ties were perfectly fertile The last fact has been demonstrated many
times by other experimenters

Having decided upon peas, Mendel obtamed seeds of 34 varieties from
several seedsmen. These he tested out by planting over a period of two
years, in order to be sure that they were pure-breeding vareties From
the Tist of 34 he selected 22 varieties which he cultivated during the entire
eight-year period of the exp Without D they d
constant, indicating that they were pure vaneties

(a) ®)
Figure 3. (a) Mature pea blossom. (b) Diagram of pea
blossom showing petals, consisting of standard, wings,
and keel, separated to expose the pistil and stamens The
boat-shaped keel and the wings close tightly around the
stamens and pistil, ensuning self-pollination

Mendel’s primary object was to cross one variety with another and to
observe the resulting hybnds! 1n the first and succeeding generations in
order to discover the law which controlled the appearance of contrasting
characteristics 1n successive generations Peas are normally self-fertiliz-
ing, but the production of hybrids 1s not difficult all that 1s necessary is
to open the bud before the flower is fully developed, and with forceps to
extract the pollen-producing organs (stamens), then the pollen, contain-
ing the male fertilizing cells, or sperms, from a plant of another vanety,
13 at once dusted upon the upper end of the egg-producing organ (pistil)
This was the techmque followed by Mendel

The wall of the pollen gramn scon breaks, and a pollen tube containing
the sperm cell grows down, eating its way through the pistil until it
finally reaches the egg in the ovary (expanded lower end of the pistil),

t Although the term hybrid 1s often applied to the offspring of two distinct speciea,

1t 15 used properly also, as pomted out by Mendel, for offsprmg of two different
‘varieties
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Figure 4. Diagram of pistil and stamens of the
pen show ing pellen tube growing down, carrying
the eperm to fertilize the egg The second sperm
unites with two other nucler (not shown) n the
ovule to produce the endosperm of the seed

where the sperm fertilizes the egg (Tig. 4). The seed which develops after
cross-fertilization 13 o hybrid for the same reason that an animal whose
parents arc of different vanetics is o hybrid.

REASONS FOR MENDEL'S SUCCESS

Mendel was keenly awnare of the basic problems which had to be solved
1n order to gamn an understanding of the mechnnism of heredity. He has
been credited by the leading contemporary DBritish eytologist, Darling-
ton,! nith the successful conduct of two of “the three vital experiments”

. on which modern genetic prineiples are founded. The best known of these
experiments, s work with peas, 13 deseribed in the next two chapters.
The second experiment, which is not widely known and i3 not often men-
tioned, led to the proof that a single pollen grain is sufficient to bring
about the fertihzation of the egg of a plant. The results were reported
in 1870 in & letter to the German botanist Nigeli,

On the basis of experiments of leading investigators of the time, it had
become generally aceepted that several pollen grains were necessary for
a single fertilization. If true, this would have been irreconcilable with
Mendel's deductions regarding the laws of hcredlty resulting from his ex-
periments with peas A dingly, he idered it y to repeat

sly,
the pollination experiments. He used the same plant, the four-o'clock
(Murabilis), as the previous workers had used In this plant the pollen
grains are extraordinanly large His results were directly contrary to those

1C D. Darlington, “The Evolution of Genetic Systems,” Cambrdge Unnersity
Press, London, 1939
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of previous workers. He obtamed from fertiization with single pollen
grains 18 well-developed sceds and from them as many plants, the ma-
jority of which were just as fully developed as those derived from free
pollination A few were somewhat stunted Later in the same year, Mendel
again wrote Nageli and advised hum that the stunted plants had made up
the loss and could not be disti hed from those produced by ordinary
pollination. Mendel repeated the experiment and agan obtained fertil-
zations from single pollen grains.

Mendel correctly explains the advantage in using a number of pollen
grains. He concludes that pollen grans are not all alike 1n their fertiliz-
ing capacity With a number of grans there 19 a chance that one at least
will be successful in effecting fertilization. Where several compete, he says,
we may assume that always the strongest succeeds 1n alone effectuating
the fertilization. Differences in viability and mn growth rate m pollen have
been abundantly confirmed in many different species of plants since
Mendel’s time.

Like all great discoverers, Mendel had predecessors from whom he got
ideas and by whose mistakes he profited. Hybnidization experiments had
been done many times before with both ammals and plants, mcludmg
peas, but not one of the earlier ¢ had ded 1n d
g the law by which one could predict what sort of offspring a given
hybrid would produce or the relative numbers of each kind Mendel
elearly saw the reasons for such failures and took every precaution to
avord them.

First, he recognized the necessity of keeping adequate records A good
experimenter must first of all be a good bookkeeper. He saw that he must
keep scparately the records for each generation and that he must care-
fully divide the offspring in each generation into classes according to their
wisible charactenistics and record the exact numbers of each class

Secondly, unlike most of s predecessors, Mendel realized that the
laws of heredity in a complex organism could only be discovered by con-
centration on one charactenstic at a time. Other investigators had failed
partly because of their attempt to expeniment with the orgamism as a
whole.

Fmally, he recognized that the movement of the sperms to the eggs
and the union of the gametes 1n fertilization 15 2 complex process, extend-
ing over & considerable period of time There 18 always an element of
chance involved in such a process, in that precise movements cannot be
predicted in individual cases; hence the rule, or law, describing the union
of the gametes of various sorts cannot be deduced from only a few in-
dividuals The numbers must be large enough to ensure that unpredict-
able, or chance, factors will cancel each other, leaving the law based upon
innate differences among the gametes free to express itself. In other words,




8 ELEMENTS OF GENETICS

Figure 4. Diagram of prstil and stamena of the
pea showing pollen tube growing down errrying
the eperm to fertilize the egg The second sperm
unites sith tno other nucler (not chown) in the
ovule to produce the endosperm of the reed

where the sperm fertilizes the cgg (Fig ). The sced which develops after
cross-fertihzation 1s & hybnid for the same reason that an animal whose
parents are of different varieties s a hybnd

REASONS FOR MENDEL'S SUCCESS

Mendel was keenly aware of the basie problems which had to be solved
1n order to gain an und hng of the ) of heredity. He has
been eredited by the leading temporary British cytologist, Darling-
ton,! with the successful conduct of two of “the three vital cxpcrimt‘uls”
on which modern genetic prineiples are founded. The best known of these
experiments, his work with peas, is described in the next two chapters
The second experiment, which is not widely known and is not often men-
tioned, led to the proof that a smgle pollen grain is sufficient to bring
about the fertihzation of the cgg of a plant. The results were reported
in 1870 1n a letter to the German botamst Nigeli,

On the basis of experiments of lending investigators of the time, it had
become generally accepted that several pollen grains were necessary for
a single fertilization. If true, this would have been irreconcilable with
Mendcl's deductions regarding the laws of heredity resulting from his ex-
periments with peas. Accordingly, he considered it necessary to repest
the pollination experiments. He used the same plant, the four-o'clock
(Mirabilis), as the previous workers had used. In this plant the pollen
grams are extraordinanly large. His results were directly contrary to those

1C D. Darlington, “The Evolution of Genetie Systems,” Cambridge University
Press, London, 1939
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of previous workers He obtained from fertilization with single pollen
graing 18 well-developed seeds and from them as many plants, the ma-
jority of which were just as fully developed as those derived from free
pollination. A few were somewhat stunted Later in the same year, Mendel
again wrote Nageli and advised him that the stunted plants had made up
the loss and could not be distinguished from those produced by ordinary
pollination Mendel repeated the experiment and again obtamed fertili-
zatious from single pollen grams.

Mendel correctly explains the advantage in using a number of pollen
gramns He concludes that pollen grams are not all alike in their fertiliz-
1ng capacity. With a number of grams there 1s a chance that one at least
will be successful in effecting fertilization Where several compete, he says,
we may assume that always the strongest succeeds 1n alone effectuating
the fertilization. Differences in viability and in growth rate 1n pollen have
been abundantl fi d 1n many diff species of plants since
Mendel's time.

Like all great discoverers, Mendel had predecessors from whom he got
1deas and by whose mistakes be profited Hybndization experiments had
been done many times before with both ammals and plants, including
peas, but not one of the earhier expenmenters had succeeded in discover-
ing the law by which one could predict what sort of offspring a given
hybnid would produce or the relative numbers of each kind Mendel
clearly saw the reasons for such failures and took every precaution to
avod them,

First, he r d the n ity of keeping ad records A good
expersmenter must first of all be a good bookkeeper He saw that he must
keep separately the records for each generation and that he must care-
fully divide the offspring in each generation into classes according to theirr
visible characteristics and record the exact numbers of each class

Secondly, unhke most of his predecessors, Mendel realized that the
laws of heredity in a complex organism could only be discovered by con-
centration on one charactenistic at a time Other investigators had failed
partly because of their attempt to expeniment with the orgamsm as a
whole.,

Finally, he recognized that the movement of the sperms to the eggs
and the umon of the gametes 1n fertilization 13 a complex process, extend-
ing over a considerable period of time There is always an element of
chance involved in such a process, in that precise movements cannot be
predicted 1n individual cases; hence the rule, or law, describing the union
of the gametes of vanous sorts cannot be deduced from only a few -
dividuals The numbers must be large enough to ensure that unpredict-
able, or chance, factors will cancel each other, leaving the law based upon
innate differences among the gametes free to express itself. In other words,
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Figure 4, Diagram of preti] and stamens of the
pea showing pollen tube gron ing down, earrying
the sperm to fertihize the cgg The second sperm
unites sath two other nuclet (not shown) in the
ovule to produce the endosperm of the seedd,

where the sperm fertilizes the egg (Fig. 4). The sced which develops after
cross-fertihzation 1s a hybrd for the same reason that an animal whose
parents are of different varicties 18 a hybrid.

REASONS FOR MENDEL'S SUCCESS

Mendel was keenly aware of the basic problems which had to be solved
1 order to gam an understanding of the mechansm of heredity. He has
been credited by the leading contemporary British eytologist, Darlng:
ton,! with the syccessful conduet of two of * the three vital cxpcrimcn!s"
on which modern genetic principles are founded. The best known of these
experiments, lug work with peas, is desenbed 1n the next two chapters
The second experiment, which 18 not widely known and is not often men-
tioned, led to the proof that a single pollen grain is sufficient to britg
about the fertihization of the egg of o plant. The results were reported
in 1870 in a letter to the German botanist Niigeli.

On the basis of experiments of leading investigators of the time, it had
become generally accepted that several pollen grains were necessary for
a single fertilization. If true, this would have been irreconcilable with
Mendel’s deductions regarding the laws of heredity resulting from his €x-
periments with peas. Accordingly, he considered it necessary to repeat
the pollination experiments He used the same plant, the four-o'clock
(Mirabilis), as the previous workers had used. In this plant the polled
grains are extraordinarily large. His results were directly contrary to those

1C. D. Darhington, “The Evolution of Genetic Systems,” Cambridge Uiversity
Press, London, 1939,
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DOMINANCE AND THE LAW
OF SEGREGATION

Having chosen peas as his experimental material, Mendel reduced the
problem to 1ts simplest terms by selecting for thorough study seven pairs

of easily izable contrasting ch isties The results of his breed-
mg experiments on these were reported in detml in hs paper. The seven
isties, all morphol. { trauts, are as follows,

1 Differences in the shape of the ripe seeds: exther smoothly rounded
or deeply wrinkled and irregular in shape

2. Differences m the color of the cotyledons- either yellow or green

3. Dufferences in the color of the seed coat. either gray-brown or white

4 Differences in the form of the ripe pods. either simply inflated, not
constricted 1n places, or deeply constricted between the seeds

5 Differences in the color of the unrnipe pods: either green or yellow

6 Differences 1n the position of the flowers: either axial, that 1s, dis-
tributed along the mam stem; or terminal, that 1s, bunched at the top of
the stem

7 Differences in the length of the stem. either tall, from 6 to 7 feet,
or ghort, from 34 to 134 feet

Between varieties showing sharp contrasts in the characteristics se-
lected he made crosses in the manner previously described The offspring
from the hybrids were m turn studied through successive generations.

ROUND PEAS AND WRINKLED PEAS

Let us now exatine one of Mendel’s experniments—an experiment that
will illustrate perfectly the results he obtained.in all A variety of peas
having smoothly rounded sceds »as crossed with a variety having deeply
wrinkled seeds. The hybrid seeds resulting from this cross were all round,
like the round-seeded parent. This was true regardless of which variety
was used to furnish the pollen and which the eggs

n
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The followng season Mendel planted the hybrid round seeds. From
these at harvesttime he obtamed 5,474 round seeds and 1,850 wrinkled
sceds, or a ratio of 2.96 round to 1 wrinkled (almost a perfect 3:1
ratio).

Although the hybrids had all been visibly indistinguishable from their
round parent, they were evidently not pure round, since one-fourth of
their offspnng were wrinhled The wrinkled character, he concluded, must
n some way have been earried over in a latent form in the hybrid.
Round had dommated 1n the hybrd, and therefore Mendel called this
the dominant character, wrinkled had receded from view, therefore he
called thus the recessiee

What 13 the explanation of the ratio of 3 1 in the third generation?
Mendel's correct answer to this question deserves the highest credit, for
m s day little had yet been discovered about what goes on mside of
plants dunng reproduction, save that there was the formation of two
sorts of reproductive cells (eggs and pollen cells); that the pollen ccll
fused with the egg m the process of fertihization, and that the fertilized
ege then developed inte & tiny embryo contamed within the seed.

Mendel assumed the eistence in each pollen cell and egg of a *forma-
tive element” (now hnown as a gene) capable of determining a character
1n the offspring  (More accurately, & single nucleus from the pollen grain,
Fig. 4, functions as a sperm 1n fertilization Hereafter we shall refer to
this nueleus as the sperm )

Following Mendel’s usage, the term hybnd, frequently combined with
a prefix, 1s often used by geneticists i Great Britain and the United
States to idicate an individual with one or more pairs of unlike genes;
thus Rr 1s known as a monohybrid. Onginally the word hybrid was ap-
plied to a cross between varieties, races, or species, and this is still cor-
rect usage Another term, heferozygote (hetero, different; zygote, egg), is
used 1n gencties today to indicate hn individual with one or more dis-
similar gene psirs The term homozygole refers to an individual in which
both genes of any pair or pairs under study are 1dentical.

In a purebred varicty the genes oceur in identieal pairs; these are rep-
resented by two capital letters, as RR, for round. In the contrasting vari-
ety, wrinkled, the genes are different from those for round, and the
symbols used must therefore be different, for example rr for wrinkled.
Following Mendel's lead there has grown up a universal custom of rep-
resenting dominant genes by capital leters and recessive genes by loner-
case letters. This method of symbolism is the simplest yet devised, It has
many uses in dealing with problems of heredity. As a matter of economy,
the single term gamete is often used to denote either a sperm or an €gg

A cross-mating of round pess and wrnkled peas is therefore repre-
sented as follows:



DOMINANCE AND THE LAW OF SEGREGATION 13

Round Wrinkled
RR x "

Sperms and eggs R 4
(Gametes) \ /
Hybnds) Round

‘The dominant gene is able to overnde completely in 1ts physiological
effect the recessive gene, 8o that all of the hybnd sceds are round like
the round parent.

‘The union of the genes in hybrids is, however, Mendel concluded, only
temporary, and when the hybrid sceds in turn are planted and eventu-
ally produce sperms and eggs, the genes R and r are liberated from the
union and unite freely at fertihzation n all possible combinations, as
shown in the checkerboard diagram below.

(Hybnids) Round X Round

r Rr
R™ Sperms r
3

RR Rr

R— round round
Eggs
. Rr rr
round wrinkled

Instead of showing the chance combinations of gametes by means of
a checkerboard diagram, many prefer the fractional method as used by
Mendel, thus (34 B+ ¥ 7)? = Y{ RR + 3§ Rr + }4{rr Since the re-
sults are identical with those obtamed with the checkerboard, one may
take his choice,

The experimental results agree perfectly with the theory that the hy-
brid produces two kinds of eggs and two kinds of sperms with respect to
the genes under constderation; that these occur in equal numbers; and
that each kund of egg and sperm has the same chance of functioning in
fertilization as the other. The hybrids, therefore, produce offspring rep-
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resented by the three combinations of letters IR, Rr, and rr in the geno-
typre matio of 1 RR 2 Itr 17r Sinee R is dominant over r, the combina-
t1ons RE and Rr look alike and the phenotypic, or vidble, ratiois3 round:1
wrinkled

The terminal flowers, and fruits, were shown
by Menilel to be inherited as a recessive char-
acter; axial flow ers are dominant. (Courtesy of
Orland E Whiteand Brooklyn Botanic Garden.)

To summarize, Mendel's first law, which has come to be known a3 the
law of segregatron, states that hereditary dufferences among individuals de
pend upon differences 1n cellular umts, or genes; that these units are
present in pairs in the cells of organisms derived from fertilized €gg%
that each sperm and egg produced by such organisms reccives a single
member of each pair, so that if a given pair consists of unlike genes, two
sorts of sperms or eggs, with respect to this gene, are produced in equal
numbers; and finslly, that at fertilization the union of like sperms and
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s oceurs with the same frequency as the umon of unlike sperms and
eges.

OTHER CHARACTERS FOLLOW THE SAME LAW

i Intike manner with alt of s other s pairs of coutrasting charseteris.
tics, Mendel found that one member of each pasr was fully dominant and
the other was recescve Which one was to be dominant and which one
¥a3 to be recessive could not be predicted 1t could be discovered only
by making the cross Mendel had no theory s to why one gene domi-
tates the other, and even today 1 only 2 fen s have we an adequste
theory of dominance. Domnance 1 related to the phyriclogy of develop.
ment of the organism e shall consider the problem of pene action in a

Iater chapter.

Just a¢ with the characters round and wrnakled, the hybrids for every
O‘Qher bair of genes prodiced ofisTTDE consisting of dominants and reces-
sives, always approvmotely 10 the ratio of 3 dominants:1 recessive.

ERATIONS OF HYBRIDS

Aless critioa) jnvestigator mught have stopped his experizents a1 12z
Doint, but Mendel was not yet satisfied His next step was to plans tba
seeds produced by the third generation fo see what Bspperad. The reader
may now safely sk a prediction 85 10 the otteome.

Meade] found m every case thot the recessives. ke s
Produced only pure recessive
seed aliays contamns both gnS 7T
brid Rp 1g always round A reressive must therefore abwag

With the round sceds of generation 1, hﬂ\\‘e\'er' Mens
Upan self_pallination, one-third produced nothing but rorz
other two-thirds produced round and Srinkled sceds in the s o
found: yerinkled as follows-

JATER GEN

14p) Roundpeas X Wrrites e
RR [
Round peas
) Ry
Round Roungd »
RY Rr "'21

Round
L(F,) ;R

| |

3 Round 3 Roung
iR R ke Wi e
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Mendel continued this testing process through xix generations of de-
seendants of the fint hybrids, ond in cach generation the round seeds
praduced by hybnd round peas contmued to appear in the ratio of one
pure-breeding round to two hybrd round It s obwvious from the preeced-
ing diagram that if self-fertihzation of all the offspring occurs in each gen-
eration, the proportion of hybrids in the entire population diminishes
rapudly from generation to generation, wiile the proportion of pure types
steadily mereases This, Mendel writes, confirms the obervations made
by other investigators that hybrids tend to revert to the parental types.
Theorctieally, however, the hybrids will never disappear entirely.

MENDEL'S DETERMINERS: CHROMOSOMES AND GENES

In Mendel's day modern methods of staining cells in order to make
vasible their differentiated structures had not been perfected, nnd, as far
as we ean learn from his paper, Mendel was unanare of any visible strue-
ture m the cells of living things capable of serving as the “formatise ele-
ments * These remained for the time being as purely hypothetical entities
Not long after Mendel had published his results, however, visible strue-
tures (now know n as chromosomes') were observed regularly in eells Some
years later 1t was found that the chromosomes occur in pairs in all the
body cells of organisms, as well as in immature germ cells, and that
during formation of the eggs and sperms the chromosomes constituting
each pair 1n the early reproductive cells separate so that each egg and
sperm receives only one member of each pair. At fertilization they again
come together in pairs. There is thus a perfect parallelsm between the
behavior and distribution of the chromosomes as we know them today
and of the formative elements mentioned by Mendel, Since Mendel's
time, by methods ever growing in refinement, it has been proved beyond
doubt that the chromosomes contain the formative elements, or genes,
which Mendel assumed to evist. The chromosomes and genes are con-
sidered in detail 1n later chapters.

THE BACKCROSS; PURITY OF THE GENE

The core of %\lcndel's discovery, as just described, is that individuals
which are hybrid (heterozygous) with respect to one pair of genes always
produce two hinds of eggs and two kinds of sperms, while those which

1 The word chromosome (chroma, color, aoma, body) w as coined by Waldeyer, 1888,
and alludes to the ready capacity of these cellular bodies to absorb baste dyes Although
chromosomes had been seen before Mendel's time, it was not until the 18704 and 18805
that their signficance in cell division was finally established
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are pure (homozygous) produce only one kind. Morcover, Mendel’s ra-
t103 show that the two kinds of eggs and sperms oceur 1n equal numbers,
and that at fertilization the union is as likely to take place between iden-
tical genes as between unlike genes The specific genes contained in a
sperm usually have nothing to do with its ability to reach and fertilize
the egg, nor do the specific genes of the egg determine its capacity for
fertilization.

In the experiment in which the hybrids were tested out through six
successive generations there was found no contamination of one gene by
another, 1n spite of their close association in the same cells of the hybnd,
for at the end of the experiment the hybrids were still producing pure
dommants and pure recessives in the same ratio as at the beginning The
punty of the gene is a point of fundamental importance Evidently the
gene behaves almost as an autonomous body within the eell, being af-
fected neither by other genes in the same cell nor by the cells of the or-
ganism 28 a whole. The genes remain unchanged indefinitely.

Many experiments to test this conception of the purity of the gene
have been performed since Mendel’s time, The most extensive of these,
extending over a period of more than fifteen years, carried on at Johns
Hopkins University under the direction of Professor Raymond Pearl,!
fully confirms Mendel’s results. Using the fruit fly Drosophila (Fig 6)
as the experimental animal, more than 300 successive generations of de-
scendants of a particular individual were reared Converted into human
generations and allowing four generations to the century, this would carry
us back farther than 5500 s.c Such an expenment 13 made possible by
the fact that under favorable conditions the life cycle of this fly 1s com-
pleted within ten days

The gene chosen for testing in this experiment was one affecting the
development of the wings, a recessive gene known as vestigal, the effect
of which is to reduce the wings to useless stubs The experiment was be-
gun with a normal male mated to a female with vestigial wings The hy-
brids all had normal wings From these hybnds and from the hybnds in
each succeeding generation males were bred back to vestigial females,
making what is known as backcross matings From each backeross mating
the ratio of normal-winged offspring to vestigial-winged offspring was al-
ways 1:1. Consequently, the normal gene in the hybrids was exposed for
more than 300 generations to the influence of the contrasting recessive
gene—and this without showing any effect whatever of the vestigial gene
on the normal gene.

The method of the backeross mating has important applications to
plant and animal breeding, as well as to human beings. It is being used

1 Raymond Pearl, Biology and Social Trends, J Wash Acad. Sci., vol. 25, no 6,
1935.
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Figure 6. Diagram tllustrating a backeross mating in the
fruit fly Drosoplils A normal-winged fly is mated to a
vestigial-winged fly, the hybrid is then mated to o vestigial-
winged fly, and this backeross is repeated in each generation.
The ratio in each generation 1s 1 normal: 1 vestigial.

on a large scale to develop discase- and insect-resistant varicties in plants
such as wheat, cotton, tobacco, tomatoes, potatoes, ete ,! an example of
which will be given.
It frequently happens that an excellent variety of & domesticated plant
or animal shows poor resistance to some specific disease-producing bac-
1Mary Thomas, “Back Crossing The Theory and Practice of the Backeross

Method 1n the Breeding of Some Non-Cereal Crops,” Commonweslth Bureau of Plant
Breeding and Geneties, Cambridge, 1952.
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terium or virus, or to a fungus or animal parasite. At the same time,
other varietics of the plant or animal, or a related wild species, may
possess high resistance to the parasite. In other respects, however, the
wild species may show many undesirable traits. If the breeder could only
transfer the speaific resistance of the wild species to his domesticated va-
riety, without also introducing the unwanted traits, a big increase m pro-
duction would follow. This 1s just what the backeross method is able to
do. Let us take an example from a domesticated plant in which the back-
cross method has been widely used—the edible tomato,

Tomatocs are native to South America, where numercus wild species
and vaneties exist. The more common domesticated verieties are de-
nved from the species Lycopersicon esculentum. Most of the domesticated
varieties are susceptible or only moderately resistant to a serious soil-
mfesting fungus that produces a disease known as fusarium wilt. A wild
species of tomato from Peru, the Currant tomato (L, pimpinellifolium),
18 highly resistant to thus disease. Its near immunity depends upon a
dominant gene I. As human food, however, this wild species 1s of little
use, since the fruits are only about a quarter of an inch in diameter and
filled with greemsh watery pulp and numerous seeds

In 1935 biologists of the US. Department of Agriculture! erossed
L. Ilifolium with an 11 and popular domesticated variety,
Marglobe, with the purpose of developing a high-quality tomato that
was wilt-resistant. Marglobe has only moderate resistance agamst the
wilt and in infested soil may produce less than half a crop.

The immune Fy hybnd from the cross Marglobe X pimpinellifolium
bore fruits about one inch in diameter (Fig. 7) To recover the Marglobe
type of fruit and at the same time retain the gene for immumty, the back-
cross method was used Three backeross generations were obtained In
each generation the plants were exposed to the fungus, and only the 1m-
mune plants (I£) were saved; ptible plants were d d

In theory, the first backeross generation should contain on the average
three-fourths of 1ts genes from Marglobe More precisely, this s true for
those genes 1n which Marglobe was homozygous The rule is that back-
crossing to a homozygous parental type reduces the heterozygosity by
14 1 each generation. Hencee the second backeross generation should con-
tamn on the average 74 of the genes of Marglobe. The third generation
should have 13{¢ of its genes of the Marglobe type, and so on.

As a result of this backcrossing, ail the plants in each backeross gen-
eration were necessanly heterozygous for gene I, since each backeross
brought in gene ¢ from Marglobe To get pure-breeding immune plants

VW S Porte and F L Wellman, Development of Interspecific Tomato Hybnds
of Horticultural Value and Highly Resistant to Fusarium Wilt, U.S Dept dgr Circ,
581, 1941
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(I1) the third backeross generation was wbred, and again selection was
made for tnmunity to wilt After four more generations of inbreeding
and sclection, & Marglobe type of tomato resulted that was almost 100 per
cent immune to wiit This varicty, appropriately named Pan American,

A [+ b

Figure 7 Tomato fruits (1) Marglobe somewhat wilt tant psrent (B) Cur-
rant, highly wilt-resstant parent. (C) Highly wilt-resistant Fy (Marglobe X Cur-
rant) (D) One of the new highly wilt-resistant Marglobe X Currant hy brids from
three generations of backerossing to Marglobe, (Photo by Burea of Plant Industry,
Souls, and Agricultural Engincering, U.S. Department of Agriculture.)

S
x
Ce €

tres ¢ ~‘><f' 5 Sperms
e’ J

Figure 8. A backcross mating between a Iy~
bnd colo_md guinea pig and a recessive white
gl;u::n pig, resulting in & ratio of 1 colored: 1
white,

a

was re!eu.sod for commercial production in 1941. Its fruit is of good qual-
ity, and it ripens somewhat earlier than the original Marglobe. Tomato
breeders have used it in erosses with other varicties in order to introduce
the gene for immunity into them
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In the development of pure breeds of animals we often wish to know
whether a certain individual is hybrid or pure with respect to a dominant
character. The backeross method 1s the simplest and quickest way of find-
ing out. The suspected hybrid, say a colored guinea pig, is mated with
a recessive white one, as illustrated in Fig. 8 Since the colored guinea
pig represented in the figure is a hybrid, the offspring will appear 1n the
ratio of 1 colored.1 white If the colored animal had been pure, all the
offspring would of course have been colored, since colored is dommnant
Obviously the backeross method of testing 1s simpler than the method of
mating the suspected hybnid to another hybnd, since the ratio from the
latter mating would be 3 dominants-1 recessive and, 1 order to obtain
one recessive, would therefore, on the average, necessitate the raising of
a larger number of animals than in the backcross mating

THE LAW OF PROBABILITY

Suppose that m testing out a colored gumea pig suspected of being a
hybrid, by the backeross method just deseribed, one obtains five offspring,
all colored. Does this prove that the colored ammal 1s homozygous? If
not, how many colored offspring 15 1t necessary to get before one can say
that his animal 1s homozygous? The snswer to these questions is given
1 the following simple analysis

The prediction of the color of the young guinea pigs is like predicting
heads or tails in the fair flip of a coin The causes favoring a sperm with
large €' 1n fertilizing a given egg are balanced exactly by those favonng
a sperm with small ¢, just as the causes in favor of heads are balanced
by those in favor of tails What is the chance of obtaining a straight run
of five heads? On the first fup the chance of heads 1s one in two On the
second flip the chance 1s also onc 1 two Therefore the chance of obtain-
ng heads on the first two flups 1s one-half of one-half, or one in four In
like manner the chance of obtaining a run of two black guinea pigs from
a hybrid backerossed to a white is one 1n four

If there is any doubt in the reader’s mind about the Iast statement, 1t
can be settled by a simple experiment. Let heads stand for black guinea
pigs and tails stand for white Toss a coin twice and record the results
Repeat 100 tmes. It wall be found that on approximately 25 throwns out
of 100 there will be o run of two heads, on 25 throws a run of two tails,
and on 50 throws one head and one tail, or vice versa.

What 13 the chance of obtaining a run of three heads, or three black
guinea pigs? There has already been a run of two heads in one trial out
of four (34). On the thurd flip the chance of getting a head 1s one in two
(44) Therefore in 14 X 14, or }¢, of the times we will get & run of three
heads This also can be proved experimentally by tossing three coins.
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"The rule 13 now evident. Each time the length of the run is increased
by 1 the chance of obtainmg it, expressed aa a {raction, is divided by 2,

22

as shown n Table 1

If the chanee of an cvent's oceurnng is one in six (as would be the
case in an attempt to thron s given nmber with a die), the chance of
obtaming any twa desired numbers, ray 2 five epots, with two dice will
be 1§ X 14, of ane 1 36, We can genernlize this faw of probability a step
further by saving that the chance of two or more whally tndependent events
occurring simullancously s equal (o the product of the chances of the events

occurring separalely.

Tanre ¢
Run of 1 head 1 ehance 2
Run of 2 heads I ehance in 4
Run of 3 heads 1 chanee in 8
Run of 4 heada fchancesn 16
Run of 5 heads tchancesn 32
Run of 6 Lieads 1chancen 61
Run of 7 beads 1 chancen 128
Run of 8 heads i chanee s 256
Run of 9 headsy 1chaneein 512
Run of 10 heads 1 chanee 1 1,021

Further analysis shows that the same law of probability applies to the
relationship among dependent exents as to that among independent ones
For example, suppose one wishes to know his chance of obtaining as the
first-born an albine gwinea pig from a mating of an albino with a black
anmal produced by a pair of bybnd blacks, thus

Hybrid blacks Ce % Ce

Albino ec X Black {gf(‘:h’ffff "Si))

What chance of Albino ec?

s chance of obtaimng an albino depends in the first instance upon the
black parent’s being heterozygous, since a homozygous black would pro-
duce blacks only This echance 1s 23. In such event he runs a chance of 34
of sceuring his albino. The probability of the desired result is therefore
25 X34 = 1y

An error often made by persons unaccustomed to thinking in terms
of probabihity is in supposmg that what has gone before in some mys~
terous way influences succeeding chances Where there is such an influ-
ence we of course are not dealing with chance, since by definition a chance
event 1s one which occurs without an apparent or determinable cause, of
as the result of unpredictable forces.
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Coming back to our gumea pigs, it is now apparent that from the mat-
ing shown in Fig. 8 one should expect once in 32 tnals to obtain a run
of 5 colored gumea pigs without a single white one, and once in 1,024
trials one should obtain a straight run of 10 colored ones. Under the same
rule, once in 1,048,576 times one should obtam 20 colored gumea pigs
before obtaining a single white one Experience teaches us that things,
which can happen only onee in 1,000,000 times do happen now and then.

It is evident, therefore, that the question of the purity (homozygosity)
of the colored guinea pig becomes a matter of probability The more off-
spring the breeder produces wathout any white ones appearing, the nearer
he approaches certainty that the parent 1s purebred, or homozygous, but
he can never arrive at absolute certainty The point at which the breeder
stops his test will depend on practical considerations, such as time and
expense mvolved He may decide after the first 10, all colored, that for
his purpose he 1s reasonably certain of the purity of the animal. Never-
theless, he runs the risk of being wrong once 1n about a thousand times

To some minds this element of uncertainty in certain problems involv-
ing Mendel’s laws may appear as a decided weakness, making the apph-
cation of the Iaws to man of doubtful value. But such a view has no
justification in fact At last analysis, many—if not all—of the so-called
laws of nature are statistical laws, 1e, laws involving probability.
Through reliance on these laws, the affairs of men are conducted with
a reasonable degree of success MMost of our decisions and activities as
mdividuals are controlled by considerations of probabthty If men waited
for absolute certamnty of the success of their enterprises before acting,
httle would be accomplished.

Since the law of probability is always at work in sexual reproduction,
there must be offspring 1n reasonable numbers before conclusions as to
ratios and modes of inheritance can be drawn In a single human family
the number of children is usually too small for the observed ratio alone
to have great sigmficance For this reason we require many similar con-
sistent pedigrees before we conclude that a given human trart 19 inherited
m accordance with Mendel's laws This 1s especially true of recessive
traits. Albinism, for example, was diagnosed as a recessive single gene
dufierence only upon the basis of numerous consistent pedigrees

As we have scen, the law of probability applies to the occurrence of
combinations of primary events as well as to the events themselves Thus
1m flipping a com the calculation of the probability of obtaining a run of
three heads was found to be 3§ X 15 X 15 = 1§ The run of three1s1t-
self an event of a higher order than the flip of a smgle comn

Suppose we wish to know the chance of obtaining any particular com-
bination of heads and tails, such as two heads and one tail in three flips
We may find the answer by writing down all the possible runs and noting
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what fraction of the total consists of two heads and one tail. The follow-
ing eight runs nlone are possibile, and each 13 equally likely of occurrence

st fiup 24 flip 34 fup Run

head tq head 1y head 1y 1 3 heads O tad
head 14 head 1y tadl 1y 1§

head 13 tal 1y head g 1,13 2heads Itad
tail 14 head 4 head 14 1y

tal 14 tail tg head 3y Iy

tal 14 head 15 tal by 151% 2tmls: t head
hend 1y tad !y tad 1y 1y

tail 1§ tul 14 tad 1 11 3 tals O head

We were mterested merely m the chanee of obtaining the combination
2 heads and 1 tail and not in the order in which heads and tails came up.
Evidently three of the runs out of eight are of this constitution, and the
answer to our problem s three times n eight

A much shorter method for obtammg an answer to our question is the
use of the binomial theorem Tollustrate, let z = the chance of obtain-
g heads (1) and y the chance of obtaming tails (3). The binomial
(z 4+ ) 1s rmsed to the power corresponding to the total number of in-
dividuals or events—in this case, 3 Hence 1n our problem we expand
(z+y)* =2"+32% + 3z + y* The first term (z%) represents the
chance of obtaining 3 heads, the second term (32%), the chance of 2 heads
and 1 tail; the third term (3zy?), the chance of 1 head and 2 tails; and
the last term (%), the chance of 3 tails Substituting I for x and 14 fory,
we obtamn for the seccond term 3 13 -1¢ 35 = 34, the chance of 2 heads
and 1 tail

The binomial theorem may also be used where the values of z and ¥
are qnoqual For example, suppose that we wish to know the chance of
obtaining two albino and two black gumea pigs as the first four offspring
of a mating of two heterozygotes (Ce X Cc). Let = = the chance of 8
b!ack guinea pig (34) and y the chance of an albino (14). Expanding the
!.nnomml (@ + y), we get ¢ + 4x%y -+ Gr?y? + 42y% + yi. Substituting
in the appropnate term (6z%y?) we have 6 - 3343414 = 2028
(approumately 14). ’ !

A short cut that saves us writing out the entire expansion will now be
given. Suppose our problem is to calculate the chance of obtaming
12 black and 5 albino guinea pigs from a backeross mating (Ce X ¢¢)-
Instead of expanding (z -+ »)' in full we merely apply the rule for ob-
taming the coeflicient of the single term, as follons:

17-16-15 14-13
T2 345 = 6188y

The rule for finding the coefficient of the term desired is perhaps obvious



POMINANCE AND THE AW OF SEGREGATION 25

from the above ple: the or of the compound fraction is
n{n — 1)(n — 2) . . ., ctc, the last factor being one more than the ex-
ponent of z. The denominator1s1-2 3 - - - -, etc, the last factor being

the same as the exponent of y
Now, substituting 14 for z and 14 for y, we obtan

6188 1

P 3
6188 (D" 09~ rog = oy

approximately; this 1s the chance of obtaming a ratio of 12 5 where a
ratio of 1.1 is expected

Where small numbers of mdividuals only are involved, the use of the
binomial theorem is of great practieal value 1n giving the probability of
obtaimng by chance a particular ratio among two classes of mdrviduals
For larger numbers and for problems dealing with more than two classes
of individuals, other statistical methods have been developed One of
these 18 described in the next chapter

ANALYSIS OF PEDIGREES

In human heredity two questions often arise. (1) Does a given char-
acteristic follow Mendel’s Jaws? (2) What are the probabilities that a
given Mendelian charactenstic will appear in the offspring of a partieular
mating?

In attempting to answer the first question with respect to man, Men-
del’s techmque of controlled breeding expersments obviously 1s not prac-
ticable. We must study the pedigrees of human families as we find them.
For example, take the case of albinism 1n man In albmism there 13 al-
most total lack of pigment m the skin, hair, and eyes. The eyes appear
pink as a result of the reflection of hght from the blood vessels of the eye.
The vision 15 very defective, not only because of the extreme sensttive-
ness to light (note squinting of albino child in Fig, 9), but also because of
the imperfect development of the retina itself. The skin of albinos also
appears pink where the blood vessels approach the surface Albmos occur
in all races of man, except perhaps m the Australian Aborigines, and
probably in all species of domesticated mammals, as well as 1n wild spe-
cies. Practically every large museum of natural history displays mounted
specimens of albinos representing vartous wild species, such as wood-
chucks, porcupmes, skunks, opossums, squirrels, etc

In laboratory mammals such as white mice, white rats, white rabbits,
white guinea pigs, and so on, albinism is invariably mhented as s reces-
sive It is, therefore, probably inherited in the same manner in wild am-
mals In man, a study of hundreds of pedigrees points to the same con-
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B A

Figure 9. An albino boy and his normnlly pigmented twin,
offspring of normally pigmented Mexican parents. The eyes
of the nlbino have a pinkash east Three other eluldren in the

same family are normal (From Windle, J. Heredity, January,
1935)

Generation

1 Q o}

i3 Q

|

nfancy

Very dark Golds
haie

First cousins gray eyes

Dark brown har,

blue-gray eyes

O ormat mate Q Normat female @ iibino male
Figure 10. Pedigree showing an albino boy born to normal parents who are first
cousms (From Pearson, Nettleship, and Usher, ““ A Monograph on Albinism in
Man,” part 4, Dulaw & Co , London, 1913 )
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clusion. When both parents are albinos, the children are all albinos!
Most human albinos, however, as in wild-animal species, come from nor-
mally plgmented parents (Fig. 9). Ths 1s true whether the parents are
C: Negroes, or M 1 The occurrence of an albino under
such circumstances depends upon the chance mating of two individuals
both heterozygous with respect to the albino gene. A typical pedigree
taken {rom an extensive monograph on albinism is shown in Fig 10 In
this pedigree the gene for albimsm probably had been carried for a good
many generations without making its presence known. The marriage of
cousins merely increased the chance that each parent would earry the
gene The m ph also includes many ped showing albino chil-
dren from marriages of unrelated persons ? From all the evidence at hand,
we are justified in concluding that albimism 1n man, hike that in other
Is, is a recessive ch

Knowing that a given human trmt is Mendehan, its appearance i the
offspring can be predicted with the same degree of certainty as in other
organisms For example, one might ask, what is the chance that a mat-
1ng of two normal persons, each with an albino brother or sister, would
produce an albmno child? Smce the parents of the pigmented child shown
m Fig. 9 must both be heterozygous for albiism, the child himself has
a chanee of one in three of being entirely free from the gene for that char-
acter. This leaves two chances out of three that he 1s heterozygous for
the gene. If later he should marry a woman who also had an albino brother
or smster (she like himself would have a chance of two i three of being
heterozygous for the albino gene), the chances of both partners in mar-
riage being simultaneously heterozygous for the albino gene would be
24 X %25 = %4 (four out of nine) If both parents should happen to be
heterozygous for the albino gene, the chance of the first child being an
albino would of course be one 1 four. Multiplying one of these prob-
abilities by the other, in accordance with the law of probability hereto-
{fore stated, we can say that the chance of an albino as the first chuld of
two normally pigmented persons, both from families in which there 1s an
albino brother or sister, is 44 X J4 = 34 (one in nine) The same rule
holds, of course, for any recessive trait. Therefore, where questionable
genes are coneerned, it becomes plamnly a matter in which the prospec-
tive partners in marriage may decide for themselves whether the nsk of
an undesirable recessiye character appearing in their children is too great
to be run

1A few exceptionsl eases have been reported If authentic, these are possibly the
result of & mutation of the albino gene back to normal Such reverse mutations are

oceasionally observed in Drosophils
*For a of the reh ship of cousin gea to the exp of reces

sive traits, see Chap 13
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Mutations affecting pigmentation probably occur in all mammals. In
April, 1955, 8 young white spider monkey with blue eyes (Fig. 11) was
shipped to the Chieago Zoologeal Park from Florida. Blue-eyed mutants

Figure 11. Young white spider monkey with blue eyes
—so far as known the first case of its kind on record.
(Courlesy of Chicago Zooloqical Park and Chicago Daaly
Tribunc )

are found in cats and horses This seems to be the first recorded case of
a blue-eyed primate, other than man.

LACK OF DOMINANCE--HYBRID INTERMEDIATE

Mendel chose for his final experiments paiss of contrasting charactess
in which essentially complete dominance of one character prevailed ovet
the other. He cobserved, however, that dominance was not a univers.:xl
law 1n peas. In his prelimmary experiments he discovered that certail
charaeters did not permit a sharp and certain separation, since the dif-
ference was of 8 “more or less” nature often difficult to define. The
length of flower stalk was one such character in which dominance »a$
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not complete. On the whale, 1t gave a fairly satisfactory result, although
he could not distingwish and classify with certainty sil the mndividuals

Another character in which there was a lack of dominance was that of
flowering time When he crossed varieties which differed by at least 20
days from the middle of the flonering penod of one to that of the other,
he found that the flowering time of the hybrid was almost exactly half-
way between those of the egg and pollen parents While he did not carry
this expenment through to the end, he concluded that the breeding be-
havior of the hybrids with respect to this character probably followed the
law ascertained 1 the case of completely dominant characters.

Early flowenng X Late flowenng
EE ce

Gametes E. e
tntermediate \ /
flowering Ee \

/ i i
EE Ee

£ —r
Early Tntermediate
Eggs
Ee ee
e Intermediate Late

Figure 12. Diagram showing a 1:2:1 ratio among
the offspring from hybrids in a case of lack of domi-
nance (1 early 2 ntermediate- 1 late).

The diagram illustrating the distribution of the genes in the above
ease (Fig. 12) is obviously 1dentical with the diagram for complete dom-
mance (page 13). The difference in the two cases lies entirely in the ex-
presslon of the contmstmg characters of the hybrids: here the hybrid 1s
int di and fore dist ishable from both parents The ob-
servable ratio among the offspring of the hybrids is therefore 1.2:1 in-
stead of 3:1.

The difference between cases of d and lack of d evi-
dently relates to the physiological effect of the genes in the hybrid. Where
dominance exists 8 single dose of the dominant gene produces the same
effect as a double dose, while 1n lack of dominance the two genes cooper-
ate in development to produce a character 1n the hybrid more or less in-
termediate between the two original characters The expression incom-
plete domi: or partial domi is sometimes used to cover cases
such as the one deseribed, espeaially where the hybrids tend to resemble
one parent much more than the other.
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Durning the years since the rediscovery of Mendel’s laws, many cases
of lack of d e or i pl ¢ have been discovered in
plants and animals, as well as in man In all such cases, Mendel's con-
clusion that the law of segregation applies just as in the case of domi-
nance has been fully confirmed.

Examples of Lack of Dominance in Man

Hair Form, The form of the hair, with reference to curly and straight
s found in Caucasians of European descent, llustrates a Mendelian trait
shoning lack of dominance. The hybnd 1s intermediate, having wavy
hair The extent of waviness is variable, bowever, and some hybrids may
be classed as curly-haired. Curly hair, therefore, is sometimes called an
incomplete dominant

Two straight-haired parents have only straight-haired children, and
two purcbred curly-haired parents have only curly-haired cluldren; but
to avoid mustakes in classification 1t should be remembered that wavy
hair has a tendency to strmighten out with advancing age, and that a
wavy-haired person may appear straight-haured if the hair is cut short.

A marnage between a strmight-hatred person and a wavy-haired per-
son results i children with straight hair and wavy hair in the ratio of
1 1. Actual figures for such matings, as cited by Cockayne,! are straight
hair 61 wavy hair 52. This author also gives figures for children, both
of whose parents had wavy hair, as follows: 27 straight :51 wavy:22 eurly.
This rat1018 very close to 1.2.1 and therefore agrees with what we should
expeet from hybrids where dominance is lacking,

The inheritance of hair form in the Negroid and Mongoloid divisions
of mankind does not follow this simple plan. Its consideration, thercfore,
is deferred to a later chapter.

Tholossemio. There are two types of the blood discase thalassemis
(thalassa, sea; anemia, want of blood)—thalassemia major and thalas-
semia minor The former, now known to be the homozygote (M), is 8
fatal disease of childhood It is found almost cxclusively in peoples of
Mediterranean stock Numerous studies have been made in Italy and in
thus country among people of Italian ancestry The symptoms of the dis-
ease include enlarged spleen, anemus, and changes in the bones and pig-
ment of the viscera and skin Also called Cooley’s anemis, thalassemis
major was first deseribed 1n detail by two Detroit physicians, Cooley and
Lee,? in 1025

In 1925 an Italian physician described a milder nonfatal form of the

'E A. Cockayne, “Inhented Abnormalitics of the Skin and Its Appendages,”
Oxford University I’ress, London, 1933

3T B Cooley and P. Lee, Series of Cases of Splenomegaly in Children with Anemis
and Peculiar Bone Changes, Trans Am Pediat Soc , 37:20-30, 1025
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Figure 13. App: istribution of thal miner in Italy. Frequency
progressively higher 1u the more heavily shaded areas. (From Bianco et al., Ann,
Eugenics, 16:308, 1952.)

disease, now known as thalassemia minor. This has been shown to be the
heterozygote (Mm) The minor form is characterized by enlarged spleen
and mild anemia, with red corpuscles of reduced size but above normal
in numbers. Scveral dificrent blood tests make diagnosis relatively cer-
tan. No cure for either form of thalassemta has been found. Neel! has

11, V. Nee), The Population Genetics of Two Inhented Blood Dyserasias in Man,
Cold Spring Harbor Symposia Quant. Buol , 16:141-158, 1950
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given o summary of the numerous clinieal and genetic studies of the dis
case, with citations of articles

Italhan mvestigators! have found that the heterozygote (Mfm) gives
rise to various phenotypes, rangng from healthy to rather severely ane
mic and jaundiced individuals They suggest that this vanabihty in ex-
pression of the gene M in heterozygotes is due to the interplay of modify-
ing genes They alxo find that the frequency of thalassemia minor in Italy
varies from about 0 5 per cent in most of the country to about 100 per
cent m the district of Ferrara (Ing 13) They have not yet found a satis-
factory explanation for this variation in frequency.

PROBLEMS

1. In the plant hnown as the four-o'clock, there 1s lach of dominance between the
flow er colors red (KR) and white (rr) The hybrid (Rr) se pink  Give the ratios of the
colors expected from the following cross-pellinations

a Ted X pink

b Ink X white

¢ Pink X pink

d Tast the other possible matings of four-o’clochs of the above three varieties

2. In pens, tall (TT) 13 domuinant over short (%) Four experiments in cross-pollina-
tion gave the results shown below In each ease gn e the most probable gene formula
of the parents, a3 indicated by the ratio smong their offspring:

a Tall X tall produced 95 tall, 29 short

b Tall X short produced 50 tall, 0 short

¢. Tall X tall produced 75 tall, O short

d ‘Tall X short produced 8 tall, 4 short.

3. Starting w1th a hybnd (F\) from two purc vanctics of peas, round (RR) and
wrninkled (rr), find the percentage of hybrids i each of the next four generations
(Fy, Fy, F,, and Fy) resulting from self-fertil, of all mndivid 1 each g
(Assume that all individuals are equally productine )

4. List 1n chronological order the steps that were tahen by plant breeders 1n devel-
oping the I’an American variety of tomatoes Give the reavons for each step

5. Assume that one person out of 70 in the population as a whole 13 heterozy gous
(carnier) with respect to the recessive gene for albinsm (according to caleulatrons this
18 somew here near the actual figure) Assume also that marriages are purely at random
with respect to persons who are carriers (4a) and those who are not (.1.4), Disregard-
g marnages of albinos, what 1s the expected proportton of all births that are albinos?

6. A normal person, whose parents are normal, has a grandparent w ho 1 an albino
Assume that all the other grandparents are free from the gene for albmism What 15
the chanee that this person is a carrier of the albino gene?

7. If the person mentioned in Problem 6 marties an individual with & similar pedi-
gree, what chance 13 there that therr first child will be ap albino?

11, Buanco, G i, E , and M. Sini: Further Data on
Genetics of Microcythaemia or Thalassaemia Minor and Cooley's Discase or Thalas-
saemia Major, Ann. Eugenics, 16:209-315, 1052,
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8 A normal person, whose parents are normal, has a grandparent who carries the
gene for albimsm Assume that all the other grandparents are free from the gene for
albimsm. What 13 the chance that this person 1s & carner of the albmo gene?

9. Explain the fact that defective traits due to dominant genes are more easily
eltminated from a population than are defective traits duc to recessive genes

10. In the following human pedigrees the charactensic mentioned beneath the
pedigree 13 indicated by & sohid black circle The normal condition 1s indicated by an
open cirele Assume for each trmit that the difference between the normal and the
affected individuals 1s due to a single gene difference, as in albmsm Determne n
each case whether the charactenstic 1s recessive or probably dominant Some of the
characteristics are very rare Theothers are found 1n a small minority of the population

“0
¢ &

(a)

(a) Pick’s disease (atrophy of the braw) Very rare

®)

$8 085000

(5) Anindia (absence of the iris), Very rare
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(¢) Myopia (nearsightedness). Common.

gé’??%é&

(d) Myopia (nearsightcdness) Rare,

{¢) Intestinal polyposis, Rare.
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(9)
n

w §55558Y §FETEEEEEY

114

(9) Bpastic paraplegia (paralysis of the legs) Very rare

11, In a martiage between individuals 1 and 2 in the pedigree for deafness (1), #hat
is the chance of the first child’s being deaf? What 15 the chance of & deaf chid from a
marriage between 3 and 47

12, In a mammage between individuals 1 and 2 1n the pedigree for spastic para-
plegia (p), what 13 the chance that the first child will develop the disease? (Assume
that the mothers of 1 and 2 are both carrrers of the gene and that thewr fathers are
both free from 1t ) What 1s the chance that one of the normal children 1 generation
1V is 2 carrier of the gene?

13. Give two possible explanations for the fact that 1n human beings 1t 18 much
easier to discover pedigrees of domnant charactensties than pedigrees of recessive
characteristics

14. From g mating of two wavy-haired persons what is the chance that the first
four chuldren will be strarght-haired?

15. In a mating between a wavy-hatred person and a straight-haired mate what 19
the chance that the first child w1l be strarght-hatred and the next three wavy-hatred?

18, Calculate by means of the bimomial theorem the chance that in the mat-
ing mentioned i Problem 15 two of the four children will be straight-haired and
two wavy-hared

17, Toss four coms mmultaneously for 32 throws and record at each throw the
combination of heads and tails Record the resulting ratto of combinations obtained,
2nd hand this 1n 80 that your result may be compared with the combined ratio ob-
tamed by the class as a whole

1
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18 In the pedigree of a dominant trmt shown at the bottom of page 35, give the
genotypes of the lollowing individuals, using the symbaol D for dominant and d for
recessne 1.2, 112, 11-3, 11-5, 11-6, IIL-8, IV-3, IV-8

19. In the pedigree above what 1s the probabulity that

a. A third child from 11-5 X I1-6 will be affected?

b. A third child from 111-3 X I11-4 will be affected?

¢ A third child from I11-0 X I1I-7 will be affected?

d From a marriage of IV-1 X IV-11 the first three children will be unaffected?

e From a marnage of IV-3 X IV-1 tuo of the first four children will be affected
and two unaffected?

/ From a marnage of IV-5 X IV-8 two will be affected and two unaffected among
the first four cluldren®

20 In corn, & tecessive gene known as albino (aa) prevents the formation of chloro-
phyll in the leases and stem Being unable to synthesize its own food, after reaching a
few inches 1n height an albino plant dies of starvation Corn 1s normally eross-polli-
nated, but may be readily self-pollinated by hand Given an ear of corn guaranteed to
produce a ratto of three green plants to one albno (I A4, 2 Aa, 1 aa), wnte out 8 hst
of numbered steps, 1n chronglogical order, that you would follow 1n producing another
car of the same type
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DIHYBRIDS: THE LAW OF INDEPENDENT
ASSORTMENT

The discovery of the law of heredity just descnibed (the law of segre-
gation) was no gmall accomplishment, but Mendel did not stop at that
point. He d thata ] contains many determmners
(genes) and that if we are to gamn an understanding of the organism as a
whale, we must be able to put two or more pairs of genes together and
Interpret the results His solution of this problem proved to be as bril-
liant as that of the simpler one, Let us now examine the method of solu-
tion of the more complex problem.

Using the seven pairs of contrasting characters previously mentioned,
Mendel had found that the dominant and the recessive 1n each pair were
a3 follows:

Domnant Recessive
1 Round seeds (RR) Wrinkled sceds (&)
2. Yellow cotyledons (YY) Green cotyledons (%))
3 Gray-brown seed coats and White seed coats and white flowers  (bb)

violet-red flowers (BB)

4 Toflated pods (I1) Constneted pods )
5 Green unnipe pods (GG Yellow unripe pods @)
6 Axul flowers (44) Termmal flowers (aa)
7 Tall plant (TT) Dwarf plant w

By a serfes of carefully planned experiments he demonstrated that
these characters could be sorted out and recombined in the same free
Mmanner as though they were cards shuffled and dealt by 2 Player. One
of his experiments, which is typical in 1ts methods and results, is desenbed
below.

A DIHYBRID MATING

Mendel crossed a variety combining the seed characters round and yel-

low with a variety combining the characters wrinkled and green He

does not tell us how he obtained the two pure varieties, but since the
kv
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shape of peas is commonly cither round or wrinkled and the color either
yellow or green, he may have been able to sclect two which suited his
purpose from his 22 varictics He could have produced them easily by
making the proper crosses

The hybnid offspring from this cross were all round yellow, as shown
below

Round-yellow Wninkled-green
RRYY X eryy
Gametes RY ry
(Dihybnds) RrYy
Round-yettow

Mendel planted the dihybrids and obtained from them as a result of
self-fertihzation four sorts of seeds, the actual numbers of which were 88
follows

Dihybeds (ReYy)
1

(9) 315 Round and Yellow
(3) 101 Wrinkled and Yellow
(3 108 Round and Green
(1) 32 Wrinkled and Green

Frequently all four sorts were in the same sced pod. It 1s obvious that
the ratio of the four kinds 1 almost a perfect 9 3 3:1.

Mendel’s explanation of this result, which proved to be entirely cor-
rect, 13 based upon the assumption that there 1s a separate gene for each
character, that the genes oceur 1n paurs in the cells of the plant; that
each gamete receives only one member of each pair of genes; that as
many kinds of gametes are formed, in equal numbers, as there are pos-
sible combinations of genes; and finally, that all four kinds of sperms
have an equal opportunity of fertilizing the four kinds of eggs.

These various assumptions are all represented diagrammatically in Fig.
14. The combinations of the eggs and sperms at fertilization are merely an
appheation of the law of probability previously considered. For example,
since one-fourth of all the eggs carry ry and one-fourth of the sperms
carry 7y, the chance of a union between the two (rryy) is 34 X 4, or e
(ene 1 16); because, as previously explained, the chance of the simul-
taneous oceurrence of two independent events is equal to the product of
their chances of occurring separately

In the same way, the chance of any other one of the 16 possible com-
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Yeliow Gresn
round wrinkled
YYRR x yyrr
!
RSN O
‘ellow round
(nmybnds)\@ /
YR,

\‘R'/w'/ \>~yr
L
0107010

YYRR YYRe YyRR YyRr

YRR | YyBr ! yyRR | yyRe

EIIEICIE

|_YyRe Yy yyRe yyo
Figure 14. Diagram showing Mendel's results
from crossing two vareties of peas differing 1n
two independent charactenstics. The offspring
of the dihybrids are represented 1n the squares
of the checkerboard in their actual numeneal
ratios* 9 yellos round 3 yellow wrinkled 3
green round 1 green wrnkled

bfnaticns taking place is 14 X ¥4, or ¥{g (one1n 16) Each of these com-
binations iz represented by = square on the checkerboard

The Fractional Method of Caleulating Ratios

The advantage of the checkerboard method of ealeulating Mendehan
ratios, introduced by the Bntish geneticast R. C. Punnett, is that 1t
shows graphically each essentanl step. the formation of the gametes, their
union to form zygotes, and the resulting phenotypes Its disadvantage is
that it js time-consuming and offers many opportumties for making cleri-
cal errors Many persons, therefore, prefer an algebraic method, or o
fl:actional method, such as the one illustrated below A detaled deserip-
tion of the fractional method has been published by Jones t

*M D Jones, The Fractional Method of Analysis of Factors- An Aid in Teaching
Genetics, J, Heredity, 38:368-370, 1947
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shape of peas is commonly cither round or wrinkled and the color either
yellow or green, he mny have been able to select two which suited his
purpose from hus 22 varieties He could have produced them easily by
making the proper crosses

The hybrid offspring from this cross were all round yellow, as shown
below-

Round-yellow Wninkted-green
RRYY X ceyy
Gametes. RY ry
(Dhybrids} Rryy
Round-yellow

Mendel planted the diliybrids and obtained from them as & result of
self-fertilization four sorts of seeds, the actual numbers of which were a3
follows.

Dihybrids (Rr¥y)
1

(9) 315 Round and Yellow
(3) 101 Wrinkled and Yellow
(3) 108 Round and Green
(1) 32 Wrinkled and Green

Frequently all four sorts were in the same seed pod. It is obvious that
the ratio of the four kinds 1s almost a perfect 9:3:3 1.

Mendel’s explanation of this result, which proved to be entirely cor-
rect, 15 based upon the assumption that there 1s a scparate gene for each
character, that the genes occur in pairs 1n the cells of the plant; that
each gamete receives only one member of each pair of genes; that as
many kinds of gametes are formed, in equal numbers, as there are pos
sible combinations of genes; and finally, that all four kinds of sperms
have an equal opportunity of fertilizing the t‘our kmds of eggs-

These various ptions are all r ically in Fig.
14, The combinations of the eggs and sperms at. ferhlxz:mon are merely an
application of the law of probability previously idered. For pl

since one-fourth of all the eggs earry ry and on&fourth of the sperms
carry ry, the chance of 2 union between the two (rryy) is 14 X ¥4, or Ae
{one in 16); because, as previously explained, the chance of the simul-
taneous occurrence of two independent events is equal to the product of
their chances of oceurring separately

In the same way, the chance of any other one of the 16 possible com-
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Yellow Green
Tound wrinkled @
YYRR X yyrr
i
s ’
fellow roun
(D«ny»ms)\e /
/M\

YRR | VyRr | yyRR | wyRr

—l QD Q| ®
YR | vyrr whe | wrr
Figure 14, Diagram showing Mendel’s results
Irom crossing two vartettes of peas differing n
two independent charactenstics The offspring
of the dihybnds are represented 1 the squares
of the checkerboard wn their actual numerical
ratios 9 yellon round 3 yellow wrinkled 3
green round 1 green wrinkled

b?m:tions taking place 1s 14 X 14, or %5 (one in 16) Each of these com-
binations 1s represented by a square on the checkerboard.

The Fractional Method of Caiculating Ratios

The advantage of the checkerboard method of calculating Mendelan
ratios, introduced by the Bntish genetteist R. C Punnett, 15 that 1t
shows graphically each essential step the formation of the gametes, therr
union to form zygotes, and the resulting phenotypes, Its disadvantage is
that it ig time-consuming and offers many opportunities for making clen-
cal errors Many persons, thercfore, prefer an algebrme method, or a
fractional method, such as the one tustrated below. A detaled deserip-
tion of the fractional method has been published by Jones !

*M D Jones, The Fractional Method of Analyas of Factors An Aid in Teaching
Genetics, J, Heredity, 38:368-370, 1047
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¥\ Dihybnd Revy

F, Phenotypea (using roman letters for characters)
3R 3{Y = %s Round Yellow
1Kr 3 Y = 3¢ Wrnkled Yellow
3R}y = 3¢ Round Green
3{r -3{y = 3¢ Wninkled Green

This method may be used in caleulating genotypic ratios by splitting
the dominants into homozygotes and heterozygotes, thus:

Fi Dihybnd RrYy

Fs Genotypes F Phenotypes
YRR 4 YY = g RRY}
YRR %Yy =3¢ RRYy
4 Re M YY = 3 RrYY
Y Rr 3 Yy =S lirty

%{s Round Yellow

Lirr Y YY = Marl) . |
Ve 1Yy = harty 3¢ Wrinkled Yellow
YRR ‘{yy = {sRRyy }

KR Yyy = % Rrpy 3{¢ Round Green
¥rr Yyy =1lisrryy  }¥e Wrinkled Green

Testing the Offspring of the Dihybrids

The rule just disclosed was of far-reaching importance if it could be
proved to be of general application, since it showed that ap organism
was like & mosaie, consisting of many chsracters, and that by the prope?
matings the various characters could be sorted out and recombined 8¢
will

In order to establish this principle beyond doubt, Mendel went to great
trouble. The following year he planted all 556 sceds obtained from the
dihybrids With painstaking care he tells us exactly how many seeds of
each group cither failed to develop or did not produce sceds. Altogether
there were only 27 nonproductive sceds The remaining 529 seeds prov
by the progeny which they produced that they belonged to the follos-
ng nine genetic types (genofypes):

Rr¥y  (Round Yellow) 138
RRYy (Round Yellow) 65
RrYY  (Round Yellow)  g0{°0 @
RRYY (Round Yellow) 38

Rryy  (Round Green) 67}

RRyy  (Round Greem)  35f'%% @
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Yy (Wrinkled Yellow) €8

7YY (Wnokded Yellow) 23}“‘ @

gy (Wrinkled Greeny 30 30 (1)

An inspection of the checkerboard (Fig 14) shows that theoretieally
these nine genotypes ate expected in the same ratio as found by Mendel

Obviously the round yellow peas are of four genotypes, while the
round green peas and wrinkled yellow peas are each of two genotypes
There is only one type of wnnkled green, sinee thisis the double recesave.

In addition to the foregong expenment, Mendel performed others
which he united the remasining characters by two's as hybnds and i alt
eases obiained the same results

On the basis of these several experiments it is now posable to prediet
that dikybrids waill produce nine genetically different types of offsprmg
and that these will sppear in the definite ratio mdicated above If domu-
nanee is complete for both pairs of characters, these nine genotypes wil
group therselves under four wisible types (phenofypes) i the ratio of
9:3:3:1. The faw llustrated by the expertment just described 15 known
48 the law of independent assortment.

LACK OF DOMINANCE IN DIHYBRIDS

In all of Mendel’s experiments with dihybrids, dominance was present.
The law of independent sssortment holds good, however, nhether there
is dominanece or not, just us does the law of segregation It should be
emphasized that dominance relates to the physwological effects of genes,
while the law of independent, assortment the distrbution of the
genes,

Te ilustrate independent assortment without dominance we may
choose 2 well-known case in cattle, In hawr color, red 18 due to 8 pawr of
genes, RR. White may be designated rr. The hybrid, r, 13 not red but
rosn (red hairs intermingled with white hasrs). The three colors red, roan,
and white are all found in the shorthorn breed of cattle (Fig 15) Roans
are highly prized by cattle breeders Unfortunately, since roans are al-
ways heterozygous they never breed true: when two roans are mated they
yield reds, roans, and whites in the ratio of 1.2 1. It 13 of course possible
to obtain pure-breeding races of reds and whites simply by mating them
with their own color exclusively. i

}Ietcditury lack of horns (known as polled) is due to a simple domi~
nant gene, M. Horns are due to a recessve, . Among the shorthorns
there are hornless s nell as horned animals {Fig 18). Since the charac-
ter horas 1 independent of color 1t is easy to produce pure races of reds
©Of whites, with or without horns, as desired.
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F, Dhhybrd Rr¥y

F, Phenoty pes (using roman letters for chamcters)
3R 3, Y = %4 Round Yellow
r -3 Y = %5 Wrinlled Yellow
3{R-1{y = %6 Round Green
1{r 34y = ¢ Wrinkled Green

This method may be used in caleulating genotypic ratios by splitting
the dominants into homozygotes and heterozygotes, thus:

Fi Dikybnd Rtrty

F; Genotypes F1 Phenotypes
WRR 3, YY = 14 RRYY
LWRR-13 ¥y = {1g RRYy {,
o Re L FYF = Z1g BrYY {7
YWRr Yy = 416 Rriy

16 Round Yellow

Il r “ YY - l‘. Y .
Ty needy |0 rmlied Yellow
LORR lyyy = Yyg RRyy }

YWRr L yy = N4 Rryy %6 Round Green
Y U ~hermyw s Wrnkled Green

Testing the Offspring of the Dihybrids

The rule just disclosed was of far-reaching importance if it could be
proved to be of general application, since it shoned that an organism
was like a mosaic, consisting of many characters, and that by the propef
m:;:mgs the variots characters could be sorted out and recombined 8¢
will.

In order to establish this principle beyond doubt, Mendel went to great
trouble. The following year he planted all 556 seeds obtained from the
<hhybnds. With painstaking care he tells us exaetly how many sceds of
each group either failed to develop or did not produce seeds. Altogether
there were only 27 nonproductive seeds. The remaining 520 seeds pro’
by the progeny which they produced that they belonged to the follow-
ing nine genetic types (genolypes):

BTy (Round Yellow) 135
¥y (Round Yellow) 65

REYY  (Round Yelow)  go{3%!
RRYY (Round Yellow) 38

Rryy  (Round Green) 67

RRyy  (ownd Greemy 35}‘“'" ®
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¥y (Wnnkled Yellow) es}
#¥Y  (Wonkled Yellow) 28f% &

rryy (Wrnkled Green) 30 30 (1)

An inspection of the checkerboard (Fig 14) shows that theoretically
these nine genotypes are expected in the same ratio as found by Mendel

Obviously the round yellow peas are of four genotypes, while the
round green peas and wrnkled yellow peas are each of two genotypes
There is only one type of wrinkled green, smce this 1s the double recessive

In addition to the f g experi Mendel perf d others 1n
which he united the remaining characters by two’s as hybrids and 1n all
cases obtained the same results.

On the basis of these several experiments it is now possible to predict
that dihybrids will produce mine genetically different types of offspring
and that these will appear in the definite ratio mdicated above. If dom-
nance is complete for both pairs of characters, these nmne genotypes will
group themselves under four visible types (phenofypes) m the ratio of
9:3:3:1. The law illustrated by the experiment just described 1s known
as the law of independent assortment.

LACK OF DOMINANCE IN DIHYBRIDS

In all of Mendel’s expertments with dihybnds, dominance was present
The law of independent assortment holds good, however, whether there
is dominance or not, just as does the law of segregation It should be
emphasized that dominance relates to the physiological effects of genes,
while the law of independent assortment concerns the distributeon of the
genes.

To illustrate independent assortment without dominance we may
choose a well-known case in cattle In hair color, red is due to 2 parr of
genes, RR. White may be designated r# The hybnd, Rr, is not red but
roan (red harrs intermingled with white hairs) The three colors red, roan,
and white are all found in the shorthorn breed of cattle (Fig. 15) Roans
are highly prized by cattle breeders Unfortunately, since roans are al-
ways heterozygous they never breed true: when two roans are mated they
vield reds, roans, and whites in the ratio of 1-2 1 It1s of course possible
to obtain pure-breeding races of reds and whites sumply by matmng them
with their own color exclusively.

Hereditary lack of horns (known as polled) is due to a simple domi-
nant gene, H. Horns are due to a recessive, kb Among the shorthorns
there are hornless as well as horned ammals (Fig 15) Since the charac-
ter horns 15 ndependent of color it is easy to produce pure races of reds
or whites, with or without horns, as desired.
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. el .| _ e 0 A
Figure 15 Prize shorthorn eattle (1) Red polled bull (3) White polied bull (3)
Roan horned bull (1 and 3 from photographs by Robert F Ihildebrand, § from 8

photograph by 11 A Strokmeyer, Jr. Courtesy of Eneyel itannice, U -
ed,vol 5 plate 1, at p, 45, 1945y o Bocyelopaedia Britannice
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'If a mating is made between 2 red hornless ammal and 2 white horned
animal, the offspring will all be roan hornless, regardless of w hich one 15
the male and which the female, as follons.

Red-hornless White-horned
RRHH rehh
Gametes RH th

1 Dihybrids) RrHh
Roan-hornless

If two of these roan hornless hybrids are mated, the offspring are as
shown n Fig 16

Roan-hornless Roan-hornfess
g H,h/x;/m }‘ h\
RH Rh o th
b 4 Sperms | }
RRHH RRHh RrHH RrHh
RH—»| Red Red Roan Roan
horntess | harnfess | horaless | hornless
RRHR RRhh RrHh Rrhh
Rn—>| Red Red Roan Roan
nornless { homed | horntess | homed
Eggs
RrHH Retih HH trHh
rH—>| Rasn Roan Witte White
hornless | hornfess | hornless | horafess
ReHh Rrhh arhn whh
rh~>{ Roan Roan White whita
horatess | homed [ hornless { horned

Figure 16, Diagram showng the results of mating two
roan cattle, each of which 1s hybnd with respect to
hornless. The wisible ratio 13 3 red hornless 6 roan
harnless' 3 white hornless 1 red horned 2 roan horned
1 white horned

The number of visible types (phenotypes) here obtained is six instead
of four as 1t woyld have been with dominance in both pairs of genes The
number of genotypes, however, rematns the same, i.e., nine. If dommance
had been lacking with respect to horns as well as color, the number of
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visible types would have been increased to nine and there would then
have been the same number of phenotypes as genotypes.

The fractional method may also be used in problems where there is
lack of dommance, for cxample, in the cattle problem, just worked with
the checkerboard, we have:

¥, Dihybruds Refih

F; Phenotypes (uaing roman letters for characters)
4R 3 H = 34 RH (Rted Hornless)
15 Rr 3{ H = %4 Rr H (Itoan Hornless)
Yr 3iHe3erH (White Hornless)
iR Y h =1{gRh (Red Horned)
1 Rr Y h « 4 Reh (Roan Horned)
14r Y h «liggrh (White Hotned)

TRIHYBRIDS SHOW INDEPENDENT ASSORTMENT

Having demonstrated the law of independent assortment for tso pairs
of characters, Mendel next performed an experiment in preasely the
same manner except that he used three pairs of characters. Of all his e
periments he states that this one demanded the most time and trouble
The eross is represented as follows.

Parents. RRYYBB b4 rryybb
Gametes RYB b
(Trhybrds) RlVbe/

Round, yellow, grey brown

Mendel planted all the sceds which he obtained from the tribybrid?
and found that each of the three characters segregated independently of
the other two characters The principle governing trihybrids was found
to be 1dentical with the principle governing dihybrids, It is easy to se
\\!ny th{s should be so if we look for & moment at the constitution of the
trihybrids. Since they are hybnd in three separate respects, they will pro”
duce gametes of the following eight types:

RYB Ryl

R Note that the combinations on the left are identical with those on the
right except that those on the left have a large B instead of a small b. The
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addition of a third pair of genes has obviously doubled the number of
possible combinations
The union at fertilization of eight kinds of eggs with eight correspond-
ing kinds of sperms, m 4 purely fortustous manner, produces a popula-
tion consisting of 27 different genotypes instead of the 9 genotypes pro-
duced by dihybrids In order to work out this problem mn detail by the
checkerboard method as we did for the dihybnd (Fig 14) we would need
to use & checkerboard having eight squares each way mstead of four
This would be very time-constming With three or more pairs of genes
the fractional method is shorter and the chance of error 1s reduced To
llustrate with the above tnhybnd:
Fy Trihybrid RrYyBb
F, Phenotypes (using roman letters l'or charnctem)
3R HY l’l?'-'z T64 R
%R My 3B =Y. RyB
Yir %Y ¥Ba% r¥B
Yr Yy % B=34 ryB
HBR UY ¥b =% RYD
¥R Uy Y¥b =3 Ryb
Mr Y b =34 rYD
Mr My b =l ryb
In cases of complete dominance, the 27 different genotypes from tri-
hybrids fall nto 8 visibly different types as compared with the 9 geno-
types and 4 visibly distinct types obtamed from dihybrids
On a smaller scale Mendel performed similar experiments, combining
other characters by two’s and three’s, until he had convinced himself that
all seven of the characters chosen for study m his experiments followed
the same law; that 15, that each of the characters was independent of
the other characters All possible constant combmnations of the seven dif-
ferentiating characters (128 combinations m all) were actually obtained
by Mendel through repeated crossing This, also, must have involved a
great amount of labor.

BACKCROSSING DIHYERIDS

As a final test of his theory of independent assorlrf\ent, Mendel per-
formed a backeross expenment usimg one of his dibybrids and the double
recessive as follows,

Round yeflow
Wrinkled green x R,yyye
N,
O ?
RrYy Rryy Yy myy
Sperms ry- Round Round Wonkled | Wnnkled
yellow green yellow green
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Mendel reasoned that if his theory was correct, the dihybrid should
form four hinds of eggs as shown above The double recessive should
form but one kind of sperm (ry) If all four kinds of eggs are produced in
eqnal numbers, there should result at fertilization four kinds of offspring
m equal numbers: 13 round yellow, !5 round green, 14 wrinkled yellow,
14 wrinkled green This ratio was actually obtained: there were 31 round
yellow, 26 round green, 27 wrinkled yellow, 26 wrinkled green seeds

In order to test his theory for both eggs and sperms, Mendel made the
reciprocal backeross, 1 ¢., he used a dihybnd for the sperms and a double
recessive for the eggs From this mating he obtained 24 round yellow,
25 round green, 22 wrinkled yellow, 26 wrinkled green sceds. The results
1n both crosses confirmed hus theory,

All of these sceds were tested by planting the next year, and therr ge-
netic make-up proved to be as demanded by the theory.

Stomlar backeross experiments were performed with the other five pairs
of characters, the results agreed perfeetly with those of the foregoing
experiments

Thus, step by step, Mendel had built up sn overw helming mass of evi-
dence, consistent within itself, and proving beyond reasonable doubt the
truth of the law of independent assortment

TESTING THE CLOSENESS OF FIT OF AN OBSERVED RATIO

Statisticians have developed a number of statistical tests by means of
which the mvestigator can determine how well the results of his experi-
ment fit a particular theory of heredity. One of the most valuable of
these 15 known as the chi-square test, so named because of the use of the
Greek letter chi (x) as a symbol (Table 2) It may be applied not oy t0
ratios mvolving two classes of individuals, such as o 3:1, but to those
with three, four, and in fact an ndefinitely large number of classes The
test answers the question what is the probability of obtaining merely by
chanee a deviation from the expected ratio greater than that shown by
our observed data? For example, in an actual experiment with Drosophils
by students the sex ratio obtained was 419 males-466 females The €x-
peeted ratio i this species 15 1 1. Does the observed deviation from &
L.1 ratio here indicate some experimental error or some systematic factor
favoring females, or 1s the result merely such a devintion as one might
reasonably expect as a result of chance? The steps 1n the application of
the x? test to this case, with the result, nre shown 1n Table 3 (page 48)-

Aecording to the formula for x? it 1s obvious that the larger the devid®
tion from expeetancy the larger will be x? A definite numertcal relation
ship ewists between the size of x? as ealculated by this formula and the
chance of the deviation being exceeded 1n either direction merely s the
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result of chance. This relation<hip 1s a complex one algebraieally, and it
1s therefore not practicable to ealeulate the probability for each case. In-
stead, a table of x? (Table 2) showing x? for a series of probahilities, pre-
vided for us by Dr Fisher, 15 used Referring to Table 2 we note that
probabilities (%), shown as deenmal fractions, are written along the top

Tante. 3
[ Males | Females
Olserved numbery 1o 166
Lxpected numbers on 11 (e) 1325 412 5
Deviation from expeetanty (d) 1 15 235
Drviation squared (@ [ 552 25 | 552 2%
dtfe REE 125

x1 = Sum of d?/¢ = 250

line of the table, and under cach probability figure is a vertical columa
of x2 values The column headed X' must now be consulted and the value
of N chosen which represents the number of classes i our ratio. With
Mendelian ratios such ns 1 1,3.1,0 3 3 1, cte., we must choose the I
which 15 one less than our number of classes In our problem therefore,
since there are two classes, 1t will be the number 1. Scanning the X'
values opposite ' = 1 we come to 2 706 This 1s not far from our cal-
culated x? value of 2 50, and we note that the probability of getting &
larger x? than thus, or, 1 other words, the chance of obtamtng a greates
deviation upon repetition of the experniment, is approumately 0 10, of
onen 10

Statisicians have arbitranly chosen to consider a probability greater
than 003 (one in 20) as not statistically stgmificant. This means that
such o deviation from expectancy 13 not great enough to ndicate the
operation of any modifymg factor, but 1s probably merely a deviation
due to chance. Since our probability 1s twice as great, we conclude that
the sex ratio nctually obtamed 1s well within the range of chance devis-
tion, and hence that we are not justified regarding the deviation 2%
proof of the operation of some ather factor The dewviation here, howerer,
may well be the result of systematic causes rather than of chance Our
caleulations eannot answer thig questton All our statistieal test ean do
15 to tell us how frequently we should expect to get a greater deviation
from the theoretical ratio merely as the result of chance,
. Let us now apply the x? test to an actual student experiment involv-
ing two pairs of genes, in which the expected ratio was 9:3:3.1 The ani-
mal used was Drosophila, A recessive mutant known as brown eye W29
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croseed with a recessiie known as searlet eye The genes show independ-
ent assortment. The Fy hybrids ase nommal red-oyed ¥y matings nere
made and the Fy's abserved The expeeted Fo ratto 189 red 3 brown 3
searlet 1 white In thas cuse the double recessive Tesuits m absence of pig-
went, The results and the caleulated x* are shown in Table 4

Tarez 4
Red  Brown  Scarlet | White
Observed numbers Rt ] 430 ? 465 1 143
Expectedon 8 3 3 1 () AT | w05 405 135
Devistion from expectancy {dy ) 83 2 & 2
Devsation squared (d@*) ; 6,889 625 3,600 4
ave 57 14 89 { o

X = Sum of dt/e = 1613

Seannmng the values of x? opposite N = 3, 1n accordance with the rule
mentioned above, we find a x* of 1627 under the probabihty of 0001
Thes tells us thay the devaation from the expected ratio conld have been
exceeded by ehance only once 1n 1,000 tnals Evidently some explanation
other than chance 15 to be sought Whether or nut the deviation from ex-
peet. 15 this e 15 due to e al error, d 1al via-
bility, differential rate of deselopment of the fhes, or some other factor or
combiation of factors must be sought by further study and expesiment

PROBLEMS

3. In guinea mige, the gene € for black color 1 domsmant over the gene ¢ for albino
The gene R for sough fur 15 domminant over the gena « for swaath fur o the table
below, the results are gu eu for five separate matings G e the most probable genetie
formulas for the parents m each mating (The formulas may be obtaned by inspection )

Bleck | Black  Aldwne | Albmo

Rough | Smooth { Rough t Smooth
{a) Black smooth X atbino smooth o . 18 f 0 9
(5) Biack smooth X albino rough 25 o [ 0 [
{c) Blach smooth X allnno rough ] § & ]
{2} Black raugh X altiae rough 15 i 119 3
{2} Ateino rough X slbo yough 9 ° 32 12

2 If 5 pure vanety of peas shos ing the charscter tall (TT) snd terminal fowern
{a5) 13 crossed with a dwarf vanety (1) having avisl floners (14), and the hibnds
e sllowed to selfertihze, what will be the vinble ratio ameng ther offspring?
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3. What 13 the chance that any tall axial plant produced by the hybrids in the pee-
cedimg problem 12 homozygous for bath genes® What ja the chanee that any tsfl
terminal plant 1 homaozy gous for both geneg” N

4. Show the result of crossing a dibybrid from Problem 2 with a doublerecessite
(short terrminal) plant .

5. If a pure vanety of peas showng the dominant characters tall (T'T), axial fowers
{AA), violet flowers (BB) 1y crowed with a sariety showing the recezaive charscters
dwarf (), termimal (an), white flowers (64), and the trihybnds are alloned w’xl{-
fertilize, what 13 the expected viable ratio among the off<pring of the tnhyhnds

6. Show the tesults of a backerow of one of the trihybnds in the preceding problem
to a dwarf, termimal, white-flow cred plant

7. In prckages of seeds of supposedly pure vaneties of peas purchased st seed stores,
1t 15 common to find both yellow and green peas 1n the same package, wheress the
recds in & given package are usvally all round or all wrinkled Alendel obseryed th
difference i color in geeds of pure vancties (see lus paper, referred to in footoote, p
6} How dors he explain it” §

8. Write out the formulas for the gametes produced by an organism hybrid with
respect to four genes, as 1alCeld What chance have the offspnng of two such

hybnds to be aabb A & that d 14 complete in all four genes, ““;‘
proportion of the offspring of two such hybrids will show all Jour dommant effrets! d
9. Starting with two pure-brecding vareties of { green (RRuy) a0

winkled yellow (rr¥'¥)—show how you might develop, with the least labor and 12
the fen st posuble generations, a pure-breeding round yellow s ariety Show all erowes
and test matings )

10. In cats, solid-black fur (aa) 15 reccsive to wild tiger pattern (44) With the
encs affecting tail fength, domunance 1s lacking T stands for the tatlless (Msnx)
cat, it stands for the normal long-taded cat the bybnd, Tt, s hobtatled Whatwill be

the visible ratios among the offapring of the following matings (use the fractionst
method on these)

@ aalt X Aatt

b aalt X AaTt

e AaTt X AaTt

11. In Mendel’s monohy brid experitnents with
those wnvolving flower eolor and pod color,
expected 3 1 ratio mn the Fy Wi
white Calculate x*
nmificant deviation

12. With pod—color differences Mendel obtained 1n F; 428 greens to 152 yellons
Crleulate x* and determine the significance of the dey wtion from a perfect 3,1 rati¢

13. By means of the x7 test, calculate the probability of ebtainme a greater devis:
tion from the expected 9 3 3 1 ratio than Mendel did 1m his experment with Fou
yellow dibybrids (as given on page 38 herein)

14. Tn one of Mendel's test expeniments his theory demanded a ratio of 2.1. Th®
ratio he obtained wes 60.40 In order to check the deviatton from the evpected Fstio
he repeated the expenment, obtaming on the second trial 65:35 Caleulate the X1 of

the first trial and state whether you would have consdered 1t necessary to repeat the
etperiment

16. Caleulate the expected ratio f
homozygous polied cow

16. Caleulate the expected ratio froi
and a roan heferozygous polied cow.,

his seven patrs of characters, t70
showed the largest deviations from the
th flower color he obtamed 705 violet-reds to 224
and determune from the x* table w hether ths 15 & statistieally 8-

rom 5 eross between a roan harned bull snd 8 red

m a mating of a white heterozygous polled bul
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17. In the Hereford breed of beef cattle the general color 15 red, with white face and
whte on neck and underparts Another breed of beef cattle, Aberdeen Angus, 1 sold
black. Black hatr color 15 dommant over red The white face, mhented mdependently
of general body color, 15 domnant Calculate the expected result of a cross between a
homozygous black polled Aberdeen Angus with a homozygous horned Hereford

18 Calculate the expected ratio from a backcross of one of the hybrids from Prob-
lem 17 with & horned Hereford

19. Calculate the expected ratio from a mating of two of the hybrids cbtamed m
Problem 17

8 O o I I
| N N N R

CJET| BT 00| I | R FUE
Ced L | IO Eeded | EJ | P B0 | oSl
] 0 R R ) e |
CA0 | B0 e | 60| 9 BT
Do ) R e R i o

20. Independent assortment 1s illustrated m throwing a pair of dice Using the above
drawang for reference, show by means of bar graphs the chances of obtaming all possi-
ble numbers of gpots in throw g a parr of dice Draw vertical bars to show frequencies,
with the bar for the smallest number of spots at the left and progressively larger num-
bers of spots to the nght How do you account for the fact that 7 ts the most probable
number of spots? What other numerical regularities can you discover in the dragram?

21. Given a pure-breeding vartety of black rough gumes pig (CCRR) and a pure-
breeding vanety of albuno smooth (corr), show haw you would produce m the fewest
possible matings a pure-breeding vanety of black smooth (CCrr) guinea pig (Black
and rough are both dominant ) Number the matimgs you would make 1n ehronologicsl
order and idicate the number of offspring you would obtam m your final test mating
1n order to be ressonably sure that you had accomplished your arm

BN OO M
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THE REDISCOVERY OF MENDEL'S WORK

Mendel’s brographer, Iltis, believes that the chief reason why Mendel’s
work was 50 lttle noticed or understood, erther by the members of the
Brunn Soctety for the Study of Natural Seience, before whom it was de-
seribed orally, or by scientists m general, was the atmosphere of intense
interest m Darsin’s theory of the onigin of species, which had been pub-
Tished just six years previously Iltis writes:!

The paychological Iaw that the contents of conseiousness are sharply -
stricted applies, not only to mdividuals, but to geremtions, and since th? con-
setousness of the epoch was entirely filled by the flood of ideas contained in the
Darwimian theory and 1ts consequences, people would not trouble themselves to
make a place 1 their mnds for the profound and pecular ideas of Mlendel, even
though the-e were concerned with a kindred field

The basie notion of Darnin's doetrine was the sanability of species, whereas
the basic 1dea of Mendel's (though none of Mendel's hearers nor even the 1.9f-
turer himself had clearly recogmzed this) was the constancy, if not of SP(‘"‘fS'
at least of their elements, of characters, and of the heredity factors produr!ng
these The trouble was this, and this only, that the time was not yet Tipf
for the understanding of Mendel’s laws erther in Briinn or elsew here,

“‘BOTANICAL MATHEMATICS"

Furthermore, according to Itrs, “many of Mendel’s auditors muS’f
have been repelled by the strange linking of botany with mathematics
Tn Mendel's day, the quantitative study of biology in 1ts various branches
had only begun Mathematics as 2 necessary tool for the biologist had not
yet been generally recogmzed To ccrtain minds it is possible that Men-
del’s laws may have seemed too mathematical to be true for hving things

A part of the difficulty in winning aceeptance of the new ideas Ut~
doubtedly related to the fact that the laws involve the idea of probabil-
ity, or statistics Among the various branches of mathematics, statishfﬁ
is & late arnval Few biologists were trained in those days to think in

1 Hugo Ttus, “Life of Mendel,” by permission of W, W Norton & Company, Inc,
New York

52
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terms of probability. There 1s still great need 1n this country of improve-
ment 1 the teaching of probability 1 high-school and college mathemat-
ics The topic usually appears near the end of the algebra textbook, w here
it 15 likely to be omitted m the rush at the end of the course Many years
evperience m teaching Mendel's laws to the ummitiated convinces the
wnter that to some 1telligent minds there 1s, at first contact, something
difficult and bafflimg in the ideas volved This difficulty seems 1n most
cases to be due to unfamiliarity with the 1dea of probability

From the point of view of the reader who already understends the laws,
Mendel’s paper is & model of saientific exposition Its logic, orderliness,
and accuracy could hardly be impraved However, the algebraic method
of presentation may have deterred some readers The graphic representa-
tion in checkerboard diagrams, as 1llustrated wn earher chapters, 1s prob-
ably easier for the begmner

REASONS FOR LACK OF APPRECIATION OF MENDEL'S WORK

Mendel’s position as a priest and teacher 1n a small secondary school
was probably not in huis favor in certain quarters Had he been 2 member
of a great umiversity, he would no doubt have obtained a more sympa-
thetic hearmng Aithough copies of the publication m which his paper ap-
peared were circulated to more than 120 institutions, meluding 10 or
more in the United States,’ 1t 1s natural that an obseure journal should
not have received the same careful reading as did the better-known scr-
entific periodicals,

Obwiously, another reason why the time was not yet nipe for the rec-
ognition of Mendel's discovery was the lack of knowledge of what went
on mside the cell. It 1s recalled that knowledge of the behawior of the
chromosomes during mitos:s, meiosis, and fertilization was still a closed
book,

NAGELl AND MENDEL

Karl W. Nagel: (1817-1891), professor of botany at Munich, Bavana,
was one man at least who from lis own interests and researches should
have appreciated Mendel’s work Nagel had for years been studying hy-
bridization 1n plants and wniting on heredity and evolution Mendel had
great respect for Nagell, and 1n 1866 wrote him a letter enclosing a copy
of the paper on peas From Nageli’s answer and from notes he made on
Mendel’s work 1t 15 clear that he regarded the formation of pure eggs and
sperms by a hybnd (2s reported by Mendel) an impossibility. He thought
that the constant torms which had segregated out of Mendel’s hybrids re-

M J Dorsey, Appearance of Mendel’s Paper 1o American Libraries, Serence, Mar
10, 1944
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quired 4o be tested further and predicted that they would sooner or later
vary once more. It 1s well to recall that this doubt had apparently oc-
curred to Mendel also, for he had tested out hybrids on this very point—
1n some cases through as many as six generations Nevertheless, Nageli
was not satisfied and asked that Mendel send um some of his sceds for
testing ot Munich Mendel rephed, sending 140 Inbeled packages of sceds
with directions for testing them Nageli planted a number of the test
sceds, but he never made the promised series of control experiments, and,
according to Iltis, neither in hus letters to Mendel nor in his subsequent
papers and books do we find any reference to Mendel’s work on peas.

Mendel realized the necessity of repeating his experiments with other
species. On July 3, 1870, 1n a letter to Nageli,! he stated that he had con-
cluded expeniments with Zea, Mirabilts, and Matthiola and that their
hybrids behave exactly hike those of Pisum. These confirmatory expen-
ments were apparently not published in detail They seem to have made
no impression on Nageh.

It secmns, therefore, that if one of the leading bielogists 1n Europe could
thus fs1l to appreciate the importance of Mendel's work or the necessity
of repeating the expeniments relating to a field in which that biologist
was an authonity, 1t 1s httle wonder that other men less favorably situ-
ated should have fatled to de so

RESURRECTION OF MENDEL'S PAPER

As late as 1900 there were, according to H F Roberts,? only two pub-
Tished works which referred to Mendel’s paper on peas. The first of these
was a book by a German botanist, Hermann Hoffmann, pubhshed in
1869, reporting mvestigations an the problem of species and vaneties 10
connection with a study of Darwin’s theory of evolution The second was
a book by W. O. Focke, published in Berlin, 1881, entitled Die Pflanzen-
maschlinge (Plant Hybrids) In one of his references to Mendel, Focke
states that Mendel’s experiments on peas gave results similar to those
obtaned by Andrew Kmght (an Enghshman who about 1825 had re-
ported experiments 1n hybridizing peas), but that Mendel believed he had
found constant numeneal ratios among the types produced by hybrids

Apparently a third reference to Mendel's work should be added to this
Lst, for, according to Dorsey, the American botanist L. H. Baley in-
cluded a reference to Mendel’s work 1n a paper on crossbreeding and hy-
bridizing in 1892. Bailey, however, had not seen Mendel’s paper, but bad

3+ Gregor Mendel’s Letters to Carl Nagel, 1866-1873, supplement to Genelics
35:1-29, 1950

SH. F. Roberts, “Plant Hybndization before Mendel," Princeton Umversity
Press, Princeton, N .J, 1929
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Versuche iiber Pflanzen-Hybriden.

Vo

Gregor Mendel

ergedeys i dew Sirungen wom 8 Febemyr wad % Muca 1655 )

Einleitende Bemerkungen

Kunstliche Befruch welche an Zierpfl desshalb
vorgenommen wurden, um neue Farben-Vamanten zu erzielen,
waren die Veranlasung zu den Versuchen, die her besprochen
werden sollen. Die auffallende Regelrtsaigkeit, mit welcher die-
velben Hybridf jmmer wicderkehrten, 5o oft die Befruch-
tung zwischen gleichen Arten geschah, gab die Anregung za
weiteren Experimenten, deren Aufgabe es war, die Entwicklung
Qer Hybriden in ihren Nachkommen zu verfolgen.

Dieser Aufgabe haben sorgfaltige Beobachter, wie Kal-
reuter, Gurtner, Herbert, Lecocg, Wichura u. a, enen
Theil thres Lebens mit unermudhcher Ausdauer geopfert Na-
menthich hat Girtner m seinem Weike jdie Bastarderzeugung
im Pflanzenreicke¥ sehr schitzbare Beobachtungen niedergelegt,
und in neuester Zeit wurden von Wichura grandliche Unter-
suchungen tber die Bastarde der Weiden veroffenthicht Wenn
€3 noch nicht gelungen ist, en allgemein giltiges Gesetz fur die
Bildung und Entwicklung der Hybriden aufzustellen, so kann
das Niemanden Wunder nehmen, der den Umfang der Aufgabe
kennt und die Schwiengkeiten zu wiirdigen weiss, mit denen
Versache dieser Art zu kimpfen haben. Ewe endgiltige Ent-
tcheidung kann erst dann erfolgen, bis Detail- Verauche aus
den hied Phlanzen-Familien vorliegen. Wer dic Ar-

1o

Figure 17, Facsimile reproduction of page 1 of Mendel's “Expenments Relating

to Plant Hybnids.” (From J. Heredity.) Sce Appendix B for English translstion
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taken s reference from Focke De Vries, to be mentioned presently,
learned of Mendel’s work from Bailey’s ibliography. None of these au-
thors, however, scems to have realized that Mendel had discovered an
unportant new law, and their passing references to Mendel apparently
attracted no further notice to him Ity quotes a letter to hmself from
Focke as follows.

I know that my attention was drawn to Mendel'’s worh by some reference or
other i the hterature of the seventies, but I cannot now remember when or
where I first heard of him, I did not read his paper until shortly before the publica-
tion of my own book. . You ash me as to the impression Mendel's paper
made on me when I first read it. I ean only say that 1t scomed to me his state-
ments were well north checking, and that I regretted not being 1n a position to
repeat lus experiments. This would have nceded mueh more time and much more
cultivable space than nere at my disposal Fluttering the pages of my book I note
that on p 492 I have mncluded Mendel among the most trustworthy of observers

In the years following the publication of Focke’s book, rapid strides
were bemng made in the branch of biology dealing with the cell and its
behavior The nueleus and chromosomes were recciving more and more
attention and were comuing to be recogmzed as those parts of the cell es
pecially adapted for the transmission of the hereditary materials Theories
of heredity were betng proposed and debated On the basis of the newer
knowledge of the cell, the old belief in the mherntance of acquired char-
acters was yielding ground

Among the leaders 1n the debate on the mheritance of acquired char-
acters was Augtust Weismann, who 1s most famous for his germ-plasm
theory of heredity and development He regarded the chromosomes as
the material basis of heredity and looked upon these as passing unchang
from generation to generation, showing on theoretical grounds that there
must be a reduction division at the formation of the reproductive cells
The hereditary matenals were, in his view, not made up from an assem-
blage of particles released by the body cells into the blood and later ag-
gregated in the reproduetive cells, as Darnin had suggested, but were in
each generation recerved as such from the parents and were only tem-
poranly protected and nourished by the body until the time came for
them to be passed on to the next generation. The body cells, as well 85
the sperms and eggs, arose by cell division (mitosis) from the fertrized
egg After serving therr function the body cells eventually died, while
the reproductive cells, potentially immoxtal, were passed on to the next
generation

With biologists stimulated to take up again the study of heredity, 1t is
perhaps not surprsing that in the last decade of the nineteenth century
2 number of mvestigators should have begun an attack on the problem
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by crossing plants Nevertheless, there 1s dramatic interest i the fact
that three botamists, in three different countries, ndependently began
such experiments and, unknown to one another, obtained within g short
period of time results confirming Mendel’s discovery, while not one had
read Mendel’s paper before beginning his own experiments.

The first botanst to report s results was Hugo De Vnes of Holland.
In March, 1900, he published two papers, one n French and one n Ger-
man, giving results of experiments begun 1n 1892 The former paper, ap-
pearing in the Comptes rendus of the French Academy of Science, was
very brief, containmg merely an abstract of lus conclusions It mentioned
several spectes of plants used in the expertments The pea was not one of
them Segregation was reported, and the ratios agreed perfectly with those
of Mendel The terms ‘“dorminant” and “recessive” were used in the same
sense as used by Mendel, but Mendel's name was not mentioned,

The German paper, seven pages 1n length, was also little more than &
summary It was published 1 Berwchte der Deutschen Botamischen Gesell-
schaft (Reports of the German Botamical Society) In 1t, De Vries hists
species of plants belonging to more than a dozen genera with which he
had expenimented beginming m 1892 and which were found to follow
Mendel’s laws of dominance and segregation In this paper he gives Men-
del credit tor being the ongimnal discoverer of these laws, mn the follow-
ing words-

These two propositions were 1n their essential ponts drawn up long ago by
Mendel for a special case (peas) They were, however, not appreciated and sank
mto oblivion They possess, according to my own expeniments, general vahdity
for true hybrnds This important paper 15 so seldom referred to that I myself first
learned of it after I had finyshed the majonty of my experiments, and had deduced
the propositions mentioned

De Vries also gives results confirming the law of independent assortment,
but does not mention Mendel as having also discovered this Iaw In a
footnote he aites the book by Focke already referred to

The implication 1n the use of the phrase “special case” seems hardly
Justrfied, for Mendel had also performed experiments with two spectes of
beans (reported i the paper on peas), which were m perfect agreement
with those in peas In two other species of beans his results were only 1
partial agreement, but were correctly explained by hum as falling under
the same laws, with the addition of a supplementary prnciple (the factor
principle), discussed in a later chapter

Mendel was modest m making any clams for his laws beyond the
Ppoint directly supported by the facts In one placen s paper he states:

Whether the variable hybnds of other plant species observe an entire agree-
ment must alvo be first decided expenmentally. In the meantime we may assume
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that in matenal points an essential difference ean searcely occur, Rince the unity
m the developmental plan of organie hfe 13 beyond question.

The sceond botamist to confirm Mendel’s results was Carl Correns of
Tubingen, Germany, who mterestingly cnough was one of Nigel's former
students IIis paper was published in the same German penodical as
De Vries', mn April, 1900, n the very next issue. It is ten pages in length
and entitled “G Mendel's Law Coneerning the Behavior of the Descend-
ants of Racial Hybrids ” Correns states that the publieation of De Vries'
paper (the one in French) mnduced him to write his own; that in his ex-
periments with varieties of corn and peas he had come to the same con-
clusions as De Vries and that he also believed, as De Vnes obviously did,
that he had discovered something new ; but that later he had found that
Gregor Mendel in the sixties had obtained not only the same results but
had given exactly the same explanation, so far as this was powsible in
1866 ““To bring 1t up to date,” says Correns, “one needs mercly to sub-
stitute ‘egg cell’ or ‘egg nucleus’ for germ cell or germinal vesicle, and
‘gencrative nucleus’ for ‘pollen cell”’ Correns mentions the fact that
Mendel had confirmed i beans the results of his experiments with peas
and that Mendel supposed that the law held in many other cases. His
opmton of Mendel’s work is expressed as follows:

Thts paper of Mendel's to which Focke refers 1n his “Pflangenmischlinge,”
Lut without giving 1t its due, and which had received scarcely any notice, is
among the best works ever wntten upon the subject of hyhnds, m spite of
numerous eriticlsms which can be made of 1t 1n inexdental matters such a3
terminology.

Correns disagrees with De Vries’ claim that dominance is a universal
rule and eites cases 1 which the hybnd 1s imtermediate, In ths he fol-
lowed Mendel who, as we have scen, found a similar case, Correns, how-
ever, made the mistake of regarding Mendel’s laws as applicable almost
exclusively to racial hybnids Mendel had suggested that there was no
essential dufference in the mechamsm of heredity between racial hybrids
and species hybrids, and this has been found to be true.

The third man to confirm Mendel’s laws of dominance and segregation
was Ench Tschermak, 2 botamst of Vienna His paper, consisting of
seven pages, was published 1n June of the same year in the same period-
jcal as the papers of De Vnes and Correns. His expenments were cob-
fined to peas Although he does not give his actual numbers, his ratios
produced by monohybrids were as 3+1, No mention is made of exper
ments on independent assortment Tschermak states that he was stimu*
lated to begin hus crossing experiments on peas in 1898 by Darwin’s ex-
periments on the effects of self-fertihzation and cross-fertilization, an
that he was especially interested in the group of plants to which peas be-
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long since they furmsh an exception to the general rule that crossing dif-
ferent individuals and varieties has a beneficial effect on the offspnng.
His observations of dommance and segregation seem to have been
incxdental

In a postseript to us paper Tschermak states ““The simultaneous dis-
covery of Mendel by Correns, De Vries, and myself, seems to me espe-
cially gratifying. I, too, as late as the second year of my experiments,
believed I had discovered something entirely new

ILTIS" TRIBUTE TO MENDEL

I should like to conclude this chapter by quoting from the beautiful
tribute to Mendel penned by his fellow countryman and biographer
Hugo Iltis

This almost simultaneous rediscovery of the writings of Gregor Mendel by
three investigators working quite 1ndependently one of another was remarhable
enough to nivet the attention of hiologists the world over Mendel's time had at
length come, and this to an extent far beyond anything of which he had dreamed
A mighty edifice has been erected upon what seemed, though wrungly, to be a
very slender foundation. The little essay published i the “Proceedings of the
Brunn Society for the Study of Natural Science” has given a stimulus to all
branches of biology, with the result that the study of heredity, mts neomendelian
form of genetics, has become one of the most tmportant branches of contemporary
tesearch. . . . The progress of research sice the beginming of the century has
butlt for Mendel a monument more durable and more tmposing than any monu-
ment of marble or bronze, nasmuch as, not only has “ mendelsm’ become the
name of a whole vast province of but all hving 1t which
follow “mendelian” laws m the hereditary transmwssion of their characters are
said to ““mendehse ”” In these words Mendel's name w1ll be immortah<ed as long
a3 acience endures,

All the same 1t was felt by many that a memonal to Mende! ought to be erected
in the place where he had hved and worked and died This was when the nork
had already become famous throughout the s orld, but in Brunn most of the elders
had forgotten hum, and few of the young folks had ever heard of hym Brunm, in
fact, was hard to move A great many lectures had to be delivered, and much
propaganda was needed m the newspaper press, before some understanding of the
1mportance of * mendelism” eould be knocked into the hard heads of the Brunners
Indeed, for those who know httle and care less about biology, 1ts importance 13
not obvious, and the doctrine 1s somewhat hard to understand . . .

Of course 1t was far from easy to arouse m the minds of those whose only
clam to intelligence was the possession of such “‘common scnsve” an understand-
ing of Mendel's importance in the world of modern thought Not a few of the m-
fluential residents of Altbrunn protested agamst the erection of the memonal 1n
the Klosterplatz on the ground that this would involve the banshment of the
booths and roundabouts which at fair-time amused people and brought money
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wnto the town Others, pluming themselcs on being advanced thinkers, objected
to the raing of o monument to a priest

Still, within  few years 1t was found possible to reconcile Briinn to the idea
of the Mendel memortal In fact most of the money was collected locally, al-
though part of the sum eame from abroad through the nstrumentality of a large

'»- W’“ ip el
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Figure 18. Memortal to Gregor Mendel mn Brunn. Statue by

Theodor Charlemont, (From Ilts, * Life of Mendel,” W. W, Nor-
ton & Company, Inc)

international committee to which more than 150 investigators of all parts of the
world belonged. Competitive designs were asked for, and that of Theodor Charle:
mont of Vienna was accepted. In the Charlemont statue we sec the figure of
Mendel ns & young priest dressed 1n the conventual robes standing i front of &
hedgerow of peas and beans (the classical objeets of his nvestigations), and, with
outstretched hands, fingering fowers and leaves The face, finely intellectusl, is
Jooking out thoughtfully nto the distant future Charlemont had nothing bette?
than photoggraphs to work from, but the result is as lively and natural as coutd b
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wished. On the face of the pedsment, smmediately beneath the standing figure, 15
the nsenption

TO THE INVESTIGATOR
P GREGOR MENDEL

1822-1884
Along the lowest part of the front 18 a further mseription

ERECTED IN 1910 By THE FRIENDS OF SCILNCE

Between these two insersptions snd upholding the upper one, 1n slight relsef, are
the figures of a youth and a maiden, nude and kneeling, with jomed hands This s
2 subtly sllegorical allusion to the far-reaching importance Mended’s genetie lans
are likely to have upon human hfe. The monument is not only 5 noble tribute to
Mendel but an extraordinaniy beautiul example of the sculptor’s art

The unveiling of the memonal took place on October 2, 1910 Al honor was
then paid to the hife and work of the retinng mvestigator who m the hitle garden
near at hand had been 20 happy among s Bowers and his bees Tor i were now
sppheable the somewhat erude but thonghtiul verses be had himself 1n boyhood
penned i memory of Gutenberg

May the might of destny grant me
The supreme ecstasy of earthly joy.

The lnghest goal of earthly ecstasy,

That of seewng, when I rise from the lomb,
My art thriving peacefully

Among those who are to come after me

That was w the year 1910, and Wilum Dateson, as spohesman of the Britssh
mendelians, dehvered a speech extoliing the power of suience to brang the nations
together, concluding with Schuller’s nords ** Alle Menschen werden Brider
Dunng the years that followed, men forgnt therr brotherhood In the mad days
of barbsrism and savagery while the war was raging nnd after 1t, those who should
have been the devotees of scrence were devotng themselves to the cultivation of
hatred and to the arts of destructian. Slawly, however, the sorid returned to uts
senses In 1922 a cenjury had passed since Gregor Mendet first saw the hght i
the hitle Srlesian village where he was born The sereatific press throughout the
world made much of this centensry, and a commemarative volume wag wssued
Tn Britnn & centenary festival was held, and for the first time m eight years men
of sctenice from all nations et together theze m amty The debates that had been
ragng were stilled sub specte aetermtatis In front of the Mendel monument,
epeeches were delivered 1n German, Czech, English, and French The Crechennd
the Germans, the divided races who duell s Mendel's homeland, ther mutual
enmuty forgatten 1f only for a moment, jowmed hands beneath the statue of the
dead investigator In this matter, Ithewise, Gregor Mendel bad norked 8 puraele.
That was nearly ten years ago now, rad with every year his inftuence 18 more
widespresd He 19 modifying our whole ottlooh on bfe, he has helped us amaz-
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ngly to increase “the fruits of the earth in due season”; and he has opened up
paths of rosearch which scem lihely to enable mankind to remould its very self.
Thus hus name will alsays hve 18 a poneer of research, as s pathfinder on the
way to the new time; and the coming generations will never forget Gregor
Mendel as one of the chief among those who have brought hight into the world

PROBLEMS

1. List the probable reasons for the fmlure of biologsts to apprecinte Mendels
paper on plant hybrnidization nt the time of its publcation, and for ther fulure to
repeat his experuncents during the next 30 years or more

2. What part did Nagelt play 1n the neglect of Mendel's work?

3. What further steps might Mendel hae taken to gamn a heanng for his theory of
heredity?

4. With what other plants did Mendel confirm lus experiments with peas?

Note The answers to the folloning questions may be found from A readng of
Mendel's paper

6. What reasons does Mendel give for the fmlure of earlier expenmenters to dis-
cover the laws of heredity®

8. What were his reasons for selecting peas as his experimental matenal?

7. What precautions did Mendel take to ensure the homozygosity of hs origmal
stoch?

8. What control did he exerctse on the possibility of cross-pollipation by insects”

9, What cvidence did he obtain that the egg and pollen are equisalent m the
capacity to transmit hereditary factors?

10 Why did Mendel consider the solution of the problem he chose to work on £
important?
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CHROMOSOMES AND MENDEL'S LAWS

At the time of Mendel’s experiments on peas the custence of chromo-
somes as constant cellular bodies had not been discovered Mendel there-
fore made no ref to chr i d for an American
biologist, W. 8. Sutton (1902, 1903), to explain 1n full the operation of
Mendel’s laws in the light of ch beh His explanation was
based largely upon discoveries in chromosome behavior made by the Ger-
man biologist Boveri,

During the 1870s and 1880s chr recenved gradually more and
more attention from biologists. The cells of many species of plants and
animals were examined, and 1n all eases, except In some of the simplest
one-celled forms, chromosomes were found Each species was observed to
have a defimte number of these bodies, appearing always in pairs {(an
exception 1n the case of sex chromasomes 1s noted i Chap. 9), the mem-
bers of each pair having come from the parental sperm and egg respec-
tvely. In a given specics the pairs were frequently distingwishable from
one another in size and shape

Rapid progress 1n the understanding of chromosomes was made pos-
sible by improvement in the methods of studying cells, especially the
technique of staining for the purpose of bnnging mto wisibility the var-
ious components of the cell, One of the characteristics commen to all
chromosomes 18 the special ability to take up basic dyes, a character-
istic which makes easy their sharp differentiation from other eellular
structures,

MITOSIS

In the period mentioned sbove, observations on the behavior of the
chromosomes at cell division pointed unmistahably to their having some
funetion 1n heredity, thus 1t was soon established that the usual method
of cell division was not s smple division of the cell nucleus nto two
parts, followed by a similar division of the cytoplasm, as had been sup-
posed, but that the chromosomes passed through a definite senes of
¢hanges and movements adapted to ensure the transmission to each of
the two daughter cells of a set of chromosomes identieal with that of the

%3
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mother cell. This process, known as mufosis (milos, thread) was named
by Flemming, one of the discoverers of mitosis, m 1882, in reference to
the fact that at one stage the chromosomes appear as slender threads As
we knaw today, the primary function of mitosis is the equal distribution
of the genes, which are on the chromosomes, to the two davghter cells
The most faverable material for the observation of mitosis is tissue in
which raptd cell division 13 taking place, such as the growing root tips of
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Figure 19. Photomicrograph of a section of the early embryo of the wlutefish
(Coregonus cluperformis), showing cells 1n various stages of mitosis (General Bio-
logrcal Supply House, Chicago )

plants and the early embryonic stages of ammals {Figs. 19 and 20) The
process can be observed, however, 1n any growing tissue, even in that of
mature animals, for mstance, in the skin of mammals

In studying mitosis the tissues are usually placed in chemicals which
rapidly kill them and fix the cells and cell components in their pormal
relations, thin shices are then cut and stained. In numerous instances,
however, mitosis has been observed and photographed in living cells. For
the phot hing of hving chr , ultraviolet rays are most effec
tive (Fig 22).

Mitosis always exhibits a typical succession of stages, but the procts
is a continuous one, each stage merging mto the next The entire process
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Figure 20. Mitosis in the early embry o of the slutefish In this specics, during the
early stages of embryonie development, the interphasc 18 usually not ob:ervet‘id,
the telophase passcs at onee to the carly prophase (Photomscrographs, Gener
Buologrcal Supply House, Chicago.)
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may require from one to several hours Let us now examine briefly the
successive stages, making use of the photomicrographs of the whitefish
embryo (Figs 19 and 20) and of the diagram (Fig. 21) in order to visual-
1ze the process

1. The Interphase. This is the stage characteristic of cells in nongrow-
mg tissue The term resting stage 15 also applied to it since no visible
nuclear changes are takmg place, although, of course, the cell may be

Early Anaphase Late Anaphase Telophase

Figure 21, Diagram of the successive stages of mitosts in a spectes having
two pairs of chromosomes.

very active in the metabolic sense. Note in Fig 21 that the nucleus ap-
pears as a rounded body, filled with chromatin granules apparently held
in place by a fine network of fibers In reality 1t contains a mass of ten-
uous coled threads, rey ing the chr Surr ling the nu-
cleus lies a delicate membrane The chromosomes, as such, ordinanly
cannot be 1dentified, owing to therr finely dispersed condition.

2. The Prophase. As an indication that the cell is preparing to divide,
the chromatin of the resting cell gradually condenses into visible threads
At first each thread is seen to be made up of two identical strands, of
ch: ds The chr gradually d and shorten as a ¢
sult of the spiraling of the threads Each chromosome bears a constric-
tion at a definite point, the locus of o tiny body known as a centromeﬂy‘
which is regarded as the dynamic center of the chromosome.

+ In works ot eytalogy 1n the United States the term knelochore 18 somemes used

s 8 synonym for centromere In order to show the length to which brologieal nomen”
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In the meantume, on one side of the nurleus 2 spindie-shaped mass of
viseid cytoplasm is forming, appeanng 1 staned cells to be made up of
fibers. The nuclear membrane soon breaks down, and the spindle comes
to oceupy the center of the cell, the thickest part of 1t iying on the equa~
tor, or future division plane of the eell The chromosomes move to take
up their position on the spindle at the-equator
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Figure 22. Polar views of metaphase of mitons 15 spsmals sud pl nts
(3) A grasshopper, Locusta migratena, o, 2n = 224 X (Koller,
unpublished ) (4) A plant, Eremurus spectolalia, root tp, 2p = 14
X2,000 {Upcott, 1936} {5) A plant, Tradescaniia bracleata, pollen
gtam, 7 6 (€ A plant, Brodiea uniflora, pollen gram, v = 5
§L Gour ) (7) A plant, Pusckksma libanotaca, root tip, 2n = 104 46,
31,600, (Darlngton, 1036} (8) A plany, Trcyrtss fasta, £oot Up,
2n = 26 (La Cour ) (From Darhington, * Recent Advances v Cytology,
24 ed, Blahiston Dussan, MeGraw-Hull Book Company, Ine )

3. The Metaphase. In this stage the chromosomes be m the equatorial
region of the celt The centromeres ate hned up on the equator of the
spindle, while the remamng portions, of bodies, of the chromosomes may
he off the equator .

In the cquatonal view of the metaphase (ng 20) the chromosomes
appear o3 a smgle row of ebjects In the polar view (Fig 22) they appear

“Mitosis The Movements of
Preas, New York, 1044, bats
¢ sis dcarery m

Clature mey go, Professor Franz Schrader m fus book

Chromosomes in Cell Division,” Gulumbia Umvessity
27 tarmns that huve been appled a3 pames for the ceptromere aine
1804,
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spread out in platelike formation The polar view is the preferred one for
the counting of chromosomes.

In ammal cells, unlike most plant cells, small bodies known as central
bodies are seen at the poles of the spindle, and from these fibers radiate
in all directions, forming the so-called asters (aster, star). The central
bodies are self-duplicating structures m suceeswve cell divisions

4. The Anaphase. Each centromere divides equally, thus completing
the division of the chromosome mto two daughter chromosomes. As the
dentical sets of daughter chromosomes move apart toward the opposite
poles of the spindle the centromeres take the lead Each chromosome is
apparently pulled by its attached spindle fiber. The chromosome
bends at the point of spindle-fiber attachment, owing to the resistance
of the cytoplasm to the passage of the chromosome. The forces which
cause this movement are probably complex, they have not been satis
factonly explmined in chemicophysical terms

5. The Telophase. Upon reaching the poles of the spindle, each group
of chromosomes enters inte the formation of an mterphase nucleus, the
chromosomes losing, 1n most species, their visible wdentity, but retammg,
1t 15 supposed, their fundamental orgamzation In some early embryos
the formation of typical mterphases does not oceur, but the telophase
passes directly into early prophase of the next division.

The division of the cytaplasm into two parts is accomplished in animal
eells by constriction at the equator; in plant cells with ngid cell walls
1t 15 brought about by the formation of a new cell wall in the equatoral
plane

As a consequence of the process of mitosis, repeated agan and again
during development, cvery cell in the body should come to have & full
complement of chromosomes identical with that of every other cell. In
general this expectation 1s realized, although there are numerous excep~
tions. The most common exception 1s the duplieation of the entire com-
plement of chromosomes without a cell division, resulting in what i3
known as polyplordy, discussed in a later chapter. There 1s good evidence
that each chromosome 1s functionally & chain of genes arranged mn & defi+
mnite hinear order and that prior to the visible splitting of the chromosomes
each gene in the chain 1s duplicated The detals of this process of dupli-
cation are as yet undiscovered

The regularnity, orderlmess, and apparent efficiency of the process of
mitosis make it one of the most mteresting activities displayed by cells:
Its importance in the devclopment of the organism can hardly be over-
estimated, for it 1s the process that ensures that the mdividual shall d&
velop ss 2n orderly and symmetrical unit If, as sometimes happens, there

is an abnormal mitosis, such as the falure of one chromosome to go int®
the nucleus that would normally receive it, an abnormality may result 1m
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the particular part of the developing indrvidual denived from that cell
An abnormal number of chromosomes, other than polyploidy, commeonly
leads to lessened viability of the organism Normal development and nor-
mal function depend upon normal chromosome balanee

MEIOSIS

At one stage—and one stage only—in the Iife cycle of sexually repro-
ducing orgamisms, a peculiar modification of the process of mitosis de-
scnbed above takes place This modification 1s known as metosts (mezoses,
reduction) In amimals 1t occurs m those cells which are undergomg mat-
uration 1nto sperms and eggs, n plants 1t takes place dunng the forma-
tion of the spores Essentially, the process conststs of two successive cell
divisions accompanied by only one duphcation of the chromosomes, re-
sulting in a reduction 1 the number of chromosomes from the double set
found in the body cells to a single set

An obvious function of meiosis 1s the maintenance of a constant chro-
mosome number 1n the species, for without 1t, 2s a consequence of fer-
tilization, there would be a doubling of the chromosome sets m each
generation This of course would produce an 1mpossible situation if con-
tinued for many generations, since the cells would soon be unable to con-
tamn the chromosomes A second function of meiosis 1s to serve as the
physical mechanism for the segregation, assortment, and recombination
of the genes It 1s of prime 1mportance m the production of vanabihty in
hving things

The typical steps m the process of metosis will be deseribed by con-
sidering 1 chronological order the events 1 the formation of the sperms
and eggs in animals (Fig 23) Further details on some phases of the proc-
es3 will be considered m Chap 8 on Linkage and Crossing Over

Spermatogenesis. During the period of sexual matunty in ammals, the
sperm (spermatozoa) are formed in the testes from reproductive cells
known as spermatogonza These cells, along with all other cells i the
body, have come from the fertilized egg through a series of mitotie div-
sions They therefore contain the double set of chromosomes character-

istic of the speeies The final spermatogonial divistons result in cells
which i p ton for melosis enter

known as primary sper
upon g period of growth
In the early prophase of the spermatocyte, the chromosomes make
their appearance as fine single threads, n contrast to their appearance
as double threads in ordinary mitosis The threads soon come together
side by side 1n pairs (synapsis). One chromosome of each pair 1s maternal
In origin, the other paternal Whle in synapsis or before, the threads fre-
quently show granules (chromomeres) of varying sizes and shapes along
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therr length, giving them the appearance of strings of beads The pattem
of the granules on the members of a synaptic pair is jdentical Pairing
takes place between 1dentical chromomeres.

Chremosomes /
in Synapsis
Tetrad sta
etrad stage Prona
Doyt

Chiasma
formation

Primary
Spermatocyte

.2

st
Meiotic dvision

Secondary First
Spermatocytes’ polar
Secondary body
Oocyte
@3 2nd Y
Meiotic
diision

U
s Sobes
Mature egg

Fertilzed egg

Figure 23. Diagram of spermatogenesis, odgenesis, and fertilization 1%
anmals, designed especially to show the process of merosis.

. The paired chromosomes shorten and thicken, each chromosome bear
ing one centromere, as deseribed under mitosis, After a time each par X
seen to be made up of four half-chromosomes, or chromatids, the result
of the formation of two chromatids from each chromosome The 80
originsl centromeres, however, remain undivided. Groups of four &%
motids are known as fetrads. While m tho tetrad stage the chromatids
usually form one or more characteristic figures known as chigsmat¢ (s
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gular, chiasma, from the Greck, meaning two crossed lines) The tetrad
stage is of special interest because it 1s at this time that the genes on the
paternal and maternal chromatids are in position to exchange places with
one another. This exchange, which 1s known to be a regular occurrence,
results in a recombination of paternal and maternal genes It is discussed
in a later chapter under the head of crossmg over

The tetrads hime up on the metaphase plate The undivided centro-

meres, each with two chromatids, move apart and proceed to the oppo-
site poles of the spindle. The two resulting cells, known as sccondary
spermatocytes, undergo in some specics a short resting stage; i others
they enter at once upon the second diviston In either case, this second
division is like an ordinary mitosi« in that each centromere divides into
two; then each one of the two moves to an oppostic pole, taking with 1t
the rest of the chromosome

The eells resulting from the second division are known as spermatids
As a consequence of the two cell divisions of metosis, accompanied by
only a single chromosome doubling, each spermatid obvieusly possesses

lust half the number of chromosomes charactenistic of the spectes Fur-
thermore, this single set of chromosomes conststs of a sample of every
chromosome parr, and hence of every gene pair, charactenstic of the spe-
ctes (an exception will be noted i the d of the sex chr

m a later chapter).

Reduction now bemng complete, the spermatids bave only to undergo
a process of cytoplasmic differentiation to become the highly speciahized
cells known as sperms. This differentiation consists 1t the condensatton
of the nucleus nte a streambined head, and the development of a whip-
like locomotor organ (tail) adapted for propelling the sperm head, with
its contained chromosomes, to the egg

(o2 ts, From the dpoint of ch behavior, the matur-
mg of the egg follows a pattern sumlar to that of the sperms The dif-
ferences that exist have to do with the spectal role of the sperm and the
egg in fertilzation and development In the ovary, the immature egg, or
prumary oocyte, grows to a relatively huge size 1n preparation for the eell
drvisions of ecarly embryonic development Evenin mamrm}!s the egg may
attain & mass one thousand or more times that of an ordinary ccll The
difference in size of the egg and the sperm 1s still greater (Fig 24) The
characteristic growth of the obeyte 15 due largely to an accumulation of
stored food.

In mammals the first meiotic division commonly tahes place before the
odcyte is released from the ovary The spindle forms near the surface
and at right angles to it, so that when the odeyte divides, one of the cells
(polar body) reccives very little of the eytoplasm, most of it being re-
tamed by the other cell, the secondary odcyle The second division usually
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Figure 25 Photographs of cort un biges m meosts s Iy ing cefbs of tuo
species of grasshoppers (1-3) Late prophase m Stenobotlrus turatus
(Belar, 19273 (1) Livang cells (2 The same cells after fxation with
osmium tetsoxide vapor and Flemonng solution (3) The same cells after
stammp {4-7) Leving chromosomes of Mctanoplus femur rudrum, takeo
by ltraviolet hght {(After Lucas and Stark, 1931 ) 1) Late telopha<e
before meosis X 1,800 (5} Barly prophase X1,800 {6} Fizet anaphase
X1,200 {7} First telophase 1,200 (From Sanspme and Phelp © Recent
Adrances in Plant Geneties,” 2d ed , Blahwton Dussion, McGraw-Ilul
Baok Compary, Inc}

takes place only after the entrance of a sperm ab fertlization Again as
m the first division, the partttion of the chromatin i equal but that of
the eytoplasm 18 very unequal, resultig i the formation of a second
polar body. In some species the first polar body may dnade The three
polar bodies should be thought of as vestymal egss, bemng defiment 1
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cytoplasm, they eventually disintegrate. The functional egg and the polar
bodies together are homologous with the four sperms,

In Fig 25 are reproduced photographs, taken under high powers of the
microseope, of certam stages in meosts of two species of grasshoppers
1 to 3 show that the form of the chromosomes is not altered by the treat-
ment given them in fixation and staining, excepting a slight shrinkage

Fertilization, Fertilization consists of the penetration of the egg by the
sperm, and the fusion of the egg and sperm nuclei into one. Obviously,
the fusion nucleus contmns a double set of chromosomes, since each
gamete brings into the union a single <et Throughout development and
growth the double set is carried along by mitosis to all the cells of the
body

The German biologist O Hertwig, in 1875, obscrved for the first time
all the steps in fertilization, mcluding the union of the chromosomes of
the cgg and the sperm 1n & single nucleus. The species he observed was
an mvertebrate animal known as a sca urchin. The discovery of the re
duction division, for both the sperm and the egg in animals, was made
by the Belgian biologist van Beneden, m 1883,

Fertilization serves two functions first, it initiates embryonic devel-
opment, second, 1t 15 the means of umiting two diverse streams of heredity,
with all the possibilities of new and favorable combinations of genes that
this entails Because of its possitlities in the origination of something
new and supertor to that possessed by either parent, as well as something
deleterious not shown by either, 1t 1s of supreme significance to the stu-
dent of heredity

There can be httle doubt that the facility with which new combina-
tions of genes can be produced by meosis and fertilization has been
leading factor in the evolution of the hugher plants and snimalsin » hch
this form of reproduction 15 so nearly umversal.

CHROMOSOMES AND INDEPENDENT ASSORTMENT

At the first division of meiosis, as the chromosomes hine up or the
metaphase plate, it is purely a matter of chance whether one member of
2 chromosome paxr faces toward a given pole of the cell or toward the
opposite pole Furthermore, the orientation of one pair of chromosomes
is not affected by that of another pair Since orientations may take place
in all possible binations, meiosis b 2 hanism perfectly
adapted to accomplish the independent assortment of gene pairs Jymg
on separate chromosomes The relation between chromosome nh%"mem
and independent assortment i an orgamsm having two pars of chromo”
somes is shown diagrammatically in Fig 26 It is apparent that the chro-
mosomes may orent themselves for the reduction division in one of £4¢




CHROMOSOMES AND MENDEL'S AWS 75
Mtosis Metosis
1

AaBb  AaBb
Daughter cells

DIAGRAM COMPARING
MITOSIS WITH MEIOSIS

Two cells are shown
undergoing meiosis

(modified atter Sharp)
Gametes

Figure 26. Diagram comparing mitosis with metosis 1 an
organism having two pars of chromo<omes The chromosomcf
dertved from one parental gamete are indicated by stippling;
those derived from the other are unshaded Two cells are
shown undergoing meiosis, resulting 1n gametes of four types
with respect to possible combinations of paternal and maternn,g
chromosomes. (Aod:fied after Sharp, * Introduction to Cytology,
McGraw-Hull Book Company, Inc.)

Possible ways (1 or 2) The result is four posstble combinations in the
Bametes, .

As already mentioned, the number of chromosomgs is n.orr.nnlly con-
stant for each species, but varics among species. This variation 1s well
illustrated in Table 5, a list which has been compiled from sevc.ral sources,
showing the chromosome numbers from familiar plants and animals Note
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that the organisms are arranged to show a continuous numerical series,
with & species to illustrate every chromosome number from the smallest
posuble (one pair) up to a fairly large one, Nearly all possible numbers
up to 50 pars have been reported, with scattered cases above 50 pairs
The highest numbers have been found 1n certamn plants, erustaceans, and
insects Man, with 24 pairs, stands in the mid-region of the hst. Ths
number, incidentally, scems to be a very popular one: among other o
gamsms that have 24 pairs are the clumpanzee, a species of bat, the
European hedgehog, vanous speees of wild mice, the water buffalo, the
common potato, and ordmary tobacco

Numerous complex orgamsms, for example the Diptera (flies), have
few chromosomes, while the equally complex Lepidoptera (butterflies and
moths) have many Among the vertebrates chromosome numbers vary
greatly In general, the eyclostomes, clasmobranchs, teleosts, and birds
have large numbers, winle lungfishes, amphibians (except certain uro-
deles), and reptiles (except the turtles) have small numbers—in these
comparisons we are here considering man as near the average 1n chromo-
some number The mammals differ greatly m chromosome number: the
egg-laying monotremes have many, the marsupals few, and the placental
mammals vary from 16 pairs m one of the bats to 39 pairs in the dog
On the whole the published hists ~how no obvious correlation between
chromosome number and the complexity of the organism

Within a genus, as illustrated by Drosophuila and Carex, chromosomé
numbers undoubtedly throw hght on genetic relationships among the spe-
cies Of the 215 speaies of Drosophila whose chromosome numbers ar¢
known, 86 species possess sin pairs of chromosomes, 52 have five, 51 four,
and 25 three, only one species has seven parrs ! Fusions of the basic 8%
pars of chromosomes 1n vartous combmations have resulted m speei®
with three, four, or five pairs According to one mvestigator,® m Caref
the ehromosome numbers range from ¢ pairs to 56 pairs, with every
number from 12 to 43 represented 1n one or more species. In this gends
of plants, which consists of more than 1,000 species, the numbers 28, 42,
and 56 occur with frequency. Smee these 1 are all mul-
tiples of 7 it {s concluded that the basic number in the genus 13 vl
pairs and that the higher multiples have come about by the dupheatio®
of entire chromosome sets—a process known as polyplowdy, discussed i1
a later chapter Polyplody 1s widespread i plants but relatively rar il
animals, Intermediate numbers may anse by fusion or fractionation ol
individual chromosomes,

*J T. Patterson and . § Stone, “Evolution 1n the Genus Drosophsla” T0¢
Macmillan Company, New York, 1052

*HL A. Wahl, Chromosome Numbers and Mewsts m the Genus Cares, 41 7
Botany, 27:458-470, 1940.
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Taste 5 CHrowosome NUMBERS IN COMnov PLANTS AND ANIMALS®
{The total number of chromo~omes 10 a body eell m each species 5 found by
multiplying the number 1n the table by 2}

Parrs of
Common name Sesentsfic name chromosomes
thaplotd 1o , 1)

ntestinal worm N Ascars megalocephala 1
mall crustacean Cyelops mindis 2
Fruit fly Drosophila widhstom: 3
rut fly Drosophua melanogaster +
rurt fly . Drosophila obsciura 5
rut fiy . | Drosophila 1rihs o
ea Prsum satiwum 7
Gaon Atfum cepa 8
Primrose Primula sinensis 0
Corn, Zea mays 10
possum Dudelphis nirgmiana 1
Fomato Lycopersiron esculentum 12
ullfrog Rana cateshiana 13
Salamander . Ambystoma tigrium 14
ectle rirhabda canadense i5
at Plecotus auritus 16
azard Anolis carolinensis 17
Tinnow . Fundulus heterochitis 18
Cat Pehs domestica 19
Mouse Mus musculus 20
Rat (albino) Rattus norvegicus 21
Gottontait rabbit Sylwilagus flaridanus 22
Py Lebustes reiculatus 23
Man, Homo sapieny 21
Mendow mouse Mucrotus townsendit 2
Wood rat Neotoma floridanus 2
Aonkey Cebus, sp 27
Silkworm moth Bombyzx mars 28
Moth Pygaera curtula n
G"“’ gus taurus P }\l
moth spnantria dispar 4
Gukaen g Caria cobaya 32
Horse Equus caballus H
Gult . Larus argentatus al
Camel Camelxs dromedartus | i
Sedge Carez riparie l s
Sedge Carex aquatillss &
Sedge Carez rostrala { 8
og Cams famibarit &
Domestieatod duck Anas platyrhyncha 10
Fern Dryeplerts abliretiata -
Crayfish Cambarus vuris 00
Fern . Dryopterts eristata 10
Fern Ophaoglorsum vulgatim 50

¥ g d B K
* For very ext Faimmaeerne namhord oo C 1), Darlmgton and
Jeasi Armrmats “Cnrormoamme A of Cuftivated Plaits,” George Rlen & s n,
Ltd, Tondon, 1943, and Saytro Makno, ¥ An Atlas of the Chromeuorye Juathers
Autmats,” Iowa State College Press, Ames, Tows, 1051 The former oot It S4rotos
some numbers for ahout 10,000 specica of plants, the Iatter gives number g
speties of invertebrates and 563 specics of yertebratrs
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Tn no case do we know how many genes any organism possesses, but
in the higher plants and animals the total must be very great In the
frwmt fly, Drosophula mel r, which has been studied more
tensively than any other orgamsm, the number of genes has been est-
mated by various mvestigators at several thousand. In this fly there are
only four pairs of chromosomes It follows that many genes must be
found on one chromosome
In peas there are seven pairs of chromosomes, as shown diagrammati-
cally in Fig 27 Here each gene of the seven characters studied by Men-
del 1s represented on a separate chromosome It 1s obvious that if inde
pendent assortment ig to take place at
the reduction division, each gene must
be on a separate chromosome, for if tne
genes were on the same chromosome,
wherever one went the other would
necessartly go, and there would be no
independent assortment between them
Mendel reported that s seyen pairs of
h assorted ndependently. I
true, this indicates that each gene 185
on a separate chromosome From Men-
del’s statement i his paper, howeser, 3t

Figure 27. Diagram showy . Y
cell of the pen,gh)hrul “n{:gr: 1s not certmn that he obtained progeny

spect to all seven of the charae-  from every possible combination among
teristics studied by Mendel Fach  his seven pairs of characters after be had
of the seven pairsof chromosomes obtamed all of thesc combinations by

18 represented as carry ing & differ-

ent pair of genes crossmg Without breedmng all of the

combinations 1t could not be proved that
ndependent assortment existed among all seven Mendel’s onn statement
on this pomt follows “In addition, further experiments were made witha
smaller number of experimental plants in which the remaining character
by two’s and three’s were united as hybrids, all y1elded approsimately the
same results " It seems improbable, however, that one with Mendel’s good
statistical sense would have failed to produce offspring from all possible
combinations of hybnds It is significant that smce Mendel’s time 10
other experimenter with peas has found that any of the seven characters
described by Mendel fails to assort, mdependently of the other sit. Henc®
these may be represented by genes on seven different chromosomes

It must have been purely by chance that Mendel selected exactly fh.e
same number of contrasting characters as there were chromosomes i B
plant, since there 18 no indication that he knew of the existence of ¢h®
mosomes. A much more remarkable coincrdence was his selection of SV€?
characters whose genes were, bly, all on sep chr me
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for, as can be shown by applying the law of probability developed
Chap. 2, 1f all of the genes in peas are distributed equally on the seven
pairs and if we select at random seven genes, only one time m 163 will
each of the seven be found on a separate chromosome

Chromosomes and Independent Assortment in Man

All plants and animals that have been bred extensively show independ-
ent assortment There 1s no reason to think that man 13 an exception to
the rule But the presentation of actual cases 1n man showing numerical
ratios among the offspring (9 3:3 1, etc ), as the theory demands, 13 not
easy. This 15 owing to the pecubar difficulties attending the study of
human heredtty, In man we are limited to the observation of matings al-
ready made, and it 1s bard to find an adequate number of pedigrees of
the nght sort for entical study Casual observatton of human famihes,
however, reveals facts consistent with independent assortment in man
In large familes 1t 1s usual to find the children displaying all sorts of
combinations of characteristies found m the parents, grandparents, and
more remote ancestors For example, a child may show the ear shape of
one parent, the eye color of the other, the hair form of a grandparent,
and so on Charaeteristics which are known to be Mendehan seem mn
many cases to be dealt out at random to the children

No two human individuals have ever been found who are really alike
in all respects (with the exceptton of wdentical twins, 1dentical triplets,
etc., discussed in a later chapter), and we can see now why the chance
of two such individuals existing 15 so remote as to be practreally 1mpossi-
ble. Modern man, in most localities 1n countnes such as ours, does not
mbreed extensively, mstead, wide crossbreeding 1s the general rule Asa
consequence, 1n companson with our domesticated animals, man 1s not
purebred The number of genes in which the average person 18 heterozy-
&ous 18 probably great.

In order to illustrate the effect of random assortment 1n producing
vanation among people, let us suppose that each ‘of his 24 pamrs of
chromosomes an 1ndividual parent 1s heterozygous with respect to one
Pair of genes Using letters to stand for genes, as heretofore, we will
Tepresent his genetic constitution with 24 pars of letvteraz as follows
AaBbCcDAEeF [GgHhIWJ jERLIMmN nOoPquRrSsTtUu‘I vIWwXz. Since
each parr of genes in the 1 case 15 on a sep chr there
will be independent assortment among all of ﬂlem. We can readily caleu-
late the number of kinds of eggs or sperms such an mdn’xdual_\\-ﬂl produce
by applying the principle already considered in Chap. 3 We have scen
that with an individual heterozygous for one pair of genes (Ae) tvo kmnds
of eggs or sperms are produced; with an 1ndividual heterozygous for t;\o
bairs of genes (AaBb) four kinds are produced, with one heterozygous for
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three pairs of genes (aRbCe) eight kinds are produced, ete. Each time
a pair 13 added the number of kinds of exgs or sperms is doubled, as shonn
wn Table 6 The number with 21 pairs of genes is therefore 2%,

The eggs or sperms produced by weh a person will accordingly be a
sample from 16,777,216 kinds Assunung for the sahe of the example that
the other partner in marnage 15 heterozygous for the same 24 pairs of
genes (a highly improbable assumption), he or she likewise will pro-
duce o similar diverse array of gametes. At fortilization the possible
different combinations of these genes will reach the enormous total of
282,429,536,481 This number 1s eastly calculated by applying the rule
that with one pair of genes there are 3 genotypes, with two pairs 9 geno-
types, with three pairs 27 genotypes, with 24 pars 3Y genotypes, and
50 on The actual number of vistble types will depend upon the presence
or absence of dommance m the varous gene paurs and upon the interac-

TasLE 6
Kindy of Kinds of
Parrs of genes eggs or sperms Pairs of genes eqys or sperms
1 2 13 8,102
2 1 4 16,384
3 8 15 32,768
4 16 16 63,536
5 32 17 131,072
[ G 18 262,144
7 128 19 524,288
8 256 20 1,018,576
9 512 21 2,007,152
10 1.024 22 4,194,304
11 2,018 23 8,388,608
12 1,006 21 16,777,216

tion taking place among the genes The question of the interaction of
genes 1s considered in the nevt chapter With complete dominance 12 ol
24, the maximum number of visible types will be 16,777,216, since with
complete dominance the maximum number of visible types in matings
such as the one we are considering 1s exactly the same as the number of
kands of eggs or sperms With dominance present for some genes and lack-
ing for others, the maximum number of visible types hes somenhere ber
tween the number of genotypes and the number of visible types in €4St
of complete dominance. The exact number (which can be caleulat
depends upon the proportion of genes showing dominance.

In the preceding example we have considered the consequences whet
only one pair of genes on each chromosome is heterozygous. But each
chromosome 1 man (judging by the fact that the number of Mendebad
{raits is many times the number of chromosomes) may contain not merely
one gene but many; and if such “hnked” genes frequently change plee



CHROMOSOMES AND MENDEL'S LAWS 81

with their mates on the other chromosome of the pair—as they are known
to do 1n lower ammals—the possible number of kinds of eggs and sperms
is much greater than indicated in the preceding paragraph IHence the
number of possible genotypes 1s correspondingly greater (The mechanism
of exchange of genes 1s discussed 1n a later chapter under the head of
CIOSSING OVer.)

From the foregoing 1t is evident that the gene-chromosome mecha-
msm s admirably adapted to produce an almost infinite vanety of off-
spring It scems probable that among all the billions of human bemngs who
have been born since man first appeared on the earth, there have never
been two with identical sets of genes, unless they happened to develop
from a single fertilized egg, as occurs regularly 1n identical twins, 1dentical
triplets, and so forth.

PROBLEMS

Note The subject of this chapter 15 the physical bass of heredity—the chromosomes
An understanding of the behavior of the chromosomes during cell division enables us
to visualize the laws of and d Mendel's laws were
discovered without a know ledge of the chromosomes From 2 study of chromosomes
we now see that plants and amimals have an internal mechanism which automatically
produces results hike those observed by Mendel This confirmation of the lans from
an entirely different class of facts 1s m 1tself important But there 1s another reason
for introducing & chapter on the physical basis of heredity at this pomt we shall need
the knowledge thus gained 1n order to advance successfully to a supplementary prin-
aple discovered since Mendel’s tme—the prneiple of &inkage and erossing over, con-
sidered n Chap 8

A thorough understanding of the processes of mitosis and meios:s 18 of special value
10 the study of heredity After you have read the descriptions and studied the lus-
trations of these processes, close the book and draw from memory a series of dia-
Btams showing the stages of mitosis and meiosis m chronological order Learning the
names of the cellular structures 1s 1mpor , because the will be referred
to again and agam 1n future chapters Names, however, are of secondary 1mportance
compared to & thorough grasp of the living processes and an appreciation of the sig-
mificance of the processes

1 In many anunals an unfertihzed egg carrymg only a single set of chromosomes
may develop 1nto a mature mdiidual, but if 1n a fertilized egg one pair of chromosomes
1s missing the individual will not develop How can these facts be explained®

2. How can one sccount for the fact that m Drosophila and Carez there are con-
tinuous series of chromosome numbers?

3 Mahe a list of all the parental dihybnd com
had to produce, using his seven charactersin peas,
assortment among all seven characters

4. In peas, \m‘}i seven pairs of chromosomes, show the method of calculating the
chance that seven genes chasen at random w1l each be on & different ehromosome, i e,
that there w1ll be no hinkage

5. In corn there are 10 pairs of ehromosomes
Renes chasen at random will be on the same chromosome,
a3 Iikely to be on one chromosome as another?

binations which Mendel would have
1n order to demonstrate independent

What 1s the chance that any two
assuming that the genes are
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three patrs of genes (.1aBbCc) cight kinds are produced, ete. Each time
a par 19 added the number of hinds of eggs or sperms is doubled, as shosn
m Table 6 The number with 21 pairs of genes is therefore 2%

The eggs or sperms produced by such a person will accordmngly be 3
sample from 16,777,210 kinds Assuming for the sahe of the example that
the other partner in marnage 15 heterozygous for the same 24 pairs of
genes (o hghly improbable assumption), he or she likewise will pro-
duce a smilar diverse array of gametes. At fertihzation the possitle
different combinations of these genes will reach the enormous total ¢f
282,429,536,181 Tlis number 1s casly caleulated by applying the rule
that with one pair of genes there are 3 genotypes, with two purs 9 gene-
types, with three pmrs 27 genotypes, with 24 pairs 3% genotypes, azd
so on The actual number of visible types will depend upon the presence
or absence of donupance in the various gene pairs and upon the nterse

TanLe ©
Kainds of Kinds of

Pairs of genes egys or aperms Patrs of genes eqgs or sperms
1 2 13 8,102

N 14 16,384

3 8 15 32,768

4 16 16 65,536

5 32 17 131,072

6 64 18 262,144

7 128 19 524,288

8 236 20 1,048,576

9 512 21 2,007,152
10 1,021 22 4,191,304
1 2,018 23 8,388,008
12 1,006 21 16,777,216

tion taking place among the genes The question of the interaction of

genes 15 considered in the next chapter. With complete dominance m3
24, the maximum number of visible types will be 16,777,216, since wit
complete dominance the maximum number of visible types in matings
such as the one we are considermg 1s exactly the same as the number ¢
kinds of eggs or sperms With dominance present for some genes and Jack”
g for others, the maximum number of visible types lies somewhcrebe'
tneen the number of genotypes and the number of visible types in cases
of complete dominance. The exact number (which ean be calcuh!fd)
depends upon the proportion of genes showing dominance.
In the preceding example we have eonsidered the consequences “heg
only one pair of genes on each chromosome is heterozygous- But est
chromosome in man (Judging by the fact that the number of I\Iendeh:r{
traits 1s many times the numbet of chromosomes) may contain not mere

one gene but many; and if such “linked” genes frequently chang® places



CHROMOSOMES AND MENDEL'S LAWS g

with their mates on the other chromosome of the pair—~as they are known
to do m lower animals—the posstble number of kinds of egrs and sperms
is much greater than indicated m the preceding paragraph Hence the
number of possible genotypes 1s correspondingly greater (The mechanism
of exchange of genes is discussed m a later chapter under the head of
crossing over.)

From the foregoing it 1s evident that the gene-chromosome mecha-
nism is admirably adapted to produce an slmost wfinite variety of off-
spring. It scems probable that among all the bithons of human beings who
have been burn since man first appeared on the earth, there have never
been two with identical sets of genes, unless they happened to develop
from a single fertilized egg, as occurs regularly m identrcal twins, dentical
triplets, and so forth.

PROBLEMS

Note, The subjeet of thrs chapter is the physical basis of heredity—the chromosomes
An nnderstanding of the behavior of the chromosomes during eell division enables us
to visualize the laws of segregation and mdependent assortment \endel's laws were
discorered without know ledge of the chromocomes From a study of chromosomes
e BowW see that plants and ammals have an mternal mechamsm which automatreally
Produces results Iike those observed by Mendel. This confirmation of the lsws from
an entirely different class of facts 15 m itself important But there is another reason
for sntroducing & chiapter on the physical basts of heredity at this pomnt we shall need
the knowledge thus ganed 10 order to advance surcessfully to s supplementary prin-
eple discovered since Mendel’s time—the principle of lindage and crossing over, con-
sidered in Chap 8

A thorough understanding of the processes of mitosis and metosis 13 of speeial value
0 the study of heredity After you have read the descriptions and studred the illus-
trations of these procesees, close the book and draw from memory & seres of dia-
Erams showing the stages of mitosts and meiosis i chronological order Learning the
hames of the cellular 18 1P , becanse the wull be referced
10 agamn and sgain mn future chapters Names, however, are of secondary mmportance
compared to a thorougl grasp of the hving processes and an appreciation of the sig-
ficance of the processes

1. In many ammals an unfertihzed egg carrying only a single set of chromosomes
may develop inte a mature ndi tdual, but if t a fertilised epg one parr of chromosomes
Is missing the individusl will not develop How can these facts be explamed

2. How can one account for the fact that tn Drosophtla and Carez there are con-
timuous series of chromasome numbers?

9. Make a Iist of all the parental dibybnd combmations which Mendel would have
bad to produce, uswng his seven 10 peas, in order to B
assortment among all seven characters

4. Yn peas, with seven pates of chromosomes, show the method of ealeulatmg the
¢hance that seven genes chosen at random wilt each be on a different chromosome, 1 e,
that there will be no Linkage

. In corn there are lngmn of chromosomes What 13 the chance that any two
enes chosen at random will be on the same chromosome, assuming that the genes are
8 hikely to be on one chromosome as another®
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6. In man, brown eyes are dominant over blue In the Journal of Heredity, 1951,
Isadere Ludwin describes a family in which a woman has one brown eye and one blue
eye Her mother 1s brown-eyed and her father 13 blue-eyed Her husband is blue-eyed,
and of thetr 13 chlldren G are brown-eyed and 7 bluecyed List the possible explana-
tions of the woman’s h indis, as this d 18 called.

7. Why 18 a sperm alone not able to develop into an individual, while eggs of ru-
merous species of plants and animals are able to develop parthenogenctically without
fertilization”

8. Last the functions of meiosis

9. What 19 the function of mitosis?
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THE FACTOR PRINCIPLE: ACTION AND
INTERACTION OF GENES

In the ples of Mendehan heredity idered thus far each char-
scter was “determuned” by a single gene  Such characters have often
been called unit characters because the change 1n a single gene completely
changes the character Not long, however, after the rediscovery of Men-

3

.y .
Figure 28, Willam Bateson, 1861-1926 (Courtesy of
Prof R C Punnett.)
del’s paper in 1900, investizators began to report expenments that did not
fit this simple scheme Ratios diverging widely from simple Mendelan
Fatios were gometimes obtained As a matter of fact Mendel lmself had
deseribed briefly such a case in beans, We shall return to this case
Presently,

The first reported experiments,
8

folloning Mendel’s, showing such
3



84 ELEMENTS OF GENETICS

unusual ratios were made by the Brtish biologists W, Bateson andR C.
Punnctt Bateson was one of the leaders m the study of heredity and
vanation during the latter part of the mneteenth century. He was among
the first to recognize the importance of Mendel’s work and in 1902 pub-
lished the first English translation of the paper on peas. Bateson and
Punnett’s earltest case dealt with the heredity of comb shape in chichens.
Another one of their carly expenzments concerned the color of sweet peas
Sinee the sweet pea case illustrates perfectly the prineiple of two or more
genes acting upon o single character, 1t will be used as our first example

COLOR IN SWEET PEAS

There are many pure-breeding varteties of sweet peas, all supposed!y
derived from the wild pea of Steily, which has purple flovers. While
mvestigating the heredity of flower color m these plants Bateson and
Punnett found that red was inhertted as o simple dominant, % hite being
recessive

In one experiment they crossed two different white-flowered plants and
were surprised to find that the resulting hybrids had red flowers. When
these hybnid red plants were alloned to self-fertilize, they produced red
flowers and white flowers in the ratio of 9 red: 7 white.

The explanation of this wholly unexpected result is as follows The
red color requires for its develop the bined infl of two
separate domnant genes which we may designate as R and . A changt
ether of B to r or C to ¢ prevents the development of red pigment and
thus causes the plant to be white The two white plants used 1n the origl
nal cross were genetically different. one was rrCC and the other RRec A
long as cach was bred by 1tself 1t remained constant, but when the tno
were crossed each brought n a different dominant gene, R and C respec
tively, both of which were necessary for the production of red pigment
Red pigment accordingly developed in the hybrid RrCe.

When the red hybnds self-fertilize, their genes sort out and recombine
independently 1n all possible corbinations, ns indicated in the cheche”
board (Fig. 29), exactly as 1n cases of independent assortment previously
deseribed (Chap 3). The only difference between this case and wnde-
pendent assortment in Mendel’s experiments with edible peas is that 18
sweet peas both pairs of genes produce therr effect on one and the S0
charactenstic, namely, color The mechanism of distribution of the gents
is exactly the same. Obviously, we are here dealing with nothing con
tradictory to Mendel’s laws, but with a new prineiple supplementm‘y
thereto. Furthermore, this result in swect peas 1s just what one might
have expected from what we know of the nature of chemieal reaction m
general A specific chemical reaction, such as the production of 8 P&’
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ment, might be expected to require two different substances, one sub-
stance depending upon the presence of one gene and another substance
depending upon another gene.

An inspeetion of the checkerboard reveals that there are three whites
due to the presence of 7r, three due to cc, and one due to the presence of

White White
RRcc x CG

R¢ Eges Ko rc Spevris/'C
Red \‘mc:‘>x<‘ RCE
(Dihybrids ) /%/ /
RC Re re rc

¢ Sperms 4 ‘
RRCC RRCc aree frec
RE=>1 Red Red Red Red
RRCc fRec e Rrce
Re>1 e J White Red white
Eggs
Rrce ReCc nee mee
€1 Red Red White White
RrCe Rrec wee e
TE>L Red White White White

Figure 29, Diagram showing the production of red
Sweet peas from a cross between two vaneties of white
sweet peas and the production of 9 reds to 7 whites as
offapring of the hybriuds
both (rrec) in the same individual Thesc seven whites are \lsllfly ndis-
tinguishable, with the result that the visible ratio 1s 9 red -7 white.
Problems of this kind may also be easily solved by means of the frac-
tional method, thus:
Fy Dihybrid RrCc
F: P}lezatypes (using roman letters for phenotypes)
R 3 C=2{eRC} Red s
M R-Me =~ Re
Mr 3{C = 3gr C}White g
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This example tllustrates perfectly the fact that the gene rather than
the character 18 the umt of heredity. We can now sce that a difference
between two contrasting characters may rest upon a single gene differ-
ence, as 1n Mendel's seven characters in peas, or upon two or more geoe
differences, as 10 color 1 sweet peas It 19 therefore best to avoid the use
of the term unit character. The appearance of the red color in sweet peas
18 obviously dependent upon two different genes, R and C (incidentally,
known to be located 1n separate chromosomes, since they assort inde-
pendently) It 1s therefore mcorrect to say that red is “determined” by
either one or the other The genes R and C are merely factors whose com-
bined effect 1s pigment formation

In succeeding years many other examples mvolving the factor pno-
ciple, similar to that of the sweet peas just described, have been dis-
covered both i plants and anmals, In corn, for example, the colors red
and white arc inhented m exactly the same way os red and white in pess
Several other examples will be given presently.

The discovery of the factor principle has served to clear up 2 long-
standing puzzle which goes under the name of reversion, or atavism.
These terms are applied to all those cases in which an individual sud-
denly appears that differs from its parents, but resembles some more dis-
tant ancestor Before the discovery of Mendel’s lans such “throwbacks”
could not be satisfactonly explmned, but now we sce how simply they
fall into order merely by assuming that each parent comes from a dis-
tinet hereditary hne 1n each of which there is present some gene or genes
lacking 1n the other In matings between the two lines, the Jong-sep
rated genes recombine and restore the character which may have dissp”
peared countless generations previously.

MENDEL'S CASE IN BEANS; QUANTITATIVE INHERITANCE

As already mentioned, Mendel found = case that he thought illustrated
.the interaction of two pairs of genes "This mvolved the color of the flone”
in beans. In a cross between a white-flowered plant and a purple-flone
plant the hybrids resembled the purple parent m color, though the color
was of less . Domi was lete, in this respect differoé
from the swect pea case we have just considered.

Unfortunately, but as was to be expected from a species hybrid, the
Fy's were not very fertile. From 17 plants, which together develop
many hundreds of floners, only 49 seeds in all were obtained The fo-
lowmg year only 44 F; plants were raised from these seeds and of thes®
only 31 reached the flowering stage; one of the 31 produced white flowers:
the other 30 developed a series of flower colors ranging from purple to
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pale violet These F: plants hkewise were not fully fertile, some were
sterile, and only 15 plants produced well-developed sceds

The expenment was continued through two more generations, with
similar unfavorable results as to fertiity Some of the plants that had
violet flowers bred true, while the majority of this color produced
both violet-flowered and white-flowered offsprmng This indicated that
some of the violet-flowered plants were homozygous and others were
heterozygous.

Smee the various colors m this expertment depended upon the amount
of pigment, the case 1s an example of quantitative inhertance

Mendel realized that lus numbers were msuffictent to establish a law,
but suggested as an hypothesis that the purple-red color was the result-
ant of two or more ndependent factors which may be designated as A
and B (simphfying shghtly Mendel’s symbols) He pomted out that 1f
white depended upon two independent recessive factors, which we will
call ¢ and b, only one white would be expected out of 16 offspring of the
dihybrid; and since, as we have seen, a dihybrid produces nine genotypes,
the remaining 13{ of the offspring should fall mto a series of eight colors
corresponding to the remaiming eight genotypes, as follows AABB (pur-
ple-red), AABb, AaBB, AAbb, AaBb, auBB, Aabb, aaBb (seven shades
of viclet). Mendel does not say how many color grades he actually ob-
served, but obviously s hypothesis of eight grades of colored flowers
would hold true only 1n case of lack of dommance in both pairs of genes,
and only when there 15 a visibly distingwshable effect of A and 8 1 all
eight combinations as listed above

To show how this color variabiity would work out, let us go a step be-
yond Mende! and arbitranly assign numbers For imstance, let § repre-
sent the grade of color produced by the gene A, and 4 the grade of color
produced by B. We will also assume that these effects are additive 1n all
combinations Substituting the numbers for letters the ahove series of
ning genotypes, we get the following results

0

Color de 20 16 14 12 10 8 6 4
Sypen B AAbb AaBb aaBB Adbb aaBb azbb
1 4 1

Genotypes 4ABB AABb AaB
Ratio 1 2
Colors Purple-
red

-1
White
Varous shades of violet

Mendel thought enough of his hypothesis to suggest that it would be
“well worth while to follow up the development of color in hybnds by
similar experiments, since 1t 13 probable that this w ay we might learn
the significance of the extraordinary variety m the coloring of our orna-
mental flowers.”
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THE FACTOR PRINCIPLE APPLIED TO MAN; CONTINUOUS VARIATION

Skin color 1n man apparently follons a rule similar to that suggested
by Mendel for flowcr color m beans. According to Davenport,! who made
extensive ohservations of Negro-white crosses and the descendants of the
mulattaes resulting from such crosses, in Jamaica, the difference in the
amount of black pigment between the Negroes native to West Africa m.xd
Europeans rests upon two major pairs of genes. This theory is acceptedin
general by Gates,? as im harmony with his findings in numerous Negro X
white pedigrees Gates points out that there are important gene differ-
ences among Europeans respecting skin color .\mong some whites a g?.M
for dark pigmentation seems to be dominant over the gene for fair skin
Thus must be taken into account in studying Negro-white pedigrees; ac-
cordingly, Gates proposes a three-factor explanation as better fitting the
facts than a two-factor theory,

From what 1s known of the inheritance of pigmentation in other mam-
mals, as well as observations of the many varieties of sk color in man,
1t 1s probable that there are numerous genes having minor effects in ad-
dition to a few with major cffects We have every reason to beheve th{lt
segregation and assortment of genes for pigmentation occur in man 2% n
other mammals, but owmng to practical difficultics in the study of uman
heredity, the genes in man have not been identified with the certanty
that 15 found 1 laboratory rodents. Here 1s an interesting field for fur-
ther rescarch in the genettes of man

A full-blooded Negro, according to Davenport, may be represented b5
AABB and a Caucasian by aabb. Dominance is lacking, the hybnd beitg
intermediate m color Each pair of genes segregates mdependently s0 that
sll possible combinations occur in the offspring of the hybnds Davenport
concluded that each gene mentioned was responsible for Bppro“mntexy
the followmng proportton of black A4 19 per cent, B 16 per cent, a2y
cent, b 1 per cent The full-blooded Negro (4ABB) is therefore 70 P
cent black i color and the Caucasian 6 per cent black; the full color 11
each race 1s due to & mixture of black and yellow pigments plus red from
the blood, dluted with the natural white color of unpigmented skin- The
hybnd, or mulatto (AaBb), is 38 per cent, black. o of

The children of two such hybrids will therefore represent s series 0
colors in which the expected ratio, with the percentage of black 1 9“{
class, 1s as follows 1 (70 per cent).2 (55 per cent):2 (53 per cent)-
(40 per cent) 4 (38 per cent).1 (36 per cent).2 (23 per cent):2 (21 pr

*C. B Davenport, Heredity of Skin Color 1n Negro-White Crosses, Carnegie 17
Wash , Publ 188, 1913 B

*R. Ruggles Gates, “Pedgrees of Negro Famulies,” Blakiston Divison, McGran
Hill Book Company, Ine , New York, 1940
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cent}:1 (6 per cent). It 1s noted that one out of 16 should be as dark as
the full-blooded Negro grandparens, and that one out of 16 should be as
bght as the white grandparent The other 14 will be intermediate (four
the same shade as the hybrid parents, two others nearly the same, four
considerably darker, and four considernbly hghter) The visibly distine
guishable ratio, therefore, might be 1.4 6 4 1 among the offsprng of the
F's of Negro-white crosses

If we allow for the effects of mimnor color genes and for the effect of
sunbght in stimulating pigment formation, a much larger number of color
vaneties might appear There myght, mn fact, be found practically a con-
tinuous range of colors from black to white Given a sufficient number of
gencs affecting » character, the mechamsm of segregation and aseort-
ment can account for the observed continucus vanabihity in numercus
quantitative characters, such as the skin color i man,

It should be pomted out, however, that the foregoing facts do not
imply that either a pure Canrasian or a pure Negro 1< hkely to result
from a mating of two mulattoes The chance of this happemug 13 ex-
tremely remote, since there are many differences between the teo races
other than skin color— shape of nose, thickness of bips, lusr form, numer-
ous minor skeletal differences, etc —each depending upon gene differ-
ences It is not hikely with so mony genes mvolved that these will be re-
combined in exactly the same manner as in exther of the twe ongnal
races. Oceasionally, however, 2 eld from hybrnd parents might recerve
the proper assortment of genes to enable it to pass as an unmixed mem-
ber of one race or the other

If the ancestry of the parents 1s of less thon one-half Negro the chance
of & child’s bewng Cancasord 1n type 15 increased. Gates gives an lus-
trated pedigree of such 2 case This pedigree also shows that 1t 1s possible
for a child of mixed parents to be dorker than exther parent The 'bchof
of some that two light-skinned parents, one of whom s of mned Negro-
white ancestry, may produce a “black” child 15, however, unsupported
by the facts. This behef may go back to Anstotle's ambiguous statement
 the Generation of Amamals: “ There wns 8 woman Els who had inter-
caurse with a biackamoor, her daughter nasnota black, but that daugh-
ter's son was,"”

INTERACTION OF GENES IN GUINEA PIGS

Guinea pigs offet a stnking example of the mteraction of several fenes
in the production of har and eye color in mammals The ease will be
Presented 1n some detail becanse the principles invol\'cd_ have a b\ro-.\d
application, The wild rodent of South Amenca from which the guines
Pig was derived s eolored somewhat Iike the North American red squir-
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rel When examined closely each hair 13 seen to be dull black at the base,
with a reddish band near the tip, and with a black tip This banding of
the individual hairs 1s known as agouts, named after another South Ameri-
can rodent (the agouts), which shows the same pattern to a pronounced
degree The pattern is common also in North American rodents such as
rats, mice, woodchucks, and squirrels, as well as in some other mammals,
including raccoons, robbuts, cats, and foxes The color of the band
varies in different mammals, ranging from red through yellow and cream
to white. There is often more than one band in a single hair, especially i
the hair is long. The writer has counted as many as three distinet reddish
bands in the long tail hairs of a fox squirrel

The agouti pattern 1s probably an advantage to many wild animals 1n
that 1t tends to give them a neutral color which blends with their environ-
ment, thus affording protection agamst cnemies. Anyone who has 0‘3‘
served wild rabbits in the field can vouch for the concealing effect of thf'll’
coloration. In the case of predatory animals 1t may be an advantage it
enabling them to approach the prey without detection.

In guinea pigs the agouti 1s a common color variety, but hke all ammals
that have been under domestication for centuries, the guines pig shons
many color variations, including. solid black, sepia, white, choeolate
brown, red, yellow, black and white spotted, black and red Spﬂmd’
black-red-white spotted, and so on The gumea pig is thought to have
been domesticated from the wild Peruvian cavy (Cavia cutleri). ‘“}he
tune the Spamards first visited Peru they found Indians raising guined
pigs for food, a practice which 1s still followed

The individual colors in the guinea pig are not very different from those
found 1n the hair of man, but 1n man spotting1s rare, with the exeeption O
dark and white spotting The numerous color variations of domestica
guinen pigs undoubtedly came either from the wild type or from other
color vareties by sudden mutations occurnmg from time to time In
nature most of these colors would be disadvantageous to their possessor
by making it more conspicuous and a ready prey to predatory animsls
This fact explains the scaraty of such colors among wild ammals

The heredity of the color varieties of the guinea pig has been studied by
many investigators, and most exhaustively by Professor Sewall Wright
In all known cases m guinea pigs the color mutatrons from the wild typ®
are mhented as recessives Among the best known of these mutations 3¢
those shown in the table on page 91,

As regards color, the wild-type guinea pig therefore has the gene for-
mula SSEEAACCBBPP Each one of these genes is necessary for the
production of the typienl wild color pattern. By a long continued pl'o.”es‘S
of crossing guinea pigs possessmg the alternative recessive mutnhoﬂg‘v
Wright succeeded in building up a family of animals combining alt &
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recessive genes, sseeaacchbpp. In appearance they are pale brown, yellow
spotted, white spotted, without agout: bands, and with pmk eyes He
then crossed these multiple recessives with the wild type The hybrds
were like the wild type (except that in some there was a trace of white
spotting, as expected from the fact that S 1s not ahways dominant over s)
The genetic formula of the hybnds was of course SsEedaCeBbPp.
Dominant Recesswe
88, No white spots ss, White spots
(Dominance irregular)

(S and # are so mcely balanced mn therr effect that the amount and pattern of

the white aress 15 quite vanable Sometimes S behaves as a complete dominent,

rather more frequently the hybrid (Ss) has a little white on nose and feet )

EE, No red spots ee, Red spots* (size and pattern of
red spots variable)

A4, Agouti pattern aa, No egouts bands

CC, Intense cotor ec, Red reduced to yellow, black
shightly reduced*

BB, Black eyes, black hair b, Brown eyes, brown bair, red
unaffected

PP, Dark eyes, dark hair pp, Pank eyes, palesepia or pale-

brown harr, red unaffected
*In order to distinguish them from other genes 1n a sertes of alleles Wright uses the
symbol e? to represent the gene for red spotting and c* for the genc ¢ above For the
sake of simplieity I have dropped these superscripts i the present discussion

The hybrids were then backerossed to the multiple recesstves ! As we
have seen (Table 6, page 80), hybnds i six respects should produce 64
kinds of eggs and sperms. These 64 kends should of course occur m equal
numbers provided all six genes are on separate chromosomes In Table 7
in the left-hand column are listed all the possible combmations (32 n
number), omitting the gene for white spotting By combimng these 32
with § and s, respectively, shown in the two right-hand columns, we get 64
combinations Upon fertilization, the umon of these 64 kinds of eggs and
sperms with eggs or sperms from the multiple recessive (all of which are
seachp) results in 64 gene combinations, or genotypes

Note in Table 7 under Visibly distinct types that in four instance.s two
genotypes must be lumped together because genes C and ¢ have practically
the same effect upon black and brown The consequent lumping reduces
the number of visibly distinct types to 56, all of which were actually ob-
tained by Wright among the 399 ing produced by the back
matings The numbers of each type he obtained are shown in the two
nght-hand columns of Table 7. With a perfect distnbution of the 399
offspring among the 56 types there should be approximately six of each

*Sewall Wright, An Eight-factor Cross m the Guinea Pig, Genefics, 13 503-531,
:32: e;n ths experiment two genes affecting hawr direction (roughness) also were

udied,
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TapLE 7 OFFsPRING FROV & SIv-FACTOR Backcross IN THE GUINEC Prc*

(SsKeAnCelBUPp) X (ssecaacchipp)

Geraty pes Visibly distinet types

[60)

eachp (eges and sperms of recessives)

X

EACEP | Black, red agout:

EAdc BP |Black, yellow agouts

EACY P | Brown, red agouts

Edcb P | Brown, yellow agoutt

Ea CBP Blnck}

EacBP |Bladk

Ea Cb P Bm\vn}

EochbP |Brownf

e ACBP | Black, red agouts, red spots

e Ac BP |Black, yellow agouts, yellow spots
e ACH P |Brown, red agouts, red spots

e Ach P__iBrown, yellow agouts, yellow spots
¢ a COP |Black, red spots
¢acBP |Black, yellow spots

e CbP |Brown, red spots
eachbP |Brown, yellow spots
EACHp |Tulosepa, rod agouti
EAc Bp |Pate sepm, yellow agouts
EACbH p |Pale brown, red agouts
EAcb p _|Pale brown, yellow agouts
Eq CBp | Palesepm

EacBp |Pale sepm)

Ea Cbp |Palebrown

Eacbop |Pale bmwn}

(Eggs and sperms of hybrids)

¢ ACBp |Talesema, red agouty, red spots

e Ac Bp |Palesepa, yellow agouts, yellow spots
e ACb p |Pale brown, red agout, red spots

e Acb p |Pale brown, yellow agouts, yellow spots
G

B

¢

o CBp | Palesepia, red spots
ac¢Bp |Palesepa, yellow spots
a Cbp |Pale brown, red spots
eacbp | Palebrown, yellow spots
Total

IS
S
2

* After Wright

ﬁwuw\mmmm\ & B lwaats\u&uzscombﬂ s 8 \aa;'c

|

Offspring
—
Littleor | White
1o white | epotted

{as)

\quaﬂ\wvum\: ‘—‘a\’éqe’m\vam-\quqm\ s & \muqm

=)
b
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type, except in the four groups which are lumped, i these there should
be approximately 12. The numbers actually obtamed are as near to this
ratio as could be expected with so large a number of types and only 399
individuals By various statistical tests Wnght shows that the results
clearly indicate independent assortment among all six genes studied
This means that each of the six genes 1s located on a different chromo-
some This 1s not a surprsing result 1n view of the fact that the gumea pig
has 32 pairs of chromosomes

No expertment could serve better than the one just described to show
that the color of an ammal 13 not a unit character, but that the gene
is the unit, Note, for example, that the pale-brown pink-eyed ammals
(8sEeaaCcbbpp) resulting from seachp X SEaCbp have pale-brown color
because of the cooperation of the three pairs of recessive genes aa, bb,
pp The parr aa elimiates the agout: band from the hair, the pair bb
changes the quality of the pigment from black to chocolate brown, and
pp reduces the mtensity of the brown to a pale brosn

AN EXAMPLE OF REVERSION, OR ATAVISM, IN THE GUINEA PIG

In his comprehensive work “The Vartation of Animals and Plants
under Domestication,” first published in 1868, Darwm has a long chapter
on “Reversion or Atavism” (atavus, ancestor) These terms were used m
pre-Mendehan days to denote the occasonal resemblance of offspring
toa grandparent or to some more remote ancestor, n a character differmng
from that of the parents, for example, the sudden appearance of a gray,
or black, or black-spotted lamb 1n a flock of sheep of 2 breed that ordi-
nanly produces only white sheep was known as a reverston—the wild
color of domesticated sheep was thought to have been “brown or dingy
black.”” Today we know that the black color in sheep 1s whented as a
Mendelian recessive

Darwin shows elearly that he had not read Mendel's paper He refers
repeatedly to the work of the plant hybridizer Naudin, a French con-
temporary, who 1n 1865 came close to statng the law of sch;egnnon In
the end, however, Darwin’s explanation, like that of Naudin’s, 15 mcom-
plete and unclear because 1t lacked the concepts of purity of the gene
and the precise quantitative relationstups of segregating and combining
gametes, as developed by Mendel 5

InFig 30 we have a photograph of a pair of adult guinea pigs and (!mnr
litter of five, which Darwin would have regarded as a case of reversion
Our present knowledge of the genes affecting harr coler and eye colar and
of therr mteractions, as described 1 the preceding pages, however, en-
ables us to account for the case in stmple terms The litter of five black-
haired, black-eyed guinea pigs was sired by the albmo male shown with
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them The dam, also shown, is pale scpia, pink-eyed, with no spotting.
The genotype of the albino male 1s s—¢?-g-c°c*P~B-. (The dashes indicate
uncertanty as to heterozygosis.) The symbol e” is used for red spotting
and ¢ for albtno An animal that is homozygous for gene ¢° is an albino
regardless of its other genes, the gene ¢ 1s sud to be epistatic with respect
to other genes affecting color The female 1s of genotype S-EeraaC-ppB-.

Two of the young are sclf black Ther genotype is S-E-aaCc*PpB-.
The aa accounts for non-agouts pattern, C ensures full intensity of pig-
mentation, P 1s the dominant alternative of the gene for pink eyes and

Figure 30 A hitter of five black guinea pigs, ther albin
sepia dam, (Photograph by the author )

pale oolors; and B works to produce black pigment rather than brovt
}he albino sire supplied the dominant gene P which was lacking in the
am.

Of the other three young, two have each a white foot and one has 8
small amount of red spotting. Their genotypes are therefore like those of
the two self blacks except for the substitution of Ss in the \\'hlte-SP"md
animals and e”e” 1n the red-spotted one.

One may ask how we know that the albino male carries the g
The answer is that albino guinea pigs, like Siamese cats and Himalays?
rabbits (Chap 11), develop some pigment on feet, nose, and €ars when
they are exposed to low temperatures This animal had been so expos
and had developed conspicuous black pigment in the regions mention

ene B
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Had he been b this pigment would have been brown 1a color and meon-
spicucus This same temperature effect enables us also to tell that ke ar-
ries at feast one gene ¢ One of tus feot remamed white, mdieating a
white spot. in white-spotted areas no pigment develops, even at low
temperatutes.

MULTIPLE EFFECTS OF A SINGLE GENE, LETHAL GENES

Although the gene is the unit of hereduty, o single gene often affeets
mare than one charactenstic of the orgamsm, sometimes 1 wholly unev.
pected ways In chickens a well-known example of a gene with multiple
efieets is the gene €7, known as erest, It is responstble for the long, parinlly
erect, feathers producing a distinet ercst in breeds hke the Silkies, Pohish,
and Houdan? (¥ 31). These breeds belong to v hat are regarded ay orna.
mental vaneties, and the crest has been developed for its beauty by
human selection overa period of eentunies Exammation discloses that the
skull of crested bieds s ughly abnormal m many ways Darwin, who
made 8 thorough study of the varieties of fowls, examined 14 skulls of
Polish and other ereated breeds and gave detailed descriptions of them *
One of the mast consmenous features is the large hemspherical pro-
tuberance of the frontal boues, which include the cerebrum of the bram
(Pig. 32). As can be seen 1n Fig 32, the frontal bones s the Poheh ghul}
Are Yery thin as compared to the Cochm, and there are openings where no
bone has formed, These open spaces are covered with membrane only
Darwin found that the protuberance vaned greatly in mze and m the
degree of ossification of the roof of the skull, Usually there were many
variously shaped open spaces, the bone formung n irregular network, In
one apecimen there was no bone whatever over the whole protuberance,
and the skult when viewed from above presented the appearance of an
Open basin As ope nupht expect, the brain is modified in shape m a cor
respending manner. Darwin mvestigated the question as to whcthef thers
Was abuarmality of behavior among these hirds He found e}'xdenfe
that 1 some wstanees crested birds wers stupid and abnormal i their
Teactions,

Other charagteristics of the crested breods are short beak, comb absent
or small and of unusual shape, wattles either present or replaced by &
beardhike tuft of feathers (Fig 31). .

The basic eatse of the sbnormalities is an sceumulation of fud m the
thord and fourth ventricles of the brain, resulting 2 & protuberance of

* R A Fisher, Crost and Herma sn Fowls Dur to 8 Single Gene without Dominance,
Sneme, 80288239, 1934 .
* Chstles Darwen, “The Varton of Ammals sad Plants noder Domestication,

Hed. 1375, D. Appletan & Comprny, Ine., New York, 1857,
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the cerebral henmspheres and the overlying bones The shin on this pro-
tuberance 1s thickened

Darwin made no crosses between crested and noncrested breeds, ab
though he did cross several other breeds of chickens During the gaﬂy
part of this century, however, several investigators made such matings

Figure 31, White Houdan male fowl; from  crested breed developed in Fraze®
Note well-developed crest, beard, and small V-shaped comb (Courtesy of VS
Department of Agriculture )

The most recent are those by Fisher, cited above, and Warren and Hutt®
As a result of these studies 1t seems clear that the crest depends upo® o
single mutation A double dose of the mutant gene, CC7, makes the sho
so defective that the cerebrum pushes through, forming a cercbral beruit
Homozygous birds usually die; heterozygous birds develop no hernia 88

!D. C. Warren and F B Hutt, Linbage Relations of Crest, Dominant Whit%
and Frizzling in the Fowl, Am, Naturahist, 70:379-304, 1936
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Figure 32 Longitudinal sections of skulls, natural size,
Tateral view, of two breeds of fowl Top Polish cock
Bottem Cochin eock, selected for companson with the
above fvom bemng of nearly the same suze (From Charles
Daruan, “The Varichon of Awmumals ond Plants under
Domestation,” D Appleton & Company, Inc, 1887 )

are more or loss normal From heterozygotes the bread 13 kept gomng
Matings between heterozygous erested burds produce & rotio as foltows:

1 oer 20 Teer
Crest Crest No crest
Cerebral herma No hermta Bran normal

(Usoally die)

‘The gene C* obviously behaves &s 2 dommnant with respeet to crest
w Eth respect to kull and bram there 1s no domnance, the heterozygote
is intermediate, although as to ats lethal effect the gene 18 recessive.

The Yellow Movuse
In 1s we have an tent example of 8 lethal gene with mul~
tiple effects, this is the gene .i¥ for yellow sn muce Yellow 13 domnant to
the agouti gene in mice Itas impossible to ebtain 2 purebreeding stran
?f yellow mice’ yellone always breed as heterozygotes. The yeltow stock
is kept abive either by mating yeliow with yellow or by backerossing yel-
Jow with nonyeltow. The backeross mating yellow X nonyellow gves 8
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ratio of 1 yellow:1 nonyellow. A mating of yellow X yellow gives 2 yel-
lows 1 nonyellow, mstead of 3.1 as expected from a mating of hetero-
zygotes The deficiency of yellows 1s here due to the prenatal death of
the homozygous yellows.

Evidence for the lethal effect of gene A in double dose is found not
only in the abnormal ratto just mentioned but from the examination of
pregnant females, Operations on such females by several investigators,
cited by Gruneberg,’ have disclosed that approximately one-fourth of the
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Figure 33. Curves showing average gain n weight and
food consumption 1n mice for all sets of yellow and
black httermates within each age and sex. (From
Dnckerson and Gowen, Science, May 9, 1947 )

embryos die very early and disintegrate 1n ufero It is concluded that
these embryos are largely made up of homozygous yellows

The gene A? has another important effect: yellow mce, espcmally the
females, beginning at about 40 days of age, put on excess fat. This I
sults from the slightly better appetites and the relative ingctivity of the
yellows From the increase in food mtake and reduction in cnergy e
pended, the yellow mice continue to mcrease n weight so that by 3
days of age they may exceed their nonyellow littermates by 50 per cent
in the males and 70 per cent 1n the females (Fig. 33). Dickerson

1 IMans Grineberg, “The Genetics of the Mouse,” 2d ed., Martinus Nybeft,
‘The Hague, Netherlands, 1952
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Gowen* found from cherteal analyses that the evcess seight of the yel-
low mice was due entirely to fat tissue.

Besides its effect on coat eolor and fat storage and 1ts lethal effect when
homozygous, the gene Av nlso shortens the reproductive period and the
expectation of hife of heterozygous females

When gene A7 is itroduced mto albine mice these 1s no effect on coat
cotor: the gene for albimsm 19 epistatic with respect to color However,
such albino 4% muce develop obesity bike yellow mice We could there-
fore just as well speak of A% as the gene for obesity as the gene for yel-
low, Por convenience one usually refers to a gene by its most conspicuous
effect and ignores 1ts other effects The yellow eclor 1s usually the most
vongpieuous effeet of the gene AY

Gruneberg states that “aft genes 1 the mouse which bave been studied
%ith any care have marufold or plerotropie’ effects which cut aeross any
attempt to deal with the genes aceording to the organ mmnly afiected

Phenylketonuric

In man we have an idesl example of 4 gene with multsple effects in the
one ble for the disease or syndrome hnown as phenyl-
ketonuria. The name stgnifies the presence of substances called phenyl-
ketones in the urine The basic abnormahty 1s the mability of the af-
fected individual to metsholize the essential amino acid phenylalanme
Ass consequence, this amino acid 18 found i exeessive quantities in the
blaod, terebrospinal finid, and unve The most important effect of thws
metabolie error is evireme mental defect

In his excellent book on mental defect,? Professor Penrose, of the
Galton Laboratory, University College, London, discusses the condition
3% seme length He notes that about 60 per cent of the cases are of the
sdiot grade and 30 per cent imbeaste. Other symptoms that are frequently
present, but not 1n themselves diagnostic, are redvetion i stature and
head measurements, widely spaced mesors, tendency to develop pig-
Tented patches in the skin, dermatitis, excessive sweating, hunchbaek,
aceentuation of all reflexes, and digital mannersms The gene also tends
1o reduce the amount of pigment 1 hur and eyes Biochemieal studtey
indicate that the defectines lack some enzyme capeble of metabehang
phenylalamine, resultng 1n & dimimshed rate of ovidatson 1 the bramm
cells, deficiency of pgment formation, and 8 varety of other sbnormals-
ties The aecumulation of the amno aad 1 the body fuids 1s the most
certain diagnostic symptom (Fig 34). No permanent cure 18 known, b
though Butish investigators have reported that & specral diet free from
phenylslamne produces s marhed sncrease m mtelligenee. !

G E Duckerson and J. W. Gowen, Hercditery Obesity and Lfficient Food
Utihzation m Mece, Sctence, 105:406-198, 1847 X

*Laonel 5 Penrose, “Fhe Biology of Mentsl Defect,’
Yerk, 1949

” Grune & Stration, Ioc , New
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Fortunately, the defect is rare—about one case in 25,000 to one in
50,000 among most Europeans and their descendants in the. pnlted
States. According to Penrose, no phenylketonuric of Jewish origin bas
been discovered and none among American Negroes.

10 15 20
Phenylalanine in blood plasma img %)

150

50 20
intefhgence (Binet, 1Q )

3

50 330 310 200 20
Head size Length 4+ breadth in mm

(corrected for sex)
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rams showing frequency distributtons of four
ht)

>, (ng pared with control population
(left) (From Penrose, Ann, Eugenacs, 16:135, 1951 )
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come from norma] parents (affected D i i ile);
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Figure 34, Histog,
traits in phenyl

. 1565
e inheritance practically all ¢

N ing the
of normals to defectives agrees with expectancy m families showing t«in
trait; and 8s with other rare recessive traits, the percentage of cowo
marnages 13 relatively high among the parents In a recent survey
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1,000 inmates of 5 state home for the fecbleminded 1 Mrctugan,! ame
cases were found In three wmstances there were two aff eeted persons from
the same family. The IQ's of the e ranged from 6 to 34, all byg one
bad spread ineisors, m all but one the eyes were blue or blue-gray, and
all showegd eraggerated refleves, as well as one or mare of the other traite
mentioned above, We thus have in this metabolic disorder an evcellent
example in man showing that a single gene ean produce a varnety of
effects

Summnrizing, 23 to the manfold effecty of a single gene neo clearer
statement has been f ound than that of Professor Dobzhanshy, of Colum.
bia Univcrsx\‘,y, in hus excellent hook “Genetres and the Orgin of Spe-
€165,”"% from which we quote

Mutant genes are nawed according to ther most promusent charactensties
In Drosophuta, mutations of the gene *'shite” turm the eye eolor from red to
abite, “yestigiar mahes vestigial wings, “stabbest ” tauses a shortening of the
bristles, and so on The system of naming 1s convensent but the names are not
to be taken as complete acconnts of the differences between mutants and the
ancestral farm, much less a3 idiestsv e of the total range of the effects of the par-
belar gone on the development, Many mutants, in Drosophsla as well s m other
forms, dyffer from the rat types 1n pl of ch The mutation
nhite changes the eye color, that of the testicular membrane, the shape of the
Spermathecae, length of hfe, and generat viability  Vestigal reduces wing size,
modifies the balancers, makes certam bristles erect instead of honzontal, changes
™08 muscles, shape of the spermathecae, speed of grow th, fecundity, and length
ofhfe Under favorable external conditions vestigial refatas ely decreases the num.-
ber of ovarioles un the ovanes wlule it has the opposite effect under unfavorable
conditiony Stubbaid modifies the bristles, wings, legs, antennae, and vaahiity

Genes thay produce changes i more than one character are sud to be plelo-
L50Die or to have mamifold efieets The frequencs of such genes 15 vot w el} hnown
A 2071ty of mutations produce steshang changes 1 a smale character, and thesr
mantfold effects, 1 any, mvolve changes which appear trisial Thus, the main
haractersstie of the mutant vestigial in Drasophtla ta ¢ decrease of‘the ning wige
But to conelude that vestigial 15 & “wing gene” rather than bristle gene
“ould be as naive ay to suppose that « change in the hydrogen 10n concentration
2 “eolor pene” beeause 1t produces a striking ehange m the color af certam
ndicators

PROSBLEMS
1 Show the T2tios expected among the progemes of the followng croases in sweet
Peag-
2 Red (ReCey x whute (rrec)
¥ Red RRCc) X white {rree)

‘P W Crowe and W J Sehull, Phenylketonura Studics 1 Pigment Formation,

Folia Hered of Pathol , 1:259-268, 1952 3 L
* Theodostuy Dohzhsnsky, *Geneties and the Ongin of Species,” 3d od . p. 33,
Columbig University Press, New York, 1951.
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¢ Red (rCC) X red (RrCC)

d Whte (rr('¢) X white (Rrec)

2. Assume tnat the difference 1n stature betneen twno groups of people, one aver-
aging 5 fect 4 inches in herght and the other ayveraging 6 feet in height, depends upon
two independent genes (A.ABB = G fect, aalh = 5 fect 4 mches) Assume also that
there 1s no dominance and that the effect of gene A equals that of gene B in incressing
height, ench adding 2 inches to the height

What 18 the expected ratio as to height among the offspring of two dihybnds,
AaBb X AaBb?

Construct a bar graph, or & histogram, showing the expeeted proportion of the of-
spring of each height Indicate by the height of the bars the frequencies of each class
begnming with the shortest on the left and proceeding to the tallest on the right

3, If a third gene () having the effect of mcreasing the stature 2 inches is added
ta genes .4 and BB mentioned in Problem 2 (AABBCC = 6fect 4 inches, aabbee = 5feet
4 inches), what 13 the evpected ratio from a mating between trihybnds (4aBiCe X
AaBbCe)?

Construct a bar graph showing the distribution of heights of offspring in the sam®
mapner as 1n Problem 2

Note In one experiment with sweet peas, Bateson and Punnett found that & domi-
nant gene (B) converted the red pigment 1nto purple A eross between two s hute
plants gave all purple-flow ered plants, as follows. CCrrBE (white) X ccBEL (white)
= CeRrBb (purple)

4 Show the expected result of & cross between two white sweet peas of the followi2e
constitution CCrrBb X ccRRBb

5. Show the expected result of a backeross of a purple sw eet pea (CcRrBb) tos white
(cerrbb)

6. Show the ratio resulting from the self-fertilizntion of & trihybrid (CeRrBb)-

Note Using the letters for the vartous color mutattons 1 guinea pigs as lsted o8
pages 91 and 92, show the visible ratios expected from the followng crosses Assum®
that all animals are S5, hence freo from v hite spotting

7. Brown, red spotted (eeaaCebtPp) X pale brown, yellow spotted (eeascebbpP>

8. Black (EEaaCCBbPP) X pale sepia (EEaaCCBbpp)

9. Brown, red agouts (EeAaCCbbPP) X pale brown, yellow agouts (Bedacctér?)

10. What s the chance of obtamming & pale-brown guinea pig from the follo\\u;g
cross Black, red agouts (BedaCeBbPp) X pale sepis, yellow agouts, yellow-spott
(eedaccBbpp)?

Note The ordinary domesticated guinea pig is smooth-hared, like the wild roder®
(Cavta cutlers) of South America that 13 considered 1ts ancestor The rmdwidusl b
slope backward on the body and downward toward the tips of the toes, 83 01 most
mammals There 1s 2 common variety of gumea pigs known as rough, which 15 the
result of & dommant mutation (B} It was discovered by W. E Castle, Har?®
geneticist, in 1905 The roughness is due to changes mn the normal hair direction® tbere
may be rosettes crests, partings, whorls, and hatr reversals in a variety of P3teY

Another gene (31), discovered by Sewall Wright 1 1916, reduces the roughn*’d
Gene 1 shows plete d All possible comb of the genes E 8%
M have been studied by Wright, and their effects determmed as follows:

RRMAM }Shyht rough, with hatr reversals on the hind toes at least, sometimes o
ReMM | the front toes also, and occasionally with s crest along the bsck
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RRMm }llodxﬁmi rough, usually s single par of rasettes on the back or, less often,
RrdMm a crest on the back, reversals on the toes

ERmm | Full sough, ususlly two paus of rosettes on the back, rosettes on the head,
rmm. reversals on belly and toes

A
UM cmoolh, a5 1 the wild cavies and the ordinary gumea pig Gene M 13
rrdm A

[ unable to express itself m the absence of B Wild cavies are rrAL)

11 Calenlate the expected phenotypic ratios from the following matings, desig-
nating the four vistble classes with the italicized terms 1n the preceding paragraphs,
a. MM X RRmm
b. Rrbfm X Rrdm.
¢ Rrmm X RriMm.
d rMm X RrMm,

12. In tomatoes twa pairs of genes affect the color of the ripe fruit as follows R,
red flesh; 7, yellow flesh, ¥, yellow skin, y, colorless skin Domimance 13 complete for
red flesh and yellow skin the mteractions of the genes grve {ruts of the following four
colors” R-Y-, red, fi~yy, puk, rr¥-, yellow, rryy, cream Calculate the expected
Phetiotypic ratios from the following crosses

6 Pmk (Rryy) X yellow (rr¥y)

% Red (Rr¥y) X eream (rryy).

¢. Red (RrYY) X pink (Rryy)

d Red (RRYy) X yellow (rr¥y)

¢ Red (RrYy) Xred (RrYy)

3. A parr of genes affects leaf shape in tomatoes as follows C, normal, deeply 1n-
dented Jeaf (cut), c, shallow notches, resembling a potato leaf (potato) Caleulate the
expected ratios from the follawing crosses (sce preceding problem for genes affecting
eolor),

@ Red, cut (RRYyCe) X cream, potato (rryyee)

b Puk, potato (Rryyee) X yellow, eut (rr¥yCe)

¢ Red, potato (Rr¥ycc) X cream, cut {rryyCe).

2 Yellow, patato (rr¥ycc) X red, cut (RrY YCo)

4. In corn the dominant genes, 4, G, and R, are all necessary for the production
f red aleurone color. A plant that csrries a double dose of any one of the three reces-
#1ve alleles (aa, cc, or rr) produces white seeds only A fourth dommant gene, I,
intibits the production of aleurone pigment, regardless of any other genes that may
be preseat A fifth dommant gene, P, converts any red pigment that 15 prodaced to
Purple P, however, has no effect when acting by itsclf .

Bhow the expected phenotypic ratios from seli-pollination of the following:

a. AACCRrPpu,

3 AACcRPPy

; iACCRrPPIi.

. AACCRRPpI, .

1, Calculatep Su: expeeted phenotypic ratios from the following erosses wa corn:

; ﬁaCcRrPPu X AaCeRrPPu

. AaCelir P aacerrppi

16 Wittt st o e guinen pig the six cost-color genes 5, £, 4, G, B, and
P are mherited independently of one another In the gumes pig there are 32 pairs of
b s. Caloulate the probability that six geaes chosen st random in the guiea
Pi& will each be found on a different chromosome.
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MULTIPLE ALLELES

The word allele 18 a general term used to denote the alternative forms
of a gene or of the character governed by the gene Thus the gene for
vestiglal wing m Drosophula (Fig 6, page 18) and the alternative not-
mal gene are alleles An older term, allelomorph (allelon, of one anothe;
morph, form), 1s frequently employed, mtroduced by Bateson in the early
days of Mendelism, 1ts usage 1s now yielding to the shorter term allele.

The studies of hnkage and crossing over, discussed 1n the next chapte?,
have shown that all the alleles of a given gene occupy the same Jocus on
the chromosome Only a smgle allele, of course, is present at any o8¢
time at a given locus

For a good many years 1t has been known that more than two alternd-
tive forms of & gene may eust Three or more m a set make up whats
known as a series of multiple alleles Multiple alleles have been dis-
covered 1n many spectes of plants and amimals

Several senes of multiple alleles have been discovered in man Among
these are the series responsible for the blood groups A-B-O, M-NS-
and Rh-Hr

The principles governing the relationships of the allcles 1n a series have
been studied thoroughly m a number of plants, 1 Drosophila, and
mammals In Drosophila many series are known There are, for example,
at least eight alleles of the vestigial gene, all affecting the size, shape,
and structure of the wing, and 14 alleles of the white-eye gene, all affect:
mg eye color, producing a sertes of eye colors ranging from white through
cream and pink to red Thesc two scrres itlustrate the fact that the alleles
m a series usually produce their major effects upon the same character
or process 1n the orgamsm and that the differences in their effects 8%
quantitative. i

In rodents several scries of multiple alleles have been demonstrate
According to Castle, at least five series are known in rabbits, One o
these is a sertes of triple alleles responsible for blood groups su-n.xlar 1.0
those in man,! 1n another (the albino series) six alleles have been identi-
fied. In the house mouse, at least four series are known.

1C E Keelor and W. L. Castle, Blood Group Inheritance 1 Rabbits, J. Hered
26:133-439, 1934

Wl
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THE GUINEA PIG

In the guinea pig three series have bheen found, all affecting pig-
mentation, Since the multiple alleles in the gumea pig illustrate the
prnciples common to other orgamsms, they will be described m some
detail

The wild-type guinea pig (agoutr pattern) was desenibed on page 89
A mutant vanety has red spots; i the absence of white spots the red
hairs tend to be dispersed, mving the ammal a brindled, or “tortoise
shell,” appearance The amount of red vanes from only a few red hairs
to large red areas A third allele climinates all black from the haur, leav-
ing the animal self red Pigmentation of the eyes 1s not affected by this
series Summanazing the effeets mentioned we have

E, No red spots
e, Tortoise shell (red spots)
e, Self red

As in the above example, superscripts are usually added to the sym-
bols in order to differentiate the genes of a series of multiple alleles F s
dominant over both of the other alleles, and e* 15 dommant over e It 1s
interesting to note that in rabbits a series apparently homologous with
this one in guinea pigs contans at least four alleles

In multiple alleles one gene of the series usually 18 completely domi-
nant over the others, Ordinanly this gene 15 the one prevalent m the wild
species, and from it the others have ansen by mutation Deommance
among the other members of the series 18 sometimes complete, more often
it 15 incomplete, There is no way of representing, by means of symbols,
the dominance situation of the lower alleles As 2 general rule the genes
may be arranged mn a senes showing graded effeets on a character, asn
the above example.

A second series of tniple alleles in guinea pigs, the agoutr serics, con-
cerns the distribution of pigment i the mdvdual hairs In the wild-type
guinea pig the agoutr band (page 90) 13 wder and lighter mn color on the
underparts of the animal than elsew here, causing the belly to appear yel-
low, As already noted, a recessve allele of the gene A chimmates the
band, converting the agout: pattern to black. 5

A third allele, a7, is intermediate, both in effect and as to domfnnncc,
@ reduces the width of the yellow band so that the agouti pattern is more
or less umiform all over the body. The agout: gene .1 13 dominant over
the other two, and o is dommant over @ In their cffects, thfwc nllcl'cs
form a graded scries 1n which the amount of red or yellow pigment in
the individual hairs 19 reduced in two ateps, thus:
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A, Agouts, hght-bellied
a’, Agouti, umform

a, Non-agout: (no banding of hairs)

The third series of multiple alleles found in guinea pigs is considerably
more complex than the other two Known as the albino seres, it seems
to be of general occurrence in mammals, although not 1dentical among

TasLE 8. EFFECTs OF THE ALBING SERtEs oF GENES 1x Guingd Pros 1v AL

PossiLe CommivaTiovs*

(Numbers indicate relative mtensities of pigment }

Genes Black (grade) Yellow (grade) | Lye color
C- |Black 210 |Red 10.6 | Black
¢ct | Dark sepia 201 |Yellow | 71 [Black
¢¢d | Dark sepia 194 |Yellow | 72 |Black
c¢r | Dark sepia 205 Yellow | 46 |Black
e+ | Dark sepia 185 |Yellow { 4.6 |Black
c'c! |Medumesepa | 16 9 |Yellow | 7.0 |Black
cter | Dark sepia 191 (Cream | 41 [Black
¢écs | Light sepia 14 0 | Cream 4.2 | Black
eer | Dark sepia 201 |White 0 Dark red
cres | Laght sepia 155 | White 0 Light red
cier | White ¢ |Whte | 0 Pk

* After Wright

them. In guinea pigs five alleles make up the albino series Assuming that
the background of other genes 1s that found in the wild type, the effects
of this series may be summarized briefly as follows:

C, “Intense”: coat color black and red, eyes black

¢, “Dark-dilution”: coat color dark sepia and yellow, eyes black

¢4, “Laght-dilution”. coat color medium sepia and yellow, eyes black

¢, “Red-eyed dilution”: coat color dark sep1a, yellow reduced to white,
eyes dark red

¢, Albinism- coat white, eyes pink

The effects of all of the possible combinations of these five alleles
have been studied exhaustively by Wright.,! His results are summar?Z
in Table 8. The numbers in the columns headed black and yellow, ™

* Bewall Wright, The Factors of the Albino Series of Guinea Pigs and Their

Effects

on Black and Yellow Pigmentation, Genetics, 10:223-200, 1925; and The Eﬂec“;;;
Combination of the Major Color-factors of the Guinea Prg, Genefics, 12 :530-569%
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rip] Vi lor, CC. (2)
(39re 35, Triple alleles i the rabbat (1) Wild type, wtense color,
Limalayap, uacz.:.‘p;:; Iwhma, pink eyes, ¢*ct. (3} Albino, white, pink eyes,
e,

17
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spectively, represent average intensities based upon a scale in whieh 210
is black, 10 6 15 red, and 0 1s white 1n each of the two color series

An mspection of Table 8 reveals a number of interesting facts %e
note first the complete dommance of C over the other four alleles and
the incomplete dommance among the four lower members If the alleles
are arranged 1n the order of ther quantitative effcet upon one process,
as upon the formation of yellow pigment, they are not i similar order
a5 to their effect upon black pigment Note for example that ¢ produces
almost as much black pigment in the hair as the mtensity gene €, 1
striking contrast 15 the low ability of ¢ to produce pigment in the ey
and 1ts total inability to produce yellow pigment.

A simutor albino series 1s found 1n the rahbit, three alleles of which are
shown in Fig 85 Wright’s theory concermng the physiological effect of
the albino series of alleles 1s summarized in the following quotation:

1t 15 suggested that the factors of the albmo series determune the rate 0{ some
one process fundamental to all pigmentation and that the irregularities it the
arder of effect on different kinds of pigment, or in different regions of the bOdYI:_
are due to subseq physiol } processes with which the albmo series ©
genes has nothing to do Among such processes one which determines a hghet
threshold for yellow than for black finds extensive corroboration in the sl
series of other mammals. A tendency for the production of yellow to interfer¢
with the productton of black is suggested by the guinea pig series. The d’ﬁ'ere.’ms
between intensity of blach mn the fur and the eye suggest that competitios
from yellow 18 laching 1n the cye, which thus shows more simply than the ¥
the effects of the different genes on intensity of black,

As we shall see 1n a later chapter, the genetic analysis of hair color
man still offers considerable difficultres. It 15 probable that some of these
difficulties are due to the fact that in man one or more scries of multiple
alleles exist, just as they do in guinea pigs and other mammals. The solu-
tion of the problem in human bemngs must wait on the collection of more
extensive pedigrees than those now available, There 1s no reasonlfﬂr
thinking that the principle of multiple alleles has any pecubar r.elatmn-
ship to hair eolor 1 mammals, the principle scems to apply nidely t'o
genes affecting all sorts of characters n plants and animals We have
chosen hair color in the guinea pig merely because this is one of the best-
worked-out eases The best-known cases of multiple allelism in man are
those affecting the many serological differences i human blood, 8!
numerous senes of blood groups and blood types Tiwo of these sertes ™
now be deseribed

ving

0O-A-8 BLOOD GROUPS

. I-
In recent years blood transfusions have come to be widely HSEde_"c
lowing severe hemorrhages and as a treatment in various discases
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knowledge that the blood donor and the recipient must be tested for
compatibility before a transfusion can be done safely has made us all
conscious of the existence of individual differences in human blood. Many,
however, do not realize that these differences are hereditary

There are four major blood groups, O, A, B, and AB Classification of
an individual is earried out by means of a simple laboratory test using
a drop of blood and testing sera The basis of the test 1s the property of
the serum of an individual of one group to cause a clumping (agglutina-
tion} of the corpuscles of an individual of another group, according to a
defimite system, to be described presently

The fact that such differences exist was not discovered until 1900, when
Dr. Karl Landsteiner, an Austrian physician, curious to see whether any
reaction occurred when bloods of human individuals were muxed, such
as was known to take place in the mng of bloods of different specres,
tried the experiment of mixing the serum of one person with the blood
of another. He found that in certamn cases a marked agglutination
reaction followed, while in other cases there was no reaction On the
basms of his studies Landsteiner recogmized three distinet human
blood groups The fourth group was discovered in 1902 by two of
his students

Subsequently Landstemer came to this country where he continued his
researches on blood at the Rockefeller Institute for Medical Research
For his many ongmal contributions he was awarded the Nobel prize in
medicine for 1930.

Begmning sometime in the early mineteenth century, blood transfustons
had been made from person to person, frequently with fatal. results The
fatalities, it now scems probable, followed the mixing of lncomgatlble
bloods, resulting in the clumping and/or hemolysis of the donor’s cor-
puselos 1n the blood vessels of the reciprent In blood transfusions the
serum of the donor is not hikely to produce 2 severe reaction, even though
1 15 antagonistic to the corpuscles of the recipient, because of the dilu-
tion with the recipient’s own serum The chuef danger comes from mtn’)-
ducing corpuscles which are agglutinated or hemolyzed hy the remplent’s
serum Surprising as 1t may seem, there 13 a possibility that s mother’s
blood may be of a type that will kill her own child 1f a transfusion is
made from mother to chuld, while the blood of a member of 2 different
Tace may be perfectly safe Since 1900 a vast amount of re=eﬂr.ch on tl}:e
blood groups of man has been done, including numerous studies of the
mode of inhertance and racial mgnificance of the groups

As to mode of mheritance, the existence of a series of thre
genes (tnple alleles) was demonstrated by 2 German :
F. Bernstein, in 1921, Every person has a pair—and only_ one pair—of
these genes, which may consist of any one of the i possible combina-

e alternative
1nvestigator,
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spectively, represent average intensities based upon  seale in which 210
is black, 10.6 1s red, and 0 is white in each of the two color senes

An mspection of Table 8 reveals a number of wteresting facts. e
note first the complete dominance of € over the other four alleles and
the incomplete dominance among the four lower members If the alleles
are arranged 1n the order of therr quantitative effect upon one proces
as upon the formation of yellow pigment, they are not in similar order
as to their effect upon black pigment Note for example that ¢ produces
almost as much blach pigment 1n the hair as the mtensity gene ¢
striking contrast 1s the low ability of ¢ to produec pigment in the eyt
and 1ts total mability to produce yellow pigment R

A simular albino series 15 found 1n the rablat, three alleles of which are
shown in Fig 35 Wright’s theory concerning the physiological }‘ﬂef' o
the albino series of atleles 15 summarized in the following quotation”

It 15 suggested that the factors of the albino series determine the rate of 5"::
one process fundamental to all pigmentation and that the irregulanties m !
order of effect on different kinds of pigment, or in different regions of the bOdy;
are due to subseq ph )! 1 proceswes with which the albmno semfh:r
genes has nothing to do Among such processes one which determumes a b8 .
threshold for vellow than for black finds extensive corroboration in the alz“;
series of other mammals A tendeney for the production of yellow to te :‘ﬁ
»ith the production of black is suggested by the guinea pig series, The dlﬂel’ﬂ:m
between intensity of blach m the fur and the eye sugsest that comped ‘fnr
from yellow 15 lacking 1 the eye, which thus shows more simply than the
the effects of the different genes on intenaity of black.

As we shall sec i a later chapter, the genetic analysis of bair wl‘;{ 1’:
man still offers constderable difficulties It 1s probable that some of the .
difficulties are due to the fact that n man one or more series of muImlJu-
alleles cxist, just as they do in gumea pigs and other mammals The s0 .
tion of the problem 1n human beings must wait on the collection of m?or
extensive pedigrees than those now available, There is no reason o
thinking that the principle of multiple alleles has any pecular {le‘l“' w0
ship to hair color in mammals, the principle seems to 2pply m'de]i v
genes affecting all sorts of characters 1n plants and animals \\ebﬂst‘
chosen hair color in the guinea prz merely because this is one (')f the iw
worked-out cases The best-known cases of multiple allehsm jn man o
those affecting the many serological differences m human blood,.gl‘m‘i
numerous series of blood groups and blood types Tiwao of these senes
now be described.

O-A-B BLOOD GROUPS
¥ used ot
¢

In recent years blood transfusions have come to be widel: i
lowing severe hemorrhages and as a treatment in various diseast
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Serum B
(Ant-A)

Serum A
(Anti-B)

Blood Group

e). Numeroud dark specks
cles. On slides that remain

(actual sz
Groups and Transfusion,”

ood corpus
«Blood

Figure 35 Blood grouping on glass ehdes
of various sizes indicate agglutinted red bl
clear there is no agglutmation (From Wener
3d ed , Charles C Thomas)
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glutinogens The homozygous recessive mdividual (i%) produces neither
agglutmogen. The general rule 1s that the plasma of an individual causes
an agglutmation of corpuscles containing agglutinogens not found in his
own blood, in other words, each person produces agglutinins against ag-
glutinogens which he does not possess

For & number of years the foregomng account was accepted as an ade-
quate serological and genetic explanation of the observed facts. Furthfr
studies, however, have demonstrated that agglutinogen A may exist in
either of two forms These have been designated as A; and Ay This dis-
covery means that there are two kinds of group A bloed, depending on
whether the agglutinogen is A, or A,. Consequently there are two kind.s
of group AB individuals, A,B and A.B. According to Wiener,! approx-
mately one-fourth to one-fifth of all group A individuals of Europeatt
ancestry belong to subgroup As, the rest belong to subgroup Ay A stl_ll
higher frequency of A, is found among the Bantu natives of Africa Azl
practically absent among the Mongoloids, Polynesians, and Australiaz
Abongines.

Serum from group B ordinanly contains agglutinins against both sub-
groups A, and Az, so that in testing, the A,'s and A,’s are lumped together.

The mode of mheritance of the subgroups of groups A and AB nov
seems well established Beginning with the first studies, reported in 1927,
numerous investigators in thes country and abroad have, according to #
tabul by Wiener, e d a total of 1,068 families, with 3,134 chil-
dren. These families mclude 16 different matings—all possible ones i~
volving A, and A, in fact, except the rare combinations A{B X A.Ban
A:B X A;B The conclusion reached 1s that instead of a series of only
three blood-group alleles 14, I5, and 1, there exist four allelic genes, I,
I#, I7, and i. The first three in the serics are dommnant over 1, and I*
15 donunant over I4. The ewsting six phenotypes and their 10 genotypes
are therefore as follows-

Phenotype Genotype
o i
A TAiTAy T4, TAadAe
As 43[4, JAxy,
B 1215, 13,
AB Iage
A:B T4g8

The frequency of the four groups (combining the subgroups of A ﬂlfd
of AB) has been studied 1n practically every racial and national grouPl:’;
the world through the efforts of many investigators. A summary of 4

1 Alexander § Wiener, *“Blood Groups and Transfusion,” 3d ed , Chales C Thobn;;:
Publisher, Springfield, I1l, 1943, This 18 an cxeellently written and sllustrated .
dealing with all aspects of the blood groups, mecluding historical, chmeal, gepeti®
anthropologieal, and medicolegal aspects -+
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data is given by Wiener. From the anthropological pownt of view the re-
sults are most interesting All four groups are found to be present and
widely distributed in all three major divisions of mankind—Caucasoids,
Mongoloids, and Negroids—as well as in most of the racial subdivistons
In the United States tests of many thousands of persons indicate the fre-
quency of the groups to be roughly as follows O 45 per cent, A 41 per
cent, B 10 per cent, AB 4 per cent These proportions are fairly typreal
of the peoples of western Europe As one travels eastward through Europe
and Asia and southward into Afnica and India, there appears a more or
less gradual rise in the percentage of group B In Europe and Japan this
Tise is largely at the expense of group O, among Afriean Negroes it 1s at
the expense of group A; and on the continent of Asia 1t 1s at the expense
of A or both O and A. There are high spots in the frequency of B m the
centers of Asia and Africa, with s falling off mn all directions

Among North American Negroes the group frequencies resemble closely
those of the natives of West Africe, as might have been expected from
the known origin of the Negroes m this country The figures for Negroes
are approvimately ss follows O 47 per cent, A 28 per cent, B 20 per cent,
AB 5 per cent.

In blood-group frequencies other African peoples may differ sharply
from those of West Africa, as illustrated by the Pygmies of the Ituri
Forest and the Bushmen of the Kalahan Desert

No examincd| 0, % | A4, % | B. % | AB, %

Pygmies* 1,032 306 ;| 303 | 201 100
Bushment 518 571 | 295 | 68 | 66
Bushmen} 446 560 | 339 | 85 16

* Wilbam C Boyd, “Genetics and the Races of Man,” Little, Brown & Company,
Boston, 1950

1 A, Puyper, Pygmics, Bushmen, and the Meaning of Travel, Scr_ Monthly, 70409,
1950

1A Zoutendyk, A € Kopee, and A E Mourant, The Blood Groups of the Bush-
men, Am.J Phys Anthropol, 11'361-368, 1953
T popu-

The most striking variations from the distributions in the larg
as illus-

lations are found among certamn small and 1solated populations,
trated in the following:

Number | 0, % | A% B, %|AB. %
-
Austrslian Aborigines S A N B
Tuainotus (Polynesians) 176 a3l % o o
Induans, pure (Peru) 20 10 0 17 0
Bush Negroes (Dutch Guiana} 336
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With small populations Iike those 1n the above table we see that it is
possible to have one or more alleles missing entirely.

Several attempts have been made to find rome correlation between the
blood groups and various other characters, including susceptibility to
specific infections and other diseases Suggestions of pesitive correlations
between certamn blood groups and susceptibility to specifie discases have
been reported. There 15 no critical evidence that any of the groups has
any selective advantage over any of the others, They may be merely
Mustrations of nonadaptive differences that have ansen through muta-
tion and chance preservation under conditions of partial jsolation result-
ing from barriers of one kind or another.

M-N-S-s BLOOD TYPES

In 1927 two additional hereditary agglutinogens, designated M and N,
were discovered by Landstemer and Levine in human blood. All persons
50 far tested have either one or the other or both of these and are there-
fore classfied as type M, N, or MN The frequencies of the three types
are the same 1 persons of all four blood groups in a given population,
indicating that the agglutinogens M and N have no relation to agglutin-
ogens A and B.

Human bemgs do not as a rule produce agglutimns agamst the agglo-
tinogens M and N, m contrast to their normal production of agglutinins
agamst the agglutinogens A and B Ant1-M rarely occurs in human serum,
anti-N even more rarely, either spontaneously or as a result of blood
transfusion

The test rera contaming the agglutinins or antibodies against the 2g-
glutmogens M and XN are obtained from rabbits injected with humad
blood of types M and N, respectively.

The mode of inhentance of the M-N types was correctly deduced by
Landstemer and Levine Wiener summanizes the results of investigations
by the orginal discoverers and by numerous later workers; 2,165 families
with 6,718 children are included in his table, The results demonstraté
the presence of too alleles, L¥ and L (using the first letter of the names
of the discoverers as the basic gene symbol): type M 15 always of geno
type L¥L¥, type N is LAL*, and type MN is L¥L¥. Each gene products
its characteristic agglutinogen when present in single dose, 28 well asin
double dose Thus 15 a general rule with other agplutinogens that have
aince been discovered 1n human blood,

In 1947 two investigators in Australia® found a new agglutinin in hu-
man blood that has the effect of subdividing each of the three M-N types

1R, J Waleh and Carmel Montgomery, A New Human Tsoagglutumin Subdividin?
the MN Blood Groups, Nature, 160:501, 1947
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into two subtypes, This agglutinin was called ant1-S, and the correspond-
Ing agglutinogen, S. The red blood cells of mdividuals of types M, N,
and MN react either positively to anti-S serum (type S) or show no re.
action to anti-S serum (type s) In 1931, Amencan mvestigators! found
in human blood an agglotinn (anti-s) which agglutinates the cells 1n
persohs of type s, whose eorpuscles therefore carry the corresponding
agglutinogen, s,

Aectording to one genetic theory, there are four alleles in the M-N
series; these may be designated as L¥S, LS, L', and L™ The super-
scripts indicate the agglutinogens produced by each of the four alleles.
With four alleles there are ten possible genotypes, and in this ease nine
phenotypes, as follows:

Phenotypes Genotypes
MS .. Luspus
M §s Lsp
M s Lpie
MN § Laspis
MN Ss JAS VAT AL
MY 5 LAL
N-§ LASIps
N s Lsphe
N s LN

Tests for the M-N-S-s types may be made with the shide techqlque as
deseribed for the A-B-O groups So far, agglutimins ant1-S and anti-s h:n:e
been found in the blood of only a few persons But everyone has mn his
red corpuseles agglutinogen 8, or s, or both § and s Conse:}ucntly fxll
Persons may be classified into the nine phenotypes The M-N-S-s series
has great value in questions of disputed parentage and n anthropology.
Sanger and Race? consider that 1t 15 potentially the most useful of alt

lood-group systems in the sohetion of problems of Wdentity and parent-
age. Wiener* has presented calculations showing the possible uscfulness
of the M.N-8s types mn questions of disputed xdenu%y, disputed pater-
nity and matermty, interchange of infants, and zygosity gf twins .

Race and Sanger* give methods of ealculating the relative frequencies
of the four alleles in a population and cite the following frequencies for
three populations that have been tested

'P Levine, A. B. Kuhmichel, N Wigod, aud E ]\'?eh, A New Blood Factor, »,
o B e o Sy, A 4 Human
:""Z&LSS ?\zi;.se?nli::m, of the M-N-§ 111;:2«1 Ty pes: Theoretico-statistiral Consid-

RS T i Rt vt “Bloo Groups i an” Chies G Thos,
Springfield, 111, 1950,
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Alleles LMs L IAS Ly
Enghsh 025 028 008 039
Australian Aborigines ¢ 00 0 26 000 074
New Gumnea natives 0 05 015 008 072

The Australian Aborigmes and the natives of New Guinea are evi-
dently similar m their frequencies of the agglutinogens M and N, but
differ strikingly from one another in agglutinogen S, which is entirely
lacking in the Australian Aborigines The English differ from both of these
groups 1n the frequencies of M and 8.

——v——>
LMS
L
LNS

Lt
Figure 37. Diagrams of chromosomes, to show that a
single gene with a double effect (leff) 1s transmitted mn
the same manner as two completely linked genes with
separate effects (right) On the left are four alleles of a
single gene, on the nght, four combinations of two
completely linked genes, each gene with two alleles.

Although the genetic evidence from the study of families supports the
theory of a senes of four alleles, as set out above, the technical question
still remamns as to whether the agglutinogens § and s may not be pro-
duced by a second pair of alleles situated close to the locus of A{/N—
so close 1n fact that the two genes are permanently limked It1s evident
from an nspection of the diagram 1n Fig. 37 that two completely Tinked
genes would be transmitted in the same manner as if they constituted
one gene with a double effect. For practical purposes in the solution
of problems we will therefore consider this series as one, with four alleles,
each allele having a double effect

PROBLEMS

Note- In the first four problems ealculate the expected phenotypie ratios from the
VATIOUS mAtings im guincs pigs, using page 91 and Table 8 for reference. Assume 1Y
every case that the ammals are homozygous for the genes for red spotting 32
non-agouts,

1. Mating of two light-sepia, cream, black-eyed animals (efen X c%)

2. Cross of & dark-sepia, white, dark-red-cyed animal with a Ight-scpis, whit®,
light-red-eyed amimal (ce” X ¢'¢9),

3. Matiog of two light-sepia, white, light-red-eyed animals (cres X ¢¢%)-
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4. Cross between blark-pyed and pinkecyed (7p ety X (pp et

8. Caleutate the expected phraotypic rat on among the (hldren of persons of the
foflowing blood groups:

e 0 X Atl4)

b O XAR

£ ALIA) X AUAD.

d A{IM) X BUI®),

& A(I4) X B{I"D.

1. A{1414) X AD,

g B X AB

6. Ate there any cases 1n whirhat s possible, knowing the blood group of o ctald,
10 atate positively the Hlood group of ity parents® Lxplan

7. 1§ matings erc at yandom with respect te the blood types, what perrentsge of
marriages among Caucasoids 1 the Uniied States should be M X M, M X MN?

8 1n s caso of duputed parentage the by vwas of blood type N att the mother
a8 of type MN, State all that you can about the type of the father

§ fancose of dinputed parentage tno habies were ‘of types NN and N, respectnvely
Theie mothers were also of types MN snd N, but it was uncestam to which smother
either baby belonged 'The husband of roman MN was of type N, the husbnnd of
woman X was of type M To wiich mother dud type ~ tishy belong?

0. Achild whoee father was of doubtfut udentity w.es found to be of hilood type Ns
Tts mother was of type MNs What types are possible m the father?

11. Last s}l the possible grnotypc ‘matngs among the ALN blood types, RNONDE
the Ba agplutinogens

12. How many different genolypic mativgs are posaible, meluding the 89 agglutine-
kena? (Show your method of calentation

13, Arcoring to e theory of the nature of alfelos, known as the presence and
ahwence hypothesss, proposed by Bateson andd Punnett, s seeessie character 3 due to
the ahsence of 8 dominant gene Morgast anggested that the eceurrent® of muftiple
alleles smade this hypotbews untenable Why docs this conclumon logically follow?
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LINKAGE AND CROSSING OVER

As we have scen, the prineples of segregation and independent assort-
ment can account for the appearance of many new traits and combina-
tions of traits m living things Since the genes are carred in the chromo-
somes 1t is obvious that the larger the number of chromosomes the greater
will be the number of posuble combinations of genes and traits resulting
from independent assortment.

If we could 1magine each gene as occupying its own special chrome-
some, we would then have independent assortment among all the genes
But such an 1dea is contrary to the facts In organisms that have been
studied intensively, such as corn (Zea mays) and the fly Drosophila mel-
anogasler, hundreds of Mendellan traits have been found. Corn has ten
parrs of chromosomes and Drosophila has only four pairs We conclude
that many genes must occupy a single chromosome This logical conclu-
ston 15 supported by various lines of evidence and may now be N‘Gﬂf‘ied
as a fact

The tendency of genes to be passed on to the next generation in groups
1s known ag linkage. Linkage has been found to apply generally in plants
and animals If we ignore for the moment the effect of multiple alleles 1n
producing vanahihity among organisms, we might conclude that linkage
is a severc restriction upon the possible vanability among orgamsms For
example, 1n Drosophila melanogaster, with 1ts four pairs of chromosomes,
only 16 different combinations of maternal and paternal chromosomes
are possible i the gametes At fertilization, from 16 kinds of gametes,
the possible kinds of genotypes among the zygotes number 81. This is'ﬂ
very small number compared to the number of combinztions possible
each gene hnown n Drosoplula were independent of all the others

The limitations mherent 1n the linkage system are, however, largely
compensated for by still another mechamsm for inereasing variability
This mechanism 15 known as crosstng over. Crossing over may be define
as the mutual exch of blocks of h i genes located on the fwo ment
bers of a pair of chromosomes. As a result of crossing over, most of the
combinations theoretically possible among the genes eventually occur

ns
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The first observations leading to the discovery of linkage and crossing
over were made in England by Bateson and Punnett i 2\pertments on
sweet peas. For the fullest development of the punciple of hukage and
€rossing over, hawever, we have to thank the Amenean buotogists T 1
Morgan and his students and asseciates, especially A H Sturtesant,

e e et ev e "

|

;
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i
{

a5, R
Figure 38, Thomas Huat Morgan, 18651945 (Taken
1932y

g Muller, and ¢ B Bridges The epach-making evpeniments upon
Whith our present conceptron of inkage and crosung over is bn%d.“ ere
Begun by Morgan sbout 1910, at Columbia Umwersity  The fmx;; fiy

"osophila, which has come to accupy & prominent place 1n research on
the structure and behavior of chromosomes, was wsed m the experiments,
For his contributions in this field Morgan recen ed many honors, nclud-
ing the Nobel prize 10 medicine for 1933. In order tuhxllustmktcd lmkgt,’;e
and erossing over ne gy well sclect a case it Drosophila worked out by
Morgan,
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LINKAGE AND CROSSING OVER IN DROSOPHILA

Two recessive mutations discovered by Morgan about 1920 are shown
i Fig 39 One of these, known as back, 18 much darker than the norms!
gray-bodied fly The other, testigial, has wings which are reduced to use
less stubs In both cases, if crossed with normal flies, these mutants give
the typical 3 1 ratro in the third (F3) generation. From a cross betweep
a pure long-winged black fly and a pure gray-bodied vestigial fly (Fig-
39) the offspring are all normal, since each parent gives to the offsprnng
the normal gene lacking 1n the other. When one of the normal diiybrid
females from thus eross 1s backerossed with the double recessive (black
vestigial) the resulting ratio 18 very different from the 1:1:1:1 ratio we
have learned to expect 1n a backeross mating of a dihybrid to a double
recessive The actual results of such an experiment are shown in Fig. 39

We note that the ratio 1s symmetrical in that the two combinations o
traits present in the grandparents are equally numerous, ss are also the
two new combmations The original combinations, however, mahe vp
83 per cent of the total number, instead of 50 per cent, as would be the
case for independent as<ortment. The rest of the offepring, amounting 10
17 per cent, are new combinations. The new combinations are kpown 25
recombinations, or crossovers As we shall see later, it was purely scc
dental that two mutants were chosen that showed 17 per cent crossicg
over The percentage of crossing over has direct relationship to the di=
tance the genes lie apart on the chromosome, and two other genes chosen
at random would probably show a different percentage.

Morgan showed that this unusual ratio fits perfectly into the theors
that the genes black and vestigial are on the rame chromosome; in other
words, that they are linked, and that the dibybrid produces four types
of gametes 1n the same ratio as that of the character combinations mits
offspring, namely, in this case:

(Br) wr) (br) (BY)
41 5% 41 5% 85% . 85%
(Symbols of genes located on a emngle ehromosome are
customarnly enclosed in parentheses )

The double-recessive parent produces only one kind of gamete (t)-
Since both genes in tins gamete are recessive, they do not affect the re-
tio- the charactenstics of the offspring in a backeross to the double re:
cessive correspond 1n every case to the gene make-up of the gametes
the dihybrid.

The dihybnd female parent obviously reccived from its parents the
two chromosomes (Bv) and (bV"). The only way in which the gametes )
and (BV?) could be produced by this female was through an exchang® of
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415¢ 4156 85% 855

Figues 39, Crossing over in D; hils, A grax vestigial d male i3
€rossed wath a black Jopg-winged female. Oge of the female offpring is
ba Lcnmed with a black vestigal male; the result s four types of of-pring

portions wndicated. (From Morgan, “The Phyncal Boris of
”"m‘w o B. Lippincott Compang, 1919.)

5‘"’?3 between the parental chromosomes. This exchange, or erosing
VI, gave rise to the two new combinstions of traits in the oﬂ"pnng It
5 b"5 ¥ significant that in all such i both
88 well as hoth parental combinstions, occur with equsl {requency.
H the sboye experiment is modified by usitg in the backeross mating,

121
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Figure 40. Crossing over in Drosophila. A black vestigtal-w inged male is crossed
with a gray long-winged female. One of the female offspring is bachcross
with o black vestigial male; the result 1s four types of offspring as indscat
Note that the combinations of traits shown by the crossovers are the s30¢ ©
those of the noncrosovers in Fig 39. (From Morgan, “The Physwal Basis of
Heredity,” J B Lippincott Company, 1919.)
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a female obtained from a cross between wild type and the double reces-
sive and which, therefore, has both dominant genes on one chromosome
and both recessive genes on the other (Fig, 40), the same percentage of
recombinations among the offspring is obtamned as in the previous ev
periment The combinations of traits in the crossovers and the noncross-
overs are, however, reversed 1n the two experiments, as can be seen by
comparing Figs 39 and 40. In the one experiment the traits shown by
the crossovers are the same as those shown by the nonerossovers in the
other, and vice versa.

These experiments prove that the normal alternatives of the genes for
black and for vestigial cross over with the same frequency as do the
black and the vestigial genes themselves—a result that agrees with the
hypothesis that such alternatives, or alleles, as they are known, occupy
corresponding posttions, or loci, on the chromosomes, Expressed other-
wise, 1t 15 the position of the genes rather than their nature that deter-
mines the percentage of crossing over

Several hundred genes 1n Drosophula have been tested, one with ap-
other, in order to discover their linkage relationships. All have been
found linked with other genes, not one being inherited 1ndependently of
all others The genes tested fall mto four hnkage groups, in which every
gene shows hnkage with all other genes of the same group, but shows io-
dependent assortment with all genes of the other three groups The nu*
ber of linkage groups corresponds exactly with the number of pairs o
chromosomes Furthermore, there 1s a correspondence between the num-
ber of genes in each of the four inkage groups and the relative lengths of
the four chromosomes, respectively Thus all but about a dozen of the
known genes belong to the three groups representing the three longest
chromosomes, the rest are located on the tiny fourth chromosome These
facts are all set forth in the linkage map for Drosophila (Fig 41).

Experiments show that the percentage of crossing over between any
two given genes 1s constant provided a umform genetic stock and stand-
ardized environment are used, so that if the eyperiment is repcated under
the same conditions the results may be predicted.

EXPLANATION OF LINKAGE AND CROSSING OVER IN CORN

The prnciple of linkage and crossing over established in experiments
with Drosophila applies also to other organisms. In most species, how-
ever, crossing over occurs in both sexes, rather than in females or{IY, s
in Drosophila. In hermaphroditic plants such as Indian corn (maize) It
takes place in both the male and the female parts of the plant, and asin
Drusophiln,. the number of linkage groups agrees with the number of chro-
mosome pairs
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T 1

Figure 42. Photonucrograph of the 10
h of maize at pach dur-
mg late prophase. Each apparently single
chromosome at this stage consists of a
synapsed pair. The large nucleolus will dis-
appear at the end of prophase. (From
RMorgan, Jr., J. Hereduty.)

Jo

Centromere

Figure 43. Diagrams of pachytene chromo-
somes of maize shown in Fig. 42 Each syn-
apsed (bivalent) chromosome is drawn as a
single line. Each of the 10 chromosomes Is
viaubly distinguishable (From Rhoades, J.
Hereduty, 41:60, 1950)
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Corn is one of the most thoroughly analyzed of the plants, with more
than 500 genes now known; and these all fall into 10 linkage groups cor-
responding to the 10 pairs of chromosomes in corn About 100 of the
genes have been assigned to a speaic locus on a particular chromosome
(Chap 18) All 10 chromosomes, mcidentally, are visibly distinguishable
under the microscope (Figs 42 and 43). A similar stage is shown in Fig
44 Some of the chromo-omes can here be identified by comparison mth
Fig 42 An Amencan cytogencticist, Dr. Barbara McClintock, is gher
chief credit for the identification of the jndividual chromosomes in com

S0

i
§
LSS
Figure 44, Photomicrograph of the 10
ch of maize at pachy ur-
ing late prophase. How many of the chromo-
somes in tlis figure can you identify by

comparison with Figs. 42 and 437 (Cour-
tesy of D T AMorgan, Jr)

and for the matching up of each chromosome with a particular hnkagé
group Since the relation between the chromosomes and jinkage is 80 “:91
worked out in corn, we shall use ths species 1n the following explanation
of erossing over.

In corn a dominant gene known as lassel seed (7)) has been Jocated o0
chromosome 4, Tassel-seeded plants bear pistils as well as stamens in
their tassels On this same chromosome there is a recessive gent respon”
sible for small pollen, for which we wall use the symbol s, These two gens
show 10 per cent crossing over

Let us start with a plant that is heterozygous for tassel sced and small
pollen, with one chromosome of the pair carrying both dominant BeRS
and the other both recessives, as shown in Fig. 45. Using the diagraty
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let us now follow the history of ths pair of chromosomes during meioss,
out aim will be to observe the distribution of the genes to the four hap-
loid cells that result from meiosis

1
s,
N

Leptonema

Diplonema Diakinesis. Metaphase 1

@)
o<
O=
™~

Prophase 11 Metaphase IT Anaphase IT
Figure 45, Diagram of meios:s showing one pair of chmmﬁ:
somes and a single chromatid exchange, resulting in !‘our cel
®1th two recombinations among the genes (Modified after
Rhoades.)

In the carly prophase of the first meiotic division, while the chromo-
fomes are long and slender (leptonema), numerous granules, or chromo-
Meres, differing in size and shape are arranged along the chromusc{nc

he chromomeres possibly represent the genes. The chrgmo:omc.s muk‘lnl;;
Up the pair attract onc another and come together side by side, with

Anaphase I
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similar chromomeres precisely matched up. This exact pairing of chromo-
meres and genes makes possible crossing over, which follows

The chromosomes now undergo 2 process of shortening, until finally
they measure only a fraction of their former length (pachynema). Pres-
ently each chromosome appears as a double thread held together by 2
single centromere Each chromosome has duplicated its chain of genes

3

D §et

Figure 46. Drawings of prophase chromosomes in two
species of plants Left: Lulium pardalinum Right
Fritillaria lanceolata. Note the identity in size and
linear order of the particles (chromomeres) of the pair-
ing chromosomes, and on the right the identity of the
four strands (chromatids) One chiasma 1s shown 1n
each figure. (From Crane and Lawrence, ** The Genelics
of Garden Plants," 4th ed., The Macmillan Company;
after Belling, 1031.)

and now consists of a pair of chromatids. The chromatids contsne
shorten s a result of colling

As shown in Figs. 42 and 43, during pachynema all the 10 chromo
somes can be 1dentified by their relative lengths, their chromomere pst
terns, centromere positions, and the deeply stainmg knobs The chrom"”
somes in corn are numbered from one to ten according to their relative
lengths

In the next stage, known as diplonema, the centromeres move apart
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nd their chromatids follew in groups of two, formmg Joops and nodey
A node is known as » chiasma {chiasto, X-shaped crossing), 1t 13 beheved
to mark & point of break ge of two h i h: 1ds and therr exa
change of homologous sectiana Note that this exchange, or erossing over,
brings the genes that fic on opposite sides of & ehiasmn 160 nEY Com
bimations, as shown in the succeeding stages of mejosis m Frg. 45, Onty
wo of the chromatids are shown undergoing crossmg over at a given
locus; this limitation is o general rule, which helps to account. for the ob-
served fact that not over 50 per cent of the offspring show recombina-
tions dus to crossing over,

As the two centromeres mave apart in the first mejotic divesion (Ana-
phase 1), each accompanied by jts two chramatids, we sce that one of
the chromatids carries a nes combination of genes, whale the other 1s un~
changed Durng the second metotic division the centromere divides, and
each daughter cenfromere, with & simgle chromatid, moves away frow it
duplicate (Anaphase 1), We now drop the term chromand and refer to
these objects ag chromosames, Nate that s Anaphase 1T se have four dif-
ferent cambinations of the tuo pairs of genes, tno crossovers and tao
nonerossovers The breeding results, as well as chromosome studies, prove
the correctness of the explenation represented m Fig 45

ummarizing, breeding evpenments indicate thet crossing over always
involves the exchange of segments of chromatids rather than single genes
Either chiromatad of one ch may exct with esther
chromatid of the b ! chr 3 pectve, or largely so, of
which strands have crossed over at other points A erossover can be de~
fected only in case the chromatids entering into the trade differ from one
another in at least twa genes, because it is only such crossovers that re-
sult in visble recombinations 2among the offspring.

¢ shall now itlustrate with the two genes of corn mentioned above

the method of caleulating ¥, ratios w o specics where crossover gametes
e produced in sperms as well 28 1n eges.

If 2 corn plant with small pollen (s) and normal flowers (5) 15 erossed
with ane that iy homozygous for large pollen {(S) and tassel seed (T}, the
bybrid will be tassel-sceded with large pollen, (§ TH(s £) Seli-ferhibza
tion of the hybrid wifl give the results shown ta the checkerboard,

1g. 47,

It is evident that the only difference between the salution of ptOHl’n’!s
in linksge such as this one and problems m independent nswrtmm:n }:5
that with knked genes the gametes pre not formed n equal numbcrsltbc
Bum of the crossover gametes does not exeeed 60lper cent and mx[x; :
Y percentnge what up to 50. The resulting ph pic ratias, there-
-{ re, are always expressed tn percenlages rather than in common fractions as

% independent assoriment.
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F, Dhybnd  (ST) (st}

((Ss{; ig:: }— 9025 Non-crossovers

Gametes
Sty 5%
((sT; 2 - ]———10,': Crossovers.
(ST) (8t) (sT} (st)
5% 5% Seerms 5y 455

ts1)
a5% | 2025(STI(ST) | 225(ST)(St) | 225(ST)(sT) | 2025(STH(st)

(St)

s, 225 (St)(8T) 025 (St) (St) 025 (St) (sT) 225(St) (st)

&

&

(sT)
’

2251sT) (ST) | 025(sT)(St) | 025(sT)(sT) | 225(sT(st)

B | pozsetisn | 225 sy | 2t | 202560

Figure 47. Diagram showing the checkerboard method of caleulating
F, ratios with tno hnked genes n an organism having crossavers
among both male and female gametes,

Summing up the phenotypes displayed in Fig. 47 we obtain:

70 25 per cent large pollen, tassel seed
4 75 per cent small pollen, tassel seed
475 per cent large pollen, normal seed

20 25 per cent small pollen, normal seed

LINKAGE IN MAMMALS

Linkage has been demonstrated in a number of mammals At least SD;
hinkage groups have been found m rabbuts, in which there are 22 pairs @
chromosomes In the mouse there are at least 13 known linkage §r0UP%
with 20 pairs of chromosomes (sce Chap. 19). In guinea pigs only ¢
case of linkage has been reported, 1 spite of intensive tests of 3 f2ir num-
ber of genes The failure to find others 1s probably related to the largt
number of chromosomes (32 pairs) in the guinea pig.

In man relatively httle progress has been made in the study
age, except 1n the case of sex linkage, considered in a later chapter e
comparatively large number of human chromosomes (24 pairs) and th
small size of human families are two of the factors that make the delc:
tion of linkage difficult 1n man, Special statistical methods have bee
developed for this purpose, and several cases of linkage have beed f‘;;
ported. We may safely prediet that in due time many human genes “1t
be located on chromosome maps Such a development would have g““:e
theoretical 1nterest as well as practical importance. A knowledge of ¢

of hnk-
The
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linkage relationships of human genes would permit more accurate pre-
dictions of the characters in the offspring of a given mating than 1s now
possible. For example, let us suppose that there 1s a highly undesirable
dominant gene (D) on the same chromosome as the one that carries the
gene for the 0-A-B blood groups. Also suppose that these genes have
been found to show 1 per cent crossing over. Gene D) expresses itself
at about age 40 In a pedigree such as the one below we could, by test-
12g the blood of the children, predict with 99 per cent accuracy whether
the child carried gene D or not.

Parents O (s d)(z d) X {IA D)(I* d) AB

CGametes (i) o ) moncrossovers (99%)
g,‘ Z; crossovers (1)
Children  (:d)(74 D), ( dXI2d) G d)I4d), ( )UP D)
noncrossovers (99%;)  crossovers (1%)

Of.EYOUp A children 99 per cent would be expected to develop the
trait, while only 1 per cent of those of group B should develop 1t

MAPPING CHROMOSOMES

Crossmg over between lhinked genes may be as little as }{¢ of 1 per
cent, on up to 50 per cent, depending on the two genes that are chosen
On the basis of their mutual crossover frequencies the genes 1n a chromo-
Some may be arranged n a definite order along a smgle e (Fig 41).
This 15, in fact, the only satisfactory way of representing graphically their
relationships

To 1llustrate the principle by an example let us consider two inked ro-
cessive genes in Drosoplula, black (a body color) and purple (an eye
color), both on chr II. The crossover of these two
&enes is 6.0 per cent. A third gene, engrailed (a body character), hes.on
the same chromosome as the other two Its crossover frequency with
purple is 7.5 per cent, Black and engrailed cross over with a frequency
of 135 per cent, which is the sum of the other tno These three genes
may therefore be arranged on a graph, commonly known asa chromosome
map, as follows,

60 75

—_———

| I
Black Purple Engrailed

138
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In fact, no other scquence of these three genes in a straight line will fit
the experimental results

Genes are placed on the map in the linear order determined by ther
crossover relationshups, The locus of cach 15 indreated by a number. The
difference between the numbers of two neighboring genes gives the per-
centage of crossing over that has been found between the two genes

Suppose that we now wish to locate the vestigial gene on the map. As
we have seen, Morgan found that vestigial and black cross over to pro-
duce 17 per cent recombinations Does the vestigial gene lie to the right
of black, ie., beyond engrailed, or does it lie to the left of black? To
answer this question, vestigial and engrailed flies are mated and the di-
hybnd is backcrossed as in Morgan’s experiment with vestigial and blach.
The results show 5 per cent crossing over between vestigial and engrailed
Vestigial therefore must be placed to the right of engrailed as follons.

60 75 50
[ i 1 _
Black Purple Engraled  Vestgal
~-
185

If vestigial were placed to the left of engrailed it 1s obvious that 1t
would not give 17 per cent crossing over with black By a continuation of
this testing process all the genes on the chromosome may be arranged 1
a defimte linear order.

Double Crossovers, We note that the summation of the map distances
between black and vestigial gives 18.5, but as shown by Morgan's £
periments, using only black and vestigial, the crossing over between these
two genes was 17 per cent The discrepancy is explained s the n:sult. o
tz‘o simultaneous exchanges between the genes for black and vestigial,
thus.

: v b v b v b v
b _ v b v b v b v
Pre—— e en ot

8 v B vV B Vv B v
B v B V B Vv B v

Although, as shown 1n the diagram, two crossovers have occurred be
tween black and vestigial, these have produced no recombinations with
respect to black and vestigial: one crossover has canceled the effect ©
the other. This case illustrates the fact that when two genes e far
enough apart for double crossovers to take place the frequency of o
served recombinations 1s less than the frequency of chromatid exchanges
Distances on the chromosome map tell us the expected frequency of re-
combinations only when the two genes are close to one another—s0 € ose
that double crossovers do not occur.
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Triple and other multiple crossovers also are known to oceur Any even
number of crossovers has the same effect as two; only odd numbers re-
salt in new combinations.

AThree-paint Experiment. Let us now examine an espeniment in v hich
three genes in chromosome I of Drosophila (Fig 41) were studied simul-
tancously.! A female homozygous for the three recessive genes ruby, cul.
and sermalion, (rb ¢t v){rb ¢t v), was crossed with a wild-type male. The F,
trply heterozypous daughters were b d toa triply r ive male
Q(Rb Ct V){rb ct v) X & {rb ct v). The females produced eight combina-
tions in their eggs, as follows: (Rb Ct V), (rb et o), (Rb et v), (rb Ct 1),
(BY Ct vy, (rd ct V), (Rb cf V), and (b Ct v). The male, of course, pro-
\‘{UCed only one kind of sperm (rb ¢t v). The F1 ofispring may therefore be
listed directly from the above combinations in the eggs The following
phenotypic ratio was obtained among the 1,622 Fz's.

Noncrossovers Single erossovers Double crossovers
—_— |

RHCLV 590 Inthe Rbet v+ 120 | Inboth Rbet V. 4

thetv 53 fiest th CtV 137 | regons b Ctv 11

8 6%) 1,120 region (15 9%) 257 ©9%) 15

e
Inthe RbCtv 107
secopd b ¢t V114
region (13 6%) 221

‘The recombinations resulting from crossing over between ruby and ver-
millon equal 478, or 29.5 per cent of the total This s the sum of the
classes of single crossovers, There were 15 double crossovers, These show
00 new combinations between ruby and vermilion, and we would not
know of their existence exeept for the presence of the gene ¢t lying between
ruby and vermilion. We must conclude, however, that for each of the 15
double 5 there was a simul kage in two regions of the
chromosome, viz., between ruby and cut and between cut and vermxho_n.
The actual crossovers in this experiment were therefore 257 + 15, or 272
(16 8 per cent), between ruby and cut, and 221 + 15, or 236 {14 5 per
cent), between cut and vermilion, making a total of 508 crossavers among
the 1,622 functional eggs, or 31.3 per cent.

We thus see that with two genes lying far apar
mihion, the observed phenotypic recombinations
acters will be less than the sum of all the crossovers

The authors atate that in the experiment from » hich the above data
Were taken this is known to be all the erossing over that occurred, beeause

YT. X, Morgsn, C. B Bridges, snd A. H, Sturtevant, The Genetics of Drosophila,
Blographia Genet , vol. 2, 1925-

t, as with ruby and vere
between the two char-
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In fact, no other sequence of these three genes in a straight line will fit
the experimental results

Genes are placed on the map in the linear order determined by ther
crossover relationships The locus of each is indicated by a number. The
difference between the numbers of two neighboring genes gives the per
centage of crossing over that has been found between the two genes

Suppose that we now wish to locate the vestigial gene on the map As
we have scen, Morgan found that vestigial and black eross over to pro-
duce 17 per cent recombinations. Does the vestigial gene lie to the right
of black, 1e., beyond engrailed, or does it lic to the left of black? To
answer this question, vestigial and engrailed flies are mated and the di-
hybrid is backerossed as in Morgan's experiment with vestigial and black
The results show 5 per cent crossing over between vestigial and engraled
Vestigial therefore must be placed to the right of engrailed s follows:

60 75 50
L | ! _J
Bla:Lk Purpte Engrailed Vestgial
—
185

If vestigial were placed to the left of engratled it 15 obvious that 1t
would not give 17 per cent crossing over with black By & continuation of
this testing process all the genes on the chromosome may be arranged 10
a defimte hinear order.

Double Crossovers, We note that the summation of the map distance?
between black and vestigial gives 18.5; but as shown by Morgan's €©
periments, using only black and vestigial, the crossing over betveen these
two genes was 17 per cent. The discrepancy is explamed 2s the result of
tgo simultaneous exchanges between the genes for black and vestigith
thus:

b ¥ b v b v b v
P _ v b v B v b v
— POC /o ——

v 8 v B v B v
6 v B vV B ] v

Although, as shown in the diagram, two crossovers have oceurred }.Je'
tween black and vestigal, these have produced no recombinations wit
respect to black and vestigial: one crossover has canceled the eﬁle’ﬁ o
the other. This case illustrates the fact that when two genes e {;:
enough apart for double crossovers to take place the frequency O °
served recombinations is less than the frequency of chromatid exchang®
Distances on the chromosome map tell us the expected frequency OI;:
combinations only when the tiwo genes are close to one another—50 &%
that double crossovers do not occur.
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Map Di versus Ch Di Do the map dis!
a3 ined from bination p t represent accurately real
distances on the chromosome? The evidence ndicates that they do vat.
Ta quote Morgan on this point:*

An important reservation must be made here—one that geneticists have
slxays been amare of. We have sesumed that the chance of Frossing Gver 1 the
fame st every level of the chromosomes As will be shown presently this may be
ineract The pomnt is ilustrated by s railrosd timetable The time & teain tahes
between stations is & fair measure of their distance ppart, hut it 13 not ewsct
There may be grades or vatiatrons in epeed, or waits at certun ponts I CoT-e
quence of which the time betw een stations ia not always s exact easure of thewr
distance from each other Sa it may be with the map distances For, W ero=ang
over should be more frequent 1n rertain yegions thap in others, the map distanees
are ooly approdimately true.

Fram observations of certain types of chromosome changes (Chap 12}
bas come the diseovery that crossing over oveurs with leas frequency ness
the centromere at the center of the two long chromosomes of Drosophda
than it does near the ends. The genes near the centromere are therefore
sctually farther apart on the chromaosome than 13 indicated on the map

An important peculiarity respecting crossig over in Drosaphila—a
Pecubarity which has made this animal ans cspecially favorable one for
the study of chromosome structure—is the failure of erpsang over to take
place in the male, under normat conditions The problem for the wvesti-
Bator is thus eimplified s that he con determine Aireetly the percentage
of crossing over merely by observing the pew combinations among the ?ﬂ’
ring, knowing that any new combinations must be the result of erossing
over in the formation of the eggs.

SUMMARY

The number of genes possessed by an organism greatly exceeds the
number of chromosomes, Ordsnatily cach chromosame contains many
ff;"& ;nmse in a single chromosame are anid to be linked, and this prio-

e of aggregation is known as linkage. . R

A3 5 general rule the genes in & linkage group do not remaint P""‘::s
Bently hinked, but may exchange places at mejoua with homologo!
Benes on the oppoutte chromosome of the pair, This exchange 19 known 33
rosting orer,

Linked genes crows over with s definite frenuency’ inau
“ndef_umfoml environmental eonditions

Individuais showing characteristios pest

* Thomas Tant Morgan, #Thw feientific Pasinof Lvotution”

mpany, Inc., New York, 1935.

niform stock and

iting from prossing over sT€
s W W, Norton &
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known as crossovers, or recombinations; those in which no crossing over is
evident are known as noncrossovers.

Genes cross over m chains, or segments, rather than singly. The ex-
changed chains of genes consist of homologous pieces of chromatids be-
longing to homologous chromosomes As a result of chromatid exchsnge
two types of visible crossovers occur in equal numbers; liken ise two types
of noncrossovers occur in equal numbers

The frequency of crossing over between two genes depends durectly,
although not wholly, upon the distance apart the genes happen to Le
upon the chromosome. In general the farther apart two genes lie, the
higher 13 the percentage of erossing over.

The percentage of recombinations does not exceed 50 because (1)
double ecrossovers, triple crossovers, ete, occur between two genes that
are far apart, (2) only single and other odd-numbered crossovers betwn et
these two genes result in recombination; and (3) only two chromatid
strands break and rejoin at any one level.

By comparing mutual crossover percentages, linked genes may be
graphed on a single straight line Such a graph is known as & chromosomé
map. The gene loct are separated on the map by distances corresponding
to their crossover percentages. Because of the existence of double and
multiple crossovers the map is accurate only for genes relatively clo
together Discrepancies between map distances and actual chromosom?
distances sometimes occur as a result of differentiation within the str¢
ture of the chr For ple, 1n Drosophila and n some other
organisms a special kind of chromatin known as heterochromatin is con-
centrated near the centromeres of the chromosomes. Crossing over is rels-
tively infrequent near the centromeres Moreover, a crossover tends to
mhibit the occurrence of another crossover nearby; this is know? L
interference

Linkage 15 an incidental résult of the nggregation of genes in chromo
somes Its effect is to hmt the vanability among individuals Cr‘DSS"'K
over, on the contrary, has the effect of increasing vanability. 1f linkeg®
were complete, 1.e., if there were no crossing over, there would be, effet-
tively, only as many series of alleles as chromosomes, since eack chrom°:
some possessing a mutant at any locus whatsoever would behave merely
a8 an allele of 1ts homologous chromosome that Iacks that mutant THS
two new mutations at different loci in a given chromosome would &
only two new binations for this chr making a total of three.
the orignal A B and mutants A4 b and a__B. With crossing over tbﬂ":
would be 22, or four, combinations possible: 4 B, 4_b,a_ B andg
For the same reason, 100 mutations at different loci in a pamcuh{ chre
mosome would give only 101 combinations for this chromosome, I .
ahsence of crossing over, but 2! posstble combinations with crossing 0+¢
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This ‘:ﬂte'r huge number also represents, of cousse, the number of ‘possible
.mmbm‘"“’“s with 100 genes on a8 many separate chromosomes assortng
independently.

With respect to the evolutionsry significance of finkage and €rossing
over thm—e. are probably advantages to the species both in the possibility
of fecombination and in some restraing on the freedom of recombination,
and the situation actuntly found in a species 1s the result of & process of
selection toward the moast favorable balance.)

PROBLEMS

h):; :;hw In working problems in inkage slways heep the eymbols for finked genes
of bnn"’ n Kﬂ‘metrs a3 well a8 1n zygotes, by enclosmg them pareniheses, wmstead
IS 1&";;‘ pais of alleles together a8 m imdependent sssortment
st rosophils the percentage of crosmng over between vestigial and lobe (an
Disgram ““zy e character) 13 50 per cent Vestigial 1s recesaive, lobe 1g dommant
st s py resulits of & mating betucen & male hompzygous for lobe and Jong 106
2243 sermabeyed vestigal female; follow this by & backeros "o one of the female
smong et normaleyed vestigial male, showing the expocted phenotypic 18t
2 Ehow fispring of the backeross mating
i the oy e TR yesulting fromn & mating between 1male and female both obtamed
‘cm:".crou in Problem 1. {No erossing over in males of Drosophls )
resessive :mg over in Drosophila takes piace between lobe snd engyailed (afs abnormal
a matsny b°dy charaeter) with a frequency of 100 per cent Determinothe Fatio from
eyed m‘ etheen » femele heterozygous for both lobe aad engraled, and & 2
A Shimxea male (LE}(e) X (te}lie)
o Shos the revilly of @ mating betneen & male and & temate
b nad engraled, (L E) 3} x (L EYC0
oL mz:\:;xtc the phenotypic ratio expected from
M;t ::d"md above, lobe and vestigial have » crossover frequency of 50 ;;c; cents,
oo sad engraied a frequency of 00 per cest; whils Sestigial and engrailed ros
With a frequency of 5 0 per cent, Arrange these three genes o & chromosome map.
cummates alt color from the

ormal-
both heterozygous

the foltowing cross 2 (b € (98

Hote Tu corn, a recessive
T gene ¢, known as calorless,
¥ Seedl with tho dommnant gene € are colored. & rectszie o ne ruTks, &
ases the sord 1o be dented or shrunke, seeds with the allele § are full The gty
the 1oned eross pyer with & frequency of 3 0 per cent Crossimg over oecuTs
e sad tho femalo prts of the plant.
by "é’;the results of the following matings”
’ fored full, (€ S){c9) X coloslesa shrunker, (c 8)(= 2.
M Colaced full, (o B)(C? 5} % eolorless shrumken, (¢ (s 2}
Colored full, (C S)(c4) X coloved full, (€ SHe ) X
10 Whatis the chance that two genes chosen st raudom in pess (T P88 of chromo
tomes) will be hinked? W(!?:t‘is thﬁ chance m man with 23 pairs of chmmosom!?
both species assume that the genes are equally distrebuted among {the chromOosome:
Note Tn rublats Lo Duteh type of whits epottiag, @), simular i sppesrance ta the
*hite spotting r:x ;-?itxequx:i‘:e recessive to self color Long hair, o7 Angora, D :
Tecessive t0 the normal short hair The genes d and | are hnked, with 8 "“f’m:;!ﬁr
eentage of about 14 0. Show the phenotypic raties expected from the follawing © 3
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11. A hybrid (obtamned from a cross betseen a Dutch, Angora, and & homozygous
self, short hair) X a Dutch, Angora

12. A hybnd (obtamed from a cross between a Dutch, homozygous short harr, aud
a homozygous self, Angorn) X a Dutch, Angora

Note In guinea pigs Sewall Wright found good evidence that the gene for rougbaess
(1) 15 Imked with the gene for the restoration of the missing thumb, or pollux, (Pri
These genes show crossing over 1n about 42 per cent of the gametes Calculate the
cxpected phenotypic ratios 1n the following matings—crossing over 18 present in both
sexes

13. (R Px)tr px) X (r px){r pz).

14 (R px)(r Px) X (r pz}{r pz)

16. In guinca pigs there are 32 pawrs of chromosomes What is the chance that aght
genes chosen at random will all be on separate chromosomes? Show your method of
ealoulation

16 In Drosophila two recessive genes . chromosome I1I, scarlet and duarf, sho¥
60 per cent crossing over Calenlate the etpected rakio from a doubly heteron gt
female, (D 8)(d s), with o male, (d2)(de) The normal alternatives of scarlel 3nd
dwarf are red eye and normal body, respectively tal

17. Caleulate the expected ratio from a mating of F, flies obtained from the pares!
cross (d SMd 8) X (Ds)(Ds). (No crossing over in males ) 5

18. In Drosoplila the gencs for vestigial and safrantn (both recesst
some II) show 7 0 per cent crossmng over. Caleulate the expected ratio
heterazygous long-winged red-eyed female mated with a vestigial sa
WSV 8) X (ca)vs)

19 Calculate the expected ratio from o mating between a ferele an
of the constitution (v S)(V' s) (No crossing over in male Drosophila) "

20 Inamatmg between a triple heterozygote, (4 B C)a b ), and a triple "ms‘lmé
(8be)abe), there were 1,000 ofispring made up of the following phenotypes
roman letters to represent phenotypes)-

ves in chromo-
from 2 doubly
franin msle

d 5 male, each

ABC 428 ABc
abe 420 abC 38
Abe 34 a Be 1
aBC 33 AbC 2

nd e Howdo

Caleulate the nummber of recombinations between a and b, b and ¢; 8 "si’, Caleulte

you account for the fact that the sum of the first two exceeds the Ja
comnerdence
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SEX DETERMINATION AND
SEX DIFFERENTIATION

As & result of investigations made snce the resurrection of Mendel’s
Paper; we now know that sex is a characteristic which follows the law of
segregation, Mendel himsclf, 1n a letter to the botamst Négeh, m Sep-
tember, 1870, had suggested this as a possibility. The final solution of the
problem of sex determination was, In fact, a logical outgrowth of the dis-
covery of Mendels first law.

The importance of sex m the biological world, including the world of
human affairs, can hardly be averestimated Since ancient times men have
speculated on the causes of sex differences, and the great number of earher
theorieg revolving around sex goes to show how madequate these theones
proved to be.

Before the mechanism of heredity became known, the theories of sex
determination usually emphasized the ecternal environment rather than
the 1nherent nature of the reproductive cells Thus, at varous times, it
kad been maintamed that the sex of the child was detcrmmgd by the
Felative vigor of the parents, by their relative ages, by the nutnition of the
Mother, by the season of mating, by the ripeness of the egg (time elapsed
betwcen the release of the egg from the ovary and its fertthzation by the
Sperm), by the particular ovary or testis (right or left as the case may be)
“hich produced the egg or sperm, ete. None of these environmenta! fac-
tors, however, had stood the test of critical examation. Tl\efefore, l!l]'l'
Vestigators finally turned their attention to the nternal mechanism of the
eell, where eventually they found the true explanation.

CHROMOSOMES AND SEX DETERMINATION

The first definite suggestion of a chromosome mechantsm for the deter-

Munation of sex eame from Professor C. E. McClung, an Amcﬁc}’e‘::‘:‘;‘;
B55t, who ohserved in 1902, while studyms the colls of grasshopperd, & 02
one of the chromosomes of the male always lacked a mate. The =

139
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Upon examunation of the cells of many animals, the foregoing type of
chromosome arrangement was found to be a very commeon one, especially
in certain insects and nematode worms,

In 1905 Wilson deseribed a shghtly different type of chromosome 3+
rangement 1n a number of other jnsccts; namely, a condition m which
both sexes had the same even number of chromosomes, the female having
two X’s and the male one X paired up with s much smaller “Y ? The
sexes 1n such cases are therefore designated XX = female, XY = mﬂ!’
Wilson regarded this as the more primitive condition, from which the kq
conditton had evolved Obvicusly, a gradual reduction in the size of the ¥
chromosome 1n & species and 1ts final complete elimnation would result
in the X0 eonditinn
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Figure 50, Senudiagrammatic drawinzs of the chromo-
<omes in the metaphase plate stage 1n six species of the
genus Drosophila Chromosomes of females are shown
on the left and males on the nzht X and Y chromo~
somes are placed at the bottom of the dingram 1 each
case. The lower figure serves for two species. In D
duncam the Y chromosome 13 a straight rod and the X
chromosome is V-shaped, m D. orbospiracula the male
has no Y chromosome, and in the other four spectes the
X and Y chromowomes are s wbly ahke (From Patterson,
Studies in the Genetics of Nrosophila, 11l The Droso-
philidae of the Southwest, Unte, Teras Publ. 4313.)
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o 111 7 ect areom fy cen s n eseeseauints

2{J )2 RPN GO tercrcaeaesnni s pines

Figure 51. Human ch (4) Male: k plate stage of
fpermatogonta from two different men, each cell showmg 48 chromosomes.
The smaller chromosomes typieally are arranged in the center of the cell
X 3,600 dtameters (B) Female metaphase plate stage in tno cells from the
uterus, each cell showing 48 chromosomes X 3,600 diameters (C) Male
(D) Female. Chromosomes from somatic prophase nuclei, arranged in psirs
according to sze The X and Y chromosomes of the male are shown at the
extreme right. (From Evans and Suezy, The Chromosomes in Man, Sez @
Somatic, Mem Univ. Calif , 1ol. 9, no. 1, 1920,)
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the development of a female In some way these onenal quantitative dif-
ferences subsequently give nse to the qualitative differences betneen the
seves.

In most animals and plants with separate sexes so far mvestigated, sex
hias been found to depend upon a difference m the chromosomes of the
msle, as afready described. Interesting exceptions exsst n the case of
birds and certain moths, fishes, amphibians, aud reptiles, in which the
female rather then the male s heterozygous for sex 1n some of these the
female hias but one X chromosome and no Y, and the male has two X’s,
and in others the fomale has an X and o Y and the male has two X
chromosomes. The end result is identical, honever, 5o far as the sex ratio
is concerned, sinee with twe lunds of eggs produced in equal numbers and”
only one kind of sperm, males and females will appear in equal numbers
fust agin the more numerous species whose males are heterozygous forsex.

SEX RATIO IN MAN AND ANIMALS

How is the chromosome theory of sex defermination actually borne out
by birth records i man and other species® According to records compiled
by Professor J. ay L. Lush,! of lowa State College, the sex ratio at birth
{etpressed in nercentages of males among all births} for man and some of
{he common domesticated mammats 18 55 shown in Table ® In mast cases
the ratio is based upon many thousands of births Some of the vartation
within a apecies 15 probably due to actual dufferences among breeds or
Taces,

TapLe 9 Bex Rario a1 Brrwn

Spesies Vates, %
Man 50 7-51 7
Dog 51 5~52 8
Rat 512
Mouse 50 0-54 1
Pig 5 1-52 3
Cow 49 4522
Torse 48 9-43 9
Maule 443
Sheep 45040 5
Goat (Angora) 50 1
Rabiut . st

The deviation from the capected ratio of 1 1 in man, ulth?ugh_no‘t
great, is highly significant and not due to errors of sampln}g, since it s
based upon mllions of births, and 1s true for the human species in general

*Jay L Lush, “Anumnal Breehiag Plans,” 33 od , Town State Coilege Press, Ames,
Tows, 1995,
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all over the world. This is illustrated in Table 10 showing some of the
countries 1n which relatively accurate birth statistics have been kept

What 15 the cause of the cxcess of male births over female birthsin man?
One of the most natural explanations that might occur to the reader
would be a differential mortality of the two sexes operating agamst the
females prior to birth All the evidence available, however, leads to the
opposite conclusion It is the male sex which suffers the higher prenatal
mortality This has been proved by a number of studies of the sex of pre-
mature births including embryos as young as four months and less The
greatest excess of stillborn males is found in the youngest groups Strand-
skov and Bisaceia! made a thorough study of the stillbirths in o restricted
region of the United States where early as well as late stillbirths are re-
ported for the years 1922-1936 The total number of births, includmng
stillbirths, was 7,723,922, of which 51 31 per cent were males The still-
births are shown 1n Table 11 The percentage of male stillbirths deereases
with age until the seventh month, then rises somewhat

TasLE 10 Humax Sex Ratio at Bremn, 1921-1925*

Country Males, %
Germany 516
Finland 515
Sweden 514
United Statest 514
Netherlands 514
Norway 513
Ttaly 513
Scotland 512
Belgum 512
France 512
Switzerland 512
Lngland and Wales 511
Jupan (1921-1924) 510

*5 Jastrzehska, Sex-ratio at Birth and Death, “Lineyclopaedia Brtanuica,” KB
ed

1 Report of US Buresu of the Census (In 1021 there were 24 states, chicfly mhth:
South and West, which were not meluded m the birth-regstration area; 10 of 4 ;s)
were added 1n the perod 1921 to 1925, and 1 1933 the last one, Texas, was a3de

If the same rule of excess mortality in male embryos holds in the still
younger aborted embryos, which are not ordinarily observed, and g0 0%
all the nay back to fertihization, we are left with the necessity of conclud-
ing that a higher percentage of fertilizations must be effected by sperms
carrying a Y chromosome than by sperms carrying an X chromosomet
The existence of such a differential fertihzation has not been proved: bu

HL H. Strandshov and H Busaceia, The Sex Ratto of Human Stallbirtbs n; El-“"

Month of Uterogestation and at Conception, Am. J. Phys Anthropol , 08, 7313171
1049
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it is the most, probable explanation so far offered. Several hypotheses have
been proposed to nceount for such 4 supposed differential fertilization,
T. H. Morgan! suggested that since the Y chromosome n man 1s only
about one-half the size of the X chromosorne, the head of the sperm carry-
ing the Y chromosome may be slightly smaller, hence the Y-carrying
sperm shoufd have a slight advantage in the long race up the uterus and
oviduet of the female to the upper end of the oviduct where fertilization
is effected.

Tanie 11, Sricenrns ron Wicn Sex anp Mowra Wes RerorteEd FROM
A RESTRICTED ARE OF UniTED STATES®
(Data from U 8, Bureau of the Census, 1922-1936, mclusive )

Totalno. | No of Mean of the 15

Month of o male | yearly percentages

WHeTORIRIOn L iieths | stllbisths | of mate stllbuthe
Under 4th 4.519 3,539 78 610
ith 9,408 6,289 67 065
Sth 18,207 10,627 8 571
6th . 26,021 14,341 55 089
7th . 33.513 17,923 53 520
8th . 42,151 23.282 55 201
9th 99,054 56,900 57 324
10th 3,707 2,135 57 811
Total pertod 236,580 | 135,015 57 078

* After Steandskov and Bisacora,

In conformity with this hypothesis 1t is reported that two sizes of hu-
M2n sperms actually exist In a number of ammals, ncluding the pig, the
dog, the horse, and the worm Ascaris, measurements of the sperm heads
(largely chromatin) have been made and the dimensions plotted in curves
of variability, According to Wilson,? *“in neatly all cases t'i:c curves have
been bimodal, indicating the existence of two size-groups ” In ma:x also,
two classes of sperms, based on s1ze differences, have been reported * Some
investigators, however, have questioned whether the dl‘ﬂ'cl'enccs 1n size of
Sperm are due to duff 1n chr content Diff n matu-
Tity of the sperms have been suggested as a cause The problem scems to
¢all for further research, . .

No one has yet been able to scparate c‘(pm:xmontnlly the X and :‘
sperms, although the attempt has been made using several methods suel

*T. 1. Morgan, “The Physwcal Basis of Heredity,” J B Lippmeott Company,
Philadelphus, 1919,

*Wilson, op cif N ot

A8 Parkes, Head Length Dimorplism of 3
Microrcop. Sz , 67615625, 1023.
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as centrifuging and clectrolysis. Nor have there becn any dependable suc-
cesses 1n controlling the sex in mammals by the use of chemicals intro-
duced nto the female genital tract prior to mating, although this hasbeen
tried, using acids and alkalies. A reliable means of controlling the sex of
offsprng would be of great practical mmportance i breeding domesti-
cated mammals (dawry cattle, for example), to say nothing of the effect it
might have upon the human population.

There are racial differences in sex ratio. Negroes in the United States
have & lower proportion of males to females than do whites. Accordmg to
the Bureau of the Census, in the United States 1n 1949 there were 3,083,721
lving white brths reported, of which 51.43 per cent were males. In the
same year there were 453,235 living Negro births, of which 50,54 per cent
were males Whether this diffcrence in the races—which is not very great,
although unquestionsbly significant—is due in whole or in part to heredi-
tary differences, hence truly racisl, or to environmental differences has
not been determined

14 seems woll established that differences in heredity may modify the
expected 1 1 sex rat10 n mammals The most extensive experiments on
this point are those of Helen D King,! who developed by inbreeding n_ﬂd
selection two families of rats which differed strikingly in their sex ratio:
55 6 per cent males in one family and 45.4 per cent i the other. Although
the difference between the two families of rats is obviously hereditary,
the environment having been the same for both, the way in which the
genes affect the ratio 1s not known,

TWINS: CAUSE AND SEX RATIO

The discovery that sex is inherited in a manner analogous to ordinsry
Mendeltan trmits has opened the way to the solution of the problem of
human twins Everyone 1s interested in twins—especially identies!
twins—but until the hanism of sex determination was known no on¢
could explain them Twins are of two types—1dentical and fraterna\-a“d
each type results from a quite different cause.

Fraternal twins may be of the same or of opposite sex They have n®
more m common than brothers and sisters born to the same parents 8t
different times excepting the slight effects which may come from sharing
the same uterine home during the mine months of their embryonic hfe-
The explanation of fraternal twins is that two eggs happen to be released
from the ovary or ovaries at the same time, instead of the usual single e’
each egg 15 then fertilized by a separate sperm. Such twins are therefore
designated two-egg, or dizygotic, twins Plural births of this type, whether

1 Helen Dean King, “Studies on Inbreeding,” (reprinted from J Expt. Zool, ¥l
26, 27, and 20), Wistar Inststute, Philadelphia, 1919.
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ngly similar identical twins Facial
features and other phymical truite—coloning, body build, ete.—are practically
indistinguishable. They are alike also m aptitudes, interests, voice, and per-

Figure 52 A parr of attractive and stri

during tring’ second year in college.)

sonality. (Photographed by the author
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twins, triplets, quadruplets, quintuplets, or sextuplets, are in exactly the
same category as plural births in many of the other mammals, in some of
which, especially the smaller mammals, plural births are the rule. There
seem to be no reliable records of more than six children being born to hu-
man parents at one time,

Twins of the other type, known as identical twins, are always of the
same sex, and in other respects are so much alike that they are often dis-
tinguished with difficulty by friends, relatives, and even parents Such
twins are derived from a single egg, hence are called one-egg, or mono-
zygotie, twins. The twin girls, college students, whose photographs are
shown 1n Fig 52, are examples of a par of cxtremely similar identical
twins Identical twins are sometimes more alike than the opposite sides of
a single individual, and, sigmficantly, this is true of such highly indrvidusl
characteristics as fingerprmt patterns.

From what we know of heredity, we conclude that identical twins are
identical because they have identical sets of genes. On the basis of the
large number of chromosomes and genes 1n man we have already seen how
mmprobable 1t is that any two fertilized eggs, even from the same parents,
would ever possess 1dentical sets of genes. As a practical matter, the only
way two identical sets of genes ever arise in nature (in biparental orgas-
18ms at least) is through mutotic cell division such as oceurs 1n embryonic
development and growth. If in early embryonic development, before dd-
ferentration has taken place or organs have been laid down, the embryo
could be separated into two halves, these might develop into two 1dentical
individuals. This appears to be exactly what happens in the production of
identical twins.

Identical twins have been produced expenmentally in lower animals by
various methods, including the tying of a fine hair around a newt embryo
in the two-cell stage in such a way as to separate the two cells, by lowering
the temperature; or by reducing the oxygen supply in the case of develop-
ing fish eggs, thus eausing twin embryos to develop from one egg

Beecause of the difficulties in observing early development in human
beings, the complete visual proof of the origin of identical twins in man
from a smgle egg has not been obtained In one mammal, however, the
proof is avalable. the mammal referred to is the nine-banded armadillo
of Texas (Fig 53). In 1909 two American zoologists, H. H. Newman and

. T. Patterson, discovered that the armadillo habitually produces a liter
of four (quadruplets); that the members of any given litter are always of
the same sex, and that the members of any one htter are usually strakingly
alike (Fig. 54). This discovery was follow ed by a series of papers in ont of
which Newman! showed that in armadillos only one egg—a typical mam-

*I. I, Newman, “The Physiology of Twinning,” University of Chicago Press,
Chicago, 1923 (Contains a summary of the armadullo studies )
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Figure.53. The pine-banded armadulo of Texas (Dasypus novemeinetus), showing

€ 20imal in 1ts native habitat, (From Newman, “ The Brology of Twnns,” Uny-
veraity of Chicago Press.)

;ievrehst. Hdentical armadilo quadruplets m the erbry one stage, shown removed
fom the, b ine-ba llo produces q
bt 1 The ole fertilized egg.

3% each burth; gl) four are of the same sex and come from a sin;
(From Newman, “Outlines of General Zoology,” The Macmallan Company.)
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malian egg—is released from the ovary at each breeding. On the basts of
thesc studies Newman formulated a theory as to the cause of the division
of the early embryo into four independent embryos He d that a
lowerning of the rate of metabolism resulted in the “physiological isolation
of parts at certain distances from the dominant (apical) region. When
Buch 1solation occurs new centers of control arise, which produce buds

pable of establishing whole new syst like the onginal.”

In 1913 Patterson added the final visible proof of the origin of the quad-
ruplets by observing & number of embryos in pre-twinning stages, as well

Figure 55. Twin human embryos (12 mm, in

length and about six neeks of age), each with its

own umbiheal cord and yolk stalk, but with com-

mon yolk sac and placenta. Both embryos prob-

ably developed from a single egg. (From Arey,
B

“ Developmental  Anatomy,” TV, Saunders

Company.)

as in many stages of twinning which showed the four embryos arising
from a single egg It was discovered also that in the early pre-twinniig
stages the embryos were very slow in establishing connections with the
uterine wall As pointed out by Newman, this delay would result in an
arrest of devel with the subsequent twinmng )
Whether a similar situation exists in man in the case of identical t¥t%
triplets, and other multiple births has not been discovered, but it s pro
able that the conditions are essentially the same asin the armadillo This
probability is supported by the discovery of a few early human ten en
bryos showing certain characteristics comparable to those observed in
armadillo quadruplets (Fig. 55). In human beings the early embryo -
quires several days to become implanted in the uterine wall after it has
reached the uterus It 15 probable that in the case of some human o=
bryos, for one reason or another, there is an undue delay in implantatio®
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with & result simular to that in the armadillo, except that in man there are
usually only two embryos instead of four

Tdentical teiplets, quadruplets, quintuplets, and even sextuplets ocea~
sionally oceur in man According to Professor John W MacArthur,! 2 of
the University of Toronto, and others who have studied the Dionne quin-
tuplets, after appheation of all the known tests for identical and fraternal
wans, there is no doubt that all five girls came from a single fertilized egg.
There is good evidence, according to Dr Dafoe,® that there were origmally
SIX embryos, the sixth having aborted very early

In man, besides the evidence from the study of twmns themselves, and
Argument from analogy with other ammals, we have convinemg supple-
Tentary evidence for the existence of one-egg twms this evidence has to
do with the sex Tat10 of twin births For example, n 1950, n the United
States, there were born 88,705 pairs of twins, including stillbirths ¢ This1s
about one twin birth in each 97 births The twins were distnbuted by sex
33 follows,

2 males . }g . ;;g

Imale, 1 femele , s

2 females . 12,733
Tota] 38,705

Note that this is elose to a 1.1:1 ratio of the three possible combina-
tions of the sexes. Let, us suppose that each of these pairs of twins came
from two separate fertilized eggs, 1e, that they are all fraternal twins
What then would be the expected ratto of the three combmnrtmns'l Obwi-
ously it would be quite different, from the numbers above With separate
“&gs, each fertilization is an independent ovent, and the ratio of the three
Possible combmations of sexes m the twins (1gnonng for the moment the
Stmall excess of male barths) will be 1 (2 males) 2 (1 male and 1 female):1
(2 females) This ratio 1s an illustration of the law of probability, which
states that the chance of the simultaneous oceurrence of two independent
events is equal to the product of the chances of the separate oceurrence of
the events If one-half of all births are male irths, two males should oceur
mig X 34, or ¥4, of twin births For the same reason two females shoulg
O%eur in 34 of the twin births, leaving 14 of all twin births s one male anl
one female The truth of the law here illustrated may be venfied readily

ol W MacAsthur, Genetucs of Quintuplets 13];;\(;‘?’;?5 of the Dioane Quin-
Uplets as 2 t, J. Hereduty, 29:322-32, o

W, Es ma::n;zifo"l‘c Ciellectcd S:udxcs on the Dionne Quintuplets,” Universty
©f "Toronto Press, Toronto, 1037

k ’ ~ 4.

¢ A R. Dafoe, The Dionne Quintuplets, J. Am. Med dssoc, 103 467m‘ﬁ7¢. }?ﬁm

* From data furmished by the National Office of Vital smum,.f rubhe Tteat
Service, Washington Cases of plural fetal deaths are included o:ly( ;M e pe
Eestation was given as 20 weeks (or 5 months) or more, or was not g
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by tossing simultaneously two coins In 100 throws there will on the aver-
age be 25 (2 heads) 50 (1 head, 1 tail):25 (2 tails)

But the birth statistics aited above show a ratio very elose to 1-1+1in-
stead of 1-2-1 The same-sexed twins are obviously much too numerous,
if we assume that each individual is denved from a single fertilized egg;
and with numbers as large as these, the discrepancy cannot be due toa
mere chance deviation If all twins were fraternal twins, the expected
numbers 1n each combmation (assuming a sex ratio of 1:1) would be as
indicated 1n the second line of Table 12.

TasLe 12 Twin Birtus 15 Tne UNiTed Srates For 1950

Two Male and Two
males | female | females
Paurs of twins born, including stillbirths 13,440 | 12,532 | 12,78
Expected of all twins were fraternal (18" 1) 6,266 | 12,532 6,206
Expected fraternal twins (50 9% @75+ 49125 9%6) | 6,379 | 12,532 | 6,158
Excess of same-seved twins (probably identical) | 7,061 6,580
|

From the figures cited we sce that there were roughly twice as many
same-sexed twims as there should have been had each individual ong-
nated from s single fertilized egg—1n other words, about half of all same-
seved twins must have been 1dentical (oneegg) twins This conclusion
seems to agree very well with the actual diagnosis of twin types; .for a0
cording to Professor II. H Newman, leading student of twins in QII:IS
country, the numbers of 1dentical twins and same-sexed fratemnal twinsin
the population are about equal. N

According to the above calculations, 35.2 per cent of all twin births in
the United States for 1050 are classed as identical, A comparison of the
statisties for whites and nonwhites (almost entirely Negroes) discloses ﬂnl
interesting racial difference in the proportion of fraternal and ider}ﬂcf‘
twins- in twins classed as “white” 36 8 per cent are identical, while "}
“other races” only 27 6 per cent are identical This lower percentag® ZX
identical twins in Negroes is due to the much higher frequency of fratern
twins among the total Negro births Identieal twins occur about a3 fre-
quently among Negroes as among whites.

“Siamese" Twins and ‘‘Double Monsters™

Twins are occasionally born physically joined one to the other: Tge
extent of the union varies from a superficial one permitting therr rea i
separation, to a union so deep-reated that life is not possible: SurVIVldf’g
conjoined twins usually find their way eventually into the circus of vaude
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ville shows, as did the famous original Siamese twins of the nineteenth
century, who toured the country on extubition for many years

Conjoined twins are probably always of the one-egg varety 1 which
separation, for some unknown reason, stopped short of completton They
are always of the same sey, and otherwise grve evidence of having come
from a single egg; although, for reasons given m Chap 11, they are usu-
ally less ahke than separste jdentical twins Corresponding parts are
united, with the result that the twins are jomed symmetrically with re-
spect to one another. If the umon results i a highly abnormal condition,
for example, a single head and a double bedy, or two heads and 5 single
body, they are popularly known as “double monsters,” These extremely
sbnormal specimens usually do not live In ancient times varous super-
stitious beliefs grew up around double monsters, some people cven main-
tained that they were the hybrid offspring of man with some other mam-
mal, As & matter of fact, there 1s no evidence of the ongm of a hybnd
between man and any other mammal

Heredity of Twinning in Man

Numerous statistical studies show striking differences in the frequency
of two-egg twins among families and races These differences scem to be
heredxtary, but the exact mode of inheritance 15 unknown Since two-cgg
twins come from eggs released from the ovary at the same time, we might
€xpect that only the mother could be given credit for the birth of tno-egg
ting Some studses. jn fact, so indicate, but in one report both mothers
and fathers of such twins belong to pedigrees with high rates of twinning !
How the father could play a part m two-egg twinming 1s unknown

There 15 hittle evidence for any hereditary differences with respect to the
Production of one-egg twins No racial differences exist m this respect so
far as known, .

Varioug mdependent studies of birth statisties in this country and
abroad demonstrate that the age of the mother 1s & very important fnctor
i the production of two-egg toins, but of Little or no umportance in the
Production of one-egg twins Stocks? has maede an analysis of births in
England and Wales from mid-1038 to 1947, The total number of births,
6,620,794, includes 81,133 pars of twins, The frequency of twn births per
1,000 “maternities,” 1 ¢, confinements resulting in birth of one or more
hve or stillborn children, among the legttimate births, according to the
2ge of the mother and type of twins, is shown in Table 13

'W. W Greulich, Heredity in Human Twinning, Am J, Phys Anthropol , 19:301~

31, 1946 o
! Percy Stocks, Recent Statistica of Multiple Births in Ingland and Wales, Acta

Genettca Meducae vt Gemellologiae, 1.8-12, Rome, 1052
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Tase 13, EFFecr oF AGE oF Moruer 0y Frequexcy or Twiv Birras®

Average age of | One-egg twins | Two-egg tnrns

mother in years { per 1,000 berths { per 1,000 births
19 305 330
228 323 526
275 331 7901
323 3 51 10 82
372 386 1279
418 355 947
46 3 420 2 61

* From Stocks

These data show a pronounced effeet of age of mother on frequency of
two-egg twins, but no more than a shght effect on frequency of one-e2g
twins For theillegitimate births there was a similar effect of age of mother
on two-egg twinmmng, but no effect at all on one-egg twinning. Stocks con-
cludes that age of mother has little or no effect on one-egg twinning.

SEX DIFFERENTIATION

The differentiation of the sexes in man 1s a gradual process involving ®
long cham of cause and effect As we have already seen, the primary factor
15 a difference 1n the chr es, two X chr produemg & fe-
male and an X and & Y a male The first indication of sexual differentis-
tion 1s 1n the gonads. Up to about stx weeks of embryonic development, at
which time the embryo 1s about 12 mm 1 length (Fig. 55), the seves ¢an-
not be distinguished, the gonads of both sexes look alike At about 13
mm_ the male shows the first signs of differentiation, and at this time the
gonads are recogmizable under the microscope as developing testes The
gonads of the female embryo remain indifferent in appearance for sbout
one weck longer than those of the male, and then begin a process of differ-
entiation into ovares.

One of the charactenstic differences between the sexes of adultsssn the
ducts used for carrying sperms and eggs to the exterior, Before the gﬂﬂﬂ‘ls
differentiate, each sex develops both male and female ducts; with the dif-
ferentiation of the gonads into testes or ovaries, the ducts of the opposite
sex degenerate The stimulating factor in this degenerative process seems
to be the hormones scereted by the testes and ovares.

The external Lia begmn their development during the sixth week 0§
embryonic life, but for a week or more are alike in both sexes By the e::
ncer-

of the seventh week sex may be distinguished—though with some U e
tainty—by external differences. Differentiation procceds, and by
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twelith week the external gemtalia 1n each sex have become clearly dis-
timguishable and fairly characteristic

After birth other sevual differences not directly a part of the repro-
ductive system, and henee known as secondary sexual ¢haracters, gradu-
ally appear. These differences are not particularly marked until sexual
maturity approaches The arrival of sexual maturity, known as puberty,
or the beginning of the period of adolescence, 1s assoctated wmith the sudden
merease i secretion of hormones by the gonads and some of the other
8lands of imternal secretion. One effect of the hormones 1s a difference in
the rate of metabolsm 1 the two sexes At five years of age the rate in
males is about 3 per cent above that of females, this difference rises to
about 12 per cent at 16 years and falls gradually thereafter Associated
with the difference in metabohe rate is the tendency of the female to store
up a larger amount of energy 1n the form of fat

Since the gonad hormones are a necessary link i the differentiation of
sexual characters, it is natural that anything which causes a destruction
or removal of the gonads should result 1n a profound modification of sexual
development Removal of the testes before sevual matunty, as formerly
practiced in the produetion of eunuchs, results in striking eﬂegts Mascu-
hne characters fail to develop normally, and the eunuch retains some of
the neutral characters found 1n preadolescent children The voice remams
high-pitched, resembling that of the female, the beard tails to develop,
and fat 12 deposited in unusual amounts

If normal development is mterfered with either by genes or by some
environmental factor, prior to birth, there may result what 1s known as a
bermaphrodite, Trye hermaphroditis (from the Greek god Hermes and
the goddess Aphrodite) refers to that condition—normally present in
many lower animals, including some vertebratgs;m which sperms and
eggs are produced by the same mdividual. Ths is extremely rare i mauy,
although actual cases have been reported. There 1s no proof that such an
individual can function both os a father and as a mother The internal
genitaln are imperfectly developed, while the external gemtaha show
mived male and femsale charactersstics The secun{iary 3&:“1 chartcters
such as beard, mammary glands, and voice are intermediate

Most so-called hcrma]{h%'odltes display false h?’m"‘ph”’d“,’sm’ e “ tlt\e
onads are of one sex only, while the external gemmhfx are of mtc}'mletm ::
type. Technically they are known as interseses The internal gemt.a ra;
also i3 intermediate or mixed in type In male false hcrr}mphrodltnsm the
testes are often undescended, while tho external gemtalia rcsembll? so[m(gl\-
what those of the female Thus 15 due to an arrest of dcvelopmenit, mct ud-
ing hypospadias (Chap 16) Suchan individual, as a child, rgay or r;s;ni\e
be considered a female, but with the onsot of adolescence the mflre 5 n
male hormones suddenly canses the ehild to develop male secondary scx
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characters This is the type of case that 1s sometimes wrongly deseribed
1n the popular press as an example of sex reversal,

In female false hermaphroditism ovaries are present and sometimes
descended, in position they resemble the testes in the male, while the ex-
ternal genitaha tend 1n the male direction. This type of individual may be
taken for a male during early childhood; at puberty suddenly it may seem
to be transformed 1nto a female Obvrously, cases of male and female false
hermaphroditism are not to be regarded as sex reversals. There is no proof
that true sex reversal—the converston of an individual of one sexual geno-
type mto a functional individual of the other sex~-ever occurs in man oria
any other mammal Sex reversal seems to be mncompatible with the pecu-
lianties of uterme devel p d b; ls, includimg the
highly standardized temperature and nutritional conditions Further-
more, the fact that a complex genital apparatus differentiates eatly i
embryomc hife n mammals makes sex reversal during late embryonic
stages impossible, because once differentiation of sex has proceeded very
far in either direction, there can be no retracing of the steps.

Freemartins. It 1s possible to have an interference with the normal hor-
mone conditions during embryonic ife n mammals of such a nature asto
produce false hermaphroditism, or intersexuality. A well-known case of
this type occurs naturally m cattle twins. Most cattle twins arise from
two separate eggs They may consist of two males, two females, or 2 male
and a female. When both twins are of the same sex, development proceeds
normally, but when one 15 2 male and the other a female, it is found in 3
large percentage of cases that the female 1s an intersex. The external geni-
taha sre of female type while the internal organs resemble the male The
male, on the contrary, is always normal Such abnormal females are
known as freemartins, they are always sterile.

In 1916, Professor F R Lalle, of the University of Chicago, taking ad-
vantage of the abundant material available at the Chicago stockyards,
examined many pairs of cattle twin embryos in an attempt to drscover
the cause of freemartins in csttle. On examning the twin embryos he
found that there was usually a fusion of the embryonic membranes and
embryonic blood vessels of such a nature as to permit the blood from.one
embryo to pass directly to the other (Iig. 56). Whenever such fusions
took place the female of the pair of twins of unlike sex was always dam-
aged in that its sex organs were modified in the male direction. In those
rare instances involving no fusion of the blood vessels, the female devel-
oped normally. Smee the sex hormones constitute the only known differ-
ence between the blood of the male and that of the female, and since the
testes develop ahead of the ovaries, it was assumed that the male hor-
mone was responsible for the partial scx reversal of the female.

‘This theory has recently been called into question by Professor Carl
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Moore, of the University of Chicago,' swho doubts that the embryome
testis1s secreting hormones at this early stage In his opinion the responses
of the duct system in the freemartin are not yet duplicated by any experi-
mental treatment 1n mammals He agrecs that a chemical substance trans-
ported through the blood stream 1s the effective agent, but doubts that
the substance is of the true sex-hormone type He offers the suggestron
that a difference in chemical substances produced by the body cells m
general of males and females, rather than the testis specifically, may be
the explanation of the frecmartin.

Figure 56, A typical opposite-seved parr of eattle twins, male on the left
snd freemartin on the right, show1ng. (1) The connecting artery betneen
the two twins. (2) A single placental cotyledon entered by veins fnzrn
both embryos, (3) Opening 1nto the chorion through which the embryos
have been removed (1) Clitoris of the freemartin (5) The well-separated
anterior and posterior teats characteristic of the 1cm‘:.|]e (6) The much
closer teats characteristic of the male, (From Newman, * Outlines of General
Zoology,” 3d ed., The Macmllan Company, after Lalhe)

There is no evidence that intersexes in man are ever caused by a min-~
gling of blood in twins as in freemartins m cattle Accordmg to ‘Profes.sor
Newman, there are no known cases of two-egg twins 1z man involving
fusion of fetal blood vessels. . 1of

True Hermaphroditism, The problem of the cause of intersexes m]‘f
true hermaphroditism in man has not been solved Noenvironmental fac-
tor 18 known that can be held accountable, and by nnalog;’ » lth'ccrtmn
inscots (the moth Lymanina and the fruit fly Drosophila) itis qmti pos-
sible that genes are responsible. A H Sturtevant,? of the Califorma Insti-

i Y L, 78:07-
TC. R Moore, Gopad Iormones and Scx Differentiation, Am Naturalsl, 78:97

130, 1043, )
YA . Sturtovant, A Gene in Drosophila melanogaster That Transforms Females

18to Males, Genetics, 30:297-299, 1945
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tute of Technology, discovered a gene in Drosophila melanogaster that
transforms females nto males. The gene is a recessive, lying between 44
and 45 3 1 chromosome III (Fig 41, page 123). The transformed females
are indistingwishable from normal males except for their sterility, a redue-
tion 1n testis size, and apparently an approach to the body size and the
development rate of females The gene has no effect on normal males

Of special significance m mammals 1s the fact that in goats the inter-
sexual condition seems to be nherited as a simple recessive.! It is probable
that the gene produces ts effect on development through the hormonesas
intermediaries

PARTHENOGENESIS

Parthenogenesis (parthenos, virgm, genesis, to be born) refers to the de-
velopment of an mdwvidual from an unfertilized cgg. The screntific litera-
ture contams no record of parthenogenesis in man, but among many
groups of invertebrate ammals, as well as in some plants, pnrthenogeneﬁc
development 1s the rule In a number of vertebrate animals, as we shall
sce below, parthenogenesis has been experimentally nduced.

In some ammals having natural parthenogenesis, e.g., in the group of
msects known as plant lice, or aphids, the reduction division is omitted;
consequently the unfertilized eggs have the double number of chrome
somes and develop into females This ts an 1llustration of diploid parthenc-
genesis In others, such as the honeybee, all of the eggs, including those
that develop parth 1cally, have d a reduetion division,
and the parthenogenctic eggs develop into males exclusively. These males
have but a single set of chromosomes—an example of haploid partheno
genesis The sperms produced by these haploid males are formed wathout
a reduction division and therefore contain the complete set of chromo
somes It 13 an interesting fact, as Professor E B Wilson points out, that
mn the bee and many other hymenopterous insects

a kmnd of vestigial reduction diviston takes place, the primary spermatoryte
making an abortive attempt to dwide, 1n the course of which an incomplete
spindle 13 formed, and the chromosomes appear, but no nuclear diviston occurs.
The result 13 the extrusion of a leated mass of protopl: or “polar
body,” and this 13 followed by one ecomplete mitosts 1n which both nucleus and
protoplasm divide normally

It is probable that animals which now reproduce pnrthenogencticnlly
are descended from ancient ancestors in which ordinary biparental 1epre
duction was followed The ultimate step 1n this direction has been takent
by a few species, such as the gallfly Cynips hollari and the praying mantid
Brunnenia borealis of our Southern states, among which males seem to

10, N Eaton and V L. Sunmons, Hermaphroditism in Milk Goats, J Hereds:
30:261-206, 1939
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have become entirely uhnecessary siee they have never been found All
the individuals arc females and develop 1 each generation from unfert:-
Lzed eggs

Obviously, no species are known 1n which males only and no females
exist, for although the sperm 1s the equivalent of the egg so far as the genes
are concerned, sperms are almost totally lacking i the cytoplasm and
stored food which are necessary for embryone development

The determmation and differentiation of sex in spevies that reproduce
parthenogenetically present bighly interesting features The honeybee 13

Figure 57 The honey bee, showing the three castes Left to right Queen, worker,
drone. (From Von Frisch, ““Bees, Their Viston, Chenucal Senses, and Language,
Cornell University Press )
a classic example, In a colony of honeybecs there 1s one queen {5 lun.y ma-
ture female whose funetion 1t 19 to lay the pggs), thousands of sterile fc~
males, aptly known as workers, and a few males, known a3 drones (Fig
57). Queens and workers are genetically alihe both develop {rom ferti
lized eggs, Drones develop from unfertthized eggs. X
Before she begins her duties of laymng eggs, the queen goes on a nuptial
fughe, foliowed by & number of males The successful suitor mates with
ber high up in the air. For the realization of this function the male pays
dearly, sinee moment after mating, and asa resullvthcreol’, he dies The
218 supply of gperms recess ed from the male 1s sufficient, howeser, to last
the queen the rest of her hfe—which may be as long as four or five years,
or in exceptional cases, longer. .
Most cF the elggs la}d bf- the queen are fertilized by these retained
Sperms; such eggs develop into females A small number of eggs ;\‘N rK;l
iertilizcd, and these develop mto males Males thus poseess no father, al-
though they have had a grandfather.



162 ELEMENTS OF GENETICS

The development of workers and queens is of unusual nterest Since
both come from fertilized eggs, which so far as known are exaetly alike,
the differentiation of worker and queen is due entirely to the environ-
ment. Their differences involve not only numerous structural details
adapting each caste to 1ts special work, but include instinets as well The
queen 15 merely a queen mother she apparently has nothing to do with
governing the colony, but devotes her whole energies to the laying of eggs
and pays no attention to her own offspring after they hatch. The instincts
of caring for the young, gathening food, and defendmg and maintaming
the hwve reside solely in the workers Only rarely are workers able to pro-
duce eggs

The workers alonc control the development of a new queen i the fol-
lowing mteresting manner An ordinary cell containing an egg or a lana
under three days of age 1s first enlarged by the workers to allow room for
the extra size of the queen-to-be During the first two days of life all Jar-
vae are fed “royal jelly,” a white fluid secreted by glands in the mouth of
worker bees. The larval queen continues to recerve royal jelly during the
remaimng 214 days of her larval existence. The Jarval workers are denied
further royal jelly and after the first 2 days are fed on pollen and nectar
only. They dovelop slowly and undergo pupation at about 817 days, r&
quiring about 18 days from egg to adult The queen requires a total of only
12 or 13 days for her develop , and upon is nearly twice the
size of workers (Fig 57).

Artificial Parthenogenesis

Beginning with the brilhant discovery by Jacques Loeb in 1899 that
eggs of sea urchins could be stimulated by chemicals to undergo partheno-
genetic development, with the production of normal larvae, there has
been o long hist of similar successful experiments with various animals,
including the vertebrates A great vanety of chemical and physical agents
have proved efifective

In later experiments Loeb successfully raised frogs to sexual m
from unfertilized eggs which had been treated merely by puncturing ™
afine needle According to Wilson, in no other ammals has1t been poss!
thus far to rear larvae from artificially parthenogenetic eggs up 0 8%
maturity .

Of the 20 parthenogenetic frogs brought through metamorphosis by
Locb, 15 werc males, 3 females, and 2 of uncertam sex. The parthen®
genetie frogs were found unexpectedly to have the normal diploid number
of chromosomes, like frogs from fertilized eggs. Apparently there had been
a doubling of the chromosome number in the unfertilized egg without cel!
division. The presence of both sexes in these experiments requires explans

atunty
g with
ble
al
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tion and calls for further experiments, with specral attention given to the
behavior of the chromosomes in the dividing eells

In mammals, fertilization normally takes place in the oviduets. If no
Bperms are Ppresent, the eggs pass on down the tubes, disintegrating in the
lower end of the oviduets or in the uterus In a few eases in rats and rab-
bits, unfertilized ©ggs have been found 1n the tuhes undergoing early cel}
division,! In such cases, however, the eggs soon die No mstances of patu-
ral parthenogenetic development have been found 1 mammals

Dr Pincus, an investigator 1 this country, removed unfertilized eggs
from the oviducts of rabbits and placed them 1n glass dishes contaiming
blood plasma or serum He found that out of 213 eggs so cultured 136
underwent cell division, some as far as the 20-cell stage In some way the
artifieial environment, stimulated the b g of part} 1¢ devel-
opment, Pincus suggests that the stimulus to eell division 1s an merease n
the salt concentration of the culture medium through the loss of water by
SVvaporation Such concentrated solutyons are known to mduce partheno-
genesis in some of the lower animals After a time, how ever, usually: under
36 hours in the culture medium, cell division ceased and the rabbit eggs
dismtegrated

Rabhit eggs have been successfully fertilized outside the body of L'he
mother by the addition of a suspension of rabbit sperms to a culture dish
containmg the egrs. Under such circumstances development proceedstoa
stage heyond that reached by parthenogenetic eggs Eventually, k‘w\vever,
all such ncubated eggs die The 1l b ofa outside
the body of the mother, a normal process i birds and the lower verte-
brates, offers at present insuperable difficulties with respect to supplying
outriment to the embryo The successful imitatton of the utermne environ-
ment is not, however, theoretieally tmpossible That eggs f‘fn‘hled out-
side the body are potentially able to continue development is proved by
further experiments in which Pincus transplanted fertilized eggs into the
oniducts of female rabbits The foster mothers that recerved these eggs
Produced from them normal litters, although such foster m'othcrs had
Rothing to do with producing the eggs and had not mated with a male

Ny
PROBLEMS

L Why dd the earlier theories of sex determinaltll:’n often emphasize the environ-
10t rather reproductive ce

2, Me:tim:h:nc!::en?::l“:xel;z;:ct:l:he mechamsm of sex determm?tmn m g::::-
YOPREIS, fo, name two chemeal compotnds mih diffrent qualtative properties,
omling from the presence of two atoms of some element n one corapound and only
52 8%om of the same element in the other corapound .
lg'afj"m Pincus, “The Eggs of Mammals,” The Macmillan Compsny, New York,
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3. How 1 sex determmed m the following: honeybee, grasshoppers, Drosophils,
birds, mammals, plants?

4. Would you evpect to find sex chromosomes in hermaphroditie species of planty
and ammals? If not, what may determine the differentiation of the male and female

1ve organs m h hroditic species?

6. List the advantages that hermaphroditic species may have over species with
separate sexes (In animals most hermaphroditic species are not self-fert:hizing )

6. What advantages have specics with scparate sexes over hermaphroditic spectes”

7. On the basis of what we have learned about the relation of gene to charscter, 13
it tkely that the development of sexual characters depends upon one gene only or on
several genes? Explain

8. What are the various classes of evidence for the existence of identical twmnsm
man?

9. What factors affect the frequency of two-egg twins in man?

10. Assuming an expected sex ratio of 1 1, what 1s the chance that of five offspring
all will be males?

11 With 2 sex ratio of 1*1, what 13 the chance that the first three of five offspring
will be males and the other two females?

12 With a sex ratio of 1 1, what 13 the chance that three will be males and tvo
females, regardless of birth order?
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SEX-LINKED HEREDITY

The solution of the problem of sex determination opened the way to the
clearing up of another long-standing biological niddle For centuries people
had been puzzled by the fact that certain hereditary charactensties ap-
peared more frequently in males than m females, and yet the males in
each generation seemed to mhertt the partrcular characterstic through
their mothers and not from their fathers The discovery of the chromo-
Sbme mechanism of sex determmation led directly to the explanation of
this mystery,

COLOR BLINDNESS

Red-green color blindness in man 1s the commonest of the hereditary
characteristyos showing a peculiar relationship to sex. About 8 0 per cent
of all white maley show some lack of ability to distingwish between the
colors red and green, while only about 0 5 per cent of white females are so
affected. Such color-blind persons have normal vision with respect to
Mﬂck, white, yellow, and blue, reds and greens, how ever, 1n extreme cases
of the defect, are not recogmzed as distinet colors, but are confused with
ellows, blues, and gray

Calor blindness varies i degree from a moderately weakened color
sense for red and green to the complete absence of the sense Red-green
color-blind persons commonly fail to distinguish between pale re)i, pale
Ereen, and gray, and at the same time are able to name correctly intense
shades of these colors in a good hight Consequently, i most cases 1t is
Better to speak of color weakness then of color blndness. The simplest
and most, widely used of the tests for color blindness yet devised are the
color plates ynvented by Dr. Shinobu Istubara, Professor of Ophthalmol-
8y, Imperial University of Tokyo )

A rare type of hereditary total color bhndnes.s, accompanied by day
blmdness, or mahlity to see clearly n bnght light, has also been .de-
Scrtbed. To persons with this defect everything appears as black, white,
Or gray, According to many authors, it is inherited as an autosomal re-
eessive Cloygin marriages are relatively frequent among the parents of
Such def 5 this 1s evid of ive ink ce.

165
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Yellow-blue blindness has oceasionally been reported Its genetic basis
is undetermined

Those of us who have normal color vision may get some idea of the
world in which color-blind persons live by observing our own sensations
during advancing twilight As the daylight diminishes in intensity, greens
and reds first disappear, leaving yellows and blues still recognizable
With deepening twilight, all colors vanish until everything takes on some
shade of gray. The bight from the moon is usually too weak to stimulate
the color sense, consequently, we are all more or less color-bhad by
moonlight.

In all cases of congenital color blindness the cause seems to be hered-
tary, having nothing to do with age or training Tests of young c}uldre;n
of both sexes have shown the same percentage of color blindness as it
adults !

The physiological cause of color blindness is imperfectly understood,
as, for that matter, 1s the physiology of color vision jtself It is probably
due to some defect of those specialized cells of the retma (the cones)
which are concerned 1n color vision

In 1t mode of mhentance color blindness is sex-linked, i.e , its gene s
located on the X chromosome, Heretofore we have spoken of the X chro-
mosome as though 1t had nothing to do but determine sex. There ig abun-
dant evidence, however, that the X chr carries 4 11
assortment of genes, affecting various parts of the body, in addrtion to
the gene or genes for sex determination The gene for color blindness, 88
well as the normal alternative gene, 1s one of these This statement 18
based upon a study of the pedigrees of color blindness rather than Upo?
observations of the cells In the lower anmals, however, particulnrﬁy n
Drosophila, sex-linked heredity of exactly the same type as in man has
been shown by microscopical study to depend upon the presence of the
X chr The Y chr carries no corresponding gené a1
this accounts for the difference in the percentage of color blindness it the
two sexes

To 1llustrate how the hanism of sex-linked heredity or 3
us consider the mating shown in Fig 58. Here the gene ¢ for color blind-
ness 19 found on both of the X chromosomes of the mother; she 1, the.re'
fore, color-blind. The one X chromosome of the father mn this m{.ung
carnies the normal gene C; hence his vision is normal. The lack of either
gene C or ¢ on the Y chromosome 1s represented by a dash (). ind

As shown in the diagram, the reduction division produces but onc l“;‘
of egg s contrasted with the two kinds of sperms Fertihzation results
in the usual sex ratio of 1 male:1 female. All the daughters have nﬂm’il
vision, since they all recerve the dominant gene € from their father. A

1 R. W, Pickford, “Inhented Differences in Colour Vision,” Routledge aod Kert”
Paul, Ltd., London, 1951,

tes, leb
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the sons are color-blind, because their one X chromosome derived from
thAeu' mother carries a gene for color bhindness This result is known as
crisseross inheritance, becauso the daughters resemble the father and the
sons resemble the mother,

Mother Father
(celor blind) (normal)

Daughter Son
(normal) {color blind)

Figure 58, Diagram <lowing the nhentance of
red-green color blindness tn man, a typical case
of sexlinked heredity
Whatever truth there may be in the popular beltef that sons and daugh-
ters “take after” the parent of opposite sex rests entirely, so far as we
know, upon this phenomenon of sex linkage The proportion of traits
which are sex-linked in man cannot be very great because the X chromo-
*ome i3 only one of 24 1n man {Fag 51), and 1t 1s one of the smaller ones,
3t that. If the genes are distributed equally among all 24 chromosomes,
12 proportion to the size of the chromosomes, less than 4 per cent of the
8enes should be found on the X chromosome In ansmals with a smaller
humber of chromosomes, the proportion of sex-lnhed genes 1s, of course,
higher, Thyg in Drosophila melanogaster, which has been studied more
than any other animal, there are four parrs of chromosomes, and more
than one-fourth of the knawn genes are sex-linked
Three other types of mixed matings involving color blindness are pos-
fible These are as follows

* Father
(V’!ﬁ:::l’:{) ({color blind }
SN N
RN
o 2
Cc
Son
Daughter -

(rormal)
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Mother Father
(normal} (normal)
Cc X £ =
2)
Daughters. Son Son
{normal} (normal)  {color blind}
Mother
{normal} {color blind)
AN AN
(3) /C Eges ¢ ¢ Sperms _l
Ce cc c— c =
Daughter Daughter Son Son
(narmal)  (color blind} (normal) (color blind}

An mspection of the diagrams of the four possible mixed matings makes
it clear why there are more color-blind males than females In three of
the matings color-blind sons are produced, whereas in only one of the
four are there color-blind daughters, this being the last mating shown,
where the mother 1s heterozygous and the father 1s color-blind. Nearly all
color-blind women must come from the last type of mating, since the oaly
other possible source of color-blind females is matings between two color-
blind persons—naturally a rare occurrence.

1t 15 interesting to note that since 8 0 per cent of all males are color
blind there must be approximately twice that many women in the popu-
lation who are carricrs of the gene, for most color-blnd males come from
mothers who are carners, and one-half of the sons of such carriers are, ¢
course, color-blind. .

Marriage between normal and color-blind persons 1s, no doubt, Targely
a random matter, color bhndness being seldom, if ever, 2 deliberate {8
tor in the choice of a mate Natural selection probably has hed litle
effect upon the frequency of color blindness in the population, & fact
which perbaps partially explains why color blindness 15 so commor-

Socially important q of color blind appear when ¥
consider the large number of automobiles now 1 use and 1-emcmb4:'r that
8 men in 100 are color-blind It ts moro than likely, under'the cxfcum;
stances, that not a few acadents are due to the misinterpretation ©
traffic signals Obviously, 1t 15 unfortunate that red and green were
chosen as traffic-signal colors, yellow and blue would have been prefer-
able, since nearly everyone can distinguish these colors. Railway, 5";“;
ship, and air-transport companies, for years, have rejected color-b mt
applicants for certain positions, but very few states in this country hav
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rejected color-bhind applicants for automobile heenses. Even under the
exsting system, greater safety undoubtedly would result from the prac-
tice of testing all drivers for color blindness and reguring those found to
be color-blind to employ known methods of compensating for therr defi-
ciency.! Further changes in the quality of the colors w traffic hights to
suit the needs of color-blind persons could be made

Interesting racial differences in the frequency of calor blindness have
been reported. Among white males the frequency (ncluding all degrees
of the defeet) is sbout 8 0 per cent; among Chinese, about 6 5 per cent,
among Negroes, sbout 4 0 per cent, and among American Indians some-
what Jess than for Negroes ? The number of females tested in this country
has not been Jarge enough to give very rehable estimates, but m Oslo,
Norway, Waaler tested over 9,000 schoolgirls and found 0.44 per cent to
be color-blind. He also tested over 9,000 boys, findmg 80 per cent
calor-blind

With 8.0 per cent of males color-bbnd there should be theoretically
(80)? per cent, or 0.64 per cent, females color-blind—assuming that all
color blindness is due to the same gene This calculation rests upon the
fact that if matings are at random wath respect to the gene and if there
1310 selection for or agawmst it, the frequency of a sev-linked gene should

the same in both sexes The frequency of the gene males 15 8 per
cent, Consequently 8 per cent of alf genes at tius locus m f\’omen should
be c. This means that 8 per cent of all eggs will earry ¢ W l(rh 8 per cent
of eggs carrying the color-blind gene and with 8§ per cent of X sperms also
sa11ying c, a union of & ¢ sperm with a ¢ egg should occur 1 8 per cent of
8 per cent, or 0 64 per cent, of female-producing fertilizations

Tests show that there are two qualtatively distmguishable types of
red-green blindness. Some anthors have designated these red bhindness
and green hlindness, although n reality persons of both types are defi-
dient in the red-green color sense If two different genes occupyn‘zlg :epnv
fate loci on the X ch are responsible for the d red
blindness and green blindness, as scems probable from the work of Wanaler
und Jater investigators (see Pickford, cited page 166), a female heter}:)—
2ygous for both of these genos will be normal, smee she will possess the
dominant alternative of each recessive gene. If the two genes happen to
be on different chromasomes and if crossing over does not oceus, all of
hee sons wilf receive either the one gene or the other; hcnvc'evcry son
il be color-blind—half of them red-blind and half green-blind If the

A method which makes wee of red and green eolor fltersattachid to the windatocld
38 been found effertive with color-blind pessats by Thomas Row, of the University
o Washungton, who deseribes the method in detsi in Sevence, B0, W8 o
*Sudrey M Shuey, The Incidence of Color Blindaess among Jewish Mo
Brevious articles therein exted), Serence, 841225, 1936
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red-blind gene and the green-blind gene are on the same chromosome,
half of the sons should be both red-blind and green-bhind and half should
be normal, provided there 1s no crossing over.

In Fig 59 I have reproduced the pedigree of a woman student (II-7)
from one of my college classes. This pedigree is of special interest be-
cause 1t can be interpreted most simply under the two-locus theory, with
crossing over taking place in the maturation of certzin ova. Lettmg the
symbol r represent the red-blind gene and g the green-blind gene, the
normal mother carries an r on one of her X chromosomes and a g on the

(rG) (G)
(Rg}

LTV

(1G)  (rg)  (1G) () (G) Ded (G) (G (R
{Rg) (Rg} Hy 0B

@ Red blind 1 Gene for red blindness

€5 Red and green blind g Gene for green blindness

ng children

Figure 59. Pedigree of a famly showing that five of the eight hvi jord
o

are color-blind The two-locus theory described 1n the text 1s apphied
pedigree.

other. Disregarding the female who died in 1nfancy, there are under this
hypothesis at least three crossovers among eight individuals, or 37.5 per
cent. These are the two oldest sons, both (rg), and the youngest sot (RG)
The color-blind student, of course, may herself have recewved & Crossover
gamete (rg), 1 which event her genotype 1s (rg) (r@).

The pedigree diagram might just as well have been made to sho¥ the
X chromosomes of the mother as (RG) and (rg}, there is no way of el
ing from the characteristics of the offspring whether this coupling of the
two recessive genes on one chromosome rather than the opposite arrange
ment (repulsion), as shown mn the diagram, 1s the correct one 1f the t“.;
recessive genes in the mother are coupled, the two red-blind sons (I'I
and 11-8) must be crossovers, making at least 25 per cent erossing °‘:r

Generation IT 1n the pedigree 15 the kind of sihship that has bee“cdf:
manded as proof of the two-locus theory of color blindness * T‘hc P b
gree does not fit the rival hypothesis, favored by a few authors, 12 whie

-
all types of red-green blindness are regarded as due to one seres of mi
lor Bundness

Gordon L. Walls and R W Mathews, New Means of Studyng Col o
plication

and Normal Foveal Vision, with Some Results and Their Genetical Im)
Univ Calif. Publs Psychol , 7:1-172, 1952
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tiple alleles For under the single-locus theory there can be no crossing
over, and all five sons should have been color-blind We see that one of
them was normal.

The present weight of opinion ameng students of eolor blindness seems
clearly in favor of the two-locus theory, with at least three alleles at each
locus accounting for the varabtlity in the expresston of the trait The
writer has found no other pedigree m the teraturc that seems to re-
quire crossing over as en explanation. Obviously, further studies of the
problem are desirable

The normal allele is not always fully dominant over the gene for color
blindness in women Heterozygous women may show some degree of red-
green weakness The writer found two women students, sisters, who were
color-weak, both missed several of the Ishihara plates Therr father was
conpletely green-blind as defined by Ishihara, ther mother, mother’s
brother, and maternal grandfather and grandmother were all normal 1t
13 thus probable that they were heterozygous

OTHER SEX-LINKED CHARACTERISTICS IN MAN

Numerous other sex-hnked eharacters are known in human beings, but
none approaches red-green bhindness 1n frequency Some are extremely
rare. With very few exceptions they are recessive. Let us consider a few
of the best-known examples.

Congenital Night Blindness with Myopia

Night blindness is 1n some respects the opposite of day blindness,
which, a5 we have seen, is one manifestatron of total color bindness In
daylight, the night-blind person sees normally, but an dim hght his vision
s evtremely defective The trouble seems to bo with those. c‘ells.ol the
Tetia, known as the rods, which are specially adapted for‘wsmn in dim
light Hereditary mght blindness should not be conh.xscd with temporary
night blindness, which 15 due to deficiency of vitamin A The se‘v-lx:ﬂ;cd
recessive form of night blind is )¢ ! by
(myopia). .

There are two other types of hereditary mght blindness, which are not
sevlinked- one 13 an autosomal dominant and the other 1s an autosomal
Tecessive, This is another illustration of the fact that similar phenotypes
may be due to different genetic causes

Absence of Sweat Glands, Defective Teeth and Hair

Cockayne (sce page 30) gives a good deseription of a st,nk‘mg heredi-
tary conditioﬁx \\Igcﬁ he 3::1115 “major ectodermal defect.” His descrip-



172 ELEMENTS OF GENETICS

tion, quoted in part below, is p 1 by ref to re-
ported pedigrees

The mam features of this rare and interesting developmental defect are small
size and delicacy of constitution, a total absence or deficient number of teeth,
comeal incisors and bicuspids, and molars with sharp-hooked cusps, short, fine,
pale, scanty hair, chronic rhinitis with subsequent loss of smell, absence of sneat
glands, and sometimes, if not always, absence of the lachrymat glands

Tt has been reported among various peoples’ English, German, Swedish,
French, Russtan, Jewish, and Hindus. It exists in the United States
among peoples of various European descent.?

During hot weather the body temperature of persons without sweat
glands tends to run up far above normal, resulting in considerable suffer:
g Victims of the defect learn to avoid extreme discomfort by staying
out of the sun and refraining from vigorous evercise and hot food and
drmnk They also apply water to thewr clothing to gain the cooling Eﬁefl
of evaporation A further heat loss 1s brought about by the automatic
speeding up of the rate of breathing, as in the case of panting dogs; dogs
are not well supplied with sweat glands. Persons who have no sweat
glands may be fairly active and comfortable during cool weather.

Hemophilia (Bleeder's Disease)

Oning to its presence in the royal families of Europe, hemOPh‘{‘af or
the “royal disease,” 1s the most notorious of all sex-linked chamcteﬂsf“.!
Its presence mn royal families 1s, however, merely a coincidence, forit 3
no respecter of persons Like any other hereditary trait which goins 8l
mittance to a closely intermarrying group, hemophilia has come to h?‘e
a supposed 1mportance far beyond 1ts real importance to the population
2s 2 whole

Hemophilia seems to have been described in detsil first by Jobu ©
Otto of Philadelphia in 1803 ? It is, nevertheless, one of man’s ancient
afflictions  Albucasis, famous Arabian surgeon of the eleventh centuty !'
wrote of men 1n a certamn village who bled to death from Supefﬁ“s'
wounds, and of boys who bled to death if their gums were rubbed harshly
The ancient Hebrews evidently knew of hemophilia, for according ¥
Dr. Birch, of the School of Medicine, University of Illinois, nho
written a comprehensive illustrated monograph? on the subject; there

YE, Roberts, The Inheritance of Anhidrosis with Anadontia, J. Am. Med. 48
93.277-279, 1929, e

1J C Otto,An A tof an Hi hagic Di Evisting i Certain Faml™®
Medical Reposslory, vol G, 1803 el

3 Carroll La Fleur Birch, Hemophilin Chimcal and Genetic Aspects, Iiimois 31
and Dental Monographs, vol. 1, no 4, 1937,
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are several undeniable rof; to hemophilia in the Talmud, described
under dispensation from circumeiston A simular reference js made by
Dr. Aaron Fi riedenwald in “The Jewish Encyclopedia *

The primary symptom of the disease 1s an abnormal tendency to bleed
because of an extremely slow rate of coagulation of the bloed In normal
individuals the blood from a ruptured vessel coagulates i from 2 fo
8 minutes; in hemophilacs the coagulation time 15 greatly prolonged,
varying from 25 hour to 22 hours or more, accordmg to the seventy of
the disease. In some families the disease 15 much more severe than m
others,

! 2

n

6
S TY X YNy 53 &4
" S TR SRRV ITITY
O hormat & Haemophiic & Died 1n chidhood
Q Known transmytter Q Not known to be transmitter
Figure 40, Pedigree of Queen Victona of England, showing the dis-

tnibution of hemoplulia among her descendants (Redrawn, with
modifications, from Haldane.)

The best-known pedigree of hemophiha is that of Queen Victaria of
England (1819-1001), shown m part in Fig 60 The data were assemblod
by Haldane,! Victoria was heterozygous for the gene, perhaps oning to
& new mutation; accordmg to Haldane there is no rcccrd, of hemophiha
Among her aneestors Ni d of Victoria’s normal sons
and Apparently homozygous daughters are not shown 1 the pedgree
chart because of lack of s ace

Of Victoria’sofo:r sous, ‘:mly one, Leopold, was affected He hved to be
lhi“"“’“e. married, and passed the gene on to his daughter, who bo}rlehnn
affected son, This son, like hus grandiather Leopold, died of hemoph :-

Victorin’s first daughter, Victorta (I1-1), was apparently frecl(]mm the
&ene, aince among her numerous children and gmndchlld:;en :d e{?x;vn.;
r}l}o hemophilia, Vietoria’s first son (11-2), who became Edwa: of

igland, was free from it. ) -

Her dz;Ughter Alice (I1-3) had an affected son, who dlc‘:l o‘t.' h:mg;;;ulm
at the age of three, and two heterozygous daughters. The first of these

XB.g Haldane,  New Paths in Genetics,” Harper & Brothers, New York, 1942,
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(IT1-3) married Henry of Prussia, brother of Emperor Wilham IT of Ger-
many, 2nd bore two hemophihic sons and one normal son. Alice’s other
daughter, Alexandra (I11-6), who became tho wife of Tsar Nicholas I of
Russia, was the mother of Alevis (IV-12), the last Tsarevitch, who suf-
fered from severe hemophilia He and the other members of the royal
family were shot by the Communists after the revolution, in 1918.

Victoria’s other carrier daughter, Beatrice (11-9), bore a normal son,
two hemophihe sons, and o daughter, Victoria Eugenie (III-16), who
married Alfonso XIII, King of Spamn. Two of Eugene’s four sons, in-
cluding the Spamsh Crown Prince Alfonso (IV-16), were bleeders; both
died of the disease .

Summanizing, 1t 15 evident from this pedigree that among Queen Vie-
toria’s descendants, ten males suffered from hemophilia, and all but two
of these stem from two of Victori’s daughters; the other tno were 80
affected son and his grand Six female d dants of Victoris are
known transmitters of the gene )

Tt seems probable that the presence of hemophiha in the crown p
of the Russian and Spamsh royal families may have had some inﬂueI'lCE
m the overthrow of both dynasties, thus emphasizing the fur:reachmg
effects of o single gene upon the destmies of families and of nations

Andreassen? studied all of the cases of hemophilia discoverable in Dfﬂ‘
mark He found 205 hemophilic males belonging to 63 families, consist:
mg of 1,970 persons There were no hemophilic females The frequency 0
affected males at birth 1n the population of Denmark was estimated &
13 per 100,000

This ahsence of hemophlic females has been reported for various coun*
tries by many other imvestigators 2 How ean we explofn 167 Smee hemo-
philia 18 nhented as a sex-hinked recessive, a female can develop the
disease only if she receives the gene from her affected father 3 welf 85
from her mother In view of the ranty of the gene m males (0000130
Denmark) and 1ts theoretically equal ranty in females, plus the fnx]ul':
of most affected males to leave offspring, the production of & homozysﬂ“k
female from unrelated parents would occur with extreme rarity The lac!
of hemophilic females may thus be due to chance

Another theory accounting for the absence of hemophil
suggested long ago and adopted by various authors, is that fem:
receive the gene from both parents die before birth The direct proo °r
such a lethal effect has not been obtamed. Whether true in some cnscs‘("
not, the theory does not apply universally, From Manchester, Laglst®
1, Heredilam™®

23766, 1998
Traos

nces

lia in females
ales 8bO

1 Mogens Andreassen, Haemolils 1 Danmark, Opera ex Domo Buol
Humanae Unie Hafnintensis, 6:1-168, 1913 (reviewed in Biol Abstr,

* Frik Skold, “On Haemophilia in Sweden and Its Treatment by Bl
fusion,” P. A. Norstedt & Soner, Stockholm, 1048
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comes 8 report of true homophitia in o Young woman ! The father of the
woman was a hemophiliac.  Her mother had a hemophilic brother and
thus could have heen heterozygous for the gene Elaborate tests of the
cosgulating mechanism of the blood gave results characteristic of hemo-
philiz in every instance. The woman’s bleeding symptoms also were
typical of hemophilia.

True hemophila, expressed 1n both sexes and inhented as a sex-linked
Teceseive, has been found in dogs.? Hemophilia 15 also known 1 hogs,
but in hogs it is inherited as an autosomal recessive.

Sex-linked Lethals

By definition n lethal gene is a Mendehan factor that kills the indivnid-
val. The time of action of the lethal gene may be anywhere from the
Bamete or zygote stage on through embryonic development and through-
out the life of the organism On page 97 an autosomal recessive lethal
gene was desenibed, using the yellow mouse as an example In the mouse
the lethal effect takes place very early in embryonic development In
Drosophﬂa, lethals are known m the zygote stage, as well 25 1n the larval,
pupal, and adult stages

Dominant letha] genes are also possible If such a gene kills before the
indiaduay reaches the reproductive stage, 1t obviously cannot be passed
on to the next generation, Hence the gene could oceur only as often as s
Pew mutation arose. We would expect this to be a very rare event There
i3 great dufficu] y in dist hing a domi Jethal mutation f.rom a
very rare ““accident of development * Probably some so-called aceidents
of development are results of dominant lethal mutatrons

Recessive lethat genes are common  They may be autosomal, hke the
yellow mouse gene, or sex-linked In man the sex-hnked gene fPr hemo-
Philla is not, far from being lethal in some fanulies More often 1t is classed
a8 semi- or sublethal, since a few hemophilte mnlc_s do reproduce.

An interosting by-product of sex-linked lethals is their emscz. upon the
Sex ratio Rawls in 1912 first reported & change mn the sex ratio in Dro-
Sophila that depended on a lethal In the same year Morgan® showed t\'mt
the cause was a gene 1 the X chromosome He used Rawl's material,
Rawls found one female that produced 222 daughters and 110 softs and
nother female that gave 308 daughters and 131 sons These ratios are
close to 2:1, Something was evidently illing off about half of the sons

Morgan mated red-eyed females from Rawl's stock to w h:te:eyed

M. C G Isradls, H Lempert, and Elizabeth Gilbertson, Haemophilia in the

Female, 74 1, 260:1375-1380, 1051 .
TR B e, 3605137 B. Graham, Hemophulia 1n the Femsle Dog, Seience,

N1:923-724, 1950, . X
T I, Morgan, C B Brdges, and A IL. Sturtevant, The Genetics of Drosophila,

- Bidliographia Genat, 2:1-262, 1925.
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males (white eye is a sex-hnked recessive) Some of the pairs gave an Fy
ratio of 2 females 1 male, as shown in the diagram below. The F, females
were then backerossed to white-eyed males; half of them produced a ratio
of approumately 2 females 1 male, the other half gave normal ratios
‘The three generations are diagramed below

Moraan's D ATION OF A 8 Ep Lemitan v D
(w = white eye, { = sex-linked lethal)
P Rawl’s Red-eyed ¢ X White-eyed &
{(WLXWY (wL)
Fis 2 Red-eyed ©’s . 1Red-eyed &
14 (W L)(w L) 14 (W L)(lve)
3 (WiNwD) 3 (W) (de)
Backeross Red-eyed ¢ X White-eyed &
F19 XwLlq (WHwL) (L)
Offspring from  Red-oyed @'s Red-cyed os white-cyed 9's white-eyed d's
‘backeross (W H(wL) (v L) (wLY(wk) (wl)
448 2 (crossovers) 452 374

The two red-eyed males in the last generation were explained as eross-
overs. The opposite type of crossover (w 1), which may have occu'rl'ed,
would of course have died and could not be observed Morgan pmnged
out that the results of this cxpertment\could be explamned by assuming
that the female carried a lethal factor inigne of her X chromosomes
further test of the theory was made All 43§ red-eyed females m the last
generation should be heterozygous for the lethal, hence they shouk.i give
2 1 sex ratio regardless of the male to which they are mated. This was
found to hold. The white-eyed females, however, should give o 1:1 56
ratio, which they did. The two crossover males should not pass on the
lethal to their offspring; and this also was borne out Expeniments with
other mutant genes added to the evidence of a lethal gene near the Jocus
of white eye on the X chromosome.

Returning for » moment to man, 1n the last chapter we saw that stll-
births are much more frequent in male embryos than in females, "sPe:
cially m the carly stages It scems probable that some of this exeess may
be due to the presence of sex-linked lethal genes acting during embryomc.
hife. Human males, hike Drosophila males, have only one X chromosome;
hence there is no normal allele to counteract the cffect of a sex-link
lethal gene.

Y-CHROMOSOME INHERITANCE

The Y chromosome (Fig. 51) does not carry genes for ordinﬂryhsc“;
linked characteristics such as those just considercd, but pedigrees b
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been published for a few characteristics which strongly indicate that their
genes are located on the Y chromosome, In such cases the X chromosome
carries no corresponding gene. One of these Y chromosome trarts 1s 8 ro-
markable type of scaly skin (ichthyosis hystrix gravior), first deseribed
more than a century 2g0 10 England Cockayne gives a good account of
the characteristic with a review of the literature relating to 1t The defect
first appeared in the son of a country laborer named Lambert, and the
bay was shown before the Royal Society m 1731 A description wntten
by Machin in 1732 follows,

The skin secmed rather like o dusky coloured thick case, fitting every part
of hig body, made of rugged bark, or hide, with bristles in some places, which
©2se covering the whole of im excepting the face, the palms of the hands, and the
“0les of the feet, causing an appearance us 1f those parts alone were naked, and
the rest cloathed . . It is sajd he shed 1t about once a year, about sutumn, at
which time it usually grows to the thickness of three-quarters of an inch, and
then 13 thrust off by the new shin which is comung up underneath The bristly
parts, which vere chiefly about the belly and flanks, looked and rustled hike the
b'ﬁﬂ“. or quills, of an hedge-hog, shorn off within an nch of the skin hus
#kin was elear at birth as in other children, and so 1t contmued for about seven
or eight weeks, after which, without hys bemg sick. 1t began to turn yellow, asf
he had had the 1aundice, from which by degrees 1t changed black, and 1n a httle
time aftorw ards thickened, fnd grew 1oto the state 1t appeared 1n at present,

Both parents of this boy were normal, which mndicates that & new my-
tation had occurred The condttion was passed on for five generattons,
and affected individuals were studied by some of the leading scientific
men of the day, A number of articles were published dcsc.n’bmg members
of later Eenerations; all these reports asgree with Mnc}un s descriptton
In each ense it wag emphasized that all affected mndividuals were males
2nd that affected men transmitted the condition to all of their sons and
t0 none of theyr daughters, their daughters never transmitted 1t to any
of their children of either sex A pedigree of the family drawn up by
Cackayne i shown m Fig 61. An mspectton of this xr{tercstlng pc(;llgr(‘c
8bows that the characteristic is distributed exactly as it should be if the
gene is located on the Y chromosome Cockayne states that there were
more children of both sexes in the later generations than he has indrcated

Webbed toes (fuston of the flesh and skin between the second and
third toes) is another charactenistic which 13 1nherited in exactly the sam(;
Way as tho one just described. The evidence 13 l]asod upon a pedigree of
his own family published by Schofield,’ m which four gencri!}ons lm'o
shown, The pedigree represcnts 14 affected males and no affected fema cxr
Every father transmitted the condition to all of his sons but to ngz or
g daughters. (See pedigree, page 180 ) Reports have been published of

‘R. Schofield, Inhentance of Webbed Toes, J. Heredity, November, 1921.
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+ many normal children
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Figure 61, Pedigree of the Lambert family showing
Y-chromosome 1nhentance of 1chthyosic  (After
Cockayne )

several other traits which follow the Y-chromasome type of nhertance
Among these are hairy cars (hypertrichosis).

PROBLEMS

In Drosophila, the normal wing (V") 15 an ordinary dominant ove
(tv) White eye (w0w) 13 a sex-linked recessive, the normal red eye (J¥'F") 15 do

1. Indicate the eye color and the genotypes of the parents m the three mating?
which produced the following results-

1 vestigial wing
minant

Red<yed 9's | White-cyed 9's | Red-eyed g's | Whitecyed &8
AN,

(@) a3 0 45 55
) 100 0 0 95
© 50 45 16 40

2. Show the visible ratio among the offspring of  cross betsvecn a female hete>”
zygous for both vestigial wing and white eye, with a white-eyed male heteroz) £
for vestigial. (In all problems mvolving sex Lnkage the ratio for each sex must
indicated separately.)

3. Show the results of 4 cross between a white-ey ed vestigial female ant
heterozygous normal-winged male,

4. Indicate the phenotype and the genotype of each parent 1 the m:
produced the following offspring:

d s redesed

atings which
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Females \slea

f—— e e
Bed | Red | White | White . Red | Red | White | White
pormal (vestigial | normal |vestymal | normal Ivestigiall pormal [y estigra)

I
E—

@ | a0 85 | o3 8 e | g 80
[} 140 135 o ¢ . 0 | 0 45 130
fe) 14 s | s 15 12

48 15 43 !

& In birds the female 1y heterogametic for sev 0, XO, o, XX Barring of the
feathers is & sev-hinked character rhickens The gene for barring (B) prevents the
formation of pigment a4 inters als along the length of the frather, resulting in slternate
*bite 2nd dark bars Gone B1s incompletely dommant BR causes hght barnug, with
relatively wide white bands, a single dose of the gene (b 1 myalos s 8 m females)
Produces dark barring, with narrow white bands, & and b g1 e solid-colared feathers,

Caleulate the expected phenotypic ratios i the following matings

a. Light-barred male X sohd female

b. Dark-barred male X solid female

¢ Dark-barred male X barred female

d. Selid male X barred female

€ TIn cats, a8 m other mammals, the male 13 heterogametre for sex ‘The gene for
ellow (4) 19 sox-hinked: y male are yellow, } males are nonyellow, yp females are
ellow, ¥y females are “tortoise sholl,” n mixture of yellow and some other color
#uch as black; and ¥y females are nonyellon

Calculate the expocted phenatypie ratios m the follow g matings (indicatmg all
ronyellows as black).

a. Tortoise-shel female X black male

3. Tortoise-shell female X yellow male

¢ Black female x Yellow male.

4. Yellow female X black male,

7. In the following problems assume thet color blindness ts present in © 64 per cent
of the women and 1n § 0 per gent of the mwen m the entire population and that marriages
#1€ purely at random so far a3 this character 15 concerned,

Caleulate the Pereentage of marmages in whieh

@ Both the man and the woman are color-bimd

b Neither the man nor the »oman is calor-blmd

;. The man 15 color-blhind and the woman 18 normn]l

The woman 1s color-blind and the man s norma

8 Assume that the quency of h hiia m a 15 D 0OOIS and l::t
there are o affected females, but that 0 00026 of the females are heterozs gous for the
Behe Also assume that no affected males marty

Caleutate the Irc:;ucncy of hemophiha in each of the next two generstions, disre.

¥arding the oceurrence of new mutations N
% A woman whose maternal grandfather suffered from hemophilia hsa parents

that are normal “The woman's husband 13 normal What is the chance that Jes son
#l be normul? What 1s the chance that hee daughter will be normal \ i

19 A woman whose maternal grandmother was & eatrier of the grue for ;n{l‘\)[p : :
2nd whose matemal grandfather was norms] has parents that m;um;u S u; e
the chance that her son wll be hemophulie? What is the chance that hes daug
it be & carrer?
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11. A certam recessive lethal gene ! 1n man 13 carried on the X chromosome but
not on the Y chromosome. An individual who fails to receive at least one dose of the
domunant sllele L dtes before birth In a mating betwcen a normal male and a hetero-
2ygous female show the expected sex ratio of Inving hirths

12. Construct a pedigree showng how a gene for hemophilia carried by a normal
great dmother may be through grandmother and mother to a boy,
making 1ts prescnce known only m this, the fourth, generation. Assume that all male
ancestors of the boy arc normal Indicate the genotype of each ancestor of the boy in
the direct line from his great-grandmother,

13. A boy has a great-great-grandmother on his mother’s side who is known fo be
a carrier of the gene for hemophiin His mother traces back to this ancestor through
the female line alone No other evidence of hemophilia has appeared among the
ancestors of the boy What 13 the chance that the boy mherited the gene for
hemophilia?

14 Assume that all hemophilic females who are homozygous for the hemophilia
gene die before birth and that m one malo birth i 50,000 the child recesves a gene for
hemophilia from his mother. If none of these genes 13 the result of & new mutation,
what 1s the proportion of mothers who are carriers?

16 Explam the fact that most of the sex-inked characteristies so far discovered
1n man are recessive, whereas among Mendelian charactensties that are not sex-nked
the majonity so far discovered are dommant

16. In Schofield’s pedigree of wehbbed toes, shown below, if you sssume that the
gene for webbed toes 13 an ordinary non-sex-linked dominant and that the male m
generatron I 18 heterozygous for the gene, what 1s the probability of obtatnng suchs
run of webbed toes m males only and normal toes in all females as shown here
(Assume that all parents not shown mn the pedigree are normal ) Hint* The affected
males produced by affected males and the normal females from affected males mey
be cons:dered as two independent runs and therr probabilities of occurrence caleulsted
The probability of the two runs occurring simultaneously may then be obtamed.

i é < &' é ;; ' 4 é
@ Web-toed males " Normat mates Q Mormal females
Pedigree of the Schofield famdy ind: Y- inherit

17. If we assume that the gene for hemophilia 13 present in Europeans with & fre-
quency of 000013 and if we further assume that hemophilic males produce of ":
average only 30 per cent as many children as normal males, what is the chanee thal
& hemophilte female will be produced? Assume that there is no marnage between rela-
tives and no assortative mating with respect to the gene for hemophilia
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HEREDITY AND ENVIRONMENT

Not 50 long ago, when much less was known than we know today
sbout the relative importance of heredity and environment in the de-
velopment of the individual, a favonte topie for debate ran somewhat
a3 fol}?wr “Resolved that heredity 1s more important than enviren-
{ﬂe':,ty or “Resolved that environment 15 more important than hered-
ity.” The debater usually held strong convictions one way or the other
upon the subject, and what he necessanly lacked m valid evidence to
support his thesis, he abundantly made up for i emotional fervor

Today, considering the contribution of modern mvestigations m the
ﬁ'eld of genetics, all serious students of the subject realize that the ques-
tion ag S_tated above is not debatable We now know that both heredity
and environment are indispensable 1n the life of every organsm; and if
both are indispensable, neither can be constdered more important than
the Ot.her. In fact, the question becomes debatable only when 1t s lrmuted
to u. single characteristic of individuals within a specified population and
subject to a gven environment for example, “Resolved that heredity 15
more important than environment m determning the difference in height
(?‘ weight, or 1Q) among individuals hiving under the ordinary condi-
tions found in the Umted States ™

Let us now consider some of the facts wha
tations of the subject.

ch make necessary such hm-

GENES INHERITED RATHER THAN CHARACTERISTICS

owing the rediscovery of Mendel's work
¢ of the organism was often over-
d upon as units and were thought
httle regard to the environment
incompletencss of these ideas. As
{ the factor principle proved that
¢ was the unit of heredity; and
environment, it was
factors in develop-

In the period immediately foll
the role of heredity in the developmen
emphasized Charactenstics were looke
to pass from parent to offspring with
Further investigation soon showed the
we have seen already, the discovery of
the gene rather than the characteristi
when, 1n turn, attention nas directed to the role of
recopnized that the genes themselves wwere merely

.
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ment Genes, we are now aware, can do nothing by themselves; genes
can work only 1n cooperation with the environment,

Let us now ine a few cl t ples of the effect of the en-
vironment on plants, on ammals, and on man, afterward we shall con-
sider a number of more complex cases in man—some of which are of the
greatest importance to human welfare,

LIGHT AS A FACTOR IN PLANTS

In Indian corn we have an excellent example of the rule that “what 2
gene can do the environment also can do " Although this rule is perhaps

Ehat M e
Figure 62. Albino corn seedlings groning among normal greent
plants A sumilar population 15 growing under the box i the ab
sence of light,

often

scldom literally true, 1t is a fact that a change in the environment
are-

produces an effect, that 1s very similar to a gene effect To illustrate,
cessive lethal mutation known as albimism prevents the development ©

chlorophyllin the corn plant. A large number of mutant genes in ot least
four different chromosomes have this effect. Seeds that receive 2 dv;)u'bIc
dose of one of these albimo genes sprout normally, and the young albino
seedlings grow rapidly for a time, using the food stored in the seed '\VhE“
their food is exhausted, after they have reached a height of 10 or 12 mchesé
they dic of starvation, Among their green neighbors the albino3 presen

a striking color contrast, being almost pure white (Fig. 62). I Porm”

seeds and albino seeds are planted together n a tray, which is '}‘e“
covered to exclude all light, all of the plants, normal as well a3 albino
will grow up without chlorophyll. At 2 little distance all look alike (g
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63), although on close examimation the normal plants, unlike the albines,
havea shightly yellowish tint Lack of hight has thus dupheated the effect
of the recessive gene in preventing the development of chlorophyll

1f the plants are kept covered until the food stored 1n the seeds 15 ex-
hausted, all of the plants hiving 1n the dark will dse, for the same reason
that the albino plants die even m the light, namely, inabihty to manu-
facture food. If, however, the genctic green plants that have Ined in the
dark are exposed to the light 1n time, & good recovery will be made.

This experiment clearly demonstrates that hight 1s Just as necessary as
the right genes for the normal development of green plants

Figure 63, Corn seedlings, all of the same age. The tall white
plants at the left grew 1n the dark.

In order to make the above-described demonstration a controlled ex-
periment all environmental factors save the one which is to be varied
should of courge be held constant. Although the apparatus does not fully
meet this ideal, 1t 18 probable, considering the known facts o.f plant
growth, that the chief effective factor in the observed differences is bght.

be cover shown in Fig. 62 is an open box of gnlvamze(.i 1ron .Thc fcex.x-
tral region of the top is perforated in order to permut c:r.culatwn of air
into and out of the cover. A second iron top 1s fnsten'cd instde the.box
2bout one nch below the outer top Thus inner top is about one inch
smaller in both dimensions than the box, thus allowing ClchIﬂthnA of mlll'
without, the admission of light to the plants A§ a further prec:{u::on av
inside surfaces are painted black for the absarption of reflected light rays
entering through the holes m the top i

he xpparatis as deseribed probably fumishes_ a rensfmnbly h[;ood c:}?-
£zol of all factors jn the environment except humu.hty. Under the 130( t3
h“mid“)‘ is naturally much higher than it is outside. Differences in con-
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centration of carbon dioxide and oxygen and temperature differences are
probably insignificant 1f the box is kept out of the direct rays of the sun
In Fig. 63 other interesting environmental effects may be noted: the
corn grown 1n the dark 1s much taller than that rased in the light; also,
some of the roots of the dark-treated plants are growing aboveground

Ak

Figure §4. Albino maize plant, i sand eulture, grown with
03 molar sucrose solution as only organic nutrient, fed
through the leaves (From Spoehr, Plant Phystology, 17400,
1942)

Although the albino gene 15 lethal under ordinary conditions, e‘l}e";
ments have shown that the albinos are not irrevocably doomed to die d
starvation. By feedng the albino plants sugar (suerose) through ﬂ:e
leaves, Spoehr! was able to extend their Lives to four months and l‘:
bring them to the flowering stage Some of his plants produced bot
staminate and pistillate flowers and the same number of leaves s nor”
mal green plants (Fig 64) He kept some of the albinos in the darks a"e
these reached a height of 80 to 100 em and bore rudimentary cars S0

+H. A. Spochr, The Culture of Albino Maize, Plant Physsol , 17:307-410, 1942
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of the plants produced pollen, but Spoehr does not mention any fune-
tional seeds having been produced by the albinos

ULTRAVIOLET RAYS AS A FACTOR IN MAN

A familiar example of the effect of radiation simulating gene getton in
human beings is “tanning” of the skin In the process of tanning, ultra-
violet rays stimulate the development of prgment n the skin, provided
thete are present also the proper genes for tanning Some persons (albinos
and certain types of blondes) are unable to tan under any conditions
Drunettes, in general, tan more readily than blondes

Since the color of the buman skin depends upon genes, as well as upon
the environment, it is obvious that we cannot always tell by looking at
two persons whether their differences in color are due primarily to genes
or to the envi t The tances sur ding each case must
be known,

Another instance of the effect of ultraviolet rays on genetically duffer-
ent members of our species has to do with the defieency disease known
as tickets This disease 15 charactenzed by imperfect development of the
bones and teeth Richets was formerly common among babies and young
children in northern cities, where ultraviolet rays from the sun are largely
excluded by smoke, fog, and clouds for many months of the year Ttas
sad to be extremely rare in the tropies, for exposure to thfc sun’s rays
causes the human sun to manufacture its own vitamin D, which prevents
rickets, .

There is good evidence, however, that heredity also 15 an important
factor in the development of nckets This has been shown by the study
of children within the same family, where frequently some of the cluldm.n
develop the disease while others remain healthy. SCV'fml St“d"{s made in
Germany indjcate clearly that there are hereditary differences in suscep-
tibility fo rickets. Stern! cites figures from such & study mnccmed.“ ith
rickets in twins Among 60 pairs of sdentical twins there were 53 pairs in
which both twins had rickets. In marked contrast, there were only 16 pairs
of fraternal twins among 74 pairs In hich both members were ufreci‘ed
The environment was probably about as umform for the fraternal l\n.ns
25 for the identical twns. However, the fact that there were seven pairs
of identical twins showing Jack of concordance with respect to the disease
shows + is not the sole factor, L

Can::‘ to:,etrle\‘ehii:\ in man 1s another pathological characteristic in
which both heredity and environment play parts. Exposure of the skin
to intense sunhght over a period of many years is a factor in the induc-
. H Freemsn and Co, fsn

*Curt Stern, “Principles of Human Geuetics)
Francisco, 1949
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tion of cancer of the skin in whites Tt has little or no effect in Negroes
Comparisons between whites and nonwhites in three Amencan cities in
which there 15 a considerable difference 1n annual hours of sunhght js in-
structive (Table 14).

Tapte 14 Skin Cancer IncloEnce PER 100,000 Porvration®

Total Whites Nonwhites
City Year | hours
sunshime | Males |Females| Males | Femsles

Chicago 1947 2,560 26 2 227
New Orleans 1947 2,732 108 0 67 3
Dallas 1948 3,201 138 2 82 5

*US Public Health Service Cancer Morbidity Series, New Oclesns, No. 3, 1051
Chucago, No 6, 1952, Dallas, No 7, 1052

There 1s little difference among the three cities in the liability of nen-
whates to skin eancer In contrast to this there are great differences among
the cities m rate of skin cancer in the whites, In Dallas and New Orleass
the white males show much higher frequencies of skin cancer than do
females, probably related to greater exposure of the males to sunlight; 1
Chucago the sexual difference is not great, but it is n the same durection

It is obvious that there is a positive correlation between the total
hours of sunshine and the frequency of skin cancer m the three cities
But the rather small difference of 67 per cent hours sunlight between
Chicago and New Orleans cannot alone account for the great differ-
ence of 312.2 per cent in the frequency of skin cancer among males 18
the two aties The important factor is of course the quantity of ultra-
violet radiation absorbed by the human skin, As pomnted out by R E
Lautzenhiser, clumatologist of the US Weather Bureau in Chicago, who
furmshed the data on hine in Table 14, hine hours alone c::\.nm’l
be nsed as an accurate measure of total ultraviolet radiation recetve®
since latitude affecting angle of incidence and differences in moisture €05~
tent of the atmosphere are important variables, Differences in the amouf“
of smoke and dust in the air are also probably very important, as 8¢ dif-
ferences in temperature in the three cities. The temperature 1 Chicag?
15 low enough for seven or eight months of the year to deter most persons
from any protracted exposure of the skin to the sun. Unfortunately, dats
on ultraviolet radiation reaching the carth in the three cities seem not to
be available

Experiments with mice and rats have shown that the can
rays are of the same wavelength as those that cause sunburn.
ations are especially dangerous to persons with hght-colored

cer-induciof
Such radi-
eyes, whe
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usually have fair skins, and many of whom never tan, this correlation
between skin cancer and complexion was shown 1n a study of 100 con
sceutive cases of skin carcinoma in Los Angeles, by Hall T Of the 100 cases,
87 per cent were light-eyed, while among a comparable control group of
patients other than skin-cancer patients only 53 per cent were light-eyed.

TEMPERATURE AS A FACTOR

In plants numerous cases are known 1n which the effect of a change
I temperature may rescmble closely the effect of a change in a gene In
the Chuinese primrose (Primula sinensts) there 13 one vanety whach pro-
Eiuces red flowers at 20°C., but white flowers at 30°C or above By mov-
ing the plant from one temperature to anotber both red and white
flovers may be obtained on 1 single plant Another variety develops
white flowers at both temperatures.

In animals a similar relationship between temperature and gere 18
shown beautifully in a breed of domesticated rabbits known as the i~
malayan. Under ordinary temperature conditions these ammals have a
conspicuous color pattern. The skin and fur are white except on the feet,
ears, nose, and tail, which are black. The eyes are pink. This pattern 13
a single recessive with respeet to the wild color

A smple experiment serves to show, however, that pigment forma-
tion on the extremuties, without pigment formation on the rest of the
body, depends upon temperature differences 1n the skm. If a patch of
hair 13 plucked from the back of an adult ammal and the rabbit 1s then
placed 1n a cold room, the new hair coming 1n will be black After the
spot has become covered with new hair, and thus protected fro{n the
cold, any new hairs that appear later will be white And as new hairs re-
Place those lost by shedding, the dark spot gradually disappears

Conversely, 1f hair 1s removed from one of the pizmented extremuties
and the bare spot protected with a bandage, thus raismg the tempera-
ture of the skin, the new hairs that grow out will be white .

If the newborn animals are placed m a temperature as low as 11°C
for only a few minutes and then returned to a warm room, the harr asit
appears will be pigmented over the entire body It has been found that
the short exposure to cold induces the formation of an enzyme 1 the
£kin which 18 necessary for the formation of pigment Once ‘he. enzyme
is formed it continues to function even at high temperatures Normally,
Pigment 15 not formed in these rabbits at temperatures above 33°C.

It is obvious from these results that the Himalayan color p:m.cm as
such 1s not inherited, What 1s inhented 15 the gene which permits the

*A. F. Hall, Relationships of Sunlight, Complexion and Heredity to Skin Carei-
Nogenesis, Arch. Dermatal and Syphtls, 61:559-610, 1950
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development of pigment at temperatures up to a certain maximum; be-
yond this maximum the gene prevents the development of pigment

The color pattern of the Siamese cat (Fig. 65) and of the albino gumea
pig 15 subject to a temperature effect simular to that of the Himalayan
rabbit The gunea pig, however, develops much less pigment than the
other two amimals

Although we know of relatively few cases in which genes are as nicely
balanced with the environment as those just considered, the principle

Figure 65. Siamese cat, a color variety corresponding
to the Himalayan rabbit and the albmo guinea pig
Pigment develops on the extrenuties as a result of
temperatures lower than on the rest of the body. (From
Thompson et al , J. Heredity, Apnil, 1943, p 122)
illustrated undoubtedly applies to most genes. A series of examples could
be given, beginmng with those in which a change in the environment a0y~
where within the range tolerated by the organism, produces no obvious
effect on the charactenstic, e g , eye color, and ending with thosein which,
ke the Himalayan rabbit, o moderate change m the environment pro-
duces a marked effect Experience alone can tell us to what extent 3
given charactenstic may be modified by the environment.

HORMONES AS A FACTOR, BALDNESS

There are scveral environmental factors that may cause 10ss of b
(baldness) in man among these are infections and hormones. Baldness 19
much more frequent, as well as more extreme in mamfestation, I mﬂ:
than in women; the differences between the sexes are, of course, priman’
hereditary.

Aristotle, in his zoological work Hzsforia anymalium, states that nesther
castrated men nor women ever grow bald, With certain quu]iﬁc.’l!lon
mentioned below, this statement 1s true.

viid
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Dr. James B. Hamilton, ' of State Untversity Medieal Center 1n Nen
York City, has made extensive studies of baldness m both sexes and m
persons of all ages. His defimitions of balduess of vartous degrees and
types are shown graphieally in Fig 66. The drawings show the typical

v
iri in the clasaifieation and
ches of the types of scalp hairiness uced in t 02
extent of confmun baldness, Types I and II do not qualify n;
s IV, V, V1, VII, and VIII represent a graded p:',ogreﬂ;mn o
ess. (From Hamllon, Ann N.¥ Acad Sct, 53.712, 1951.)

Figure 66. Sket,
Erading of the

aldness. Type.
€ommon baldn,

Sequence of loss of hair in Caueasians, Negroes were :wt studxbcfi Tl;c
stage at which loss of hair constitutes baldness (type IV) was arl llm}r: _}t
ed to include deep frontotemporal recessions, usually symmetrical, ¢ "l'
are either bare or very sparsely covered with hair. Also, there s usually
*J. B Ilamilton, Male Hormone Stimalation Is Prerequisite and an Incttant in

Common Baldness, Am J. A at, T1:451-480, 1942, .
*J B Hnm‘l‘lt::; ‘P':uerno; Loss of Hair tn Man: Types and Ineidence, Annals

MY, Acad 8, 53:708-728, 1951
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some loss of hair along the midfrontal border of the scalp. In old persons,
especially men, the mimmum loss of hair that qualfies as baldness may
oceur on the crown (see diagrams).

The frequencies of baldness, as thus defined, are shown in Fig 67.
Since baldness makes 1ts appearance at various ages and is progressive
in degree, the extreme types are naturally more numerous at advanced
ages In none of the 214 women studied by Hamilton was baldness more

——
g:;;,,} Cavcason

— — Chinese mate

Per cent of subjects who are bald

Ageyears 0 10 20 30 40 50 €0 70

No of subjects 1 M) 104 54 a3 4t 32 2 U
1F) 25 44 42 33 3% 2 B
Chinese (M) 27 19 18 6 5

Figure 67. The incidence of common baldness of types IV to VIII in Cn'ucnsia;
males and females and 1n Chinese males (From Hamulton, Ann. N Y. Aca
Secr, 53720, 1951)

advanced than stage IV, although 58 per cent of the 112 men over
50 years of age showed baldness of types V to VIII. 4

Hamilton’s nvestigations confirm the theory that baldmess depends
first upon an whented tendency (a domi gene, ding to s0m®
authors?) as well as upon a certan concentration of male hormones 13
the blood He found no records of boys castrated before puberty who b
beeome bald Nor did baldness develop m men who failed to mature 5¢¢
ually; but when these men were treated with male hormones loss of hast
took place in men whose pedigrees showed them to be genetlcﬂuy 5“:
ceptible to baldness Men who were castrated after becoming bald &
not regain their hair, but no further loss of hair occurred. Se‘(u':!“)’ m?-
ture men, whether bald or with normal hair, did not differ significantly
in concentration of male hormones

a2
1 11, Hareis, The Inhenitance of Premature Baldness in Men, Ann., Eugenict 13 A7

181, 1946
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PRESSURE AS A FACTOR

Deformation of the skull has been widely practiced by many tnbes
Africa, Asiz, and the Americas In mfancy, while the bones are incom-
pletely formed, continuous pressure 1s applied in one way or another. The
Manghetu,  Sudanese tribe in the northeast corner of the Belgian Congo,

/

Figure 68 Environmental modification of the skulls of children of the Mangbetu
trbo, Delgron Gomner Doy, Toft, g, rght The ear lobes show hereditary differ-
ences: fres lobe, Aff, attached lobs, right {Courtesy of Belguan Government Informa-
tion Center, New York.)

are an interesting example The head is bound, to xzroduce an extreme
elongation of the skull, as shown n Fig 68 There is no evidence that
deformations such as this have any hereditary effect In some cases the
Practices suggest a desire to exaggerate & trait already somewhat char-
acteristic of the populatton.

FOOD AS A FACTOR

Tn our study of Mendel’s experiments with peas we learned that genes
may have striking effects on size and growth. ‘\.s‘“‘ﬂ? gene difference may
account for the difference between & normal individual and a dwarf in
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peas, 1n mice, or in men Similar striking effects may be produced by
altering the food intake Both in plants and animals dwarfs can be pro-
duced at will by depriving the growing young of adequate food
Since genes as well as food affect the normal growth of organisms, it1s
often difficult to tell how much of the difference in stature among human
beings 1s due to genes and how much to the environment; this 1s espe-
cially true of the young Measurements of school children in varous coun-
tries have shown that the stature of children at given ages has increased
durning the past few generations For example, Professor Otto L. Mohr,
of the University of Oslo, Norway, gives figures on the height and weight
of students in the public schools of Oslo for the year 1920 compared with
1930 ! The portion of his table relating to height is shown in Table 13
Tasue 15 TEN-YEAR INCREASE 1y Hercur 1N Scmool CHILDREY,
Oso, Norwav*
Above the double line, pupils 1n lower public schools. Below the double line, puptls
m higher public schools (grammar school, gymnastum)

Body hetght, em,
Age, | gox
¥ 1920 1930 |Incresse

Boys 130 91 135 13 422
Gurls 130 02 131 59 457

14 | Boys | 14822 | 15310 [ 488
Grls | 150 60 | 15194 | 434
Boys 153 46 157 39 393
4 | Guls | 15401 | 15852 | 361

Boys 173 55 176 07 2 52
Gurly 161 64 164 69 305

* From Mohr

. . . . ¢
Increascs in weight were similar to those in height. Mohr states tha
1s and that

in Norway all schools, both lower and higher, are public schoo .
his figures are from the very complete statistics collected by the runic”
pal-school physicians

His explanation of this remarkable increase over the te
as follows:

n-year penl’d is

<e of staturt
fectly elear
crcephbly
vemen

As seen from this table there 15 a most remarkable general mcrea
and body weight i the course of the last ten year period It is per
that the genotypteal quality of the population cannot have changed P!
during so short a time The very striking change must be due to the impre’ i

10tto L. Mohr, “Heredity and Digesse,” W. W. Norton & Company, Inc, Ne¥
York, 1934



HEREDITY AND ENVIRONMENT 193

= ofenvironmental conditions, better hygiene, better nounshment ete The experts
1n their comments upon this evidence point particularly to the fact that the wide-
spread application of birth control has reduced the size of the family very con-
suderably. The number of births m Oslo was 4,900 1n 1920, 2,100 1n 1933 Ttz a
matter of course that in small farmlies each child will have much better care, 1€,
much better environmental conditions, than will be the case 1n large families with
correspondingly imited finaneial opportunities

A question might be raised as to whether the explanation 1s neces<anly
as simple as Mohr indicates. To rule out completely genetie changes 1t
seems necessary to show that the fall n birth rate was as great among
tall members of the population as among short If the fall in birth rate
was less among genctically tall people, the net result of such selectton
would be a rise 1n average height of children

4 second genetic factor tending to increase stature mn a heterogeneous
Ppopulation 15 the marriage of unlike types, resulting in what 1s known as
hybrd vigor (Chap. 13).

. Whether or not either of these factors has any force 1n the Oslo situa~
tion is not discussed, but in American citres it would scem unsafe to rule
them out entirely.

Assuming that the differences shown in the table are largely environ-
mental, we must remember that an increase in the stature of children of
various ages due to improvement 1n the diet and other hygienic condi-
tions does not ordinanly mean an increase 1n the adult stature

Studies of the height of London school children over the past 45 years
haye shown a gain of several inches m stature There has, however, been
1o demonstrable change in the adult stature During the past century
the height of adult men has remamed at about 67}% inches What has
happened is an acceleration in the rate of growth * The age at h:c}:
maxtmum growth was reached fell from about 26 years in 1880 to 213
years in 1945. Mohr's table suggests a speedng up of the rate of growth
in the earlier years R

Numerous experiments with ammals have shown that drets deficient in
certain respects may cause 8 temporary retnrdathn of growth, but that
“hen the diet is corrected, growth will begin again, and may continue
even beyond the age at which 1t would normally cease. Gro“Ath may even
continue until normal size is reached. On the other hand, if She diet 18
deficient in vatamin D and minerals necessary for bone formation, a per-
manent stunting and malformation may result.

From the preceding discussion 1t is evident ih.?t the solunon.o[ prob-
lems of the relative force of heredity and environment requires con-
trolled experiments Expermenting with man is out of the question, but

and Form, Proc.

:

s

"G M. Morant, A Discussion on the Mensurement of Growth
Roy. Soc. (London), B,187:113, 1950
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fortunately nature herself has done a controlled experiment for us in the
production of human twins The study of twins provides some of the best
evidence we have on the relative importance of heredity and environment
in man

IDENTICAL TWINS AND FRATERNAL TWINS

The ongin of identical twins and fraternal twins has already been dis-
cussed 1n some detall (Chap 9) Briefly, we found that identical twins
come from a single fertihzed egg and therefore have identical sets of
genes, whereas fraternal twins come from separate fertihized eges and
therefore are no more alike genetically than if they had been born at dif-
ferent times

The environment of a pair of twins of the same sex reared in the same
family 1s about as uniform as can be found for human beings, hcnc.e most
of the differences between them, which m the case of fraternal twins ar¢
often great, must be due to gene differences

Assuming that the environment 1s equally umform for identical and
same-sexed fraternal twins, a comparison of the two types tells us muc
about the role of heredity 1n human development. Characteristics which
are usually present 1n both members of a pair of identical twins, if pres-
ent m either one, but which are usually not present in both members of
a par of fraternal twins, must have a strong hereditary basis. Such char-
acteristics are naturally relatively rare in the population as 8 whole
Nevertheless, there are many examples of rare hereditary defects and
d i both bers of a pair of identical twimns Some of
these are mentioned in later chapters on human heredity.

The comparison of the two types of twins as a means O
hereditary traits has been widely used i Germany, and to 8 consid
extent more recently in the Umited States The method has been applt ;
to all sorts of physical and mental characteristics, mncluding the study o
erimuinal behavior .

Since 1928 four books have been published in Germany reporting
studies on crime 1n twins.! The wrters of all four books found from their
mvestigation among prisoners that a criminal career in an 1dcnti?al o
was far more hikely to be matched by a criminal career in his twin P27
ner than 1s the case under the same circumstances with fraternal t.\\ms
Combining the numbers from all four studies, one obtains 66 pairs o
identical twins 1n 45 cases both twins were convicted of erime; in2! Msci
only one was convicted There were 84 parrs of same-sexed fraterp®
wins: in 32 eases both twins were convicted of crime; in 52 only on¢ »8

{ detecting
crable

has been trand
New Yorki
J Herdd-

10ne of these books, ““Crime and Destiny,” by Johannes Lange,
lated into English by Charlotte Haldane, published by Charles Dot
1028 For a review of the four books sce I' Popenoc, T ins and Crminals:
sty, October, 1936
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convicted, In this country similar studies were made by Rosanoff and
his associates ! The results ore similar to those from Germany Among
37 pairs of identical twins both were convicted of crime m 25 cases, 1n
12 pairs only one was convieted Among 28 pairs of same-sexed fraternal
twins both were convicted 1n only 5 instances, in 23 cases only one was
convicted.

In twin studies there is said to be concordance when both members of
the pair are alike in the charactenstic under study In all five studies
combined there was concordance 1n 68 per cent of identical twins as con-
trasted with only 33 per cent among the fraternal twins If the percent-
age of concordance mn the fraternal tnins seems high, 1t should be re-
membered that these twins also have many genes m common, recerved
from their common parents, which should tend to make them stmilar m
behavior, Consequently we cannot say that environment alone was re-
sponsible for their criminal behavior

In most cases the erimes were not committed by the twins m com-
pany. Nevertheless, the type of crimes commtted by the pairs of 1den-
tical twins, as well as the general behavior of the two ndividuals, shoned
much greater resemblances than 1n the case of fraternal twins The higher
degree of similanity in the behavior of the 1dentical twins can best be
explained as due to their greater sumlanty i heredity .

The foregoing studies stropgly suggest mnate differences in suscep-
tbility to the temptation to commut enmes 1t 15 clear, however, that
the environment is an important factor n causing onc to yeld to the
temptation or to resist 1t. The general conclusions from these investiga-
tons are supported by the most extenstve studtes of twins so far made n
the United States: the work of Professor H H Newman and two of his
colleagues at the University of Chicago In an extremely interesting
book? eontaining the results of more than ten years of labor the authors
describe exhaustive measurements and tests of 119 pairs of twins. The
monograph, contaimng many tables, graphs, and a carefully reasoned
analysis of the data, cannot be too highly rccommchcd to those mnter-
ested 1n the problem of heredity and environment as it applies especially
to the normal physical and mental differences m man. .

The first part of the book contains a companson of paired differences
of 50 pairs of 1dentical twins reared together with 50 pairs of fraternal
twins of the same sex also reared together. If one assumes that' the envi-
tonment of fraternal twins 13 about as umform as that of 1dentical twins,
the differences hetween the interpair differences in the tvo groups should
be an expresaon of the foree of heredity.

YA, Rosnnoff, L. M landy, and 1. A. Rosanoff, Criminality and Delimquency
i Tns, J. Criminal Lase C"”‘P”};if,ﬁiﬁ,‘;lﬂ‘&,,x J. Holnnger, “Twins. A Study

* Horatto 1 Newman, Frank N o
©of Heredity and E:vnmnment." University of Chicago Press, Chicago, 1937,
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The examnation given the 100 pairs of twins reared together included
the following observations and tests

Prysrcar Osse AnNDp ME MENTS
Height, standing and sitting
Werght
Head length and width
Cephalic index
Harr color and texture
Hair whorl (location and directton of twist)
Eye color and pigment pattern on the ms
8kin texture and coloration
Handedness
Palmprints and fingerprints
Ears, general contour and peculiarities
Uther facial features
Birthmarks, moles, ete.
Tests
Standard Revision of the Binet-Sfimon Test of Intelligence
Otis Self-admimistesing Test of Mental Ability
Stanford Achievement Test
Downey Will-Temperament, Test (parts dealing with speed of decision, coordinatio®
of mmpulses, motor inhibition, and finality of judgment}
Woodworth-Mathews Questionnaire
‘Tapping tests for the objective determination of handedness

hers

Information was gathered, also, by interviews with parents and ot -
a

regarding age, physical history, school history, general mterests,
talents d

A comparison of the average differences n some of the tratts measure
is shown 1n Table 16

or
Tasie 16 Meas Parr Disreresces 1n Sereeren Trarrs For 50 PAm;i
IDENTICAL TwIss AND 50 Patns oF Sap-sexen Frarsasat Tens

Identical | Frateraal
Selected traits (reared (reared
together) | together)
SR I
Standing heights 17em. 4.4cem
Weight 41lb 10 01b
Head length . 29mm, | 62mm
Head width . 2 8§ mm. 42 mm.
Cephalic index 0 018 0 028
Total finger ridges [ 59 223
Totsl motor score .. . . 193 20
Bmet1IQ ... .. [ 59 9.9
Otis IQ . . 456 93
Stanford Educational Age . . ¢ 4mo. | 11 6mo.
Woodnorth-Mathews Questionnaire . 1 53 67
RS,

® After Nenman, Freeman, and Holzinger,
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In the case of heights, weights, and Binet IQ, the differences were also
compared with differences among ordinary brothers and «isters of the
twms Differences among the latter were found to be almost exactly the
same as among fraternal twins

The first point to be noted 1s that 1dentical twins are not absolutely
identical 1n any of the traits listed Ewidently, environmental differences,
either prenatal or postnatal, are sufficent to produce ble differ-
ences—m some cases fairly great ones- 1n wdentical twins reared n the
same home. The differences between identical twins, however, are seen
to be only about half as great as those between fraternal twins Unbke
genes obviously aecount for the greater differences m the fraternal twins

Of the traits hsted 1n the table, the one m which heredity appears to
be relatively most influential 1s total finger ndges This 1810 heeping with
the finding that physical traits as a group show relatively great mflu-
ence of heredity and less influence of environment than the mental traits
The authors’ explanation of this rule 1s as follows*

A most plausible provisional hypothesis would seem to be that behavior and
mental ability are more subject to the influence of training and environment than
are physical size, form, and features, such as color of eyes, color and texture of
harr, ete, It is quite plausible to suppose that the pervous system, which 1s the
physical counterpart of mental traits, of behavior, and of abilities, being more
subject to influence by stimulation from the external world, 18 also more suscepli-
ble to vanations through such stimulation and through the responses which are
made to 1t.

But, one may ask, why should identical twins, having identical sets of
genes and reared in the same home, show even this much dlﬁ‘crcncc'? The
snswer, according to the authors, 1s, m part at least, differences in the
Prenatal environment:
¢ of each pair of identical twins 18

1t i membe
s commonly beheved that one Many even beheve that one mem-

lacking 1n vitality as compared with the other
ber of each pmr’lﬂ s'.enlep While such viens as these are ncorrect, ther; see!rm
to be some basis for the general mpression, for m many €ases one men; . o'h:
pair of twing actually 1s physically anferor to the other in many Says o0 %
time of birth on Tt seepas probable that such early differences 1n vigor and vitt vy
are thesesult of mnor incquality i the fetal :100«1 supply of the twins, resiihing
om an imbalance in the placental blood exchange 5
That this mmbalance m Loed echange does produce marked differences in
8Uviving twins 13 evidenced by the fact brought out by the e';lenﬁne o 3 s;;
tions of Sehatz, who found that, at about the mddie pesiod o Pf?}l"»“““! g
differences 1n monozygotic [one-egg] tnns average much E:c :1‘::' a:t;xll on)a
€9tic [two-cgg] twins This 15 the opposite of what might be SR O,
geletic basis Tdentieal twins that survive thus penod tead howe of
equalin size, but even at birth their size differences equal on t]he nverni:eﬂ 0s o
dizygotic twins, many of the former showing more marked differences than
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average of the latter. As has been said, such size differences frequently persist for
Iife, and 1t seems probable that differences produced by this prenatal factor ex-
tend beyond mere size and mvolve also differences 1 vigor and general health.
How much of the observed stze and weight differences m adult identical twins
trace back to the factor under diseussion we have no means of knowing, but it
seems obvious that the effects of this factor are too important to be ignored In
concluding discussion of this factor it should be emphasized that it is peculir to
monozygotic twins, for there are no known cases of dizygotic twins in man in
which placental anastomoses of fetal blood vessels oceur.

The prenatal environment of a pair of fraternal twins thus shows on
the average greater uniformity than that of a pawr of 1dentical twins
This tends to balance the greater uniformty of the posinatal environ-
ment of 1dentical twins,

Identical Twins Reared Apart

The really unique phase of the work of Newman et al on twins, as vel
as the part which presented the greatest difficulties, was the discovery
and study of 19 pawrs of 1dentrcal twins separated 1 nfancy and resred
apart In order to secure the number needed for statistical treatment the
country was combed by letter, newspaper, and radio—the latter medum,
wmadentally, proving far the most effective .

The pecuhar advantage in the study of 1dentical twins reared apart i3
that they constitute a natural experiment in which one factor, heredity,
15 constant, while the other factor, envaironment, 1s varied Therefore the
differences found (or rather that part of the differences in excess of the
differences i rdentical twins reared together) should be due to the envi
ronment By studying the differences 1 the environment of separate
twins the effect of various factors in the environment may be discO¢

As a control on the environmental side there were already uvuil:'nble to
the authors the 50 pairs of 1dentical twins reared together, 10 which the
environment was as uniform as 1t 1s possible to find. .

Extreme simlanty was found among dentical twins reared apatt 18
the following physical trasts har color and hair texture, eye color 0
pigment pattern of the 1ns, skin texture and coloration (exeept in “fe‘f\
cases where differences 1 health or exposure had produced noticeable dlh'
ferences), and shape and size of ears, nose, mouth, hps, chin, and km‘u N
In these traits the environmental differences encountered had practicsl¥
no effcct In a number of other physical characteristics, howet ?P,'C"":
siderable differences were found. A companson of the differences 18 “k‘;
tical twins reared together with those reared apart is shown1a Table 1 s

Tt is obvious that the differences between the means of the two group
of twins are much greater for some traits than for others. By apP! yml:
the usual statistical methods the authors caleulated that the dxﬂcr{ﬂf;
were significant only for weight, Binet IQ, Otis IQ, and Stanford Achiey
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ment.  For traits such as height and head measurements no sigmficant
difference appears The writers cautiously state*

These latter findings are as important as the former m that they indicate
truils unmodifiable by the type of environmental change here studied All these
inferences are, of course, Iimited by the small number of separated cases and
the small environmental differcuce by twmn pairs for a considerable proportion of
these ., . Fifteen of the paurs had only a moderate variation i environment,
whereas four pajrs were reared in extremely different surroundings If the con-
trast in environment had been greater for all cases, the influence of this factor
would have been much larger.

Tasie 17. MeaN Patr Dirrerexces 1x Sciectep Traims ror Two
Grours oF Ippnticat Twinvs®

Identical Identical
Selected traits (reared (reared
apart) together)
— T
Height 18cm | 10lem
Weight . 9901b 1031b
Hlead length R | 220mm | 259mm
Head width, 28 mm | 225mm
Binet IQ 821 535
Ousiq , 800 151
Stanford Achievement 16 26 mo 6 38 mo
5 00 548

Woodworth-Mathews Questionnaire i

* After Newman, Freeman, snd Holzinger

After proper comparisons of data, 1t was concluded that educational
and social differences in environment were effective 1n producing varia-
tions in such traits as mtelligence and school achievement, anc! possibly
Some slight, changes in temperament; while varsations 1n physical envi-
fonment were responsible for changes 1n weight, and to some extent in
temperament,

A general conclusion as to the relative importance of heredity and en-
vironment is eontained in the following quotation.

The analysis indzcates that the role of heredity and environment n producmg
tin differences 15 & function of the type of environment Thus, for h\dms r!ea{;e
1ogether, most of the differenco betwecn members of a paw may be due to th
fhture factor; whereas for tins rearcd under stnk;lnsb different environments,

'® nurture factors will have a relatively greater influence. -

1t is apparent rf‘i«am several of the comparisons made t‘hat the ml?metezﬁ“:
OFhereditary and environmental differences 1s also a function o'f the type of :lz:lxe

15 fived ratio of these two factors for all traits and conditions is ghus l:npo? d
We must consider their relation always in connection wath the hind of trut an

&rade of environmental difference.
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From the viewpoint of the edueator 1t is important to note that extreme
ined 1 and social envi are ied by significant
11 and ed 1 achi as d by our tests

changes in

A large part of the book is devoted to detailed case studies of the
19 paurs of 1dentical twins reared apart. The case studies suggest stnk-
ing relations between certain factors n the environment and some of the
charactenistics The pairs brought up under the most divergent cond-
tions are of greatest interest, as illustrated 1n the two cases brefly de-
scribed below. It 1s such cases that emphasize the power of the environ-
ment 1n causing differences. N

1. Gladys and Helen were both marned women, 35 years old when ev-
amimned They were born in Ohio and after being separated at 18 months
of age did not meet agan until they were 28

Gladys was reared 1n 2 medium-sized city in Ontario, Canada When
she had fimshed the second grade, her foster father, who was a ratlroad
conductor, went to the Rocky Mountains for his health, Gladys va9
taken along. There were no schools, and when after two years the famly
returned to Ontano, she did not reenter school but remained at home
doing housework

At 17 she went to work in 2 knitting mill, at 19 she began work as 8
saleswoman in Detroit, working at this and at clerical work for 8 nqmb"
of years For the nine years preceding the tests she had been an a.sslst:mt
to the head of a small publishing house i Detront, where her duties €02
sisted of setting type, wnting copy, and proofreading.

Helen’s foster parents were farmers in southern Michigan.
required to work hard at home and was sent to a good Michigan college
where she received a bachelor’s degree Soon afterward she began teack-
ing school, and for the eight years precedimg the tests had been teaching
m a large school in Detroit.,

In weight, the sisters were almost identical, but Helen was i
the taller. In other physical traits the two were very similar. In bot
twins the terminal joint of the index finger of both hands was bent W‘
ward the thumb in o curious fashion—an example of the sort of PO:_
adaptive r bl ly found in identical twins and constitu
ing good evidence of identical heredity

As might be expected from their differences in school
far superior to Gladys 1n all the mental tests. In the Stanfo
the difference was 3 years 10 months, or 24 pomnts in IQ.
ences in test intelligence were greater for this pair than for any ©
reared apart; the difference in formal education was also greatest

air. 5
P With respect to personality differences the authors make the follow
ing comment:

She was not

1.1 inches

ing, Helen ¥3
d-Binet test
The differ
ther paif
1n this



HEREDITY AND ENVIRONMENT 20

Obrervations of the overt behavior of these twins revealed some further im-
portant lity d. Helenisa dent and suave person with rather
marked charm of manner. She makes the most of her personal appearance, moves
sbout gracefully, and is apparently conscious of making a favorable mpression
on men She conversed smoothly without a trace of diffidence and alnays took
the lead in all matters pertaming to arrangements for the tnp and the stay 1
Chicago One sees at once that she 15 by far the more aggressive in her overt acts,
but the Donney test revealed about equally strong aggressieness m the tno
women. Gladys made the impression upon us of a person il at ease This attitude
may have been partly the result of a feeling of mferonty m view of the apparent
certainty that she would make a comparatively poor showmyg on the tests She
scemed 0 us 10 be a rather staid and stolid person, distinctly diffident, She had no
affectations to mateh those of her sister and had no charm of manner or grace of
movement She was not becomingly dressed nor did ehe make the best of her
physique. She never volunteered any 1nformation and was difficult to draw into
conversation She made no effort to create a favorable personal impression In
general, the contrast in overt behavior duning socal contacts was rather extreme.

As an advertisement for 2 college education the contrast between these twins
should be quite effective.

2. James and Reece were 27 years old when examined They were born
ina in village in heastern Tt Thetr mother died
childbirth and they were separated at less than one year of age, James
being taken by his maternal grandparents and Reece by s paternal
grandparents, Because of strained relations between the two foster fams-
Lies, the twins never associated Until their visit to Chicago they had
never spent more than a few hours together
. After graduating from high school James was employed as an engineer
in a sawmll and sand-and-gravel busmess run by his grandfather and
maternal unele, who were reported as steady and industrious people.

The paternal grandparents with whom Reece fived were “mountain-
eers of the more primitive sort, & type common in tl‘\e mountains of
Tennessee.”” The grandfather, a Confederate veteran with a pension al-
most, large enough to Live on, had never worked steadily, but had tried
his hand at, coal mining, blacksnuthing, and work on the rallroad Reece
follow ed the custom of the family 1n avoiding regular work For a short
time he worked in an automobile factory, but that was “too much hhe
fh"ef}’" to ham, so he returned to the ‘mountsins The authors state that
it would not be fair to recount any of his less
€xperiences,

Reece attended a mountain school when
for more than five months in the year, usual
the eighth grade The authors do not feel free

s social environment but state that the contras
WS very great.

reditable occupations and

he felt so inchined, but never
ly much less He completed
to divulge the details of
t with that of hus brother
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Both men were marned early James had had two children, one of
whom died 1n infancy; Recee had none The authors state: “Steady wotk,
largely 1n the open, on the part of James, and the free Iife in the moun-
tains, except when he was not so free, on the part of Reece, seem to offer
no great contrasts from the purely physical standpomt ” i

In physeal appearance these twins were as similar ag the average pair
of identical twins reared together, although James weighed 14 pounds
more than Reece. Among their striking simiarities the followng are men-
tioned by the authors, “ Both have the same pecuhar iris pattern—a very
dark outside ring surrounding a greenish-brown center. Both feft eyes
are slightly strabismic and have no image-forming power, merely r.eact‘
ing to hight and darkness . The fingernails of both have been bitten
down to an extreme extent ” It 1s interesting to note that in one ?fb?f
pair of identical twins reared apart (two boys of 19), the fingernails of
both were bitten down in the same way. .

According to the authors, “An unusual feature that is present in the
pen wnting of both, but does not appear in the pencil writing, i 8 rather
marked tremor This doubtless has a physiological basis, but we are ur-
able to say what 1t 13" In other respects, however, the ‘handwritiog
showed marked differences.

In intelhgence, James ranked 19 points above Reece I b
Scale—the second largest difference found among separated twin:
difference was as great on the International Test as on the Oﬂ.lcl's

In summanzng the personality of the twins the authors write:

1Q on the Bunet
» 10 s The

The facts regarding personality are not so sumple. In some busm.elemenl& ‘:f
temperament these brothers, brought up under such diverse conditions, are rn
markably similar This 15 brought out most strikingly 1 the Downey Test Je
the tests of neurotic disposition and of emotions, also, they are rather similar .
behavior, judged from the pomnt of view of 1ts social productiveness and u;f?:d.
ability, however, the contrast 1s sharp. There 18 also a marked contrast it Lﬂ ;
wniting, While, then, a certain basie similanty in mode of reaction ml: ‘d"
nature and persists it spite of differences 1n the environment, some rather \lﬂm
mental modification has apparently been made, and marked effects 1n the 3%
direction, and content of behavior are obvious

. § en
‘The differences 1n behavior 1n this pair of twins are mtercstmg:‘]}:.
compared with the studies of twins 1n Germany, referred to previoust

AGE OF MOTHER A FACTOR [N MAMMALS

. . tand-
In most respects the uterine environment of mammals 13 well 8

ardized. Within a given species there 13 probably httle vnrmthnII:' ::‘
bryonic environment in such ordmary factors as tempemturc..hl-'.’r;em
moisture. With respect to food and the chemical environment in B! e
however, there are possibilities of differences. It s therefore not sTP
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ing to find that the age of the mother is sometimes an important differ-
entiating factor among the offspring of mammals

There is a popular belief that many differences among children 1n hu-
man families are due to the age of the mother or to the father So far as
the father is concerned there scems to be no good evidence 1 support of
such a belief, either from animal breeding or from the study of human
families The male affects the offspring only through the sperm, and a
sperm seems to be little more than an ammated package of genes The
8enes carried by the sperms are apparently not affected by the age of the
male that produces the sperms.

On the other hand, the mammalian female has an mtimate relatron-
sbip to the developing embryo, since substances mn the mother’s blood
sre constantly diffusing into the blood of the embryo It 1s reasonable to
suppose that advancing age may cause changes m the composition of the
blood, thus making the environment of embryos i older mothers some-
what different from that of young mothers

So far as is known, the only experimental studies m ammals showing
an unmstakable effect of age of mothers upon offspring are those re-
ported by Sewall Wright ! In an extensive experiment with guinea pigs
he found that in a family of purcbred amimals having a picbald (white-
spotted) pattern, the percentage of white shun and hair of the offspring
tereased with the age of the mother until the mother had reached her
full growth.

In this same family of guinea pigs there was a hereditary tendency to
produce offspring with a fourth toe on each hind foot (Most guinea pigs
have only three toes on each hind foot ) It was found that this tendency
decreased to 4 remarkable extent with ncrease in age of mother This re-
lationshup 15 shown i Table 18, below

TasLz 18 Errecr oF Ak oF MoTuer oN NUMBER OF ToEs ¥
Guinea Pros®

Age of mother, | Number of | Per cent with

mo young fourth toe

349 527

tﬁ 300 00
912 31 22
12-15 22 %7
15-21 330 183
2146, 206 142
1,976 a1

* After Wright

'Bewall Wright, Effects of Age of Parents on Charactenstics of the Guinea Pig,
, E

Am, Naturahat, 80:552-559, 1926
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The experiments on extra toes do not rule out entirely the possible
effect of the age of the father, since m the great majority of the matings
the father was of exactly the same age as the mother. Yet the few cases
of marked difference in age of parents all pointed toward the jmportance
of the mother 1 this respeet The most interesting of these cases nas the
birth of a hitter when the female was only 100 days old. This litter nes
sired by an adult male 17 months old The three offspring had fourth
toes In two the fourth toes were perfectly developed; in the other sk
most perfectly so,

In this famuly of guinea pigs only 29 cases of perfect fourth toes had
been recorded among 1,976 animals, 14 of these were born before the
mother reached her sicth month. The author concludes, “it can hardly
be a coineidence that the most perfect polydactylous litter in the enti
body of data was produced by the youngest dam.”!

Why should young mothers produce offspring with more pigment aod
more toes than older mothers? We do not know. Wright suggests that
possibly some sort of competition between the growth process of the
mother and the early developmental processes of the embryo mey be re-
sponsible, since guinea pigs have reached only about half their mature
weight at three months of age and do not reach their full growth untif
about fifteen months It is possible that a decrease in the rate of metabo-
hsm 1n the female, with advancing age, may be a factor—a higher rate
of metabolism m young mothers favoning the production of pigment and
extra toes N

Whatever the cause of greater frequency of four-toed offspring from
young mothers, 1t 15 clear that there 1s no difference betneen the genes
transmitted by young mothers and those transmitted by older mothers.
Wright found that females born to young mothers produced the sam¢
percentage of four-toed offspring as females born to older mothers More-
over, 1t was found that three-toed parents produced the same P"-"C"“]"
age of four-toed offspring as four-toed parents. In this inbred and largely
homozygous family the three-toed and the four-toed indrvidusls were
genetically alike, in both eases transmitting merely a tendency (0 l“'
velop o fourth toe under certain conditions There was no evu.]ent‘c what

. i gr 1 occut-

ever of inhentance of an acquired ch teristic: the ION e
rence of four toes 1s an environmental effect that lasts for oLy ©
eneration. .

& etion

The extra toe in guinea pigs 15 an excellent example of the intera
of heredity and environment. In some pure breeds of guinea Pigs
fourth toe never develops, in one breed obtained by selection by P’;’ ez
sor W. E. Castle, of Harvard University, the fourth toe always develo?

1In 2 later study Wright showed that the age of the father has o effect P8 the
frequency of fourth toes in the offspring Genelrcs, 19 :537-551, 1934
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 Obviously we arc here dealing with a clear-cut hereditary difference 1
the breeds Crossing experiments between the pure three-toed and pure
four-toed breeds indieate that the fourth toe depends upon several reces-
sive genes Incidentally, the fourth toc 1s not a duphication of an existing
toe, but in structure and position corresponds to the little toc m other
mammals Tt is thus highly probable that 1t 15 a restoratton of an ancient
ancestral condition.

Suppose that we had never heard of these other famibes of guinea pigs,
but knew only of the family studied by Wright. We » ould then certainly
be inclined to say that the extra toe is largely an environmental differ-
ence, but from our consideration of the species as a whole, ne must con-
clude that 1t is both hereditary and environmental

I all three familes had been allowed to breed ndiscriminately m 2
breeding pen, we would have had difficulty m deciding as to the relative
mportance of the two factors—heredity and envi t—u -
ing the number of toes in the offspring The resulting confusion of factors
would be analogous to the situation m man where the heterogeneous na-
ture of the population presents great obstacles to the study of heredity
and environment. As a means of aveiding such obstacles the study of hu-
mzn twins has proved to be an extremely valuable method

AGE OF MOTHER A FACTOR IN MAN MONGOLISM

We have noted in Chap 9 that the age of the mother 13 an important
factor 1n the production of human fraternal twins This may mean simply
that in older women tw o eggs are more often released from the ovary at
one time than in younger women There 15, honever, a well-known case
in man in which the charactenstics of the individual offspring are af-
fected by the age of the mother This1s the condttion known as Mon-
goliam (Fig. 69). Detailed descriptions have been published by various
authors, including Rosanoff* and Penrose,? whose descriptions are the
basis of the following brief summary.

The name Mongolsam was coined by J. L:
1866 for a definite kind of mental defective that has as a common tral &
fold of skin on the upper eyeld smilar to that of Mongolaids (Fig 119)
Other common charactenstics of affected ndividuals are relatively short
stature and light weight; unusually small round head, Jate and l!fchgulul'
eruption of teeth, tongue relatively large and often dl‘?p]y ﬁssurcd: afl?s
small, broad, and stubby; low muscular tone and laxity of the joints; in

1Aaron Rosanoff, “Manual of Psychiatry and Mental Tlygienc,” Tth ed, John
Wiley & Sons, Inc., New York, 1938

*Lionel 8, Penrose, “The Biology of Mental Defect,
New York, 1949.

angdon Down, of London, in

» Grune & Stratton, Inc.,
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infants, late development of the power to hold up the head, sit up, and
walk (often unable to walk until after three years of age); mouth breath-
ing, with a marked suseeptibility to respiratory infections; congenits!
heart anomalies in at least 20 per cent of the cases; circulatton to the ex-
tremities poor, with undue sensittveness to extremes of heat and cold;
genitaha infantile, secondary sex characters late mn appearance and in
complete in development, sex interest slight or absent; failure to learn

A .
& A
Figure 69. Mongolism 1n two imbecile brothers
aged 10 and 5 years (left) with a normal child
aged 216 years (right). (From Penrose, *'The
Biology of Mental Defect,” Grune & Stration, Inc.)
rs talking Tearsel
he signs of Mo
moean |
e and P

to talk 1n at least 25 per cent of the cases, m the othe
slowly and imperfectly. Penrose states that almost all t
gohism are indications of retarded development. He gives the
for institutional cases as 20 to 25. Behavior difficultics are 127"
tients are quiet, cheerful, and affectionate
Very few sufferers hive to be adults. According to Penrose the €]
tion of life at birth 15 about nine years. . of
A number of statistical studies have been made on the frequensy,
Mongolism In populations of European origin one birth in 500 to 1, o
is & Mongoloid Among Negroes the frequency seems to be m“Ch(‘O“d-
There bave been many theorjes advanced as to the cause of :\e:“(,;l"
ism, among them heredity. Some workers, however, have deni rand
heredity has anything to do with it. In the latter group ar¢ Bends, <o
* Clemens E. Benda, “Mongolism and Cretinism,” Grune & Strattors Tor, N
York, 1919,

pectd”
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Rosanoff, who takes this view because—in contrast to other forms of
mentnl deficiency—there is rarely more than one case of Mongolism 1n a
single family. Studies indicate, however, that at least 1 per cent of
mothers of Mongoloids also have a second Mongoloid ! This, of course,
does !lDt prove that Mongolism 1s hereditary

It is now demonstrated that the age of the mother is an important fac-
tor m the occurrence of the defect Numerous studies have shown that
most cases of Mongolism come from mothers well along tonard the end
of the reproductive period. The average age of mothers of Mongolod
defectives 13 about 37 years, while that of mothers of normal children 15
fibout 29 years. In mothers under 25 the meidence of Mongoloid births
is about 0 5 per 1,000; from ages 25 to 34 1t 1s about 0 8 per 1,000, 35 to
39 about 2 8; 40 to 44 about 7 6; and from 45 to 49 1t reaches 27 5 per
1,000 (Penrose) Penrose finds that the age of the father has no effect
upon the frequency of Mongolism.

The incidence of Mongolism in twins is in entire agreement with the
.theory of heredity as a factor in the production of Mongoloids Note that
in every case of Mongohsm listed 1n Table 19 both identical twins of a
parr are affected if one is affected, while 1n every par of fraternal twmns
only one member 15 affected This concordance among :dentical twins
R.nd lack of concordance among fraternal twins 15 exactly the distribu-
tion found 1n other rare charactenstics known to be hereditary No spe-
cilic genetic mechanism, however, has been established

TasLe 19 Susmarr ov Cases or Movcousy v Twins
PusLISHED UP TO 1935°

Number| One Both
Type of twins of cases | affccted | affected
-
Identical, males 3 3
Tdentieal, fernales 5 5
Same-gex, fraternal, males [ s
Same-gex, fraternal, females v 7
Opposite-sex, fraternal 23 23
11 36 8

Total. |

* After Rosanoff

that the susceptibility to Mongolism is
develop the fourth toe on the hind
he preceding section In both cases
known. As women grow older
1 condition of the blood, per-

J. Am Med

. It scems probable, therefore,
inherited, just as is the tendency to
foot of guinea pigs, as descnibed in t
the exact mode of inheritance is still un
there may be some change in the chemical

1A Book and 8 G Reed, Empirio Rusk Frgures i Mongolism,
Asoc, 143 1730-732, 1950
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haps a hormone deficiency or the lation of certain metabolic prod-
uets, which, 1n cooperation with particular genes, causes the deyelopment
of Mongohsm

Harclip and harelip associated with cleft palate have recently been
found to ncrease greatly in frequency with the advancing age of the
mother (see Chap. 15)

ARE ACQUIRED CHARACTERISTICS INHERITED?

In considerng this much-debated question it 15 most important to de-
fine our terms carefully. From the preceding discussion 1t is clear that m
one sensc every characteristic of the individual is acquired, since in each
generation characteristics develop anew under the combined influence of
genes and the environment, It is also clear from the study of hife on earth
that over a period of many generations a species gradually acquires nes
hereditary characteristics. This is not what is ordinarily meant, howeier,
when the expression acquired characteristics is used.

The inhentance of acquired characters has come to have & particular
meaning doveloped especially by the French biologist Lamarck (174~
1829). Lamarck observed that anmmals have certain needs that must be
satisfied if the individual 1s to survive. The urge to satisfy these needs
leads the animal to act. Activity involves the use of muscles The exesaie
of a muscle stimulates 1ts growth, fallure to use a muscle results in
atrophy .

Lamarck assumed that changes due to use and disuse were inherited;
consequently the offspring produced after the change should start aut
where the parent left off. This process of use, individual development,
and mheritance, repeated generation after generation, should cause the
species to become better and better adapted to 1ts environment. And
such adaptive changes would in time result in the origin of a new spectes

Thus the giraffe, a browser on the leaves of trees, is known to stretch
the neck and tongue to reach the leaves (Fig. 70). Such exercis¢, BCC""‘;"
ing to Lamarck’s hypothesis, causes the neck and legs o grow in lengt h
The increased length is inherited by the young, which in turn Str?t:“
their necks, feed, and grow, finally transmitting their increased heil
to their own offspring Thus in time there evolves a girafle stand'"
18 feet 1n height, according to the theory. i e

The hypothesis of the inheritance of acquired characters 50’"“."“‘;
goes under the name Lamarchism, although the belief is very ""““’;w
Hippocrates, born 460 p.c., famous Greek physician and honored as
Father of Medicine, accepted the idea. So did Aristotle to a IesseT degree

Although the inheritance of acquired characters was \\'idel:v: M“‘p!'i-
in Mendel's day—accepted, indeed, without any vahd substantiating €¥
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dence—it has now been abandoned by practically all brologtsts except
those in the Soviet countries, mentioned below The theory necessanly
implies & mechanism of some sort whereby any change 1n the body cells
produced by the environmental conditions will register a specific effect

i i if the ut-
Figure 70. This giraffe was found stretchng its neck to
most 1n order to reach the leaves on the tree Hay was a,:/:;;lng:
to the ammal with no cffort on its part (Pholograph by
author.)

mn the reproductive cells in such a way that the offspring will dc.vglup
the new characteristic without themselves being exposed to the original
conditions, 5

Charles Darwin thought that the effects of use and d:lsllSC of structures
In animals and the direct effects of the environment in plants were in-
herited, Consequently he felt the need of a mccha.msm. for transferring
such effects to the reproductive cells As a purely lm}lgmﬂry ?oncept he
Proposed what he called the hypothesia of pangenesis, \\Perem ke sug-
gested that the cells of cach part of the body liberated into the blood
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minute granules with the power to multiply and accumulate in the re-
productive cells In the offspring these particles were supposed to cause
the development of cells ike those from which they came

No evidence, however, was ever found in support of the hypothesis of
pangenesis, while the evidence from subsequent discoveries relating to
mitotic cell diviston, the process of sperm and egg formation, chromo-
some constitution, and genes convinces us today that the facts are essen-
tially opposed to Darwin’s theory We now look upon development 88
proceeding outwardly from the genes, the genes producing their effect
upon the body cells but being h d by the usual proc of dif-
ferentiation of the body cells The end result, i e , the characteristic, may
be influenced by the environment and by use and disuse, but these in-
fluences have no power to bring about a specific change in the gene

A second important reason why the inheritance of acquired character
istics has hardly any supporters among biologists today—excluding those
living under the Soviet system—1s the negative result of countless expen-
ments with plants and animals Although from time to time up to recent
years experimenters have thought that they got positive results in the
offspring by traimng or specific environmental treatment given the Pﬂ"
ents, not one of these experiments has stood the test of eritical examio?”
tion and repetition at the hands of other experimenters Darwin scems to
have accepted Lamarck’s theory on the basis of reported positive results
by various experimenters Unfortunately, he did not repeat the exper-
ments himself and thus did not discover his error. As mentioned it
Chap 1, Mendel performed certain experiments with plants which made
him skeptical of Lamarckism

The countries under the Soviet system are exceptional in that L&
marek's hypothesis of the inheritance of acquired characters is there off-
cially aceepted. Until a few years ago much study, research, and tcac!!-
g of Mendelian genetics could be found in Russia In 1948, honeser, n
the USSR Mendel ics was officially repudiated,* and rescart
nstitutes and educational institutions were ordered to follow the teaﬂh;
ings of a former plant breeder Michurin and his leading present BYP?""“
T. D. Lysenko One of the principal tenets of these plant breeders ls'thfj
inheritance of acquired characters. Lysenko has also expressed iz!cas sm\‘:e
lar to those of Darwin’s hypothesis of pangenesis, as an explanation of.i
supposed Lamarckian effect. No convincing evidence of anarcl{ﬂ“;
however, has been presented by Lysenko and his followers chcfl'"’:e
of some of their experiments have been done in England’ and in ¢

# Julian Huxley, “Heredity, East and West,"” Abelard-Schuman, Inc., Publishers:

New York, 1949, iy Prest,
1 Conway Zirkle (ed ), “Death of & Science,” University of Pennsylvasi
Philadelphia, 1919. s67:282-2%

3L Sachs, Vegetatne Hybridization in the Tomato, Nature (London),
1951
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United States,! and no confirmation of the claims of Soviet biologists has
been obtained.

As we look at the problem from all sides today, it 1s perhaps fortunate
for the offspring that the reproductive cells of the parents are so well
Pmtected from the effects of the activities of the parents and from the
influence of the environment, and that each generation can start with a
clean slate, instead of inhenting all the acqured charactenstics, bad as
well as good, of their parents.

But if the effects of use and disuse and the ordinary environmental
factors are not inherited, how are we to account for the multitude of he-
reditary characteristics which complex organisms possess? How do genes
change, and how are new genes added? Thesc are questions which we
shall attempt to answer in the following chapter.

“MENTAL IMPRESSIONS'® {(MATERNAL IMPRESSIONS)

Most women perhaps would like to believe that by voluntanly con-
trolling their thoughts and actions they could nfluence for the better therr
unborn children Many fear that mental shocks, such as the sight of some
‘{bhon'ent object, recerved dunng the period of pregnancy will have spe-
cific effects upon the child. Birthmarks of various kinds as well as serious
abnormalities have been attributed to such experiences Ancient as are
these beliefs and reputable as are some of the scientists who m earlier
days accepted them, there is today no reason for such fears and beliefs

No good evidence has ever been produced to prove the t of
mental impressions What purports to be evidence invanably turns out
to be 1solated instances of abnormalties of development coupled with a
recollection of some peculiar expenence of the mother, supposed by her
to be the cause of the ab nty. The kind of il needed to show
the inheri of maternal i evidence which scems to be
sholly lacking—is records of expenences by women made before the barth
of the infant, with the observation of marks fitting such expenences The
belief in maternal impressions rests upon the fallacious reasoming that be-
:_““59 one event follows another, the sccond event must be caused by the

irst.

Not only is there no good

id that mental imp: oceur, but
there are good biclogical reasons why they cannot occur. In the first
Place, the nervous system of the developing child has no direct connec-
tion with the nervous system of the mother. The cluld is connceted to the
placenta of the mother by the umbilical cord only. Blood vessels, but no
nerves, lie in the cord Secondly, the blood of the mother normally does
not pass directly into the blood vessels of the embryo; the vesscls of the
1dence Relating to One Postulate of the New
Am. (sbstract, p 1), 1052,

*A. B Burdick, Dxpenimeatal Ev
Russian Genetics, Records Genet Soc.
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two merely lie side by side, permitting substances from the mother's
blood to diffuse through the walls of the blood vessels into the blood of
the embryo It 1s only certain chenucal changes in the mother’s blood,
or the presence of particular parasites, that have been proved to havean
effect on her unborn child In the former category, of course, come poisons
of various kinds, a diet deficient m vitamin D, and antibodies (a strking
example of which exsts in the Rh blood factor, considered in s later
chapter) Among the specific microparasites that are known to affect the
embryo by way of the placenta are the spirochete of syphilts and the virus
of German measles (rubella). A severc attack of rubella during the first
three months of pregnaney may produce serious damage to the eyes,
ears, heart, or brain of the child

Other changes i the blood of the mother of a more subtle nature ar
no doubt responsible for a few varations in individuals. For example, v¢
have already considered the age of the mother as a factor in the develop-
ment of Mongohism.

PROBLEMS

1. Tf the effect of factors m d ining di is to be studed:
what should be the genetic make-up of the individuals used n the study?

2. If the effect of alternative genes in determining differences 15 to be studied, what
should be the nature of the of the 1 ndividuals?

3. In human bewgs the external environmental factors such s Light, temperature:
and food have no obvious effect upon the color of the eyes, Does this mean that \ht‘
development of the eye color in the individual is independent of &ll enyironments)
factora? Explua,

4 Give several reasons why in mammals 1t Is more drfficult to demonstrae hered-
tary differences n behavior patterns than heredstary differences in physieal s .

5. Why are 1dentical twins reared apart especially favorable ‘material for the study
of the roles of heredity and environment?

6. The i made that d in wntelligence in man nrem;‘
due to heredity if the mdividuals compared are normal and healthy. Analyze cnhl“lt:}
this statement and state your own conclusions on the question of the relattonship be
tween heredity and intelligence,

7. Assuming that all the cells in the body contain identical sets of genes (the ";l‘z
dence avatlable indicates that i general this is true), to what may %e attnbute U
dtfferentintion of the cells mto muscles, glands, skin, bram cells, ete.?

8. If the genes m all parts of the body sre identical, how may we accow! s
fact that pured struetures on opposite sides of the body, e g, fingerprint pter™®
shape of cars, cte., are never absolutely identieal?

9. Aside from bumanutarian reasons, and purely for genetic reasons,
cavironmental condittons for all the people be made as favorable s posuble,
program designed to improve the heredstary qualities of a people?

10. What human charseteristics ase clearly influenced by environme!
judging by the resulta of the studic of identical twins by Newsan and his 3¢

nt for the

hould the
by under 8

atal differencs
1ates:
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11, Does the fact that no mguificant differences were observed 1n height and head
shape prove that these characters are not affected by differences in food or other
environmental factors? Explain and 1f possible give cxamples

12 Vhat are some of the reasons for rejecting the hypothesis of the mhentance of
arquired characters?

13, What reasons can be given for disbelief 1n the existence of maternal impressions?
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THE GENE AND MUTATION

Hugo De Vnies, famous Dutch botanist, remembered as one of the re-
discoverers of Mendel’s work, brought into general use the word “mu!fl;
tion.”” He did this by writing a book entitled ““’The Mutation Thco{y,
pubbshed in 1901. His views are summarized 1n the following quotation:

These saltations, or mutations, of which the so-called sports are the best
Lnown a distinet provinee in the study of Dility. They
oceur without transitional gradations and are rare; whilst ordmary vanaho}lﬂ
are continuous and always prescnt. . . . Mutations give mise not only to speries
but also to vanetes,

In thus emphasizing the discontmuous nature of mutations and the
difference between mutations and ordinary variations (by “h’c}“ be
meant environmental vanations), De Vries made a significant contnb.U‘
tion to the study of evolution His experiments, observattons, and “'"Q'
ings aided much 1n discrediting the theory of the inhentance of acqui
charactenstics

But, according to Professor Thomas Hunt Morgan,* pioncer
study of heredity in the Umted States,

in the

1t was not so much the 1dea that vanation 1s a discontinuous process thnt.mak;!!::
Vries’s contribution significant It was rather, as he thought, his detection o b
process of mutation at work, and his demonstration that 1t 15 playmg a 1blein .
evolution of certamn forms hving today Here, if de Vrtes was correct, ““by
chanee to study by direct observation and controlled experiment the PT"“S;:
which evolution of ammals and plants comes about. . . . The sequel hss)
think, justified the expectation. . ., .

De Vries observed that mutations are often indifferent, neither bell;:
ing nor hindering their possessor, and he assumed that indafferent MU
tions as well as beneficial ones might become fixed in the population e
true, this would account for the fact that closely related species fr(”l““"by
differ in nonadaptive charactensties; these cannot be accountc'd f”"' .
natural sclection, since natural selection changes species in adaptive way

\ Thomas Tlunt Morgan, “The Seientific Baes of Evolution,” 2d ed, W. W ¥orio®
& Compsny, Inc., New York, 1035.

214
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The cause and the physical basis of De Vrmes’ “mutations” were
unknown; De Vnes, therefore, used the torm mutation to include all
hereditary changes. The word is still much used m this comprehensive
sense, although there is a tendency in the United States to restrict 1ts
meaning to a change in a single gene. Other kinds of hereditary changes—
of which there are many, such as duplications or losses of entire chromo-

somes or chromosome sets or pieces of chr OF TOSS I -
tion of ¢h are designated chr changes As a matter of
fact, some of these chr changes are t ted in the same way

as gene mutations Consequently, many supposed gepe mutations may
turn out to be chromosome changes, as some actually have mn the past In
general, any Mendehan change 1s regarded as a gene mutatton until 16 is
shown to be the result of some gross chromosome change Most of the
so-called mutations which De Vries obsers ed proved later to be chromo-
some ¢hanges,

De Vries looked upon mutations as ¢hanges which cause large and con-
spicuous effects (as most chromosome changes are known to do), but as
more refined methods for the study of mutations were dey eloped, it be-
came clear that the fundamental thing about the phenomenon 1s the
change in the gene—not the size of the effects Gene mutations may pro-
duce effects varying sll the way from large and consprcuous ones down
to those that are barely perceptible, and perhaps even lmPe{CCP"ble by
our present methods of observation Thisis casily illustrated in man: the
mutant genes for albinism and for amaurotic 1diocy, to choose two ex-
amples, produce gross changes in various parts of the body, while some
other genes, such as those respansible for the large number of shg}ft if-
ferences i the shade of the hair, produce small effects Although it has
20t been proved that albinism and amaurotic idiocy are due to gene mu-
tations rather than to chr hanges, the p le holds good,
Devertheless, since many examples could Pe crted for plants and animals
in which the effects of gene changes are mther.gre.at or mmute

Recent investigattons in several directrons mdxcalfs that small muta-
tions are the most numerous of alf In sgreement with this conclusion,
the analysis of related speeies in plants and ammals, by crossng and
otherwise, shows that their differences depend upon many mutations, each
of which by itself has only & shght effect. Conscquen.tly, Darwin’s for—
muls for the ongin of species by the peeumulation of innumerable ‘sh’gh;
vanations” is perhaps not far from the truth m the great majority of

easey .
On the basts of 1what has deet said abore we may define & mulation as @
sudden and discontinuous change n @ gent occurring rarely for any par-

i i t or small—in some
Yicular able of producing @ c}.mngc-—yrm

purtuojgl;r:e,b:d"; ?\a[imted genes possess in general the same degree of
Permanency as the original genes from which they came.
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THE NATURE OF THE GENE

Genes occupy a position today similar to that oceupied by vitamins,
hormones, and enzymes a few years ago; that is, we hnow that genes ev-
ist, we know where they reside, we know much about their effects, but
no one has yet been able to 1solate and analyze them chemically or to
produce them synthetieally, as can be done with many of the vitamns
and hormones

Based upon indirect evidence, the theory most widely accepted todsy
15 that genes are specific chemical substances having certain physical,
chercal, and physiological properties in common. One of their most 1n-
teresting properties 1s that of aiding in the formation of enzymes, \\'n'Jf'ﬂ
1 turn play specific roles in the metabolism of the cells. For example, it
the Himalayan rabbit (page 187) a gene causes the formation of an en-
zyme which 1s essential in the synthesis of melanin pigment.

Many investigators think that genes are large nucleoprotein molecules
(Fig 71) The prevailing view now is that gene specificity depends on the
nucleic acid component (desoxyribose nucleic acid, as far as known, except
m the plant viruses). These ideas are in harmony with twe discovenes®
first, that certain disease-producmg viruses are large nucleoprotei
molecules, and second, that genes and viruses show a number of inerest-
ing properties 1n common. .

As to ther common properties, both genes and viruses are minute
bodies of comparable size (Fig 72); both multiply only in living ”nf
(unlike bacteria. viruses cannot be culttvated on dead culture media)i
both produce their specific effects only m definite types of cells and U
sues (in amimals, viruses most often affect epithelial and nervous tissue);
both may have a stimulating effect on cells, as the virus that causes
warts and the gene that causes peurofibromatosis (Chap 16); or 2 de
structive effect, as the virus that causes infantile paralysis and the 820
that causes muscular dystrophy (Chap. 16); and finally, both csn be
caused to mutate by means of X rays, and both may undergo spontane’
ous mutation

There are, however, some notable differences between Viruse
genes. (1) In all but o few of the simplest one-celled organisms, !;enf.:s are
aggregated in chromosomes where they are arranged in 2 definite lmeﬂ;
order, whereas viruses have no such organization. (2) Except for a bne
peniod dunng mitosis, genes are retained within the nuclear membrant
of the cell, while some viruses are found in the cytoplasm of the cc“;:
well as in the nucleus, and others are found only in the cytoplasm. )]
far as known genes ordinanly reproduce themselves only once for ?'ﬁc
cell divicion, whereas viruses, judged by the amount of virus obtaind
from nfected cells, must reproduce on a large seale, (3) Most genes ina

s and
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Figure 71. E) ser hs of eight viruses shown at the same magnification
(X40,000), (elc)tr‘(}:cxcni:eo‘g;ir:}; 2) PgRS mfluenza virus (3) Tx bnctel’.loph“g;)
{4) Shope papilloma virus. (5) Ts bacteriophage. (6) Bushy-stunt “m; (II
S ¢ virus (8) Cymbidium (orehid) mosate virus. [Courtesy of A, H.
Gold and D, D. Jensen, 1951. Mucrographs by R. C. Williams. _F rus ;;repumit'mm

#lafl members, Virus Laboratory, Unuersily of California, l’{r;dzlgl Jrolr}n
Stanley, in Rivers (ed), * Viral and Ricketisial Infections of Man” 2 ed, J B.
Lippuneatt Company, arded by a grant from the National Foundaton for Infanile
Paralyns, Inc., 1952.)
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Diameter or
width X length

n my
Red blood cells 7500
B. prodigiosus (Serratia marcescens) 750
Rickettsta 475
Paittacosis . 450
Canary pox 260 X 310
Myvxoma 230 X 290
Vaceina 210 X 260
Pleuro-preumonia  organtsm 150
Pseudo rabres 150
Herpes stmplex 150
Rabues fixe 125
Influenza 115
Newcastle disease 115
Vesicular stomatitis 100
Staphylococeus bacteriophage 100
Fowl plague 90
Mouse mammary carenoma &0
T, col1 bacteriophage 60 X 30
Chicken tumeor 1 70
Tquine encephalomyelitis 50
T, eolt bacteriophage 15
Rabhit papilloma (Shope) 44
Preumonia virus of mice 40
Tobacco mosaic and stroins 15 X 300
Cymindium (orehud) mosaic 12 X 480
Gene (Muller's est of mar size) 20 X 125
Southern bean mosaie 3
Tuft valley fever 30
Tomato bushy stunt 30
Poliomyelitis (Lansing) 25
Hemocyanin molecule (Busycon) 22
Yellow fever 22
Turmip yelton mosaic 20
Louping 21 19
Tobacco rng spot 19
Japanesc B encephalitis 18
Alfalfa mosare 17
Tobaeco necrosis 15
Foot-and-mouth disease 10
Hemoglobin molecule (Horse) sx15
Egg albumin molecule 25X 10

Figure 72. Approimate sizes of viruses and reference materials (From 5"’{%}
in Ruers (ed ), “ Viral and Rickettsial Infections of Man," 2d ed , J. B L”;’;lyﬁ!,
Company, arded by a grant from the Natignal Foundation for Infantile Pe

Inc., 1952.)
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given organism are distinctly beneficial and even necessary to the life of
the organism as a whole (owing, no doubt, to countless generations of
tnal and error by mutation and selection), while most viruses so far dis-
covered are law less invaders which injure or kill the host, although a few
(the so-called latent viruses of plants) may be carned by a healthy plant
of one specics to another species 1 which they cause disease The potato
plants raised in the United States, for example, 1n most eases earry a
virus which has no apparent effect upon the potato, but which produces
disease in Turkish tobacco, as can be shown by woculating the tobaceo
Plant with juice from the potato plant Certain cherry trees and plum
trees, although themselves healthy, carry a varus which produces disease
in peach trees. Several species of lily are known to carry a virus disease
of tulips, In the healthy plant they may be neither beneficial not mpun-
ous, although it is possible to 1magine cases of mutual benefit (symbiosis)
between a virus and the host.

There is, with respect to the effects produced, a distinct parallelsm
between a virus and the usual newly mutated gene in that both tend to
be injurious to the cell, often in strhangly simular ways Thus of one did
not know the cause of infantile paralysis and certain types of hereditary
muscular atrophy, respectively, he tught not be able to tell from the
effects produced that the former was due to a virus and the latter to a
gene; since in both diseases there 1s o destruction of the motor cells mn
the spinal card, leading to paralysis of certain muscle groups ’

W. M. Stanley! and his coworkers have made many mmportant dis-
coveries regarding the structure of viruses, all of which have great inter-
est for the student of the gene In 1935 Stanley isolated tobacco-mosale
virus in the form of needlebke crystals This matenal was later found
to be 2 nucleoprotein of » molecular weight of about 40,000,000 The size
of the virus particle is shown in Fig 72 Subsequently, more than a dozen
viruses have been isolated, about half of them as crysga‘lq Structurally
all are comparable to tobacco-mosaie virus 1n complexity and are com-
Posed largely of nuel otein, By ct 1 analysis 19 different amino
acids, the building blocks of protems, have been 1dentified 1n tobaceo-
Mmosatc virus, and the percentage of each amino aeid has been caleulated
Among the several distinet strains of tobacco-mosaic virus Stanley and
others have found differences in ammno acid composition, and most 1m-
Portant of all, they have shown that the mutation of a virus may be ac-
companied by changes in the amount of one or more of the amino acids
or by the introduetion of an entirely new amino acid into the virus strue-

Physical and Chemical Prucedures, in Thomas
Pnte »2d¢d,J. B Lippmeoty

'W M Stanley and M A Lauffer,
M Rivers (ed ), “Viral and Rickettsial Infections of Man,

Company, Philadelphia, 1952.
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ture Small changes m chemical structure were sometimes accompanied
by marked changes in virulence.

What chemical change takes place when a gene mutates? By analogy
with the viruses one might expeet a mutation to involve a loss, a gain, ora
rearrangement of the amimno acids making up the gene. Recent investiga-
tions, however, suggest that most mutations may mvolve a loss, 2 gain, or
a rearrangement of nucleotides rather than amino acids. It 15 2 well-estab-
lished fact that reverse mutations are possible Cases are known m whicha
normal gene has mutated to some new recessive type, and later by re-
verse mutation the normal gene has returned Thus is one of the classes
of facts that has led most students of mutation to the view that reces-
stve mutations are not ordinarily losses of entire genes. Wright points out
that many recessive mutations are probably inactivations of domnant
genes ' A minute loss or deletion would be transmitted 1n the same way
as a gene change Tt 1s obvious, however, that 1n cases of multiple alleles,
as i the albino series 1n the guinea pig (Chap 7), not more than one
allele could be due to a total absence, because logically there can exist
only one absence of the same thing. A series of alleles could of course €02
sist of & senes of losses of parts of the dominant gere.

HOW DO GENES ACT?

The nature of the bond that holds the genes together in linear orfiefm
the chromosome has been investigated, but 15 still uncertain, as is the
nature of the differences among the various genes along the chromosome

One thing however seems clear- the gene has the power of taking 21
stances from 1ts environment and synthesizing its own hkeness In lfhz:i‘
tion to this property of autocatalysis, which normally may be exercis
only once for each cell division, genes act directly or indirectly 2s cata-
lytic agents in cell growth and cell differentiation. Wathout this lstter
property, of course, we would not know of the existence of genes .

In most cases the effect of a gene on the development of a Charn.clcr hl!
probably indirect, as 1n the case of the development of pigment i the
Ihmalayan rabbit discussed on page 187, where an enzyme P{Od“ct
under the influence of the gene functions in the development of pigme®

Most characters are the result of the combined action of numcro":
genes, and not all of these multiple genes are active at 2 given mor“('“c
One gene may affect the production of a particular chemieal Suhs“"l"co
that is prerequisite to the productive activity of o second gene, “"(“ir
on in a chainlthe fashion A gene can only produce 1ts specific effect 2!
the groundwork has been lad for 1t. The automatic and accurate timung

+Sewall Wright, Tivolution i Mendelion Populations, Geneties, 16:97-150, 173"
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of gene action seems to be the key to the differentzation of the develop-
Ing erganism

A very interesting example of this chainlike process of gene action has
recently been worked out in Germany and 18 deseribed by the biochemist
Adolph Butenandt,! winner of the Nobel prize i chemistry for 1939 The
results were obtained with the cooperation of the biologist Alfred Kuhn,
using the flour moth Ephestia hiikntella as the expertmental animal This
msect normally has dark-brown eyes, due to the presence of prgment A
Tecesstve mutation v gives pmk eyes m the adult and practically colorless
eyes in the caterpillar,

It was shown that under the influence of the dominant gene v* the
amino acid tryptophan was transformed mto the ammo aeid kynurenine
This transformation is made possible by an enzyme produced by the ¢+
gene; in the presence of a double dose of the recessive gene v this chem-
1cal ehange does not take place and tryptophan accumulates 1n the bodies
of the moths,

Two other dominant genes are required to produce the cye pigment
One of these, cn*, is necded for the production of an enzyme that con-
verts kynurenine into hydroxykynurenine The other, wa*, must be pres-
ent for the production of a protein carner, which 1s » necessary part of
the pigment. A recessive mutation of either of these two genes blocks
pigment formation. The steps demonstrated in this chamlke process of
Pigment formation are shown in the diagram (Fig 73)

The general conclusion from this case, and sumilar cases that have been
discovered in other orgamisms, 1s that genes bring about their effects l')y
means of specific enzymes. Butenandt, as well as most imvestigators in
chemical genetics today, thinks 1t ymprobable that the genes themselves
.lm\'e an enzyme character, more likely the gene produces an enzyme or
In some way controls enzyme activity.

In Droso}p:hila, genes ¢ ?vermxhon) and cn (cinnabar) behave like tho'se
just described i the flour moth Sinular genes seem to be widespread in
inseets, In California m 1941 G W Beadle and E L Tatum, who had
been working on the problem of the action of these two gencs, dectded to
take up the study of gene action 1n plants They chose the red bread
mold, Neurospora crassa. This relatively smple organism proved to be
very favorable material Many other 1nvestigators have since W orhed
with it. A readable and well-llustrated account of the experiments has
been written by Dr. Beadle.?

' Adolph Butenandt, The Mode of Action of Ilereditary Factors, Endeatour,

11:188-192, 1952 Ay
* G. W, Beadle, Genes and the Chemustry of the Organism, Am Scienhal, 34:31-53,

1946
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The normal Neurospora is able to live on a rather simple diet of van-
ous salts, sugar, water, and one of the B vitamins, biotm, Like plants m
general it synthesizes other vital substances—certain vitamins, amino
acids, and so on In general each mutation blocked the ability to produce
some specific vitamin or ammo acid. Consequently the mutant would
grow only if 1t were fed this substance. From these experiments it is con-
cluded that each normal gene has one primary effect; commonly, it seerts,
the primary work of a gene is the production of a specific enzyme. The

r~ \
Proteln-
carrier
wa
ot
en
Hydroxy~
kynurenlne?
/
/
/
—
Tryptophan Kynurenine pigment

Figure 73. Diagram illustrating the action of genes v*, en*, and wa*in 2 pigment-
forming cell of the eye of an insect (Courtesy of A. Khn)

enzyme is an essential link in the chain of synthesis of the vital .SU;;‘
stance. The lack of the vital substance may, of course, result in manifo
effects in 2! i An le of such a case in man w38 de;
scribed on page 99 under the head of phenylketonuria, where  muta®
gene blocked the formation of an enzyme, the lack of which led to many
deleterious effects,

In peas and comm we have interesting examples of gene ¢l for
played at the chemical level. These relate to the recessive alleles f i
wrinkled in peas and sugary in corn. In both cases the starch Em"m
formed in the cells of the plant are very different in appearance hmtﬂ
the grains in round peas and starchy corn, respectively. Figure 74 sho
in outline the two types of starch grains in peas, as drawn bY ;th;
Gregory, who first reported the existence of this difference 18 190

flects dis
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demonstration is very simple; one needs only to mount a bit of the
crushed cotyledon (preferably after soakmg) m a drop of water on a
rucroscope slide and examine under moderate power It will be noted
that the grains from both varneties are varable m size, but that those
from the round sceds are on the average larger and are ovoid and sumple
in outline. Those from wrinkled seeds are rregular i shape and often
compound,

In 1908 A. B Darbishire added the mteresting ohservation that the
starch grains from a heterozygote of round and wrinkled peas are inter-
medaate 1n shape: many grains are large and simple, but round instead of

Figure 74, Outlines of starch grains 1n peas, showing the simple form
(efi) present in round peas and the compound gramns (right) ém:l
wrinkled varieties Magmification the same 1n both figures. (From Bate-
2on, “Mendel’s Principles of Hereduty”, after Gregory )

ovoid, with a mixture of d grains The thus enables
us to d lack of d in a case where the naked eye
classes the homozygote and the heterozygote together .

Figure 75 represents a comparable drawing o'f the starch grams in t\I\o
types of corn As in peas, the vanety which is smooth-seeded hhax the
simple grains, and the one with wrinkled (sugary) seeds has the com.
pound grains, N

The starch grains 1n plants, of course, are dcYn'cd from ;l}gar \:hnc;x
has been produced by photosynthesis The sugar is con'vertf mn;l stn:;:l
under the jnfl of enzymes It seems prob theref ft a rc
alternative genes in peas and corn act through th? production of )\Ep(;lm n;
enzymes concerned with the formation and deposition of different hinds of
carbohydrates

In the devel of most ch
tervening s!‘eps.bct\vecn gene and character. On the other hand, the

ters there are probably several in-
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formation of specific agglutinogens mn the blood corpuscles may be the
direct cffect of specific genes acting within the cell during 1ts differentta-
tion into a corpuscle. The production of any agglutinogen ordinanly de-
pends upon the presence of a gene that is dominant to its allele for lack
of that agglutinogen. In the usual case the agglutinogen is present in at
least one parent of the individual who has that agglutinogen,

The action of genes, naturally, is always dependent upon the sub-
stances which surround them 1n the cell and upon the physical factors,

OO0 4 &
B0 2

Figure 75. Starch grains in endosperm of maze

50 days after pollination. () Simple grains from

starchy maize, (b)) Compound grains from sweet

maize, () Globules of liquid dextnn from sweeb

maize, some of which eontain both simple and

compound grains, (From Sharp, “ Introduction {0

Cytology,” McGraw-Hhill Book Company, Inc.

after Lampe )
such as temperature, that compose the physical environment. Hence the
net result—the character—is always the product of the interaction of
genes and environment This point was emphasized in Chap 11. One
further illustration may be given here, Some varieties of rabbits .h"l“’
yellow fat and others white fat. The difference depends upon 3 smg‘e'
gene, yellow fat 1s recessive. The dominant gene herc seems to work by
conditioning the development of a specific enzyme, which changes the
yellow substance xanthophyll found in green plants into & colorless st
stance. The recessive yellow-fatted rabbit is unable to produce tf.ﬂf‘ e
zyme; hence the xanthophyll supplied in the green feed is stored " the
fatty tissue If rabbits are deprived of green feed, both varieties will de-
velop nhite fat.

POSITION EFFECTS

. )
The genes on a chromosome arc lined up in a single row. In Sl'"“:’:‘;
they do not work as do men on an assembly hne in a factory, ¥ here ¢
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man does his part right after the man standing next to ham The post-
tion of genes along the chromosome seems to be largely a matter of
chance Their times of action do not correspond to therr lmear order m
space A better apalogy for the genes at work would be that of a row of
chenusts in g laboratory. Each chemust has the job of directing some spe-
cific chemieal process The products of the labors of all the chemists are
brought together at the appropriate times and places to produce the
finished products of the laboratory—the characters of the organism

This conclusion is based upon the fact that, in general, changes or re-
constitutions within a chromosome, such as an end-for-end anrversion of
a section of a chromosome or a translocatzon of a prece of a chromosome
to a member of another pair, seem not to alter the effects of the genes,
eten though in the process some genes find themselves next to new neigh-
bors In Drosophila, however, many exceptions to this rule have been re-
ported-—cases in which a phenotypic effect follows the change in position
of & gene. Such an effect 15 known as the position effect Apparently 1t
has not been reported in any other animal, which may of course signify
merely g lack of adequate study of other species In plants, positton ef-
fects have been described in Oenothera blandina and 1n Zea mays There
13 8till no answer to the question as to how widespread posttion effects
may be 1n plants and animals Further research is called for

Several physiological explanations of position effects have been pro-
posed, but 5o far no method has been developed for testing them Thus
also remains a problem for future research

CAUSES OF MUTATIONS

d ch "

1f the Lamarckian theory of the in of acq
plausible and attractive as 1t 15 to many-—must be given up as cont”rury
t0 the evidence, what 1s there left as the cause of hereditary changes® Do
mutations oceur from causes residing within the organism, or are they
produced by forees from without, or do both factors play parts in the
Process? This question appears to be an 1deal one for expertmental testing.

An attempt to induce mutations directly by changing the environment
is not at all the same thing as an attempt to obtain & Lam.nrckmn effect
In the Lamarckian experiments the environment or activities of the or-
ganism are first used to change some characteristic of the organism—
such, for instanee, gs the usc of ultraviolet rays to stimulate pgment for-
mation—with the iden that the new charactenstic will produce a speaifie
change 1n the hereditary material of the organism. Followers of Lamarek
thus aseume a 1.1 relationship between the change i the bodily char-
acteristic and the supposed change In the hereditary matenal. In the ex-
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perimental induction of mutations, on the other hand, the environmental
agent is so appled that it will reach directly the reproductive eells and
there bring about a change. The contrast between the twa types of ex-
peniment is shown graphically i Fig 76.

In the case represented on the left, the surface of the organism is ev-
posed to ultraviolet rays. As a result pigment is formed near the surface,
but the rays fail to reach the reproductive cells, and no mutation is in-
duced In the case shown on the nght, the rays are apphed directly to
the reproducttve cells, with the result that mutations are induced.

In expersments on dircet inductron of mutations there is no assump-
tion whatever as to the type of mutation that may result, Experience
shows that the type of mutation has no direet relationship to the kind

Uttraviotet Uttraviolet

" Pigment

Reproductive cell @
Many celled organism Reproductive cell
{no mutation} (raytation)
Figure 76. Diagram showing the difference between
the supposed inheritance of an acquired character-
1stic and the direct induction of a mutation.

of environmental agent used A mutation indueed by ultraviolet rays may
have nothing whatever to do with pigment formation 3

A wide variety of chemical and physical agents bave been used i the
attempt to induce mutations. Among these are aleohol, lead, arseni¢, 7100
monia, todine, manganese, acids, alkalis, alkaloids, neutral salts, 24D
ether and other anesthetics, foreign proteins, antibodes, lack of ovygen,
centnfugal force, supersoni¢ vibrations, high temperatures, low temper>
tures, X rays, radmm, , carci 1 1s, and mustard £33
and related compounds The lst 1s not complete.

Most of the agents listed are distinetly poisonous or injurious
cells and produce permanent changes when applied in the proper ¢on™=.
trations. Positive effects upon the offspnng of treated plants and ‘n:'
mals, however, have been demanstrated with only a few of the ngfl?:
used. Aside from radistions, high and low temperatures, and 3 pum “c
of organic chemucals, not one has yielded o satisfactory senes of Fi‘c‘w
mutations in the hands of a number of investigators. Individual succes ‘:
have been claimed for many of the agents listed, but unless st "‘T’y‘.i
ment can be suceessfully repeated by other competent workers, the!

to living
onten-
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always grave doubt as to the adequacy of control or techmque It is true

that no amount of negative evidence 1s sufficient to prove a umversal

Degative, 2nd there is always the possibility that some experimenter may

!‘ll upon & pew method which will y1eld positrve results This s strakingly
, llustrated in the case of X rays and certan chemicals mentioned later

Mutations from X Rays and Other Short-wave Radiations

Prior to 1927 numerous experimenters had used X rays in an attempt
to produce mutations in insccts and mammals Most of the expeniments

1
'
1

e et
Figure 77. H. J Muller, 1890~ .

gave negative results, although in & few cases thefe were strong sUEges-
tions of positive results A satisfactory dcmonstmhon_ol the induction of
Mutations by means of X rays had not been nccomphsl}ed X

In 1927 Professor H. J. Muller, at that time of th? University of Texas,
announced that by the use of special methods which he had developed
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over a period of years for the detection of spontaneous mutations (mu-
tations 1n untreated animals), he had at last been able to demonstrate
the induction of true gene mutations by means of X rays For this and
other important investigations i genetics Professor Muller, now at In-
diana University, was awarded the Nobel prize in medicine for 1946 He'
used the fruit fly Drosophila and obtained mutations m a high propor-
tion of the sperms and eggs of treated flies Comparison of the mutation
rates in treated and untreated fhies showed that heavy X-ray treatment
had caused a 150-fold mcrease mn the mutation rate over that i the un-
treated fltes

The mutations were for the most part stmular to or repetrtions of those
that had been previously observed in untreated flies, although some weré
different  Lethal mutations greatly outnumbered those with visible ef-
fects Domunant lethals were about as numerous as recesstve lethals. The
great majority of the visible mutations were recessive, just as they are
m untreated flies Chr breakages and chri rearrange:
ments also were frequent

In lus Nobel-prize lecture, almost twenty years later, Muller stated”!

Now 1t 1s found m Drosophila that the radiation-induced mutntxo‘n‘s of tl::
are

genes (we exclude here the di ble ch Tearrang

every respect which has been investigated of the same essential nature 23 those
ansimg natarally m the laboratory or field. They usually occur in one gene withe
out affecting an 1dentical one nearby They are distributed simslarly in the
chromosomes The effects, similarly, may be large or small and there 152 similar
ratio of fully lethal to so-called visible gene mutations.

At about the same time as Muller’s onginal work, L. J. Stadler, of
the Umversity of Missours, independently obtamed posttive results wit
barley and corn. Duning the next few years numerous investigators abun-
dantly confirmed the positive effects of X rays. Radum was found lg
give the same results as X rays, and the frequency of mutation was foun:
to vary directly with the dosage &

Ths direct relationship between the quantity of the penetrating I 4-
tion and the frequency of induced mutations is supported by many latet
experiments In general, a given dose administered within a short pen
of tume has the same effect as the same dose spread over a longer pen o
Ths rule seems to hold at least up to a certain intensity; beyond "d“ﬁ
tain point the law of diminishing returns may apply. Muller con¥ .c‘
that no dose is too small to give a mutation. He thinks that “each l';.
dividual jonization, and probably even each activitation of an atom; ¢
ries its definite chance of producing & mutation.”?

1H,J Muller, The Production of Mutattons, J. Heredity, 38°259-270, 1947:3 550,

11, 3. Muller, Radiation Damage to the Genetic Material, 4m Serentist, $8:53°%
399425, 1950,
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Mutations have been induced 1n viruscs, m many species of plants
ranging in complexity from bacterta to seed plants, and 1 amimals rang-
mg from one-celled species to mammals Some practical applications have
been made of the techntque An X-rayed stramn of Pemicillium gave a
mutant that produced more than double the amount of pemeillin Supe-
rior varieties of batley and wheat have been produced by X rays In re-
cent years seeds of barley, wheat, and oats have been exposed to the
Intense radiations from atomic-bomb explosions. It was no surprise that
mutations were induced comparable to those from heavy exposure to
Xrays Asusual, most of the mutations were distmctly deleterious Other
short-wave radiations such as gamma rays, electrons, protons, alpha par-
ticles, and neutrons have all given positive results

The earlier experiments in which sizable organisms were treated with
ultraviolet rays gave negative results, owing to the low penetrating power
of ultraviolet rays. Later, when msect eggs, the pollen from plants, or
bactena were irradiated, mutations were produced Visble lght has no
mutagenie effect

Whatever the cause, mutattons are all alike m one respect each 15 an
tsolated event ansing practically always i 2 single chromosome of a pair,
hence appearing first in the heterozygous state Mutations may oceur at
any pomt in the life cycle, erther m somatte cells or in germ cells An ex-
ample of somatic mutation is a bud mutation on a fruit tree Such a mu-
tant may be propagated by cuttings Frwit borne by that bud or any
branch from that bud will possess the mutant 1n all 1ts cells Only those
mutations that are found in the germ-cell line are transmutted sexually i
the gametes

Natumlly we are most mterested m the effects of X rays and other
Penetrating radiations on human bengs, especially so since the discorery
of atomic fission and its applications in warfare and industry Expen-
ments on mammals are therefore of particular mterest

At about the time of Muller’s imtial success m indueing mufnhons m
Drosophila with X rays, expenments were performed with X rays on
Iice by several independent investigators, the results were 1.nconclusn>e
Shortly thereafter in a well-controlled expeniment with a highly inbred
and homogeneous strain of gunes prgs (Figs 85 and 86) H H. Strand-
skov,! of the University of Chicago, treated males by evposing the testes
to heavy doscs of X rays sufficient to bring about atrophy of the.tcstg_s
and temporary stenlity Seventy-one treated males produced 173 o -
spring, coneeived before the onset of stenlity or after recovery of fertility.

ere were no visible mutations among these 173 oll'sgnng of treated
males, nor among the 238 offspning in the second generation, nor the 185

VIt H Strandskov, Lffects of Xorays in an Inbred Strain of Gumes-pigs, J. Ezpt

Zool, §3:175-202, 1932,
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1 the third generation. The controls produced on the average 2.69 off-
spring per litter as compared with 2 04 from the treated males This de-
erease was attnibuted to the produection of dominant lethal effects, either
chromosome changes or gene mutations.

In one of the latest of numerous similar experiments performed ‘\filh
mice during the past twenty years Kalmust et al., of MeGill University,
Meontreal, used X rays on males of a highly mbred (hence homogeneous)
strain The average mize of litter from untreated males was 7 65, and
from treated males 5 95 Thus the effect of reduction m size of htter vas
very similar to that in Strandskov’s experiment with guinea pigs

An excellent cnitical review of mduced genetic changes mn mice is gven
by Dr Hans Gruneberg,? of Unmversity College, London, in his recent
comprehensive work “The Genetics of the Mouse ” He conclude§ that
the mouse, ltke all other species of animals and plants so far studied, 18
susceptible to short-wave radiations

In most of the experiments carried out n this country, in England,
and m Germany males rather than females have been irradiated. Re-
peatedly 1t has been found that hitters sired by treated males mated to
untreated females are reduced 1n size. Studies show that many embryos
from such matings die 1 very early embryonic stages and are absorbe
un utero The principal cause of such deaths 15 thought to be gross chro-
mosome changes rather than gene mutations

A particular type of chromosome change known as a reciprocal traM"
locatron occurs frequently This results m semisterility of the mouse tha
carmes 1t A reciprocal translocation is brought about through two sima
taneous breaks in two chromosomes of different pairs (nonhomologol‘:s
chromosomes) 1n a single cell, followed by the exchange of preces of the
broken chromosomes (Fig 78).

If such a translocation occurs m a gamete 1t may appear in the he
zygous state n an F; Such a heterozygous animal is phenotypieslly
mal (in the absence of a position effect), smee 1t has the normal com
ment of genes New hnkage relationships, of course, result from
translocation

Some of the gametes produced by an individual carrying &
tion are abnormal 1n that they lack certain genes and carry du| tes
others, as shown m Fig 78 Zygotes formed from such abnormal gamf‘ e
Iikewise are unbalanced in their genc constitution, and these usually e
in early embryonic stages. The lethal effect of such an abnoﬂ?ﬂl 4 s
make-up 1s dominant, Approximately half of the living offspring ©

tero-
not-
ple-
the

translocs
plicates O

11l Kalmus, J D. Metrakos, and M Silverberg, Sex Ratio of Offspring o™ ey
diated Male Mice, Science, 116 274-275, 1952 - iyhoff, TH
3Hlans Grinebesg, “The Geneties of the Mouse,” 2d ed , Martinus Nihofh

Hague, 1952 (also published as vol 15 of Bibl; hig Genet )
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semisterile parent are perfectly normal both phenotypteally and genets-
cally, half are semisterile Semisterthity is thus transmitted as though it
were due to a dominant gene

G D. Snell, of Jackson Memorial Laboratory, Bar Harbor, Mame, was
the first to suggest that semisterility in mammals, following radiation,

Penetrating 1~ 2
radiaton 5L
s

Reciprocal translocation
(semi-stenie)

Unbalanced gene

Normal gene
complements

complements

Normal gene d gene
E(na’ma” (tethat) "
Figure 78, Diagram g the product ofa rans-

location, with consequent semisterihty.

was due to reciprocal translocation. Confirmation has come from cyt.(r
logical and genetical studies. A similar condition was well known in
Drosophila when Snell wrote. .
As to visible mutations induced by radiation, I"aulu Herh\:lg in Ger-
many hag described four separate recessive mutations found in ﬁze dd&
&cendants of purebred mice exposed to X rays Males were irradiated.
Their sons were then backerossed to at least four, but u=ua]ly‘to from
seven to nine of their daughters. Any son that rcccn'c:d 2 recessive gene
from his treated father should pass it on to half of his daughters. Onl:‘-l-
fourth of the offspring of a carrier daughter mated to her father shoul
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show the recessive trait. It was in the offspring of these backeross mat-
ings that the mutants showed up.

These four mutated genes are hsted 1n Gruneberg's table of Mendelian
trats i mice (Chap. 19). Two of them, designated Kresler (kr) and
shaker with syndactylism (sy) were obtaned from males sired prior to
the onset of sterlity in thetr fathers The other two, anemia (an) and
oligodactylism (0) came from males sired following a period of temporary
sterility 1n their fathers The first two mutations therefore are regarded
as having been nduced in mature sperms and the last two in spermato-
gonta The four mutants are all specific abnormal types involving either
the skeletal, nervous, or cireulatory system

W L Russell,! of Oak Ridge National Laboratory, has been most sue-
cessful m producing mutations 1 mice He exposed wild-type males to
a single dose of X rays and mated these to females homozygous for seven
well-known autosomal recesstve genes g, non-agouti, b, brown; ¢, ebin-
chilla, p, pink-eyed dilution; d, maltese, se, short ear; and s, piebald
The genes ¢* and p are linked, as are the genes d and se The treated
males were of constitution AA BB (C P)(C P) (D Se)(D Se) 88. The of-
spring from such matings m the absence of mutation would thus be
Aa Bb (€ P)(c* p) (D Se)(d s¢) Ss. Mutation of any one of the seven
dominant genes, such as a mutation of 4 to a, could be detected n the
offspring of the treated male .

As controls, unexposed wild-type animals were mated to the multiple-
recessive stock With the dosage used (600 roentgens of X rays) sterbty
began a few weeks after wrradiation. Following recovery from the tem-
porary stenlity, matings were made Among 48,007 offspring from treated
males 53 mutations were found at the seven previously mentioned loct
Mutation was much more frequent at some loct than at others’ there
were 11 mutations at b, 3 at ¢, 6 at d, 8 at p, 25 at 5, and none st & o
se Some of the mutations wore identical fo the recesaive alleles of h¢
females, some were different ed

Among the 37,868 untreated controls only two mutations oceurred,
one of these was at locus d, the other at locus s. les

Besides examining carefully the offspring of controls and treated ma 8
for mutations at the seven specific loci, Russcll made a cursofy‘e""‘mm:‘
tion for dominant visible mutations at any locus Six such dominant m“e
tations were found among the offspring of wradiated males and 1o
among the controls.

The great difference in mutation rate between the irradiat
control animals 1n this extensive expenment 1s convincing P!
X rays cause mutations in mammals

' W, L Russell, X-ray Induced Mautations m Mice, Cold Spring Har'
Quant. Brol , 16:327-315, 1051,
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Chemical Induction of Mutations

Many chemical substances have been used m attempts to produce mu-
tations n plants and amimals Some of the expertments were done before
Muller’s suecess with X rays and some thereafter Numerous positive re-
sults have been claimed. The most recent and best-controlled experniments,
however, prior to the Second World War failed to venfy earlier claims
Two of these,? in which results were negative, mvolved substances to
which man is repeatedly exposed—lead and alcohol Reviews of earher
experiments in which positive results were claimed will be found in these
papers, In his hook *“The Geneties of the Mouse,” previously cited,
Grilneberg reviews the later experiments with alcohol admimstered to
mice and finds no evidence of a mutageme effect of alcohol

Mustard Gas. The first unquestioned and repeatable positive results
with chemicals were obtained 1 Scotland during the Second World War
Charlotte Auerbach,® of the Institute of Animal Genetics, the University
of Edinburgh, one of the m cstigators who carned out the expennments,
gives a brief history of this important advance

At the beginning of the war, Dr J M Robson who then was engaged n a
pharmacologeal study of war gases, drew my attention to the sunilanty of mus-
tard gas burns and X-ray burns Both heal only with difficulty sud, » hen healed,
have a tendency to break down agam Dr Robson had also obtamed some direct
evidence for an mhibitory action of mustard gas on mitosis He thought of the
possibility that it might affect the chromosomes in & similar way to Xerays We
decided to test this possibility on Drosophtla

From the very first, our attempts were successful In Drosophila slso, mustard
Ba3 proved 1 very effective mitotic poison Treatment of males and females led to
more or less severe sterihity This could be shown to be due partly to mhibition
of cell dision in the gonads, partly to death of zygotes from treated gametes
Early in 1911 we earried out & first test for sev-linked lethals. The result left no
doubt about the mutagenic abiity of mustard gas 7% sex-linked lethals were
obtained 1n about 1300 treated chromosomes, the controls had & mutation rate
of about 0 2¢; Among the mduced lethals, a few could be shown to be connected
with large rearrangements, and many with amall deficiencies The cytological evi-
dence was obtaned by Dr and Mrs Shzynshi In subsequent tests with higher
doces, 1t was posstble 2o induce much higher mutation rates

'E C. Colm, A Comparison of the Descendants of Lead-porsoned Male Gumea
Pigs with Those from Untrented Ammals of the Same Closely Inbred Strams, J.
Expt. Zool , 601427-484, 1931 (So far as known this 13 the lateat expertment of this
sort with lead )

IF. M Durbam and I M Woods, Alcol n
Study, Med Research Council (Brit ) Spec. Rept Ser, No. 168, 1932

3 Charlotte Auerbach, Chemical Induction of Mutations, Proc 8th Intern Congr.
Genet , 1948 (Hereditas suppl. vol.), Berlingska Boktryckenet, Lund, 1949.

%ol and Inbentance: An Experumental
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The same types of effects were produced by mustard gas as by X rays,
and on a comparable scale These effects include visible mutations, dom:-
nant and recessive lethals, both sex-linked and autosomal, semilethals,
“detrimentals” (mildly mjunous), and chromosome changes

Related compounds belonging to the general group of “mustards”
proved effective agents, while equally porsonous and penetrating sub-
stances—lewisite, osmic acid, and pienc acid—were not effective.

The mutagenic properties of mustards have been confirmed by a num-
ber of independent workers with organisms as diverse as bactena, molds
(Neurospora and Pemcillium), seed plants (barley, corn, and Trodescan
t1a), several species of insects, and perhaps mice 3

A number of other chemicals have since given evidence of mutageni¢
properties Formaldehyde added to the culture medum has pmduced
mutations m Drosophila Various cancer-mducing substances have proved
effective, this has revived imterest m the possibility that certain types of
cancer are the result of somatic mutation, .

Natural organic perondes seem to induce mutations, as do certain sub-
stances that have previously been wrradiated with ultraviolet

Low oXygen pressure causes a great reduction m mutation rate

THE CAUSES OF NATURAL MUTATIONS

In his classical work on ““The Ongin of Species” Darwin uses tl.1e term
mutation 1n the sense of transformation of a species into something dif-
ferent, largely through the “accumulation of numerous, shght, spontané-
ous vamations” Sinee the time of De Vries, usage has decreed that
mutation refers to a sigle, sudden hereditary change, the changed 12
dividual being known as a mulant.

As mstances of spontancous variations Darwm mentions, under the
head of bud vanations, the appearance of a moss rose on a common rO;”;
or a nectarme on a peach tree Incidentally, we now know that 1! i
smooth sk of the nectarme 1s due to a recessive mutatton; the dm\'n)f
skin of the peach 1s dominant. Darwin had no theory as to the causes :4
spontaneous variations, although he thought that the nature of th: ‘e"e
vironmental conditions “apparently plays a quite subordmate part _
have not yet gone far from this view in our search for the couses of 5!;0';_
tancous or natural mutations, whether the result of gene changes of chr
mosome changes. .

Undoubtedly some spontaneous mutations are mduced by natuﬂvl o
diations emanating from radioactive substances 1 the rocks, soil, “;‘om'
or atmosphere of the carth, from the body of the orgamsm itself, oF ";mﬂ
ultraviolet rays and cosmuc rays arriving from outer space All organt o
on earth are exposed to such radiations. The proportion of spontan®”
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mutations so induced is unknown Caleulations by Muller and others,
however, show that the measured intensity of natural radiation 1s wholly
inadequate to account for the observed rate of spontaneous mutation in
Drosophila. These caleulations are based upon the assumption that the
rate of mutation is proportional to the dosage at the low intensities of nat-
ural radiations, just as 1t 13 at the higher intensities used 1 experiments

Surce the recent di: ry of ch 1 agents 1t seems prob-
able that some spontaneous mutations are due to the chemical environ-
ment, including substances taken 1n as food The rate of spontaneous
matation is known to increase with rise m temperature, so do ordinary
chemical processes increase in rate with rise in temperature. The sug-
gestion has been made that a change 1 a gene constituting & mutation
may occur as an inexdental result of the metabolism of the cell, perhaps
through the occasional failure of a gene to dupheate itself with perfect
accuracy during cell division Such a ship w ould be expected more often
at higher temperatures, So far these are only speculations The mecha-
hism of gene duplication is still unknown The nature of the chemical
change that gives rise to a mutation is also unknown.

THE CONTROL OF MUTATIONS

The induction of mutations by radiations or chemicals has been com-
bared to firing & gun at a target W the dark, In both cases the chance of
making g hit is small If the hut occurs, there is no predieting what the
effect will be, though 1t 15 most likely to be harmful

In using radiations or chemicals—even the stronge.st fiosage that ean
be used without killing the orgamsm—the great majority of the genes
seem to escape being struck The oecasional huts result in mutations of
the same types as occur naturally But precisely what these mutations
will be eannot be predicted There s as yet no way of producmg' a desired
mutation to order, and any artificial induction of mutations is sure to
produce & great majority of undesirable ones .

In one respect, however, the results are p.rcdlctable' experience teaches
that certain mutations oceur again and again, and some with greater fre-
fquency than others This means that some genes are more stable t.h.'m
others Furthermore, there 1s a hmit to ﬂ}(: vn.nety of possible mutations
~a limit, set by the nature of the organism 1!§elf. Fox: example, among
the millions of Drosophila that have been bred in experiments during the
past decades, dozens of mutations have oceurred changing t.he normal red
eye color to darker shades, such as purple or br_own. or to lighter shades,
grading down to white, Most of these mutations have occurred again
and again, but o mutation causing the eyes of Drosophila to become
green hag never been obseried, notwithstanding that green 1s the normal
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eye color of some other inscets, for example, certain mosquitoes and
dragonflies This means that the nature of Drosophila sets a limit to the
kinds of mutations that can take place in the animal

Similarly, m man and many other mammals numerous mutations hae
occurred affecting hair color, but the color is always black or whte or
some shade of brown or red—never green. Evidently something in the
chemieal nature of the limits the possible color i

CHROMOSOME CHANGES

Under this head are included all changes in the normal number of ¢hro-
mosomes, additions and losses of parts of chromosomes, changes in the
arrangement of genes along the chromosomes, and in fact all gross
changes that are visible under the microscope. The genes themselves a%
not affected.

Polyploidy in Plants

Polyploidy refers to any increase in number of sets of homologous
chromosomes beyond the diploid number. Experiments have shown se-
eral methods of ind chr doubling The most striking results
have been obtamed with a drug known as eolchieine (kl-chi-sén). This
chemical (C2,Has06N) 15 an extremely interesting substance. It is elas
as an alkalod poison and is extracted from the seeds of a plant knowa 2
meadow saffron Incidentally, it is one of the drugs used as & remedy for
arthritry In man .

In 1937 several European investigators and two groups' of Amerits2
mvestigators working independently found that colchicine was ulrﬂ“’g.t *
specific for the induction of chromosome doubling without cell dmslokn
m plants When growing tips or buds of plants were wet with a “e;
solution of the drug, say 1 per cent, cells were formed with l’.DUb‘“ o
normal chromosome number. Frequently there was a redoubhpg, oces-
sionally as many ag three times. What happens in these e‘(pcnmcntslz
that the normal functioning of the mitotic spindle is P“’V""md Hene
cell division is inhibited, while chr loubling goes on a3 4%
After the effect of the drug has abated, the cells with doubled chrom®
some numbers divide normally, and from the tissues so P“’d“c‘ ; 2
and embryos with double chromosome numbers develop. There i$ ! ‘:“
permanent change in the plant, just as there is in wild plants 853 [;}
of doubling from unknown causes AH such cases in which closely 1€ nf 8
organisms show a series of chromosome numbers that are multiples © 0

1 A, F. Blakestee and Amos G. Avery, Methods of Inducmg Doublng of CRET
somes in Plants by Treatment with Colchicine, J. Heredity, 28:392-411, lDS:;ﬂtmr’
Nebel and M L Ruttle, The C; tological and Genetical Sfguficance of €21
7. Heredity, 29:2-9, 1938,
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basic number are examples of polyploidy (poly, many; ploid, fold). An
organism with a single complete set of chromosomes, ke the male honey-
bee and numerous plants, 15 a haplowd (kaploos, single) and contams the
basic number () of chromosomes Most sevually reproducing organisms
have a double set of chromosomes and zre known as diplords (27) A
doubling of a diploid set results m a tetraplowd (tetra, four)
. Several other drugs have more recently been found effective 1 induc-
ing polyploids, while simular results have been obtaned m plants—
though in a much smaller percentage of treated mdividuals—by the use
of X rays, high temperatures, low temperatures,’ centnfuging, and by
merely cutting off the end of the growing tip A number of experimenters
have shown that if the growing tip of a tomato plant 1s cut off, thereby
mnducing the formation of irregular shoots under the scar tissue that 1s
formed, some of these shoots have 48 chromosomes mstead of the nor-
mal 24, Subsequent cell division was normal, so that 21l the cells on the
tetraploid branch, ncluding the flowers, have the doubled chromosome
number, Eggs and sperms produced by such branches have tnice the
number of chromosomes possessed by eggs and sperms 10 the ongmal
plant If seli-fertilization oceurs, the double condition 18 thus perpetuated
The ease with which a great vanety of plants may be artificially 1n~
duced to double their chromosome number explains perhaps why the proc-
ess is 80 common in nature. One leading investigator, Muntzing, of the
University of Lund, Sweden, concludes that more than half the species of
flowering plants (including many of our economically useful plants) 1n
which the chromosome number is known are polyploids For example,
j\heat and barley, species are known with 14, 28, and 42 ch{'omosomes H
in chrysanthemums, species with 18, 36, 54, 72, and 90, and in Solanum,
which includes the potato, species with 24, 36, 48, 60, 72, and 96 chromo-
somes, The regularity of these senes of numbers, conststing 83 tl‘xey do
of simple multiples of some lower number, clearly indicates the origin of
new species from other species by polyploidy. Whether the chromosome
doubling in geries like those above arose within a single species or was
the result of the crossing of two related species 13 often difficult to de-
cide. Both types of polyplordy are known to be of frequent occurrence 1
i)lants. The second type, known as amphidiploids, 13 considered in Chap
4.

A typieal example of & spontaneous tetraplod mn plﬂ{lti was reported
by Bamford and Winkler 2 As shown in therr excellent illustration (Fig
79) the stems, flowers, leaves, stomats, and even the pollen grains, are

' Haig Dermen, A Cytologieal Analysis of Polyplowdy Induced by Colehieine and
by Ixtremes of Temporature, J Heredity, 29°201-229, 1933, .

*Ronald Bamford and F. B. Winkler, 4 Spontancous Tetraploid Snapdragon, J.
Hereduty, 82:278, 1941,
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igure 79. A spontancous tetraploid snapdragon (right half of the figl‘uc) mlac:;;
panson with a diplotd (on the left) Structures in the totraploid (4"-C) 2%° /%5,

than in the diplod (4-C) (4,4’ Plants (B,B’) Pollen. (C,C") Smm“’.;, ‘Snap

Chromosomes (From Bamford and Winkler, A Spontaneous Tetraplot
dragon, J Ileredity, August, 1941 )

larger in the tetraploid than in the diploid plant. The authors mcnlmlli
the fact that tetraploid snapdragons had previously been induced by ‘h"a'
chicine treatment by Nebel and Ruttle (sce footnote, page 236) and ¢
such tetraploids were similar to the spontancous one. -
Plants that have doubled their own chr make-up ar¢ ln‘;w
as aufofetraploids. They often differ in many ways from diplords. t8€}
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are usually larger, have thicker stems, thicker and relatively broader
leaves, and a darker green color The flowers, fruits, and seeds also are
usually larger. The differences, howeser, sre largely quantitative and are
not usually such as to cause taxonomists to class the diplods and the
tetraploids as distinet species Sometimes, 1n fact, there are no viable
external differences between the two; for example, i this country in a
species of spiderwort (Tradescantia) there are diplord and autotetraploid
Taces growing side by side which can only be distinguished by their chro-
mosome numbers !

Tetraploids develop more slowly, take Jonger to reach matunty, and
2re often hardier than diploids Tetraplod tomatoes have been found to
contain about double the usual concentration of vitamm C,? tetraplod
Yellow corn has been found to have 43 per cent more vitamin A than
diploid corn, and tetraploid tobaceo has nearly twice as much nicotine
a3 diploid tobacco. Tetraploid ornamental flow ers of superior types have
been obtained, Many choice varieties of fruits—grapes, apples, ete —
are tetraploids. Muntzing? descnibes the recent development in Sweden
of superior polyploids among the cercals a tetraploid rye with supenor
baking qualities has been developed and released to the farmers for
Planting.

Polyploidy in Animals

In animals, in contrast to plants, polyploidy 1s relatively rare, and few
polyplod animals have been produced experimentally In only a few
phyla of animals do the chromosome numbers suggest polyploid sertes;
the polyploid species that do evist are usually hermaphroditic or par-
thenogenetic. Polyploids are known in the protozos, flatworms, annehids,
mollusks, and arthropods; and in these phyla hermaphroditism or par-
thenogenests, or both, are fairly H , the great
of animals are bisexual, which fact is given as one of the chief reasons for
the rarity of polyploids in the animal kingdom. .

In & recent interesting study of the chromosomes In earthworms,
Muldal investigated 23 species in five genera of Lumbricidse He fu.ung
that G of the 23 were parthenogenctic and “almost certainly polyploid.
Their chromosome numbers are 48, 54, 68, 72, 72, and 190z The first
two he considers triploids, the next three tetraploids, and the last o

¥ Jens Clausen, David D Keck, and William M. Piesey, Expermental Studues of
the Nature of Spectes, 11 Plant Er olution through toidy snd with

Examples from the Madiinae, Comegie Inat Wash. Publ. 564, 1915
F. W. Sansome and § §. Ziva, Polyploidy and Vitamin C, Biochem. J. (Londom),
27:1935-1911, 1933. . 3
h. Ame Mntaing, Genetics and Plant Bmdm\z, in\!.. f ‘D!?g;m (ed ), *Genetics in
the 20th Century,” The Macmillan Company, New York, 195 .
*Bylfest .\mz'l, *The Chromosomes of the Farthworms, 1 The eyolution of poly-
Ploidy, Heredsty, 6.56-76, 1952
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decaploid. These, he finds, are all successful and widespread species
Muldal pomnts out that “parthenogenesis is important as it makes the
retention of polyploidy possible, and also favors the spread of polyplod
forms mnto new areas, smee even a single parthenogenetic individual may
establish a population there.”

Muldal’s studies have been confirmed and extended by Omodeo.!

That polyploid indriduals do appear spontaneously in bisexual ani-
mals with fair frequency is evident, however. Fankhauser? of Princeton
Umiversity durmg a period of four years examined 1,302 larvae of the
newt Triturus wridescens rased in his laboratory. About 2 per ccnﬁ.Of
the dividuals were found to be polyploids, Among these were 17 trip-
loids, 1 tetraploid, 4 pentaploids; there was also 1 haploid. .

Among the arthropods, which characteristically are bisexual, polyploid
races and spectes are found living successfully in nature in & few groups
In most cases the polyploids are parthenogenetic. A crustacean !(nown
as the brine shrimp (Artemia salina) 1s represented by a diploid pisevual
form and by parth 1c loid, octoploid, and ploid races
The polyplord races are larger than the diploids, and development is more
rapd §

A smilar case 1s that of the sow bug Trichoniscus elisabethae, Jikewise
a crustacean- n the south of Europe diploid races occur, with the sexes
In equal numbers; 1 northern Europe these races are replaced by a pa-
thenogenetic trploid race, 1n which males are practically absent. The
eggs of the parthenogenetic race lack a reduction division and develop
without fertthzation

In several groups of insects polyploidy has been deseribed. A tetrﬂ;
ploid race of the moth Solenobia triquetrella ranges widely in cefm;t
Europe Females only are found, and reproduction is parthenogenetic. b
is probable that this race was derived from a diploid bisexual race whel
occupies a restricted region in Germany. tles

Another group of polyploid insects are members of a family of bee e
known as weevils (Curculionidae), in whichiat least 17 parthenogen® o
species and races have been reported One of these 13 diploid, cleven ”N
triploid, four are tetraploid, and one is pentaploid. In all of (}mm, fm}:cic
alone exist; the eggs develop without fertilization after a S"‘SI‘{ mc; s,
division. In the same group, bisexual diploid species are found; in these
maturation of the gametes is normal.? 26) Is

In the Orthoptera, a long-horned grasshopper of Europe (Sagap« -
tetraploid, with 68 chromosomes. Only females exist. It reproduces ;:.b-

s Pretro Omodeo, Carilogia di Lumbrdidae, Cargologia, 4:173-275, 195
steacted in Biol, Abstr., 27:287, 1953) of Ten-

# Gerhard Fankhauser, Induction of Polyploidy in Animals by Ex'(mml"s 1942
perature, n “Biological Symposia,” The Ronald Press Company, New Yorb

s Esko Suomalainen, Parthenogenesis in Animals, 1n M. Demeree (ed)
in Geneties,” vol. 5, Academic Press, Ine., New York, 1950
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thenogenetically. Two other species of this genus are bisexual, with 32
and 31 chromosomes, respectively, in the females.

Examples of polyploidy as a result of the crossing of two distinct spe-
cies, which seems to be especially important 1 the ongin of species i
plants, will be described in Chap 14

CHROMOSOME REARRANGEMENTS: LOCATING THE GENE

As we have seen, the evidence from crossing over (Chap 8) mdicates
that the genes lie on the chromosome, arranged 1n a defimite linear order

Fi X i h of chromosomes from a ccll of the sahvary
g{g:;e:ro "Phn':)mlcrogl'ﬂp , showing thq pattern of
alternating dark and light bands (General Biologreal Supply House,
Chicago )
from one end to the other. This evidence, however, is indirect What is
the direct evidence for such an nrrnngcn}ent? N
In many species, including D hila, the _show' up
under the microscope as a series of granules or bands of varying sizes,
resembling beads strung on a string (Fig 80). The pattern of these gran-
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ules and bands in a given chromosome shows great constancy throughout
the spectes, and during synapsis of homologous chromosomes precedig
metosis there 15 specific paring of the bands and granules The natural
concluston 1s that these particles represent the genes What is needed,
however, 1s the simultancous study of the chromosome structure and the
breeding results, m order to identify positively distinet structures along
the chromosome as particular genes. In 1933, Professor T. S. Painter, of
the Umiversity of Tevas, made 1t possible to do this when he published
the first of a sertes of articles announcing the development of a new tech-
mque 1n the study of chromosomes

The essentials of the method, as well as the early discoverics made
under 1t, were summanzed by Pamter in 1934,1 In this paper he com-
ments that ever sice the formulation of the chromosome theory of he-
redity cytolog and genetieists had d 1 of the day when someone
would find an organism 1 which the chromosomes were so large that it
would be possible to sce qualitative differences along their length corre-
sponding to the different genes known to reside there.

Recalling that 1n vartous spectes of flies, including Drosophils, the cells
of the salivary glands of the larvae contained unusually large chromo-
somes, and that the chr showed pi bands or disks of
deeply staiming materal, alternating with clearer regions, Painter began
the reexamination of the salivary-gland chromosomes in Drosophila He
developed an 1mproved techmique for spreadmng out the coiled chromo-
somes so that they might be more easily studied. From his own observa:
tions he gave the following description:

The chromosome consists of an elongated more or less eylindrical rod made
up of ightly stainng matenal, while running apparently across each may be seet
a great variety of “bands,” some broad and deeply stanmng, others parrot or
made up of a series of dots. A study was begun at once to determine if the patterm3
of bands and hnes, which are so i were tant morph 1 char-
actenstics of  given element, Tt turned out that the landmarks are constant tos
most extraordinary degree so that we were able to recognize the same element I
the nucler of different individuals and ul Iy to follow any characterist bit
of & chromo~ome as 1t ia shifted here and there to other chromosomes through th®
ageney of irradiation.

A drawing of a pair of the tiny dotlike chromosomes from Drosophila,
made by Bridges,? is shown in Fig. 81.
In order to represent the other three chromosomes on the &
(a3 is done by both Bridges and Painter), a page several times t
\T. 5, Painter, Salivary Chromosomes and the Attack on the Gene, J. Heret
26:464~476, 1934 it
1C B, Bridges, Salinary Chromosome Maps with a Key to the Bandmg ©
Ch of Drosophul I , J. Hereduty, 26:60-61, 1935

ame scale
he width
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of this one would be needed. The same wealth of detal is found in the
other chromosomes

In the salivary glands, the remain 1n an elongated con-
dition; the chromosome shown mn Figs 80 and 81 are nearly a hundred
times as long as the corresponding ch i the d state
of an ordinary cell, as drawn n the upper right of Fig 81. Note that the

h

Scale

Figure 81. Drawings of chromosomes of the fruit fly, Drosophila melano-
gaster Upper right As they appear 1n pausin the ovanes before the re-
duction drvision Below: On the same scale, the par of dothke chromo~
somes as they appear m . the salivary glands of the larva. Seale,
5u = 1/5,000 inch (From Bridges, J Heredty.)

members of the pair of salivary-gland chromosomes lie side by sxd?,
shghtly twisted about one another. Somatic synapsts, as shown here, is
the rule in salivary-gland chromosomes The identity of structure of the
two mates is striking From end to end Bridges counted 34 separate
bands on this one tiny chromosome .

More recently, Sliz’,”nski,‘ of the University of Edinburgh, has studied
the same chromasome in Drosophila By making use of especlLallly favor-
able preparations in which the chr were ell he was
able to identify 137 bands (Fig 82). s draning shows the elasborate
method that has been devised for the dentification of the bands and for
relating these to particular genes The sym.bols for about a dozen genes
are shown above the heavy horizontal line in ﬂ?c figure

A gene mutation produces no visible change in the bands. Gross chro-
mosome changes, how ever, can be identified by the altered pattern of the

1B M Slizynski, A Revised Map of Salwary Gland Chromosome 4 of Drosaphila
melanogaster, J, Heredity, $5:323-324, 1944




244 ELEMENTS OF GENETICS

bands. There are four common types of such chromosome changes: (I}
deficrency, a loss of one or more bands, (2) duplicalion of one or more
bands; (3) translocation, a shifting of a piece of a chromosome to s mem-
ber of another pair, and (4) wnversion, an end-for-end reversal of a piece.
All these changes occur occasionally in untreated animals; they can also
be readily induced by penetrating radiation and by chemical t
Such chromosome changes often produce phenotypic effects and may
undergo Mendelian segregation. They are thus not easy to distingwish
? 00 M-4-Df o1 02 ? ? ?
e [ arcigdsen | v ey spa Mal_ Cat .

Total bands 137
Total fength 464
Figure 82. Drawing of saltvary gland ch IV of Drosopi
with a map above the chromosome 1ndicating the position of the better-knosn
genes. (From Shzynski, A Revised Map of Salwary Gland Chromosome 4 of Dro-
sophtla Melanogaster, J Heredity, November, 1944.)

Scole=10p

hile y

from gene mutations The distinction can be made, however, by miero-
scopic study of the banding pattern. ,
The study of chromosome changes under the microscope, in connection
with the breeding results from flies showing such chromosome changes,
gives the most convincing evidence of the location of the genes The two
lines of independent facts thus obtained are in perfect agreement with
one another, and both support the theory of the linear arrangement of
the genes along the chromosome Moreover, the combination of breed~
ing experiments and microscopic studies points to an arrangement of ”‘;
gences in the chromosomes of the reproductive cells that is identical wit
that in the cells of the salivary glands.
We have already scen that mitotic cell division during the dc\'ll.‘lﬂl"
ment of the orgamsm ensures that all cells of the body shall have iden=
tical chromosome sets—the oceasional exceptions to this rule fc‘cm “f
have no great practieal importance. Additional evidence of this {dﬂl‘t'(’
is supplied by the discovery that certain cells of other tivsues n D}::;
sophila and other species of flies have large banded chromosomes t
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are identical with those of the salivary glands Pavan and Breuer! have
published a very interesting paper on the banded chromosomes of a spe-
cies of fly in Brazil. Their photographs and drawings (Fig 83) show 1den-
tical chromosome patterns i the cells of the salivary glands and the
Malpighian tubules They also found that the seminal vesicles eontained
cells in which the same banding pattern was present.

ey
:%..\\ﬁf?

Figure 83. Drawings and photomicr
!:’rm) and sections 16 to 18 (distal enc
hynch

f sections 1 to 3 (distal end of left
Ogr:‘p :Zl?t n:m) of chromosome A of the fly
angelae* from salivary gland cells (8), Malpighan
tubule cells (Af). The connecting hnes show the man landmarks, nhich can
readily be identified. (Courtesy of C Paran and M E Breuer)

3 it is evident that the dark bands

appear as single or double rows of dots or loops. Tl'xe mfm-nal of the
bands is nucleoprotein containing desoxynbose n.uclclc acid. The gene,
which is regarded by some as a giant nucleoprotein molecule, 13 plrlesum-
ably associated with a definite band. Studies of the chmmo.some changes
mentioned above now make it possible to state confidently, in some cases,
that a given gene lies within a region covered by a stngle band.

tene Chromosomes 1n Different Tiasues of

In examining more closely Fig 8

C. Pman and M E Breuer, Poly
Rhynehosciara, J Heredity, 43:150-157, 1032,
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Brdges onginally counted » total of 2,650 bands in all four chromosomes
of Drosophila This number agreed well enough at the trme with the esti-
mated number of genes in Drosophila, but subsequently Bridges made
a more exhaustive study of the X chromosome, with improved tech-
nique, and found that there are many other faint bands which escaped
detection before His revised map! of this chromosome shows 1,024 bands
compared with 725 on lus 1935 map.

More recently, map revisions have been made of the long chromo-
somes I1 and III by C B Bridges and Philip N. Bridges The latter au-
thor? has summanzed the maps of all four chromosomes and finds a total
band count of 5,072 He obtamed this number by considering cach double
band as two There 1s some evidence, however, that each double band is
a gene locus He therefore counted each double as one and obtamned 8
total of 3,795 This 1s in general agreement with the present estimate of
the number of genes in Drosophila

The origin of complex chromosomes containing thousands of genes ar-
ranged 1 a definite order presents an intnguing problem It seems neces-
sary to suppose that during past ages, as hfe has progressed from the
simple to the complex, new structures being added step by step, new
genes must have been added also. Bridges offered the interesting sugges-
tion that one type of chr change (dupl ) may be the an-
swer to the origin of new genes, since in certain sections of the salivary
chromosomes he found blocks of bands duplicated in all their deta! He
argued that the genes in such duplicated blocks might subsequently mu-
tate into genes having effects quite different from the original The net
result would be the addition of new genes, So far, however, there 13 50
evidence that this has actually happened, and the manner of orign of
new genes must for the present remain speculative.

PROBLEMS

1. Is1t possible to guish n gene fon from a
type of phenotypie effect produced? Give an example or two.

2. Mention one type of chromosome change that may be mherited m the 810¢
manner a8 a gene mutation

3. How do you account for the fact that most new mutatrons, whe'
induced, are injurious? hem-

4, TWhat 13 the presently held hypothesis as to the nature of ihe gene, bath ¢k
ically and physologieally?

5. Give the various classes of evidence for the linear an
the chromosomes

il
1 C B. Bridges, A Revised Map of the Sahvary Gland X-chromosome of Drosophila

melanogaster, J. Heredity, 29:11-13, 1938 "
+P N. Bridges, A New Map of the Salvary Gland 2L-chromosome
melanogaster, J. Heredity, 33:403-108, 1942,

change by the

{her natural of

rangement of the genes 04
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6 What agents have been shown to wncrease the frequency of gene mutations?
How do you account for the negative effects of other agents?

7. Tn what respects 18 mutation not an entirely random process, 1¢, to what extent
13 the type of mutation predictable?

8 Why is polyploidy in amimals rare as compared to its frequency m plants?

9 List the animals mentioned in whieh polyploid speeies or races are found in
nature,

10. Is it possible to produce to order & specific mutation by use of radiation or
chemicals? Explain,

11. Give an estimate of the number of genes in Drosophila

12. Show by diagram four distinet types of chramasome changes
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iNBREEDING AND CROSSBREEDING

The term inbreeding usually refers to the mating of two closely re-
lated individuals, such as first cousms or nearer of kin, while crossbl:eed-
mg 15 defined as the mating of unrelated individuals, each from & differ-
ent variety or different species Strictly speaking, however, any t¥o
mdividuals are related 1f they have even one ancestor in common. 0b-
viously, various degrees of inbreeding and crossbreeding exist ‘The num-
ber of common ancestors and their recency furnish a measure of the
degree of inbreeding

Two mportant questions arise in any discussion of inbreeding and
crossbreeding First, why does the former automatically tend to mske 8
population homogeneous or purebred—as 1t is known to do—while the
latter tends to make a population less homogeneous? Second, how ar¢
we to explain the well-known fact that mnbreeding tends to bring about
a decline in vigor, while crossbreeding tends to increase the Vigor of 8
race or species? Thanks to a knowledge of Mendel’s laws e now hate
answers to both questions

Long before Mendel’s time, ammal and plant breeders cam
mte lusion that close inbreeding usually was detrimental to (l:
spring and that a certam amount of crossbreeding was beneficial A\e.\'e"‘
theless, the leading breeders of domesticated animals at timcS_ pract '
close inbreeding because they found from expenence that this was the
easiest way of fixing a desired type < dge

Likewise, the lawmakers in most human societies—~if we correctly jud
the motives behind the laws—came to the conclusion that inbreeding ‘“’j
detrimental to the race, for the laws and customs of most peoples hay
forbidden and still forlnd the marriage of certain near relatives ol 0

From time to time, however, frequent exceptions had been not .
the rule that inbreeding was injurious and that erossbreeding #83 b'c:)he
ficial, but for these exceptions no logical explanation wss at lm"d: B)zu .
applieation of Mendel's laws we are now able readily to harmoniz¢
seeming conflicts,

e to the defi-
e off-

28
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EFFECTS OF SELF-FERTIIZATION

The closest possible type of mbreeding 18 seli-fertilization, which oc-
curs normally in many hermaphroditie plants, such as peas, wheat, barley,
oats, and nce, and in a number of invertebrate animals With organisms
having separate sexes, the closest type of inbreeding is backcrossing to a
single h YEOUS P | type B with these extreme cases
there is a series of possible matmgs showing ever-decreasing degrees of
relationship and ending finally with matmgs between drstinct vaneties
and species. Thus the dividing line between mbreeding and crossbreed-
ing is not a sharp one. For practical purposes, however, there 1s an 1m-
portant distinction, as will appear below

It may be recalled that Mendel, during the course of his experiments
on peas, tested out 22 varieties of peas purchased from scedsmen and
found every one of them true-breeding This result, in any plant other
than a self-fertilizing one, would have been a practreal impossibility, m
2 self-fertilizing plant, however, it 1s not especially remarkable Self-fer-
tilization automatically tends to make a population pure-breedmng It
does this by the sumple process of segregation of the genes aceording to
Mendel’s first law, For example, let us consider the sumplest possible
case, a plant that 1s hybrid with respect to only one gene (T¢) Let T
stand for tall and ¢ for short Both the egg-producing part and the sperm-
producing part of the hybrid are (7¢) The process of reproduction in this
blant may therefore be rep i by the ying diagram.

Femala parts x Mate parts

T Sperms 1
T Tt
T T Tall
{pure} (hydrid)
Eggs
Tt 1
t— Stort

Talf
{hybnd) (pure)

In the first generation the hybrid parent has given n‘sc_ta offspring of
which 50 per cent are pure-breeding and 50 per cent hybrid. In the next
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generation of self-fertilization we obtain the following result (assuming
that each plant produces the same number of offspring):

TlT Tt Tt tt
47T 177 17T 4 tt
27Tt 2Tt
1tt 1tt

Totals 6TT 4Tt 61t

Twelve individuals 1n this generation are pure-breeding and four are
hybrids (75 per cent 25 per cent) Thus in the second generation the per-
centage of hybnds has been reduced again by one-half

In the third generation the percentage of hybnds will be still further
reduced by ene-half, resulting 1n 87.5 per cent purebred to 12.5 per cent
hybrid This process will continue until by the tenth generation 99 9 per
cent will be purebred, and only 0.1 per cent (one in a thousand) h}'h“fi'
As the process continues, 1t is obvious that the percentage of hybrxdg in
the population will soon become infimtesimally small, For all practical
purposes, the self-fertihzing organism will be 100 per cent purebred
(homozygous) (Fig 84).

1t could readily be shown, if space permitted, that the same rule holds
good 1f two, or any other number of pairs of genes, are chosen for obser-
vation simultaneously In each generation of self-fertilization the percent:
age of homozygosis as a whole 1s halved. Theoretically, 1n the absence ©
selection there will always be a few heterozygotes left. But if selection 8¢~
companies the breeding—as it naturally does in breeding domesticat
vaneties—the plant can be made 100 per cent pure-breeding for any de
sired charactenstie. Self-fertilization plus selection are no doubt the ex-
planation of the punty of Mendel’s varieties of peas. "

This theorctical result agrees well with the practical results of self-
fertilization in plants During the first few generations of inbreeding, 1®
plants that normally cross-fertilize, there is a striking effect apparent H’:
the reduction 1n vigor and the increase in homogeneity; but after abot
seven to ten generations, hittle further change 1s noted. "

A great many plants, such as corn and clover, as well 2s all the high
animals, are normally cross-fertilizing, This is true even in most .of these
that are hermaphroditic The chief advantage of cross-fertilization "
self-fertilization to the orgamsms themselves 1s the greater opportut! Y
for the appearance of new and better combinations of genes. A nece&*‘l_‘rz
consequence of cross-fertilization, however—in the absence of close ¥

over
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breeding—is the accumulation of injurious recessive mutations, because

rare recessive genes are usually concealed by normal donunant genes It

is only when the recessive gene happens to be present in both parents

that the offspring show 1t The general rule 13, as we have noted, that
fe

recessive genes are injurious C q ly, when a 1
tilizing species, for example corn, 1s self-fertiized, opportunity 1s at once
w00
Self fertihization 1
h backeross to
@ 0mozygous parent Brother and.
sister,

Male and many:
alf sisters

AT
]

Quadruple second
ousins s Jo"]_———]
fousns s L
Fst coupn®
50

I
3

~
=}

Percentage of homoryges's

® == Gepte thed
fe—1
A Second cousins
50
o 2 4 12 134 15

6 8 10
Generation of inbreeding
Figure 84, Curves showtng increase in homozygosis as a result of mbreed-
ing in successive generations under \ arious systems of matimg, starting
with individuals that are 50 per cent homozygous The percentage reduc-
tion 1 heterozygosis per generation in the vartous types of mating are
sell-fertilizatron, 50 per cent, brother-sister, 25 per cent the first genera~
tion and 19 1 per cent thereafter, male and many hall sisters, 11 0 per
cent, double first coustns, 8 0 per cent, quadruple second cousins, 3 G per
cent, first cousms, approach toward fixation at a decreasing rate;
octuple third cousins, 1 7 per cent, second cousins, to 95 per cent of the
initial value after any number of generations (From WWright, The Effcets
of Inbreeding and Crossbreeding on Guanea Pigs, US Dept. Agr Bull

1121, 1922))

opened for these accumulated recessives to show thesr presence The re-
sult js more likely to be injurtous than benefictal

On the contrary, in a self-fertihzing plant such as peas, there 1s a con-
stant process of self-punfication 1n every generation As new recessive
mutations arse they are at once exposed m one-fourth of the offsprng,
and if the mutants are not fit, they perish. Only m the hybrids will the
Tecessive persist, and as noted above, in a constantly decreasing percent~
age of individuals, For this reason, in an orgamsm that js normally self-
fertilizing, the process of self-fertilization causes no harm.
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We may conclude, therefore, that inbreeding in itself is not detrimen~
tal. It is hazardous only to the extent that undesirable recessive genes
are present in the original stock If the stock is free from these, inbreed-
ing of the closest possible type may go on indefinitely without causing
harm. The conflicting results from inbreeding in species that are self-fer-
tilizing as compared with those that are eross-fertilizing are thus readily
explainable An example from mammals will illustrate further the points
here considered

BROTHER-SISTER MATINGS IN GUINEA PIGS

Among the most interesting and extensive investigations on the effects
of inbreeding and crossbreeding in mammals is & series of experiments
on gunea pigs, begun m 1906, by the US Department of Agriculture!
at Washington Thrty-five healthy and vigorous females were selected
from general breeding stock and mated with a smaller number of similarly
selected males The matings were numbered separately, and the offspring
of each mating were kept separate and mated exclusively brother to s1s-
ter This was continued generation after generation The 35 matings t}‘ms
became the foundation of 35 “families.” The only subsequent selection
consisted in prcking the two best for mating 1n case there were more than
two in a litter Twelve of these foundation families were terminated for
one reason or another before the experiment got well under wey. Of the
23 remaining families, one became extinct after five years, one after eight
years, three after nine years, and three after eleven years. At that time
(1917), owing to lack of space, five of the remaining families were selected
for perpetuation, the others were discarded,

The growth of a family, generation after generation, reminds one
the growth of a tree: each mating is a bud or twig; some of these h“llf
perish at once; others give nise to secondary twigs; some of the secondary
twigs die for one reason or another; a few twigs grow into large branches
with many sub-branches and twigs In any generation, however, only 8
few nre destined to have hving descendants a number of gener.!ltl‘mS
hence This is well shown in the partial pedigree of one of these inb
families (Fig 85). Note that the pedigree shows that all of the asuma;
are descended from a single pair in the twenty-third generation o
brother-sister mating

Two striking results followed the close inbreeding of guinea
cach family gradually became more homogeneous While this proce

e of

pigs First
g5 W89

; .
1 Sewall Wright, The Effects of Inbreeding and Crossbreeding on Guints l"j"fw’
U.8 Dept. Agr. Bulle. 1000 and 1121, 1922, Sewall Wright and 0 N. Lﬂ“g’"rb o
Persistence of Differentiation among Inbred Famiies of Gunea Pig% US
Agr Tech. Bull, 103, 1929.
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gomg on there was a gradual elimination of sub-branches, as shown mn
Fig, 85. The increasing homogenesty within each family was accompanied
by a notable differentiation among the fammiles, as described below. Sec-
ond, there was a decline in vigor during the first mine years, covering
about 12 generations This decline applied to weight, fertibty, and vital-
ity of the young.

Generation
22_ 24 25 2 27 28 29 303 » 3
11
| o<1z |8
. 17
N /‘s<:w‘\s——-u
7 N P P o et
)3
DD Ntids | e
= e 16
(5) 7
(8928 3 5——1
L
7 ] sd—1s |
Lo < s 948
X 7=t a6 2y~
(847 7 {4 N 3
\8 l-10 | <ty 3P
- L2 |
N1 G
12 d

Figure 85, Pedigree of an inbred Line of gunea pigs (Famuly 13)
{from the twenty-third to the thirty-third generation of straight
brother-sister matiog. The numbers on the farmly tree represent
mating numbers in & given generatron those in parentheses are
Washmgton numbers, those underlined rep'rcsent rgnhngs brought
to the University of Chicago in 1926 by Wright Note the extine-
tion of numerous lintes.

Durng the sccond nine years of inbreeding there was no further de-
cline in vigor of the inbred amimals as a group This stability was taken
to indicate that after 12 generations the famulies had become cssentmI.]y
purebred, i e, no longer heterozygous with respect to many genes (Fig
81). New mut. were app Iy not freq: enough to have much
effect .

There was found no evidence of heredity of general vigor as a t{mt,
The vigor of & family in one respect was Inrgcly.mdcpcndcnl of its vigor
in other respects Thus Family 13 (Fig 86}, which hn'd the heaviest ani-
mals and the largest litters, was next to the poorest in resistance to tu-
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Figure 86, Male of Fammly 13, bel to the eigt h g
brother-sister mating The heaviest animals and the largest htters came
1n this family It was above the average in most other respects but was
next to the poorest 1n resistance to tuberculosis The large amount of
white 18 charactenstic (From Wright, The Effects of Inbreeding and Cross-
breeding on Guinea Pags, U S. Dept Agr. Bull 1090, 1922.)

. o - ol
Figure 87. Male of Family 2, belonging to the twelith generation of
brother-sister mating. This family was characterized by frequent but
rather small litters, heavy mortality at birth but great vitahty and
longevity thereafter, It was second in resistance to tiberculosis. (From
Wright, The Effects of Inbreeding and Crossbreeding on Guinea Pigs, U s
Dept. Agr Bull. 1090, 1922)

bereulosis. The animals in Family 2 (Fig 87) were the lightest in \\clghl;
there were frequent but rather small litters, heavy mortality at lnri'h,
hut great vitahty and longevity thereafter. This family was second in
resistance to tubereulosis

As n result of the inbreeding, each famly came to be extremely hml“‘-:'
geneous with respeet to such characteristics as color of hair, eye colof
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prommence of eyes, body conformation (one family was decidedly sway-
backed, Fig. 88), and even temperament (Fammly 2 was noticeably more
nervous and active than Famly 13) Differentiatron of the inbred fanuhes
was by no means limited to external characters Strandskov! has made
a study of internal organ differences in Family 2 and Family 13 The
liver, lungs, and heart were significantly heavier m Fanuly 13 than in
Family 2, but ths seemed to be correlated with the greater body weight
of Family 13. The thyroids, adrenals, and spleen of the two families were

e . R L e s

Figure 88. Male of Family 39, belonging to the thirteenth generation o
brother-sister mating The small amount of white and the sway-hack are
characteristics fived 1n this famly Other characteristics are the greatest
success in bearing young alive, but lack of suecess in rearmg them, irregu-
lanty 1n producing litters, and the greatest susceptibility to tubereuloss.
(From Wright, The Effects of Intrecding and Crossbreeding on Guinea Pigs,
US Dept. Agr Bull. 1090, 1922)

found to differ not, only 1n size but 1n shape (Fig 89} Strandshov mnksfs
the reasonable suggestion that these organs may be nﬂ:ectcd by genetic
factors which are independent of those which determine general body
size. He points out that if no other differences had been found between
Family 2 and Family 13 the two families could readily have been distin-
guished by the differences 1n size and shape of the uqlre{xnls Those of
Family 2, although the lighter of the two famiktes, are s.lgnxﬁ:;nntly heav-
ter than those of Family 13 The left adrenal of Family 2 is thick and
tnangular in cross scction, as shown in Fig 89, whereas that of Femly 13
13 thin and flat That of Family 13 has a charactenstic indentation on 1ts
mesial side. It is tempting to speculate upon the possibility of there bcx{xg
physiological differences in these and other gl:\‘nfls, correlated with dif-
ferences in growth and behavior of the tvo families

YIL 11 Strandshov, Inhentance of Internal Organ Differences in Gumea Pigs,
Geneties, 24:722-727, 1939
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In a further study Strandskov! made a comparison between 16 skeletal
measurements of 20 males and 20 females of Family 2 and Family 13
He found significant differences in the families in 10 of the 16 measure-

29Q 24 13Q 138
Thyroid ‘ ‘ ‘ .
[ ] L J [ ] -

Adrenal| ‘ . ‘

o <& P

Spleen| . ‘ .

ap -y [ J o—
—

—
Figure 89. Drawings showing differences in the size and shape of
thyroid, adrenal, and spleen of two highly inbred families of guines
prgs (Faoulies 2 and 13) (From Strandskor, Inheritance of Internal
Organ Differences in Guinea Pigs, Genetics, 24:722-727, 1930.)

due to ger-
Jocal parts
3 seerts

ments, There was evidence that some of the differences were
eral growth factors and some to specific factors that act on
The humerus, the femur, the tibia, and some of the cranial bon
to be especially affected by local factors.

11 1L Strandskov, Skeletal Vanations in Gumnea Pigs and Their Inheritances o
Aammalogy, 28:65-75, 1912
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In all respects n which each mbred famly came to be distinguished,
the mechanism v hich brought about umformity probably was the same,
namely, the segregation, assortment, and recombinatron of genes and the
gradual ncrease in homozygosis.

The theoretical rate at which continued brother-sister matings increase
hnmozygosity has been calculated by a number of investigators Accord-
ing to recent calculations made by Wrght the reduction in the propor-
tion of heterozygous gene pars closely approximates 19 1 per cent per
generation after the first generation, m which the reduction 1s 25 per
cent (Fig. 84), Although this rate 1s much slower than the 50 per cent
ber generation found in self-fertilization, 1t 1s still so rapid that after 10
generations of brother-sister mating, starting with orgamsms that are
50 per cent homozygous, about 94 per cent of all gene pairs are homo-
Zygous We see, therefore, why such inbreeding prod 1ts greatest ef-
fect during the earher generations, and relatively little effect if continued
beyond 10 or 12 penerations

The results of the guinea pig mbreedimng experiments are in good agree-
ment with those from other mammals and from Drosophila The decline
In vigor, including the extinction of certamn Iines, follows largely from
the segregation and fixing (making homozygous) of recesstve genes, which
are on the whole injurious to the species. But along with the fiving of
such recessives there may also be a fixing of gene pairs which are indsf-
ferent or beneficial It is a matter of chance as to what combmnation of
gene pairs a family finally comes to possess, except that selection 1s al-
Ways at work weeding out combinations that are not well adapted to the
conditions of Life

There is a common belef that mbreeding causes the production of
monstrosities and defectives In the gumes pig expenments relatively
few of these were produced, erther by the mbred families or by the con-
trols It was found, however, that the tendency to produce a given type
of monstrosity was charactenstic of certan families, but such a tendency
had no connection with the vigor of the fanuly m other respects The
two feeblest families were almost free of abnormalities, while the most
vigorous family (Famuly 13) produced 30 per cent uf'ﬂxe eyclopean (one-
eyed) monsters, 5 per cent of births i this famuly being monsters of this
type. Another family produced most of the eyeless young, mu{ still an-
other had several young with rudimentary legs There was o idence of
hereditary tendencies withm the familtes toward the production of tl:mse
abnormalities. On the question of the relation of ibreeding to the origin
of monstrositics Wnght states, “There was no evidence that mbreeding
has any specific causal eonneetion with the ongin o}' tholm?nstcrs I.n-
breeding seems merely to have brought to light genetic traits in the orig-

inal stock.”
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HYBRID VIGOR (HETEROSIS)

The classic example of hybrid wvigor is the mule. This animal is a spe-
cies hybrid produced by crossing the horse (Equus caballus) with the ass
(Equus asinus) The mule combines some of the superior qualities of both
species 1t has much of the size, speed, strength, and spirit of the horse,
along with the sure-f | lack of bibity, end: and abil-
ity to thrive on poor food which are charactenstic of the ass This com-
bination of traits gives to these hybrid animals a unique value for certam
types of work For instance, at the Grand Canyon of the Colorado River
m Arizona, herds of mules are maintained for carrying toursts over the
tral from the nm to the river, one mile below Horses are not used for
this work because of the danger of their becoming frightened by falling
rocks or other disturbances and going over o precipice. Because of their
superior quality as work ammals mules bring o higher price than horses.

The mule 15 rather an exceptional case, however, since there are very
few species hybnids of cconomic importance among domesticated mam-
mals. Like most species hybrids in mammals, the mule is sterile becaust
normal reproductive cells fail to develop. There scem to be no recorded
cases of fertile male mules; female mules have occasionally produced colts,
ether by the stallion or the jack. In some other species hybnds, eg., the
catalo, from the cross between bison and cattle, the female is fertile .anﬂ
the male 15 sterile Among mammals, 1t is usually impossible to obtain &
hybrid by crossing one genus with another. Such wide crosses as the cat
(Felis domestica) with the dog (Canis familiaris) or the jackrabbit (Lepus
californicus) have never been obtaned

As mentioned in Chap. 1, the term hybrid is properly appl"?fl ako ‘;:
the offspring of two subspecics or two vaneties of the same speeies Suc
varieties may differ i only one gene or, as is commonly the cas® they
may differ 1n & number of genes. Let us now consider hybnd vigor 8% 1t
18 expressed 1n crosses between varieties

Hybrid Vigor in Guinea Pigs

As a result of breeding experiments with plants and ammals, it 18 HO“:
generally accepted that hybrid vigor, in certain cases at least, kas 2 sl.f:;)
ple explanation in the operation of Mendel's laws. The experiments ¥
guinea pigs, described in the previous section, included an invesmv““:)r
of hybnid vigor The results are very clear-cut in their dcmonslmtmﬂwS
the increase in vigor following the crossing of two pure breeds. 'Cfﬂs’o.
were made among five of the inbred hines or breeds of guined pigs l"'ﬁ.
duced by brother-sister matings It will be recalled that in these L“g" .
ments continuous mating of brothers with sisters was accompamed {‘u
decline in all of the elements of vigor that were studied. These clemt
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of vigor included the pereentage bomn alive, the percentage rased to
weaning, the birth wesght, the rate of gan m werght, adult weight, size
of htter, and number of biters per year The inbred animals as g‘mup
came to be distinetly mfenor to the random-bred control stock, a stock
i which matings closer than second causing were not made (Fxg’ 84}, in
all these respeets, as well as n reststance to tuberculons Two of the t’ive
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Figure 90. Growth curves of mbred guinea
pigs of Famules 2 and 39 and the Fy by-
brids from Pamly 39 males X Famiby 2
fernales, iltustrating hybnd vigor (From
Faton, Effect of Crossing Inbred Lines of
Gurnea Prgs, U.8 Dept Agr Teck Bull
765, 1941)

inbred families, however, were more resistant to tuberculosss than the
controls.

Jtwas found also that the vanous elements of vigor and weakness were
fnhented independently of each other, and that these had become fived
in almost all of the possible sn the vanous familes; though
there was no evidence of hereditary differences in general vigor

5 In additson, a congpicuous differentiation was evident among the fam-

Lies in such charactenistics as color, number of toes, and tendency to-
ward the production of partieular types of monsters Each family came
}0 be characterszed by a particular combination of traits, usually involv~
f“: strength 1 some respeets and weakness in others These results were
interpreted 10 accordance with Mendels laws of heredity.

Crosses between different inbred families showed marked improvement
in the offspring over both parental inbred familics, in every respect In
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the case of adult weight and resistance to tuberculosis the improvement
appeared to 1ts full extent in the offspring of the first cross. The hybrid
young were at least as remistant to tuberculosis as the more resistant
parental family. In some cases the young were more resistant than either
parental family Resistance was dominant over susceptibility.t

The improvement in the various elements of vigor affecting the num-
ber of young raised to weaning per year added up to produce an increase
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Figure 91. Growth curves of inbred guinea
pigs of Families 13 and 39 and the Fy hy-
bnds from Family 39 males X Family 13
females, illustrating hybrid vigor. (From
Eaton, Effect of Crossing Inbred Lines of
Guinea Pigs, U.S. Dept. Agr. Tech. Bull-
765, 1941)

of over 80 per cent 1n the number of young raised, 50 ¢
from inbred family crosses were considerably superior
bred controls m this respect. Experiments confirming and
studies with respect to growth and several other traits have be
lished by Eaton? (Figs. 90 and 91) he re

Wright concluded from his analysis of the various €rosses that t fethe
sults just described were all the direct or indirect consequence ©

. s 10
18enall Wright and Paul A, Lewis, Factors i the Resistance of AG:m‘v\gm',;, ot

Tuberculosis, with L'special Regard to Inbreeding and Heredity,

£5:20-50, 1921 A
+0. N, Eaton, Effect of Crossing Inbred Lines of Gumes Pigs, U.S De?*

Tech, Bull. 765, 1941,
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Mendelian mechanism of heredity, that the fundamental effect of mn-
breeding is the ic ncrease of h ygosis, and that an average
declme 1 vigor is the consequence of the observed fact that recessive
genes are more likely to be mjurious than are their dominant alterna-
tives He concluded further that the differentiation among the famihies

e S

|
|

. T
cattle produced on the King Ranch in Texas by erossing Indian Brahman cattle
with shorthorns and selecting for certain traits Among the recognized characters
of the breed are red coat; loose, thin hide with surface area increased by neck
folds and sheath; broad prominent brisket, resistance to heat and parasites of hot
chimates, (Courtesy of King Ranch, Texas.)

is due to the chance fixation of different combinations of the genes pres-
ent in the origmal random-bred stock and that erossing of bred fami-
lies causes an improvement because each family supplies some dominant
genes lacking in the other 5

Wright suggested that the methoed of close inbrcedl{xg, followed by
crossbreeding, would have 1mportant applications in the improvement of
livestock The method had n fact been used by the pioneer breeders
more than a century eatlier on a less intensive scu{c ix} the founding of
many of the pure breeds of livestock. Its use is growing in the production
of poultry, hogs, dairy cattle, and beef eattle (Fig 92), The most remnrlf-
able results of the method thus far, however, have come from its appli-
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eation to crop plants such as corn and sugar cane, in which phenomenal
ncreases 1n yields have been obtained from hybrids.

Hybrid Corn

Our most striking example of the application of classical genetics to
an economic problem 1s the production of hybrid corn. An Amemcan
geneticist, George H Shull,! is given credit for first advocating (1909)
the use of self-fertilized lines m the production of commereial seed corn
As a botanist with the Carnegte Institution at Cold Spring Harbor, New
York, he was interested 1n the inheritance of quantitative characters and
chose to experiment with corn Varieties of this plant differ greatly 1
many characters, including the number of rows of seeds on the cob By
self-pollination Shull established true-breeding (homozygous) lines for
this character as well as for other characters. Each of these inbred lines
not only became very uniform but also suffered a reduction in varous
clements of vigor, such as size of plant, yield of seed, ete.

Upon crossing one of his inbred lmes with another, Shull found that
the resulting Fy hybrids showed great increase in vigor. Moreover, 'hf
Fy's of the same cross were remarkably uniform. Incidentatly, this un
formity has a great practical advantage in the production of sweet cor
for the market and for cannng- since all of the ears mature at 2bout the
same time, the problem of harvesting 1s simple. For the home gardener
who wants a continuous supply of green corn 2 series of hybrids that m#:
ture at regular intervals over a peniod of one month has been developed *

Shull attributed the hybrid vigor to the stimulating effect of heter”
zygosity per se, How much of the hybrid vigor may be due to the supfﬂ‘
ority of the heterozygote of a pair of alleles over either homazygf’tc 158
difficult question. Examples of such an effect (known as cverdommana)
have been reported in a number of different organisms. The e(Plfm“"‘;"
of hybrid vigor most often given today, however, is that vigor depen 's
upon many dominant genes and that each inbred Line brings inte the hy-
brid certain dominant favorable genes lacking 1n the other. The two the
ories are not mutually exclusive. by

In some of his experiments Shull had produced *“double crosses ):
mating two of his F; hybrids In 1917 D. F. Jones? pointed out thc.pf:}fz
tical bilities of the double-cross, or four-way, hybrid method in tly
production of commercial seed The method proved to be economicalty

1G. H. Shull, Begmnmgs of the Heterosis Concept, m John W. Gowen (“"h’;
#Heteronis* A Record of Researches Directed toward Lxplaining and Utihzing
Vigor of Hybnds,” Jowa State College Press, Ames, Towa, 1952 1048

VR, W. Singleton, Hybnd Sweet Corn, Connecticul Agr. Ezpt, Sta Bull 518 D

# Ldward M. East and Donald F. Jones, “Inbreeding snd Qutbreeding. ey
Genetic and Sociologieal Significance,” J, B. Lippincott Company, Philadetpb:

1919.
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N - - A
Figure 94. Representattve ears of four wmbred In
maize after 11 generations of self-fertilization, showing
distinctive differences among the four lines but uni-

nes of

formty of type within each line, (Courtesy of Donald
F. Jones, C feut Agricultural Ezperiment Station )
. in the
profitable. Today most of the sced planted in the United States ll: e

production of ordinary field corn, as contrasted with 8% ect corny

tained by the double-cross method (Fig 93). .
Numerous inbred lines of corn are produced by self-fertilizatio

these inbred lines there is a rapid decline in vigor, because corn 13

n 1o
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ally cross-pollinated and therefore carries a load of accumulated delete-
rious recessive gencs; but out of many tnbred lines a fen give fair yields
(Fig 94). Four supenor inbred lines are chosen, lies A, B, C, and D
Line A 13 erossed with Line B; and line C 1s crossed with ine D The two
resulting hybrids are then crossed, the seed from the second cross be-
comes the commercial seed (Fig. 95) The aeeds of the first cross are rot
used for crop production with ordinary field corn because they are often

Q‘ST YEAR FIRST YEAR
i

setasszuee ccnsaen oA
n 10

) el
£INGLE-CROSSED  SINGLE-CROSSED
x E

Vent, (BXA) ]
Figure 95 Method of producing double-cross commereial hybnd seed
corn. (From Sprague, Production of Hybnid Corn, fowa State Coll Agr
Ezpt, Sta Bull P38, 1942)

small and poorly developed and their numbers may be low, owing to the
inbreeding of the parents, The crossing of the two F, hybrids, however,
produces a large amount of sced The second-generatton hybnds produced
from this seed are, of course, vaniable because therr parents sre hybrids;
any disadvantages resulting from their variabihity, however, are more
than offset by the sbundant yield (Fig 96). .

Corn produced from hybnd seed 1s not planted the fcllf)mpg year. Ex-
perience show s that if this is done there is a marked decline in vigor and
merease in variability. .

The development }(']f the inbred strains and the pfoductlon of hybnd
secd from them 1s naturally an expensive pr‘occss I\cverthclcss,vlhc r::
sults more than justify the labor, since hybrid corn frcqucntl3' yl,;’lds 25
£0 30 per cent more per acte than ordinary open-pollinated corn The use
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of hybrid seed has steadily increased in this country since the early 1930s
(Fig 96). By 1949 about 77.6 per cent of the acreage was in hybrid cor
At the present time nearly 100 0 per cent of all corn grown in the United
States 1s from hybrnd seed

100 -
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Figure 96. Curves showing increased yield of maize per acre i Tona after h“e b;f
sced came into general use i the 19305, compared to a near-constant yield of ta in
hay, m which no simlar breeding method has been practieed. (From Spragt
John ¥, Gowen (ed.), * Heterosis,” Iowa State College Press)

MARRIAGE LAWS PREVENT CLOSE INBREEDING IN MAN

jon of the s6°
blood relatives
of first cousin
South and East
he Middle West
os. A few states
o marrisge b
Ohlahom3

In the Umted States, legislation on marnage is a funct!
eral states. All of the states prohibit marmnages between
closer than first cousins; a majonty prohibit marriages
Those states that permit cousin marriages are all in the
except California in the Far West. The newer states in t!
and Northwest without exception prohbit cousin marnag
extend the prohibition to first cousins once removed (i €.
tween an individual and a child of his first cousin), and one, n9)?
prohubits the marnage of second cousins (the children of first cousis )

Nearly half the states prohibit a man’s marrying cortain classes O -

11 am mdebted to Mrs. A. C Buchanen, Director of Research Serv ice, ﬁ:‘gn ‘m .
pacdia Bt , for furnishing a jon of the lans and ;.mutcs con
consanguincous marrages in the United States and forcign countrics
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stivesan-law such as his wife’s daughter, his wife’s mother, or his step-
mother. The same prohibitions apply to women within corresponding
degrees Strange as it may seem, in general these are the same states that
permit cousin marriages. Whatever the reasons for prohibiting the mar-
nage of relatives-in-law, such reasons, of course, have nothing to do with
the heredtary qualities of expected offspring The model for such stat-
utes is no doubt the Mosaic Iaw as contained i the eighteenth chapter of
Lewiticus The Mosaic law makes no Provision against coustn marnages,
but prohibits marriages between various classes of relatives-in-law, as
well as blood relatives nearer than first cousins

In most European countries the marriage laws appear to be patterned
after the Mosaic law. All, save a few of the smaller countries 1n the south
of Europe, permit cousin marriages, as do also the British Domimons,
Japan, and countries which follow Mohammedan law China, on the other
hand, prohibits the marriage of eousins China forbrds marnages between
persons having the same surname, as did some of the tribes of North
Amertean Indians and the Aborigines of Austraha

Ideas condemning the marriage of near of kin must have had a very
ancent origin, since the customs of most primutrve tribes enforce certmn
Testrictions There is no y on the of cousin s,
for among some primitive peoples cousin marnages are prohubited, while
among others they are highly favored Curious exceptions regarding mar-
riages of the nearest of kin are found among a few primitive tribes Ac-
cording to Bronislaw Malinowski,' marnages between mother and son or
davghter and father are reported from certain tribes 1n Malaysia, m the
Tslands of the South Pacific, and in Afica Even better attested, accord~
Ing to this anthropologist, are the marriages between brother and sister
i the Marshall Islands and Hawan and, i ancient times, 1n the royal
families of Egypt, Ireland, and the Inca Empire of South Amerea

COUSIN MARRIAGES AND DEFECTIVES IN MAN

There ig g, widospread popular belef that the marnage o!' ﬁrs‘t cou:m:
13 Itkely to result in defective offspring On what evidence is this based?
The question can best be ed from the son of a
case .

Amaurotic idiocy (sec Chap 16) is a recessive defect in man. Torsten
Sidgren? has made an ezhaustive study of the juvenile form Of.”lls d{s.
¢ase in Sweden, where he visited all the schools for hlind children in
search of cases. The fact that in Sweden famly records have been hept

4 Eneyel din Britannica,” article on Marriage .
‘anst»y; oSl:;:r(: Die juvenile amaurotische Idiotie Klmische und erblichheits-

medizinische Untersuchungen, Hereditas, 143197425, 1930-1931.
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in the churches for generations enabled him to prepare more than fifty
pedigrees

Approximately one case of juvemile amsurotic idiocy was found for
every 30,000 children In the population of Sweden as a whole only about
1 per cent of marnages were between first cousins, yet this I per cent
was responsible for about 15 per cent of all the amaurotic children in
Sweden Marriages between relatives other than cousmns produced an:
other 10 per cent of the amaurotics

Generation

1 AA X Aa Common grandparents
1 Parents Parents

AA X As AA AA Aa x AA

v 2
Cousing
mooAa Aa X Aa m
vz vz

v AL 4e Aa ag  Amaurotc dit

Vi
Figure 97 A typical pedigree covering four generations shoming the path
of a recessive gene from a single grandparent of two cousms to 1ts expres-
sion m a child of the cousins. The probability of the appearance of the
trait n an idual of 1V 1s found by multiplyrs
together the five fractions (14 X 34 X 14 X 34 X 3 = }64)

Clearly, the marriage of cousing has something to do with the occur
rence of this rare recessive defect The relationship seems to be 89 fol-
lows All cases of amaurotc idioecy come from normal parents who art
heterozygous for the gene, since defectives invariably dic yourg an
never reproduce. Cousins have two grandparents in common and tbere"
fore draw one-half of their genes from the same pool. With respect to 817
gene present i a single grandparent of two cousins, there is & chanc; lfc
one in 16 that both cousins will inherit it from this grandpatent- le
demonstration of this relationship is shown in the accompanying e-‘“““:m
of a typical pedigree (Fig 97) Let a stand for the gene for arfxaurﬂ“'n
idiocy and A for the normal alternative gene. One grandparent 1S ¢ho
as o carrier of the defective gene; all the other grandparents ar¢ assum
to be free from it.

Let us now apply the law of probability under which the
currence of a serics of events is equal to the product of

o chance of °‘}
the chances ©



INBREEDING AND CROSSBREEDING 269

the individual events (Chap 2) We sece that the chance of a person in
geaeration IT being a carrier (Aa) 18 one 1 two The chance of a person
in generation IT1 being a carrier (provided a parent i II1s a carner) 18
also one in two Hence the chance of a grandchild such as one of the
cousing being a carrer is 35 X 34 = 14. The chance of both cousmns si-
multaneously being earners 18 Y X ¥ = Yo

With two cousins who are both carners the chance is one i four of
producing at each birth a child who 1s recessive {aa) Multiplymg this
probability by the probability that both cousms shall be carmers we get
% X M6 = 3g4. This represents the chance of a child’s showing any re-
cessive trait, the gene for which was present m the heterozygous state mn
one, and only one, of the common grandparents of the two cousins and
not present in any of the other grandparents.

In Sweden, approximately one child in 40,000 from unrelated parents
i3 amaurotic. The frequency of carmers of gene ¢ must, therefore, be
about one in 100, because the chance of two such carners marrying 1s
only Yoo X Yoo, or 1/10,000, and if such a marrage oceurs the chance
is one in four that the first child born will be amaurotic

The chance that one or the other of the two common grandparents of
cousins will carry the recessive gene @ 1s }{og + oo = o (one in 50)
The chance that a cousin marnage chosen at random will produce an
amaurotic child 2s the result of genes denved from a common grand-
parent is thercfore 149 X 1§4 = 1/3,200 There s also a very shight chance
that both cousins will recerve the gene for amaurotic idiocy from their
other grand, not held 1n or from one of the two possible

b it of g ) s with Iparents
Without presenting the cajculations of this shight chance we may say that
by combining all of the chances mentioned above we obtamn one chance
in 3,001 s the probabihity of the birth of an amaurotic child from a cousin
marriage chosen at random in Sweden This chance 13 approximately 13
times the chance of birth of such an individual from unrelated x}nrents

Although the nsk of this particular recessive showing up is rather
smali, even in cousin marriages, it must be remembered that there are
bundreds of other rare recessive defects m man, and the gene for one or
more of these will probably be present in a common g.mndpnrent. The
Tarer & recessive gene is in the population the great;r is the effect of 2
cousin marriage in increasing the frequency of the. trait as compared with
its frequency from unrelated parents With relatively common recessive
traits there is Little nsk of increasing the frequency with cousin marnages.

Among other rare recessive defects known to hfx\'c a much higher fre-
Quency in children from cousin marrages than in children from unre-
Iated parents are the following: albinism, xeroderms pl;!rll(‘ntbsum, total
color blindness, Friedreich’s discase, phenylhetonuria, microcephaly, and
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congemtal 1chthyosis Obviously, the popular prejudice against cousn
marriages 1s based upon sound facts so far as the increased risk of defec-
tive offspring 15 concerned.

The picture of coustn marriages which we have just drann has another
side If inbreeding as exemplfied by cousin marriages tends to bring into
expression injurious genes which are already present i the stock, it like-
wise tends to bring into expression beneficial genes, since the mecha-
nism of heredity is the same 1n both cases. One famous example of supe-
ror traits passing on to the children of cousins is found i the family of
Charles Darwin, Darwin, who came from a distinguished English family,
married hus first cousin, also from a distinguished family. Of five sons
who sarvived him, four became distingwished far above the n\'emgega“d
n ways that clearly indicate superior hereditary intellectual capseties

This family may also illustrate the outeropping of recessive dcfecgs,
since aceording to one of Darwin’s daughters,? in the family of ten chil-
dren many were delicate and difficult to rear, and three died. She states
that the last chuld, a son, was born without his full share of intelligence
and died at about o year and a half of age, never having learned to walk
or talk

All things considered, 1t seems that we are not justified in laying down
o hard and fast rule aganst cousin marnages. In special cases the oppor-
tumty of preserving or concentrating superior qualities in the offspring
may warrant taking some of the risks that naturally accompany such
marnages

PROBLEMS

1. Why does mbrecding m species that are normally erossbred usually lead tos
decline m vigor? debe
2. How 13 1t posuble for spectes that normally are self-fertilized to contimue 0

mitely with no dechne 1n vigor?

3. Why does crossbreeding two distinet vareties or species us
hybrid more vigorous than either parent? rod:
4. What 1s usually the nature as to vigor and varabdity of the offspring P
by F; hybnids? ate0

5. In his experntments with garden peas Darnin found that a eross bﬂ“f“o‘ the
individuals of the same varety resulted in no 1ncrease i height or fertility
offspring Give an explanation of this result i terms of the gene theory arked

6 Darwin found that a eross between two varieties of peas resulted n; :f’: o
superionty 1 the vigor of the offspring over the self-fertilized plants o '. st
varieties Ixplatn this by the use of the gene theory. Disgram the generation®
gene symbals of your own choosing s

7. Explain by diagram, using tho paws of genes, how mbrecding m m‘:::’m
accompanied by rigorous selection, may result i no appreerable decline 10 % F o

8. Show by diagram, using tno pairs of genes, why the hybrd offspriné

hief
\ “Enma Darwin, A Crntury of Family Lotters, 1792-1896," ected by her 835
Henrictta Litehfield, Appleton-Centary, 1915,

ually result m 8
uced
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purebred varieties or of two spectea i3 usually no more varable than the parent varie-
tles or species themselves

9. In some of the crosscs between inbred families of guinea pigs the hybnids were
larger than etther inbred fline and larger than the ordinary random-bred stoch Explamn
this result by means of a diagram of matings and two pairs of hypothetteal genes

20. Show by diagram, choosing two hy pothetical characters and genes, in which tao
homozygous races differ, how to obtain, by erossing and selection, a race of organisms
that 1s homozygous for a combination of traits superor to that of esther parental type

11. Represent by means of the usual histograms or ber graphs the range of varia-
bitty in some quantitative character such s skin pigmentation m man n the offspring
of hybrids Show separately the range, assuming (a) that the dificrence between the
ongmnal types depends upon a single gene paw, (#) that the difference depends upon
150 paws of genes, and {c) that it depends upon three pairs of gencs

12. Jf smong the offspring of Fy hybrids the two ongmal pure ty pes are scldom
vbtamed, what ean be said regarding the probable number of gene diffcrences between
the origmal types?

13. What method of breeding 19 necessary in order to produce a pure hreed of
mammals? Explain

14 Mentton some mmportant problem 1 biology which might be solved by the use
of a completely homozygous stock of anmals

16. Under what conditions would you advise against the marniage of first cousins?

16. What s the ad of the d method of prod bybrid sced
corn compared to the simgle-cross method ?

17, Why is the mingle-cross method preferred with sweet com?

18. What 15 meant by geerdomnance? Give an example.

19. Assume that a man 1s heterozygous for an autosomal recessnve gene Dugram
and show your caleulation of the chance that he and his first cousn have both -
herited the same gene from one of thetr two common grandparents who was hetero-
zygous for the gene
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HEREDITY AND EVOLUTION

As used 1n biology the term evolution denotes the process of ongination
of the various kinds of plants and amimals by descent from other kinds
through the interaction of natural forces In contrast to the theory of
evolution there 1s the theory of the separate creation of each species.

The earlier writers on evolution sharply separated the question of evo-
lution from the problem of the origin of ife. As to the origin of Ife, Dar-
win himself, who did more to estabhsh the truth of evolution than any
other man, publicly took a thoroughly orthodox view, as expressed in the
closing sentence of his book “The Omngin of Species”:

There 15 grandeur n this view of Iife, with its several powers, having been
orgmally breathed by the Creator into a few forms or into one; and that, whie
this planet has gone circling on according to the fived law of gravity, from s0
simple a beginming endless forms most beautiful and most wonderful have been,
and are being evolved

But 1n a letter to his elosest scientific friend, the famous English bota~
nist Sir J D Hooker, 1n 1863 he writes,

T have long regrotted that I truckled to pubhe opinion, and used the I’cn'i;\:
teuchal term of creation, by which I really meant “appeared” by some wholly
unknown process It 1s mere rubbish, thinking at present of the ongin of Life, on¢
might as well think of the ongin of matter,

Although the problems of the ongn of life and the evolution of Ufe are
perhaps logieally distinet, it seems probable, on the basis of recent ;]‘"
searches on the filterable viruses, that the two problems will ev e‘f‘l"““p e’“
merge into one In Chap 12 we idered the in ting re ,mscs
between the viruses and genes and found that in some re.sp.ccts \’“':‘h"
appear to be intermediate between the living and the nonliving. F,‘"s o
intensive study of the gene may well result in important contribution
the problem of the origin of life.

272
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MENDEL AND EVOLUTION

In Darwin's day very few peaple, biologists meluded, had come to ae-
cept evolution as a fact Darwin therefore felt it neces<ary to devote
much of fus energy to the marshaling of evidence in support of the fact

Figure 98, Charles Darwn in 1854 (From Daruun and
Seward, * More Leters of Charles Darwin,” D Appleton
& Compauy, 1903 )

of evolution The case he made out was so convineing that most biolo-
gists—as well ag many of the laity—were converted to the idea of evolu-
tion as a fact. Mendel, as mentioned earher, was a close student ?I Dar-
wan’s writings and undoubtedly accepted the eustence of evolution, for
in the introduetion to his paper on peas he writes:

It requires 1ndeed some courage to undertake a labour of such far-reaching
extent; this appears, however, to be the only right way by which we can finally
Teach the solution of a question the importance of which 'cannol be overestimated
In connection with the history of the evolution of organic forms.
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Near the end of Mendel’s paper 1s the following statement:

The opimnion has often been expressed that the stability of the species is greatly
disturbed or entirely upset by cultivation, and consequently there is an mchna-
tion to regard the development of cultivated forms as a matter of chance devoid
of rules, the colonng of ornamental plants 1s indeed usually cited as an example
of great wstability It 1s, however, not clear why the simple transference into
garden soil should result 1n such a thorough and persistent revolution in the plant
organism. No one will seriously mamtain that in the open country the develop-
ment of plants 1s ruled by other laws than n the garden bed. Here, as there,
changes of type must take place if the condstions of Life be altered, and the species
possesses the capaeity of fitting itself to 1ts new environment

And finally, 1n his concluding remarks, while discussing hybrids in cer-
tain plant groups which are known to breed true in the same way that
pure species breed true, he writes. “For the history of the evolution of
plants this circumstance is of special importance, since constant hybrids
acquire the status of new species ”’

Although the quoted statements indicate that Mendel accepted evo-
lution as 2 fact, he was, according to his biographer Iltis, critical nf.some
of the theories proposed to explamn the process of evolution In particular
he was skeptical of the theory of the inheritance of acquired chnm‘ct'crs,
developed by Lamarck and adopted in part by Darwin. This skeptlc‘lsm,
which was based upen Mendel’s own experiments, has been fully justlﬁc‘d
by subsequent developments Although Darwin never knew of Mendc!s
work, the application of Mendel’s laws has had a profound influence 1t
recent years in confirming and extending the theory of natural selection,
proposed independently by Darwin and his Bntish contemporary AR
Wallace in 1858.

NATURAL SELECTION

Sinee natural selection constitutes the core of our modern theories of
evolution let us quote a summary of 1t by one of the originators O'f' the
theory as found in the introduction to “The Origin of Species by
Darwin.

As many more individuals of each species are born than ean possibly '“"“";;
sud as, consequently, there is a frequently recurring struggle for cusu'r;::r w
follows that any being, if it vary however shghtly in any manner profitab £
itself, under the complex and sometimes varying conditions of Lfe, will !““"‘e
better chance of surviving, and thus be naturally selected. From the strong princip!
of inheritance, any selected variety will tend to propagate its new nn'd o :'m!
form . ..JIam convinced that natural selection has been the most important
but not the exclusive, means of modification.
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The statement is sometimes made today that biologists have aban-
doned the theory of natural selection Nothing could be farther from the
truth Those in the forefront of research m heredity and 1ts appheation
to evolution are the stanchest supporters of natural selection—as wit-
ness the following statement from Professor Sewall Wright,! of the Uny-
versity of Wisconsin;

The conclusion seems d that the recent to knowl-
edge of heredity have merely strengthened the general conception of the evohi-
tionary process reached by Darwin in his exhaustive analys:s of the data available
70 years ago 2

Other leading investigators might be quoted to the same general effect.
It is fair to state that natural selection 1s more firmly established now
than ever before as one of the factors of evolution, although there 1s con-
siderable difference of opinion as to 1ts relative importance as compared
with other factors

Let us now consider m more detail the theory of natural selection and
1ts relationship to the principles of Mendelian heredity Refernng back
to Darwin’s summary, we note that he there states several brological laws,
which upon examination prove to be almost self-evadent These laws are
(1) the geometrical ratio of increase of all organisms, (2) the struggle for
eastence, (3) hereditary vanations, and (4) the survival of the fittest

1. The Geometrical Ratio of Increase. By this 1s meant that tendency
of every orgamsm to reproduce itself at such a rate that its numbers in
consecutive generations form a geometric progression Growth 1s thus
by multiplieation rather than by mere addition of a fixed number 1n each
generation For example, if the population doubles 1n each generation, as
1t does under f: bl 1 m man, the bers 1 successive gen-
erations are as 1 2 4 8, etc., rather than in an arithmetieal senes such as
1.2 3 4 Some striking examples of this tendency may be cited

Among the many-celled plants a group of higher fungi known as puff-
balls have perhaps the highest rate of reproduction Some puffballs are
said to reach several feet 1n diameter They are filled with tiny reproduc:-
tive cells known as spores, which n a single individual, according to esti-
mates, may reach the stupendous total of one milhon milkon (1,000,000,
000,000) If each of these spores were to develop mto a puffball c-)nly
linch in diameter, they would cover a combined area of 250 square mll.cs'
groving side by side mn physical contact If in turn each of these mdivid-
uals produced only 500 million spores, all of which developed into 1-inch

?Sewall Wrght, Evolution in Mendelan Populations, Geneties, 16 97-159, 1931

 Theodosius Dobzhansky, “Genetics and the Origin of Species,” 3d ed , Columbia
Untveraity Press, New York, 1951
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puffballs, they would cover in close contact n surface of 125 billion
square miles, or more than 2,700 times the total land area of the earth

Agan, m the wood-eating insects known as termites, the queen grows
to an enormous size and becomes a veritable egg-laying machime, She is
then incapable of locomotion and is zealously tended by the workers i
the colony. Professor Alfred E Emerson, of the University of Chicago,
an authonty on termites, who has in preserving fluid the largest termite
queen ever reported, has kindly supplied the following facts The queen
referred to (2 member of the species Macrotermes natalensis) was col-
lected by Lang in the Belgian Congo in 1913. Her dimensions are length
101 mm., width 31 mm When taken from the termite hill, according to
Lang, she laid about one egg a second. Termite queens hive and lay eggs
for a number of years. Egg laying 1s not contmuous; nevertheless, ento-
mologists have estimated that a single queen may produce more than
one million offspring in her lifetime.

Man has a relatively slow rate of reproduction, yet during the past
century or two we have seen his potentialities in this respect amply dem-
onstrated For example, the population of Japan has grown as follows
(using round numbers):

PoruLaTioN OF Jarax

1846 . 27,000,000
1872 33,000,000
1893 41,000,000
1913 53,000,000
1923 60,000,000
1930 64,000,000
1939 73,000,000
1850 83,000,000

Since the Second World War there has been a growing concern on.the
part of the government of Japan with the problem of overpopulstion-
Under 2 1948 law, marriage-consultation offices have been established,
with physicians available to give advice on human heredity and on volur~
tary control of the size of the family. Reports mdicate increasing pracm;
of such limitation 1 The birth rate has fallen from & postwar high of 3}
per 1,000 in 1917 to 21.4 per 1,000 in 1933.

The history of population increasc in the United States js even 0
remarkable, although 1t is complicated by a considerable amount of xm)
migration, Offictal United States Census figures (to the nearest 100,000
are as follows:

more

. of
1 Yoshio Koya, Minoru Muramatsu, Sakito Agats, and Msruo Suzuky A su;:fnh

Health and Demographic Aspects of Reported Female Sterization 1o Fote T g

Centers of Shizuoksa Prefecture, Japan, Milbank Mem Fund Quart,, 33:365-57%
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PoruraTion of CoNTINENTAL UNITED STATES

1790 4,000,000
1800 5,300,000
1820 9,600,000

' 1840 17.100,000
1860 31,400,000
1880 50,200,000
1900 76,000,000
1910 92,000,000
1920 105,700,000
1930 . 122,800,000
1940 131,700,000
1950 151,100,000
105¢ 163,900,000

*Estimate

It is obvious from the above statistics that the population of the
United States actually more than doubled 1n each generation (25 years)
during the first 75 years of our history BMaithus, British author of the
famous book *An Essay on the Principle of Population,” first published
in 1798, wrote » summary of his views m 1830,! in which he pomts out
that “The best proof that can be obtamed of the capacity of mankind to
increase at & certain rate, 1s their having really increased at that rate
He analyzes at length the first four censuses of the Umited States and
presents the documentary evidence that immigration was small (sbout
10,000 per year) and that aside from tmmigration the population m-
creased at the rate of 100 per cent per 25 years He chose the United
States as the best ple of ly favorabl ions for rapid
growth in population because

In the United States, not only 13 there an abundance of good land, but from the
manner in which 1t has been distributed, and the market which has been opened
for its produce, there has been a greater and more constant demand for labor,
and s larger portion of necessanes has been aw arded to the lahorer than in any
of those other countries which possese an equal or greater abundance of land and
fertihty of soil

After 1830 the rate of increase in the population of the Umited States
fell rapidly, though irregularly, from 30 1 per cent for the decade 1870~
1880 to 7.2 per cent for the decade 1930-1940 The great Econormc.de-
pression of the 1030s probably played a part in this dccllne,.mamly
through its adverse effect on the birth rate (Fig 99). Alo during this
decade 46,518 more persons left the United States than entered The

“Thomas R Malthus, “A Summary View of the Princtple of Population,” 1830,
feprinted in DV Glass (ed ), “Introduction to Malthus,” C. A, Watts & Company,
Ltd, London, 1953
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fluctuations m the birth rate in the United States are largely due to vol-
untary limitation of stze of families. The birth rate rose rapidly with the
opening of the Second World War, declined rapidly during the last few
years of the war, and agan rose still more rapidly after the close of the
war, reaching a maximum 1n 1947 Since 1948 it has remained fauly
steady at about 25 births per 1,000 population This rather high rate for
a modern industrial nation will probably not last, judging by the decline
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Figure 99. Birth rates for the United States from 1015 to 1950 In 1950 birth
registration estimated 97 8 per cent complete (U S. Department of Heallh, Educa-
twn, and Welfare, Pubhe Health Servrce, National Office of Vital Slatistics )

in the marriage rate since 1947. Although there is no certainty in pre-
dicting the future by the past, it is probably safe to say that there will
be no doubling of the population of the United States in the next ffty
years as there bas been in the past fifty The curve shown in Fig 1
was drawn by Pearl and Reed 1n 1920, following the preceding censts
figures, and was projected forward to the year 2100 in accordance with
the past pattern of growth So far, the census counts after 1920 have fol
lowed the curve fairly closely,

2. The 5truggle for Existence. This expression was us
a metaphorical sense to describe the complex relationshi
one to another, as well as to their physical environment.
desert plant must struggle to conserve water, and man mus
obtain food and shelter and to re<ist the attacks of paras
The struggle may be among members of a given specres a8 % ¢ll as amorg

cd by Darwin in
ps of organisms
For example, 8
t struggle t0
tie dizeases



HEREDITY AND EVOLUTION 279
distinet species Even though 1t were possible to have complete coopera-
tion within a species there would always be potential enemies and dan-
gers from without against which a struggle would be necessary.

3. Hereditary Variations. Our study of heredity has shown us that
each individual is unique (udentical twins, tmplets, cte excepted) and
that much of this q 15 due to a daffe 1n the gene make-up
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Figure 100. The census counts of the population of the Umted States from 1790 to
1940 (circles). The smooth curve 1s the logisttc of an equation fitted to the census
counts from 1790 to 1910, The broken lines show the extrapolation of the curve
beyond the data to which 1t was fitted The 1950 census figures fall very elose to
the predicted value, (From Pearl, Reed, and Kish, Science, 92.487, 1910)

of the individual, Although Mendel's laws of heredity and the gene con-
cept were unknown to Darwin, he recognized that there were two types
of variations—those due to environmental differences (which he called
environmental modifications) and those due to hereditary differences (he-
reditary modifications) Darwin’s greatest error 23 we view 1t today was
in considening that certain changes induced by the enwro{lment or by
exercise were converted into hereditary changes (the inheritance of ac-
Quired characters) But as already pomted out, the eustence of such
hereditary vanations is the important fact, and for the purposes of nat-
ural selection it makes no difference how the vanations are produced.

4, The Survival of the Fittest. This expression was first used by the
fumous British philosopher Herbert Spencer and later adopted by Dar.
win. As Darwin pointed out, the word fittest has no n.xornl tf)nnotn.uon,
but means simply the degrec of adaptation of the organism to its cnviron-
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ment. For example, mn a desert plant the individuals with best drought-
reststing tissues are most fit, other things being equal In animals, fitness
may depend upon a vanety of characteristics, such as speed, strength,
weapons, defensive armor, well-developed sense organs, intelligence, and
(among the most important of all) resistance to invading parasites Jn
man, 1 modern tunes, fitness depends much more on the two traits last
mentioned than on the first two

As Darwin himself pomnted out, the real meaming of the survival of the
fittest from the evolutionary standpoint 1s not merely the survival of the
individual but rather the relative numbers of different types of offspring
produced which themselves reach the age of reproduction. A failure to re-
produce 15 just as effective m selection as elmination by death Other
things bemg equal, those individuals, types, and races with the highest
rates of reproduction tend to replace those with lower rates

In the struggle for existence, chance, as we all know, plays a part But
1 the long run chance cancels out, and those individuals which are best
fitted to the environment survive 1n larger numbers than these not s0
well fitted The surviving individuals are therefore naturally selected,
and 1n so far as their differences from those that perish are hereditary,
they will tend to transmit these differences to the next generation If this
process 1s continued over many generations the result, according to Dar-
win, may be a new species In “The Ongin of Species’ he illustrates the
principle 1 the case of the giraffe n the following words.

The giraffe, by its lofty stature, much elongated neck, fore legs, hesd. ‘h"d
toogue, has its whole frame beautifully adapted for browsing on the hig! 9;
e rese

branches of trees [sce Fig. 70, p 209) It can thus obtain food beyond the
of the other Ungulata or hoofed animals mhabiting the sume country; and ths
must be a great advantage to 1t dunng dearths. . . So under nature with the
nascent girafle, the individuals which were the highest browsers and were sble
during dearths to reach even an inch or two above the others, will often hnv?
been preserved; for they will have roamed over the whole country in search o
food. That the mdividuals of the same species often differ shightly in the' rch!ll\;
lengths of all their parts may be scen 1n many works of natural history, it “h‘;
caréful measurements are given These slight proportionsl differences, due o ¢ i
Iaws of growth and variation, are not of the slightest use or importance to m:s
species But it will have been otherwise with the nascent giraffe, considering 3 1
probable habits of hife; for those individuals which had some one part oF se;"ﬂ":
parts of their bodies rather more elongated than usual, would generally :he
survived. These will have intercrossed and left offspring, either inhenting §
same bodily peculiarities, or with o tendency to vary again m the same rnﬂﬂ";t'
ahile the individuals less favored in the same respects will have been the m
Jiable to perish.

- N hen
We sce here that there is no need to separate single pairs, a3 pman does, ®
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be methodically improves a breed, natural selection will preserve and thus sepa-
rate all the superor individuals, allowing them freely to ntercross, and will
destroy all the inferior mdividuals By this process long-continued, which exactly
corresponds with what I have called unconscious <election by man, combined, no
doubt, in a most important manner with the mhernterd effects of the mereased use
of parts, 1t seems to me almost certan that an ordinary hoofed quadruped might
be converted into a miraffe

Notice that Darwin here combines, 1n the last sentence, the theory of
natural selection with the now discredited hypothesis of the mheritance
of the effects of use

The process of natural selection 1s evidently similar to the method prac-
ticed by man m mproving his domesticated ammals and plants, if -
stead of selection by a human agency we substitute selection by the
forces of nature As an example of man’s power of directing the adapta-
tion of ammals to particular functions let us compare two widely used
breeds of horses—the Belgtan, a draft breed, and the thoroughbred, a
breed used for runmng races The former (Fig 101) was developed on
the continent of Europe, the latter m England The Belgian was prob-
ably derived from the wild horses of Europe which existed down into me-
deval times From all the available evidence these wild horses were much
smaller and Dighter m weight than the Belgian, although m western
Europe there existed a forest type of wild horse with large bones and
feet Dunng the Middle Ages the heavy horse was bred for nding, since
such a type was required to carry a kmght n full armor Later, horses
were used for pulling heavy loads, and here agamn size and strength were
most important. The Belgian 13 among the heaviest of modern breeds
Stallions commenly wegh from 2,000 to 2,500 pounds The body 1s broad,
deep, and heavily muscled, and the legs are short and strong The neck
13 short and heavily arched The height 1s about 17 hands, or 68 inches
The Belgian illustrates well what ean be done by man in modifying an
ammal 1n a specific direction  The contrast between the Belgian and the
thoroughbred (Fig 102) 1s strnking Here the whole force of selection has
been directed toward d speed. 11 that have d
records on the track are retired after a few years to the stud where they
often continue to sire colts for many years Selection of females that are
of superior speed likewsse is practiced As mentioned above, th? thorough-
bred was developed 1n England for the specific purpose of racing. Its an-
cestry is a mixture of native English horses crossed with horses imported
from Arabia, Turkey, and North Africa about 1700. By combinmng the
good qualities of both types the size and speed of the breed were 1n-
creased, until today the average height 1s about 16 hands and the speed
superior to that of the Arabian. The Arabian is about 15 hands, and the
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original Enghsh running horses were still smaller. Thoroughbreds are
about half the weight of the Belgian.

The thoroughbred apparently now closely approaches its maximum
speed under present methods of training and riding. The Kentucky
Derby record is held by Whirlaway (2:01 24, 1941), which was only
24 second faster than the time of Twenty Grand (Fig. 102) in 1931. The
best thoroughbreds today show striking uniformity of body build, ev-
dence of intenstve selection for 2 type adapted for speed. New mutations

LT - .
Figure 101. Prize-winning Belgian stallion, representative of & brcer}
especially adapted for pulling heavy loads. Compare the heavily musclet
and relatively short and thick body, neck, and legs with the slender
proportions of the race horse shown in Fig 102 Tail cropped and tie
with nbbon. (Photo by J. F. Abernathy Live Stock Photo Co., Chicago)

or some mmproved method of traming may, of course, lead to further

advance.
EFFECT OF NATURAL SELECTION ON MAN

including man. 18

Natural selection probably operates in all species, Hon of defee-

spite of this we shall no doubt always have a certain proporii to
tive and diseased persons in the population who ewe their mxsrortun'-‘the
heredity. Even though the defect or disease kills its possessor bcrﬂf”r by
reproductive age is reached, the injurious gene will probably reappéd
mutation.
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Let us first eonsider a population tn which there is present & sex-hinked
recessive gene that erther kalls all affected persons, males as well as fe-
males, prior to the age of reproduction, or presents them from having
children The reproductive fitness of affected persons 15 therefore zero
In such a population, in the absence of muigration, the frequency of the

-y

o SR
et T ) 2
Figuse 102, Thoroughbred stalton, Kentuchs Derby winmer Twenty
Grand, ns o four-ycar-old Note how 1 every way the body 15 admirably
adapted for speed* Jong slender peck and fegs, small feet, de(:p chest,
thin flanks, and well-muscled thizhs and shoulders, (From Estes and
Palmer, An Inirod 1o the Tharoughbred Morse, The Blood-H
1942 )

trmit wilt deeline by 50 per cent 1n each generation, provided there are no
new mutations to or from the recossie gene and provided that hetero-
zygous women have on the average the same number of chuldren as
women whao are free from the gene At thus rate of depletion not many
generations are needed to reduce the frequency of the gene to an infini-
tesimal percentage

As a concrete example of the way this process of reduction goes on,
let us start with 2 population {generation 1} in which one female in 5,000
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is heterozygous for a sex-linked lethal gene (a). Since each female has two
X chr one X chr in 10,000 chromosomes carries gene
¢ All males are of genotype A, since only these survive. Henee in gencra-
tion II only one female (as well as one male) in 10,000 will receive a defec-
tive gene, and this recessive gene will come from her mother. Thus in ene
generation the frequency of the gene m females has been reduced from
one in 10,000 to one 1n 20,000 Consequently, the proportion of affected
males produced by these women in the next generation will be one n
20 000—a reduction of the trait by 50 per cent in one generation Sum-
marizing the argument, we have:

Females Males
Generation 1 1Aa: 4,993 44 | All 4
Egga from I 1 a: 9,099 A Sperms from I all 4
Generation IT 1 Aa: 9,990 A4 1 a(dies): 9,999 4
Eggs from II 1 219,999 4 Sperms from II all 4
Generation 11T 142.19,999 AA | 1a(dies): 19,9994
It is obvious that under the f ing conditions o sex-linked reces-

sive gene will 1n g few generations become practically extinet. If for &
gven deleterious trait there is no apparent reduction in frequency, & nat-
ural explanation is that new mutations oceur often enough to balance thg
losses. In our supposed case a mutation rate of one for each 30,90Q)‘
chromosomes per generation (combining males and females), b
with generation I, will just balance the losses resulting from the elim!
tion of affected males The gene frequency is then said to be at equilib-
rium “We may now state as a general conclusion that a sex-linked, rece
swe, lethal gene 15 at equilibrium frequency when the net rate fo il
per generation per X chromosome is one-third the rate of production of of-
Jected males.

Where the sex-linked gene is not fully lethal, as in hemophilia, the 8¢
tual mutation rate at equilibrium will naturally be somewhat less than
one-third of the frequency of affected males. Some hemophilic m.:xlcs do
live to reproduce. Estimates of therr reproductive fitness (considering fit-
ness as ther fecundity compared to that of normal males) hove beet
made by several investigators Haldane! cstimates their fitness at abo;:t
30 per cent; hence loss of fitness is 70 per cent. In order to calculate the
mutation rate necessary to balance selection against the gene for hcm‘;'
philia we merely multiply the mutation rate that would be needed to bal-
ance a full lethal by the pereentage loss of fitness. For example, taking
Andreassen’s estimate for the frequency at birth of hemophilic males 1

1J.B.S Haldane, The Rtate of Mutation of Human Genes, Proc. 8th Intern €O
Genet , edited by Gret, Bonnicr and Robert Larsson (ereditar supp! vel ), 3940

2
elimma-
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Denmark (000013) and Haldane’s estimate of the loss of reproductive
fitness of hemophilies (0 70}, we obtain 000013 X 14 (rate of mutation
necessary to balance a full lethal) X 070 = 0 00003 as the estimated rate
of mutation of the normal gene to the gene for hemophilia 1n Denmark

In the foregoing discussion we bave assumed that heterozygous females
produce no more than b yg it females If for
any reason, however, heterozygous females have a gher rate of repro-
duction, the proportion of affected males might be maintained 1n the ab-
sence of new mutations, 1n spite of selective elmnation of affected males

CHANGES IN GENE FREQUENCY

The case of hemophilia 1n man suggests that changes in the frequen-
cies of genes constitute the basic process m evolutionary change In
studying evolution today, therefore, attention is centered upon all fac-
tors that may have an effect upon gene frequencies within a population
These factors are (1) mutation, (2) selection, (3) differentral mugration
to the population, and (4) accidental ehimnation (important where the
s1ze of the population is small) The word mufation 15 here used 1n the com-
prehensive sense to include changes m the gene as well as chromosome
changes. Selection includes differential mating, differential fecundity,
differential viability at all ages, and differential emigration The effect on.
the population 1s the same whether a particular genotype tends to die, to
be nfertile, or to emigrate more than others Immugration has essentially
the same effect as recurrent mutation It can, for example, introduce a
gene mto a population that lacks 1t Emgration cannot do this and 15 1n
effect merely one of the many kinds of selection, that 13, processes that
change gene frequency without change of the hereditary matenal itself
(mutation) or introduction from without {immugration) Emgration can
change gene frequency m the population only if two or more alleles are
already present.

Two factors which are sometimes mentioned as important but which in
themselves have no effect upon change m gene frequency are (1) the
existing frequencies of the alleles of a gene 2nd (2) dominance. The truth
of ths last assertion will be brought out n the followng section

THE HARDY-WEINSERG LAW

msms in which breeding is at ran-

In a large population of bisexual orgas
f alleles there 13 no tendency for

dom with respect to a particular pair of
the frequeney of either allele to change at the expense of the ot.hcr-—.pro-
vided of course that there is no mutation, selection, or differential migra-
tion or mating with respect to this pair of alleles
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Example 1. Let us take first the simplest case, one in which in = large
population breeding at random with respect to a given parr of alleles, 4
and ¢, the frequency of each allele 1s 50 per cent. In this population one-
half of the eggs as well as sperms produced will be A and one-half ¢ The
most probable combinations of these in the zygotes according to Men-
del’s first law will be (g A + 15 a)? = 3 AA + 34 Ao+ 3 aa The
frequencies of the alleles A and a obviously remam at 50 per cent
each

Let these individuals now mate at random. The resulting matings may
be found by the use of o checherboard of nime squares or by the fractional
method

(14 A4 + 3% do + Hao) =

9 posstble matings Offspring of 9 matings

3o dd X 44 e A4

1§ A4 X da e AA  Hgda

1§ Aa X A4 MeAA  Meda

Yo Ad X an 3¢ Aa

1{ dn X Aa 1{sdd 3 Ao MHeoo

Heaa X Ad Yo A

1§ Ade Xaa g Aa  Heoo

3§ aa X Ada 1{g da  Heoao

}eoa Xeaa L Hem
Summation of like genotypes 4 AA + Jjde + Yo

A.bze
nequat
o long
cent,

Agan the gene frequencies have not changed, but persist at 33

Example 2. The same rule apphes if e start with alleles 10 u
frequency For example, 1if we sclect any frequencies at random, &
as their sum = 100 per cent, say, A = 70 per cent, and @ = 30 per
the offspring are found as above by squaring the binomial,

(07 A + 03 @)? = 49 per cent AA + 42 per cent .1a -+ 9 per cent 08

Addng up the genes (49 + 42/2) A + (9 + 42/2) @, we get 70 per centl;L
30 per cent a, the same as in the beginning. Carrying out the pine poss! ‘
matings 88 in Example I will Likewise show no change in gen¢ frequen
cies 1n the subsequent generation N
Since the rule apphes whatever the frequencies of the alleles, 1t is C‘:mc'
monly expressed thus: If p equals the frequency of 4, and g equals o
frequency of 1ts allele a, the frequencies of the genotypes in C“.Ch gene no
tion equal (p .4 + ga)? = pt.l.1 + 2 pg Aa + gtaa There 18 'husdﬂ
tendeney of the frequencies to change from generation to generation znmi-
the conditions as stated The rule applies whether Aa represcnts & o{,c.
nant type or an intermediate; therefore dommance as such 13 not 8
tor in changing gene frequency i in-
The rule was first clearly suitod by G. H Hardy and W. Weinberg, 7
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dependently, i 1908, hence has come to be known as the Hardy-Wein-
berg law

VARIATIONS CLASSIFIED AS TO THEIR EFFECTS

Hereditary vanations are of three types so far as fitness 1s concerned,
namely, good, bad, and mdifferent Observation shows that the most
frequent type is the bad vanation, 1 e, the one making the organism less
fit. The least frequent type 1s the good vanation, which mereases the fit-
ness Completely mndifferent mutations are probably very rare, owing to
the tendency of genes to have mamfold effects, the conspicuous effect
may be indifferent while the concealed effects may be either good or bad
The tendency for most mutations to be mjunocus may come as a shock
to one who has given 1t no thought, and he may wonder how any spectes
can survive for long under such conditions Selectton 1s the answer Some
selection is necessary m order to prevent detertoration, while mgorous
selection is necessary 1n order to obtan positive improvement Every
plant and ammal breeder 1s famuliar with this fact and acts accordingly

Sewall Wright haspointed out that ndifference as the effect of 2 mutation
18 merely a boundary between good and bad 1n average effect on selective
value, and thus probably never oceurs in a strict sense, that the real
difficulty in classification comes from the probability that all mutations
with mnor effects (and some with major effects) are good 1 some com-
binations, bad m others, and that such mutations are probably almost
always bad when they first occur, but if carried in the population at low
frequency, some of them may come to be good, at least locally, as the pre-
vailing genotypes change He has emphasized that selection relates to
total génotype, not to genes, and thinks that there 1s no necessity that
there be any mitially benefical genes to permut evolution to occur

In nature, the organism 1s always surrounded by environmental fac-
tors ready to remove those individuals that are least adapted or to 1n-
hibit therr reproduction These factors mclude predators, parasites, ad-
verse chmatic eonditions, competition within the species, and so on
Without such selective factors we can see no means of preventing the
deterioration of the specses as a whole. The accasional potentially bene-
fieral mutation 1s the starting point of evolution to a higher level of adap-
tation. New things are added m this way .

Heretofore we have emphasized the coneept that bxologwa} fitness {ad-
aptation) has meamng only 1n relation to the environment in which the
erganism hves What 1s fit in one environment may well be deleterious n
another. This prinetple scems to find an illustration in an nherited char-
actenstic of the human blood found with high frequency 1n certam sreas
where malana 1s unusually prevalent
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BALANCED POLYMORPHISM—SICKLE-CELL DISEASE

In 1910 Professor J. B Hernick of Rush Medical College, Chicago,
found in the blood of an American Negro student who suffered from
chronte anemua red blood corpuscles of peculiar shapes, Many of the cor-
puscles were elongated and some were curved hke a sickle; the latter he
called sickle cells (Fig 103) The disease became known as sickle-cell
anemia, or sickle-cell disease,

Figure 103. Red blood cells of persons with sicklescell anemia and sichle-
cell trmt (From Singer, The Sickle Cell Trait in Africa, Am. Anthro-
pologist, 65.631-648, 1953 Drawngs by Mary E McCarthy, Carnege
I [ ash

of W Dep of Embryology.)

In 1923 W. H Tallaferro and J. G. Huck, of the University of Chicago,
showed that sickle-cell disease is inherited as a simple Mendelan charae-
tenstie A double dose of the mutant gene 1s required for the development
of the symptoms, the heterozygote shows no pathological symptoms, D
can be diagnosed by an examination of the blood (Fig 103). Heterozygots
carriers of the gene are said to have the sickle-cell trait.

Numerous 1nvestigators have studied the geneties and pathology of
sickle-cell disease, and from their findings the following lusions MY

be abstracted The gene Sk responsible for the sickling causes the Pf"d‘;c'
tion of & special hind of hemoglobin known as h 1obin S Hemo‘ig
e

bin 8 is precipitated when freed of its oxygen. This precipitation
the red corpuscles to assume their peculiar shapes In the heterozyBote
Sk sk, sbout 60 per cent of the hemoglobin is normal and 40 per cent ‘;
hemoglobin §; with this mixture the corpuscles show a mild dcﬂf"elo
abnormality. In the homozygote, Sk Sk, practically all of the hemogio
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bin is of the abnormal type, and at oxygen tenstons of venous blood the
corpuscles develop filamentous processes These highly abnormal corpus-
cles tend to form clumps and clog the smaller blood vessels The disturbed
crreulation leads to a variety of symptoms retardation of physical de-
velopment and crises with severe pamn 1 the abdomen, back, head, and
extremities There may be enlargement of the heart and atrophy of bram
cells The abnormal corpuscles are rapidly destroyed 1n the body, with
the resulting anemia Persons with sickle-cell disease suffer from a very
high death rate.

As mentioned earlier, the heterozygotes, who possess the stckle-cell
trait, exhibit no 1mportant pathological symptoms and can be detected
only by a microscopic examnation of the blood The test 1s carned out
by sealing a drop of blood under a cover sip with petrolatum After
a day or two the oxygen tension mn the corpuscles 1s reduced to the powmt
at which sickhing occurs The sickling may be speeded up by the use of a
reducing agent such as ascorbic acid 1n a 4 per cent solution

The gene for sickle-cell disease seems not to have been found 1 per-
sons of North Eurcpean ancestry nor mn Mongolods It 1s widespread
among the tribes of tropical Afnca and has been found among certam
pnmitive tribes in southern India and among some European Caucasoids
bordering the Mediterranean Sea About 9 per cent of Amencan Negroes
show the sickle-cell trait and are therefore heterozygous for the gene

Assuming that the heterozygote suffers no handicap with respect to
survival or reproduction 1t 13 possible to caleulate the expected frequency
of sickle-cell disease in a popul Among Amencan Negroes, f mat-
mg 13 at random with respect to the sickle-cell trazt, 9 per cent of 9 per
cent, or 0 81 per cent, of marriages should be between two heterozygotes
The children of two heterozygotes run a risk of one in four of developing
sickle-cell disease Ignoring the very few children produced by persons
who have sickle-cell disease (homozygotes), 1t 1s evident that 25 per ?ent
of 081 per cent, or 02025 per cent, of Negro children n the United
States are expected to be homozygous for the sickle-cell gene The num-
ber of affected persons observed climeally agrees fairly well with the cal-
culated number—about one 1n 500

Recent estimates indicate that the ancestry of American Negroes as a
group 15 about two-thirds African and one-third Caueasoid and Amerncan
Indian. Numerous studies made 1n West Africa, ancestral homeland of
most Amencan Negroes, show that about 20 per cent of the natives have
the sickle-cell trait Rehable estimates of the frequency of sickle-cell dis-
ease in the same region are not available Calculations as above indicate
that about 1 per cent of births should be homozygous for the gene.

A C. Albson,! of the Radclifie Infirmary, Oxford, England, has made

A, C. Allison, Notes on Sickle-cell Polymorphism, Ann. [luman Genet, 19:39-57,

54,
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chnieal studies of the Luo tribe in East Africa. He concludes that only
rarely do individuals who are homozygous for the sickle-cell gene reach
adult life and have children J. V Neel, of the Heredity Clinic, Univer-
sity of Michigan, estimates that the fertility of individuals with sickle-
cell disease n this country 1s 20 per cent of normal.

With such severe natural selection against the gene how are we to ac-
count for 1ts present high frequency among the tribes of tropical Africa”
One possibihity is the frequent mutation of the normal gene to the sickle-
cell gene If the gene frequency remauns constant in a population, the new
mutations must equal the genes lost through selection against the homo-
zygote—provided that the heterozygote has the same selective advan-
tage as the homozygous normal Constdering the evisting frequency of the
sickle-cell gene among many African tribes, it is highly improbable that
new mutations can account for the losses due to adverse selection. a rate
of about one mutation per hundred gametes per generation would be
needed to balance the losses, no such mutation rate has been obsersed
i man Furthermore, 1f the mutation rate 1s high, why has no mutation
to the gene been discovered among North Europeans and Mongoloids?
We therefore ought to consider the possibility that the heterozygote has
a selective advantage over the homozygous normal. Allison has produce
evidence for just such an advantage He finds that individuals who have
the sickle-cell trait display a much higher reststance to subtertian malnrfﬂ
than do those without the trait; that in areas of hyperendemic malaria
the children with sickle-cell trait survive mn larger proportions than do
those without 1t This differential survival tends to increase the fre-
quency of the sickle-cell gene, and the more severe the malana the
greater 15 this effect But as the sickle-cell gene increases in frequencys
the number of persons dyng of sickle-cell discase also increases The re-
sult 15 a balance, or equilibrium, between the losses of the normal gcnc
through malana and the losses of tho sickle-cell gene through sichle-celt
disease This interesting ease is an example of balanced palymwphism It
18 also an example of one form of heterosis. or hybrd vigor, hnown 13“
overdominance, and illustrates the fact that the concept of fitness ¥¥
always related to the environment* m a country free of malaria the
heterozygote is not more fit than the normal homozygote

Among 35 East African tribes Allison found that the incidence of the
sickle-cell trait was invariably above 10 per cent in tribes sulreri{lg from:
hyperendemic malaria and less than 10 per cent in tribes living in areas
where malaria was absent or only epidemic. He notes that in Africs,
Greece, and southern India the sickle-cell trait attains high frequencics
only in regions where subtertian malaria 13 transmitted during eevers
months of the year. .

Returning to the United States, how can we account for the fact tha
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the sickle-cell trait is present n only about 9 per cent of American
Negroes as compared with 20 per cent 1n the natives of West Africa? The
difference seems too great to depend entirely upon the one-third Cauca-
soid and American Indian genes in the Negro population More probably
the selective effect of malaria 1n the United States has been imsufficient
to maintamn the higher frequency of the sickle-cell gene agamst 1ts con-
stant depletion through sickle-cell disease Although malaria was for-
merly a very serious problem in this country, 1n recent years 1t has ac-
counted for less than 100 deaths annually 1n the entire Umted States,
exclusive of armed forces overseas It seems safe to predict that the fre-
quency of sickle-cell disease among American Negroes will continue to
decline through the force of natural selection

Let us now attempt to summarnize the theory of natural selection in
modern genetical terms In domg so 1t will be noticed that the only sig-
mificant changes from Darwin’s statement of the theory are the elimina-
tion of the hypothesis of the mhentance of acquired characters and the
addition of the contributions of Mendelian genctics, meluding the gene
theory,

SUMMARY OF THE THEORY OF NATURAL SELECTION

heved

y var-

1. As a consequence of the overproduction of
1ztion, and the struggle for existence, there 15 1 each generation a tend-
ency toward the differential survival of the better-adapted (fittest)
individuals.

2 Hereditary vanations are known to result from
S i b of hereditary factors al-

a. Seyg. , assortment, and
ready present in the organrsm X
b Mulation, using this term to melude changes in minute localized re-
gions of the chromosomes (gene mutations) as well as gross changes such
2s additions or subtractions of whole chromosomes or chromosome sets,
or of gross reorgantzations of chromosomes. Both types of mutations can
be induced by the use of penetrating radiations and by certain cherucals,
eg, mustard gas X
3 Owing tog the differential survival of the better-adapted mdl\'(deaIs
there 15 & selection of hereditary factors that condition such adnpted in-
dividuals If the selection goes systematically in one general .dm:chon,
85 1t might under the mfluence of a steady change in fhe environment,
there will result o gradual shift i the relative frequencies of alternative
h istics and of the ted hereditary factors. Two well-known
examples 1n insects are: . .
@. Increase in relative frequencies of dark-colored (.rrlclztn}c) 'varlehcs
of certain moths 1n the neighborhood of smoky industrial cities in recent
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years The dark color is considered an example of protective coloration;
it 1s due to a dominant gene.

b Increase of o resistant race of red scale insects in citrus groves of
Califorma, subjected to hydrocyanic acid gas fumigation, at the expense
of the susceptible strain The difference hetween the two races of red
scale 1nsect 15 due to a single sex-linked gene. The heterozygote is inter-
mediate 1n resistance

4. The selective process may continue until a character that was once
rare predomunates or even replaces its alternatives

5 Smce selection mvolves many characters of the organism, a new
assortment of characters may in time come to distmguish the species

6. Distmnet species, even those most like each other, usually show nu-
merous distinguishing characters, and these do not differ in kind from
characters which distinguish subspecies of a single species.

Conclusion. If the foregoing statements are accepted as true, it fol-
lows that a species may in time come to possess a combination of char-
actenstics sufficient 1n number and grade to warrant 1ts designation s &
new species, even though the original species has not been split up inte
1solated groups The onginal species has been gradually replaced by 8
new spectes

Where a species becomes split up into isolated groups by barners, df-
ferential selection within the separated groups may lead to the origin o
one or more new species this 1s an illustration of divergence.

SEXUAL SELECTION

In “The Origin of Species” Darwin discussed briefly a special ¢3¢
under natural selection which he called sexual selection. This was 68
veloped 1n great detail in one of his later books, “The Descent of Man
and Selection in Relation to Sex.” Quoting from the former work:

‘This form of sclection depends, not on a struggle for existence in relation to

other organic beings or to external conditions, but on a struggle belneel the
individuals of one sex, generally the males, for the possession of the other 8%
The result is not death to the unsuecessful competitor, but few or no oﬂ'sp"”‘f
Sexual selection 1s, therefore, less rigorous than natural selection Generally, the
tmost vigarous males, those whick are best fitted for their places m naturés » :
leave most progeny. But in many cases victory depends not so much on g‘«’ﬂ“"‘r
vigor, as on having special weapons, confined to the male sex, A ho.l'ﬂlf” 8tag 0
spurless cock would have a poor chance of leaving numerous offspriog . - oo
Among birds, the contest is often of a more peaceful character Al those pon
have attended to the subject, belicve that there 1s the severest rivalry ‘*‘3 o
the males of many species to attract, by singing, the females The ruckthru- ,.y
Guiana, birds of paradise, and some others, congregate, and successive mnlf‘mu!
play with the most elaborate care, and show off In the best manner, their £r
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plumage, they Iikewse perform strange anties before the females, which, stand-
g by as spectators, at last choose the most attractive partner Those who have
closely attended to birds in confinement well know that they often take mdi-
vidual preferences and dislikes

Thus it is, as I believe, that when the males and females of any ammal have
the same general habits of hife, but differ 1 structure, color, or ornament, such
differences have been mainly caused by sexual selection that 1s, by mdividual
males having had, in successive generations, some shght advantage over other
males, 1 their weapons, means of defense, or charms, which they have trans-
mitted to thewr male offspring alone .

Among many species of birds and mammals 1n which the males fight
for the possession of the females, polygamy 15 the rule, and stnee the sex
ratio 15 usually close to 1 1 this means that the defeated males are de-
prived of mates, leaving the more vigorous males to become the sires
of the next generation. The effectiveness of this type of selection cannot
well be dened.

There has been much debate over the second type of sexual selection
a3 stated by Darwin, namely, the active selection of mates by one sex or
the other. Tt 15 generally admutted that such secondary sexual characters
m ammals as brilhant colors, elaborate ornaments, and eomplex behavior
patterns displayed durmg courtship serve as a stimulant to mating For
some species evidence has accumulated 1n recent years showing that the
females discrimmate with respect to sexual displays of the male?

With man there seems little doubt that the active choice of mates, by
females as well as males, has been an 1mportant factor 1n the ongin and
evolution of the various human types This kind of selection seems to
offer the greatest bilities for the c: d 1imp: of kind

ISOLATION AS A FACTOR IN EVOLUTION

From the foregoing discussion 1t 1s evident that a spec:ies may grad-
ually change under the jmpact of natural selection until it comes to Pc
something quite different from the orginal If the spectesis a single fm.xt,
with perfectly free opportunitics for interbreeding among 2l the individ-
uals of the species, any new advantageous charactenstic that anises may
spread throughout the population, thus the whole species will chang? as
a umit, without a multiplication of species A study of the two great king-
doms, the plant kingdom and the ammmal kingdom, convinces us t!mt
most species haye ansen as a result of sphtting up of precusting species.
There 18 no other explanation of the complex branching relationships

'D J Mernll, Selective Mating w Drosophila melanogaster, Genetics, 34 370-389,
1949,
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found n these two kingdoms. How are we to explan this splitting up of
species? The answ er 1s the presence of some factor which pres ents free and
random mating. This factor is isolation

There are two prineipal types of isolation. geographical 1solation and
reproductive isolatton In the former, the spectes is divided into two or
more subgroups by physical barriers so that communication between the
groups 1s difficult or impossible For example, for a long period of time
the marme animals of the Canbbean Sea and those of the Pacific Ocean
were free to migrate back and forth through a neck of water which ex-
tended across what 13 now the Isthmus of Panama, Later, during the
Pleistocene epoch, the land was elevated, formmng a continuous land
bridge between North and South Americs and cutting off means of com-
munication As a result, the marine animals on the two sides of the
isthmus gradually diverged until many of them became distinet species,
although separated by only a few miles. Among the fishes the species to-
day usually oceur in related pairs, one on either side of the isthmus Nu-
merous similar examples could be given for ammals as well as for plants

Barriers to migration such as mountain ranges, deserts, and oceans un-
doubtedly played an important role in the production of the major divi-
sions and races of mankind Wright! has recently developed the theory
that distance alone may constitute an effective isolating agency in the
origin of races Among human beings the tendency today 1s obviously to
ward the breaking down of such barriers through the improvement d
modes of transportation, accompanied by a reduction in the cost of trave‘L
Whether there finally comes an amalgamation of all the races into oné 13
doubtful, however, because of the strength of the second type of isolation
—reproductive 1solation .

Under reproductive isolation we should mclude, in the higher animals
and man, psychological isolation. Reproductive isolation may cause
groups living 1 the same region to remain distinet even though there
18 no physical barrer to prevent their mrxing, as sometimes happens 10
a certain extent among the major races of man If mating occurs between
certain species of amimals, the offspring may be few, nonviable, weak, OF
sterile. There is no evidence of any such effect among human races This
is one reason for classifying all human beings as members o
species .

When two groups are isolated, whatever the means, they gradually
tend to diverge. This follows partly as a result of natural selection o7
erating somen hat differently 1n the two groups. Adaptive differences mn_\'
thus be accounted for; but nonadaptive characters require & differen!
explanation.

18ewall Wright, Isolation by Distance, Genefics, 28:114-138, 1943

f o single
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THE ORIGIN OF NONADAPTIVE DIFFERENCES

Adaptive charactenistics have always claimed the major attention of
students of evolution, but 1t 1s also recogmzed that probably every spe-
cies and subspecies have certamn distinguishing characteristies that have
had no selective value. Natural selection has no power to increase or
to decrease the fi 'y of such ch 1stics How then have they
become & fixed part of populations?

Dunng the latter part of the last century various attempts were made
to account for evolution in the absence of selection by postulatng an
innate force or tendency withmn the organism causing 1t to evolve along
some particular line, more or less wrrespectively of the external conditions
The botanist Nageli was one of those who held such views, and there
were other biol and some pal I with similar hypotheses,
sometimes sssocrated with a belief in the mhentance of acquired char-
acters To these theones the term orthogenests (straight origm) has been
applied.

As pointed out in our discussion of mutation m Chap 12, there are
limitations to the directions mn which mutations may go, set by the na-
ture of the orgamism itself To this extent there 1s an nherent directing
foree within the orgamsm But since m all species studied mtensively
there has been found a great varety of mutations affecting all parts of
the body, the exact course of evolution must be directed by forces out-
side the orgamism Orthogenesis as a theory of evolution 1s therefore no
longer seriously considered by most students of the problem of evalution

Darwin d the of daptive charactenstics al-
though he regarded them as less numerous than did many of his contem-
poraries Some of the alleged cases he ascribed to our ignorance of the
uses to which many structures may be put by the possessor For example,
unless one knew something of the mode of reproduction in seed plants
and the part played by insects 1 the pollmation of flowers, he would not
be able to see any advantage to the plant 1n the beautiful colors and com-
plex structures of flowers.

Many cases of nonadaptive differences were attributed by Darwin to
“correlated vanation.” By this he meant that a change px_'oduced n one
part of the orgamsm was often accompanied by changes in other parts,
due to interactions i growth and development As an example he refers
to the fact that white cats with blue eyes are usually deaf. We would to-
day class such cases under the head of multiple efiects of a single gene
(Chap. 6), since we know that m cats the character white with l?lue eyes
15 a3 Mendehian dominant over colored normal; deafness develops in homo-
Zygous ammals.
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Tantiva diff

There are probably many ine cases of ptive
Applying the known principles of heredity, including the mechanism of
hereditary changes by mutation and chromosome changes, we are now
able to give a fairly simple explanation of such cases

Imagine a species from which a small group is sphit off by some sort
of barrier Because of repeated mutations, segregation, and assortment
no species is ever made up of absolutely identical individuals. The two
groups will therefore differ somewhat in the frequency of certain non-
adaptive genes Following the spht, each group will breed only among
its own members, thus preserving such original dilferences. If a sepa-
rated group 1s quite small, so that mbreeding takes place, some nonadap-
tive genes will be preserved and others elminated merely as the result
of chance, The experiments on inbreeding in guinea pigs, deseribed in an
earher chapter, constitute a good demonstration of how this occurs under
extremely close mbreeding With inbreeding of o less extreme type the
same effect follows, but more slowly,

Mautations will of course continue to oceur in each group, but will not
follow 1dentical patterns m both; for, as we have scen, mutation is to e
certain extent a random matter, This will merease still further the differ-
cnces between the groups Thus by the chance distnbution of genes, 0°¢
group comes gradually to differ from the other group in nonadaptive
characteristies )

It 1s probable that some of the nonadaptive differences that distn-
guish the modern races of mankind have arsen in the manner just de-
seribed, although of course some of these differences, such as hair form,
thickness of hps, and facial features, may have arisen i part througl
sexual selection.

HYBRIDIZATION AND THE ORIGIN OF SPECIES

There is much evidence that many new speeies of plants hn\:c grisen
suddenly 1n nature as a result of the chance crossing of two dstinct EP:‘
cies The new species thus produced are polyploids and contain all of the
chromosomes of both original species. ¢

Within recent years, taking advantage of the newer knowledge 0 S‘:‘
netics, expenimenters have heen able to produce by hybridization ﬁxﬁs
thetic new species of plants which meet all the tests of separate FP%C;“
in nature, Thus the enticism, formerly leveled at biologists, to q‘" e ters
that if new species onginate in nature under natural forees, cxpcnmcﬂn”y
should be able to duplicate the process in the laboratory, has been fin
answered. The following example will illustrate the method. ”

Successful erosses have frequently been made between the radis e
cabbage. These two plants belong to distinct species and are not €

 and
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members of the same genus, although they arc distantly related Each
is a diploid with mine pairs of chromosomes (Fig 104) The hybnd also
has 18 chromosomes, 9 derived from the radish and 9 from the cabbage
The F: hybnid is usually sterile, but vecasionally produces seeds The Fa
plants raised from such hybrid seeds are varable, 1n accordance with the

18 Radish

Reduttion
division

ffpgj’g‘f;d 9 Radish
Hybrids 9 Radish

Eges and

sperms

New synthetic species
{Raphanobrassica)

Figure 104. Diagram showing ditnbution of the
c}gomocomcs m t%xe crossing of the radish (Raphanus
satwus) with the cabbage (Brassica oleraces) resulting
in the experimental creation of the distinct new species
(Raphanobrasnca) (Each ongmal species has 18
chromosomes }

general rule of vanability in the offspring of hybnids Some of t_heee Fs
offspring which resemble their hybnid parents are entirely fcrnle;'!ur-
thermore, unlihe ordinary diploid hybnds, they breed true to type. W .hl'n
their cells are examined they are found to possess 36 chromosomes, just
twice the numsber n their hybrd parents and in the origtnal cabbage and
radish ancestors 5
The explanation of this result lies in the fmlufe. of the repromjuctne
cells in the Fy hybnd to undergo & rcduct:on.dmswn, thus leaving the
eggs snd sperms with 18 chromosomes each instead of the usual 9 Of
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the 18 chromosomes in the eggs and sperms, 9 make up the entire cab-
bage set and the other 9 make up the entire radish set. At fertihzation,
therefore, cach fertilized egg contains two sets of radish chromosomes and
two sets of cabbage chromosomes. During the development of the plant
from the fertilized egg, each cell in the body reccives, as a result of mito-
s1s, the full double set of both cabb and radish chr Thus
there has been established by the process of hybridization a new tetra-
ploid species contaiming 1n its cells all the genes of both original species
The synthetic specics shows the type of reproductive isolation which s
cxpected in a distinet species only rarely 1s a cross to the original parents
successful, and the few offspring obtaned are usually sterile.

Although in gene make-up the new synthetic species is the simple sum
of the two onginal speeies, this 1s not true as to its wisible characters
Some of 1ts characters are intermediate between the cabbage and the
radish, some resemble one parent or the other; and some are peculiar to
the new species For example, the leaves resemble the radish and the root
system re bles the cabb It is, therefore, of no value commerciall.y.
The seed pod (Fig. 105) 1s intermediate in structure. As illustrate.d m
the drawings, the sced pod of the radish 15 spidle-shaped, of one piece,
and nondehiscent, i.e, it does not burst open to release the seeds The
long seed pod of the cabbage 1s made up of two valves and is dehuscent
At the base of the radish pod is a small structure considered homologous
to the two valves of the eabbage pod, while the tip of the cabbage W‘l“
homologous to that of the radish The F, hybrid and the F: tetraploid
obviously combine the single structure of the radish at the tip with the
double-valve structure of the cabbage at the base. The triploid, Pcf‘“'
ploid, 2nd hexaploid show various combinations of these traits, 83 might
be expected from their chromosome make-up

In addition to large seed pods with many seeds, the tetraploid Raphano-
brassica has a large and vigorous plant body characteristic of totraploids
1n general. Its cells also are large. Other examples similar to the fﬁd‘fb'
cabbage case are desenibed by Professor Stebbins in a comprehensite
volume.!

The evidence 1s convinaing that nature has frequently p
periments similar to the man-made experiments just described af
new wild species, especially among plants, have frequently come into Fb‘
istence in this way. Numerous examples are given by Stebbins and ‘c
Clausen et al, (footnote, page 239). Several species of wild plants hat
been resynthesized by erossing their supposed original ancestors by

The economic importance of the production of polyplords throug}'ni‘
bridization should be emphasized This is a new and growing field
# Columbia Ui

erformed €v
od and that

1G Ledyard Stebhias, Jr,, “Variation and Evolution in Plants,
versity Press, New York, 1950
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Figure 105. Seed pods and ehromosoroes. (4) Radish (B)
Cubbage. (C) Fy diplord hy brid between radish and cab-
bage (D) Triploid from s cross of 4 and € (£} Tetra~
plowd Raphanebrassica, obtamed by self-pollination of &
{F) Pentaplord from s cross of 4 snd € {() Hexsplod,
somewhat deficient in radish chromosomes (From
Sharp, “Introduction fo Cytalogy,” McCrow-Hill Book
Company, Ine., after Karpechenho.)
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already, improved d ted fruits and or tal plants have been
produced, a recent interesting book by two British authors! cites numer-
ous examples of these,

In the higher animals very few examples suggesting the origin of poly-
ploid species by hybridization have been found. Two chief reasons are
given for this difference between plants and animals: in the first place
the great majonty of animals show a strong preference for mating with
members of their own species, secondly, a new polyploid species can be
founded more readily in an organism that is hermaphroditic, especially
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Figure 106, Microphotogtaphs of & sonial eells in the testes of
two species of homster. Left: Cricetulus griscus (Stnped hamster),

2n = 22 Right: Mesocricefus auratus (Golden hamster), 2n =43
X 2,000 (From Sachs, Heredity, 6.357-364, 1952.)

if it is self-fertiizing, than 1n one with separate scxes The great majonty
of plant species are hermaphroditic, while most ammals are bisexusl

In bisevual spectes sex 15 commonly determined by the sex chr’D")?'
somes As we have seen in an carlter chapter these may occur as XOin
one sex and XX 1n the other, or as XY 1n one sex and XX in the _ul}‘"
In the former case polyploidy would result in the formation of ‘\‘\(23
ndividuals for the heterogametic sex, and in the other case in XXY
individuals in the heterogametic sex In order to function norms)}): "“;
XXO00 mndrvidual should produce XX and OO gametes and the XXY
indivadual should produce XX and YY gametes But there i8 nu'assur:
ance that reduction will resuit in only XX and QO or XX and Y} gam
etes, It seems probable that gametes of constitution XO or XY wod -
also be formed. These, upon fertilization, would produce aygotes of (.‘0"!
stitution XXXO or XXXY. Such unbalanced chromesome cum\){utwﬂ
tend to cause sterility or other abnormality and sre selecied against -

The proof that such unbalanced chromosome canﬁtitu(ion‘.'eﬂd (05"
rility and abnormality has been provided for Drosophila This, h‘ouc\““'

130, B Crane and W J. C. Lanrence, “The Genetics of Garden Plants” ith
Macmiltan & Company, Ltd., Londen, 1952,
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15 not true for all organisms Tetraplowdy 13 known 1n the bisexus! plant
Melandrium, o member of the puk family Both XXYY and XXXY are
normal males, 8 single Y cf being to &
maleness,

The only polyploid species of vertebrates in nature thus far reported
scem to be among the fishes belenging to the salmen famuly, and the
rodents. Bachs' has deseribed what may be a case of tetraplordy 1 bam-
sters (P 106). He does not commut hmself as to whether the golden
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= Locetilvs
— estcricetus

Figure 107. Geographueal distnbution of the hamsters Cricetus, Crcetulus,
thplowd; Mesocrecetus, tetraplond (From Sachs, Heredity, € 360, 1052}

hamster, which has double the chromosome number of two other epecies,
arose from hybridization of two species or from the doubhng of chromo-
some numbers within 2 species Jt1s, hawever, wteresting that the range
of the supposed tetraploid species overlaps that of the two diplod spe-
cies, which also overlap in distribution (Fig 107). )

Additional evidence that the golden hamsteris a polyploid is given by
Sachs. (1) the other two speeies both have charactenstieally 8 mammae,
while the golden hamster bas 4 to 22, with no intermedtates, (2) there
1 also palcontological evidence that the golden hamster atose more re-
cently than the other two

SUMMARY

Let us now briefly summanze the leading theories of erolution Assug-
gested by Wright,? these may be sigmficantly grouped according to ther
inclusion or rejection of chance varation a3 8 factor in evclution

*Lr0 Sachs, Palyploid Evolution snd Mammahsn Chremosomes, Heredity, §:357-
364, 1952

* Sewall Wright, The Materiat Bass of Fivalution (review of book of ths tutle by
R Goldschradth, Seu. Monthly, 53:163-170, 1911; Populstion Structure ia Evolation,
Proc Am. Phl Soc, $3:471-478, 1040
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Theories of Evolution Classified According to the Demands Which
They Make on Chance Yariation

I Chance variation not a factor
« Inhentance of acquired characters (Lamarekism)
1 Inheritance of effects of use and disuse, i animals
2. Inhentance of direct effects of environment m plants
b Orthogenesis (straight omgm)- an mnate tendency to evolve m a partieular
directron Irespective of the environment, originally applied to evolution defi-
nitely directed by external crrcumstances
II Chance vamation a factor (evolution a population problem)
@ Course determined hy mass selection, operating on the net effects of rendom
mutations
b Course d d by mter
growth snd disp of loeal
directed and random processes

i lection ting by differentis!
d iated by jomt action of

This cleavage among the theories on the question of including chanee
as a factor coincides with the schism between the views of Western 1.71010’
gists and the offictal Soviet biology today. The presently dommffﬂi
Michurn-Lysenko school m Russia Tejects chance in biology. "‘BY rid-
ding our scienice of Mendelism-Morganism-We ism we will expel
fortuities from biologieal science.”’t Fortuly, as defined in Webster’s dic-
tionary, 15 synonymous with chance. Obviously chance oceurrences have
their own efficient causal connections; hence there is nothing metnph)'?
1eal about the concept of chance While eliminating fortuities from their
bology Lysenko and hus followers have gone back to the discredited the
ones mentioned m group I above. Western biologists find no copvInCing
evidence m support of these, they do find an abundance of evidence for
the theories isted 1n group II.

CONCLUSION

No more coneise summary of the parts played by
tion as discussed 1 the preceding pages has heen discovered
lowing statement by Wright 2

the factors in evolu®
than the fof*

1 have attempted to form s judgment as to the conditions for evolution I:s—‘[t:
on the statistical of Mendelian heredty. The most geseral €03 %
s1on is that evolution depends on a certain balance smong its factors. Ther ,;on‘
be gene mutation, but an excessive rate gives an array of freaks, not ev?’; [xt)"
there must be selection, but too severe a process destroys the field of varial l.“‘x
and thus the basis for further ad: ; prevalence of local inbreeding ¥

ternational Publisher® oy

1 Trofim Lysenko, “The Setence of Biology Today,” In
Inc, New York, 1048, Tectwn
+ Bowall Wright, The Roles of Mutation, Inbreeding, Crossbreeding, and £
in Evolution, Proe 6t Intern. Congr. Genet , 1:356-366, 1032.
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species has 1y important y but too close u-
breedsng Jeads merely to exhinction A certain amount of crossbreeding so
favorable but not too much In this dependence on balance the species 1s hke a
Tiving orgamem At all Yevels of orgaruzation life depends on the mamtenance of &
certain balance among its factors

As an objection to cvelution, the question is often asked, why have
not all kinds of plants and ammals evolved into complex hugher spoaies?

i )
Figure 108, Bewall Wright, 1659~  (Courteay of Unsterssty of Clacage
Magazine, photograph by Steghen Lewellyn)

The answer is that under cvolution through natural sclection no &pecies
18 under the necessity of changing at all if 1413 siready per{ec_tly ada.plcd
~assuming that an orgamsm can be perfectly ndnpt?d~to its environ-
ment. If the environment changes greatly, the species must of course
change, migrate, or perish.  ~ : .

A seéond rcas’on for the persistence of srmple types i that simple spe-
cres are adapted to occupy particulsr stations i the eavironment, or par-
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tieular niches in the web of Life, that more complex ones could never oc-
cupy. Speaking figuratively, a world with all kinds of environments calls
for all kinds of inhabitants

Mutation 1s no doubt a umversal ph Asa non-
adaptive changes have occurred and are still occurring n all species.
Hence, no species 1s 1dentical with 1ts ancient ancestors The environ-
ment, also, changes repeatedly; this necessitates adaptive changes in
those species that are to survive. If we can judge the future by the pres-
ent and the past, 1t seems safe to predict that as long as our planet con-
tinues to be inhabitable, change will continue to be a universal law of
hfe

What of the future of man? As & species, man is a neweomer on the
earth He 1s less specialized than most of the mammals—if we exeept hus
special adaptations to the erect posture and his huge brain. It 1s his
brain, above all, that has enabled man to become the most numerous,
the most varied, and the most widely distributed of sll the larger mam-
mals Large numbers, great variability, wide distribution, and & generak
ized, rather than a narrowly specialized, body, all favor long life in 2 spe-
cies Narrow specialization makes a spectes vulnerable dunng pentods of
rapid change in the environment.

In the past, extreme specialization 1n animals usually has p;qcedcd ex-
tinction—as 1s proved by the fossils in the rocks Does man’s highly spe-
cinlized bram imply the danger of lus early extinction? For several rea-
sons one may be justified in thinking that it does not In the first place,
although the human brain 15 highly specialized with respect to its great
size, 1t 18 gencralized with respect to the uses to which it may be put
Secondly, because of his highly devecloped brain man is able to moddfy
to a very great extent his own environment—a thing that no other spe-
cies 15 able to do But, most important of all, perhaps, man’s highly de-
veloped brain enables him alone, among all living things, to look ObJefi
tively at lamself, to contemplate the process of evolution, and tf’ cf’"":
consciously and voluntarily the course of his own evolution. Within the
limitations 1mposed by the world m which he lives and by his natur »
he has inherited 1t from the past, man 1s therefore in a position 10 make
of his future what he wills,

PROBLEMS

1. What was Mendel's position regarding the fact of evolution?
2. Dustinguish between evolution and Darwinism amples
3. State the four biological law 8 upon which natural selection rests, with ©

of each.
4. What is the standing of natutal selection among biologists today? 00,000 of
5. Assume that a rare recossive sex-linked disease is found in 20 per 100
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the males in the population If none of the affected persons reproduce, what rate of
mutation 18 required m order to maintamn the frequency mentioned?

6. Contrast Darwin's theory of the origin of the grraffe with Lamarck’s theory

7 In what groups of organisms would you expeet to find sexual selection? Name
one 1n which 1t would not occur

8 Name the prmcipal types of 1solation Give examples of each

9. How does orthogenesis differ from other theories of evolution”

10 Account for the fact that tetraplord plants produced by hybridization are often
fully fertile and true-breeding

11. Explain the fact that i thoroughbred race horses the color may be bay, brown,
black, chestnut, roan, dun, or gray, with or without white spottmg, while Hereford
eattle are always red with white markings, and coach dogs are always white with
black spots

12 Explain how the evolutionary progress of a specics 1s favored by the alternate
10lation of groups within the species, resulting m mbreeding, and the erossbreeding
among the groups

13. How do you account for the fact that domesticated plants and animals—cven
those dertved from a single species—are more varmble than related wild species?

14 Account for the fact that the human species 1s much more vanable than any
wild species of large mammal

16 Does natural selection operate among modern e ihized men? Illustrate your
answer

18. What reasons can you give for regarding 2l human bemgs living today as mem-
bers of one species?

17. What belief of Darwm’s respceting the origin of hereditary charges 1s not
generally accepted today 1 his country and 1n the Umited States> Why not?

18 What 15 & probable explanation of such eases as (1) the development of resist-
ance to the antibiotic streptomyemn by a stran of bacteria exposed to this chemucal
for & number of generations, (2) the appearance of & stram of housefites or Lice that1s.
resistant to DDT 1n s region where this msecticide has been used for some time

19 A leading university i this country recently scnt out an appeal for funds for
meducal research, 1 which the following facts were given “One bundred years ago,
a man aged 60 had a life expectancy of 15 6 years today a 60-year-old man has a bife
expectancy of 15 5 years Why? Tn 1850, hfe expectancy at bxr".h‘\\a:,?nl) gs 3
years* today, 1t 15 65 @ years ” What answer to the above question Why 2 might l;
student of evolutton Jogically offer? Use your general knowledge of the progress of
medicine over the past century

20 Desenibe the sudden origin of & new spectes as a result of by bridization
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HEREDITY IN MAN. I

Mendel’s laws of heredity were discovered in plants, later confirmed
m animals, and finally found to apply to man. The process of reproduc-
tion in man 1s very similar to that in other mammals (Fig 109) Mcnde].'ﬁ
belief 1n what he called the “umty m the developmental plan of organi¢
life” has been proved correct beyond all doubt. A few examples of I\.Ien-
dehan charactenisties m man 1illustrating o number of genetic princxyleﬂ
have been given in previous chapters Research in human heredity 58
very active ficld today. Books, monographs, and articles are appeanng
at an accelerating rate In spite of the difficultics inherent in the s'tudy
of human heredity, we now have an extensive and ever-growing st ‘?f
Mendelian characters, both normal and abnormal, n man From the evi-
dence at hand it 1s clear that every system of the body, and perhaps
every organ and structure, is subject to the influence of known genes.
Tables 20 and 21 have been compiled from various sources to iIlus!n}le
some of the most interesting and best-known Mendeltan traits in man it
volving all the systems of the body. The tables include only & fraction of
the known Mendehan human traits,

The age at which the charncters make their appearance varies greatly.
Some, such as polydactyly, develop long before birth; others, such 83
hair and eye color, may not develop fully until after birth. Samcy.’.‘” ﬂ\‘l
ample juvenile amaurotic idiocy, appear in later childhood; while st
others, illustrated by Huntington’s chorea, usually develop in mddle age:

The hst shows that many relatively rarc traits that arc known Qfl be
Mendelian are injurious to the possessor. The general rule for organism®
is that a change in a character through mutation is much more Iikely to
be injurious than beneficial. The reason that mutations tend to bc. ‘”’;
adaptive scems rather obvious. According to present theories a 'geﬂe' ”,’-
least as complex an entity as a large protein molecule. Mendelian \ﬂ":
tions apparently result from sudden changes in the structure of the S(‘“rs
These changes, or mutations, are induced in some cases at least by f”,“ K
outside the gene operating in & random manner, A rando"_l (""‘"Fc"l"i“
physiological factor in the development of a complex organism sho;:;ngc
theory most often produce an injurious effect, just as 2 random ¢

306
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TAsLE 20 MENDELIAN CHARACTERISTICS IN Maw*
(Arranged 1 the order 1 which they are considered m the text )

Dommnant Recessive Page
SKIN, HAIR, NAILS, TEETH
Piehald (skin and hair spotted with white) Self color 309
White forelock . Self color 312
Dark hair (several genes) Light hair 314
Nonred har Red har 314
Freckles No freckles 315
Pigmented skun, harr, eyes Albio 316
Cutly hair (hybnd, wavy) Straight hair 316
Woolly hair (Caucasoid type) Nonwoolly hat 316
Abundant body ha Luttle body har 318
Normal . Hairless (hypotrichosia) | 319
Hairl 1 hy Normal 320
Farly baldness (domnant in male) Normal 150
Scaly skin (ichthyoss) Normal 320
Thickened skn (tylosis palmarts et plantaris) Normal 321
Absent teeth (various types) Normal 323
Defective dentin (opalescent teeth) Normal 323
Free ear lobes Adherent ear lobes 324
BYEs
Brown e Blue or gray 326
Pigmented ing . Albino 326
“Mongolian fold”* {uncertain) No fold 329
Drooping eyehds (ptoss) Normal 329
ormal Nearsightedness (myopta} { 329
Farsightedness (hyperopia) Normat 30
Astigmatism (comep; not spherical) Normal 330
Chtaract (opaque lens) Normal 330
Glaucoma (evcessive pressure 1n eyeball) Normal 331
D SEELETON AND MUSCLES 5 f 333
war Normsa
Norm':jm @mdmdyﬂmpbw Midget (atehosis) 33
Extra digits (polydactyly) Normal 335
Short digits (brachydactyly) Normal 35
Split hand (“lobster claw ")
Harelip and cleft palate
Rupture, susceptibility to
Absent long palmar muscle

* Sce Table 21, page 314, for other characteristics

1 a complex nonliving machine is not ikely to improve, but to fefi“t‘e.
the efficiency of the machine, Only rarely should a n{utatmn result in an
adaptive change or even in a change that 1s neutral in effect

Another explanation for the failure of lists such as Tz}blc 20 to show
many pairs of normal alternative teaits is that such traits arc hkely to
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be complex Characters that show continuous variation, such as stature
and skin color, are affected by many interacting genes The usual pedi-
gree studies do not reveal segregation and assortment among these.

L Y

Figure 109. Human egg at moment of fertihzation Numerous sperms in co
with the egg, several penetrating 1ts outer layers, one polar body. Compare
photograph of mouse ege, Fig 24, (Courtesy of Dr. Landrum B. Shettles.)

ntact
with

A glance at the st shows us that mutations from the normal may be

either dominant or re ¢ or that there may be no dominance. In man,
recessive mutations probably are more numerous than dominant 0n¢s
just gs in the lower mammals, in spite of the fact that tabulated 1 :
often suggest the opposite. No doubt most persons carry many Fecess¥ d
genes in the heterozygous condition without knowing it, beeause the usus
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misting is between unrelated parsons who are not bikely to carry the same
recessive; the character therefore cannot develop In pedigrees of dom-
nant traits, the charactenstie under mvestigation shows up m each gen-
eration (provided it is due to a single gene with complete penetrance),
while & recessive frequently skips one or more generations For this rea-
son it is much easier to find ped showing d than
pedigrees of ‘

It is probable that many of the iraits listed as dominants would be
found to Mlustrate i lote d if we had all the facts With
many of the rare pathological traits there 15 no evidence that a homo-
zygote has been observed. Defeetives do not ordmanty marry defectives
In & few cases where such matings have accurred, an exireme defective,
probably a homozygote, has been produced

et us now consider in some detanl the sndiwidual trasts listed in the
tables in connection with sample pedigrees of some of them

SKIN, HAIR, NAILS, TEETH

The most comprehenaive work that has appeared m English op the
heredity of the sk, hair, natls, and teeth 15 2 ook by an Englsh phys-
cian, Cockayne.! This valuable work of nearly 400 pages 18 & mne of w-
formation for those who eare to delve further m this ficld. One mught
gather from rending Cochayne that the skin and its denvatives are pe-
culiarly susceptible to gene mutations, especially mnjurious ones, since
more than 100 separate heredstary defects arc histed But whale this may
be 50, it is also true that skin structures, lying on the outer surface of the
body as they do, are more readily noticed and more easily studied than
most others, Parenthetically, it may be remarhed that the physieran 1s
in an unusually fortunate position to observe mhented sbnormalitics of
all kinds. When there pnises a generation of physicans, ali of w hom have
had some training in genetics, we may epect 3 rapid anerease i our
knonledge of human heredity A trend m this direction has been notice-
able in the past few years, a3 medieal schools more and more come to
offer thew students basie mstruction 1w human genetscs

White Spotting (Piebald)

In Chap 6 we discussed the heredsty of shan volor in erpsses between
the Negro and whute races The genes there considered affect the devel-
opment of pigment more o less umformiy over the b'ody Bt}t other genes
are known w hich affeet the distribution of pigment in localized sreas, re-
sulting in a white-and-darh-spotted (piebald) pattern. Pichalds have been

Y A Corkayne, “Inhersted Abnormalities of the Sl and ts Approdages,”
Oxford Univeraity Press, London, 1933
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found in all three major divisions of mankind (Caucasoid, Mongoloid,
and Negrotd) in various countries of the world since early times. There
are several different types of spotting in man, due apparently to distinct
mutations Their eounterpart is found in many domesticated mammals
in which a variety of types of dark and white spottings occur. In dogs,
for example, there 1s 2 dominant type of white spotting known as harle-
quin (Chap. 19), 1n which many small black spots are scattered more or
less uniformly over a white ground, as illustrated in the Great Dane and

Figure 110. Children of the fourth generation of white spotting (piebald),
nhertted as a simple dominant (From Sundfor, J. Heredity.)

the Dalmatian coach dog There is also a recessive white spotting in dogs,
illustrated in the bull terner and collie, in which there are a few large
spots of white, chiefly on the head and underparts, .

In man the most frequent type of white spotting that regularly io-
volves large areas of the skin is a dominant. Hans Sundfr of Norway
has pubhshed a complete description of 2 Norwegian family in whch this
type of white spotting, known as piebald, has been traced through four
generations.! His description is accompanied by excellent photogfuph‘!
and drawings The pattern tends to follow the same general lines 10 all
cases, although the s1ze and area of the white spots are quite variable, 85
in many other mammals.

There is a “blaze” of white in the frontal region centering at the hair-
line and frequently extending down the forehead (Fig. 110). In some 1™
dividuals the blaze is very small; in others, it extends back to the crown.
A large unpigmented aren, irregular in outline, occurs on the chest an

39,
1 Tlans Sundfor, A Pedigreo of Sldn-spotting i Man, J, Heredily, 30:60-7% 19
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abdomen, and unpigmented spots are found on the arms, especially on
the elbow side (Fig, 111).

The legs show large unpigmented spots centenng at the knee and usu-
ally extending about halfway down the Jower leg and up the thugh and
sometimes joining the white spot on the abdomen

The back, hands, feet, shoulders, back of neck, and head (exeepting
the blaze) are usually normally migmented The spots are hardly notsce-
able in fair-skinned persons when the skin is kept covered, but stand out

Figure 111, Girl of the fourth generation of white spothing
{piebald). Srmilar unpigmented pots are an the forehead, legs,
chest, and abdomen of this grl (From Sundfér, J Heredity }

sharply upon exposure o the sun beeause of the tannmng of the pigmented
regions Unpy ions do not tan

g;' ding. ‘S:!éﬂ‘t'd ,mgx, \riho has fated the early pedigree studies
of families with this type of white spotiing, one ol.the parents of white-
spotted children is always white-spotted, there being no ease on record
of 4o normal parents producing a spotted eild The same thing w4as re-
ported by Sundfér, who alse reports that no marnage between two af-
fected persons bas taken place 1n the famuly he studied

The ratio among all the children tabulated by Cockayne s 133 spotted:
118 nanspotted. In the Norwegian pedigree it is; 40_spot!ed'20 nortmasl,
with 5 doubtiul Adding all together, the smtio is 173 spotted:138 non-
spotted (five doubtful), Thie makes a considerable excess of.spolted in-
dividuals, since the expected ratio from o backeross mating is 1:1. This
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deviation from expectancy, however, may be due merely to chance, since
by an application of the chi-square test, described in Chap, 3, it can be
shown that in sccordance with the law of probability one time in 20 we
would expect as great a deviation from equality in flipping a coin 31
times There may of course be some other explanation, such as a failure
to record all of the normal indrviduals.

White Forefock

A type of domnant white spotting that is frequently observed and for
which several pedigrees have been published js known as white forelock,

e o e e s

2 ~N
Figure 112, Mother and sons representing the
fourth and fifth generations, respectively, of
white forelock, The older boy does not have 2
white forelock, but there 13 s white spot on one
teg (From Pifch, J. Heredity.)

since it 1s ordinarily Yimited to a white spot on the mid-line st the june-
tion of the sealp and forchead (Fig. 112). 3 . there
When the hair is combed back, as is the mother's in the picturt,
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15 a false impression of a stnpe In posstion and appearance the spot 13
smitar to the piebald spottng previcusly desembed, but 113 usually
smaller. Although the relation of white forelock to piebald is somewhat
uncertain, the two have always been considered as separate mutations
In a pedigree published by Fateh? (Fig 113) the wmhentance of white
forelock is shown through five generations, the last two of whach are rep-
resented jn the photograph (Fig 112}

1

n

b
F T ¥o T
i

X X

" , Wihte forefock d Q No white fozelock

X Shown n photograph
Figure 113 Pedigrer showing inhentance of nhite forelock as & dommant trat
through fve generstions, (From Fuleh, J Heredity )

In this family, according to Fiteh, the white forelock 19 often accom-
panied by a few whte spots m the skin on various parts of the‘body The
boy without the white forelock, w the photograph, has a white apot on
one leg; be 15 the only member of the fanuly hrown to be 8o marhed It
seems not unlikely that white spots rught be found in the skin of most
affeoted idividuals 1f they were Jooked for carefutly, and that ths con-
dition differs from psebald spatting only m degree

Hair Color

‘The study of hair color 1n man i3 complxmted by.the fact that the hair
econtams two prgments” (1) & granular melanm, which vanes w ntensity
from black through vanots shades of ecpia to +ash blond,” or from dark
brown to light golden blond; and (2) a diffuse mgment, which vares from
dark red to yellow Hair color 15, therefore, really & re<ultant of two char-
aetersstics intensity of pigment and quality of pgment The situation 18
smmilar in other mammals Although the chemistry of these two pigments

t1yle Fiteh, Inkertance of 2 White Forelock, J. Heredily, 281433414, 1937
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is imperfectly known, it is certain-that there are genes which affect either
one pigment or the other alone, and other genes which affect both pig-
ments; some genes primarly affect intensity of pigment, others primarily
affect quality of pigment.

In the case of gumnea pigs, in which the heredity of hair color has been
analyzed more thoroughly perhaps than i any other mammal, we have
seen (Chap ©) something of the complexity of the character. The effects
of some of the prinaipal genes involved have been studied exhaustively
by Wright. Many years of laborious experimentation involving many
generations of ammals, under practically 1deal conditions, were neces-
sary for the solution of the problem 1n guinea pigs Therefore it is not
surprising that m man there are still some uncertainties Here the situa-
tion 15 probably as complex as in guinea pigs, but i man investigation
15 limited to chance matings, with only a few gencrations available for
study. Discoveres of biological laws i the lower gmumals offer valuable
clues to the conditions i man, but since details of heredity usually differ
from species to spectes, the rules for cach must be worked out separately.

In man, with respect to intensity, dark hair dominates more or less
over light hair, and with respect to quality, black or brown dominates
overred In marriages between persons with intense black hair (Eskimos)
and light blonds (some Scandinavians), the children, according to the
noted anthropologist and explorer Stefansson! and other observers, are
essentially black-haired. The results are not so clear in marnages between
blonds and brunettes 2mong whites, here the children are often mter-
mediate, with varying shades of hair color. Such results, however, do not
necessarly show a lack of domimance, because in a population made up
of both blonds and brunettes, the brunette may not be purebred If there
18 a series of alternative genes (multiple alleles) aflecting the imtensity of
pigmentation, as in the guinea pig, a brunette might be heterozygous
with respect to nny one of them. The fact that there are so many difer-
ent shades of sepia and brown hair in man is evidence that there are s
eral genes affecting melanin pi D is probabl lete
among some of them In marriages between two light blo
other hand, it can be safely predicted that the children will be l{landﬂ
rather than brunettes. A further complicating factor 18 the darhening of
the hair in many blonds during growth from childhoed to matunts-

Red hair in many pedigrees secms clearly to be duc to a single reces
sive gene. With few reported exceptions, in marriages between m.i—hf"“’d
persons the children are ali red-haired—as they should be if red is rN‘l‘ﬁ"

sive. Morcover, red-harred children are frequently born to parents w l‘"
do not have red hair, and the 3:1 ratio of nonred to red is what wonld. e

\ Vilhjalmur Stefanssan, “The Friendly Aretie,”” The Macmillan Compangs 3%

York, 1921,

1neomp

nds, on the



HEREDITY 4 MAN, ¢ 213

expected if red is & single recessive Cockayne quotes studiea of a proup
of families in which only one parent had red hair and at least one red-
haired child was born; the ratio was 46 red 48 nonred, whieh 13 almost
a perfect 1:1 ratio, 2s expected from a backeross mating between a hy-~
brid and a recessive

One difficulty 15 the study of red hair in man 1s that of classification,
There are various types of “red,” mdieating several different genes Some
of these so-called reds nre not recessive If there 15 a type of red har
in man that is due 1o a recessive gene, as seems unquestionable, it
agrees with what s known in gumes pngs, cattle, horses, hogs, and other
mammals,

Skin Coler

"There 13 considerable correlation with respect to the color of the sk,
hasr, and eyes in men Dark-skinned mdrviduats, as well as dark-slanned
races, tend to have dark hair and dark eyes, whale ght-skinned ndivid-
uals, as well as races, tend to have hight hair and light eyes The correla-
tion between skin color and hair color 1s not surpnsing, since the hmr s
an outgrowth of the layer of the skin w hich contans the pigment, namely,
the epsdermis. The ins of the eye which contamns the pigment giving the
charactenstic color to the eye s wdurectly related to the eprdermus
that both are derved from the outer embryome layer known as the
ectoderm,

The three major divisions of mankind (Negrods, dMongolods, and
Cancasords) are distinguished to a certamn extent by shan color, though
by atself this is of httle value a3 & racal distinetion because of the great
varishility in color 1n all three groups and the ovedappng of one group
by another. The Jighter shades of color among whates of European ongin
have probably ansen through successive mutations from darker types

The existence of genes sffecting the cotor of hair, eyes, and skin inde-
pendently explams such combinations a8 black hawr, blue eyes, and far
skin in mdividuals of some Irsh famihies, black har and far shin in
some Jews; and yellow hawr, brown eyes, and hight sk among vanous
other Caucasoids.

Many interesting combmations ean be observed among mulatteea The
wnter saw two young male mulatto students, both with approumately
the same shade of yeltowish-brawn shin, one baving blach har and hght~
hazel eyes, the other having hight-brown hair and dark-brown eyes

Red-harred persons usually have very httle pigment an the shin, and
what mgment there is tends to coliect i patehes (freckles) Frechles,
honever, are not himited to red-hatred persons Cochayne reviews s num-
ber of studies on the heredity of frechles and conchudes that freckles sre
the sresult of a single dominant gene.
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The true albino, in which pigment is almost entirely lacking in skin,
hair, and eyes, has been considered 1n Chap 2 Albinism is a single reces-
sive mutation found 1 all races The hereditary basis of the differences
1n skin color between Negroes and whites was discussed in Chap 6

Woolly Hair

The mhentance of the usual types of straight, wavy, and curly hair
of Caucasoids has already been discussed 1n Chap 2 The typical hair of
Negrowds, variously known as woolly, kinky, or
frizzy, 1s quite different, both genetically and
structurally, from eurly hair Woolly hair grows
m the form of a spiral withm the follcle. In
cross section the individual hars are on the
average more flattened than in straight har,
although there 1s considerable vanability in the
hars of the same head, and even in different
regions of the same hair 1

In crosses between whites and full-blooded
Amenican Negroes origmating m West Afnica,
the woolly hair seems to depend upon seversl
genes. In mixed marriages producing children
of vanous percentages of white and Negro blood
there 15 considerable vanabiity in har form,
mhenited as a smple rangmg from woolly through closely curly, very
dominant mutation  wavy, to shghtly wavy. More extensive studics
(From  Mokr, J He- of pedigrees involving Negro-white crosses are
redity.) necessary before the method of mheritance can

be determined.

Woolly hair in white families has been reported in three jsolated m-
stances, following scveral earlier reports The first of the three is by Pro-
fessor Otto L Mohr, The University, Oslo, Norway.? He has written &
complete description of the characteristic, illustrated by excellent photo-
graphs—one of which 1s reproduced (Fig 114)—and a pedigree coverng
five generations From his y 1 1nve e ludes that the
hair in 1ts main features is like the hair of the woolly-haired races, but
that it must have occurred in a European stock as the result of an inde-
pendent dominant mutation

Mohr believes that any intermixture of Negro blood in this family may
be safely exeluded, since the family is of Norwegian farmer descent Luown
for seven generations showing the clear “Nordic” type. He says,

Figure 114 Woolly hair
n a Caueasian woman,

1 Madeline Kneberg, Tmproved Technique for Hair Examination, Am. J- Phvt
Anthropol , April-June, 1035 "

*0tto L. Mobr, Woolly Haur a Dominant Mutant Character in Man, J. Hered!:
23:344-353, 1932,
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Even nowadays, with the highly developed means of 2 negro
18 practically never seen 1 Norway And the occurrence of a negro X white
eross or & hybrid X white crossing of this order more than seven generations
back is for social and other reasons so 1mprobable that 1t may safely be left out
of account.

He thinks the origin of the character from a Negro cross 1s ruled out also
by the fact that in Negroes woolly hair 1s not due to a single dommant
gene

Mohr describes the hair as being very strikingly curled or frezzled, stm-
lar to Negro hair. The curling s of a spiral type As mn the Negrods, the
hair never reaches a great length—in the family under discussion not
more than about 14 em Although 1t continues to grow, tt normally
breaks off while still quite short In cross section the har of the woolly-
haired individuas 1, he writes, “ charactenized by a flattened shape, giv-
ing the cross-sections a flattened oval, or i some cases—presumably near
a twist—a kidney-shaped form ” The hair 15 usually very hght-colored in
childhood and gradually turns darker with age, in some cases, however,
a woolly-hared mndividual had dark harr

The ratio of woolly hair to normal hair among the children from all
20 matings of woolly hair X normal hair as shown 1 the pedigree 1's
38 woolly-hasred 43 normal-haired, 1n 3 the hair type 18 unknown This
is & very good 1.1 ratio, as expected from a bachcross of hybrid to
recessive

The second case of woolly har m Caucasords 1s deseribed by Dr C Ph
Schokking, of the Royal Umversity of Lexden, Holland "The author
comes to exactly the same conclusion regarding 1ts heredity as Mohr
does In & village near Leiden, Schokking found a number of woolly-
haited persons belonging to the same Dutch “peasant”’ fnm{ly The
pedigree shows the trait in five generations without the skipping 'oi a
generation There is a total of 13 woolly-haired .17 n?mnl-halred indi-
viduals from marriages of woolly X pormal The published photographs
show most of the individuals, both woolly-haired and n‘ormal, with quite
dark hair; otherwise, the hair appears much like that in the Norwegtan
family, Schokking found no correlation whatever between form of h:'ur
and color of hair The deseriptron of the structure of the \}or)lly hn:r, in-
cluding 1ts brittleness and flattening, agrees perfectly with Mohr's de-
senption The author states, “In no one of the members of the family
was the slightest trace of any other character of 2 colored race to be
found »

Schokking summanzes the data from the s
and Mohr, together with that from three e:\rller. workers. The res'ulh.ng
combined ratro is 138 woolly: 125 normal, & hich is a very good 1:1 ratio,
G Ph. Schokking, Another Woolly-harr Mutation n Msn, J. Heredsty, 25:336-340,
34,

families reported by himself

19;



218 ELEMENTS OF GENETICS

The last reported case of woolly hair, which agrees entirely with those
already cited, was discovered 1n the southern United States by Edgar
Anderson * The published pedigree shows the characteristic appearing in
five generations, in a ratio of 1 1. The family came from “Old American
stock ” The author states,

To one accustomed to the woolly hair of negroes and many mulattoes, the
peculiar hair exhibited by these pedigrees seems something quite different It has
an open, unmatted appearance and gives the impression of a peculiar kind of hair
rather than of negro hair As a matter of fact, I first saw the young woman who
supplted the mformation from a passing automobile, but even at that distance
recognized the condition as being similar, if not identical, with that illustrated
1n The Journal of Heredity

This rases an interesting question as to whether the woolly hair 1 the
three families mentjoned arose from three independent mutations. Mohr
states that quite a few members of the Norwegian family mugrated to
the Umted States where their descendants now live Could the American
family described by Anderson trace back to these? Norway and Holland
are near enough to one another that a common origin of the mutation
seems not impossible

Hair on Body, Face, and Limbs

Man is peculiar among all mammals 1n the distribution of hair over
the body, having normally a heavy growth of hair on the scalp, axillae,
pubes, eyebrows, and—in the male of some races—on the face, accom-
panied by a very scanty growth on other parts of the body. Some oth!:r
mammals, however, especially some of the Primates, show tendencies in
the same direction The growth of hair in man is more variable than oné
might realize in view of the habit of covering the body with clothing, and
of shaving and cutting the hair.

The growth of hair on the body and face in man varies among the
races as well as among individuals within a race, and also between the
sexes The hairiest people are the Ainus (probably of primitive Cauca-
soid stock) who inhabit the northern part of Japan. Whites come next,
then Negroes, with the Mongolords, including Eskimos and Amercan
Indians, least hairy of all. In the Mongoloids, especiatly the Amencan
Indians and the Eskimos, the lack of body hair is pronounced; even the
beard is very scanty. These racial differences are of course hereditary,
but just how many genes are involved 1s not known.

In white people, relative hairlessness of the body and limbs seems to
be recessive, while exeessive hairiness js dominant, although pedigree

) dgne Anderson, An American Pedigroe for Woolly Harr, J. Heredty, 37:14)
1936,
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studies are inadequate. This type of relative hanlessaess found narmally
in man is quite different from those which oceur as mutations m the
domesticated mammals In the latter the scalp as well as other parts of
the body are devoid of hair and th have more bl to the
congenital types of baldness m man

In man, the male has more body hair than the female, among genet-
ically similar individuals This 15 probably due to the mfluence of the
male sex hormone which 1s known to be the direct cause of growth of the
beard in the male. The occurrence of superfluous hair on the face m
women was studied by Trotter and Danforth, who came to the concla-
sion from the hugh correlation (about 0 8) between mothers and ther
daughters that it probably was due to 2 dommant gene, although this
could not be proved by the usual pedigree method, since the gene effect
in the male is obscured by the beard * Among about 1,700 women ex-
amined, slightly over 27 per cent showed superfiuous facial hasr The per-
centage was the same for colored women as for white women, and the
same for pormal women as for those 1n mental hospitats The authors
found no evidence of seleetion agamst facsat har m women

Huirlessness (Hypotrichosis)

There are severa) distinet types of harlessness i man. Its study 1s
complicated by the fact that infections are a factor m some types An
extensive yeview of reported cases in which heredity plays a major role
is given by Cotkayne In one type of extreme hatrlessness, mherited s
a recessive, the acalp s exther entirely bald or almost entirely 50 from
birth, or soon after buth There 13 & strong tendency alse for hair to be
missing or scanty on other parts of the body Eyebrows and lashes, for
example, are commonly missing or very thin, while in some f&qxx]xoe the
nails, and rarely the teeth, are imporfectly developed The vanationsw 1th
respect o the expression of the trait mokes it likely that seseral inde-
pendent mutations have occurred.

This type of harlessness agrees in general with many
sive hairlessness found m domesticated marmmals Recessive haitlessness,
hius been found in hores, eattle, sheep, goats,?
and cats 3 The genetic cause of the normal hair-
lessness of certain wild animals (walrus, whale, hi.ppopotnmuq, rhunoccros,
8nd elephant) 1s not known, but the condition is pmb:xb‘ly the result of
mutations from hairy avcestors. In recent prehistone times hary ele-
The Inedence and Heredity of Facial Hlvper-

Anthropol , §-391-395, 1022
Gaat (with Literature Cited), J

cases of reces-

more or less complete,
hogs, rabbits, rats, mice,

3 M. Trotter and C, H Dinforth,
trichosia in White Women, dm J. Phys A

1D, Kislovsky, Inherited Hairleseness in the
Hereduty, 28:061-267, 1037,

? Etiwnne Letand, Hawleas Samese

Cata, 4. Heredity, 29:173-175, 1693,
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phants and rhinos lived in Europe and were hunted by primitive man—
as we know from the discovery of their actual remains as well as draw-
ngs of them made by cave man The lack of hair in the wild species
mentioned 15, in some cases at least, an adaptation to aquatic or to
tropical habitats.

Dominant extreme hairlessness has been reported in many different hu-
man families, mncluding a tribe of Austrahan blacks. As a rule the body
is otherwise normal. Dominant hairlessness is found in dogs, of which the
Chihauhuan hairless breed of Mexico 1s the best-known example Also, a
dominant type of hairlessness has been found in mice.

Scaly Skin (Ichthyosis Vulgaris)

The skin 1n man 1s a complex organ which develops from two distinct
layers of cells, the inner layer, or dermis, and the outer layer, or epider-
ms It contams a rich supply of blood vessels and nerve endings and is
closely set with two types of glands (sweat glands and sebaceous glands)
and, except in a few regions, with numerous hair follicles Unlike most
organs, the skin does not cease growing in the adult, but continues to
produce new cells m the deeper portion of the epidermis while the cells
near the surface become flattened, hardened, and dried. An imperceptible
shedding of these outer dead cells goes on more or less constantly.

The foregoing facts are mentioned as a necessary background to the
appreciation of the many hereditary abnormalities in the structure of the
skin The large number of such abnormahties dependent upon separate
genes proves that normal development of the skin depends upon the co-
aperation of many genes. This is what we should expect in an organ 88
complex as the skin

Most of the defects of development of the epidermal layer are grouped
under the heads of ichthyoss, tylosis, and related conditions. Cockayne
has assembled the Iiterature, classified the cases, and written an account
of them covering sixty pages. Two of the most common types are €on-
sidered below. .

Ichthyosis, in its most eommon form (ichthyosis vulgaris), is described
by Cockayne as follows,

The skin i3 dry and covered with small scales, which are continually bewg
shed in the form of a fine branny desquamation, The face is usually a httle glazed
1n sppearance, but otherwise normal, and the skin of the flexures, pcrimcumz an
genital remon is little altered 1n texture, On the knees and elbows the cornifica-
tion reaches its maximum, and on the extensor surface of the limbs it is greater
than on the flexor surface. The scalp 13 scaly and the hair thin and dry; the e)"-:
brows are scanty and their outer third may be almost aheent, and on the trunl
and limbs the hair 15 sparse and atrophie. The nails are dry and brittle, The palms
and soles are dry and smooth with the finer lines obliterated and the deeper one
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accentuated. The secretion of sweat and sebum 15 defictent on the most ichthyotic
parts, but on the palms and soles and m the flexures sneating may be normal.

The condition first becomes recogmzable mn the early months of infancy and
gets gradually more noticeable, untif at about 10 years of age 1t 1s fully developed
and thenceforward remains unchanged through hfe The physique 15 fairly good
and the genera] health is unimpaired, but the :chthyotic skin 1s very hable to mild
inflammation.

Histol the most pi E lity 18 & thiek of the horny
layer of the epidermis, the cells of which are unduly adherent

Ichthyosis vulgaris 1s one of the most frequently mherited defects of
the skin, but Cockayne finds that few pedigrees have been published
Some of the pedigrees ndicate & single dommant, others show the skip-
ping of a generation, and hence Tequire some other explanation, In one
group of pedigrees the whentance 1s that of a sex-linked recessive

Thickened Skin (Tylosis palmaris et plantars)

Tylosis (Gr., 2 making callous) refers to a thickening of the skmn, par-
ticularly of the epidermis In the well-known hereditary type, named
above, the abnormality 1s restricted to the palms and soles A very clear
description of this defect has been given m a recent study of a famuly
{rom Belfast, Ireland,! from which the following 1s abstracted

A total of 19 affected persons were scen m thus famuly, and the authors
consider the evidence good that 22 others who are dead or who could not
be seen were also affected

The condition was detectable in a minority of cases at birth, and n all
within a few weeks. The first sign 1n infants 13 a branny scaling off of
the palms When the defect is fully developed the skin on the palms of
the hands and soles of the feet is thick and horny and the normal ﬂ'e(urc
Lines become deep cracks The thickened sk extends from the tips of
the fingers to the fold of the wrist On the soles of the feet the skin that
comes in contact with the ground is thickened mn the same manner as
that of the palms 5

After much sweating the palms and soles become tender, and infec-
tions sometimes develop m the cracks These symptoms become more
pronounced following manual labor. 5

There js in most cfses periodic peeling of the hard skin, and the harder
the skin the larger the pieces that are shed The frequency of peeling
vanes from about once a year to two or three times a year | N

Accounts were given of two or three mcmbc,S of .thls family who had
tried varous remedies. All agreed that the thickening coulfi be rubbed
down with “sandstone” or pumice, to give a better cosmetic effect and

1A € Stevensonand D N. F Seott Pearson, The Inheritance of Tylosis Palmaris
ot Plantaris i a Large Family, Ann Engentcs, 18:9-12, 1953.
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at times relief from discomfort One had had “X-ray treatment” with-
out effect, and one man while serving m the Royal Navy had had some
kind of exfoliative treatment which left him with normal-lookmg hands,
They were, however, so pamnful that he was discharged from the service
and within a few months the condition was as before

The pedigree, reproduced in Fig 115, 1s that of a typical dominant
There 15 no skipping of a generation The ratio of affected to normal
among the offspring of affected parents (40 affected 41 normal) 1s as
near to a perfect 1:1 as possible Blales and females are affected alike
Every affected child had an affected parent There are no cases of the
marriage of two affected mdividuals, and the authors state that they can
find none in the hterature We thercfore do not know what a double dose
of the gene might produce There 18 1n this pedigree no evident tendency
of affected parents to hmit the size of their families

Absent Teeth

Embryologleally the teeth have a common origmn with the skin, and a
number of genes are known which simultaneously modify the develop-
ment of both Among genes which seem to affect enly the teeth are those
for the following- absence of one or more of the premolars (dominant),
absence of upper incisors and molars (dominant), absence of the two cen-
tral neisors above and below (mode of mhentance uncertan), and ab-
sent or reduced upper lateral incisors {dominant—one of the most com-
mon abnormalities of the teeth) As n other Primates, the upper lateral
incisors are normally much smaller than the central incisors As poznted
out by Darwin, structures that show reduction m size are often highly
variable or absent.

Defective Dentin

Hodge and Finn?! have compiled pedigrees of three unrelated families
showing a distinet type of gross defect of the teeth known as ** opalescent
dentin” inbented as a dommant In cooperation With numerous col-
leagues they made elaborate chnical studies of the affected persons, to-
gether with microscopical, chemeal, and physical studies of the tecth
Their report is commendable for its clanty and completeness

The authors state that the defect 13 characterized clinieally by extreme
translucency, discoloration, frability, and wearing away qf the tecth
The dentin is extremely soft, the enamel has a gray or bluish color, al-
though normal muer jcally. There 13 little tooth decay,
although mass destruction of the crowns and their early excessive wear
often simulate rampant caries The crowns are originally of average size,

s L C. Tfodge and 5. B. Fian, Hereditary Opalescent Dentin, J, Hereduty, 29:359-
64, 1938
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but the roots are short Pulp chambers are absent, and pulp canals are
completely or partially obliterated.

The clinical studies of affected persons were negative in that they
showed no pecubianty of physiological reactions not present in normal
members of the families.

One of the families was of recent Italian descent, one was of German-
Insh descent, and the third was of American stock living as missionaries
1 China and India. The pedigree of the American family is shown

1

I

m

v

« @ Defectie centin ol Q Normal teeth

O O Sexnot stated
Figure 116. Pecigree showing the inheritance of defective dentin (opalescent
teeth) Defective dentin 1s dominant. (From Hodge and Finn, J. Heredity.)

Fig 116; it is quite typical of o single dominant The other two pedigrees
are consistent with the ene given. Evidently the trait is not extremely
rare as judged by the numerous reports eited by Hodge and Finn.

Eor Lobes

Whether the ear lobes shall hang free or grow attached seems to de-
pend upon a single gene ‘The form of the ear lobe (Fig. 117) isa good
example of 2 difference having no adaptive value. It is purely o matter
of taste as to which type of ear lobe one may prefer. An observer in lh.ls
country wilf soon be convinced that attached lobes of the type shown i
Fig 117 are in a small minority. No statistics on the frequency of at-
tached lobes seem to have been published.

A number of pedigrees have been published indieating that free lobes
are dominant and nttached lobes recessive. One of these showing clest:
cut segregation (Fig. 118) was reported by Powell and Whitney.!

1 E. F. Powell and . D. Whitncy, Ear Lobe Inberitance, J. Heredity, 38:181-158,
1937,
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Although in some families there seems to be a sharp segregation of free
lobes and attached lobes, this apparently 1s not true in all families Dr,
A 8 Wiener! reported studies of 124 families and 607 children 1 which
all gradations between attached and free ear lobes occur He states that

SENE

Figure 117. Two distinet types of ear lobes in man.
Left Free lobes Right Adherent lobes In many
pedigrees free lobes are dominant

7 T aien d%
" [ { [ ] rmgfb o’Q Adherent obe » Not observed

Figure 118, Pedigree showing two types of ear lobes Free lobes probably domi-
nant (From Powell and Whtney, J. Heredily )

rarely in the same individual one ear lobe may be free and the oth.cr at-
tached He has classified the individuals studied into four arbitrary
groups’ completely free ear lobes, completely gttuchcd ear lobes., and
two intermediate types. The data are presented in tabular form without
individual pedigrees and without ph h 3

Wiener concludes that although there 1s a defimte corrc]ntmr.l between
the types of ear lobes in the parents and children, more thana smgle' gene
Pprobably is invelved, This is to be expected. C]:{nﬁcaimn'nf definitions
18 needed: the type illustrated on the right in Fig. 117 might better be

'A 8 Wiener, Complications m Ear Genetics, J Heredity, 383425426, 1937,
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termed lobeless Further studies of this trait should yield interesting

results
EYES

One of the most comprehensive works ever pubhished on the heredity
of eye characters 1n man 1s a book by Dr P J Waardenburg,! eye spe-
cialist of Arnheim, Holland In s excellent volume of more than 600
pages, including 197 figures and eight colored plates, there are descriptions
of well over 100 hereditary eye vanations (largely defects) 1n man The
hterature st 1s unusually extensive The book should be consulted by
anyone who has a special problem m this field Unfortunately 1t has not
been translated into English from the German in which it is written

The eye is one of the most complex organs in the body. The eyeball
1tself is made up of several complex layers, while inside the eyeball are
the 1ris, lens, vitreous body, and muscles for changmg the curvature of
the lens. Attached to the outside of the eyeball are six muscles which
move the eye 1n all directions Finally, there are the lids, with the asso-
ciated lachrymal (tear) glands and Meibomuan (oil) glands. In order that
the eye may develop mnto a perfect optical instrument there must be co-
ordinated development of all of these parts No wonder that so few per-
sons have really perfect eyes and that gross developmental defects are
not uncommon. The list of eye defects 13 an imposing one, and 1t 18 stitl
growing,

There arc a few well-known hereditary eye differences which are rec-
ogmzed as racial differences and are not to be regarded as abnormalities
These include eolor of the iris and form of the upper eyehd.

Eye Color

Ordinary eye colors are due to the presence of pigment in the cells of
thens According to Waardenburg, in all shades of eyes from dark brown
to blue there 15 & double layer of eells containing granules of a dark-brown
pigment covering the back of the s There are 1n addition, in all eye
colors except blue and gray, branched pigment cells containing a lighter-
colored yellow or brown pigment scattered 1n the connective tissue of the
iris The differences in eye color depend largely upon the number, 1.””
color, and the ar t of these b hed cells If the branched pig-
ment cells are absent or very few in number, the dark-brown pigment of
the baek of the iris shines through the body of the iris, making 1t appear
blue or gray. T g L of b hed pi; t cells account fqr
green, hazel, and brown eyes. In complete albimsm, pigment is practi-
cally absent from both the back and front layers of the 1ris, and Light re-
flected from the blood in the vessels of the iris gives it a red or pink color.
1 Martinus

17, J. Waardenburg, “Das menschliche Auge und seine Erbanlagen,
Nyhoff, The Hague, 1932
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As we have seen (Chap 2) albinism is due to a single recesstve muta-
tion, If the gene for albinism 13 present in a double dose, the eye and the
skin and hair as well are practically free of pigment, regardless of what
other genes are present. This is shown by the reported fact that the chil-
dren of an albino Negro mated to a blond white are typical mulatto chil-
dren; the Negro albino has all the genes for pigmentation except the
dominant alternative of albino, and ths is suppled by the blond white

Anthropologists have called attention to the fact that the great ma-
jority of mankind have dark-brown eyes. This meludes all the Negrod
diviston except rare mutants, nearly all the Mongoloids except a trnbe of
Eskimos in northern Canada (possibly an ancient muxture of Eskimos and
Scandmawvians), and a few Indians in Central Amertea, and a majortty
of Caucasoids (ncluding the East Indians) Among the Caucasouds, blue
eyes are practically limited chiefly to some of the Berbers (a mixed group
living in northern Africa) and to the Nordics and East Baltic peoples of
northern Europe, and to therr descendants.

Owing to the relatively small numbers of hght-complexioned people as
well as to their hmited geographuc range, it 1s supposed that the onginal
eye color ;n man was dark brown and that the highter colors are relatively
recent mutations This view is supported by the fact that most other
mammals in a state of nature have dark eyes.

Several investigators attempted to solve the problem of the inhent-
ance of eye color in man before Mendel’s work became known in 1900,
and many haue worked on it since that ttme Although the problem still
offers some puzzles, it is now generally recognized that there must be
more than one pair of genes involved, for with only one parr of genes,
even assumng lack of dominance, there should be only three eye colors
instead of the six or more principal types that actually east

Waardenburg,! after reviewng the work of other mvestigators in con-
nection with his own studes, comes to the following defimte conclusions
regarding the inheritance of eye color 1n man-

1. Two blue- or gray-eyed parents have only blue- or gray-eyed chul-
dren; blue or gray is recessive, and brown 18 dominant. (j-reen eyes, un-
like blue and gray eyes, show yellow or brown spots, their genetic basis
is different, .

2. There are independent genes which are responsible for the various
other colors mentioned Some of these genes affect the amount of pig-
ment; some, its localization (n the form of scattered spots, rings around
the pupil, etc ); and others, its quality (light yellow or darh brown).

3. In general, the darker eyes are dominant over the lighter, as green
over blue

4 Much work remains to be done before a complete explanstion of
the genetics of eye color in man can be given.

o s
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Complele Mongoloid
. ree ezge
’ e
Internal Epicanthus of i

Median Fold

Flgure 119. Human eye folds. In each ease the ngM
eye is represented (From [ooton, * Up from the Ape,”
The Macmallan Company.)
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Eyelids

Anyone who has observed Mongolians {Chinese, Japanese, ete ) must
have noted & peeuliarity in the appearance of the eye—~the “slant eye,”
“elit eye,” ete., of various wnters As a matter of fact, the eyeball stzelf
13 not different from that in other races, nor Is its positron m the shull
essentially different. The distinctive appearance 15 due primanly to sn
extra fold of skin (the “Mongolian fold™), whick extends from the upper
hd down and over the inner corner of the eye toward the nose, making a
new angle with the lower lid (Fig. 119). If thus fold s bited up, the shape
and position of the eye and Lids are seen to be essentially the same asin
other zaces. The Mongohan feld occurs wm 2 small percentage of persons
of European descent, owing probably to early racial meang It s found
1 the grest majonty of Mongolians, though not tu all There i no doubt
that it is an inherited trait. The few studies made of its geneties i racal
crosses supgest that the Mongohan fold may depend upon a simgle domi-
nant gene

A defect of the upper hd that 15 not to be confused with the Mongohan
fold is known &g plogis, or drooping eyehds The muscles which raise the
upper hids are unable to function, so that only & narrow sht 13 possible
between the two hds In a pedigree of six generatsons worked out in this
country by Briggs,! the defect was shown to be dommant Several types
of ptosis are described by Weardenburg, m which other defects of the
€yes accompany the ptosis In some of the types the whole complex 18
wnhented as a recessive.

Nearsightedness (Myopia)

In nearsighted eyes the rays of Iight comung from a distance are brought
10 a focus in front of the retina rather than on the retina as ?omal
€yes. This causes the image of distant objects to be blurrefl. Without
glasses nearsighted persen cannot ses clearly unless the abject 15 very
Rear, Anaccmically there seem to be at least four factors that may play
Parts in the eausation of myopa: {1} length of eyeball, (2) rﬂlmctf\-c
power of the comen, (3) depth of the antenor chamber, (4) refractive
buver of the Jens, In many cases myopsa may be due to a com}xmatmn
of factors producing excessive refraction.? A frequent accompaniment of
“itreme htedness is an ab 1y long eyebal

Nearsightedness s a very common defect, estimated by some as affect-

'HOH Brggs, Hereditary Congenstal Prass with Report of 65 Cases Conforming
' the Merdelizn Rute of D ., Trane. Am flmol Soe, A
1913

*Amold Sareby, “Ganeties 1 Ophthalmology,” The C. V' Mashy Company,

8 Yoms, 1031,
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ng 10 or 15 per cent of the adult population. In most cases it is not ap~
parent in the child’s early years, but develops as he progresses through
the elementary school The late onset has misled certain writers to the
illogrcal conclusion that heredity is not a factor and that excessive use of
the eyes in close work is the cause. This view is contradicted by the high
concordance among rdentical twmns and the low concordance among fra-
ternal twms. Numerous pedigree studics, most of which were made 1n
FEurope, point unmistakably to heredity as a factor. In the great ma-
jonty of families myopta behaves as a recessive; in some pedigrees domi-
nance is indreated Alternative genetical explanations are expected in a
complex functional trait .

Farsightedness (Hyperopia)

This defect is the result of an eyeball so short that with the eye mus-
cles relaxed, the parallel rays from drstant objects are brought to & focus
behind the retina The retinal 1mage 1s therefore blurred. To correct for
the abnormality the farsighted eye must constantly exert muscular effort
—the nearer the object the greater the effort necessary. Consequently
there is always more or less eyestram unless glasses are worn, As an
aggravating condition one eye 19 frequently more seriously affected than
1ts mate

Hyperopia is much less common than myopia The symptoms appear
in very young children. Although rather fow genetical studies have been
made, the evidence points to dominant heredity in most cases. An ex-
treme form may be transmitted as a recessive

Astigmatism

In this defect there is a blurring of vision eaused usually by a greater
curvature of the cornea in one axis than in others. Special lenses are nec-
essary to correct for this Astigmatism is often (though not necessarily}
associated with farsightedness and may be more pronounced in one €3¢
than in the other In most of the pedigrees atudied astigmatism scems to
be inhented as a domunant.

Cataract

One of the commonest types of cye defect which leads to blindness 15
eataract, or opaque lens, Nat all cataracts are hereditary, for cataratt
may result from penetrating radiations as from the explosion of an atomic
bomb, mnfection of the mother with rubella during the early months 0
pregnancy, diabetes, porsons, injurics, high temperatures, and malautr®
tion, Nevertheless, there are many cases which can be explained only of
the hereditary basis

Different structural types of hereditary cataraci are known. The 2f¢
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at which the defect develops varies greatly, in soma famiies 1 is present
2% barth; in others it comes on <hildhood, at puberty, i middle age, or
old age These facts suggest the of md 3 Cat-
aract—or the strong tendency to develop it at a certamn age—is in nearly
all cases inherited as s 4 h Recessiv di , how-
ever, have been reported,

Glaucoma

Glaucoma is an extremely serwous eye disease. Eyve speciabsts tell us
that in the United States 1t produces more blindness than any other sin-
gle cause. Most of the cases develop m persons past forty years of age
More than one-third of alf bhndness ansing after this age 15 smd to be
due to glaucoma The immediwnte cause 18 faulty esreulation of flud -~
tide the eyebal, resulting in a great increase m the mternal pressure Thas
destroys the head of the aptic nerve, thys eausing blindnesy Glaucoma 1
& striking example of an undoubted hereditary disease which can be con-
trolled by surgery if it is taken in time The operation consists open-
g up & channel for the arrculation of fiwd wside the eyeball Persons
whose ancestors or near collateral relatives have had glaucoma should
have periodical examinations by an ocubst, smee o many wstances glau-
coma cannot be detected by the patient umself before irreparable dam-
8¢ hia3 been done The disease occurs more often in the small, farsighted
eye than in the large, nearsighted eye

As 1n cataract, the age at which hereditary glaucoma develops vares
considerably, In same famibes gt may develop as early as at fifteen to
iwenty years of age The ch i3 ink {as a d .

SKELETON AND MUSCLES

The skeletat and muscular systems may conveniently be considered to-
gether since both are closely related 1n development and are known to
be affected by some of the same genes. Among these, the genes affecting
body build and stature are of speciat interest.

Stature

Modern mag ghows great vamation in stature, both with respect to in-
dnidual differences end with respeet to ractal differences Fundamen-
fally, racial differences and individual differences dcpcm.{ upon t{xc same
€auses, since a race is & group of refated individuals showing certain trata
in common, each trait varymng about its ovn mean Many genes are prob-
8bly concerned 1 stature, The smallest races hiving today are the Pyg-
mies® the Negritos of Africa and Asia The average stature of theso people
is betwoen 4 and § feet, varying from one tribal group to anather, Among
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the shorter races not classed as Pygmies are the Lapps, the Bushmen of
South Africa, the Eskimos, and the Japanese. At the opposite extreme
are the Nordics, the Patagonians of South America, and certain Afriecan
tribes, notably the Watutsi of Ruanda-Urundi i East Africa

The rate of growth, and perhaps the period over which growth con-
tinues, are affected by the glands of internal secretion, especially the

A c
Figure 120. Three types of East Indian dwasfs, all more than 20 years of age,
compared with a native of normal stature, (4) Cretin, (B, €) Midgets (atelio-
&is), (D, E) Chondrodystrophy. (F) Normal. (From Rischbieth and Barring-
ton, courtesy of Major, “Physcal Diagnosis,” W. B. Saunders Company)

pituitary, the thyrouds, and the gonads. Genes may act primarily upor
these glands, which in turn modify growth One type of very tall jndi-
vidual with legs abnormally long in proportion to the trunk is apparently
the result of underdevelopment of the gonads Euntichs are said to have
a similar type of body build. The common type of giant—usually seen 10
the circus—with excessively large hands and feet and a long ja®w is the
result of overscerction of the pituitary gland Another type of growth dis
turbance leading to a particular kind of dwarf known as the crctin‘(F‘F
120) is due to a deficiency of thyroxin from the thyroid gland. Cretinsm
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undoubtedly has a hereditary basis, although the exact mechamsm has
not been established.

There are also genes affecting grow th independently of the glands Pro-
fessor W. E. Castle found that rabbits of the breed hnown as Flemish
giants grow more rapidly than small breeds, and that this difference 13
evident in the very early embryonic stages long before any of the glands
of internal secretion are formed

1t is an interesting fact that the proportions of the parts of the body
are often somewhat different in tall and short persons, e g, the legs of
short persons are relatively short s compared with the trunk, while the
legs of tall persons are relatively long as compared with the trunk This
holds true among the races, as illustrated by the comparatively short-
legged Pygmies, Lapps, and Japanese, on the one hand, and certam long-
legged African tribes, on the other. No doubt there arc genes that affect
the growth of the bones of arms, legs, and trunk independently One
sometimes sees o tall man with relatively short arms and o short man
with relatively long arms.

Chondrodystrophic Dwarfism

Most dwarfs belong to one or the other of two familiar types, the
strong-man type and the midget (Fig. 120) In the former the imbs are
much shortened and somewhat malformed The humerus and femur are
especially short, the legs are usually bowed, and the ndividual watks
with & waddling gait The arms cannot be straightened normally at the
elbow; the fingers are short and are all of nearly the same length The
trunk and head are of approximately normal size This type of dwarfism
is technically known as chondrodystrophy, or achondroplasia, because of
the imperfect development of the skeletal system Although the growth
of the long bones is most severely affected, the shape of the head and
facial features are often modified, and the trunk 1s sometimes deformed
The mentality is apparently normal The wnter once had dealings with
three dwarfs of this type, a man and lus two sisters, who for many years

ducted ful ph hic studto Therr intell seemed to
be above average The man, who operated the camera, w2s espeaially
Buccessful in handhing chuldren Such dwarfs may be quite muscular. In
@ireus troops they play the part of strong men

Many Dcpdlgrec’; pof z,chomfroplustw dwarfs have been published There
is no doubt that the condition 1s ihented, but the exact mechanism has
been much debated In a thorough study of the problem, Méreh,! of the
Unisersity Institute for Human Genetics, Copenhagen, Pcnmmk, pre-
rented pedigrees and other data indicating that 1t is nherited as a domi-

'E T. Morch, Achondroplasia Is Alnays Hereditsry and Is Inbenited Domunantly,
J Heredity, $1:130-441, 1910,
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nant. A critical review of the literature convinced him that there are no
reliable observations that contradict this theory. The numerous pedi-
grees showing a chondrodystrophie dwarf produced by normal parents he
explains as the result of independent mutations. Studies of the trait in
Denmark indicate that the rate of mutation is about one in 25,000
gametes.

Chondrodystrophic dwarfs are fertile and produce a 1:1 ratio of nor-
mal children and dwarfs The women usually are unable to give birth
to living young except by Caesarean section, because of the contracted
pelvis

Since & single dose of the gene 1s sufficient to produce the trait, we¢
speak of it as a dommnant But so far as is known, no one has yet scen a
homozygote A double dose of the gene might well lead to a more ex-
treme type of defect; it might even be lethal.

Ateliosis

The midget, or Tom Thumb type of dwarf (technically known as ale-
Losis, Fig. 120), has a very different appearance from the chondrodys-
trophie type, henee the nudget type must be due to entirely dufferent
causes. The body may be essentially normal except for extremely small
size. Growth is very slow, and the full stature, rarely exceeding 40 inches,
is reached later than 1n normal persons. In adults, the head is relatively
large and round rather than long The facial features are often noticeably
infantile; and the hmbs are somewhat shortened In many respects
midgets resemble some of the African Pygmues, although they are smaller
than Pygmies

Midgets are frequently fertile, sexual maturity, however, is much de-
layed. Most midgets are produced by normal parents. Cases also are
known 1n which two midgets are the parents of a midget. The small pelvis
usunlly makes Caesarean section necessary in chuldbirth, Midgets arc ©
several distinet morphologieal types:! (1) an extremely rare “fetnl—hkg
midget”” measuring about 30 to 36 inches 1 stature, (2) “‘true midgets,
and (3) “runiatures.” Mimatures scem to be essentially normal persons
of unusually small stature. The various types probably have dl!\"cl"?ﬂt
genetic causes. In many pedigrees of ateliosis the best explanation is I&
cessive inheritance McKusick? has given an interesting jlustrated de-
seription of atelions in a Negro fammly. The parents of the dwarfs wef®
cousins, normal 1n stature, although the father was only 61 inches tall.
Recessive inheritance 1s indicated.

1C. W. Dupertuts, The Sue and Proportions of Adult Midgets, Am. J. IWV

Anthropol., n s, 3:111-127, 1815 an
1V, A. McKusck, Primordial Dwarfism and Fetopia Lentis, Am J. I
Genet., T:189-198, 1955,
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Extra Digits (Polydactyly)

A fairly common anomaly 1n man is the presence of extra fingers and
toes. The extra digits usually consist of duplicated hitle fingers, httle
toes, thumbs, and great toes These may exhibit almost perfect develop-
ment, or they may consist of minute imperfectly developed digits hang-
ing by slender connections The metacarpal and metatarsal bones of
hands and feet, respectively, corre-
sponding to the extra digits, are

dunli 1 .

not, depending upon the size of the
extra digits. Since the extra digits,
if small, are usually removed by
surgical operation during fancy,
we are not aware of the actual fre-
quency of this condition.
Polydactyly is usually imhented
s 2 dominant Brown S. McChintie
gives an interesting pedigree accom-
panied by X-ray pictures of a poly-
dactylous mother and her baby (Figs.

; Figure 121, X-ray photograph of
121 and 122), showmg inhentance h‘ggn(ls and feet of baby, showing six
of the deformity through five gen- fingers on each hand and seven toes
erations.! The affected members of on each foot No metacarpal bone for

this fam ; the extra hittle finger 1s visible and no
s fomily ususlly bad six fingers et e extrm htle

on cach hand. and seven toes on each toe, although there 1s one for the
foot. From six matings in thispedi- oura bg too (From MeClinhie, 7
gree, in which one parent was poly-  Heredity )

dactylous, 13 children had extra
fingers and toes and 12 were normal The 1 1 ratio fits the theory of a
single dominant gene Other aspects of the pedigree agree perfectly with
this explanation Some pedigrees of polydactylism indicate dommance
with reduced penetrance.

Short Fingers ond Toes (Brachydactyly)

In this condition a single gene acting as a domnant interferes with the
normal development of the long bones In the common form of brachy-
dactyly all the digits of the hands and feet, except the thumbs and great
toes, appear to lack one jomnt. This appearance 1s 1 reality due to the
marked reduetion of the mddle joint accompaned frequently by its fu-
sion with the distal one (Fig. 123) The thumbs and great tocs.h:n'c the
normal number of joints, but the basal joint is greatly reduced in lcngt}:

B 8. McClintic, Frve Generations of Polydactylism, J Hereduty, 26:141-141, 1935,
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The arms and legs also are shorter than normal. Brachydactylous men
are shorter than their normal brothers, and brachydactylous women are
shorter than their normal sisters.

Brachydactyly was the first human characteristic shown to follow Men-
del's laws. The earhest pedigree was published by W. C Farabee! in
1903, for a fanuly in Pennsylvania in which the abnormality was traced
through five generations without & break (Fig. 124). In matings between

Figure 122, X-ray photograph of feet of the
mother of the baby whose hands and feet are
shown in Fig 121, Note that in both mother and
baby the metatarsal bones of the extra (inper)
btg toes are abnormal in position. (From
MecChntic, J. Hereduty.)

persons with brachydactyly and normal persons, he reported 36 brachy-
dactylous offspring to 33 normal offspring. This 1:1 ratio would be ex-
pected from a backeross of a hybrid dominant to a recessive. No mar-
riages between two brachydactylous persons were reported by Farabee.

Subsequent studies of other families have confirmed the inheritance of
brachydactyly as a single dominant Several other types of brachydncl)jly
have been discovered, 1n which one or more definite digits is always 18-
volved. These also are dominant A brief classification of hereditary finge?
defects is given by Professor Iitis in the paper from which the X-ray
photographs shown in Fig. 123 have been taken ?

Split Hand and Foot (Syndactyly)

A somewhat rare abnormality of hands and feet, sometimes called

““lobster claw,” has been studied and deseribed in different raced from
1Wilham C. Farabee, “Ink of Digtal in Man,” Papers of

the Pesbody Museum, vol. 3, no, 3, Harvard Unis eruty, Cambridge, Mass, 105
s Hugo Iitis, A New Case of Typical Brachydactyly, J. Heredity, 38:145-148, 194
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Figure 723, 1, actslous famds of muire. o g
N i achydactylous hands of mother (abore) npg daughter (Belo, )

0thery oy hagn
€X¢ept on he middle finge, (From Iltis, J Heredty )

:;‘Sez.y “eParated countries, It hag probably arisen independentiy soy.
1y

reduction of middle joint of nng finger and middle finger of the
d On her nght hand aff middle joints are fused to distal ones

es by mutation, In all eases it 39 inhersted as 5 domnant, The

foﬂdfﬁti()n is variable in jtg “¥pression within a single family, Oceasionally
¥ Varje o the w0 sides of the same person, which indicates that 18
fje\'elopmeug May be modifieq by subtle environmentat differences dyr.
ing “Mbryonie s, There is sometimes 5 thumb and only one large finger
~the Iatter iudimting the fusion of several digits—with similar N
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tion of the feet More often therc are four digtts, with a deep cleft where
the middle finger or toe should be

In some famlies the feet alone or the hands alone are affected John C.
Wightman! has published an extensive pedigree of syndactyly 1n a family
1n this country, with a review of earlier reports.

! L3
. &y}gygg;;il
m R

§ Hlfig
\ w%mw )

Figure 124, Pedigree of aficcted members of Farabee’s brachydactylous famly.
Ratio 36 affected 33 normal, almost a perfect ratio as expected from backeross
matings

Numerous other types of heredutary abnormality of hands and feet
involving shortemng, fusing, malformation, ete, are deseribed by Pro-
fessor Gates in s book already referred to,

Harelip and Cleft Palate

Harelip and cleft palate, either alone or together, are among the com-
moner congenital abnormalities 1n man. These defects develop during
the second month of embryonic hfe, when the upper lip consists of two
lateral and one middle portion and the upper jaw and roof of the mouth
each consist of two lateral halves. Normally these separate portions gr: ad-
ually grow together. In normal persons the depression on the upper. Ip
(philtrum) and the white line on the roof of the mouth, readily vii.lblc
with a murror, indicate the lines of fusion. A failure of fusion results in 2
split on one or both sides of the lip, known as harelip, or 8 spht in the
roof of the mouth, cleft palate.

An analysis of practically all of the cases of harelip and cleft palate
born to mothers of Birmingham, England, in the years 1940-1950 has
recently been published 2 There were 285 cases among 218,603 births, or

1], C Wightman, A Pedigree of Syndactyly, J. Heredity, 28:421~423, 1937,

3 Bnan MacMahon and Thomss McKcown, The Tncidence of Harelip and Ol
Palate Related to Birth Rank and Maternal Age, Am. J. Human Genet , 6:176-15%
1953.
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1.30 per thousand births. The nature of the malformation and sex of
thase affected was as foliows.

Type ! Number J Sex
Harehp o6 00 6% mate
Hasehp and eleft palate 103 59 0% male
Cleft, palate 14 41 29 mate

1t was found that harclip, and harehp associated with eleft palate, were
uarelated to birth rank, but inereased with maternal age (from 037 per
1,000 births nt ages under 23 to 1 41 per 1,000 at ages 38 and over)
Cleft palate without harelip scemed to be independent of both maternal
age and birth order. These results are consistent with earher studies 1n-
dicating that harelip and harebip with cleft palate are genetically unre-
Inted 1o eleft palate not assocanted with harelip

A number of dig: have been published showng the recurrence of
harehp and harelip with eleft palate in several conseeutiye generations
These pedigrees suggest & domnant gene In other pedigrees, however,
both parents are apparently normal The excepttons may have their ex-
planation in the great varabiity in expression of the gene or m incom-
plete Penetrance A new mutation may, of course, oecur now and then,

Cleft palate alone seems to behave as an wrregular domanant, 1t 15 less
comman n males than in females

In mice, harelip i hereditary and, as i man, 1s found more often m
males than in femalos and more frequently on the left side than on the
nght. Grisneberg! states that there 1s no doubt that more than one gene
tsinvolved in mice; he thinks that there 15 a small aumber of cumulatve
genes, none of which by itself 35 able to produce harelp In his opmion,
h““"’"", the question of the mode of inhemtance 1s not defintely settled

Intrauterine environmental factors scem to be wmpertant i the des
velopment of harelip in mice as well as 11 men In mice the development
of harelip deercases with increasing age of the mother, Just oppaoute to
the situation in man. The mjection of cortisone and hormones from the
anterior lobe of the pitwitary mto pregnant mice 18 reported to merease
the frequency of harelsp 1n the offspring

Miseellaneous Skeletol Defects
Many other skeletal sbnormalties  hich seem to have some h?rcdxlnry
basis have been desertbed. In some, the Mendehan n'w(‘hnm?m is clearly
indieated The problem may be complicated by the important influence

!J1ans Grineberg, “The Genetws of the Mouse,” 2d od, Mortmus Nyhoff, The
!lazuz-, 1852
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of the environment. Among the characters that have been described as
Mendelian or as having some genetic basis are these* clubfoot, flat foot,
knock-knees, bowlegs, double-jomtedness 1 disl of the
hip, arthntis deformans, absence of the kneccap, eartilaginous and bony
outgrowths (exostoses), promunant lower jaw (prognathism), pinhead
(microcephaly), absence of collarbones with skull abnormality, bnttle
bones, funnel breast, lateral curvature of the spine, “round back,” skull
shape, height of cheekbones, ete.

Rupture (Hernia)

Comparatively few abnormalities of the muscular system are known
to eust, and 1n only a few cases have they been shown to be Mendelan
in character Rupture 1s a defect 1n which heredity undoubtedly pleys a
part According to Dr Lenz,’ about one in every 20 or 30 men 1s rup-
tured, as compared with only about one m 150 women

The strilang difference in the frequency of rupture in men and women
depends partly upon the nature of the work of the two sexes, since the
stram of lifting heavy objects 1s a factor But the anatomical differences
in the sexes probably 13 more important. In the male the testes develop
within the abdomunal cavity and are forced downward gradually between
the museles of the lower abdomen, finally commg to lie outside the ab-
domimnal cavity in a sack called the scrotum This migration usually oc-
curs before birth The passageway through the body wall is known as ¥he
inguma! canal The muscles normally close around the canal, leaving
only sufficient room for the passage of the sperm duct, nerves, and blood
vessels of the testes. In case the museular wall around the canal is nesk
or imperfectly formed, a loop of the mtestine may be forced mto the
canal snd through the body wall, formmng a bulge under the skin in the
region of the gromn This condition is known as an inguinal hernia. Th.e
descent of the testes, therefore, plays a part in the high frequency of this
type of hermia in males,

Lenz concludes that bernia unmistakably runs in families and suggeste
that 1t 13 dominant, although he gives no pedigrees. West? published tro
instructive pedigrees showing the frequent recurrence of hernia through
three and five generations, respectively In these pedigrees o number of
the individuals were born with hernia, but in most cases it was brought
on as a result of some physical exertion In these families it scems clear
that a weakness of the abdominal wall was inherited, probably ass domis

+ Erwin Daur, Tugen Fischer, and Frtz Lenz, “Muman Hereduty,” transt by P2
and Cedar Paul, The Maemillan Company, New York, 1031, . i

11§ West, Tno Pedigrees Shoning Inherited Predisposition to Jlernis, J. Heredilh
27:449-455, 1036,
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== Median nerve
77 ~— Pronator teres
- Brachioradias

-- Extensor carps
radialis longus %

Flexor carpi radialis
— - Palmanis longus

~—— -~ Transverse carpal
ligament

——-—=-Palmar aponeurcsis

Figure 125, The more superficial flexor muscles of
the mght forearm (except those that are starred,
which are extensors), showing the position of the
highly varable palmans longus (From Hollins-
head, "' Functional Anotomy of the Limbs and Back,”
W. B Saunders Company )

nant, and that occasionally a person with the inhented tendency escaped

dEV?IOPing a hernia

W @umer! has published a pedigree covering four suecessive generations

shoning congemtal double inguinal hernia m males His data are in

Bgreement with previous studies m support of the theory of dominant

Sevinfluenced heredity.

19;;’ R Weimer, Congenatal Inheritance of Inguinal Hernia, J Heredity, 40.219-220,
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The frequency with which both members of a pair of identical twins—
necessarily of the same heredity—have ruptures is evidence for its hered-
1tary basis

Long Palmar Muscle Absent

The long palmar is one of the superficial muscles of the forearm It is
inserted on the palm of the hand and serves to flex the wrist Its presence
or absence can be studied on living persons by observing the tendons on
the palm side of the wrist (Fig. 125) Thompson, MeBatts, and Dan-
forth! found from examination of a large number of white families that
this muscle was missing 1n about 16 per cent of males and 24 per cent of
females They concluded that absence of the palmaris longus was inherited
as a domnant.

Numerous more recent studies by other investigators support these
general findings Among whites, 10 to 25 per cent lack the muscle on one
or hoth sides, the percentage vanes with the national group exanuned
In Negroes 1t is missing in about 5 per cent; in Mongoloids in 2 5 to 5 per
cent, excepting a group of Penobscot Indians, among whom Thompson
et al. found 193 per eent absence. Spuhler? has summarized the dat2
from various workers. Pedigree studies point to dominant inheritance t?f
absence of the muscle, with mcomplete penetrance of the gene, and vari-
ability in its expression on the two sides of the body.

PROBLEMS

1. Distinguish between the terms congemital trait and hereditary trait

2. Account for the tendency of mutations to be unadaptive

3. List some of the special difficultses mvolved in the study of human heredity 88
compared with heredity in domesticated animals.

4. List several Mendelian differences in man that you regard as normal differences

5. Why 1s the genctic enalysis of characters hike stature and skin color especially
difficult 1n man?

&. How do you account for the fact that in published lists of human traits the mutant
types are more often dominant than recessive, while m most other mammals the
recessn es exceed the dominants in number?

+J. W. Thompson, J. McBatts, and C. Hl Danforth, Heredity and Racial Vana-
tion in the Musculus Palmans Longus, Am J Phys, Anthrapol , 4:205-218, 1921

*Jsmes N Spubler, Some Genetic Variations in Amenican Indians, in W 5. Laveh-
lin (ed ), “The Phyaral Anthropology of the American Indian,” pp 177-204, Vikinf
Fund, New Yorh, 1951,
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In this chapter we conclude the systematie treatment of human hered-
aary characteristics begun i the preceding chapter Traits chosen as ex-
amples are listed in Table 21,

CIRCULATORY AND RESPIRATORY SYSTEMS

The circulatory system is the seat of o pumber of hereditary defects
and diseases, one of the best known bewng the sex-hnked discase hemo-
philia, discussed in Chap 10 Heredity 1s on important factor m suscep-
tibility to slergme and parasitie diseases, and these commanly mvolve the
cireulatory and respiratory systems. Normal bereditary differences in the
circulatury syster are also well estabhished, the most important of which
are the chemical differences that account for the large number of blood
groups or blood types found among individuals Tn Chap 7 we described
two series of blood groups, the A-B-O and the M-N-8 series Numerous
others have been discovered m recent years We shall consider here in
same detail one of the newer and most interesting of these—-the Rhvseries

The Rh-Hr Bload Types

In 1840 Landsteiner and Wiener! reported the discovery of & new and,
a3 subsequent events have demonstrated, very mmportant difference 1n
human bloods Using a serum obtamed from rabbnts immunized with the
blood of & rhesus monkey, they found that the antibodies in the serum ag-
glutinated not only the red corpuscles of the rhesus monhey but also
those of about 85 per cent of white persons The other 15 per cent gave
no reaction, They accordingly designated the former persons 85 Rh-post-
tive and the Intter as Rth-negative.

From tests of 60 families, including 237 children, the discar erets con-
cluded that the Rh substance, an agglutinogen, a3 inbenited as a domi-
nant, Later studies of 40 additional families by Wiener and Sonn econ-
firmed this theory, Two Rh-negative parents produced only Ith-negative

'K, Landstei i Jutiable Factot in Human Blood Recog-
e e A e oae, Soc Expt. Fol. Mo, $3:223, 1010

uy
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TaBLE 21. MENDELIAN CHARACTERISTICS IN Man*
(Arranged in the order in which they are considered in the text )

Dommant Recessive Page
CIRCULATORY AND RESPIRATORY SYSTEMS
Rh-positive blood type Rh-negative 343
Hemolytic jaundice Normal 351
Nosebleed and blood cysts (telangrectases)  { Normal 352
Varicose vens and hemorrhords Normal 352
Normal—dominance incomplete Allergy 352
t tub L. | to L 353
EXCRETORY SYSTEM
Polycystie kidney Normal 355
ENDOCRINE GLANDS
Normal (some uncertatnties) Drabetes mellitus 355
Diabetes mnsipidus Normal 356
DIGESTIVE SYSTEM
Normal Pyloric stenosis 357
Uleers (mode of inheritance uncertan) 357
REPRODUCTIVE SYBTEM
Hypospadias—irregular expression Normal 358
CANCERS AND OTHER MALIGNANT TUMORS
Normal Xeroderma pigmentosum 360
Von Recklinghausen's disease Normal 361
Cancer of colon Normal 362
Cancer of eye (retmoblastoma) Normal 364
NERVOUS SYSTEM
Taste for phenylthiocasbamude . | Nontaste for PTC 363
Normal ..| Congenital deafness 368
Otosclerosis .. Normal 368
Normal (mild type domtnant) . .| Muscular atrophy 368
Normal Spinal ataxia 363
Paralysis agitans Normal 370
Normal .| Eplepsy (2) 370
Huntington’s chorea .| Normat 31
Normal Microcephaly 376
Normal Amaurotic idiocy 378
Normal Schizophrenia 378
Manic-depressive psychoses Normal 381
BPECIAL TALENTS (mode of inheritance uncertain)
Musical ability 382
Ability in drawng, painting, sculpture ig:

Mathematical abthty

* See also Table 20, page 307,
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children, as theory demands of & recessive The other possible matings,
positive by positive and positive by negative, also agreed 1n the expected
ratios of Rh-positive and Rh-negative offspring produced.

A knowledge of the Rh i {scveral are now known) is of
great practical importance beeause of their role in the causation of a dis-
ease known as erythroblastosts in the fetus and newborn infant This dis-
ease develops only in an Rh-positive infant whose mother 15 Rh-negative

Figure 126, Karl ndstcmer, 18081013, (Courtesy of Dr dlezander 5.
Wiener))

and whose father is necessanly Rh-postive. The Rh-positive fetus l’"?'
duces the agglutinogen on its red corpuseles These may pass through the
placenta mto the mother'’s blood and stimulate in her body the P"D‘;f“:'
tion of antibodies against the Rh-positive corpuscles of the fctush( 1
127) These antibodies in turn pass through the placenta from mother “f
the fetus and cause the destruction of fetal red corpuseles, which l.'mg
be 80 extensive as to cause the death of the fc(us'and 50 & shllbn;t .
Sometimes the destructive effect appears only after birth. Afected bnl tos
show severe anemis, jaundice, and edema, with enlargement of the spleen



346 ELEMENTS OF GENETICS

and liver. Only a minority of cases recover spontaneously. By the use of
exchange transfusions, whereby the baby’s blood is withdrawn and re-
placed by Rh-negative blood, more than 90 per cent of these babres can
be saved

Shortly after the discovery of the Rh blood types, Wiener and others
found that there was more than one variety of the Rh agglutinogen.
These discoveries stimulated a great deal of research, which has con-
tinued down to the present time Investigators in this country and abroad

Figure 127. Diagram showing the kind of mating
that may result in erythroblastosis,

have published well over a thousand papers and books on the Rh-HIr
types

The list of variants of the Rh agglutinogen and their corresponding
antibodies has grown steadily to more than a dozen The original form
of the agglutinogen discovered by Landsteiner and Wiener, however, has
proved to be much the most antigenic and the most important practlcﬂ]l}',
since 1t 18 responsible for over 90 per cent of the cases of erythroblastosis

Fortunately, erythroblastosis 1s much less common than one would v
pect on the basis of the frequency of marriages between Rh-negatise
women and Rh-posittve men What 1s the expected frequency of erythro-
blastosis among infants? This may be readily ealeulated 1f we know the
proportions of Rh-positive men who are homozygous and heterozygous
respectively These proportions are easily eafeulated by using the Hardy-
Wenberg law, described on page 285 Since 0 15 of men are Rh-negatV®
the frequency of the Rh-negative gene r is +/0 15 = 039 Henee the fre-
quency of the Rh-positive allele K 13 1 — 039, or 061 Applying the
Hardy-Weinberg rule, we calculate the three possible genotypes in the
population as follows:

©GIR+039r) = (061)? BR + 2(061 X 039) Rr + (039)*rm,
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or 03721 RR + 04758 Rr + 0 1521 rr These proportsons apply to both
males and females.

The expeeted matings between Rh-postive men snd Rb-negative
wamen, ssith their expected offspring, are therefare as follows.

Uffspring
Matings SEamess Essessssaesmun
Rh-postne | Rhntgative
0 3721 RR yeen X 0 1521 rr women = 0 057 0 657
0 4758 Br men X 0 1521 rr women = D072 0 036 0036
Total [ 0 630

Our caleulation shows that 93 per cent of ali embryos i the popula-
tion are thus genetically and environmentally vulnerable Of these vul-
nerable embryos only a small percentage actually develop the disease
Potter! states that of the 22,742 births at Chieago Lying-In Hosmtal,
1940 to 1946, 0 4 per cent were affected This 15 only 4 3 per cent of those
expected Several reasons may be given for thus fortunate escape (1) the
first-born cluld is not often affected, unless the mother has at some time
had a transfusion of Rh-postive blood or an abortion of an Rh-positive
embryo, (2) some speaial uterine condition may be necessary for the pas-
sage of red blood corpuscles from embryo to mother, {B) certamn women
may never develop antibodies agasast the Ith agglutmogens even though
exposed to them

Coming back to the genetics of the Rh types, we find that & doz'en or
mote different forms of the Tth agglutinogen have heen zeported Wiener
holds that each of these is due ta a different allele of o gene at 2 single
focus on one of the autosomes Race? and his coworkers and R A Fisher,
in England prefer the theory of three closely linked genes, cach with a
Series of allelos From the purely Mendehan pomt of view we have seen
in our discussion of the M-N-$ types that a single gene 18 transmtted in
the same manner as two or more completely lmhed genes If there really
are three Rh genes, the hnkage seems to be complete, SIMee NO erassing
over has been observed, so far as transmission 13 concerned we can there-
fore just as well speak of one gene P g a complex
The analysis of pedigrees and gene frequencies i populations scems to
£t the theory of & sinple senies of allles

The terminology for Rh 18 naturally trou

blesome becavse the varous
VEAUB L Potter, “Rh . . 1ts Relation to Congrnsts} and Hernoly tic Dicase and
19 Tatragraup Transfusion Reactions,” Year Dook Publihers, Tnc, Chicogy, 1017
"R R, Race and Ruth Sanger, “Blood Gronpsm Msn,” 8ded, Chasles € Thamas,
Publisher, Springfield, i1, 1954,
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agplutinogens cannot be described by therr specific chemieal constitu-
tions, which are unknown, they are identified only by their reactions
with specific immune sera We therefore need two sets of arbitrary sym-
bols, one set for the allelic genes and one for the corresponding agglutino-
gens These two sets of symbols should be so related to one another as to
ensure easc and certainty of identification

Taste 22 TeE Ru Serizs oF AvLEuic Genes®
(Symbeols proposed by R. A Fisher, in parentheses)

Gene Reactions with Reactrons with
frequencies Rh serumst Hr serumst
C 4
N
Genes a;x;l;(g(:‘ :; ing agglu- Anti-
Cancasords | Pmogens | Anti- | Antie| Anti- | Hro | Anti- x;nh-
f Rho | rh’ | rh* | (kypo-| hr’ r”
{per cent) . thetic)
r(cde) 380 | rh JE T T O
#(Cde) . 14 Y -+ | - + 1 - |+
#'(edE) 05 rh” - - + + + -
r7(CdE) 001 thy o+l + | 4+ -]-
R(cDe) 32 Rh, + - - - + [+
RYCDe) 40 4 Rhy + + - - - +
RYDE) | 164 Rhe [ DA P R e
R:(CDE) 01 Rh, + + + - - -

* From Wiener
1 The individual’s phenotype 1s the result of the action of a pair of genes, €&»
genotype RIR?, et¢ The effect of a single gene can be inferred, however, from the study
of homozygous individuals. In the casc of the rare genes ', £, f2r, and 17, where bomo
Z{f{ou! ndividuals are not avatlable, the effect of the mdiidual gene 1s determined bY
uction

An important physiological and genetical fact must be kept in mind:
cach allele 1s dominant 1o the sense that if present in even a single dose,
1ts agglutinogen develops Therefore one parent or the other always has
an agglutmogen if this 1s present in & child.

"Table 22 from a recent book by Wicner! shows the eight most common
Rh alleles among C ids, their corr ding agglutinogens, and the
antibodies with which they react positively. Several points are worth not-
ing in this table

The antiscrums, which contain the antibodies, are divided into two
subclasses called Rh and Hr. In homozygous individuals where there 18
a positive reaction (+) with a serum in one subelass there is no reaction
(~) with the corresponding scrum in the other subclass, This reciprocal

\ Afexander §, Wiener, “An Rh-ir Syllabus: The Types and Their Applicatins”
Grune & Stratton, Inc., New York, 1951
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or allelic, relationship holds throughout, although 1n the ease of the anti-
Hro serum (not yet obtaned) the reactions are hypothetical A smgle
agglutimogen, as the term 1s used by Wiener, may have one, two, or three
different factors and hence may react with as many scrums A hetero-
zygous individual may show a positive reaction with as many as all six
of the serums given in Table 22 Rer (CDE/ede) 15 an example of such a
TasLE 23 Tae Ru-He Broop Types anp THEIR CORRESPONDING GENOTYPES
UsiNG tuE 8rx Most Apuwspant ALLELES*

Reaction Approximate
Rhbloog | hserum | p, | cREEe Posuble
types Antr- | At subtypes | New Y‘;rk City, genotypes
b | e 3
—_— ]
™ + 4 | 130 rr
' -+ | mw o o
+ + th’th 10 'y
th” N + - th”rh” 005 P
+ + rh”rh 05 'r
o L N I Rt o T
Rho. . + | + | Rhe 20 RORY and Ror
Rby ~ | + | BB, 200 R\RYand By
+ | + | Rugh 340 Rir, RAR, and Roet
R, + | —~ | Rumh, 30 B and B2t
+ | + | Rhah 120 Ry, B, and Ror”
RhiRh, + | + | RbRh, 145 RARS, Rir”, and r'R?
* From Wiener,
genotype In Fisher's t logy each letter rep an agglutinogen

a3 well as 1t conditionmg gene

The alleles represented by eapital R’s on the four bottom rows m
Table 22 are those responsible for Rh-positive persons Such persons a]}
have the originally discovered Rho factor, they may also have the rh
or the rh* factor, or both, Genes represented by small #'s are responstble
for Rhb-negative persons.

Genes R+ and ¥ were recently discovered Both are very rare—R", one
in 1,000, and 7%, one in 10,000 The frequencies of the genes must not be
confused with the frequencies of the types (phenotypes); the latter are
observed directly by the agglutinatron tests (Table 23) o

As Tables 22 and 23 indicate, the Rh genes present in {nd|\:1duals
classed ag Rhb-negative also produce agglutinogens. The anhb.odu;s for
these have been given symbors with the letters revcrs.cd: nntx-hr_ and
anti-hr—pg already mentioned, anti-Hro is not yet available. Cl.mxcally
these antibodies are of mnor importance since they are rarely induced
by blood transfusions or as a result of pregnancy.
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Up to now 14 Rh agglutinogens have been reported These, with gene
symbols, are listed by Wiener! and his coworkers All arc regarded as
alleles of the onginal As mentioned above, English investigators prefer
to represent the Rh genes as oceupying three neighboring loci on a chro-
mosome; this mezns three sets of alleles Race and Sanger state that no

TasLe 2¢ Rn Gene FReQUEsCIES 1y DrrrERENT Huwan Porvrations®

Num- | Caleulated frequencics, %, of genes
Populstions | Tnvestigators | 27 °f
personst b | e g | g | e R
tested
Caucasords*
Wiener et al | 2,300 (36 65{ 1 23|0 52| 3 73[42 70[15 0Gj0 05
USA Unger et al. 7,317 383140828421 (151 —
England Raceetal. | 2,000 [38 86| 0 931 19] 2 57[42 0514 110 24
Canada Chownetal | 3,100 30 55/ 1 24/0 73| 1 91/43 4812 870 22
Spain Race et al 223 |36 95( 0 [0 61] 0 61(50 11{12 160 45
Czechostavakia | Raska et 2l 181 {40 02! 0 69,0 69] 1 3639 59(16 90,0 75
Basques Chalmers
et al 383 |53 16) 1 470 25/ 0 50137 56} 7 0710
Negrods, N Y C | Wiener et al 223 244|270 (s21[117 1440
Wiener et al 200 {27 39| 0 89,0 89,43 32(17 30, 9 020
Pygmies, Belgian | Hubinont and
Congo Snoeck 9tltos|o o l632|62[195(0
Siamese Phansanboom
etal. 213|0 [0 [0 |11 13[75 5411 13218
Papuans Simmons and
Graydon wofe |o Jo [z1f043 2016
Australian |Simmons and
Aborgines Graydon 240 12 s7lo |8 51i56 42,20 092 08
New Caledonians | Simmons
et al. 325]0 (0 [0 |5 488332107704
Mevican Indians | Wiener et 2] 8o |o [0 |s8fct1 268133
Navaho Indians | Boyd and
Boyd 305 | 0 [17 312 02] 8 37[31 0535 333

* From Wiener

cases of crossing over have been observed; also that the frequencies of
the eight “chr " or bimations are not such as to indicate
crossing over. They believe that “hnkage is very close, perhaps even
absolute.”” I there is no crossing over we may therefore think of the
three letters CDE as representing o single gene having geveral effects
This concept is fundamentally the same as Wiener’s

1 A. 8, Wiener, Eve B Gordon, and Laura Cohen, A New 1tare Rhesus Agglutinogen.
Am. J. Human Genet , 4-363-372, 1952
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As in the case of the A-B-O and the M-N-S groups we find interesting
racial differences in the frequencies of the Rh types Expressed m gene
frequencies the differences for some of the racial and national groups
tested are shown in Table 24 It is apparent that Mongoloids and some
other Ortental peoples tend to be entirely Rh-posttive Tests of Chinese
and Eskimos are almost 100 per cent Rh-positive also The Basques, a
somewhat isolated group of Caucasoids hving i the mountains border-
g Spain and France, have the lighest frequency of gene r {about 28 per
cent negative) of any sizable group of people yet studied Some anthro-
pologists consider the Basques survivors of a human stock once widely
dispersed m Europe.

Other agglutinogens have been found from time to time 1 the blood
of human beings, usually by following up an unexpected reaction after a
blood transfusion The frequency with which these are being reported 1n-
dicates that there may be many such—no one knows how many actually
exist. The genette principles involved 1n these agglutimogens are essen-
tially the same as in the A-B-O, M-N-8, and Rh-Hr series, consequently
there would be no point in histing or describing them here For an excellent
recent summary of these the reader 1s referred to Race and Sanger’s
“Blood Groups m Man,” previously cited

Most of the series of blood groups and blood types so far analyzed are
inberited independently of the others lLnkage has been demonstrated
between two series known as Lewis, and Lutheran

Hemolytic Jaundice

Jaundice is an abnormal condition in which there 1s a visible aceumula-
tion of the yellowssh bile pigment in the skin and whites of the eyes It1s
sometimes the result of an obstruction of the bile duct by gallstones or
mfections, so that the dammed-up bile 1s forced mto the blood.

In hemolytic jaundice, as the name indicates, there 1s an sive de-
struction of the red corpuscles, leading to anemia The }{emoglobnn thus
released is in part converted into bile pigment by the liver '1:he blood
Picks up the pigment, carries it over the body, and deposits it in certam
tissues In hemolytic jaundice the spleen, which may become enlarged,
13 the site of corpuscle destruction The removal of the spleen by opera-
tion has frequently produced good results

Among “;15 ear[;’ :ymptomsgthat can be detected in the laboratory n;g
microcytoss (abnormally small red blood cells), retreulocytosis (increas
number of reticulocytes, red blood cells with a network ln.dlcﬂllng im-
maturity of cells), and inereased fragility of red COFP“S?IC§ in hypotonic
salt solution, Pedigrees show that hemolytic jaundice is inherited as
domunant, with great variability in its epression
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Nosebleed with Blood Cysts (Telangiectasia)

According to Cockayne, the first indication of the presence of this vas-
cular defect 1s repeated and serious noscbleed, which may begin in child-
hood, at puberty, or not till early adult Iife and which ofien becomes
more frequent and more severe as time passes In some individuals nose-
bleed is the only symptom, but in most cases this is followed by the de-
velopment of hard, red, warthke spots 1n the skin, especially about the
face and hands and on the lips, tongue, and nasal mucous membrane
These red spots, which usually vary in diameter from 2 to 10 mm , con-
sist of swollen blood vessels, caused by the lack of muscular and elastic
tissue 1n the walls of small arteries Hemorrhages often result from the
rupture of the swollen vessels, sometimes with fatal results Many pedi-
grees have been published, which indicate a clear-cut case of dominant
mheritance It 1s reported that estrogen, a female sex hormone, is a very
effective remedy (J. Heredety, July-August, 1952, p 192).

Varicose Veins and Hemorrhoids

Veins sometimes become greatly swollen, elongated, and tortuous in
their course and are then known as varicose veins, The superficial veins
of the legs are most often affected Varicose veins in the rectum are hnown
as hemorrhoids. Varicose veins in the legs scem to result from defective
valves, which normally prevent the backward flow of blood in the veins.
The veins in the rectum have no valves; consequently, hemorrhoids re-
sult merely from dilation.

The activities of the individual undoubtedly infl onset and sever-
ity of the symptoms Any occupation requiring heavy lifting, long hou.rs
of standing on the feet, or activity otherwise retardmg the circulation in
the legs throws an added stram upon the veins of the legs, thus favonng
development of varicose veins Childbearing is an important factor. Se‘d-
entary oceupations predispose to hemorrhoids. A hereditary factor is in-
dicated, however, by the tendency for hemorrhoids and varicose veins to
run strongly in families and by the fact that varicose veins are always
concordant in onc-egg twins ! Many persons subjected to all of the pre
disposing conditions never develop the defects; hence they probably lack
the hereditary factor The tendency to varicose veins is dominant.

Allergy
Allergy is the term used to denote the peculiar sensitivity Edlibill.‘d' by
certain persons to speatfic foods and foreign substances, usually P"’m“;:
In an individual who is naturally susceptible, an cxposure to the su!
\ Tage Kemp, Genetics and Disease,” Obver & Boyd, Ltd , Edinburgh and Londot:
1951,
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stance results in an antigen-antibody reaction This reaction expresses it
self in a varety of symptoms and conditions, such as eczema, hives,
asthma, and hay fever.

The capacity to become sensitized 1s mhented as an irregular domi-
nant, while early, severc allergy seems to require a double dose of the
gene Simcee sensitization depends upon exposure to a certain dosage of
the offending allergen, not everyone who bears the gene may develop the
symptoms There is high concordance of allergic reactions in tdentieal
twins, but not perfect concordance with respect to the specific substance
to which they react. In some pedigrees the affected individuals are sll
allergic to the same substances and develop the same symptoms, while in
other pedigrees there 1s constderable vanation m these respects The age
at which allergy appears 1s variable

Resistance to Tuberculosts

There are many Iines of evidence v hich prove beyond reasonable doubt
that people differ 1n their natural or mhented resistance to various -
fections diseases. Some of these differences are correlated with racial dif-
ferences Thus the Negro 1s more resistant to searlet fever, measles, ery-
sipelas, malaria, yellow fever, and diphthena than the white man, but
less resistant to tuberculosis and pneumona ' In making such compars-
soms one must always be on guard to recogmize the other factor of resist-
ance, namely, the environment and general hiving conditrons, but when
people hving under practically 1dentical conditions show marked differ~
ences in their remstance to specific nfections, as 1s often the case, we can
only conclude that heredity probably 1s a factor An excellent exhaustive
study of racsal differences m suscepirbility to diseases 1s found 1 a book
by Dr, Julian Lewss, pathologist at the Universtty of C}ucngo:’

It 1s not possible at present to say how 1mportant such environmental
conditions as food, shelter, dust, and extent of exposure to the bacillus of
tuberculosts may he as compared wrth the natural resistance of the m-
dividual Nor can we give the number of genes volved or the exact mode
of mhentance What evidence exists seems to mdicate that hugh resist-
ance 1s domunant, and susceptibility is recessive i

Instructive on this point 1s a serres of controlled experiments on guinea
Pigs performed by Wright and Lewis® 1a which 412 ammals were Inocu-
lated with tuberculosis germs 1n order to discover how long they could
&‘ Samuel J Holmes, “The Negro's Struggle for ssn;m\nl. A Study in Human

e T oty of G P
Chicago, 1942 i

*Sewsll Wright and D. A. Lenis,
Tubersulosis, with Especial Regard to Inbre

88:20-50, 1921,

tors mn the Resistance of Gumen' Pigs to
g eding and Heredity, Am. Naturalist,
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survive the infection. Nearly half the animals were from five distinct and
homogeneous inbred lines, the rest were crossbred ammals There was
much variability 1n resistance within each mbred line; nevertheless a
striking difference was found among the inbred lines themselves, In vari-
ous crosses between mdividuals of two inbred lines, resistance proved to
be dominant over susceptibility, and in some cases the hybrids were even
more resistant than either parental hne. No attempt was made to esti-
mate the number of genes concerned n resistance and susceptibility to
tuberculosis

In man, Professor Raymond Pearl! published studies on the frequency
of tuberculesis 1 a total of 564 matings producing 2,480 offspring He
found that when both parents have tuberculosis the child is about 43
times as likely to have tuberculosis as when neither parent is affected.
With one parent affected the child 1s about 1.7 tumes as likely to have it
as when nerther parent 1s tuberculous One might naturally conclude
that these differences are the result of greater opportumties for infection
1n families with one parent or both infected, but Pear] concludes from hus
analysis that n the cases studied the differences in heredity are the only
factors which play a sigmificant role in the result Quoting from Pearl:

The regular merease m the offspring percentage ineidence as the amount of
parental tubercul seems 1mpossible of rational explanation on any
other basis than that of hereditary mnfluence Increasing chance of massive eon-
tact infection in the home cannot reasonably explamn it, in the opinion of climicians
shom we have consulted about these results. For plainly the chance of chimeal
tuberculosis resulting from such contact wfection when both parents are tuber-
culous is nothing Iike quantitatively double what 1t 13 when only one parent is
tubereulous, Yet the offspring mncidence in this case 19 more than double. Nor does
1t seem probable that a child with one parent m the home actively tuberculous 13
only 17 times as hikely to develop clmical tuberculosis as a child with no tuber-
culous parent The risk seems probably greater than this

Studies of the frequency of tuberculosis in twins—identical twins ver-
sus fraternal twins—also lead to the conclusion that heredity plays 4o
important role in the development of tuberculosis *2 According to studies
made by Kallmann,* the concordance of one-egg twins for pulmonary’

1R Pearl, On the Incidence of Tubcreulosis in the Offspring of Tubereulout
Parents, Z. Rassenkunde, 3:3, 1936 .

1Karl Dichl and O, F. v. Verschuer “Zwillingstuberkuloso I* (reviened in J-
Heredily, January, 1934), 1933; “Zwillingstuberkulose I1”* (reviewed i J Heredity,
Mareh, 1937), Gustay Fischer Verlagsburkhandlung, Jena, Germany, 1930 §

3 Ruth Price Paffer, “Famlial Susceptibility to Tubereulosis,” Harvand Uanersty
Press, Cambridge, Mass, 1911,

“Franz J Kallmann, “Ieredity 1 Health and Mental Disorder,
Company, Inc, New York, 1953

W, Norton &
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tuberculasis is about B5 per cent and for two-egg twins and stbs about
25 per cent,
EXCRETORY SYSTEM

A number of diseases and structural abnormalities of the kidneys have
been found to run in families Among these are vanious mfections of the
kidneys known s nephntis, in which a susceptibshity to the infectson ap-
pears to be dommnant.

Polycystic Kidney
A structural abnormahty known as polyeystie kidney, so called be-
cause of the presence of cavities sn the kidney tissue, 15 frequently met
with The condition causcs msufficient functiomng of the kudneys Ac-
carding to Gordon and Trasoff* it 1s found 1 ane case iz 500 ai post-
mortem examination. The authors state that the hereditary aspect of
polyeystic kidney has often been noted, and a famubiad history 1 of the
greaiest dhagnostic impartance In a famly studied by them & father who
died of chronic nephritis bad seven children, five with proven polycystie
Kidney diease. A brather of this father and one of the brother's daughters
also had polyeystic kidney disease This pedigree suggests a dommant
gene Congenital eystic kidney leading to death soon after birth 18 smd
1o be recessive.
ENDOCRINE GLANDS

Reforence has already been made to the part played by the endocnne
glands in such conditions as gigantism, dwarfism, hawr grosth, ete Ttis
probable that these glands are concerned as Lisks in the cham of develop-
ment of many other hereditary differences, although m only & few cascs
do se have the enid to blish the In the cases men-
‘i;’md belos, genes are known to control the functioning of endoenne
glands.

Diabetes Mellitus (Sugar Disbetes)

This serious form of diabetes 19 caused by a fatlure of the Enducn.ne
celis 1n the pancreas to secrete an adequate amount of the hormone in-
eubin, which is necessary for the metabolsm of sugar 1n the body Aikcc’ss
sugar therefore aceumulates 1n the blood and 15 excreted by the kidneys
There nre severe symptoms, mcluding toss of weight and strength, ex-
“‘533\0 thirst, and overactivity of the hidneys, lcadmgl; c‘::ccmany to coma
and death unless insulin 1s supplied from an external gourec.

Environmentat factors sucﬁpas sypulis, poisons, and overwcight ﬂhm
nportant 1m favonng the development of diabetes melfttus i those who

LG R. Gordon and Abroham Trasofl, Congenitat Folyeystic Eidney, with Tlepert

i 1112117,
‘;,33';! Oceursence m Seversl Mombers of One Family, Am. J. Med. Sci, $94:412-11%
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are susceptible. Sex is also a factor: the disease is more commen in
women than in men Racial background is also a factor.

There have been many investigations and long discussions as to its
mode of inheritance In a recent thorough study, Steinberg and Wilder!
analyzed the data gathered at the Mayo Clnic over a two-year period
by interviewing 1,981 consecutive patients who had the diagnosis of dia-
betes mellitus entered on their record for the first time during the current
visit The authors conclude that only the hypothesis of a simple reces-
sive gene ean explain their data They state that about 1 per cent of the
population of the United States have been diagnosed as diabetic. Natu-
rally, not all who show symptoms have been discovered. Another 4 per
cent are thought to carry the genes making them susceptible, and the
fact that some of these do not develop the disease is due to favorable en-
vironmental or genetic factors

Diabetes may affect children and adults of any age, with the average
age of onset in the late forties and the most dangerous period 1 the
fifties

If we accept 5 per cent as the frequency of the double-recessive geno-
type in the population, as suggested by Steinberg and Wilder, the ex-
pected frequency of the gene 1s +/5, or about 22 per cent.

In some families, however, diabetes melhtus seems to follow a domi-
nant pattern of inhentance As with certain other human traits, it is pos-
sible that several distinct genetie types exist

Diabetes Insipidus

Diabetes insipidus has been defined as “a rare chronic condition char-
ncterized by an mcreased thirst and the passage of large quantities of
urne of low speaific gravity It 1s due to a deficiency of pitressm, 8 hor-
mone produced by the posterior lobe of the pituitary gland which regu-
lates the water metabolism of the body, or to an rresponsiveness of the
kidney to this hormone.”? There is no sugar or albumin tn the urine, and
the disease usually does not scem to have any deleterious effect on the
general health or length of life It is an inconvenienee in that it neces~
sitates the frequent drinking of water and urination day and night. The
amount of water ingested and chminated vanes greatly, ranging from 4
to 35 quarts daily. The restriction of fluids is said to cause headache,
muscular pamns, fatigue, abnormally low temperature, and rapid pulse
The trouble usually appears in infancy or childheood and persists thro.ugh'
out life, In infants 1t may cause serious injury or death, if unrecogni

£ G, Steinberg and &' M Wilder, A Study of the Genetica of Disbetes Melltt
Am. J, Human Genet , 4:113-130, 1952,

2C. B. Pender and F C, Fraser, Dominant Inheritance of Diabetes Ins
Family Study, Pedialrics, 2:216-251, 1953,

s,
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Under hiving conditions where w ater 15 scaree, as 1 the desert, 1t might
be dangerous to the indavidual

Most cases are inherited as 2 typical domnant, and 1n these the Ssymp-
tams respond to the treatment with pitressin This hormone 1s necessary
for the reabsorption of water m the kidney tubules Pender and Fraser
studied  large pedigree covering six generations, meluding 40 dviduals
nho were probable victuns of the disease As required by theory, every
affected individual had an affected parent, and approuimately half of the
offspring of affected parents were affected These investigators regard an-
other type of diabotes msipidus, i which there 15 an actual defect of the
kidney tubules, as a sev-linked recessive This type 1s not affected by
pitressin

DIGESTIVE SYSTEM
Comparatn'ely few hereditary differences have been reported for the

digestive system, and m some of these the exact mechanism s still in
doubt
Constricted Stomach (Pyloric Stenosis)

This condition, which appears in mfancy, 1s eharactetized by violent
vomiting Thete 15 an abnormal contraction of the lower, or pyloric, end
of the stomach, which prevents the normal extt of food from the stomach
I not Properly treated, most affected persons die as infants One pedi-
gree has been reported in which a father and his son and daughter were
afflicted.! There seems to be evid, that 1t 15 mberited as a
The concordarnce m one-egg twins 1s very high Penetrance seems to pe
neatly complete in males, but much reduced in females Surgery 1s said
to be an effective cure in most cases

Ulcers

Ore factor in the development of uleers of the stomn‘ch and duode-
lum seems to e an excesstve secretion of hydrochlone acid T}.us causes
the self-digestion of an area of the stomach (usually n the pyloric region)
or fn the intestinal wall, resulting 1n the production of raw ulcers. The
uleers gre often difficult to heal and may become dang;erouf, ether by
Tas0n of the loss of blood they oceasion or because of infections fono‘l;'-
g the perforation of the wall of the affected organ The activity o-( the
"I:!Vous system seems to be a factor in the excessive secretion of hydro-
ehloric serd by the stomach. A )

Ing clmica’l’ st:dy in the Umted States, the evidence ml.hra]led that
Predisposition g0 peptic ulcer is hereditary, probably as a simple reces-

*E: J. Cautfeld, Farmutial Tneidence of Pyloric Stenosi, Am. J. Diseases Children,
NT06-708, 1904
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sive.! The author compared the familes of 255 ulcer patients with the
families of 400 patients having other diseases, finding that stomach ulcers
were almost five times as frequent in the former group as in the latter,
In this study the famaly was taken to indicate parents, brothers, and
sisters of the patient. From the frequency of uleers in the 255 familes it
was concluded that only about one-half of the persons genetically sus-
ceptible actually developed the disease Apparently, environmental fac-
tors necessary for the production of the symptoms were lacking in about
50 per cent of the cases

A study in England? led to the conclusion that hereditary factors are
of 1mportance in determining the development of peptic uleer The au-
thors found a strong tendency for sibs to develop ulcers in the same site.

REPRODUCTIVE SYSTEM

The reproductive system in man 1s subject to numerous individual
varintions as well as abnormalitics, some of which have been shown to
be hereditary. The tracing of family histories involving the reproductive
system 1s difficult because the system 1s different m the tno sexes, an
the natural tendency is toward 1 of any peculiarity. The case
of female ntersevuality, or pseudohermaphroditism, appears to rest in
part upon a hereditary basis This was referred to in Chap. 9 The tend-
ency to produce twins likewise runs in famikes. The hereditary basis of
twinning was considered in Chap 9

Hypospadias

Hypospadias is a developmental abnormality of the penisin which the
opening of the urethra is on the undersurface rather than at the end of
the penis The defect results from a farlure of the groove, which repre-
sents the urethra at one stage in embryonic development, to close over
normally and form 2 tube According to Dr. Lenz, about one male m
three hundred shows tluis malformation to o greater or less cxtent. In
certain families it has been traced through the male line for several g7
erations, behaving as a domnant, It tends to be irregular in its expres
sion, and many sporadic cases occur

CANCERS AND OTHER MALIGNANT TUMORS

The word cancer is derived from the Latin word for erab and rff‘;l:
to sny persisting and destructive (malignant) growth derived from £

3 13
tJulius Bauer, The Relation between Peptic Uleer and Cancer of the Foms®

from the Genetie Pomt of View, Rer Gastroenlerol , 7:21-21, 1919, s
#1t Doll and J. Buch, Hereditary Factors in Peptic Ulecr, Ann, Eugenict, 16¢
146, 1950,
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individual’s own cells The epithehal tissues include the outer skin, the
mucous membranes, which e cavities, and glands which develop as in-
growths of the skin or mucous membranes In medical hterature a cancer
arising from epithelial tissue is known as a carcinoma Most malignant
tumors of middle age and advanced years are of this type, less often such
tumors develop from cells of other tissues such as bone, cartilage, con-
nective trssue, muscle, and nerve cells When a malignant tumor develops
from nonepithehal cells, usually connectrve-tissue cells, 1t 1s known as a
sarcoma Dost cancers in persons under 24 are of this type

Mali tumors are d hed from 1 t growths such
as moles, warts, ete , by the fact that the latter grow for a time and then
spontaneously cease growth, while malignant tumors keep on growing
until eventually they invade the surrounding areas, causing the destruc-
tion of normal tissues and organs and finally death Malignant growths
have a strong tendency to release abnormal cells mto the blood vessels
or lymph channels to be earried over the body and set up secondary ma-~
hgnant growths This transfer from a primary focus to a distant one is
known as metastasis A cancer expert 1s able to diagnose a cancer prior
to the invasive and destructive phases by microscopical exammation ?f
the cells In cancer the cells show abnormal nuclei and atypieal mitotie
figures

The factors contributing to the ongin of malignant tumors are not yet
fully known, but it 1s certain that in many cases there are two sets of
factors, (1) the natural susceptibility of the wndividual and (2) some -
ating environmental agent It ts well established that persons differ in
their natural suscepttbility to cancer and that these differences are hcrc§<
ttary. It is probable, however, that cancer of some kind wmild develop in
almost everyone under the app 1 p P of
the skin to X rays and radium frequently causes skin cancer, and m the
early days before this danger was recognized and guarded aganst, many
doctors and Xeray workers fell victims to 1t In some industnes such as
clock and watch factores numerous workers in radium developed sarcoma
of the bones as a result of chronic radtum powoning Tar, soot,_lubncab
ing otls, and various products of coal tar in contact 'wnth the shin h:n'? a'
similar effect. It 15 reported that in certam chemical industries o mu)ur:]t)
of the workers who are repeatedly exposed to poisons s}xch as antline de-
velop cancer of the bladder There is good statistical evidence that heavy
smoking of cigarettes over s period of many years 1 an important fact;y(;
i:‘ cancer of the lung The list of carcinogenic environmental agents coul

¢ greatly extended.

e pr{'cne ‘manner in which such irntating agents comert 3 “°""‘3}

healthy cell into a malignant cell is not known. Tt was suggested as early
251914 by the famous biologist Theodor Boveri that malignancy results
from g change in the chromosome constitution of the cell, of such a na-
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¢
ture as to lead to uncontrolled multiplication of its descen fnts. The ab-
errant behavior of cancer cells makes the mutation them}g‘:m attractive
one, but the proof that the changes in the cells are nucléar rather than
cytoplasmic is still lacking Indirect evidence that canger may in some
cases be due to somatic mutation is the fact that numgtous carcinogenic
agents also induce mutations Among these are X rays, radium, ultra-
violet rays, and certain organic chemicals.

Malignant tumors affect all of the systems and gtgans of the human
body, although some parts are much more fre Zently affected than
others. The study of family pedigrees shows thfat cancers of specific
types run in families, in many of these there is ng doubt that heredity is
an mmportant factor The examples dlscusscql’ below belong to this
category |

Cancer of the Breast

Numerous investigations in this country and in Europe show that
breast cancer tends to run in families. These studies are cited in a re-
port from the Laboratory of Human Genetics, University of Utah'
Gardner and Stephens studied & Utah kindred, including 668 individuals.
Nine cases of breast cancer and four eases of breast tumor, three of nhich
were probably cancerous, were found n four generations. The authors
state that this is a frequency about twenty times that in the general pop-
ulation in Utah over the age of thirty Of females dying in Utah 1 1946
about one in 40 died of breast cancer. In this kindred one-half of the
deaths of mature females were due to breast cancer, and some of those
who died from other causes had breast cancer or breast tumor at the time
of death

The period of onset, duration of the disease, and clinjcal history are
reported to be similar among the members of a family. The authors cor-
clude that heredity 15 a predisposing factor for breast cancer, but they
offer no suggestton as to the mode of inheritance, They are continuig
their studies in the hope of solving this problem. They, as well a3 others,
emphasize the importance of frequent examinations for the early detee-
tion and treatment of breast cancer in families where the discase has 0¢
curred previously.

Xeroderma Pigmentosum

This hereditary abnormality is often discussed in works on diseases of

the shin, the name meamng pigmented dry skin. At birth, the skin is P~
parently normal. According to Cockayne, the first symptom, an abnor-

1E. J. Gardner and F T, Stephens, Breast Cancer in One Family Group, 4m. J-

Human Genet., 2:30-40, 1050
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mal avoidance of light, may be noticed dunng the first few weeks of hife
Reddening of the exposed skin of the face and hands, and of the whites
of the eyes, follows in succeeding months, usually before the thurd year
Freekles, which may even appear on the bp» and whites of the eyes, ac-
eompany or closely follow the reddemng The frechles grow larger, more
pumercus, and darker. Between the freckles are white sreas which un-
dergo degenerative changes, leading 1m most cases to the development of
eaneerous growths

There is no known cure, and death ardmarily results betseen ages 5
and 15 years, although in rare cases where the disease appears later and
progresses more slowly, hfe may be prolonged to the age of 40 Fortu-
nately the disease is rare; only a fen hundred cases have been reported

Keraderma pigmentosum 1s a strihing example of an wnhented condi-
ton which requires for 1ts expression the cooperation of a gene with an
environmentsl factor—in this case hght Cackayne states.

The dustribution of the pigmentation and other lestons corresponds closely
Rith the parts exposed to sunlight, the face and backs of the hands suffer most
the neck, the upper part of the chest, the forearmy and dorsal surfaves of the feet
e less severely affected, and only 1f the ebildren have been allawed to go out
with bare legs does the skin of the legs hecame greatly altered Lesions on the
cavered parts are relatively uncommon and usnally trifling

In some families brothers and ssters of children who have the disease
e heavily freckied, but are othersise normal It has been suggested that
this type of freckling (whach, unlike ordmary freckles, shows ne correla-
tion with red hair) indicates a person who 15 heterozygous for the gene of
*eroderma pigmentosurn. If this 1s true, the marnage of 10 such pessons
*43 stand a chance of one in four of producing afficted children, since
the numerqug pedigrecs clearly shon that the discase 18 recessive

Von Recklinghausen's Disease (Nevrofibromatosis)

This particatar type of tumor 15 usually whented as & dommant, al-
though 1n  few famulies some other explanation seems necessary Cock-
Ayne prves g lengihy ciscusston of the disease with numerous pcdxgr«»sh

The most common lesans are large pgmented spots in the sk, wit
®ulliple tumors of the skin and peripheral nerves. Less often the bram,
“mnal cord, and sympathetie nervous system become tumOr;n'xsé The‘mn-
mented spots may be present at birth, but the tumors usually do no ;:;,:
pc?ir until puberty or Iater The tumors frequently develop mto cane
and eause death

Other abnormalities such as mental defiency and defeets of the re-
Broductive system often accompany the tumors.
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Cancer of the Digestive Tract

Cancer of the digestive tract ranks first among fatal cancers, A sta-
tistical study! of cancer in Cook County, Illinms (which includes Chi-
cago), with a population at the time of about 4 million, showed that
5,480 deaths from cancer were reported among residents of the county.
Of these, cancer of the digestive tract accounted for 54.7 per cent in males
and 42.3 per cent in females Among the reasons for the high fatahty in
caneers of the digestive tract is the frequent delay in the discovery of
mternal cancers

Cancer of the stomach stands first as a cause of death from cancer in
men and third 1n women Its tendency to afflict certain famlies has long
been noted.

Cancers of the intestines, rectum, and anus taken together kill nearly as
many persons as cancer of the stomach. Cancer of the small intestine is
rare Cancer of the large intestine (colon and rectum) is frequent. A num-
ber of investigations have shown that cancer of the colon commonly de-
velops from bemign tumors known as polyps, growing on the lining of the
ntestine There 1s good evidence from pedigree studies that the tendency
to develop these polyps is inherited as a dominant. A recent investigation
of a family group of 45 individuals in Utah by Gardner and Stephens®
disclosed nine cases of cancer of the large intestine The distribution of
the cancers in this family confirmed the theory of dominant inheritance
of intestinal polyps as a predisposing factor for eancer.

Dr. Dukes,® Director of Research Laboratory, St Mark’s Hosputal,
Londen, has published a thorough study of 41 polyposis famulies. His e
sults, based upon many years of research, are in agreement with those of
Gardner and Stephens. He finds that age of onset of symptoms is about
20 years, rarely before 10 or after 40, and that cancer is most Ikely 1o
develop about 15 years after the onsct of symptoms of polyposis.

Among the 753 members in lus 41 families the number of cases of poly-
posis recorded so far has been 156 (77 males and 79 females). Of thes¢,
114 subsequently developed cancer of the rectum or colon (55 males and
59 females). The appearance of the polyposis is shown in Fig. 128, and 8
typical pedigree in Fig 129, 3

Periodical examination by the physician of members of such families
and surgical removal of polyps, or m extreme cases removal of the colon,
is recommended. Dr. Dukes states that surgical treatment has prolongl‘l

1. T. Dorn, ‘The Incidence of Cancer in Cook County, Iinois, 1937, U.S Pubhe
Health Repts , Reprint 2152, 55:628-650, 1910 .

1E. J. Gardner and F. E Stephens, Cancer of the Lower Digestive Tract in One
Family Group, Am. J. fluman Genet , 3:41-18, 1950

1 C. E. Dukes, Familial Intestinal Polyposis, Ann Eugenics, 17:1-29, 1952
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the lives of many patients who would otherwise have died of cancer, and
the general health of patients operated on in the premalignant phase has

been improved by treatment
Family 15

l )
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Figure 129. Pedigree of polyposis and cancer of the rectum
orcolon Blachened symbols, cancer; diagonally lined symbols,
polyposts, open symbols, unaffected, (From Dukes, dnn
Eugentes, 17:16, 1952)

Cancer of the Eye (Retinoblastoma)

This is a rare type of malgnant tumor that develops in the eyes of
infants and children up to about four years of age The discase is almost
always fatal unless irradtation or surgery is applied before the cancer has
spread beyond the eyeball Either one eye, or both, may be affected In
a recent comprehensive survey by Falls and Neel® in Michigan the fre-
quency of the disease was estimated at about one in each 20,288 live
births, covering the period between 1938 and 1947,

There have been numerous cases reported in which an affected person
has had a cancerous eye removed as a child and later has produced one
or more children who developed the same disease. This fact as well 8
other evidence indicates that the disease depends upon a dominant gene
Most affected children, however, do not have an affected parent or other
affected relative. In such cases the presence of the discase has been €%
plamned as due to new mutations or to lack of complete penctrance of !!W
gene—for some unknown reason the gene may have failed to express it-
self in the parent.

Falls and Neel state that persons surviving bilateral retinoblastoms,
and who as a result are blind, scldom have children, while those who sut
vive the unilateral disease reproduce at about the normal rate. They fin
that from 8.5 per cent to 21.7 per cent of reported cases are bilatersl

*H F. Falls and J V Neel, Genetics of Retincblastoms, Am. Med. dsec 472
Ophthalmol., 48:367-389, 1951.
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They estimate the rate of mutation to the defective gene at 2 3 per 100,000
and ealculate that as a result there 1s a slow increase of the frequency of
the disease in the population It 1s interesting to note that if no one who
had the discase produced children, the frequency of the disease would re-
main at double the mutation rate (the net rate of mutation to the abnor-
mal gene per chromosome per generation), provided it 1s due to a dom:-
nant autosomal gene

NERVOUS SYSTEM

In man the nervous system reaches a superlative degree of complexity.
Its functions are intricate and diverse, ranging from the detection of all
manner of stimul and the regulation of muscular and glandular activities
to the highest mental processes of the brain The great development of
that part of the brain concerned with consctous and voluntary activities
(cerebrum) constitutes man's chief claim to superionty over all other
forms of life,

Among individuals who are regarded as normal, the nervous system
shows great variability, and the normal grades downward by impercep-
tible stages into the abnormal Included 1n the latter category we find
a long list of variations consisting of defects and diseases of many sorts
Some of these exhibit marked physical signs and symptoms Others are
detectable at, present only from the abnormal behavior of affected indi-
viduals, although undoubtedly they rest on physical changes m the nerv-
o‘:! system, in the glands of internal secretton, or 1 other parts of the

y.

Let us first consider an ple of a normal hereditary d which
apparently has no adaptive sigmficance This will be followed by 2 de-
scription of a few of the best-known hereditary defects and dls?ases 9! the
nervous system Afterward will come a brief discussion of the inheritance
of apecial talents For further details and additional evamples the reader
is referred to the books and articles eted in the following pages

Tasters and Nontasters

In 1931 A. L Fox,! an American chemist, accidentally dnscmc.rcd that
Persons differ 1n a striking way m their abihty to taste 3 fynthinc chem-
ical compound known as phenylthiocarbamide (C:HaNsS). Most per-
sons find that erystals of the substance placed on the mn;;ucf gni
8 very bitter taste, while other persons get no taste Fox also uuhm
that his experimental subjects reacted in the same way to numerous other
thiocarbamides,

AL Fox, The Relationship betneen Chemical Comporition and Taste, Froc.
Nl Aead. Sei U S, 18:115-120, 1932
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Following up Fox’s discovery, L. H. Snyder' concluded from s
studies of parents and children in 100 families that the taste deficicncy
was nherited as a sigle recessive A. F. Blakeslee and M. R. Salmon?
m 1931 independently reached the same conclusion This rule seems to
hold in most cases, but some exceptions have been found which have not
been explained Blakeslee and Salmon found great variability in the
acuity of taste for phenylthiocarbamde among the tasters, ranging from
a sensitivity for solutions of 1 500,000 to those of 1:5,000, with the com-
monest threshold (lowest concentration at which the substance can be
detected) at about 1-80,000. They also found that persons ¢lassed as non-
tasters, based on their inability to taste the erystals, could detect a butter
taste 1n strong solutions of the substance, although some required a warm
saturated solution Nontasters, hike tasters, vary about their own most
common threshold. When the results of tests are plotted, 1t turns out
that there 15 a shight overlap of the curves of variability of threshold for
the tasters and the nontasters provided fair numbers are obtained This
1s well llustrated m & study 1 England by N. A Barnicot? (Fig 130). It
15 concluded that the double dose of recessive gene of the nontaster raises
the threshold for this group of substances to a very high level, while the
domunant gene of the taster conditions a low threshold, Other factors,
however, elther genetic or environmental m nature, cooperate to fix the
prease threshold. Among these other factors are age, sex, and race Sen-
sitivity to phenylthiocarbamide seems to decrease with age, and females
are shghtly more sensitive than males (Harris and Kalmus) *

The differences 1n the frequency of the recessive gene among the major
racial groups 1s well shown in Fig 130, 1n spite of the fact that the num-
bers are small Numerous studies by various mvestigators, tabulated by
Barnicot and by Gates,® show that for Caucasoids about 70 per cent may
be classed as tasters, and for African Negroids and Mongoloids about
95 per cent Mixedbloods are naturally mtermediate The published fig:
ures show marked variations among the subgroups within each of the
three major racial groups. A part of this vamability is probably due t0

dufferences 1 technique employed by different investigators and to {?\c
difficulty of obtaining reliable results from some peoples in a test requir
g a subjective response from the tested person. Harris and Kalmus

*L.H Snyder, Inbenited Taste Deficiency, Seience, 74:151-152, 1031

1A, F. Blakeslee and T. N Salmon, Genetics of Sensory Thresholds® Individual
Taste Reactions for Dufferent Substances, Proc Nal Acad Ser. U.S, 21.84-90, 1%

*N, A. Bamicot, Taste Defitency for Phenylthiourca in Afriean Negroes 8%
Chinese, Ann. Eugenics, 15:218-254, 1050

41 Marns and 11 Kalmus, The Measurement of Taste Senatrity o
thiourea (P T C.), Ann. Eugemcs, 15:24-31, 1939 . ow

" Reginsld Ruggles Gates, “Human Genetics,” The Macmillan Companys ¢
York, 1946.
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used & new technique which scems to overcome this last difficulty So
far as known this trait is a good example of a gene difference with no
adaptive value

The physiological basis for tius hereditary taste dafference 1s still un-
known, but its existence is highly interesting and important beeause 1t
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Figure 130, Taste thresholds for phenyltinourea in
Enghch males, African Negroes (71 males, 3 females),
and Chinese (55 males, 11 females) Concentration in
Solution 1, 1,300 mg, per litcr, succesavely reduced 50
Per cent at cach step to 032 mg_per hiter in Solution 13,
(From Barnicot, Ann Eugemcs, 15:252. 1930.)

demonstrates the possibility of human beings hiving 1n different sensory
worlds We know of many other respects in which individuals differ in
their sensory perceptions, including those of color, sound, and odors. It
55 highly probable that differences in taste—where taste is used in the
figurative sense to denote a decided preference for one thing over an-
Dther—ma,- often depend upon physical differences in the nervous sys-
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tem. The old saying that “regarding tastes there can be no argument”
thus appears to rest upon a sound biological basis.

Deafness

Deafness may result either from environmental or hereditary eauses
Babies are sometimes born deaf as a result of infection with syphilis or
rubella (German measles) acquired in utero from the mother. Children
are f ly rendered deaf by infections such as ingitis, infl
and scarlet fever Injuries sometimes cause deafness. Where deafness re-
sults from infection or mjury 1t is not transmitted to the offspring

Many cases of congemtal deafness and of deafness appearing in later
lfe are hereditary Heredutary congenutal deafness (duc to imperfect de-
velopment of the mternal ear) has been studied extensively. There 1s evi-
dence for two mdependent recessive mutations. Deafness develops if
either recessive gene 1s present in the homozygous state. In most cases
the deaf person has only one pair of these genes. If he should marry a
deaf partner who has the other pair of recessives, the children should all
have normal hearing They will, however, be heterozygous n both pairs
and thus likely to produce deaf children if they marry persons who are
heterozygous for either gene. Genetically, 1t 1s apparent that this caseIn
man is Iike the sweet pea case deseribed in Chap 6, where we found that
white flowers owe their lack of pigment to either one of two distinct re-
cessive mutations

Certain other types of hereditary deafness have their onset in middle
age. Among these arc auditory nerve atrophy and otosclerosis Atrophy of
the auditory nerve begins at about 40 and may progress for several years
until complete deafness results. It is apparently due to a dominant gené-
Otosclerosis 1s a type of progressive deafness having its onset at about 30;
the hearing gradually diminishes, but is not entirely lost Itis usual])'.“‘
companted by subjective buzzing or ringing in the ears The immediate
cause 13 an abnormal growth of bone about the ear bones of the middle
ear. In some famlies otosclerosis 1s inhented as a dommant.

Hereditary Muscular Atrophy

Under the above designation ten or more distinct diseases have been
described In some, the museles themselves scem to be primanly &H?C“‘d
In others, the seat of the trouble is in the nervous system, Destruction of
a cell body of a motor neuron 1n the brain or spinal cord, whether the
result of a gene, & virus infection like infantile paralysis, or a \mund:
leads to a degeneration of 1ts nerve fiber and the muscle cells suppled l?
the fiber. The different forms of muscular atrophy are distinguiohed it
part by the various muscle groups affected.
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Hereditary muscular atrophy usually involves a progressive wasting of
the muscles, so that the afficted person becomes steadily weaker until
finally he 15 helpless During this process the muscles may appear to in-
crease in size owing to the accumulation of fatty tissue The symptoms
become evident at different ages, varying from early ehildhood to middle
age according to the type of the disease Death may follow within a few
years of the onset of the symptoms

In the severer types muscular atrophy shows recessive nheritance, but
pedigrees of milder forms have frequently been published mdieating domi-
nance. A sex-linked recessive type known as progressiwe muscular dys-
trophy also has been deseribed 1n two recent papers ** Males only are
affected, and as very young children Death usually oceurs before 20
None of the affected reproduce

Hereditary Ataxia

The first symptoms of this disease point to defective muscular control
In the standing position the body sways, and with the eyes closed the
victim is not, able to stand at all The gait m walking resembles that of a
drunken person In the advanced stages the patient loses completely the
Poser of independent movement, becoming a helpless invahd The 1m-
mediate cause of these symptoms 1s s degeneration of the sensory neurons
10 the spinal ganglia, with the consequent loss of scnsations from the mus-
cles. The spinal cord, as well as the bram, may also be affected

A recessive type of the disease known as Friedreich's ataia 1s sad to
be comparatively common 1 certamn valleys m Switzerland where much
inbreeding has taken place

A milder form of ataxia in which the degeneration 1s centered 1n the
brain a3 well as the cord, and »hich 15 mhented as a dommnant, has been
Teported a number of times. One of the latest of these reports’1s & study
of & famly of 343 members covermg six generations, 1 which the disease
20peared as a dominant in 45 members The average age of onset was
265 years. The age of death of affccted persons averaged 39 6 years for
Men and 35 2 years for women In every case an affected person had an
affected parent.

Studies 1o Disorders of Muscle V' The Inhent-

'
F E Stephens and F, H. Tyler, b 10 33 Kindreds, dm J. Humen

z.m:e of Childhood Progressie Muscular Dystrop!
enet, 33111125, 1951. f
*4 C. Stephenson, Muscular Dystrophy in Northern Ireland 1 An Account o
the Condition 1n Fifty-one Famtlies, Ann. Eugenics, 18:50-9% 1, Pathologic, and
1. W, Schut, Hereditary Ataus, a Survey of Certam Cluical, Tatho faiy =07
Genetic Features with Linkage Data on Five Additionsl Hereditary Factors, Am. J.

Human Genet , 3:03-110, 1951,
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Paralysis Agitans (Parkinson's Disease)

In 1817, James Parkinson wrote “ An Essay on the Shaking Palsy,” in
which he described the symptoms of paralysis agitans as follows® “In-
voluntary tremulous motion, with lessened muscular poswer, in parts not
in pction and even when supported; with a propensity to bend the trunk
forwards, and to pass from a walking to a running pace: the senses and
intellect being uminjured ”* The symptoms vary greatly in severity among
individuals, and 1 the same person fluctuate with the emotional state,
tending to be exaggerated under stimuli that cause excitement Affected
persons may be of a naturally superior physical and mental capacity.
The mulder forms of the disease seem not to interfere serjously with per-
formance of mental work That part of the brain known as the extrapy-
ramudal system 1s the seat of the discase

Numerous studies of paralysis agitans were published during the nine-
teenth century. Smce 1900 there have been several mvestigations of .lts
genctic aspects Dominant heredity has been suggested. This c'(plunnl'wn
is confirmed from Sweden 1 a thorough study based upon the clinical
analysis of 262 cases ' Care was taken to exclude persons with tremors
due to arteniosclerosis and chrome halitis. M)ones estil the in-
adence of paralysis agitans in Sweden at about 1.6 per thousand among
mdividuals of 50 or over He found that the age of onsct varied between
7 and 81 years, with 52 as the average. The symptoms varied greatly.
Tremor was the most constant and in some cases the only symptom-
Mjones’ genetic analysis, based upon the study of pedigree charts,
strongly indicated dominant heredity, with lack of complete penetrance:
only about 60 per cent of persons carrying the gene developed the 11'15‘
ease. The factors that prevent the expression of the gene in the remain-
ing 40 per cent are unknown.

Epilepsy

Epilepsy (epilepsta, a seizure) is defined in *Blakiston's New Gould
Medtcal Dictionary” as follows:

A disorder of the central nervous rystem, charactenized by explosive ncxvl.z \;’1:
discharges and manifested by tranuent episodes of unconsciousness or ps¥¢ :’
dysfunction, nith or without Isi The disch or 5‘:’"””_‘
associated with a pronounced change 1n thie electric activity of the brain ¢
and the normal synchrony is disturbed by a dysthythmia.

symptoms, have
he brain of BY

Aeta Payehict

Several types, based upon particular complexes of
been described; some are accompanied by lesions in t

1 Ifenry Mjones, Paralysis Agitans: A Clinical snd Genetie Study,
el Nenrol., suppl. 54, 1919,
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mel:.kbolx'c disorders; in other types there 1s no apparent bramn damage,
.Em'lronmentnl and genetic factors are both important b eplepsy In-
Juries and tumors may lead to epilepsy. Where no specific lesion or brain

64
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brain damage

-

s Possible
incidence
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s
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=

Percentage epileptic

~
o

Figure 131, Tacidenc ilepsy among 20,000 near relatives of epilepties with
reference ¢o anf,ecedi:tr ;l:nl,f 3amazegnn(l age at onset of the seizures The
black barg Indieate patients without antecedent bram damage, and the hatched
13 those with evidence of such damage The stippled band near the .lm(togn
Tepresents draftees rejected (0 515 per cent) because of epilepay }lxiurmg «b le
First Woglg War, The waviness and spread of the band suggest the [M;sx: o
faceuracy of this figure (From Lennoz, J. Am Med, Assoc, tol, 146, 1951.)

disease and ng environmental factor can be blamed, the epilepsy is known
13 €ssential, or wdiopathic (idios, one’s own), or metabolic epilepsy. In this
type there s good evidence for heredity as a factor ] R .
Dr, Lennox t of Harvard Medical School and the Neurological Insti-
ute of the Ch;ldren’s Medieal Center, in Boston, and his colleagues have

ine, 4
*We G Lenngs, The Heredity of Epilepwy a3 Told by Relatiyes and Twins,
. Med. Ausoc , 148:529-536, 1051,
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studied the family histories of more than 4,000 epilepsy patients and their
20,000 near relatives The results show that near relatives of epileptics
are several times as likely to have the disease as are persons in the gen-
eral population (Fig 131) The difference between the relatives of pa-
tients and the gencral population n frequency of epilepsy is not nearly
so great where the patient shows brain damage before the onset of sei-
zures, some of these cases are due to environmental factors,

Bran
damaged

Brain damage
1

10% Yes

Damaged
N )
0 40 s e 0 8 %
Both epileptic-percentage
Figure 132. Percentage of twin pairs in which both co-twins have a history o
seizures, Black bars represent twins without evidence of brain damage priot to
the onset of serzures, and hatched bars those with such evidence. (From Lennot,
J. Am Med Assoc., vol 146, 1951)

‘The comparison of identical and fraternal twins is in agreement with
the study of relatives of epileptics (Fig 132) Concordance is very h"fh
among one-egg twins—about eight times that among two-egg twins 1
cases without evidence of prior brain damage. Not only are both mem-
bers of a pair of identical twins likely to be affected if one is affected, l}“'
the types of seizures also are much more likely to be the same than with
two-cgg twins,

In o later study! Lennox has expanded his studies to include 173
pairs subject to seizures, The results confirm those of the first 122 paIT
He finds that the degree of concordance in dizygotic twins points toa

\W. G. Lennox and D I, Jolty, Seizures, Bran Waves and Intelligence Tests of
Fpileptic Twins, Proc. Assoc Rescarch Nertous Mental Duseases, 1953, in Davend”
Hooker and Chirence C. Hare (eds ), “Geneties and the Inhentance of Integrat
Neurological and Paychiatnie Patterns,” The Willams & ‘Wilking Companys
more, 1934,

-
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simple recessive, but he does not rule out alternative genetic hypotheses
Penrose? found § patients among 210 1diopathie epileptics whose parents
were first cousins, a proportion high enough to make him suspect reces-
sive determination, In a trait of rather high frequency, like epilepsy, one
does not expect a great increase m percentage of consangmmity among
the parents of affected children

1n 1929 Berger in Germany discovered that the brain of a pormal per-
son at rest produces rhythmical electrical discharges With a measuning
mstrument known as an electroencephalograph, the discharges can be re-
corded on paper as wavy hnes (Fig 133) In about 90 per cent of idio-
pathic epilepsy the rhythm of the bram naves is abnormal Lennox and
his coworkers find that coneordance among 1dentical twins 15 61 per cent
dor all abnormalities compared to 7 per cent among fratemal twins He
coneludes that the striking likeness of bram-wate abnormalities m per-
son3 with the same heredity adds weight to the suggestion that bran-
wave dysthythmia may be the observable expression of the predisposi-
ton to selaures

From his twin studies Lennox finds that m the sbsence of bram dam-
age epilepsy does not affect mentality adversely Where there s evidence
of brain damage, however, the IQ of the affected twin s distinetly lower
Pegrose also finds little evidence that eplepsy in 1t<elf tends to cause
intellectual deterioration. Epilepsy 1s not nconsistent with great creative
ability, Among famous persons who have suffered from epilepsy are the
novelist Dostofevsky and the pamter Van Gogh As pomted out by Pen-
rose, some form of epileptic seizure 18 highly characteristie of mental de-
fectives. Nerther of these conditions, however, is the cause of the other,
both are the result of a common cause

Convulsive seizuses are found 1 other species of mammal !
tain strains of inbred mice are ghly susceptible to seizures upon stimu-
Iation with loud sounds, in Viennese white rabbits spontaneous convul-
=ons depend upon a recessive gene

s also’ cer-

Hunfington's Chorea

dance, a classieal deseription of which
in 1872 According to Penrose,® citing
denved from English imimgrants,

This i3 one form of St. Vitus's
Eas g]:ven by Huntington, of Oho,

fitchley, the disease was probably ’
and jn ea’rh’er times their affected sneestors and collaterals }suﬂ‘;r«tl F;czr
alties for supposed witcheraft. It develops usually dunng the l‘fsu:m
farties, although not infrequently at eartier or later ages ‘The estly symp-

f
* L. 8, Penrose, (Colchester Survey), A Chinical and Genctic S‘\ydy..f,( ‘fgwxsca« i
Meatal Defect, Med Research Council (Brit 3 Spec Rept Ser, & Steatiom, Ine , New
Liotel § Penose, “The Biology of Mentsl Defect,” Grane ’

York, 19,
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tom is persistent twitching of the head, hmbs, and trunk, which tends to
grow warse as time passes; mental deterioration commeonly, but not al-
ways, ensues The physical changes i the nervous system are bramm
atrophy with disappearance of nerve cells in the cerebrum

Many pedigrees have been collected m this country and m Europe
which clearly show that it 15 nhertted as a single domnant, the gene
passing from heterozygous parent to half of the children There 1s no
known preventive or cure Owing to the serousness of the disease and
the wide varability 1n age of onset, not only patients affiicted wath the
disease but also their seemingly healthy brothers, sisters, and chuldren
might well forego having children Unfortunately there seems to be no
rehiable way of :dentifying heterozygotes until symptoms develop

Feebleminded (Mental Deficiency)

Fecblemindedness 15 a condition of abnormally low intellectual capac-
ity exssting from birth or an early age, caused by abnormal development
of the brain or destruction or degeneration of bram cells It1snota single
biological entity There are many degrees of feeblemmdedness ranging
from idioey, m which the mental capacity 15 so low that the affficted 1n-
dvidual may not even be able to dress or feed himself, through stages of
Increasing capacity, finally shadmg tmperceptibly mto low-grade normal
mentality

The range of vanability 1 mental capacity 1 much greater than the
tange for physical differences such as height, head form, and werght
Based upon the seores made m standardized “ntelligence”” tests, it 1s
found that the population in general varies n accordance with the normal
Probability curve, By defimtion, an inteligence quotient (IQ)* of 100 15
the mean, About 50 per cent of the population have 1Q's between 90 and
110, with about 25 per cent below 90, and 25 per cent above 110 A very
Tes superior individuals attsin an 1Q of 180 or higher
; lindwiduals in the lower ranges of mtelligence are subdivided 23

oliows

80-90 Daull normal
70-80 Borderline
50-70 Morons
20-50 Imbectles
Below 20 Idwots

vhf,"‘e United States thoss with an 1Q, below 70 are clssed as fecble-
minded; in the British Islands, as mentally defective o
3 ) ;
The intelhgence score 1s based upon an average of several abilities :1
. ) s,
\h‘The 1Q 15 found by dividing the mental age, as indicated b‘zn;z;:gir?n :‘:‘ : ag{
1" Shronclogieal age and multiplying by 100 For esample, if 2 b
#4820 & chronologreal age of eight, his 1Q is 19§ X 100 = 12
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which the individual may show uncven development, while certain spe-
cial abiltties such as musteal, artistic, and mechanieal ability are not
tested at all. A low IQ sometimes accompames high proficiency along
one of these speaal lines

There is no general agreement as to what is meant by intelligence. The
so-called intelligence tests have usually aimed to test innate mental ca-
pacity rather than the knowledge acquired by experience, but 1t is recog-
nized that no test yet devised eiminates the latter factor. Moreover, 1t is

y - - - S = e

3 %)
Figure 134, Recessive microcephaly 1n a male 1diot, aged 32 Note the small skull
cap, with face, neck, and shoulders of normal size Head measurements* lengt
154 mm., breadth 117 mm , height 106 mm, cephalic jndex 0.76 Product of 8
marnage of first cousins, the pedigree 13 shown in Fig. 135, (From Penrose, “The
Biology of Mental Defect,” Grune & Stratton, Inc.)

an obvious fact that intelligence as measured by the ordinary tests is not
a single unit, but that many separate abilities cxst. The present task of
psychologists, in which a good beginning has been made, is to nnnl).'zt‘
intelligence nto these special abilities and to devise means of measurnng
each by itself, After this 1s done 1t may be possible to show how these
separate abilities are inherited. If we may judge from what we know pf
the inheritance of physical charactenstics, we may anticipate & certain
amount of independence among the mental abilities respectiag mode of
inhentance.

Microcephaly. The Jowest grades of the fecbleminded are usually ab-
normal physeally The “true microcephalics,” or *pinheads” (Fig 139,
constitute a distinctive type. The following brief deseription is based 09
Penrose’s book.' The microcephalic’s head js relatively long, wath reced

1 Penrose, op, cil,
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ing forehead and inwardly sfoping sides The low vertex 13 emphasized
by the large ears and relatively normal face The bram 1s very small,
sametimes weighing less than 1,600 g, n cantrast to a normal weight of
about 1,350 g, Post-mortem 10n shows a much Lified pattern
of the cortieal canvolutions; there may be no pathological lesions

The canse of the small head seems to be an arrest i the growth of the
brain, with resulting premature closing of the sutures of the bones of the
¢rantum, rather than the premature closing of the sutures as the primary
factor, Penrose ludes that “If an anthropot should find a skel-
eton of & microcephalic, he might well {ude that it had bel itoa

AR

Figure 135. Pedigree showing mucrocephalic 1dioey
(lackened symbols) m two males 1n a family of seven
The parents are first cousins The father of the micro-
cephalics suffered from paranowd psychosis at the age
of 41, The arrow indicates the mucrocephahe shown
1 Fig, 131. (Courtesy of Luonel S. Penrose.)

different species from Homo sapiens though closely related. It 1s remark-
able that g single gene can produce such a gross change, compatible with
Ife if not wth fertality.” .

The rest of the body, though dirarfed, 1s often well developed, with
Pelatwely normal musculature and sexual organs. Mierocephalics are usu-
ally active and fairly healthy. If well treated they are sud to be among
the happiest and most harmless of patients Those in institutions are usu-
m{of tow imbecile grade hed, indicating recessive inherit-

Dumerous pedigrees have been published, indi
ance. The p:ﬂpcntsg are usually normal, and, asn the pedigree from Pen-
o5 - N

Fi(}"lg. 135), lﬂthen Lﬁrst.cnjuslns. Although the majosity of fecble-
minded individuals probably owe their misfortune to heredity, cong.cmml
YPhilis or infection 1n utero with the protozoan Toroplasme or the "“'“E“S
of rubelia or equine halomyehtis are lly to bhme‘toll'cr
eavitonmenya) factors, such as birth injurics and various postnstal in-
fections, tay be the eause. In & given case it may be (hmvt‘dt or impos-
#1ble to determine the roles of hered 'y and env factors
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Amaurotic Idiocy

Amaurotic idiocy (amaurosts, blindness), of which several types have
been deseribed, 1s characterized by a progressive degeneration of the cen-
tral nervous system It differs markedly from other types of idiocy. The
disease 18 hereditary, and there 1s no known preventive or cure. The two
most common types are designated as infantile and juvenile, respectively,
n aceordance with the age of the patients.

In infantile amaurotic idiocy, according to Rosanoff, the following
symptoms are characteristic. The subjects seem normal and healthy at
birth, but at ages between four and eight months the discase becomes
manifest, The course is steadily progressive, and death usually ensues be-
fore the end of the second year of life. There is early impairment of vi-
sion, soon leading to blindness; a rapidly growing general muscular
weakness; frequently epileptiform convulsions; and gradual emaciation.
Post-mortem findings consist in very widespread and mighly characteristie
changes in the nerve-cell bodies throughout the central nervous systen,
cluding the spinal-root gangha Individual cells are distended with fatty
substance.

The disease is inhersted as o single recessive. A large percentage of the
cases arise from the intermarriage of relatives.

In jurenile amaurotic idiocy the child is normal until five to cight years
of age. The carly symptoms are a steady and rapid loss of vision, with
loss of facial expression At the end of a year or two the patient is able
merely to distingwsh intensities of light or to count objects at clost
range. A fairly rapid mental deterioration, accompanied by marlft’d
speech disturbances, sets in, along with loss of wision. Later, progresive
motor disturbances of posture and gmt appear Epileptic seizures ar
characteristic of itermediate stages There 18 finally extreme emaciation
with almost complete obliteration of mentalty. Death usually occurs be-
tween the ages of 14 and 22 years, .

The pathological changes in the nerve cells parafle] those in tPfe in-
fantile type: nevertheless the two diseases are considered a$ genetically
distinet The juvenile type is also inherited as a recessive. Cousit mar-
ringes are frequent among the parents of patients.

Schizophrenia (Dementia Praecox)
Schizophrenia (schizo, divided, phrenia, mind) is a term originated by
a German, E. Bleuler, to replace the older name, dementia praccoy, W™
to designate a certain type of mental disease which is said to affect frn':“
0.5 per cent to 1 per cent of the population and to account for more tha X
onc-half of all patients in mental hospitals and more than & quarte? °ffl_
patients in all hospitals in the United States. Bleuler’s rea<on for sugat
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ing the change in name is set forth i the following quotation from an
Englsh translation of 2 book hy Bleuler, as reported by Rosanoff

As the disease needs not progress as far as dementta and does not always ap-
pear praecocter, ie, durnng puberty or soon after, I prefer the name schizo-
phrenia. . , . This disease may come to a standstill at every stage and many of
1t symptoms may elear up very much or altogether, but if 1t progresses, 1t leads
toa dementia of a defimte character 1t 1s charactenzed by a specific hind of
alteration of thinhing and feeling, and of the relations with the outer world that
oceur pow here else

Lenz describes the disease and 1ts symptoms wm the following quoted
paragraphs

The trouble usually begins in the second or thurd decade of Lfe, but some-
times [ater, There are varous forms of the disorder, common to them all, how-
ever, 13 an extensive failure of the affective or of the voluntary life In most rases,
$o0, there is & more or less marked falure of the mtellectual povers

The patients are subject to purposeless mpulses and purposeless mhibitions
Trregular impulses to moverent may prove fatal, but 1n other cases there is an
irremediable hebetude [dullness] and a failure of will power, as we see In the
#everest form of the disease, which 1s known as catatonsa .

Persons suffering from a schizophreme tamt usually show shght mental
anomshes before the actual outbreak of the disease We note in them a certain
Blunting of the affective and voluntary life On the other hand, 1n the families to
whieh persons suffering from schizophrema belong, we can usually detect the
Presence of “schizoid” psychopaths, who may never become affected, and mdeed
usually do not become affected, with well-marked schizophrepia Most of the
persons who are commonly spaken of as “eccentric,” persons who are shy, un-
sociable, self-centered, reserved, cold, and devoid of & sense of humor, belong tg
thia eategory, The Bavarians have a way of sayng that some one 115 pIomng,
and the term applies aptly to these mnor degrees of schizophrenia A schizo-
Phrenie eondition may well be compared with spianing after the old style, the
Spinner bemg one who spends hour after hour twisting a thread, repesting 'h‘”
$ame movements over and over again and having no contact ®ith the outer worl!
Far the schizoid psychopaths who wrap themselves up 1n their own quabties, 2
Ompanson 4o  eaterpillar which nvests ttself 1n a cocoon of 1ts own spinnng
12y be reganded as apter still
. Several types of schizophrenia are d- hebephrenia, charac
ized by ung;pplained smiling and laughter, wtroversion, hallucinations,
and untidiness; catatonia, in which there is a Joss of the desn.e }D h{ﬂi]:;
™ove and 5 tendency to assume fixed postures, paranois, 9‘“2:5:"’ .

¥ delustons of persecution, leading often to violent and eriminal " 18t ‘t‘!’m

A,m‘"dmg to Rosanoff, no anatomical change has bc:cn f-ou.x: ! mmh—

YR of persons suffering with schazophrenia. Physiologically, it is p }

2ble that sehrzoph develops as a bolic disturbanee, smee, 88 has
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been discovered recently, the administration of repeated overdoses of
nsulin large enough to reduce the blood sugar to the pont of shock and
unconsclousness may remove the symptoms, especially if the treatment
15 begun 1n the eatly stages of the disease. Repeated electric shocks and
the administration of the drug metrazol have similar beneficial effects

As to the heredity of schizophrenta, Lenz luded from his review of
the extensive studies of famuly histories n Germany that in all cases
there 1s a basic hereditary predisposition This 1s the of present
students of the disease.

Dr FranzJ Kallmann,! now of the Department of Medical Geneties
of the New York State Psychiatrie Institute, has also described numerous
pedigrees of schizophrema, He thinks that the susceptibility to it is in-
herited as a recessive. Good evidence for heredity as a factor has been

TaBtE 25 ScurzopmreNia 1IN Twins®

. Number of pawrs l Percentage of concordance

N Year of -

analysis| 1, veotic | Monozygotie | Dizygotie | Monozygotic
Luxenburger 1930 60 21 33 66 6
Rosanoff 1934 101 41 100 670
Dssen-Méller 1941 24 7 167 714
Slater 1951 115 41 140 7 0
Kallmann 1952 685 268 M5 82

* From Kallmann

obtained from the study of twins Kallmann finds that among identical
twins, 1f one twin develops the disease the other does so 1n 86.2 per cent
of the cases, while only 14.5 per cent of fraternal twin patrs show con-
cordance His data and those from other investigators® are shonn for
companson 1 Table 25 Evidence for recessive inheritance is found
also 1n the excess of consanguineous marnages among the parents of
schizophrenics.

The fact that a considerable percentage of identical twins are no
cordant 1s important, 1t proves that the environment, either prenatal or
postnatal, may be the determining factor in a given pair. As to the n:'lmm
of these environmental factors Kallmann® states that “If one twin r™
mams completely free of schizophrenic symy or breaks down much
later than the affected co-twin (or shows a far more benign type of P%¥-

' Tranz J. Kallmaon, *Heredity 1 Health and Mental Disorder,” W, W. Norto?
& Company, New York, 1953

+ Eliot Slater with the assstance of James Shields, Psy chotie and Neurotic Il
in Twms, Weld Resrarch Councal (Brit) Spee Rept Ser, No 385, 1953

3F, J Kallmann, Applieability of Modern Genetie Concepts in the
of Schizophrenis, J. Heredity, 39:339-344, 1918

t con-

Incases

\fanagement
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chosis), there is always a difference between the twins in regard to phys-
1eal strength and body weight from early childhood These differences m
physique are consistently in favor of the more resistant twm ” In Kall-
mann’s cases the most frequent postnatal environmental factors favoring
the development of schizophrena were unusual physical or emotional
strains, pregnancy, acute nfections, and a drastic reducing diet The
maintenance of weight seems to be of great importance mn escaping schiz-
ophrenta and in recovery from it

There is some evidence that persons who are heterozygous are likely
to show certain abnormal symptoms, that 1s, they are of the “schrzoid
type ” Homozygotes who escape schizophrenia may also be of the schizod
type Judging from the rather high frequency of schizophrenta 1n the pop-
ulation the percentage of heterozygous carrers must be high

Manic-Depressive Psychosis
Rosanofi’s definition of this mental disease 1s as follows:

* -+ 2 group of constrtutional mental disorders mn which the disturbances are
primarly and mainly 1n the sphere of the emotions They are characterized by
#tacks of excitement, or depression, or of mixtures of the elements of both, each
#tack generally terminates mn recovery, but leaves behind a tendency toward
Tecurrence,

Kallmann’s definition m his book cited above differs shightly:

The escential diagnostic feature of the given classification was 1ts restnction to
cyelie eases which showed perodieity of acute, self-humited mood swings before
the fifth decade of Lfe and no prog or residual !
before or after such episodes

During the depressive, or melanchole, phase the sufferer often seri-
ously consrders ending his own Dife as a means of escape from his mental
Suffering, and not infrequently does so William Cowper, famous English
Poet of the eighteenth century, who suffered several attacks of the dis-
Otder, attempted to take lus own hfe and was saved only by an acadent.
Robery Mayer, great German physicist of the nineteenth century, dis-
Coverer of the law of the conservation of energy, who was a penodic vic-
tm of the disease, made a sinilar unsuccessful attempt. As ls.pro\'cd by
the cases mention;d, and by others that could be aited, the dnsensc’ does
10t spare those of superior mental ability Contrary to what m;")t per-
8ons supposc, however, there 1s no proof of a positive correlatton betw een
BeNius and insamity 1 R .

3 with srhlzopiremn, no evidence of pathological c}mrfgcs m ;]he ns;
es of the brain has been discovered. Some authors think that the roo

*E.M Fast, Insanity and Genuus, J. Heredity, 20:275-279, 1938
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of the trouble may be a disturbance in the endocrine glands of a suscep-
tible individual, brought on by some great loss or disappointment,

Many persons are subject to alternate moods of depression and elation
of a mild degree, some much more than others The point at which this
tendency ceases to be considered normal eannot be sharply defined

Manie-depressive psychoses are from one and ope-half to two times
as frequent 1n females as 1n males Kallmann reports that in contrast to
schizophrenia, manic-depressive psychosis much oftener affects persons
with a tendency to obesity and that several studies show about twe-
thirds of the cases are persons of the round-bodied (pyknik-endomorphic)
type. The first attack usually occurs between 20 and 50; in persons past
50 the chance of an attack steadily decreases Its frequency among
Europeans and Americans varies from about 0 4 per cent to 1 6 per cent
of the general population

As to the mode of mhentance of manic-depressive psychoses, pedigree
studies indieate dommance, with incomplete penetrance. Kallmann states
that nearly 60 per cent of cases come from matings of one normal and one
manic-depressive or cycloid parent, and that if unclassified persons are
omtted and cycloid persons added to the clearly mame-depresstve ¢ascs
the observed ratio of affected to unaffected sibs 1s 0 9:1, approximating
the ideal ratio of 1 1

The deficiency 1n cases 1s readily explainable if an environmental fac-
tor—which may not make its appearance—is necessary for the develop-
ment of the disease.

SPECIAL TALENTS

There are many special abilities, including mechanical ability, m!
ability, and abihty m other artistic lines, that are not measured b
ordinary “intelligence tests.” Rosanoff says®

usical

y the

Lintell

. Some chitdren
with musical
1 musesl

Not a few subjects, who have a med orevens

sess at the same time a high degree of mechanical ability
display a strong interest 1n music and seem to be specnlly gifted
talent. There does not appear to be a high degree of correlation betwee: N
abihity and general 1liy and quite ding musical ability has M‘
noted in subjects of med and even sub 1 intell on the D‘h"'hcm,' g
subjects of very superior intellizence have been known to be totally laching i
musical appreciation or ability.

Conversely, persons of high intelhigence and ively imaginations may 1,‘1:‘:"
cling-

well-developed powers of appreciation of music with little or no I8
tion toward or ability in mu=eal expression,

All that has been said of music probably could be said of other art .
lines—drawing, painting, and sculpture The relative independenee

jatie
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hvecnnr;i;l: r:.;l:n ﬂ':xs“},c aptitude apphes primanly, however, to the imta-
2 ponson ot mbng rg j2 .?sps o'f the arts, for there is no good evidence that
compoan o mal intelligence can become a great mventor, a great
manswex’ o great ]?amter. The statement attributed to Turner who,
o ¢ question as to what he used in mixmng hus pawnts, replied

% 38 probably true for il great creative artists

. Musical Ability

upﬁiu:;f:]f;;);}:z ’Sf far from bemg a Single umit, but depends at Jeast
sense of time o ﬁ'actors, (1) sense of pitch, (2) sense of loudness, (3)
tone or melod; r rhythm, (4} sense of harmony, (5) sense of sequence of
wmable Cﬂpac’ty ’ alrid (6) memory. These all exist as mdependently meas-
strong puwe‘ fes.! * A successful composer must have, in addition te these,
on paper ts of imagination and the ahility to put lus mental ereatrons
I :: g’; ei:l:)f the complex npature of muszcal talent, we should not expect
tor, how, ented n any simple way That heredity ts an mmportant fac-
ﬂhli]ty ?ver, is beyqnd dispute The early age at which special musieal
mm]-,_,a[o ten makes its and the p n of the urge to
stron, expression, frequently in the face of severe discouragements, is
o thg evidence of the hereditary factor The particular line of expression
Yo e talent and the degree of 1ts development depend, of course, to a
[Oll:g: extent upon the immediate oultural surroundings 2nd opportunities
tPression.
mMany pedigrees of musical families have been published, but since
nlfsxral talent probably depends upon the cooperation of several genes,
1 not surprismg that such pedigrees offer difficulties of interpretation
g‘]Mmdelian terms, One of the most noted of such pedigrees 1s that of
ZBach family (Fig 136), published by Mjoen * )
Pparently, little is known about the females the early generations
% the Bach pedigree, since they are not even indicated on the chart, &
strong tendency for ‘musicians to MALTY MUSICIANS, however, has lang
bve“' known to evist, and this may have played 8 part in the pilng up if
Musiea] ability in ché Bach family Bothof the waves of Johann Sebastiny
1¢h (1685-1750) were musical Bach and s first wife, Maria, Were g
d eousins, both having great-grandfather in common in the male i
From this marriage, 50 per cent of the children showed eminent mueic,/
ability. AW 19 of Bach’s children are indicated 88 more or less muses!
n Sebasfian Bach was the g 44 4

1435 interesting to note that Johar
g Grounds i the Paychology of Muae, per,,,

i

€‘Cl-:ﬂ L Seashore, New Vanta
7-320, 1936 7-

o, o , Scuence, 953117422, 1012
1l B, Seashore, Seicnee in Mosi® ‘sl Problem, Engenics Rev ol 31,0, ¢

.
Jon A Mjygen, Genjus as 8 Biolog
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member of a pair of identical twins, of whom Bach’s son wrote, “They
resembled one another so closely that even their wives could not tell
them apart. . . . In speech, in mood, in everything, they were alike In
music, too, you could not distinguish them, so like was their execution, so
Iike therr interpretation” (Lenz) Ths in itself 1s evidence of the part
played by heredity in musical ability.

Veit Bach .
{muller and baker)

Hans
(professional musician)

@

Johann § Anna

[EEEL [VET oV
® Musical @ tighly tatented @ Genus

Figure 136. Pedigree of the Bach fanuly through six generations, showing unusus)
musical talent. (After Myoen )

Mijben also gives a pedigree of the Mozart-von Weber fanuly and one
of the Backer-Lunde-Grondahl family, showing musical ability running
through several generations, although on a Jess grand scale than n }he
case of the Bachs From Ius studies of these and many other families,
Mjoen concludes in the following words:

The higher the average talent of the parents, the higher the average talent of

the children, In our matenal “very talented” parents have no «“yntalented”
children, and “untalented” parents no *very talented” children

Regarding the manner of inhentance of musical talent, Mjgen states
that his studies give little information.

Drawing, Painting, and Sculpture

Relatively little can be said about the inheritance of talent in 1}‘?
graphic and plastic arts Although inherited differences undoubtedly ";
ist, they have received much less attention than in the eas¢ of m\NO{
This is due in part to the much greater number of musiciang than
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artists in other Iines Tt 15 well known that the powers of diserimmation
with reference to calor, line, and form and their graphic representatron
depend to a certain extent upon innate capacity, although of course these
powers are hughly influenced by training The eustence of mborn dif-
ferences 1s borne out by observation of very young children m therr at-
'emp'ts to draw and paint Children who receive the same tramng m
drawing, painting, and sculpture contiue to differ markedly n their
ability in these arts.

Pedigree studies for the graphic and plastic arts seem to be very few
An early investigation by Francis Galton,! founder of the scientific study
of human heredity, disclosed that the famous Italian painter Titian
(1477-1576) had eight relatives who were good pamters

Mathematical Ability

Special aptitude in mathematics seems to be mherited, often mde-
pendently of ability 1n some other directions, such as ability in Literary

]

1 Jacques 2 Jean ?

3 Nicholas 4 Damel 5§ Jean 8 Nicholas

6. Jean 7. Jacqued

Figure 137. Pedigree of the Bernoulli famuly of mathe-
matietans (After Francts Galton) For explanation see
text

remarhable ability m raprd

#2d philosophical expression. Occasionally, s it
ty—makes i

;nffnm! caleulating—explainable largely as an nnate capaci!
€4 evident at an early age
g 'll:he Bernoulls family of Swiss mathematician:
ighteenth centuries is noteworthy for the number of 1ts members who
::de ',)l’lgina] contributions to mathematics According to Gnlto']' 'hg"m
“hre eight men in this famuly 1n three generations, as shown n Fig. lﬁ:»
? 0 possessed special mathematieal ability Fir e hecame members of the
nmnch Academy. One was early destined for the chureh and .two for bust-
e, but they left these occupations to become mathematieians
» F})llo\nng Galton’s account, the characteristies of the indnvidualsin the
Eree are summarized briefly as follows
L. Jacques Farly destined :’or the church. Accidentally became ac-
*Prancis Galton, « Horeditary Gentus, The Macmillan Compasy, New York, 1869

s of the seventeenth and
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quainted with mathematies. Slow but sure A mathematician of the high-
est order 1n originality and power. Member French Academy.

2 Jean. Destied for commerce, but left it for science and chemistry.
French Academy.

8. Nicholas A great mathematical genius.

4. Dantel. Physician, botanist, anatomist, writer on hydrodynamics;
very precoctous Obtamned ten prizes French Academy.

5. Jean Junsconsult, mathematician, and physicist. Obtained three
prizes of the Academy. Member French Academy. Destined for com-
merce but hated it Loved oratory.

6. Jean Astronomer, mathematician, and philosopher. Wrote many
works

7. Jacques Phystcian and mathematician Drowned at 30.

8. Nicholas Mathematician French Academy.

PROBLEMS

1. If marnages are at random with respect to the Rh factor, what s the chance that
a marriage of Caueasoids n the United States will be such that the chuld may suffer
from erythroblastosts”

2 What 1s the chance that a marriage of Negroes 1 the United States will be such
that a child may suffer from erythroblastosis? Assume random matings with respect
to the Rh factor

3. Make a list of normal human traits for which there 15 good evidence of Mendclan
heredity. (By normal differences we mean those which are not pathologies, that 1%
those that do not hand the imdividusl 1 his usual b

4 Suggest a reason for the fact that the most extreme types of heredatary defect
in man which are either congental or which develop n the first few years of bie, €&,
amaurotic 1diocy, are recessive, whereas equally serious defects, e g, Huntmgtons
chores, which usually develop 1n middle life, are often dommnant

5. Make a list of daptive or neutral d distingy
mankind (Consider traits Listed m previous chapters also )

6. Make a list of adaptive dufferences between the races of mankmd, ie, d
that fit therr to therr resp . ¢

7. Name, f possible, tno buman races 1n w hich there 1s no overlapping with reePec
to some physieal trait designated by you. { the

8. What is the fallacy m the followmng statement. Roughly three-fourths © FH7
population of the United States are tasters of phenylthioearbamide [ fact]; ther®
the abiity to taste this substaner 15 domnant

9. Why is it eepeenally difficult to prove genetic differences in behavioral
man?

hing the rsces of

ferences

trats in
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IMPROVEMENT OF THE HUMAN
SPECIES {EUGENICS)

In the .
man hag 1:%":{:". on Heredity and Evolution ne expressed the view that
ieal future ‘:Il-h-m his power to determine to a large extent his own bolog-
scious gual‘ s concluszon implies first of all that man shall have a con-
g one H:r ideal for his own spectes The goal of course may be a shft-
Homo aapiP::e}“ ¢, 28 2 matter of fact, any common bological ideals for

IDEALS

enf;i:t;::},:‘y all people will agree that mankind, in the mass, 15 at pres-
1ot vmprove, perfect Both physically and mentally there 13 much room
the lineg of ment. Tt may be worth our while to attempt a statement of
Health AlmPPOV'Fment upon which most men would agree
i desired. N condition of mb'ust health, both physical and mental, surely
desitable e ﬁefv‘!ryone for himself and probably would be accepted as
may (hinkn{ or all mankind Adopting & broad defipition of health, we
Vironment '2; 3t as a state of nell-being, adaptation, of fitness to the en-
and enpgy § ood health thus implies the possession of .suﬂicxent strength
ment of ﬁay or the performance of all desirable activities and the attan-
nesees, or dl"bmcss. It’mcnns freedom from all hereditary defects, weah-
Ehartg’n . iscases which impair efficieney, prevent happiness, of \.mduly
the true :e— Under the term health one should mclude beauty, since in
al siz: sense beauty is a by-product of good health. Superlative phys-
neteesy and strc.ngth ‘as universal human attributes are no longer either
aste 1y or desirable, In modern times, with the rapid achievement ofa
brst ‘l'y over the forces of nature, mere s1z€ and strength have yielded
'MSI?CE to mental ability.

Mﬁgen‘g!":e. However much we may dif
one of :;:: few will deny that the ability to
et of ‘e most adaptive qualties in man.
cumin all h‘mls. that sets man above every ot

g that a high degree of intelligence i3 In

28;

er in our appreciation of in~
think and reason straight 1s
This ability is obviously the
her rpecies. Without pre-
dispensable to indis idual
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happiness, we could agree perhaps that the kind of happiness of which
only the inteligent are capable 1s most to be desired A reasonably high
level of intelligence i the average man, plus supenor ability in numerous
individuals, 1s essential for the maintenance of a lngh state of eivihzation.
Variability. No one who has given thought to the subject will contend
that mankind would be more successful and happy if all indivadual differ-
ences were eliminated On the contrary, many advantages can be traced
to the eusting vanabiity among human beings. The striking develop-
ment of eivilization in recent centuries has been possible only through a
remarkable multipheation of specialized oc i Asa
the need for special talents 1s greater than ever before If all people were
cast 1n the same mold, human culture would suffer greatly. The popular
expression that 1t takes all kinds of people to make a world rests upon
sound biologieal principles That special talents have a strong hereditary
basis has been indicated in the discussion of human heredity in Chap 16
In order to promote the general welfare, the state should encourage the
multiplication of talented individuals

Moral Character. In the preceding editions of this book ethical, or
moral, charaeter was not specifically mentioned as one of the character-
1sties that most men would accept as an ideal for our species. This did not
mean that the writer regarded moral character as secondary or &s not
subject to improvement Rather, it was assumed that the improvement
in intelligence would naturelly promote the improvement in moral char-
acter This assumption was based 1n part upon the results of many psy-
chologteal studies in the United States and the British Isles which have
shown a postive correlation between ntelligence and moral character-
However, let us now ider specifically for a t 1mprovement in
the moral character of mankind.

The word moral has been given various shades of meaning. It will here
be used to mean those qualities of the individual that express thcmSPI}'”’
by word or deed in all ways that tend to promote the good of the species
Consistent moral behavior grows out of sympathy, or fellow fecling. {n 8
species with a history such as ours moral behavior can hardly exist with-
out this friendly emotion. Given the feeling of satisfaction that comes
from domng what 1s good for one’s fellow men and the intelligence t0 know
what 15 good for them, the genetic improvement of mankind would seem
to follow of necessity.

Whether the progressive evolution of Homo sapiens is to be our -
preme end or ideal is a philosophical question that we need not now con-
sider. .\t our present stage of hnowledge of the universe we know ‘.’I no
other intelligent species on any other planet than our own. Ouf 'é'“{on'
rance, of course, is no evidence that intelligent and evolving beings ‘t
not exist on other planets somenhere in the universe. Whether of ol
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there ever m:isos the problem of o conflict of loyalties between a love of
Our ownl species aud a, desire o promote the progress of ey olution wherever

may be operating in the universe cannot now be told To the writer
there is no apparent conflict between unlimited loyalty to man and loy-

ty to A0y supreme design or designer that one may discover 1 the un-
verse. This of eourse is only the expression of the conviction that the
evalutionary progress of mankind is o part of any desyn thae may exist,
If the f poing ises are pied, the conelusion seems to follow
‘Elat mora} character hased upon intelligence and fellow feeling 1s the
highest 1deal that we can have for man, beeause with such a character
man has the means for endless progress toward perfection.

RACIAL DIFFERENCES

So far, we have been speaking of mdividual differences without re.
gard ta race, The term racial dhfference 1s here used 1 the strot z00log-
eal sense to mean a heredutary difference that 1s characterstic of 2 Eroup
of {l\d\vxduals originn“y Occupying a particular geographieal region A
Tacial difference need not apply to all of the indivaduals withm the group,
nce by definition races are not reproductively 1solated from each other
wherever their ranges meet, cross-mating may take place, with the re-
sultant, ingling of genes Thff that develop dunng the hife of
the individug) ns the result of differences in environment or traiming are
10t trug racial differences Like one’s own language, such differences are
B0t raciaf in our present sense Unfortunately for elear thinking, the word
Tace f3 frequently used 1n o very different sense by people who speak of
the English race, the Insh race, the Jewish race, and 50 on, The differ-
£4ces among these and similar groups do hot meet the zoologies! test of
tace,

Beyond all doubt there are racial differences with respect to the abihty
t0 Iive gng thrive in particular environments The dark-skinned peoples
9 the tropical and subtropical zones, for example, are better fitted to
endure the strong sunlight of their natural habitat than are the white-
skinpeq peoples Consequently, wath respect to pigmentation, there 13 no
tommon ideal for ali kind Sumlar considerations apply to diff
In adaptation 1o the extremely cold chimates of the arctic regions or to
etremely high altitudes in the Andes and the Himalayas In these ev.
*eme conditions local tnbes have become specrally adapted to the cold
O to the rare atmosphere Many of the differences between races, hq“u
ver, such ag skull shape and facial fratures, are of no known ndapm:e
dgnifieance They add variety and intesest to hfe, and no good season js
#bparent for wishing them rhmim\tc«}. Dxﬂe'rcn(‘('a betneen races in suc}'x
important traits as health and intelfigence in 8o far as these are geneti-




390 ELEMENTS OF GENETICS

cally determined are probably relatively insignificant as compared with
the tremendous vanations 1n these respects within a race Measurements
of intelligence and special aptitudes have so far failed to bring out any
clear-cut hereditary racial differences, slthough the problem of devising
tests of innate abihity free from the plicating effects of envi tal
differences has not been solved It is therefore not justifiable to state
dogmatically, as some have done, that there arc no such differcnces
Whatever differcnces may exist in average and range could be demon-
strated only by careful statistical methods. It is certain that the applica-
tion of such methods will reveal great overlapping in the curves of vari-
ability, whatever they may turn out to be.

It seems clear that the points of ltkeness among races far outnumber
and outweigh their points of difference, The greatest progress for man-
kind as s whole, therefore, would seem at present to consist in the rais-
mg of the level of health, energy, and mntelligence within each race, rather
than the foreible supplanting of one race by another. This is especally
true m view of our ignorance regarding the gene make-up of the various
racial groups. In so far as we can apply to Homo sapiens the principles of
evolution discussed mm Chap 14 we may conclude that the continuation
of biological progress 1s best served by the retention of numerous raciat
stocks, each race being free to develop nlong its own lines, with oppor-
tunities for frequent interchange of 1deas and products and for periodic
mtermarnages The present partial 1solation of racial groups permits the
testing of various combinations of traits under a variety of conditions.
Migration and intermarnages afford opportunity for the emergence 0
new and favorable combinations of traits

METHODS OF IMPROVING MANKIND

Few subjects have aroused more controversy than the question of
methods for improving the genetic quality of mankind. Should we con-
centrate our efforts on the improvement of the environment, trusting
that the improvement of the species will naturally follow; or should our
sole concern be the grading up of hereditary capacities? In the dimcussion
that follows we shall attempt to show that both of these ideas should
enter into the formation of our policy and that the greatest progress wilt
come from a combination of the two.

Among the Lnglish-speaking peoples the science dealing with the ge-
netie improvement of mankind is known as cugenics, a word introdu!
by a famous English seientist, Francis Galton, in 1885; the term 13 de-
rived from the Greek eugenes, meaning “well born.” Galton's definition
is as follows: “ Eugenics is the science which deals wath all influences ! hat
improve the inborn qualities of a race; al<o with those that develop them
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to the utmost advantage.” As defined by Galton, eugenics obviously is a
science deriving its content and principles both from geneties and the
soctg] sciences An exeellent, short biography of Galton, with an account
of the development of eugenics in the British 1stands, has recently been
published by an eminent English physician, who for many years was
seeretary of the Eugemes Society founded by Galton *

Figure 138 Franos Galton, 1822-1911 (From Pearson,
“The Laje, Lelters and Labours of Francis Gallon,
Cambridge Unuwersity Press )

Restrictive Measures, Negative Eugenics. The apphcation of euger:c
Phesples, whether going under the name of eugenics or not, folloj\s o Ie
of tiyg lines, first, the disconragement of matmgs between mndividual :
representmg types considered undesirmble; and second, theA extcct\h—ng,ms
e of "matings between desirable types The first of these is known
Regative £ugenics; the second 1s known as positive eugenics oty s

L Yarrigge Restrictions Since ancient times organized 3‘}“;;:' op-
Bteq g aetive hand in determimmg the genetic constitution o p

N  Pre<s, Carn-
P. Blucker, “Lugenucs: Galton and After,” Harvard Uninersity Press

)
[
ker,

"0, Mess 1002
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ulation. Various tribal customs and laws tending to prevent the repro-
duction of specific types, or favoring reproduction among others, have
been extant at one time or another. We have referred already to such
laws 1n connection with cousin marnages (Chap 13). Today the marnage
of certain types of mental defectives, epileptics, habitual criminals, al-
coholics, nsane persons, and persons infected with venereal discase is
prohbited in many of our states

2 Segregation. The common practice of segregating mental defectives
and mentally discased persons in institutions obviously has an effect simi-
lar to laws preventing their marriage. Unfortunately, large numbers of
mental defectives are allowed therr unrestrained freedom, with the re-
sult that defective children are born to them. Criminal laws requiring
the impnisonment or execution of individuals whose conduct is destrue-
tive, incidentally, have similar selective effects, even though cugenic mo-
tives are not the primary ones in the enactment of eriminal lans

The effectiveness of 1solation of undesirables as a method of improving
the hereditary quality of the population depends, of course, upon the ex-
tent to which the undesirables owe their misfortune to heredity. In our
consideration of the problem of heredity and environment in Chap 11,
and heredity 1n man in Chap 16, 1t became clear, however, that heredity
is onc of the factors responsible for mental defect, mental discase, an
abnormal behavior Leading investigators are agreed on this point. In 8
very readable book, Dr. L S Penrose,! of University College, London,
has presented an excellent summary and analysis of the evidence.

3. Sterihization As an added means of preventing the reproduction of
undesirable or dysgenie types, a majority of our states, as well as s num-
ber of foreign countries, have legalized surgical sterilization The pre
senbed operation consists in tying off and severing the ducts that cor
duct the sperms and the eggs from the gonads In the male the eperatiot
is a simple one, done under a local anesthetic; in the female the ussl
procedure involves a major abdominal operation. The gonads themsehes
are not disturhed, and no part of the body, except a small section of the
sperm ducts or egg tubes, is removed; consequently sterilization has no
effect upon secondary sexual characters or sex impulses, in t
differing entirely from castration. In only a few states
legahized *

Stenlization laws have been enticized adversely on several Em““‘f;’
and competent genetieists are not agreed as to their desirability. AS! :
from the objection to them by many persons on rehigious grounds,
Ine, Nev

hese respects
js castration

t Lionel 8 Penrose, “The Biology of Mcntal Defect,” Grune & Stratton,
York, 1919,

+1, E. Hughes, Engenic Sterilization in the United States; A Comparative
of Statutes and Ressow of Court Decisions, Iublic Health Repts, U.S , Suppl: 0%

Fummar’
1910
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point has been made that their enforcement constitutes a violation of per-
sonal hberly; that they are subject to danger of grave abuse, and that,
after all, the objectrves sought may be accomplished just as effectively
by s ion during the reproductive years There 1s undoubtediy n
most persons o natural and well-founded repugnance to the plaeing of
hands upon the person of anather, against the other's will, even though
such action is earried out under sanction of law From the humane pomnt
of view, the burden of proof as to the desirability of stenlization, there-
fore, would scerm to rest upon the advoeates of the measure It should be
emphasized that in our country stenlzstion operations are done ordi-
ranly only with the consent of the patient or, n case he 15 mentally m-
tompetent, of his guardian. Frequently, however, the alternative 15 con-
tiaved confinement in an institution

Soclety undoubtedly has the night as a matter of self-defense to pre-
vent the inerease i numbers of grossly defretive types which would
éther become & burden on the state or » menace ta others To gave the
dividual tus chaice of confinement or sterfization may, m certain eases,
? mare humane than to require im to remain w confinement In the
United States the tegal grounds for stenhization usually are restricted to
mentaj disease, mental deficiency, epilepsy, and hastual enmimahty,
Sherens in some foreign countries steraation is prescnibed 1 cases of
€053 physical defeet or where the probability of transmission of such
Tental or physical abnormality 3s great, In many of our states the law
ba3 become slmost a dead letter.

ror o 1950 there were 50,707 cases of stenhzation n(ﬁvfu“)i reporte
Tom all the states, of which 39 per cent were carsied out in Lnl‘urornm
I 1915 California Jed the states with 381 stenlzations; North Carolina
ame next with 249; then in order Virmnia, 215, Georgia, 167, and Towa,
165 Mentat deficiency was the cluef reason for 916 of the operations,
Dsychosis for 477, and other causes for 77.7 |

Genstic Variables. The effectiveness of marriage rostrictions, segrega-
tion, and sterihzation as eugeric measures depends apon several \'nm;j
bley: {1y upon the manner in which the undesizable trat W whenited ;
() wpon the frequeney of the gene or genes concerned i the population;
) wpon the age at which the trait makes s AppeaTANCSS mnl. ) up;m
the exteny, 40 which the enviroument may prevent the "\l'""'“""u"' ! ":
2 Furst, 15 10 mode of mbesitanee, det i eousder the fulloving
Possibilytreq-

1 The trait 15 due to  dominant gone .
The trait is due to a gene withont domiun
ate),

cported

e (heteroaygote intee
e,

0w
K, U. 3 Gamble, A Progrens Note on |
dexienl News, vol 33, 1950

sagenle Steritieation i the Uaited Ftates,
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3. The trait is due to a sex-linked recessive gene.

4. The trait is due to an autosomal recessive gene.

5. The trait is due to two or more dominant genes, two or more reccs-
sive genes, or to some combination of these.

The easiest trait to weed out of the population is the one due to a sin-
gle dominant gene or to & gene 1 which domunance is lacking The pre-
vention of reproduction of all affected individuals, that is, those showing
the trait and those recognizable as carriers, in a single generation will
eliminate the gene from the population, provided it is a trait that always
develops before sexual maturity and provided the gene is one that always
expresses itself. New mutations to the same allele will, of course, prob-
ably occur The frequency of the trait m the population thereafter will
be determined by the frequency of mutation Since everyone carries 8
parr of genes at each locus in his chromosomes (excepting the sex chromo-
somes in males), the merdence of the trait will continue at double the
mutation rate for the gametes, For example, 1f the rate of mutation toa
particular allele of a gene 13 one in 50,000, the frequency of the dominant
trait will be one 1n 25,000.

In the case of lghly deleterious dominant traits that develop before
the reproductive age is reached, most affected persons will represent new
mutations Natural selection will keep such traits at o low frequency
without the application of eugenic measures

With dominant traits that develop during or after the age of reproduc-
tion, as with Huntington’s chorca (Chap. 16), the reduction of the trait
will proceed more slowly. In a grave and fatal discase of this type the
brothers and sisters, as well as the children, of affected persons \\‘?Uld be
wise to refrain from becoming Pparents, since their chanee of carrying the
gene is 50 per cent.

The second eastest type of trait to deplete in the population is the ser-
Iinled recesswe. Simce males have only one X chromosome while females
have two, approuimately a third of all sex-linked genes in the POP“’.‘“'O"
at any one time are present in males and two-thirds are present it e
males Furthermore, in males the effect of a sex-hnked gene is ”l‘f“?
manifest, since there 1s lacking any normal counteracting allele (T}{‘S o
course assumes that the sex-linked gene is not suppressed by the cnviron-
ment or other genes.) The isolation or stenlization of all al
will, therefore, eliminate one-third of the defective genes in 8 single KCI“:
eration. If fike treatment 15 applied to both males and females, the or; J
remaining genes will be those carried in the heterozygous ccndnlmndz
females. In the succeeding generation, due to the mcchanisr? of sex N
termination, approximately half of these genes will be found in males i
this generation the prevention of mating of affected males, therefore, ‘m-
reduce the supply of the gene in question by one-half. Through 8 t:\ill
tinuation of the process the pereentage of persons showing the trait

flected males
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be cut 56 per cont i each generation; hence, m a fow generations it
will be reduced to the vanishing point, except for the occurrence of
mutations.

in case natyral selection against a sex-linked recessnve trait i severe,
8 in hemophilia (Chap. 14), the gene will never become very numerous
in the population.

Traits dye to autosomal recessive genes may be reduced m frequency
aly &t a much elower rate than dominants and sex-linked recessives
This conclusion follows from the fact that males as well a5 females may
be heterozypous for autosomal genes. The higher the frequeney of an
#ulosoma) recessive trait the more apidly 1t may be reduced by the re-
#trietive measures we are discussing I the trait 13 extremely rare, exist-
g 83y in the order of one in 20,000, as 1n the ease of albism, restrction
of affeeted individvals will have very httle cffect, beeause most affected
Persons are groduced in marriages of two heterozygotes In the case of
sbinism, of w5 sssume that the gene is distnbuted at random thraughout
the Population, about one person in 70 must be s carrier of the gene 1f
matings are af, random, the proportion of marsiages capable of producing
20 albing §5
1

67

! 1 in 1,900)
T_OX m(nnem 5

#the tecensive trail i3 lethal or f it 1 ! th frequency
of the trgyp will approvimate the rate of mutation.
© ehmination of traits that depend upon the cooperation of o or

More genes is the most difficult of all, Here even a dommant gepe may go
Urecognized since the trajt deyelops only 1 the presence of some com-
plemm(“y gene, The complexity of the genetic simati?n in such cases
by been considered in the dhscussion of the factor principle (Chap ’;)i

b traits that arc tnfluenced strongly hy emnizonment, & ell a9 ot
Eenes, e g Mmanio-depressive peycho-es and seluzophrenia, }hcrc! bl'! n!
addef diﬂiculty in applying restrietive measures Under 'nn}_x};s't;n (l,q
Begative eugenics fikely to be adopted, gencticafly defective individual
G ot ane reason or snothes escape the eymptoms are eorisin to vanire
detection, The most effective reduction of such traits xerms to requ

® 2dditional yge of positive measuses, particularly edueation.

Positive Eugenics, Among the measures which may well b:{ve the effect
of increusing the frequency of deairable traits are the follouing.

L Regulation of immigration

2 bsidizing gupenor individuals

3 ueation

;' $ fomotion of genetic rescarch ) L

m "
Lee “Slcbhsx‘;:;,:‘nocrh of theee briefly in the arder given.
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1. Immgration It 1s obvious that immigration is one of the factors
that may affect the frequency of particular genes in 2 population and
thus influence evolutionary changes Nations customarily regulate by law
the number and quality of their immigrants The reasons behind the
laws are usually based on a mixture of economic, cultural, and biologieal
motrves

The laws of the United States exclude entirely certain classes of im-
mugrants ncluding the feebleminded, insane, epileptics, narcotic-drug
addiets, chronic alcoholics, psychopathic personalities, and sex perverts,
persons afflicted with tubereulosis in any form, leprosy, or any dangerous
contagious disease; persons likely to become a public charge because of 2
physical defect, disease, or disability; persons who have been convieted
of a crtme mvolving moral turpitude, other than a purely political of-
fense, or who admit having committed acts constituting the essential ele-
ments of such a crime, also narcotic-law violators or i
narcotie drugs, polygamists, prostitutes, and procurers, illiterates (per-
sons over 16, physically capable of reading, who cannot read and under-
stand any language or dialect), anarchists and those who advocate
totalitanan-dictatorship forms of government or the overthrow of the
government by force and violence.

As we have seen in previous chapters, heredity is a factor in many of
these undesirable types. In many cases cultural and cconomic reasons can
also be given for their existence.

The United States immigration laws also place a limit on the number
of persons of any one nationahty who may be admitted annually Those
admitted cannot exceed a certain percentage (1§ of 1 per cent) of (l'xe
number of persons of the same ongm resident in the United States in
the year 1920 There are exceptions to this rule, limiting to 100 the num-
ber ad bl Uy from specified Asiatic and African countrics ﬂﬂ'd
areas The above quotas do not apply to countries in the Western Hemi-
sphere, except as regards persons who possess 50 per cent of more o
“Asiatic blood " For further details the reader 1s referred to 8 no.ntl‘l“h‘
nical summary of United States laws and regulations on immigffl"o"'

The quota provision is obyjously a conservative factor in that it favors
the immigration of racial types and cultural patterns already predomi-
nant i the population Regarding the wisdom of this part of the law
there 13 a lack of unanimity among citizens of the United States Gt'm:
eugenic reasons could be given for admitting immigrants who meet hig]
standards of health, intelligence, and moral character regardless of ns-
tional or racial ongins. N

2. Subsidizing the Fit. Little has been done in this country with the

1 Carol M. Crommcll, “A Guide to Admission to the United States. Immigrsti™t
Laws of the United Ftates,” 2d ed, Oceana Publications, New York, 1953,
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?;\Z;ﬁ‘:ll;’e?‘ of encouraging the{ rcp'md\lctmn of especially well-adapted
o for th “l_(‘“ly a fm)' organizations nre selected workers granted a
5o Do .: birth of c)n]fircn. According to Professor $ J Holmes, of
s countrsx s;hof Cahfomzu, one 40( the leading students of eugenics in
deen gs om:y’i (he proper distribution of allowances for the birth of chil-
promotion (:_ © most feasx})lc of all the methods ever advanced for the
coplish, O positive eugenics.t As an aliustration of what might be ac-
plished afong this line, he cites the following ease.

ixirP{ ‘;fif&tm?l?nnnes in the Baptist and Congregational churches recesve a

fimdg iy mz\n 1al aflow ance for each child, 5o that the financial burden of a large

Feots that “:n ::Iny £ases o greater than that of a small one This may explain the

oo oo © familiea of these missionaries are considernbly larger than those of

v 1Y minusters, and that the missionary birth rate has shown hitle dechine for
eral years,

Hﬂ’lv“icg:s CZuntry family allowances are granted to officers in the armed
Sergion filf;‘ the C({nst Guard, and in some cases 1n the Public Health
cers Th e S:.ﬂvahon Army makes family-allowance grants tf) its offi-
ad m“: Principle has been applied to teachers m a few publie schools
lty, cn Efsh Dn' the contrary, in some of our public school systems 2 pen-
”{&‘Ehlli?mng in loss of position or loss of salary, 1 sttached to the brrth
spetial In ‘."h" systems, for example i the Chicago public schools,
ahly Tgﬂtemx.t).' leaves are granted to women schoolteachers Presum-
law :;jlc brovisions a3 the exemption clause in the Fedeml.mcomejmv
‘N’Qtiog\“eg an ad_ded exemption for each efuld, 18 & step in the rx-ght
stmifar h' Unfpetmve scholarships m colleges and unsversities have a
s eneficial effect, since concern over the problem of prmfxdmg an
“"allon for the chaldren 18 one of the motives for volintary Jimitation
amily size,
m’f); Edu{alion. A knowledge of the fundamental p\‘ll\ﬂp.k's of genetics,
" special reference to human heredity, and an appreciation of desir-
V8 altitudes and jdeals undoubtediy affect the actions of young persons
g‘ﬂ\e thoice of mates From the point of view of the happiess of the in-
‘ "usl, a3 well g that of the welfaro of the stae, ne type of learning
% greater possibilities, Education ta the principles of heredity need not
* limited to the schools, but may bo earned ot through other agencies
“CF\xding the church, the theater, the populat press, the rmdia, and tele-
Sion, provided always that persons engaged in such cducational setivi-
8 2re thorgughily grounded wn the science of geneties.
3 fumny physician 13 1m0 A strategic position 1o aerve his ]\n(}t‘l}t‘! by
x[orming them in matters of heredity. Unfortunately, the training of

\;sﬂmud Jackson Holmes, *The Drigenis Predticament,” Tlarcourt, Brace and Com-
" Ine, Kew York, 1933,
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physteians n this field has lagged. The condition is being remedied to
some extent in progressive schools of medicine, but much still remains to
be done. A good course in genetics, with special reference to man, 15
highly desirable for all medical students.

The education of the people to the advantages of kecping family rec-
ords and consenting to autopsies, in all cases involving doubt as to cause
of death at least, will work for the best interest of the famuly and of the
state In this sphere as much as in any other, only knowledge of the truth
can make men free

4 Promotion of Genelic Rescarch. The basic principles of heredity re-
specting the distribution of the genes are now known. A good begmnning
has been made in the analysis of the roles of heredity and environment
in the development of characteristics m the organism. The mechanism of
the nhentance of many specific trats in man can be clearly stated If
the knowledge we now possess could be apphed intelligently to the -
provement of man, much progress might be made. However, genetics is
still o new scienee, and research 1s yielding and will continue to yield
large dividends for some time to come. The problem of the physiobglfﬂl
action of the genes is one of those now receiving intensive study. With
a more complete knowledge of the nature and action of the genes, the
possibilities of regulating their effects in the interests of the ndividuat
will be increased. The question of the nature of mutations and their pos
sible control is largely one for future research

Genetie research on plants and ammals is today receiving much sup-
port from the Federal and state governments and from privately endowed
institutions A few American institutions are making significant contribu-
tions to research designed directly for the genetic improvement of man-
kind, and the number 1s growing. Among these are the following:

The Amenican Genetic Association, pubhshers of The Journal of He-
redity, Washmgton, D C.; The Geneties Society of America; The Amer-
ican Society of Human Genetics, publishers of The American Jmf"lal o
Human Genetics, The American Eugenics Society, publishers of Eugenict
Quarterly; the Department of Genetics of the Carnegie Institution of

Washington, Cold Spring Harbor, Long Island, New York; The D“i’:
Institute for Human Genetics of the University of Minnesota; 1}"““’? .
Jackson Memorial Laboratory, Bar Harbor, Maine; the Hercdl‘ty Cl‘"}::
of the University of Michigan; the Laboratory of Human Genetics of t ¢
University of Utah; and the medical schools and departments of 209108
in a number of the leading universities.

Dircct support of eugenic rescarch by Federal and stat
would scem to fit the part of enlightened self-interest, sin
improvement of its citizens is of the highest advantage to

o governments
ce the genetic
the state.
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& Improvement of Environmental Conditions We think usually of eu-
genics as concerned with the impr t of the hereditary qual of
the people It should be emphasized once agam, however, that a char-
actenstic as such is not inherited; all that we inhent 1s the tendency to
develop certain characteristics under partrcular environmental conditions
Consequently, heredity has no meanimng apart from the environment

In any plan to increase the fitness of the orgamism, whether 1t be a
plant, 2 domesticated ammal, or man, due regard must be had to the en-
wronment in which the organism 1s to live If one 1s imterested, for ex-
ample, in the production of beef, or in the development of speed in 2
race horse, he places his ammals 1n the environment that he desires as
their permanent one. The food and care are the best he is able to devise
for the end in view. Selection then is made on the basis of performance
under the preseribed set of conditions. Tt would not show good judgment
Y spend one’s time breeding a strain of beef cattle or race horses able to
Survive on the poorest food or 1 the most polluted atmosphere or under
the greatest extremes of temperature, although by selection a stram could
be developed that would be superior to existing breeds in enduring any
¢ or perhaps all of these adverse conditions .

Obviously, we should look upon the improvement of man in & similar
beht Unless the environment is made as nearly optimum as POSS}’{Ie for
ol the people, we are not giving all of the genetically superior individuals
0 Opportunity to express themselves. The mabthty to survive under ex-
iremely adverse conditions does not necessarily mean the inability to
Sriive under modern civilization Many of the conditions endured by
“ur ancestors have now become artificial so far as we are concerned- we
donog, anticipate a return to them In any effort designed to improve the
“aptation of human beings we should be concerned primanly with the
Present and the future.
thA study of the principles of genetics leads one t

*® extreme environmentalist nor the extreme adv
¥ Justifieatson for his position. Both look at only

o believe that neither
ocate of heredity has
one side of the shield.

CONCLUSION . -

chfxCh of the highly desirable traits—vigorous
facter, and special talent—probably depends
e of these genes are dominant, some are recess:
Omm'ance. For the full expression of these traits
:{“ 18 necessary In view of the complex nature of
E[e"’FYEOUS constitution, we should expect to s€© -
eetive children produced by superior parents. New
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count for rome of these, hut the majonty are the result of regregation,
mdependent assortment, and recombination, Comierwely, and for similar
reasony, we khould not be surprised to tee many superior individuals pro-
dueed by medioere parents. Two average parents may each contribute
genes laching 1 the other to obtain a child of unusuat ability. The grest
pumber of persons of average alihty is an important factor in explans-
tion of the large number of supenor children produced by average par-
ents. Nevertheless, superior parents have a better chanee of producieg
superior chldren than do medioere or defective parents.

A steady merease i the number of children from the better-adapted
parents should result in a graduna! rise in the average quality of the popu-
lation Lvolution i nature 14 a slow process, The best we can hope forin
man 18 that application of cugenic measures will eause a slos but steady
improvement The problem 1s far more complex than the development
of a pure breed of domesticated ammal where complete control of mat-
ings 15 available ond where a umiform type 15 the goal Many generations
sill probably be necessary to bnng about a notable change in man. The
slowness of the process, howeser, need not discourage us if we but reeall
that man most certamly is near the beginning of his history. Before him
lies a future too vast for the mind to comprehend. Barring cosmic acci-
dents, there 13 apparent no good reason why man may not anticipate &
billion years of ife on earth, Who knows indeed but that man will proye
to be the one spectes able to avoid the extinction which 1n time overtakes
all species

It 13 1nconceivable that as time passes man will fail to apply to h:un-
self more and more the proved biological principles suited to his own im-
provement. As he improves himsell genetieally he will of course con-
stantly seck to make the environment more and more suitable to develop
the best that 15 1 him. If the logic in the foregoing pages is sound, the
concluston seems inescapable that our biological ideals for man are well
within the bounds of reason, assuming that we shall hayve the intellzgence,
the will, and the perser erance to apply the knowledge which investigators
have made avalable, and will contrmite to make available, in the days 0
come.

PROBLEMS

L. Mention some of the smethods tised m developing a pure breed of animsls tbt
are not direetly applieable to the smproyement of man I

2. List five practicable means of improving the hereditary constitution of & peoP'sy

3. List some of the lans, customs, and conditions in the United States which &7
to reduce the force of natural selection by faroring the reproduction of indrendusls
poorly adapted to take care of themselves and their children.

4. List some of the laws, customs, and condtions in the United States that 86188
selective ngencies by hindering the reproduction of idduals poorly adspt
take care of themsels e2 and their children,
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§ Mention seversl advantages m late marnsges with respect to the genetic wne
provement of mankind Mention several deadvantages m this respeet

6. Give several specific examples of hereditan «haracteristies i man whieh amw
sdsptive under a given set of primitive conditions but wWhich are either uselow o
dissdy under modern of exvilization

7 How do y ou aceount for the extremely great range of hereditary meatal eapaeity
eihin 8 race of people as compared wath the relatiiely smaller range cxisting ameny
the various races?

8. Grve several reasons why it 15 v ery dufficult to show macinl differences wath respect
to mentsl traits Does the difficulty 1n demenstrating such differences tean [
macul differences in mental capacity ewist? Dxplan

% Discuss the possibility of the final emergence of a smgle human ruee to replue
the several races now m exstence on earth, mentionmg factors now faveumg rueh &
thange a3 well as those tending to hinder 1t

10 List the advantages and the disadvantages that mught reanlt fram the changes
entioned m Problem 9
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DOMESTICATED PLANTS

‘The abolute dependence of civiized man upon domesticated plants
and animals for his hving tends to make us forget that at one stage in
human evolution our ancestors had no domesticated species at all, Man
was exclusively hunter and food gatherer for a much longer period of
time than he hns been herdsman and planter Domestication did not
come suddenly, nor in any one place. Slowly over the centuries, extending
back long hefore ustonie times, man learned to take under his own eare
s few of the plants and ammals around him wiich he found most pleas-
ing and uscful,

Esvery continent has contributed valuable domesticated species Tor s
number of reasons Asia leads in important contributions; but in the
modern world the place of engin is not of prime importance. L'nd‘l‘r
modern conditions of rapid communication and transportation, the fruits
of man’s labors in this field have become avalable to planters and
breeders all over the earth Wherever n domesticated plant or ammal
will thrive, there we are not surpnised to find it.

It was domestieated plants that Mendel used for the discovery of the
basic laws of heredity. Darwin set a high value on the study of domes-
tieated plants and animals for the solution of problems of cvolunon;f}le
first chapter in lus “The Origin of Species” dealt with this topic. .\x'ne
years after the publication of this classie he brought out as his next major
work, n two-volume treatise on “The Varintion of Animals and Plants
under Domestication ”” In it he condensed a wealth of information de-
rived from his exbaustive reading, wide observation, and extensive €%
periments with domesticated epecies The present writer wishes to recom-
mend this work because of its great intercst and value asa document 03
the history of domestication, It is here also that Darwin developed in
full his hypothesis of pangenesis, which he hoped would explain the m-
heritance of acquired characters. It is evident that he had not read Men-
del’s paper on peas Pangencsis and the inhentance of acquired charac
ters both proved to be illusions. h

Following the rediscovery of Mendel’s paper, at the beginning of the

402
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present century, domestication took a new and fruitful turn. Great eco-
nomie benefits have come from the application of the principles of mod-
€m genetics to domestieated plants and animals, as llustrated n the pro-
duction of hybrid corn The practical results of domestication have m
tum served to stimulate many new advances i genetic theory.

In this chapter we shall consider ten of the leading crop plants of the
world All have been studied more or less wntensively by geneticists, and
tumerous Mendelian characters have been found m each

WHEAT (Trticum)

Wheat originated in the Near East and the Mediterranean regions Tt
has become the leading crop plant of the world The genus Triicum 13
?lwxﬁed into numerous species Those commonly listed, grouped accord-
19g 0 the number of chromosomes, are as follows

Group 1 (7 pairs of chromosomes, diploidy)
7. boeotrcum {wild einkorn) (= acgrlopoides)
T monococeum (einkorn)
Group 2 (14 pairs of chromosomes, tetraploids)
T carthlicum (Persian wheat)
T. ducoceoides (wild emmer)
T, dicoceum {emmer)
T. durum (durum, or macaroni, wheat)
T orientale (Khorasan wheat)
Z. polonicum (Polish wheat)
- Pyramidale (cone wheat)
T timopheei (timopheevi)
G 7. turgidum (poulard, or rivet, wheat)
9P 3 (21 pairs of chromosomes, hexaploids)
T aestwum (common, or bread, wheat) (= vulgare)
T. compactum (club wheat)
T. macha (macha)
T. speltq {(spelt wheat)
T. sphaerococcum (short, or Indian dwarf, wheat)

i i h
;“ﬂmds produced by erossing diploids with members (;lf h;)t}:) i(;fs :‘ ;
farg Er[ &Toups are stenle. Hybnds between tetraploids and hexap!

&y fertile. Wheat is normally self-fertilizing N
V is el at
sk of the wheat grown in the United States 13 either com:::‘:h;t‘
Pl;\dumm There are many varictics of these, especially of c{omde)izm heat:
* varieties differ among themselves in one or more Mend

ol
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. deters Some of these characters that have been most thoroughly ana
% lzedm tetraploid and hexaploid wheats are as follows

Mendelian Characters in Wheat
Symbot Character
Annedness (bearded); in some erpsses hetedity eomplex
alhbino

black awng

black heads

branched Brads; in some temperatures and length of day, dommant
blue gram

resistance to bunt, (stinking smut)

Ompactness of head (cluh wheat)

elonpate glumes, a9 1n Polish wheat, mcomplete dominance
“arly maturing, in some crosses hybrid ntermediate

1got resistance

finty gram

hooded awn

Bastiness of glumes

hainness of leaf

a hainness of podeg

Botostio, hollow sty (3 separate genes, eumulatrve effect)

g Hessian fly resistancs

keel on plumes
¥ Lguleless
,‘L' feaf vust resistance (many genes)
’ Pb mildew registance
2
i g:n"m}‘ ‘m”:p"r—ahm rachis des 1n uppcr part of spike
BRBy ed krains (3 additive genes), white recessive
N anthocyanin in auricle of leaf sheath
g’ red toleaptily
14 red glumes
,a‘ red straw
A
g :r’?r:’i‘:trhhzm.of growth, n some erosses ;mhentance complex
, i y epherical
» :::‘:‘;:::ccum charaeter—short culms, compact spike, nearly epi
heads
& btem rust resistance (many different genes)
»
Virescent
)IY Waxy layer on stem and leaves
»

golden-colored plant
hers of 2 more-
I addition to the charactors istod Mw;\'cgt?lirco:zrle \ll)rtun gene differ-
Oregg rature (quantitative chu]mctongn:rloﬂw leull)', tall stra and thice
fuees. Some f these, such as lodging, ity worked with in
ftraw, arg co?nplex 1n their genetics, bence not 8o easily

bree 'ng and experiments.
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OATS (Arcna)

Oats are of Old World onigin About 18 species of the genus .{vena have
been desenibed, Grouped according te chromosome numbers the most
commonly mentioned species are-

Group 1 (7 pairs of chromosomes, diploids}
A breris (short oat)
A. nudibrevis (small-seeded, naked oat)
A. strigosa (sand oat)
A wrestur {desert onrt)
Group 2 (14 pairs of chromosomes, tetraploids)
A, abyssinica {Abyssinian ont)
4. barbata (slender oat)
Group 3 (21 paurs of chromosomes, hexaploids)
A, byzantina (cultivated red oat)
A. fatua (common wild oat)
A. nuda (naked, or hull-less, oat)
A. salira (common white, or northern, oat)
A. sterrlis (wild red, or animated, oat)

Crosses are easily made between species having the same chromosome
number Crosses between 14 nnd 28 ehromosome species produce fertile
sceds only when the 28-chr species furnishes the egg, Crosses
between 14 and 42 chromosome species rarely succeed and then Oﬂ‘l’)
when the 42-chromosome specics provides the egr Crosses betweet 28
and 42 chromosome specics are fertile with either parent as the pollen
producer The explanation of the infertile crosses is the abnormel bdl.ﬂ"‘
ior of the chromosomes during meiosis. Qats are normally sdf-f&‘rhhzmg:

Sampson states that the common cultivated ost (1. sativa) is generally
believed to have arisen from A. fatua. But he considers that 2 final deci
sion cannot yet be given on the origin of the hexaploid cultivated oats
Oats were grown i Europe from 2000 n.c. on
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. Cofiman has summarized the evidence from geneties, cytology, phys-
idlogy, and pathology for the origin of the common cultivated ozt
(4 sativa) a5 well a3 other cultivated oats in Amenca from the wild red
ot {d. sferilis).

Mendelian Characters in Qats

Symbol Character

4 atheulated (fatua) type of upper gram

4w awnless type; aw, strong d type (d plete)
;w. awnless types aws, weak d type (domi pl

black gram, 5, nonblack
< ;overed grain; ¢, hull-less grain (dommance incomplete)
warf

4 dwar

Dy deepgruy grain; dg, Yight-gray gram
72 fatuou type; Fa, normal (dominance meomplete)
€78y grain; g, white grain

S glabrous rachulla, gl, hawy rachilla

#  golden—yellow as seedhings, turming greemsh at matunty
% harrless at base of lower grain, Ha, short hars

L hyules present

L9 long-hawed glumes, Iy, glabrous glumes

fv'\ Jong hairs at base of Jower gram

»

P

2

Ronarticulated base of lower gram (domumance meomplete)
Pubescent back of the lower gram
pubescent base of upper gram
ted grain, r, nonred (yellow, white)
R resstance 16 crown rust
2 resistance to loose smut
B reistance to stem rust
™ resistance to stem rust
& resistance to covered smut
Sk shorthaired glumes, sh, glabrous glumes
Sz spreading pannicle, +p, side pannicle
¥a  waxy lomma (ncomplete dommance)
yellow geain; y, white
(Other characters, whick depend on w0 or mOre EeNes, ATe listed hy Matsuura.)
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BARLEY ({fordeum)

Barley, a cereal of Od World origin, is one of the widely grown crop
plants of temperate regions all over the earth. In the genus Hordeum
there are numerous speeies, with many subspecies and cultivated varie-
ties All domestieated speeies have seven pair of chromosomes; wld
speeies with 7, 14, or 21 pairs are hnown According to Smith, writing
m his excellent comprehensive roview of the cytology and geneties of
barley, 1t 18 the small number of chromo<omes and the large number of
clearly classifiable charneters that have made barley one of the six lead-
mg speetes of plants in the number of gene loer plotted on linkage maps

Barley 1 normally self-fertilizing, but oceasionally cross-fertilization
takes place naturally in growing fields. Some varieties (nahed) cross more
frequently than covered varieties Experimental eross-pollination, includ-
ing the crossing of different cultivated species, has been done by many
ivestigators Most of the hybrids are fully fertile. The number of Men-
delian characters that have been reported is unusually large.

Mendelion Characters in Barley!

(Roman numerals indteate hnkage Kroups.)
Symbol Character

a 1 alno seadling

at 1 albino seedling

ab 1 albino seedling

ay ¥ albino seedhing

a, VI alhino scedhing

au I albino seedling

aa VI albino scedling

a 11 albino seedhing

al I bgufeless

B 11 black lemma and earyopas

Be n gm) lemma and earyopsis

Jis 11 black lemma and earyopei
be branched ear (duplteate factors)

n IV bluc aleurone (complementary factor)
B2 III  blue aleurone (complementary factor)
br VII brachytic

bt II bnttle rachis

e curved peduncle

D dwarf (sterile)

da I dehizcent awn

e 1 elongated (anned) outer glume

2 fine-awned outer glume

Ea I early matunty (several factors)

or erectum base on grain (complementary factors)
er2 erectum base on grain (complementary factors)

tLargely after Smith, abridged
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DOMESTICATED PLANTS
Character

chlorina seedling

chlorina seedling

fragile stem

teeth on lemma

glaucous ear

glumes, hary

glossy seedling

grandpa

growth factors

glaucous sheath

high (tall)

Iagh (tall)

high (tall), modifying factor
1o Hel

susceptibility to H satiwum
susceptibility to H sativum

susceptibility to H satiwum

hairy rachiz

haury rachis

bairy leaf sheath

wnfertile intermedium

fertile intermediom

third factor for fectility of the latersl floret
complementary factors inhibitng red pericarp color
complementary factors inhibiting red pericarp color
hooded

Jong-awned

kernel weight (multiple factors)

lax spike

long basal internode

Tong chromosomes

Dght-green seedhng

hght-green seedling

length of awn

series of factors for awn length

long outer glume

lethal progeny (complementary factors) "
lateral spikelet appendage on lemma reduce
many-noded dwarf

susceptibility to ruldes

suseeptibility to rildew

susceptibility to mildew

male stenle

multiploid sporocytes

naked

orange lemma.

orange seedling

purple lemtms,

purple-vened lemma

susceptibility to Puccinia anomols

409
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Symbol Character
I 1 pubescence on outer glume

Pr I purple straw

n v rough awn

Rt I rough ann

ra ¥ rachilla short

1 nbhbon grass steeaked leaves)
Re YV red periearp

Rez 1 red peneurp

rin T rachis internodde number

rn2 IV rachis iternode pumber

Rs 1 red stem

n rattail sprhe

[l V. ehort rachills hairy

o s eptibihity to Fusarsum scab
Sh v aprng habst of growth

t VII  zusoptitulity to * gramenss trticr
tr I trpleanwned lemma

trd II  thind outer glume

tw I twedky

v unbranched sty les

uh st eptibality to § shilage Aardey
un VII gusceepubility to  strlago nnda
uz V1 senubenchy tic

v T mx-rowed

T 1 allele for defirens

e 1 two-roned

v 1 tno-ronel

w I wide glumes

Wh waxy bloom en head

Wh2 waxy bloom on head and stem
wi wide glume nhibitor

wi waxy bloom on leaves

We weakly (attached) spahelet

wz VII waxy endosperm

z xantha seedling

Ex VI xantha scedling

v T virescent seedhng

ve VI virescent scedling

z IV zoned leaf

References
Harlan, IL V', and M L Marti Droblems and Results in Barley Breeding, U5
Dept Agr Yearbook, pp 303-315, 1936. 55,
Smith, L.. Cytology and Geneties of Barley, Botan Reo , 17:1-51, 133-202, 255'3“;
1051 (More than 1,000 titles are listed 1a the bibliography of this comprehens!
paper )
INDIAN CORN (Zea mays) i
Indian corn, or maize, 1s & New World plant of very ancient °"€::
The great pre-Columbian civilizations of the Americas—Maya, Azte6
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Ines—rer,
fonf plan:]{;z“sded upon an agneulturp 1 which mawze was the chief
1€ Spadish explorers of the iate fifteenth century found the

9ot and Rreveg o i

ol mces\::‘ :is ,x:'ll;f: a very interesting diseussion of pod cotn a9 g pos-

e 13 e e cirn naked cora No single wild species ean be 1den.
O o mauze, although numerous evplorations have been
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Figure 140. The corhiest printed illus-
tration of the heterazygous form of pod
comn  Reproduced from Bomafours”
elassical monograph “ fistowre naturelle,
agricole et economique du Mads,” 1836
{Courtesy of Harvard Umwersity }

!m;‘:;e“'m} Ehe aim of discovering a wild maze The sexeral rival theores
seleegy onigin and evolution of mmze usually nvolve a combmation of
ting 1 and hybridization Foffowing the discovery of the American con-
Nt at the lose of the fiftoenth contury maize spread widely through.
Teady Urope, Asia, and Afnien; it is now & competitor of rice as the second
"8 eTop plant of the world, wherein wheat ranks first,
mag e Widespread cultivation and case of erossbreeding of corn have
P ® it the mest thoronghly analyzed of all plants from the penetica)
“ctm(' ‘ff View. In the latest comprehensive r}\tulo;:uc of Mendehan char.
A % in maize, commited by Weijer, spprovimntely 500 genes are listed
+ Are hag 19 pairs of chromosomes (Fig 42). Many of the 500 Rrenes have

a1
e assipned to particular chromosnmes; the Jocus for about 100 geney
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18 known—these loer are indicated by the numbers preeeding the gene
gymbols 1 the following bist of characters

Linkage Groups in Cornt

(Numbers i column at et indieate gene locs as determuned by
erossover pereentages }
Symbot Character

Curoxosour 1

0 »r striated leaves - fine longitudinal stristions during Ife of plant
15 gay gametophyte factor

25 mey  male stenle-17

27 sy tasse] seed—tassels bear seeds

23 P penicarp and cob color —a large serics of alleles for perearp and cob color
30 2 zygotic lethal

53 as asy naptic—partially stenle

3% hm  helminthorpormm resistance

% br brachy tie ~short intermnodes, plant 1{-14 normal height
0 g vestigial glumes

80 fi  fine stnpe—] leaves —white ticsue on marging of leaves
102 an;  anther car-{—staminate flowers only on ear
123 in knotted leaf
120 gn  green-stoped- leaves - hght-green stnpes
152 Tay  taswe] reed—6--trssels bear xeeds
156 bmy  brown nudnb-2

Cnnovosonr 2
0 ws  white sheath
4 al  alhescent —geeslling green, tunmg w hite later

11 lg liguleloss leaf-1

30 gly  glossy seedling-2

19 B booster—mtensifier of plant color

56 ek silkless—femsle stenile

o3 fly floury endosperm—# A FI, foury , Fi FI fl, normal

74 s tassel sced-1—~no pollen, seeds on tassel

83 ¥,  virewcent seedling——scedlingd y cllowsh green

128 Ch  chocolate periearp—dark-brown pericarp

Cnrovo<oue 3
0 ecri cnmhly leaves—leaves broad, erinkled at base
18 d,  dwarf plant—plant about 3§ normal hetght
32 5t rootless—sccondary roots few or absent
38 Ip  heuleless Ieaf-3 3 fommna
40 Ry ragged leaves—plant weak, leaycs aphit and torn; incomplete do
4T sy tassel sced—4—a few seeds in the tagsel
G4 bay barren stalk—no pistillate flowers
75 ma;  nana plant—dwarf plant, 3§-3{ normal height
108 a anthocyanin—colorless aleurone, brown pericarp
115 et etehed aleurone
12t ga; gamctophyte factor
t After Rhoades.

nce



105
pi3s

i
mae
k0

DOMESTICATED PLANTS 413
Character

CHROMO50ME 4
defective endosperm-1
gamete-dfferential fertihzation
tassel seed -5—stiks and anthers in tassel
emall pollen
sugary endosperm
defective endosperm-16—-lethal
zebra-striped
funieate ear (pod rorn)—-ghimes enclose ndividual hernels, Tu Tu usu-
. ally sterile; £ tu, naked seeds
japonica~2—vartegated striping
glossy sceding—3

CuroMosOME §
anthocyanin-2—d,, a factor i plant and aleurone color
brown mudrib
brittle endosperm—usually shrunken
vireseent-3—seedlngs light yellow, turning green quickly
brevis—plants usually about 35 normal height
ed aleurone; Pr, purple
yellow stripe—1—leaves strtped yellow between vascular bundles
Viescent seedlng-2—very hght yellow, turning green slowly

CurovosoMe 6
polymitotic—microspore cells undergo several metotic-like divisions with-
out drvison of the chromosomes, no pollen produced
yellow endosperm
pale-green seedlings
purple plant color
blotehed aleurone, expression vanable
salmon-colored silk

pigmy plant—small, with short, thick, striated leaves

Cnrosrosoxe 7

opaque endosperm-—little or no comepus starch

mtensifier of aleurone color
virescent seedling-5—seedlings greenish yellow , tum green quickly
ramosa ear—l—ear branched at base, conseal

ﬂii?fiﬁ’,‘ﬁf s:mng\y Sultered, narrow leaves; many small podded ears

slashed leaves—Ileaves split and torn longitudmally

iojap ampmg—wmguwd strips

brown aleurone

branched sillfess—enrs branched at bse
CurovosovE &

edlings very bght y cllow ; turn green slowly

anthers excrted, microsporoeytes usually degencrate

jegated striping, does not show 1 seedlings

virescent-16—~s¢
male sterile-$—n®
3pomca-1 -stripe—12H
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Symbol Character

Cunostusour 0

0 i dotted aleurone

7wz sellowgren-2  seedhing and plant yellowi<h; viabality poor
20 € alcurane rolor i appropritte genots pe gives purple or red aleurone
20 sk shrunken endosperm
31 hz  bronze anthoeyamn

41 bp  brown pericarp—in presence of P gryes brown pencarp

59 wer  waxy endosperm - starch stains redidich brown with sodine, inetead of blue
T1 e vircscent seedling-1—eeedlings yellow sk, become green quickly

Curoowour 10

0 Bp  rust resistance —resivtance to form 3 of Puccinia sorght
16 Og  old-gold rtripe

29 I hneate stnpe older leavea only show fine longatudinal stripes

8 Iy huteus  yellow seedbing

@ golden plant-1- yellows<h green in plints, may shaw in seedlimg in strong
light and high temperture, yibility good

57 R anthecevamin in appropriate genoty pes gines purple or red aleyrone and

red o purple plnts
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RICE (Oryza satira)

Rice 13 one of the three leading food plants of the world. In production
1t 13 equal to maze and 1s clearly exceeded only by wheat. Rice 18 the
staple diet of about half of the people on earth. It leads all other ct':reals
in the two most populous countries of the world, Chma and India, 85
well as in Korea, Japan, and the countries of southeastern Asia Its place
of origin 1s India, where there are several wild species of the genus 0r.ll~":ir
and where domesticated rice also grows wild as a weed. Domesticate
rice 18 o lghly vanable plant, with a great many named varieties, all of
which are placed in the one species 0. sativa.

Rice was among the first of the plants to be studied from t
view of Mendehan genetics: most of the eperimental work ha
done in Japan, India, and the Umted States Many clearly segres

he point of
s been
ating
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characters have been identificd The gene symbols used for the charac-
ters bave daffered among the authors, The symbals given below follos
Nagao, of the Plant Breeding Institute, Hokkado University, Sapporo,
Japan, and Jodon, of the Rice Expenment Station, Crowley, Lowsiana
Most of the characters listed depend upon swmgle gene differences with
tomplete dominance. In some cases, however, there is interaction of sev-
eral genes Nagao deseribes in detml Tus theory of the development of
anthocyanin eolors through the complex nteraction of the alleles at the
€, 8p, and Rp loci

Rice has 12 pairs of chromosomes Relatively fewn eases of inkage have
50 far been established.

© Mendehaon Characters in Rice

Symbol Character
o albino
n awnedness
ant awned sterle
w brittle eulm

‘bavren stenile

CLC%0200,  chromogen (anthoeysatn)— alleles, complementary to allcles at S

Tocus
@ chlorina
o elaw-shaped hull
a elustered spikelets
" complete sterile
o compactepanicle stenlo
; resistance to Cercozpora aryzac
& dwarf (general)
7 datkoku dwarf
y ebisu dwarf ) ont
drdud, tilloring dwart, trple recessive rves many tllers, very sho
by lop-leaved dwarf
; double awn
d; dense, or compact, panicle
dark furrows
" exaertion of panicle (partly enclosed of hokamar)
'f' fragrant Bower
{p, foatung habit
T101
A gg:z::?SPﬁe'lgmrmsh-w hate strpes on feaves of sredling
fu female sterile
' gram length (short versus Ing)
e lutmous endosperm
o ooy loaf blade (hary versus €010
” green-and-whutestrned
“ reen-andoyellow-strped
o f(‘!i\)hmtc to Helninthosporium ory=e

© inhibitor of chromogen
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Symbol Character
il ntubitor of purpte leaf blade

IAn inhitntor of awning

g nlubator of dark gold

la lazy, or ageotropue

Le resistance to Leptoapoeria callanes

Lt lodging

iy Iiguleless

Ing long cmpty glumes

Lp long pantcle

In Intescent

Ly lemen yrllow (palea and lemma)

Me resistance to Melanosperma

mg mottled green (momigare)

M mnate spihelet

mp multiple pretil

ms male sterile

ne sinuous neck

og orval gram

op open epkelet

ops open-spihelet atertle

r anthocyanm coloration (general}

pas paleaccous stenle

rh positive phenol reaction

P reastance to Pincularsa oryzae

Fi) purple leaf blade

Pla purple leaf apex and margin

Pim purple midrih (purple leaf axil)

Pl purple leaf sheath

Pn purple node

Pnt purple mternode

Pp purple pericarp

Pr purple root

Pa purple shigma.

Rb nipenung brown

Re brown pericarp (chromogen or chromophelein of red rice)
Rd red pericarp (distribution of pigment produced by Re)
Ry nipening gold

I nipeming black

Rp colored palea and lemma due to anthocyantn distribution
s sterility (general)

Sg spreading (motsure)}

Sh shattering

Sp,Spiap colored apiculus, 3 alleles, complementary to ¢
33 semysterile

sts staminordal sterile

tw twisted leaf (tack of midrib)

th triangular hull

o tough-shelling

v virescent,

za vantha (lethal yellow)
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. References
Jodow, N. I+ Sammary of
, N. T il
) i 1 Autho?; of Rice Linkage Data, 34 pp, 1948 (Mimeographed, dis-
A !gunol, %e;;x;;ce&c)m:lgs:s and Linkage Relationship of Chatacters mn Ruce, m
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o, N <A vances m Genetics,"” vol 4, pp. 181-212, Academic Press

PEAS (Pisum safirum)

of’gg:n ';d:bleigarden Pea is a native of Persia The pea 13 amang the oldest
vate insElw ed plants Crane and Lawrence state that peas were culti-
tho s ng{and before the Norman Conquest (1066) It 15 reported that
o eet wrinkled pea was comm?n in London markets in 1813.
eon }u'ﬂyfplant breede‘rs had ‘expenmented with peas before Mendel be-
fo 1 Sd&mogs experiments in 1856 Numerous vareties were available
mente'}lx el Since the rediscovery of Mendel's work 1n 1900 his experi-
& S liave been repeated on a Iarge scale and fully confirmed Many ad-
tonal genes have been discovered m peas

Mendelion Characters in Peas
(Linkage groups IIT and IV should possibly be combmed )

Symbol Character
;4’ VI basie anthoeyamn color of flower and seed coat, @, white
“ violet flowers
il epple-blossom-puk flowers
: pinkish-white flowers

I rose, or salmon-punk, flowers

2V bloom or wax, b, wavless {emerald)
1 blunt pods, b, acute} Both dommants required to make pods blunt.

g‘” T blunt pods; bib, acute| ended (stumpy)
2 VII straight pod, ¢p, curved pod

Duleml  “emergences” if both are present .
o pigmented axils, single ring, da, no pigment in axils

2 pigmented axils, double ring, db, smgle nug

L purple dotting of seed coat I

A purple dotting of seed coat IT

fa fasciated stem, fowers terminal

fe aplit pods, sterile a3 female

2 gray spottmg on lenves, fl, green leaves

Fu resistant to Fusarium wilt, fu, susceptible

g green cotyledon, g, yellow cotyledon

‘;’Tv VIII  green pod; gp, canary-yellow pod

with A, orange seed coat . )
inhibits action of G, gving dominant yellow coty ledons; 4, green

i intormedite flowering, 1f, eatly flovermg
d in preseace of 4, gives dark-brown seed coat
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Symbol

K v
La

123

le VII
Ly vi
hlg n
n vl
0 n
r Vi
r, m
P, m
Lic

r I
re

S

at m
t 1
un w
v vii
w

wh

g

zZ

ELEMENTS OF GENETICS
Characler

normal wings, £, heeled winga

short imternodes, dwarf, fa, long intemodes

short mternodes, dwarf, fh, fong it modes e and i together, sery long
mnternodes, plants tallor than Le)

long intermoder, tall plants, fe, short internodes, dwarf

retands flowerng time with If, meffective sath of, dominance incomplete

with Z gives “ghost marhlng” of testa, with both 4 and Z, brows
marbling

fenves marraw, pomted, elongated, satl

green pods, o, ereamy yellow pade

thin pan hmented membtane lmmg pod, p, without a membrane (*sugar”
podday

purple pod T

purple pod 1

black Milum ( ‘black<ved ), pl, Tight halum

round seed, 7, weinkled sced

reducced lepves

seeds free m podd, #, seeds adbere (“hyachette”)

stipules reduced

Ieaves in place of tendela (acaer); dominance incomplete

umfoliate, no tendrils

sath P, strong membrane hming podd, v, with 2%, thin membrane (“sugar”
pods)

testa umformly colored, w, testa spotted or lacking pigment

white folinge, white plants dis in seedling stage

white vanrgated leaves

coloreil aeed coat, z, uneolored sced roat

}]Iuﬂl dommants necestary to make pod purpie

Flower Colors in Some of the Possible Anthocyanin Gene Combinations'

Purple AA Artr BB Apdp Amdm
Viotet Ad arar BB Apdp AmdAm
Rose (salmon pink) Ad Ardr b ApAp Amdm
Laght purple Adarar 85 ApAp Amdm
Apple-blossom pink AA Ardr BB apap AmAm
Apple rose A Ardrbb apap Amdm
Apple violet Ad arar BBopap Amdm
Pinhish white Ad Ardr BB ApAp amam

White aa Ardr BB Apdp Amdm

1 After de Haan

Crane, M. B, and W J. C. Lawrence, “The Genetics of Garden Flants,

each has 12 pairs of chromosomes. Most domesticated varetie:

References
v gthed,

Macmillan & Co, Ltd , London, 1052, earbook
Wade, It L. : Breeding and Improvement of Peas and Beans, U S Dept Agr. Yearbooks
pp. 251-282, 1937

TOMATOES (Lycopersicon)

£H
There are several species of tomatoes, all native to South Americ

s are de-
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g\ed Ir_om Lycopersicon esculentuum. The tomato was intreduced into
bu“tmpeé: the sixteenth century. On the Continent 1t was used as a food,
D:’n gland for some time it was grown only as an ornamental plant
e 2‘:‘8 therpast four centuries hundreds of vaneties have been devel-
“mh;camebn these were pfoduc('d through mterspecific hybridization,
v nse“t e done readily in the genus Lycopersicon The tomato has
oty 0 3 Jarge nu.mb.er of mutations Several qualities of economic
— 0, sur:h. 2s fruit size, prgductmty. and earliness of npenmg, de-
ol bon multiple factors, mdividual genes m such eases may have
m;lcﬂccts, Symbols have not been given for these
5 rn most o.f the genes listed below dominance 13 complete or nearly so
v are given that involve gene interaction, e g , genes affecting fruit
volor, ster colar, and size of plant.
. The Variety Marglobe is proposed by Barton et al as the standard, or
ormal, type with which the mutants are compared.

Mendelian Chorocters in Tomatoes!
(Roman numerals mdieate finkage groups )

Symbot Character
4 (@) V  anthocyaninless, stems and leayes alway s lack purple color, 4, purple
u stem

“ Femstance to Alfernaria collar Tot

d anthocyanim gamer, purple pigment appesrs on cotyledons and lower

" sdes of leaves when growth s slow
@) VI anthocyanin loser, purple sters become green n 10 to 21 days
" anantha, flowers greatly modified, wforescences compound, closely

& Tesembles ca

7 apetalous flowers, corolla reduced or absent, pollen scarce and
“ nonfunctional )

y asynaphis mewss, hagh pollen and ovule sterility

- asynaptic mevosts; hugh pollen and ovule stenility

o asynaptic meiosts, hugh pollen and ovule stenlity
o asynaptic meiosis, high polfen and ovale sterrhty
o asynaptic mewasis; high pollen and ovule sterihity
o apricot or yellow.pink eolor of frurt flesh
'3" without anthocyanin; ssme pherotype 83 &
i high B-carotene; low lycopent .
p 1 beaked; fruits with sharp pomts st stylsr en

‘ T brachytic, mtemnodes shorter than normal

b VI st starnodes and mforescences shortened, long petiates
p IV potato eaf, reduccd number of feaf segments
a caulifiow or, extremely brascked mflorescences, aborted flowers

@ fewer focules
cabbage, large dath-greea leares,

e (C1y r:;::nic'cl o sces 1 and 3 of Cladssporum fuleum

€l IV immunity to races 1 ta 2 af Cladosporium

ChiCl) ¥ resistance to races ) 10 § of Cladospornum

G eleistogamous; fowers fai to opea

{ After Barton et al,
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Symbol

oy
d (dy)

a
3

g
“

-
-

14 Vi

-

Le
Uenlesles)
g

g
m
me

ELEMENTS OF GENETICS
Characier

elenstogamens, fowers open ehightly

dwarf, all parts foreahortened, Iraves dark and rugose

extreme dwarf, recrauve to d and d

dialy tie, stamens nat united, hairs partially suppressed

dwarf modifier, with d causes extreme dwarfing

dwarf virescent, pale green at growing point, changes quickly to
norantl green, plint alway e stunted

entire feuer leafl segments and distorted midvein

elongated frusts as in Osheart

exertedl atigmas, or styles twisted withn anther tubes

fascted, many Joculed fruits as i Ponderesa

fteshy cahyx, erpals often curled

mbibits modifie e, permitting expression of £

groosod frints, may he associated with faseiation

green stripes in epidermis of unnipe frut, golden 1n npe frut

hairs absent exeept on hy pocoty 1 and at growing point

hatrless na hars on by pocoty 1 or reat of plant

tmmunity to race 1 of Fusarium lycopersiar

Jointless pedicles, calyx left on plant when fruit picked

inlubits modifiers. permatting expression of ¢

lutescent, yellowssh unripe frnts, premature yellon ing of leases

locule number reduced, assoctated with o

control locule number

leafy, indeterminate inflorescences

hght-green folage

mottled, leaves and coty ledons with flecks of paler green

macroealyx, sepals leaflihe and greatly enlarged

¢ 12 the
(The 18 ;e nutants are male-sterile 1n that they deviate from normal only 1 !
absence or extreme scnreity of functional pollen, pareat varety 19 stated )

msn

may

msn

pale, shrunken anthers, no pollen; hybrid stock

pale, shrunken anthers, no pollen, Pearson

very pale, shrunhen anthers; collapsed pollen mothe:
Marzano N

pnle, shrunken anthers; a few aborted pollen grains; Early Sso
Clara

abnormally small flowers, very pale and greatly
usuaily no pollen, San Marzano

shrunken, pale anthers, no pollen; San Marzaue n

nearly normal-rolored, slightly shrunhen anthers; aborted polle?
tetrads, San Marzano o

abnormally small flowers with exscrted stigmas, pale sbrusk
anthers, po pollen, San Marzano

anthers nearly normal, no pollen; Ssn Marsano

abnormally small flowers, small, very pale anthers;
stigmas, no pollen; San Marzano R ds, Ssat

very pale, shrunken anthers; aborted pollen, free or in tetr
Marzano Len

hrunke?

abnormally small flowers, nearly normat-colored but &
anthers, zo pollen, San Marzano "

nearly normal anthers; frce aborted pollen; San Marzan

r cells; San

shrunken anthers:

greatly exserted
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Character

Very pale, shrunken anthers, aborted pollen, Earhana

abnormally smalt flowers with exsertal pustils, very pale, dwarfed
anthers, no pollen, San Marzano

pale, shrunken anthers, clumped shorted polten, Pritchard

pale, shrunken anthers, no pollen, Ace

evserted stigmas, shightly pale, very shrunken anthers, no polien,
Cal-255

midget, all parts of plants reduced, bigh stenlity

nipple tips at stylar end of fruty

narrow cotyledons, slow growth

Necrotic; with Cf, causes progressive necrosis of leaves

ovate or pear-shaped fruts

sphenical, oblate, and elongate frmts

ovate; elongate fruits with low locute rumber

peach, dullness and mcreased hawrmess of frut epidermus

sticky fruit epidermis

pistillate, fowers usually lack stamens and are othernise modified

propellerlike cotyledons, true leaves greatly modified

posttional-sterile, corolla does not unfurl, pollen 15 not shed

yellow color of frut flesh

rolled cotyledons

ridged or rough leaves

rogette, extremely short internodes, no flowers

reticulate virescent, cotyledons and new leaves pale weth dark vems,
turming to normal green with age

compound inflorescence, grestly mcreased number of flowers

Septorsa resistance

stamenless, stamens usually absent, modified fruit form

Stemphylium resistance

self-pruning, determmate plant habit

stenle, completely stenle, plants later berome purple

tangerie, orange color of frut flesh and stamens

tnfoliate, leaf with usually only three segments and long petiole

uniform; woripe fruts of umform light-green color withont wm)
darker green cap at stem end

umform gray-green, a3 of u except for grayish color

Vitestent, white seedlings

Verticalhum resistance

vegetatve, greatly deformed, usnally functionless flowerm

villous, stems very hairy

wiry, slender, threadiike leafists, dwarfed plants

wilty dward, grayish-green, droopy leaves, stunted planty

whte flower, corolla color 15 buff, Iight tan, or whita

woolly, all parts densely pubescent, homozygous I (hf

wilty, leaf margins curl adaxially

neffective microgametes assoriated with J

<anthophy e, yellow leay es, retarded RrOWth; Jumnsss spsor o ghnt

colorloss fruit eplermus, ¥, yellow shin g

yellow seeditngs, lethal in carly stage

yellow vurescent; new folinge is pale y e Mow-raas , £y 0467, 41y s
green with age
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COTTON (Garrypium)

From the economic point of view cotton is the most ymportant of the
fiber-producing plants Cotton scems to have originated both in the Old
World and in the Amerieas The multitude of domesticated vaneties trace
back to centers of ongn 1 southern A«ia, Austraha, northern Africs,
Menico, or Central and South America, The first domesticated cotton
may have been grown in India some four thousand years ago

There are numerous speetes of cotton, as indicated in Knight's table
below. The genome of each species 15 composed of 13 chromosomes Each
genome 1s represented by o eaputal letter, The three types of cotton grown
i the United States are of New World ongin. These are Gossyprum
hirsutem (upland cotton), G. barbadens (Sea Island cotton), and G. !0-
mentosum (American-Egyptian cotton). Each of the three has 26 pairs
of chr , € 1 of two different gy the result of eross-
g (allotetraplods) The 01d World species have 13 pairs of chromosomes

The writer is greatly indebted to Dr. R L. Knight, author, and to the
Commonwealth Agricultural Bureau, Farnham Royal, England, pub-
lisher, for permission to copy the following material on cotton from their
book “Abstract Bibliography of Cotton Breeding and Genetics, 1900~
1950,” Technical Commumeation 17 of the Commonwealth Bureat
of Plant Breeding and Genetics, 1954 In his book Knight has z\bstr.aﬂl‘d
all major papers on cotton published between 1900 and 1950—1,191in ”}l
His table of genomes and the gene list include data published after 1050
in order to make the information as up-to-date as possible.
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Mendelian Characters in Cotton!
Tue GevoMts oF Gossypium®

Species Genome SBpecies Cenome
dsatie and African (n = 13) Amencan (a = 13

& herbacewm A G thurben D,
€ arboreum Ay G, armourtanum D
€ anomatum B, G harknesstt D
€ lnphyttum B G hlotzschianum b,
€ stocksry E var dardiont D
G somalense Es @ andum s
£ aregsianum L. G ramondn Dy
G gossyprordes D

Awtralian (n = 13} G hrsutum {AD)

@ suriy G G barladense {ADY:

€ robimsanic G G fomentosum (AD)

“In the sbove table the claseification used by Hutchinson, Siow, and Blepbrn
1199) has beon adopted. The genotme sy mbols ac based oo Bendley (1952, Btepbend
ﬁi‘l{ Douwes (1051 and 195%), Brown and Menzel (1952), and Douses and Cusny

5

References
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From Knight,
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Gene List ror Gorsypium
. Onginnt
.ii::::: aymbol if Gene effect Spocics
differcnt
A8 }dnul»lc reerssive 19 amynaptie Aure
a8y tark
I blacharm resistanee hirs, (bard)
B, blackarm reaistance birs (barb)
By blackarm resistance punct (hirs)
! hark}
B, blackarm resistance arb, (barb)
I blackarm remsstance tarb.
Bea | blickarm-reustance intenwfier arb (harb.)
By tlackarm reaistancs ez (barb}
by blackarm reaatance anom {arb)
Bp BP/BS | pitted bolt barb
bw withering bracts birs,
chly Frcde }douhlo recesais e 1s hars,
chls yacie chlorophy Hdeficient barb.
ohly chlorophy li-deficient herb.
chly ehlorophy H-deficient arb
ok® hirs
k¥ corky (complementary) barb,
ol d cluster hirs
ehy Egyptisn short branch barb
o short branch Aerd.
elg clerstogamy New World
Cr? full normul}d.s(inp:is]m} only in hets |barb.
crn tow normalf  with cr® hirs
ert rugose hars.
erd cnnkled dwarf barb
cr® contorta barb
Cpe A arb
Crr B erumpled (complementary) arb. herd stock.
tnl
cr crinkled barb hirs
o cra ermkled arb.
p curly otd World
d female-sterile dwarf arb
dy da hres. (barb)
a a double recessive 13 dwarf-bunched irs (barb)
d d Anakapalte dwarf arb.
& ds Cocnniads dwarf arb
d Db dwarf herb.
de: des }mcompl(‘(c boll dehiscence (der 15 epi- | herb
des des static to de;) arb.
dey 5 closed boll herb
- . s,
;:: a :;::‘nnfz‘:z}grccn cpistatic to brown :,"
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Symbel
suggested

Fm
Fo
fry
try
Fuftt
Fu/fz
Fefz

¢
#
H,

Origimal
5
;’f‘(‘:’;ﬂ: Gene effect Species
= Dittle fuzz sarb
Ab N1 | naked seed, low Lt mdex hars
frilly (duplicate) fure
T Rars
7t tufted sced /naked barb
F/et tufted seed /fuzzy Jurs
T/t tufted seed/fuzzy arb
B0 ovary 0ld World
HT B2 | hairy leaves barb hurs Rerb
Hro tomentose leaves tom hirs (barb )
superstellate haws herb
he glabrous Lintless arb
glabrous Lintless arb
broad Jeaf arb herb
parrow leaves arb
anomalum lobe anom
mutant broad leaves arb.
mutant mtermediate leaves arb
laciniate leaves arb
narrow leaves arb
00/0= okra leaf hirs
08 /on super-okra, hars
K= khal lint hars
KK Khaks hint 0ld World
cauca mehogany Lint New World
ks whte lint 0ld World
Dy Thight-brown lint 0ld World
b Kkhaki It barl
o} khaki hnt 0ld World
edum-brown lint 0ld World
very light brown kit 0Old World
D Dight-brown fint 0ld World
Kkhala nt arb.
[e3 green bt New World
bary hnuess herb.
hary limtle: herb
He haury lmtless (sometimes lethal) arb
haury lmllcss Rerb
heury In orb
short lml (eplslullc to 1i) arb
sparse hot arb
ymmature hot arb
r round leaf hirs
s emgle-lobed leaf orb
m Thereased no of floral parts arb.
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Gexr Last ror Goesypmum (Continuad)
. Onginat
SS;::’S:I aymbol if CGone offeet Specics
differnt
my m* mutthracteofate herb.
ne Teaf nectarics absent tom. {hire)
ne ! , leal nectanies absent 014 World
Pe ! pollen color Pl Old World
sellow, pls cream, P
n e pale Old World
Pdy Fpd petalody ark
pe pratillate Old World
R0 RM I ved plant by New World
e gaav arm petal apat arm. (hire)
, (harb)
Am s tard petal spot arid (hirs )
(urb)
R st tinged stem + full petal apot barh
Ryt Ed tinged atem + 1ntermediate spot bart
Ryt0 50 tinged stem, spotlees hars
RSP SR tinged stem + full spat barb
Ryt i sum red, spotted arb
Ry?0 sun red, spotless arb
e ne redd calyx, epotted herb
B thumbnail red, spotted rarh
RO R,E0 thumbnad red, spotless herb.
R0 | green atem, spotless, tinged petal arb
R4S | weak thumbmail red, spotted arb
Ryto | } green stem spotlews, petal untinged arb. .
R0 R ! red leaf, spotless Otd World
Ryt Rt red leaf, spotted herb
Rt Ry, 8,57 red leaf, spatted barb purp
Ryt . red margin, epotted arb
R0 Ra™ | red margin, spotless arb
0% r green stem, ghost spot arb herb anom-
s R full red, epotted arb. (hrs Y(bard)
R,Ts green stem, tinged ghoat spot. arb
RyS red vein, spotted arb
Ryo | Rypo ved vein, spotless arb
Ry golid petal spotleas anom
;%0 green, spotless arb (herd)
Td red dwarf hirs
I, red lethal, complementary with factor(s) | ard
from Upland
sh s short sy mpodia barb)
Sr spot reducer arb
stg female stenle ;";
sty et
4 female sterle o4 World

male sterile
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Onginal
symbol sf Gene cffect s
dltesent Bpe
v vireacent 8 hure
virescent y ellow 0Old Warld
e irescent ¢ {hurs
virescent 3 ellow Old World
vt virescent 173
virescent sellow Qid World
Ve virescent k ars
virescent yellow Oid Korld
At] vrescent 1 Aira
5 loculed bolla arb
A Fusarium resstance arb, herk
B Fusarum resistance arb, herd
c Fusarumeresist whibitor arh, berb
mt-color modifier arh, heth
e yeltow corolla barh
¥ eream corolla New World
v}_’“ yellow corolla . dnbm;mlb
ellow petal orb , herl
Ye ;y;a\e pe:’:\e; Oid Wortd
¥y white petal Okt Wortd
Chinese yellow petal O World
Chusiese pale petal 0id Weorld
yellow petal anam
pale petal anom
Yellow depressor tanom
e
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Gese LisxGe v Goveypium
ASIATIC COTTONS

Group -

la

¢

Lankage group and croswver value
L o B Le;
— 166 ——— G arboreum
15 19 G arboreum
—28 7 G arboreum
29 0. G. arboreum
—_—2-3 G arbareum
[ —— 215 G arboreum X
G herbaceum
L, Le,
——17] - 20 5- G. arboreum X
269 G herbaceum
This chromaosome earrics & fuzs modifier
", Les
- =7l — @ arboreum X G herbaceum
} Ley
—=2 - — G arboreum X G herbaceum
P Ne
- 1 —— G arboreum
3550 — G, arboreum X G herbacenm
'p, Ydp
-=20 7- -—- interzpecifie
. modifiers of Ley
I Y
1 2-—— interpeeific
Chls X
—3— G herbaceum
-0~ G arboreum
Ry wilt ressstance
Ry by
14—
Fz Lint length.seed weight
by protruding stigma
Y. . petal length
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Gexr Livgace 13 Gossgpium (Continued)
NEW B ORLD COTTONS

Croup Laskage group and crossoves yalue
IO
1s R . o,
3 G
el intraspecific
s B nierspetific
1§ S
4 319 G
bR tow bt mdex
2R : ch
R X
3o, o
fo (M, short liat
L L Tt color § tomentomum orossed
noo nankeen lint.
Sa jCr ' Le
FS——
bts Jigh wos content Eneness (imeas ordes ot mpled)
¢ 1Cr : ok
s B, H &
? B: 3 Ba
32 interspeesfic
50 inteaspocific
8 HLex shortencd Int
Y2 iV, . For
r—
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Explanatory Notes
in the foregoing gene list, the symholization adopted by Hutchinson
and Silow, 1939 (J. Heredity, 301 161-161), has been retained Italicized
rymbols refer to genes from Old World species or to genes in New World
species known to be located an the A genome, The use of parentheses in
the last column indicates species to which the gene concerned has been
transferred from its ongnal species by hybridization.

COFFEE (Caffea)

About 60 species of the genus Caffea have been deseribed. Most of these
arc found in Afniea, espeenally in the Congo region, s few are natne to

Figure 141. Model of n flow ering and fruiting branch of Arabian
coffee (Coffea arabica), reproduccd from nature. (Courtesy of
Chacago Natural Haistory Museum.)

vo 11 pairs of

Asia, none to the Americas All species so far studied ha o i has 2

chromosomes except C. aralica L., of Abyssinian origin, has
pairs. This species was introduced into South Amenca in 1718 ﬂndvh' h
become the chief erop plant of Brazil, Many varieties now exist, of w ‘Icv_
Typica is the most common. C. arabica probably arose through PO :]_
ploidy, either through the crossing of two 22-chromosome species (ﬂies
idiploidy) or the doubling of the chr of a single &PeC
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(autotetraploidy) This event must have taken place a long time ago
siace all genetic differences so far analyzed depend upon single pairs of
genes and no mutants due to duplicate genes are known

Of the 20 mutant genes analyzed by Krug and Carvalho, 6 show essen-
tially ! i 7 are letely d t, and 7 are re-
cessive, 1n relation to the “normal type ”’ All but 6 are classed as plelo-
iropic A number of cases of genic interactions are deseribed m their 1951
paper, and other interesting facts on the geneties, reproduction, cytology,
taxonomy, and economic importance of Coffea are discussed The paper
18 well illustrated with excellent drawings and photographs

Mendelian Characters in Coffee

Symbol Character
o angustifoha—narrow leaf, numerous stems from base
eg*  angustifolla—narrow leaf, one mam stem
en  anomala—sabnormal growth of various parts
Am  anon b I growth—d p
Br b y leaves b
c calycanthema—petaloid calyx
€f  caturra—plant shorter than Typica,
e cera—yellow endosperm
Cr crespa—ennkled leaves
Er  ecrecta—upnight lateral branches, angle 25°
Fs  fasciata—fasciat
ir laurma—small plant and leaves, seeds pomted below

Mg marsgogipe—gIgas type
mo  mokka—small plant, smallest seeds known, domatia very large—dommance
of Mo incomplete

na nana—dwarf—XNa na, murta, Ne Na, bourbon (in presence of #)
pr purpurascens—purple leaves, pmk flowers
ol large sepals—well D pals—d of 8¢
s sempetflorens—continuous-fow ermg B
T Typ primitiy e ty pe—howrbon, £ (high-yteld,
re xanth yell d—d. of Xo

References

Krug, C A, and Aloides Carvalho The Genetics of Coffea, Proc &h Intern Congr
Genet (Hereditas suppl vol), pp 611-612, 1948
The Genetics of Coffea, n M Demerec (ed), “Adsances m
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The author s greatly mdebted to Me Krug and Mr. Cif{ilho, both of the Instituto
Agronomico, Campumas, Sae Pavlo, Brazi, for personali theciung Yne Jorcgoing Tacts
on the genetics of coffee.

TOBACCO (Nieotrana)

The genus Nicotzand, o member of the rightshade family (Solanaceae},
meludes 2 large number of specics and varieties, Most of the species are
of New World origin There is also a large \ustrahan group. The Indians
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of the West Indies were raismg tobaceo when Columbus arrived l.hen‘ in
1192 Present domestieated types are varictiea of N labacum, w hl(‘}l has
24 paies of chiromosomes Many species of Nteotiana !m\v l'.?.pmrs of
chromosomes, N. fabacum is regarded as an amphydiploid re<ulting from
the crossing of two of these i

Tobacco 1s naturally self-fertilized, but crow-pollination vecurs also
Consequently an mdisidual plant may well be heterozygous for numer-
ous genes Cultsvated tobacea 1s aghly vanable, but relatively few &pon-
tancous mutations have been obsersed to oceur The number of simple
Mendelian differences identified so fat 1 not great as compared “:l(h the
numbers i cotton, batley, corn, or rice Many of the differences in such
haracters a1 number and form of leaf, testure and commereial quality of
teaf, and resistanee to discases and parasites are multifactorial For the
most part these have not been thoroughty analyzed ;

\s an example of the posaibilittes of applying breeding and sclectmfx
to tobaceo, East and Jones were able to produce to on!cr a vanety,
Round Tip. that met certam leaf specifications laid down in nd\‘nr.!t‘t‘ as
desirable for cygar wrappers They did this by erosing two \-am‘lxc'S.
Broadleal and Sumatra, chosen on the bams of their known genetie
constitutions

Mendelion Characters in Tobacco

Symbol Character
a auricilate
aw  ycllow atem
B brown seed
€ colored (with F, produces red pigment)
d  double floner
F color factor (with ¢ produces violet rolor, with €' red}
I, mtetafier of color, cumulative effect with I3
I, mtensficr of color, cumulative effect with 7y
I long-petioled, I, short-petioled (epstatic over S)
in low nicotine content
m  mammoth (flowenng restricted to short-day conditions)

muy mosaie virus-registant

moy Inosaxe virus-resistant

P pigment distribution inside the corolla
Pe pigmented exterior surface of corolla

4 pigment extended deep into parenchyma of corolls

s short-petioled, broadly sessile {epistatic over L)

Un  undulated leaf margin (incomplete domtnance)

w  winged portion at base of leaf

wh w hite-stemmed

W widfire to bacterium P ahacl) | red 9
wse  purpurca white secdiung) DOt recessive genes (s < B8 T8 oy gros

produce white scedling Ratio in Fi

wsy  chinchao white scedling oy wa X wes wse” 15 green, 1 white
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Reference
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PROBLEMS

L Which of the 10 plants described in this chapter are of New World origm’

- Which of the 10 plants listed show polyploid ehromusome series?

$ Houw do you account for the fact that man relies chiefly npon the grass:s rather
1has upon other groups of plants for his fond and the food of his domesticsted anmals®
(ATl of the food plante describerd 1 this chapter except peas and tomatoes are elvssed
13 gmassen )
ﬂ4d What are rome of the factors that make the grasses favorable plants for geneti

(udies?

6. In which of the plants Listed herein have geneticists dentified genes for resist-
ace against, parasites?

8 What proportion of the genes for resistance in the 10 plants are domunant?

7 How many genes affecting flow er color m peas are listed?

8. What color 18 expected from s cross between pakish white (am ane) and white
26) 1 peas? Caleulate the expected ratw i the Fs from this cross )
4 % Why iy 1t so difficult to dentify with certamty the wild apcestars of man’s

omestic ated planta?

10, From u::- 1,;‘,; Mendehan characiers i peas select those that you think fepre-
%0t the trauts studied hy Mendel, giving the linkage group for each, where known
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DOMESTICATED ANIMALS

In the introductory remarks to Chap. 18 on Domesticated Plants, cer-
tain general facts on domestication were pointed out. We shall nos
choose for discussion several domesticated animals, using as our guide
in selection the economic importanee, general popularity, and scientific
nterest of the specics,

prm—

— A

e NN e i
Figure 142. Choice long-horned cattle of the Ruands-Urunds, East Africa 2
same type of cattle was found in Egypt 4,500 years ago. (Courtesy of the Belgs
Information Center, New York )

A relatively small amount of precise genetic information has been.tpuz"
lished on the larger mammals There are two reasons for this searct };hz‘
material: one is the long life eycle of the large mammals; the otheris

anu
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expense of their feed and care Practical breeding operations are usually
not designed to answer fund al problems 1n genetics With the
smaller animals, such as mice and chickens, extensive lists of Mendelian
characters are available

Let us begin with the species—or group of species—that 1s undoubtedly
of greatest economic importance to man—ecattle

CATTLE (Bos taurus)

Domesticated cattle are a product of the Old World According to
Lush, the Egyptians began to use ox-drawn plows some time between

R R e R

Figure 143. Zebu, Indian humped eattle, in Lincoln Park Zoological Gardens,
Chieago (Courtesy of Chicago Natural History Museum)

5000 and 4000 s ¢ Cattle, showing the characteristic hump of the zebu
(Bos wnudicus), date back at least to 3000 B ¢ 1 India A limestone rehief?
carved during the Fifth Dynasty in Egypt, about 2300 b c., and reused in
the North Pyramud shows long-horned cattle which look exactly like
those found today in Ruanda-Urundi in East Africa (Fig. 142).

Darwin thought that the many types of domesticated cattle in Europe,
Asia, and Afnea were descended from several wild species, including
B taurus and B ndicus (Fig 13} The zebu and European eattle, hawn-
readily and produce fertile hybrids Several breeds, such as

s Pature m Ancient Fgyptin Ammals,” by Dorothy W, Phillips, Metropolitan
Museum of Art, New York, 1918

ever, cross
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the Afrikander of South Africa and the Santa Gertrudis of Texas (Fig
02), are in fact the product of crossing the zebu with European cattle.
Sinee reproductive isolation (an important criterion of specific distinction
m mammals) fails, some taxonomists class B. laurus and B. indicus a3
subspecies within a single species. According to Makino, the zebu and
European cattle both have 30 pairs of chromosotnes.

Cattle show great variability, and numerous characters have been iden-
tified oy Mendehan, As usual in other animals, many of the differencesn
body conformation and physiolegy that are important in cattle breeding
are multifactonial and not easily analyzed in Mendelian terms

Mendelian Choracters in Cattle

Symbal Charaeter
m achondroplasia-1—(“bulldog™), lethat, .Aa, very short legs (Dexter eattle)
oy achondroplasia-2—oxtreme type with short head, cleft palate, lethal
m a¢hondropl; J3—1armble in expression, usnally lethal (Jerseys)
ag  ngnathm—imperfect or missing jans; hinnted to males

am  smputated—no legs, or legs only to elbow < and hocks; lower jaw nearly ab-
sent, cleft palate, lethal (Holsteina)

an  ankyloss—lower jaw short and fused to shull, lethal (Norweman 1y ndst
cattle

B black—mn haw, skin, hoofs, tongue, ctc.

Br brindle—Dlack stripes on red or yellow (two factors). expressed only 18
animals

Br black spotting—expreseed only 1n re animals (Jerses s and Ayralures)

« alhimo~=lack of color

o congenital eataract

n dominant dilution—changes hlack to dun

Do double car (Brahmans)
dr dropsy—lethal (Swedish Lowland cattle)
red

o cpitheliog i defoetive shin on lower legs and in mouth and
nostrils, hairless patches (Holsteins and Jerseys)

n fiexed pasterns

fie fused teat (Herefords)

hay hal Tethal or sublethal (H and Jerseys)

has  emihairlessness—thin, short, fine hair at birth, becomng course with 82¢
(Herefords) 5

has  hy with anodontia—at birth, completely haless and toothless

fine hair later; sex-linked

ha,  vuble hypotrichosis—st birth largely hairless, except on extremities of 1eg?
and tail, eyelids, Lips, mnside ears, dewlap; tecth normal (Guernseys)

hy  hydrocephalus

t reeessive dilution (Jerseys and Guernseys)

Im  mpacted molars—lethal during first week (Millang Shorthorns)

In inguinal white

K karahul—har 1n tight curls (Ayrshire)

i lameness—sublethal (Red Danish)
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Symbal Character

mu  muscle contracture—head bent back, jounts stiff, lethal (Norsegian snd
Holstemn cattle)

N NN solid color, Nn roan, nn white, pigment i eyelashes and fnnges of ears

ne  notched esr

P polled~—Pp may have vestigtal horns {sctrrs), more aften i males

ra parrot beak~sirmlar to impacted molar

Py three-taed {Holstems)

P polydactyhsm—extra toe on each front foot, hmited to males, deletenous

Py black~—~pigmentation m muzzle, tongue, sk, et

Re  red har around eyes—modifier of S¥

B color-sided (wiite dorsal ine, white below, white feet)

&P Dugch-belted (alfieles 9, 89, %, 8, 5, first four incompletely dommant
over ench other, but ll four dominant aver 1)

s Hereford pattern

8 Self eolor

s white spotting (Holstewns, Guernseys, ctc )

sk shiort imbs—hoofs undeveloped, lethal (Swss)

spa spastas—normal at birth, lethal 1n 5 few wetks (Jerseyss

#pe short spme—lethal (Norwegan meountan eatile)

te ane lelt teat rudunentary (Guernseys)

Um  umbiheal herma

wn  recessive white (Indin cattle)

Wp  dominant white {Englsh Park cattle)

wr wry-tailed (Jerseys)
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HORSE (Equus cadalus)

There ts good evidence that the domesticated horse was dertved from
a wild speaes which formerly ranged from western Europe to eastern
JAsta Several subspecies probably susted over this vast terntory, just
as today there are several subspecies of the common zebrs {Equus
guagga) which extend from northern to southern Afraca. Simpson 13 of
the opinion that horses were first domesticated by men of Europe and
Asg frving about 2500 pc He thinks that the process of capture and
training was done mdependently in different regions, by people classed
s barbanans, and that by sbout 2000 5 ¢ domesticated horses had been
adopted into the civniizations of China aud Mesopotamia

The differences that existed among the vanons subspecles of the wild
harse could m part aecount for the varability of domesticated horses;
some of the vastability, of course, resuited from selection and the erossing

.
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of hreeds following the initial domestication In Europe a type of wild
horse known as the tarpan, perhaps the ancestor of the European horse,
survived 1n certain places down to medieval times, while in Central Asia
a stmilar wild horee, Przewal<ki's horse (Equus caballus prezewalshi), sur-
vived until very recent times, if not up to the present. It apparentls
mated freely with domeaticated horses and produced fertile hybrids Its
genera! body color s hght yellowish or reddich gray; the mane, tail, and
fect are black, with & Wack stripe down the back The distribution of
the black pigment thus resembles that of the bay of the domesticated
horse, which is regarded as possessing the wild-type pattern The horse
has 33 pairs of chromosomes

Hores are lews vanable than some of the other domesticated animals
This 15 perhaps due to their origin from a single wild species and to the
limited uses for the horse With the exception of differences in color, rel-
atnvely few clear-cut Mendehan characters have been described for the
horse The many quantitative differences 1 size and body conformation
are of course hereditary, but, as i other mammals, depend upon numer-
ous genes and are not subject to analysiy by ordinary pedigree methods

Mendelian Choracters in the Horse

Symbol Character
a recessive black: .4, bay Grild £ pe. black mane, tail, feet, legs, reddich body)
b brown
b bleeding (weakneas of blood vessels 1n the nose)
b ditution—dominance complete
Ed dominant black
X wild type (restrictian of red to body, mane and tail dark)
e red (sorrel): extenwon of red incInding feet, mane, tad

G gray (black or very dark at birth, becoming Ighter with age, epistatic ©©

other colora

m white markings on face and feet (blaze or forchead star and stockings, Yar”
able 1n expresston)

P picbald (estensive white spotting ws 1 into or alico ponies)

R roan (white hairs acattered among colored, gaving red roan or blue roan)

Ro  roanng (breathing defect due to paralyis of muscles that open laryns)

S slver dupple [lack reduced to dark ercam, mane and tatl $hite o s¥er
(Shetlands), red moderately reduced]

T trotting gaut, ¢, pacing gait . her

W donunant white, eyes brown or blue, shin largely pink, epistatic over of

colors
(Castle assumes that all horses have a color factor C, correspondiog L0 gone G
guines pigs and other mammals; but he lists no mutant allete of C.)

CouBINATIONS WiTI( dd

A- B-dd E- wild ty pe and ordmary bay
aa B- did E- hlack
A= bb dd E- chestnut - '
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Symbol Character

oabb dd E~ brown (liver)
A~{(oroa) bb dd e sorrel

Counrvarions wrra Dueriov Facror, D

A~ B- Dd B~ buckskm (“dun™), cont yellowish, mane and tas} black, eyes dark

A-~1b Dd E- N

A~b6 Dd ee } Palomina, cast golden yelon, mane snd tar} whitish, eyes dark

ag B- bd B~ Mouse, coat, mane, and tal diute black (“brown”), no bight
points, eyes dark

4-B- DD £- albino, type B, coat crear, cinnamon buff (Ridgeway), mane
ditute black, eyes blue

A~bb DD E- albino, type A, coat wvory, mane white, shin pink, eyes blue
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PIG (Sus srrofa)

The domesticated pig of Europe, which 15 the chief source of the swine
of the New World, nas derived from the Furopean wid boar (Sus
scrofe, Fig, 144), a species that is still extant The two eross and produce
fertile hybrids. Many breeds of pigs have been produced, largely as the
result of selection, aided by occssiaral crossmg between breeds, Close in-
breeding 12 usually svoided today. The breeds duffer 1n color and color
pattern, size, conformation of bady, shape of skull and jaws, length of
legs, ete.

‘The hair color of the wild boar js dull black, with the individual hairs
banded in pale yellow (agout: pattern} The agouts bands are wider on
the ventral surface. Consequently, like most wild mammals, the wild
boar is ighter i color underneath There 1s no distinet, spotting The ears
are pomted and erect. In contrast with domesticated pigs the body 13
slender, the legs are rather long, the shoulders are strongly developed
and the hams are weak. It 1s therefore much poorer as a meat anumal for
human consumption than the domesticated pig.

Eeonormically important characters, such as size, rate of growth, body
proportions, quality of meat, and temperament are multifactorial Their
mode of inheritance has not been fully analyzed. The list of demonstrated
Mendelian differences is not a long one in snine. Snuth et al, state that in

the mating of pigs of different breeds it is not possible to predict with any
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- oLl
Figure 144, Wild
History Museum))

boar of Lurope (Sus scrofa).

(Courlesy of Chicago Naturat

high degree of certainty the color of the offspring, unless th? mating h“:
been made before. They point out that the genotype governing the sarr:‘
phenotype varics radically from breed to breed and even within 8 bree
All breeds of pigs so far examined have 20 pairs of chromosomes.

Mendelian Characters in the Pig
Symbol Character 250
. i
A ogoutimindiidual hawrs banded (wild type, not found in domesticated P
Be  belted—white band around forequartera as n Hampshire
b7 Berkshire-type dished face
¢ cleft palate and split ear

er cryptorchidism
Cu curly hair
d defective skull

e red; e?, black spotted; E, black
Ea erect ear, dominance may be incomplete
fe fecundity, Fe, wild litter size (4)

h hydrocephalus, lethal

ha harrless

he half color—antenor half of pig white
he hemophilia, sutosomal

H!  harelp

hr herma,

Hw  har whorls
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Symbol Character

kv hydrocephalus
I mhibitor of color, s in Yorkshire; 4, dilution (blue-roan), 5, intense color
k kinky tail—fusion of vertebrae
P Paralysis of hind hnhs
" red eye, black in coat reduced ta light sepia
2 white spotting
sandy
o mdy}bou. genes together when hotmozygous give white
Sn syndactyly (mule font)
# short ump
€ recesave white
¥ watfles
Wo  woolly hair
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SHEEP (Oris)

Sheep were among the first animafs to be domesticated. A Ita:gz nunlx;
ber of witd species of Ons as well as domesticated brcc.:ds exis oI ay. n
is uncertain whether the many breeds afl frace bnc'k to{ ahsmg:so\:r:cs
ancestral species or to several Makino reports 27 pairs of chrom

in sheep, with no racial difference o

Fe\ver’ Mendelian characters have been dcmonstlr‘ntei‘lon s\‘ltl;‘:});r\“‘i:’::t‘
most domestieated animats. The most important ¢ ey e ttiple
and quality of the wool and tho meat, depend largely upon multip
gencs, these have not been thoroughly analyzed

Mendelian Characters in Sheep
haracter
Symbot o 3
A% dominant black s in Karahul (black changiag to geay except on extremities)
ominan
an  ancon (Otter),  type of achondroptasia
B e fhgf:kl.:;:?:l:.rl a8 1n Karakul, Be be, intermediate
ent-ta,
Dr drooping ear, Dr dr, mtermediste
€ ved wool .
& carless, Ea Ea, long ear, Ea ea, short ear
F o white faty f, yellow fat
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Symbol Character
G gray , GG, lethal
K Karakul, wool it tight ringlets, in some breeds incomplete dominance
N extra nipples—multiple factors
r polled, horns reresstve in females, dominant in males [Some breeds are PP,

some pp, 1n some hreeds (Dorset o, Lonk) both sexes are horned; in
Menino, males ate horned, females hornless; in some breeds both ecxes are
hornless (Down, Lincoln, Cotaweld, Leister) ]

pr convex profile

s spotting, black over eyes, on nose, lips, and legs (Gromet, or badger face)
» piebald, as i Spanish sheep, S? a2, white patch on head, tail partly white
Sh short tail
w domipant white
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DOG (Canis familiaris)

In his comprehensive work on “The Variation of Animals and Plants
under Domestication,” publihed 1n 1868, Charles Darwin devoted thirty
pages to the onigin and history of the dog. e came to the conclusion that
domesticated dogs were derived from seyeral wild species. He noted that
nearly all living tribes of men all around the world were the owners fﬁ
dogs and that i cach geographical region the dogs resembled closely in
structure and behavior the wild species of Canidae (wolves and jackals)
native to the region.

Archeological rescarch has shown that the dog was Jdomesticated long
before historic times. Bones of dogs are found with those of cave mat m
Europe. It scems probable that the dog was the first animal to be truly
domesticated by man and that this symbiotie relationship origmated dur-
1ng the immensely long stretch of time that man got his lving by hunting
and food gathering, before the invention of agriculture. The domestica-
tion of the dog was most natural, since the ancestors of the dog nere 8ls0
hunters, as well as social animals. They had the temperamental aptitude
that made them amenable to the discipline of human association 22
were not large and strong enough to be dangerous to the early h"l“'ehm
and their familics. Among some of the nomadic tribes still living in the
hunting and food-gathering stage, for example, the Bushmen of Sou
Africa, the Aborigines of Australia, and the Eskimos of the arctic res“}”sv
the dog is the only domesticated animal. Apparently, various wild spt’C}:b
of wolves and jackals are capable of crossing with cach other and w1
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dogs and of producing fertile hybrids On his longest migrations on foot
ot by boat or raft man probably took along his dogs Hybndization was
th}ls made possible with the dogs of other tribes or with wiid Canidae,
th1§ favored the increasing variehility of the dog and may in part ex-
plain the fact, that the dog 15 the most vanable of domesticated animals
In later times, with the develapment of agricultural embhzations, there

LY

[ S o < e ” g LML
Figure 145 Mermbers of the dog famly (Camdae} Top row, left to raght North
African jackal (Thos eureus), Black-backed jackal (Thos mesemelas); Abyssinian
wolf (Canig 2imensis} Bottom row, left to right Dhole (Curon dubhunensis) {from
India; Alasks wolf (Canis lupus), African hunting dog (Lycaon puwtus) from
Abyssia. (Courtesy of Chicago Notural Haistory Museum )

was 6 preservation of a grest vanety of mutants and the selection of dif-
ferent types to satisfy the many uscs that man found for the dog The
ancient Assyrians and Egyptians had distinct breeds of dogs

Mendelion Characters in the Dog
Pigmentation

The melamn pigment in the skin, bur, and eyes of dogs 1s essentially
hike that in other mammals Several sertes of alleles affect its develop-
ment, just as m the guinea pig, described in Chap 6 In details, how-
ever, there are many differences, as one would expect in widely separated
orders of mammals Some of the conclusions embodied in the table below
rest upon facts reported by fanciers engaged 1n developing speeial breeds
and have not been subjected to the same nigorous tests os m the case of
the laboratory rodents Fagmentation in the dog is bighly complex and
variable—due ta the probable diverse origm of the dog and to its world-
wide domestication over many thousands of years Opportunities for the
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accumulation of many mutations have been ideal. Investigators of dog
genetics are not in agreement on all points The list of genes and allelie
serics given below may be modified in some details as further facts ac-
cumulate The dog has a very large number of chromosomes—39 pairs.

Symbol

o
em

H

Many characters involving the anatomy, physiology, and b vef,
dogs are known to be hereditary. In the majonity of cases, hﬂe !

Character
AcotTr SFuEs oF AuLrirs
dominant blach
dominant yellow (tan)

agouts (wolf gray, wild type)
black and tan, with reatricted tan markings on feet and muzzle

chocolaterolored haw, shin, eyeq, B, black
black tongue (Chows), Bl b, intermedite, bl b, pink tongue

Aunno Senfts oF ALLELES
Intense pigmentation
intensity reduced, red reduced to yellow (Chinclulla)
whte hair, dark shin and cyes, 0910 Poodles and Alsatians
pale-gray hawr, pale-blue ey e« appeanng red in certain hight
albino—pink nose, blue ey es, white hair

dilution—hair ““bluc”” as in Grey hound, eyes and ehin dilute

Exrtesston SrRIES of ALLFLES
dominant black
brindle, a9 1n Great Dane and Boxer
yellow (fawn), with black mask on yellow
red or yellow (fawn) without black mash—ee 1s epistatic to black
from genes 1n other geries.

resulting

1

harlequin, H, many spots on white or gray fields KU, white ““h[;,:r;

gray apots—pups weak, deaf, cyes small and dcfective (Great a
Dachshund, Dunherhound)

Eve-coror BEmIES OF ALLELES
1ns dark
medwum (hazel)
light, yellow , domiance probably incomplete

pink-eyed dilution
roan or ticking (dark harrs seattered among white) oo green
ruby eye—red hight reflected from eye i darkness, instead °“°"°h“3h:am,
white spotting; ss, lrge irregular w hite spots, Ss, some white on s,

or head
dominant white harr, skin, nose, eyes pigmented

Characters Other Than Pigmentation
d bvhnvmfl;’f
the
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precise Mendehan mechanism is undetermined This is especially true for
gensory and behavioral differences, ns displayed 1n hunting and herding
dogs. Many anatomical, physiological, and behavioral traits apparently
depend upon multipte factors, hence their analysis 1s difficult Many such
traits are discussed by the authors cited belaw

Symbol Character
Co caturacy
ck conrse hair

¢ cleft palate (Bulldog)
De dewclaw (st digit present on hind foot), 1n some breeds recessive
bt docked tail, 1n some breeds Dt Dy, lethal

LAR-CARRIAGE ALLELES

Ea sermi-erect ear (Terner)
Ea'  lop-eared (Hounds)
e erect ear, Ea! eq, intermediate

ke hemophilia (sex-linked)

Hy  hypotrchosis (hairless)

Kt Xinky tsil (Bulldog)

o overshot upper jaw (Dachshund)

Pe pendant ears

Pr pomted nose

" retinal atrophy (Irish Red Settex)

Se  small ear {Alsatian), se, Irge ear (Pointer)

Sh short hair

St short legs (achondroplasii), 81 6, mtermediate
&n anub nose (Pekingese, Bulldog)

St straaght hair, St st, wavy, s st, curly

Tf  twi featherng

Te  tnangular ears

um  umbiheal hernia

wr tagh une aad excretion, with tendency to kiduey stones (Dalmatian)
Wi wire har
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CAY (Felis libyca)

The common domestieated cat of Europe and the Umited States, some-
times cealled Felts domestica, probably originated through the d
tion of the wildeat F. ibyea (F1g 146), which ranges in Africa from the
region north of the Sahara to the southern tip of the continent,
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The wild species is larger than the domestic cat. Austin Roberts cites
measurements for F, libyca showing the following means: head and body
length, males 559 mm., females 527 mm.; eranial length, males 101 5mm ,
females 96.2 mm.; brain-case width, males 47.8 mm., femalcs 47.2 mm.;
zygomatic width, males 73.9 mm., females 69.1 mm.

Figure 144, Wildeat of Africa (Fels libyca), supposed
ancestor of the domesticated cat of Egypt. (Courtesy
of Chicago Natural History Museum )

In color F. libyca resembles the tabby. In the tabby, the long gm?rd
hairs are black-tipped, with one or more subterminal bands of yelloWlSl}
(2gouti banding); on the sides of the body dark and light dorsovent;:
stripes alternate. A dark stripe runs along the center of the back In the
black stripes some of the guard hairs are sohd black and others have uo-
usually long black tips. .

The wild species varies considerably throughout its extensive rangley
and & number of subspecies have been described. F. libyca crosses rei*‘ii‘ .
with domestic cats, and according to J. Stevenson-Hamilton, late w2’ :3
of Kruger National Park, South Africa, a hybrid (male) that he obsel'vt :
was fertile. He states that during Pleistocene times and more recently
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the range of P, libyca included a large portion of Europe Some authors
consider the European wildeat, still present in certain forested mountain
areas, as constituting a distinct species, F. cafus. In color it also re-
sembles the domestic tabby and crosses with domestic cats

The ancient Egyptians were probably among the first to domesticate
the cat Statues of cats dating as far back as the Twelfth Dynasty (1991~
1778 1 c.) have been found Pantings in tombs of the Eightcenth Dy-
nasty, about 1400 B ¢ , show cats with the typical tiger pattern

In Asia other species of Felzs are found; from these some of the domes-
hieated cats in that continent may be dertved The Siamese cat 1s thought
to have an origin dntmct from common cats

The lack of 1 vanability in the d ed cat 1s remark-
able in comparison with the extreme vanability of the dog. The explana-
tion for this difference is not obvious. It may be due in part to the diverse
ongin of the dog. The eat has 38 pairs of chromosomes

Mendelian Characters in the Cat
Symbol Character

A domnant black (of Samesc)
a  agouti pattern (tabby, wild type)

@ non-agoutr—has without subtermingl bands
(4 intense color

& chinchulls—pigment reduced

¢ Burmese pattern—born white, blackish pigment devefoping fater on face,

ears, feet, tail, coat dusky, eyes yellowish

¢ Simese pattern—born wlute, mmilar to Burmese, but grester reduction of
pigment; eyea blue

d Maltese—black diluted to bhush gray, yellow diluted to cream

. yellow, E, black, Ee, tortose-shell (black-and-yellow spotted), sex-himked

1 Tong hawr (Angora)

P polydsctyly

B white-spotted, dominance of S (self) incomplete

T tailless, ¢, long taid, T, bobtail

w dominant white—emistatic to other color genes, eyes either yellow or blue,
Af bine, deaf, if blue on one side only, deafness imited to same aide
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MOUSE (Mus musculus)

The house mouse is of Asatic ongin Sexcral subspecies exist in Asia
and Furope The common house mouse (Mus musculus domesticus) has
followed man in his migrations and is now to be found in every continent,
living as a commensal n and around human habitations This relation-
hup has probably endured for many thousands of years, perhaps from the
beginning of agriculture with the storage of grain., Mice were abundant
i ancient Egypt The Egyptian's veneration of the cat was perhaps due
to 1ts value as a cheek on mice

The Chinese were among the first to breed the mouse. White mice and
spotted mice were known in China as early as 1100 n.c. White mice are
mentioned by Aristotle. Fancy varietics were kept in Europe during the
nineteenth century, and the mouse served as the first mammal in which
Mendelism was demonstrated, m 1902 The list of known Mendelan
characters has grown at an accelerated pace during the past fifty years.
As a result we have more detailed knowledge about the geneties of the
mouse than of any other mammal unless 1t be of man himself. There are
20 pairs of chromosomes in the mouse.

Mendelion Characters in the Mouse!
(Lankage growpa mdicated by Roman numerals, genes in group ve are sev-huked )

Symbol Character
4 v gray-belhied agoutt
a v non-agout
at v black-and-tan

Aw vV white-bellied agoutt
A7 ¥V yellow

ac abaence of corpus eallosum
*ag agitans

At alopecia

an  VIII anemia
ar ataua

b VII brown

*Bn XX  bent tail
“p V_ brachypody
*Br XX bnndied

b VI belted
e 1 albinism
e T chinchilla.
e 1 extreme dilution
Ll I intense chinchilla
e 1 superalbino
Ca VI caracul
*Cd erooked

*From Gruneberg,



Symbol
ch
o
¢
d 1
b ¢
*dr
du
dw
eyl
2
!
5 v
1
Fu IX
fr XHr
o
by
Kk
B TIL
“ht 10T
ke 11T
hy-1 V
hy-2
hy3
e
]
e XII
n X
K IX
iV
o XIIL
Lp
ir
L VI
1
m VI
m XI
Mo XX
my
NI
o I
*ab
v 1
o1
pa V¥
L
p UL
st VI
py XL

v
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Character

congenital hydrocephalus
erikled

curly tai

Maltese (blue) dilution
dilute lethal

dreher

ducky

pitmtary dwarfism

snophthalmia

siderocyte anemia (flexed tail, belly spot)
fidget

frizzy

fused

fuzzy

gray lethal

hypotnchoss juventis

hook

hypotrichoms cystica (hairless)
hypotrichosis cystiea (bald)
hypotrichasis cystics (chino)
hydrocephstus~1
hydrocephalus~2
hydrocephalus -3

ichthyosis

otacephaly

Jerher

nttery

kinky tail

Lresler

leaden

loop tadl

lens rupture

lght

hemunelia tibise (tuxate)
misty

microphthalmia

mottl

myelencephahe blebs
hypotrichosis hypokeratotica (naked;
oligodactylism

obese
punk-eyed dilution
ruby

pallid

pyEmY

pirouctte
po-tailed
polydactyhsm
rodless tetina
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Symbol Character
Re VI rex
rt reefler

*ro v rough

re X1 ruby eye
© Ol piecbald

&b stub

8¢ screw tail

S4v Danforth’s short-tail
L 4 short ear

eh-1 1 shaker-1
2 VI ghaker-2

an v ailver

Sp XIr eplotch

at shaker short

ay shaker with syndacty hism

T X brachyury

fo
n }IX anury

g
*Ta XX tabby
te light head
g 1 taupe
Kid trembler
*Ts tail short
v umbrous
un Y undulated
ur urorectocaudal syndrome
* X Japanese waltyer
Va vantint waddler

rt VIL  vestigial
oo dominant spotung (macrocytic anemia)
we oI daminant spotting (viable allele)
wa-1 XI waved-1
wa2 VII  wayed-2

“ub wabbly
Wh X1 white
wf wabbler letha]

The symbols 1 the above st ate those recommended by the commuttee o ;’;‘3’;
Eenetics nomenclature (Dyar, Gruncberg, and Snell, J. Heredly, $1:505-50 " e
OF BYmbols wntrodured Jater gy conformity with the suggestions of that o oy
Dr Grineberg Buggests that 1t would be very desirable in the interest of unifo
of future authors would eonform to those recommendations atibility

In addition to the &enes shown in the st above, there are the histocomp:
enes (or antigens) with symbols H-] H-2, H-3, ete, .

The suthor 13 especially ndeptes 1) Dr’ Griineberg for supplying s T e
Lat of genes (indicated by *) published since the publication of his book “The
of the Mouse.”
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Reference

Graneberg, Hans: *The Genetics of the Mouse,” 2d ed, Martious Nyhoff, The
Hague, 1952. (1,751 tutles are hsted m the bibhography of this book )

FOWL (Gallus)

The common fowl, or chicken, is an Onental bird The date of 1ts first
domestication probably came long after that of the dog and some time
following the domestication of the horse. A scttled agricultural way of

i wp o TTmm e - - e oy

SO e
Figure 147. Red jungle fow! (Gallus gallus) of southern Asia, a probable ancestor
of the domesticated fowl. (Courlesy of Chicago Natural Hsstory Museum.)

life rather than a dic existence 13 I for the breeding of such

bird
* In the Old Testament (King James version) the word fouwls 13 used for
birds i general But there is no reference to the domesticated fowl; there
19 & reference to a crowing cock in the New Testament. According to
Darwm, in his book “The Variation of Animals and Plants under Domes-
tication,” the fowl is not figured on the ancient Egyptian monuments,
nor is it mentioned by Homer and Hesiod (sbout 500 n ), but is referred
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to by Theognis and Aristophanes between 400 and 500 r c. Darwin con-
cluded that the domesticated fow} apparently reached Europe about the
sixth century p.c. Anecient writings indicate its domestieation in India
and China some centunies earher It was found in Britain by Julius
Caesar.

The genus Gallus consists of several species of wild jungle fowls which
together have a wide range stretching from India in the west through
Burma, Thailand, Malaya, Indo-China, and Indonesia to the Philippines
The members of this genus are characterized by a stout and slightly
curved bill, strong straight toes adapted for running and scratching, and
fleshy head furnishings consisting of comb, wattles, and car lobes

Darwin regarded the red jungle fowl G. bankiva (G. gallus, Fig 147),
which is the most widely dispersed specics of Gallus, as the probable an-
cestor of the domesticated fowl In plumage this species resembles the
breed known as the Brown Leghorn. The voice of the red jungle forl
resembles that of the domestieated fowl. Hutt gives it as his opinion that
three other species of Gallus may have contributed to the ancestry of
the fowl He states that hybrids between any species of Gallus and the
common fowl! are fertile. )

The name G. domesticus is frequently applied to the fowl This implies
specific distinetion, which is questionable zoologically, although the name
is unobjectionable 2s a descriptive term. Many investigators have studied
the chromosomes of the fow]. Owing to the many small chromosomes,
counts are difficult The most recent reports indicate that there are 38
pairs of autosomes and two X chromosomes in the male, 38 pairs of auto-
somes and one X chromosome in the fomale. As in other birds, the female
13 the heterogametic sex.

Taken together, the domesticated fowls all over
degree of vanability in size, body proportions, color and struct:
plumage, head furnishings, and other characters How much of this var-
1ability 1s due to the diverse ongin of the fowl and how much to mans
preservation of mutations is unknown. For a number of reasons the fowl
is o favorable animal for genetic experiments. Many Mendelian traits
have been described The following list follows Professor Hutt’s excel
lent book, cited at the end of the section.

the world show a high
ure of

Mendelian Characters in the Fowl'

Symbol Character
a albimsm, autosomal—lack of melanin
ab barring, (as in \ and )
al albinism, sex-linked—reduction in melanin

Ap  apterylosis—reduction 1n feather tracts, semilethal
barning, sev-linked (as in Plymouth Rocks)
b4 breda comb— s, combless; oVs, two small papillac as comb

t After Hutt.
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Character

blue: B! BI, blnck Bl bt blue bl bl, blue-splashed white
TOwN ey from y to bay, sex-linked

bmchydac!yly 1hqrtened outer toe, By by, intermediate

recessive white—as m Plymouth Rocks and Dorkings

chondrodystrophy—lethal

cormish lethal—Ct ¢f, short legs, CI CI, lethal

crooked-neck dwarf, lethal before hatehing

creeper—shortened and malformed legs, Cp C, lethal

crest

duplex comb

diplopodia-—usually six toes 1n two sets of three each

453

dwarf—weight of adulta reduced 30% in 9's, 42% 1n J"'s, fertile, sex-linked

Colutabian restriction {melanin reduced, as 1n hight Brahmas)
frizzhng—rachis and barbs much curled

fhightless—shafts of fight feathers break off

fray—defective barbules

yellow head—skim of comb, face, and wattles remain yellow
silkiness (hookless), barbules lack hoaks

Ben feathenng—effect fimited to males

domnant white—mhibition of black, as in white Leghorns
dermal melanm, dominance mncomplete, sex-linked

cream (inhibitor of gold)

ttery——nervous disorder, head retracted over back, sex-linked lethal
slow feathermng, sex-linked

head streak—dark head streak, sex-luaked

recessive lethal white

lacing—~feathers bordered by black

light dawn (mnbibitor of brown), sex-linked

congenital loco~—lethal a few days after hatching

multiple apurs

matbhing—irregular strping 1n down

muffs and beard—elongation of feathers at sdes of face and under lower

beak, Mb mb, ntermediate
missing mandible—lethal
modified fnzzling—reduces frizzling
microphthalmia—Wilateral, eyes about half normal size, blind
motthng—black elimnated from feather tips
amaxilla—maxillae absent or much reduced, lethal
naked—sex-inked semilethal, deficient feathers more extreme m ¢'s
naked neck—feathers lacking on neck
blue egg—blue pigment thtoughout shell; in Bouth American vanetics
pea comb
pred—maxture of black and white plumage
pink eye—eye pink, plumage of colored birds, blue
polydactyly—dupheated hallux, iereular expression
dupheate—estreme duphication of hallux

normal tocs

rose comb }

red eye—feather pigmentation reduced
rumplesgness o
receasive T (& ); low




454 ELEMENTS OF GENETICS
Symbol Character

s red-splashed white—melanin restricted

S mlver (s, gold), sex-hinked

S84 sex-linked dilution

sk shaker—nervous disorder: rapid s ibration of head and neck; affected usually
die before sexual maturity; sex-linked

a Bpurless

am  short mandible, semilethal

an sunsuit—rennges and retrices reduced 1n number and length; beak and toe-
natls dustorted

Sp  spangling—feathers with black tips, ineomplete dominance

o unstriped

2y stickineas—ahnormal enthryos; lethal before hatching

s short upper beak: semilethal

w snow white—down white instead of cream, yellow, or greenish

T normal (rapid) feathening

* retarded feathering

t tardy feathenng

ta talpid—wings with sy eral digits, rhort and palmate, lethal
d thyrogenous dwarfism—multiple abnormalities

U uropygal (UU, o1l gland missing; U, bifurcated papilla)

v vulture hocks—feathers on tibua large and stiff

W white skin
wg  wingless, letha)
xl lethal some time aftee hatching; sex-hnked

Linkage in the Fowl
Since there arc about 40 pairs of chromosomes in the fowl, the 1?cnt:
ing of genes on a particular chromosome is 2 slow process. The relatively
large number already located on the X chromosome is due in part {0 ﬁ]}:
¢aso of discovery of sex limkage. The X chromosome, however, Fanks ?,f.-:n
in siz¢ and ought therefore to carry a larger proportion of the genes ¢
most of the other chromosomes.

Chromosome Maps of the Foul
{Numbers indicate erossover between ive genes )

Symbol Character

SEX-LINKED
ko 13 head streak
sd ? dilute
barred
1d whibitor of dermal melanin
B 27
* Y0 brown eye

L 1% Iight down

s 55 silver

dw 55 dwarf

X slow feathering 2l

. " ker,
Locnholn on X chromosome unknown: al, albino; 3, itery, n naked, s sho
lethal
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Symbol Character
Livrage Groor 2
(229 4 treeper

R gy rosecomb
14 uropygal
Lingage Grove 3
125 Crest
17 dominant white
F frzzled
Livzace Groue 4
0 ¢ bluceg
r
23 pea comb
ma e marbling
Na naked neck
Linkace Grour §
D g duplex comb
M 23 multiple spurs .
Pot duplicate
Po polydactyly
Linkace Grour €
A 12 silkiness
Ft fightless

Reference

Hutt, F. B ““Genetics of the Fow),” MeGraw-Hill Book Company, Inc , New York,
1949

PIGEON (Columba hwa)

Pigeons were domesticated many centuries ago Their source is the
wild species known as the rock dove (C' hria) of the Old World (Fig
148) The color of the rock dove, which may be regarded es the wild type
of the pigeon, is slate blue, somewhat Lighter on the wings. Across the
wings extend two transverse black bars The rump is whitish, as can be
distinctly scen as the bird takes flight, neck and breast, 1ridescent green
and purple; primary wing feathers and tail feathers, dark-tipped; outer
tail feathers, white on the outer web The iris of the eye is orange, the
feet, are unfeathered and red, and the bill is black.

The male pigeon has 39 pairs of and two X 4
the female has 39 pairs of and one X ch A very
large number of varieties and breeds have been developed through selees
tion of mutations that have occurred from time to time, combined with
crossing Many investigators have contributed to our knowledge of the
geneties of the pigeon A comprehensive and valuable work on the pigeon
by Levi contains a chapter izing this knowledge, to which the

"
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e - med
Figure 148, Wild rock dove (Columba liria) of Eutope
and Asis, supposed ancestor of the domesticated
mgeon (Courlesy of Chicage Natural History Museum )

P i h
reader 13 referred for more detailed descriptions and for & bibliography
on the pigeon,

Symbol

at
b

B*
Bot

% "*q3rta

Mendelion Cheracters in Pigeons
Character

ataxia—ataxic behavior, brain, especially cerebellum, of !née{;mr “:x:; sttern;
chocolate—skin, beak, and clans pale, fvnthc‘lis tawny with bro
adult irig lacks most yellow color, sex-linke depig-
ash red-—feathers chestnut and gray; skin, beak, claws, somew hat
mented, sex-lnked white,
faded—shight reduction of pigment in plumage; homozygote nestly
sex-lumked . homozyEote
almond—reduction of pigment in skin, claws, beak, feathers; hom
nearly white; sex-linked
blue checker
barless
clumsy—apparently defective vision
crest—feather whorl on back of head
T pattern—black, blue tail ar black check s, retins, plumsEe
dilution (siver)—reduction in pigment, 1n skin, beak, claws,

tawny with dun pattern; sex-linked
Je—redueti

dinto between dilution and wild types

in pigment, i

P
sex-linked



DOMESTICATED ANIMALS 45
Symbol Character
e red—beak, claws, skin, hght, feathers chestnut red
@ grinzle—finely stippled decoloration, domnance incomplete
g grouse—~tars: and toes feathered, Gr ge, feathers usually on tarst
In  indigo—reduction 1n pigmentation tending to reddishness, fn In, more
pronounced
L lace or silky-~—barbules weak, barbs tend to curl; L, more pranounced
My oulky—reduction i pigmentation, with little reddish
n plandless—absence of o1l glands of tai)
na nakedness (featherless)

¢ opal~—~reduction of pigmentation 1n feathers, skin, beak, and claws
0d  dominant opal—similar to opal, except Jess reddish
» porcupine—feathers fail, mote or less, to expand from sheath.

PY  polydactyly—one or two extra toes on wner tarsus, ususlly extra poflet;
projecting loser bill, Jethal before maturity

y smoky

s solid color (black)

r pearl eye~—iris white

® webfoot ~variable webs between toes

Reference
Levi, Wendell Mitchell* “The Pigeon,” R L Brysn Co, Cotumbia, § C., 1942

PROBLEMS

1. What 15 the contment of ongin of each of the nine domesticated animals des
senibed 1n this chapter?

2. Why do some taxonomusts regard Fast Indien humped cattie and European
cattle as members of a mngle species?

S Why is it impossible to obtam & pure-brecding race of Palomina horars? What
color vanety 1u cattle offers the same diffculty?

4 In the pig, two genes are Liated that reduce black to “sandy " A cross holwmy
these two produces black Animals homozygous for both ssady genrs ara white,
Caleufate the Fy phenotypic ratio {rom & eross between the two types of mndy,

§ flow do’you account for the grest diversity m the domestieated dog venspup i)
10 the smsa)) smount of variability in the eat?

6. What are the reasons for thinksg that the dog was the first anumnt domeatlent ol
by m

1

{fat genetic mvestigatons”
8 How many of the 20 chromosomes 1a the mouse are known to enrry gs nea?
1

8. What percentage of the mutations 1n mice are dominant
10. What are some of the reasons for the overshelmmg popularity of fha fawl en &

domesticated burd

an?
What are the {sctors that make mice and chickens especially Iavirs)ls yisxle






APPENDIX A

MENDEL'S AUTOBIOGRAPHY

Worshipful Tmperial-Royal

In accordance with the exalted mgulatwns of tbe 7\I»mstry for Eeclesiasties!
;&fﬁ‘axts 2und Ed the resp d submits 5 bref sketch of s
ife.

He was bom in 1822 m Heinzendorf i Bilessa where tus father owned & small
farm (See Enclosure A) After having attended the elementary schoal of his k-
lage and subsequently the Punst College [Pransten-Collegmim} s Leipnik, he
was admirtted in 1834 to the first Grammar elass of the Impenal-Royal Gymna-
sium of Trappau, Four years later several incidents of musfortune which folioned
each other 10 quick made it letel ble for his parents to
pay for the expenses conpeeted nsth the studies, and the respectiul undersigned,
who at that fime was only 16 years old, found himself 1 the deplorable eituation
of having to earn hus own support He, therefore, attended the courses for “teacher
eandidates and private tutors” at the Distnet Man School {Kreis-Hauptschule}
nn Troppau and since he was tughly recommended m the certificate of aphitude
which attested his passing the he led dunog bns h
studies to earn by private tutonng sn amount sufficrently large to perrit a very
modest way of hving (Enclosure B )

In 1840 after having completed his studies at the Gymuasium ks first concern
wag te seture the means necessary for continwmg os studses In Olwiits he at-
tempted therefore repestedly to offer kug services as o pnivate tutor, but on pe-
count of the lack of friends and of d his efforts unsue-
cessful The grief resulting from thess shattered hopes snd the uneasy and rad
prospects for the future were of suck & deep wapact that he fell ill and had to
spend a whole year nith s parents to recuperate

Finally, 1 the following year the respectful undecsigned was i the destred
position to guve lessons i Olmitz and st least to coser hus most urgent needs
while continaing his studies Applying himself to his fullest capaeities be suc-
reeded in completing the two yesrs of phiosophieal studies (Enclosures D, E,
F, G } The respectlul undersigned felt that 34 was smposwble for him to continue
10 expend such efforts, and after the completion of kus philosoplucal studies he
felt therefore compelled to enter a professian nhick freed ham from the biiter
wornies about gatning 3 hving His situation deternnned the ehotce of a profes-
sion He requested permussion 1o enter snd nas secepted i 1813 in the Augustine

Ronastery {Augustner-Stft] 5t Thomas in Altbrian.
1 Ongimal ;n German published with comments by Dr Hugo Nt 1 Genehicn,
8:320-334, 1926 Present translation by Dr. Fnts Veit,
43y
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This step changed his matenal situation completely. With the physical com-
fort so conducive to any hind of study the respectful undercigne regained cour-
age and vigour and he studied with much devotion and love the classical subjects
presenbed for the tnal year In his hours of lewsure he occupied himself with the
amall botanical-mineralogical collection which he had available 1n the monastery
s preference for the natural aciencey grew and grew as he found increasing op-
portunity to become famihar with these subjects Although he lacked all oral
direetion in these studies and although in this field the autodidactic way is prob-
ably more tedious than in any other and although it leads to the attainment of
the abjectives quite slowly, he nevertheless acquired such a liking for the study
of nature since that time that he will not refrain from any effort to fill the still
existing gaps by self study ns well 29 with the ndsice of experienced men. In 1846
he also attended the pertinent lectures on economics, frnt-tree culture and vit-
culture at the Academy for Philosophy [Philosophischen Lel 1t] in Brinn,
(Lnelosure 1, I, K.)

After the theological studies were completed in 1818 the respeetful undersigned
recened permission from his Right Rev Prelate to prepare himself for the phil-
osophical iona [philosoplischen Rig ] In the following year, when
he was about to take the examinations, he was invited to accept the position of
o substitute teacher at the Imperial-Royal Gymnasium in Znaim, and he accepted
this call with pleasure. From the outset he endeasored to teach the varous sub-
Jects entrusted to um 1n a manner which would be easily intelligible to s stu-
dents, he hopes to have been successful in this, inasmuch as over a period of
4 years duning which he had to earn his Ining as a tutor he had ample oppor-
tunity to obtamn experiences relating to the achicvements which might be ex-
pected of the students and to the differing degrees of youthful capacity for
learming.

The respectful undersigned hopes that he herewith has given 8 brief shetch of
his life history His sorronful youth taught him early to appreciate the senous
aspects of Iife, and to work Tven while be enjoyed the fruits of secure econormic
conditions, the desire remarned afive to catn the means for his own support. The
respectiul undersigned would consider himself happy if be could meet the re-

i of the Worshi Examination Ci i and could attam fulbll-
ment of his wish, He would not shrink from any endeavor and sacrifice to fulfi
any duties in the most meticulous manner.

Znamm, Apnl 17, 850 [sic]

Gregor Mendel
Suppl Professor .
at the Impenial-Royal Gymnasium in Znaim



APPENDIX B

EXPERTMENTS RELATING TO PLANT HYBRIDS!

by
GREGOR MENDEL

(Presented at the meetings of February 8 and March 8, 1865)

Introductory Remarks

Artificsal fertilization which was undertaken with ornamental plants in order
to obtain new color vanations nas the occasion for the expenments that are to
be discussed here ‘The striking regulanty with which the same hybnid forms ap-
peared again and again whenever the fertihzation occurred between members of
the same species was the stimulus to further experiments whose task it was to
pursue the development of the hybnds i their descendants

Careful observers such as Kolreuter, Girtner, Herbert, Lecocq, Wichura and
others have devoted to this task a part of their ives with indefatigable persever-
ance Gartner, especially, hes reported very noteworthy observations in his work
entitled “Die B he” (The Production of Hybrds
n the Plant Kingdom), and moqt recently Wichura published thorough expen-
ments relating to hybrids of the willows If one has not succeeded as yet in estab-
hshing a generally vald law for the formation and development of the hybnds 1t
should not be astomshing to any one who 13 acquainted with the extent of the
task and who knows how to inte the ftres nith which i of
this kind have to cope A final decision can be reached only when we have avail-
able detailed experiments from the most diverse plant families.

1Page 1 of Mendel's paper on peas, Translation by Dr Frits Vet







LABORATORY EXERCISES IN GENETICS!

FOREWORD TO THE INSTRUCTOR

Genetics, Iike other branches of bology, 13 taught mast effectively by means
flldemonstmtions, observations, and experiments Carefully selected concrete ob-
jects arouse the interest and hold the attention of students as nothing else There
2 evidence that elarity of understanding and degree of retention of facts sand
Principles vary directly mith the extent of use of material objects On the basis
of experience with numerous college clusses the following laboratory exercises are
offered as aids in the teaching of the elements of geneties The various items hsted
are elassified under the principles which they llustrate. The sequence of topics
corresponds to that of the chapters mn the text

1. SEXUAL REPRODUCTION IN PLANTS

Students of genetics should have a clear understanding of the process of cexual
reproduction n seed plants The basic laws of heredity were deduced from ex-
peniments with plants, and progress in genetics today involies experiments with
plants as well a9 nith ammals.

As a means of reviewing the process of sexual reproduction 1a seed plants (1t s
assumed that students of genetics have considered the topic at some time m a
previous course in biology or botany}, the flawer of the pea, either the edible pea
or the sweet pea, both mature and wamature, nill be studied and dwssected As
an alternative to peas, bush beans may be nsed. The latter take about six weeks
to grow from secding to friting in a warm greenhouse. The floners are similar
to those of the pea.

Examine and 1dentify the vanous parts of the flower, and review the functions
of the parts Remove the pistil and a stamen from an immatute floner and exv
amine them under the mieroscope Crush an anther of & mature flower on a slide
in & drop of water, 2dd a cover glass, and observe pollen grams under high
power Draw a pollen gram What characteristics of the floner of the pea favor
self-pollmation?

As a supplement to the study of flowers, hfg\\—sca[v models or charts, or fan-
tern shides showing the essentials of reproduction 1n seed plants will be used

All of these studies should serve to emphasize the fact that modern geneties
deals prmarily nith the conseq of sevual reproduction and declopment.
1t will bo scen heteafter that gamete formation and fertihzation are basieally the

Bame 1n plants and ammals,
A The author 13 ndebted to Dr Paul Glenister for useful suggestions in the prepara~
tion of these exereiscd

483
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1l. MENDEL'S FIRST LAW (SEGREGATION)
Peas

Obtamn packages or samples of seeds of various varieties of peas: round yellow,
round green, wnnkled yellow, wnnkled green, gray -brown sced-coated, ete, Note
differences i color and form of seeds among the vaneties ns well as individual
differences withm a single variety,

Soak a seed of o round-seeded variety and one of a nrinkled variety overnight;
remove the sced coats, noting the color of the sced coats and cotyledons. Crush
a portion of the sced of each variety in s few drops of water and examine a drop
of the suspension under high power. The instructor may issue suspensions as un-
hnowns and a<k you to identify the variety (a< round or wrinkled) by comparison
with the drawings on page 223 Make drawings of the two principal types of
starch grams

Maize

Fxamine ears of several color varieties of Indian corn: ycllow, white, red, pur-
ple, ete , also ears with filled seeds, shrunken seeds, starchy seeds, sugary seeds

Obtain cars which have been produced Ly self-pollination, showing on each
ear a supposed monohy brid ratio of 3-1 for some pair of contrasting characters
in color or sced form. Count one row at a time and record the number of seeds
for each character If irrcgulantics of rons make counting uncertamn, mark each
seed in turn with n dot of washable ink. (The procedure of marking rather than
removing sceds 1s followed so that the ears may be used again. By storng the
ears in & tight metal contamer, with an insect repellent, it is possible to heep the
ears in good condtion for years and to use them again and agamn.) .

To the observed ratio on each ear apply the chi-square (x*) test as described
in the text.

1f available, alo count sceds on cars produced by backero:
gote to the recessive, giving an expected ratio of 1:1. Apply t
preceding study. N

Seeds of maize and of sorghum produced by self-pollination of plants hetem!}:
gous for albinism are also obtainable When planted these seeds give rise w:f -
Iings showing & ratio of 3 green:1 albino (sce text page 152) To obtam satishe:
tory ratios, plant at least 100 seeds from stock not more than one or R0 3%

ssing the heteroz -
he x* test as in the

i i se X,
old, (If preferred this expeniment may be deferred and combined with Cxercise [
on heredity and environment.)

Drosophila Experiments .
Note to Instructor* Experi with Drosophila mel fer are highly i

be done, it is strongly

P
structive and easily i ts are to
asily earried out, If such experiment e axcellent bookleb

recommended that each student be provided with a copy 0 3 by the
“Drosophila Guide,” by M. Demerec and B P. Kaufmann, publishe g 4y
Carnegie Institution of Washington, 1530 P Street, N.W., \Vuslnngw;‘ " e ol
ut 25 cents, This is an illustrated guide of 44 pages giving in f}lll the g e 2) g
the fly, the methods of culturing, directions for handhing n.mtmgs an re—ing out
results, directions for the study of chromosomes, descriptions for carty
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detailed matings of the monohybrid cross, the backeross, the dthybnd eross, hak-
sge, sex linkage, the CIR cross, attached-x eross, determnation of hnkage groups,
and selection experiments

The number of Hlustrative expenments that are done with Drrosophuele nall of
course depend upon the time available and the partteular tnterests of the elsss
Since expeniments with Drosophils require that matings be made well 1 advance

Figure 149, Drosaphila melanogaster, male
aud femnle, (From T. H. Morgan) Dun.
gram of left foreleg of male, below, defoxl
at right, metatarsus of male with ita sex
comb compared with the female, which
lacks the sex comb (From Demerec and
Kaufmann, ¥ Drosophila Gude,” 1950}

of the countmg of Fy's 1n class, the srtet commonly begins with a dihy brid mat-
g wvalving the factor prnciple described heresafter

N, MENDEL'S SECOND LAW (INDEPENDENT ASSORTMENT)

Fars of maize shon g mdependent neartment of seed charactera wall be pro-
wided for study Among those available shoming clearcut 8 3 3 { ratios ate the
following yellow starchy-white sweet, purple starchy-nhite sueet, white starchy -
purple sweet, The last of these earries the domunant ihibitor of aleurone color
(The hst of genes in marze (page $12) it be found very useful)

Count and record the ratios of sceds on the ears 53 1n the monohy bnd erosses
and apply the X* test 1o the observed mtios.
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IV. THE CHROMOSOME MECHANISM
Mitosis

Prepared elides of actively dividing cells of plants or animals, stained to show
clearly numerous mitotic figures, will be provided for study. Among the best of
such matenial obtainable in plants are sections of root tips of the onion (A#um)
and the spiderwort (Tradescantia). For mitosis 1n ammals the early cleavage
stages in the roundworm (Ascaris) and the whitefish (Coregonus) are excellent.

An attempt should be made to identify on the slides all the stages described in
the text In the cace of the whitefish, the typical interphase is not found in.the
carly stages of development; the eclls pass directly from the Iate telophase inta
the early prophase. In root tips interphaces are present. If the whitefish is used,
polar viens should be studied under the highest power available and an attempt
made to estimate the number of chromo<omes. With root tips the problem of
counting cliromosomes 15 not difficult, provided trans: ere sections are avalable.

Meiosis

(At the discretion of the instructor, the study of slules of meiosis may be de-
ferred until the topic of sex determination is reached in the text.)

Before beginning the following study review the process of meiosis a8 de-
senbed in Chaps 5 and 8,

Examine a shrde show ing stained scctions of the testis of the squash bug, Anass
tristis, or of a grasshopper, under the highest power of the microscope nvs|hblf~
The description that follows 1s based on the squash bug, although in essentrals it
may apply to the grasshopper nlso. The ¢t numbers will probably be
different 1n the two forms, h

Note that the testis is divided by partitions into several compartments Ea
compartment is a tubule. If the testis has been cut lengthwize, at one end, kno‘“f
as the upper end, each tubule will be seen to contain a number of rounded ¢3ts;
each cyst consists of cells, the sp ja As the cysts move doWg
the tubule these cells develop into spermatocy tes, Jater into spermatids, ’2«1
finally into mature sperms. Note mature sperms with deeply stained, elongat

heads and long, slender, poorly stained tatls near the lower end of the testis. In ;
given cyst all the eells are in appro tely the same stage. In some of‘tbe £ysL
the cells will be seen in active mutosis; these cells may be spermatogonis, or P ;;
mary or secondary spermatocytes. Some will be scen in polar view, others
equatorial view (Fig, 49).

Look for a eyst i which the primary spermatoey tes are in prophase: the cl]]::;
mosomes are dencely stained, synapsed in pairs, and lying close to the n}ll’ s
membrane. In some of these pairs chissmata may be found (Fig 45)- By foc e
ing up and down you may see that the chromosomes are not lying 1 & S
plane.

Find a metaphase plate stage of the first spermatocyte, showing 11 d“"‘i’;: :
somes lying i a single plane; 10 of these are synapsed pairs, and the elever
the single X chromosome (Fig. 40).
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. On some slides in certain tubules careful search will disclose one or more cells
in Iate anaphase in equatorial view, showing one large chromosome lagging be-
(hlnd the others on the spindle This cell will probably be a second spermatoeyte
in anaphase and the lagging chromosome the undivided X (Fig 49) If such
stages are rare, and a good example of it is found, the shide should be set up as a
d ion under the oil lens using an eyepiece of 15X or higher
posier for all to see.

Mature Gametes

Mature sperms and eggs of amphibians and are used as d
tions. While slides on meiosis are bemng studied, demonstration shdes of the fol-
lowing will be set up by the i under separate sections of

ovary and testis of frog, showing gametes in varous stages, ovary of cat, shon-
ing follicles with 1mmature eggs of vanous sizes, section of guinea pig testis,
showing tubules with spermatogenests under way and with mature sperms
lumen, slides of stained sperms of the amphibian Amphiuma, of guinea pig, ram,
and man

Make a sketch of a sperm of each species, all drawu to the same scale Make
al30 a sketch of the eggs of frog and eat

V. THE FACTOR PRINCIPLE
Drosophifa

The recessive eye-color mutants broun and scarlet (loc1 in chromosomes 11
and 111, respectively) are mated, folloning the techmque desenbed i “Dro-
sophtla Guide ™ The Fys will be wild type (red-eyed). Matings are made of the
Fi's, and the Fo's are clasufied as to eye colar The results should show an ap-
provimation to a 9.3:3'1 ratio of red, brown, scarlet, white. The double reces-
mive develops no pigment 1n the eye A check of the classification of the flies, as
made by students, wall reveal the fact that people differ in their acuity of vision
and 1 color discrimi for shades of red—d: g errors due to faulty

h A color-blind or col k student will have difficulty with this

esperiment .
Apply the x* test to your observed ratio The instructor will ealeulate the x*

of the combmed ratio for the class. Is there any indication that either mutant
or double recessive 1 less viable than the wild type? Do any of the mdiyidual ex-
pertments suggest errors m classification of fhes?
Maize
Observe ears of corn produced by self-pollination, shoning on the cobs ratios
of seed characters of the following. 9:34 purple-red-white, 9.7 purple-white,

13:3 nonpurple-purple, 12 3.1 white-purple-red . .
Besidtsp the nbove dihybrid ratios, ears of the tnhybrid ratio 27:37 purple-
white and of the tetrahybnd ratio 81:27:148 purple-red-w hute are obtamable.

Apply the x? test to the obsersed ratios.
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VI. MULTIPLE ALLELES

Note to Instructor: As a demonstration of severnl series of alleles affecting coat
color of mammals, n few cages of iving rodents such as gumnea pigs or mice are
valuable Among the series eapecially recommended are the albino series and the
agouts series in mice, and the albino series, the agouti senes, and the red spotting
series in the gunea pig

A useful collection of tanned skins showing a variety of coat colors similar to
the above can be obtuned by selection from the skins removed from cats dis-
sected 1n the ¢ Iab y. The emball process produces
excellent pliable pelts with only the labor involved in tacking out, seraping, and
galting the hides. After the skins are dried, the flesh side may be smoothed with
sandpaper. (See hist of genes of cat, page 447.)

Test for Blood Groups O, A, B, AB

Anti-A and anti-B sera, which are obtainable at reasonable cost from numer-
ous laboratories and supply houses, are used for making this test. When the test
13 done for the purpose of making blood transfusions, special preeautions are ob-
served which 1t is not necessary for us to take. The test 1s simple and clear-cut.
1t may be carried out for the entire class in one hour or less by using the folloss-
ing simphified procedure® .

1. Take o wad of absorbent cotton the size of the end of your thumb Moisten
the cotton with 70 per cent alcohol. Rub the cotton thoroughly over the ball of
one of your finger tips and over the pointed end of a fine sewing necdle. Allos
the sterile finger and needle to dry without letting them touch any object.

2. With a quick light jab puncture the stenle skin of finger tip and press out
a small drop of blood N

3. Obtan o plain shide marked at its opposite ends anti-B and anti-4, DES{
each end of which has been placed a drop of normsl salt solution {09 per cet’
NaCl)

4 Touch lightly the drop of blood to both drops of normal salt solution l:‘fl'
the two ends of your shide and with your finger tip mix the blood and saline ua
you get homogeneous pink suspensions,

5. Place the shde on a pieceI:)f whte paper. The instructor will add & der;f
anti-B serum on one end of the slide and anti-A serum on the other end, acco
ing to the marks previously made on the shde . n-

6. Tilt the shde gently from side to side to mix each serum with its cell suzgein
sion. After about one munute, small clots, visible with the naked eye, will L;
to appear, provided the reaction is positive. The clots » All 1nerease in size, &
after about three minutes the clumping of the red corpuscles 15 complete. Ak

7. Compare your slhide with Fig 36 in the text and determine your group
the instructor to check your shde before disposing of 1t. ieroscope

8. If time permits, add cover slips and examine the slide under the micro with

9. Compare the percentages of the four blood groups found i the Chs:;es n
published data, making proper allowances for differences in gene frequen:
various racial and national populations.
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VII. LINKAGE
A Two-point Experiment with Drosophila

T}:e object of this exercise is to observe the behavior of lmked genes in Dro-
F“Phéh aud to compare the effects of linkage with thase of independent assort-
meat,

Make Py matings between males and virgin females using stocks carrying two
mutant genes both of which have their loci on a single chromosome, either on
chromosome 11 or ehromosome 111, as 1 Morgan’s expetiments (pages 121 and
122in text),

Back

the b F females to h doubl ive males.
Gﬁgc\:rd the Fy's in a tabular form such as that suggested 1n “Drosophils

uide.”

Apply the x? test to your observed results, considenng the map distance sep~
srating the genes chosen as the expected percentage of crossing over

Make the reciproeal of the above F, matings, 1e., backeross heterozygous F,
males to double-recessive females, and record the Fy's.

Explain the differences in the results between the reciprocal matings

VI, SEX LINKAGE
Drosophila Three-point Mating

An $ wath D! g three ditioned by fac-
tors 1n the X ch serves to d the f of sex-hnked
heredity, as well as the phenomena of linkage, and single and double erossovers
Three such factors that have given good results are those for eosin eye color,
mimature wing, and bar eye

Mate virgin eosin-rumature females with bar males The Fy’s wall all be bar
females and eosin-mimature males This 1s an example of crisseross inhentance,
found only in cases of sex-linked genes

Make F; matings (females need not be virgin) Record the Fy's mn a form such
as that suggested in *‘Drosophifa Guide,” heting first the two noncrossover
types, next the crossovers between eosin and miniature, then the crossovers bev
tween miniature and bar, and lastly the two double-crossover types. Record
each sex separately.

Apply the x? test to the sex ratio obtained The percentage of crossing over
between eosin and mimature and betsween miniature and bar should be caleulated
and compared with the map distances a3 shown on the Drocophila chromosome
map (page 123) Caleulste the percentage of double erossovers; cakulate the

coincidence (see Chap 8)

Color Blindness in Mon

Note to Instrurtor* Students are tested indnidually for eolor blindness by means
of the Tshihara plates or other similar devices. Those who are color-seak or
color-blind are asked to reaid sll the plates, and a record of such students is
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ecurs most frequently (the mode) and to multiply the number in each class by
1ts deviation from the mode, either o negative deviation if smaller than the mode
or a positive deviation if larger ‘The algebmic sum of all the deviations from the
mode divitded by the total number of beana 1s added to the mode to obtain the

7

0

Figure 150. Device for rapid measurement of
beans or other small objects,

true mean. For example, the mean breadth of the larger variety (Fig. 151) 8
enleulated as follows.

Mode = 10

Deviations* [(13 X 1) + (2 X 2)] = [B3 X 1) + (4 X 2) + (56X =
17 — 56 = —39

—39 ~ 100 = ~039
Mean = 10 — 039 = 961

For ready comparisans of the tno vatieties construct histograms show g the
frequency for each size class Represent the frequencies vertically, with the class
of smallest dimension on the left and the largest on the right, as m the accom-
panymg diagram (Fig, 152)

The form of the histograms should be compared with those you have 3";‘;
structed for Problems 2 and 3 in Chap. 6, where the variability was &ss“med &
be genetic in origin. With the beans we make no such assumption, fmd our ‘a:
alone do not tell us whether the variability in length and width within a Ef‘:n
variety is wholly environmental or not It is probable that the beans of & &
variety purchased on the market are not identical with respect to all geneizo '
that a part of the variability is therefore genetic. It is slso certain that :zorll‘ll e
the vanability 1s environmental, in the case of beans the envu-or!menc ms pol
such factors as position of the pod on the stem, position of the bean in the pod, €4
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Whatever the nature of the differential factors operating trithin a vanety our
study has shown that the frequency distribution approaches that theoretieally
expected of symmetrically acting plus and minus factors, as m the above-men-
toned problems for height of men. Where numerous plus and mnus factors dis-

Breadth, ; mch

6 7 8 Totals
n V4 2
w0 ol || 30
"é' o |mew [HEE] » |52
S| s |mm| m /3
7| s /
Totals | /9 Kr's 23 |00
Small vanety
Breadth, 75 nch
7 8 9 10 n 12 Totals
17 4 3
16 14 V¥4 / g
15 AN 25
Elu mmu|fE | v 3/
'g 1 oo {mmary M 2/
Sl Vi
1 [ /
o | » 7 4
9 | w 3
Totals {| &5 4 33 43 /3 2 (/o0
Large vanety

Figure 151. Correlation tables (scatter diagrams) for

two vareties of beans,

tributed more or less at random affect developing organisms, the net result is

often a curve of vanabilty of the ty
normal probability curee. In this curv
there 15 5 symmetrical falling off m B
The most extreme types are most rare.

pe obtamed with the beans, approsching the
ce intermediate types are mos<t numerous;
umbers in both directions from the mean
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Naturally, hereditary factors are in part responsible for the differences be-
tween sarieties As meationed above, the two varieties chosen should overlap at
the extremes, i.e., the largest beans of the smaller variety should exceed in size
the smallest beans of the larger variety. Now combine the data for the tvo

6 7 8
Small yanety Large vanely

P27
6 7 g 1 N 1
Both varieties combined, showing bimodal curve
Figure 152, Histograms showing variation in width of beans The numbers bel
the base line indicate twentieths of an 1ach

Jow

ng curve shauld be

varieties into » single histogram, as in Fig. 152, The resulti ”
agin Fig 152

Yrmodal, namely, a eurve with two peaks separated by a valley, 1
In nature, measurements of populations of hving things requently d\sp’i\:
bimodal curves of vanability; and when this happens we should suspect thst tor
population is in reality a mrcture of two populations differing m some mﬂ-lm
hereditary or environmental factor or factors The bimodahty may be d“,ﬁ al
sexual dimorphism, as in the case of human stature; adult males aversge se‘:;g.
inches taller than females, with separate modes and much overlappiog Combi
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g measurements of two races or vaneties may give bimodal curves, curves for
beight of Afncan Pygmtes and their tall neighbors would no doubt illustrate
bimedality A bimodal curve may indicate a mixture of two populations

In statistical studtes the adequacy of the sample 13 of vital importance The
sample must of course be chosen at random if a reliable result 1s expected there
must be no bias 1n the selection of individuals for the sample. The sample must
also be of adequate size, in general, the more vanable the population in the char-
acter studied the larger the sample needed For example, n comparing the intell-
Zence of tao races of men, large famples are required, because intelligence 1s a
highly vartable trait, and with only a small sample one could not be sattsfied
that any d observed d 1y the real diff of any,
betiween the races

In order to obtain large samples of the variettes of beans, combine the data ob-
tained by all students in the class The resulting histogram should be more nearly
symmetrical than that of a single student’s ssmple The range of varability 13
also likely to be greater than in the smaller samples The mean 1s Likely to rep-
resent more accurately the true mean for the variety than does the mean ob-
tained by sny one student

X, HUMAN HEREDITY
Test of Taste for Fhenylthiocorbamide

Students test themselves for taste sensitivity to PTC, using impregnated test
paper, obtamable at nominal cost from the Amenican Genetic Association, 1507
M Street, N W, Washigton 5, D C The percentages of tasters and nontasters
1n the clasq are lated and the d with the publ; data
Students will aleo apply the test to members of their own familtes, if possible, -~
cluding as many generations as possible Submit a copy of your pedigree thus ob-
taned with your conclusion as to whether the re<ults are in harmony with the
theory of single gene difference in which mabihity to taste PTC 1s recessne

Form of Ear [obes
Each student w1l observe ins own and his desk partner’s ear lobes and report

on the following points
1. Can the lobes be clearly classified as frec or attrched (see Fig 117)7

2. Are the right and left Jobes alike?
3. If the lobes do not clearly fall into one of the two categones, indicate by

gketch or deserniption thetr character
Obtamn a pedigree of your own family respecting ear-lobe form and turn it in

with problems at the end of Chap 16






GLOSSARY OF TERMS MOST COMMONLY
USED IN GENETICS

Allele (al &ll") See Allelomorph,

Allelomorph {allelon, one anather, morphe, form) One of two or more alternative
hereditary umts or genes or of the characters associated therewith, for ex-
ample, the gene ble for color blindness 13 an allek h of the alterna-
tive normal gene (Synonymous with Allele.)

Anaphase The stage of mitosis following the metaphace, charactenzed by the
movement of the daughter chromosomes toward the poles of the sptdle

Anther. A part of the stamen in seed plants consisting essentially of a spore
case, in which the pollen develops It 15 usually borne on a slender stalk, the
filament

Asexuc! (g, without, sex) Not involving gametes or fusion of nuelel, said
of the mode of 4 or of an ndndual to such mode of
reproductton

Atavism. See Reversion,

Avtosome. Any chromosome other than a sex chromo<ome

Backcross The mating of a hybnd te one of the parental varieties or species
which produced the hybnd

Bimodal. An adjective used to describe a frequenc) curve possessing two high
potnts, peaks, or modes.

Centromere (kinetochore). A defimite regton of a chromosome which takes the
lead 1n chromosome movements during mitosis and metosis 16 15 the point of
spindle-fiber attachment

Charocter (3 contraction of characteristic) Used to designate any structure, func-
tion, or tratt of an orgamstm The Mendelan characters represent the enrd
products of development, in whih a particalar gene or genes huve a <pectfic

effect

Chromatid. Either one of the two tdentical strands into which & chromosome
eplits 1 anticipation of cell division

Chromaltin (chroma, color) A substance found 1n chromosomes which stuins
reacily with “nuclear” or bawic dyes

Chromomeres. The granules, vissble especially dunng synapuis, arranged in defi-
mte linear order on the chromotome . )

Chromosomes (chroma, colar, soma, body) Deeply staining bodies viable under
the microscope m the cells, espeerally at the time of cell division The chromo-
somes constst essenhially of genes, arranged m hnear order,

a7
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Cross-fertilization. The union of a sperm from one individual with an egg from
another individual

Crossing over. The exchange of corresponding blocks of genes between chroma-
tids of } logous ch lting from breakage and fusion during
synapsis, also applied to hinked characters thst show recombinations among
the offspring of heterozygotes.

Cytology (hytos, cell, logia, study). The study of the structure and functions of
the ecll

Cytoplasm (cell, plasm, form) That part of the protoplasm of the cell outside of
the nucleus

Dihybrid (di, two, hybrd) An wndividual which s hybnd (heterozygous) with
respeet to two pairs of genes,

Diploid {diploos, double) Referring to the double set of chromosomes, as found
1n the body cells of ammals and the sporophyte generation of plants, as dis-
tingwished from the single (haploid) set, found 1n the mature reproductive
cells

Dominant. A character which appears as the result of the presence of either &
single or a double dose of a particular gene, as contrasted with the recessive,
which develops only when both members of a pair of genes are alike. Applied
also to the genes

Drift. Changes m the proportion of alleles 1 a population through the random
(i lective) loss of alleles, characteristic of small populations

Egg (ovum). A mature female reproductive cell formed by plants and anmald
which reproduce sexually In comparison with the male reproductive cell
(sperm) 1t is very large, chuefly beeause of the stored food it contains

Endosperm, Nutntive tissue formed within the ovule in seed plants denived from
the fuston of one of the sperm nuele: earned in the pollen tube with two of the
nucle: of the ovule

Epistosis. The predomunance of a gene over a nonallelic gene, the former 15
to be epstalic, and the latter is Aypostatic.

Equatorial plate The plate formed by the chromosomes lyin,
the spindle at metaphase, l

Eugenics (eugenes, well born) The science concerned with the dev elopment an
appheation of methods for the genetic improvement of the humgﬂ species.
“The study of agencies under social control that may improve or impair the
tacial qualibies of future generations, either physically or mentally "~Sir
Francts Galton, 1885

said

z on the equator of

Fy (8f-one). The first filial generation; offspring resulting from a crossing of two
individuals that are homozygous for one or more pairs of dls'ﬁngms}"“g ime;

F1 (¥{-two). The second filtal generation produced by self-fertilization of the Fi
or the mating of Fy's, ~ote

Fertitization, The fusion of a sperm with an egg, forming & smgle cell, the ’: gom-
Fertihzation has tno effects. (1) 1t stimulates the egg to develop; (2) 1t €0
bines two sets of genes in the embryo
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Gomete. A mature germ cell, etther an egg or a sperm

nge. A umt of heredity which is transmitted in the chrornosome and which, by
interaction with other genes, the eytoplasm, and the environment, controls the
development of a character, not subject to division by crossing over

Genetics. The branck of talogy which deals prmarly with the prmerples of
heredity and secondantly with the role of environmental factors as they wter-
act with the genes mn the development of the individual

Genome. A chromosome set

Genotype, The complete genetic make-up of au individual, 1 contrast to the
apparent, or vinble, type of the mdividual (phenatype}

Germ celt. A cell capable of taking part i sexual reproduction as contrasted
with the somatie, or body, eells, whith are not able to do so A germ cell may
be either the mature egg or sperm or an earlter celf eapable of giving nse to
one of these

Gonad, A reproductive gland, either male or female, & testss or an ovary In
bermaphroditic animals it may be & compound gland {ovotestss)

Haploid (haplooe, single} Refernpg to the reduced or single number of chromo.
somes, as found in the mature egg or the sperm, in contradistmetion to the
diploid, or double set of chromosomes, present 1 the body cells and early re-
productive cells.

Hermaphrodite. An orgatism wiich produces both eggs and sperms False her-
maphrodites ere tnferseres, having gonads of one sex only. See Intersex,

Heterogometic sex, The sex that produces {wo kinds of gametes wath respect to
sex determsnation, as the human male

Heterosis, See Hybrid vigor.

Heterozygote (hetero, different, zygote, egg) An orgamsm whoss patents con.
tributed to 1t unlike genes affecting some wnhertted character, or which has un-
hhe genes as & resolt of mutation, sad which therefore produces gametes of
two bands with respect to such gene {The unhke genes may be any two of an

allelic sertes ) Such an organism 18 sa1d to be Aeterozypous

Homogometic sex The sex that produces only one kind of gamete with respect
to determination of sex

in pairs, one member of each
pair being normaily derived from the egg and the other from the sperm

Homozygote {homou, swme, ypute, egg) An orgamsm which produces eggs or
eperms of one kind onfy with respect to a particular senes of alleles Such an
organsm 13 521 ta be komozygaur

Hybng An indnidust resultmg from the umon of a sperm and an egg which differ
n one or more genes, e g, Aa, AeBY, daBlc, alsa used to denote the off-
sprmg of tno distinet epccies or varieties

Hybrid vigor is) A ph f; unated 68 4 result of the eross-
\ng of tao distinct specics, faces, of vancties, the hybnd etceeding both par-
ents 1n size, fecundity, Temstanre o parautes, or other adaptive quahity

Identical twins. Two wdividuals developed from a single fertahzed epg and there-
fore possessing identical sets of genes Such twiny sre about as much ahhe as
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the night and left sides of the body of a single individual; also called mono-
zygotie, or onc-cge, twing

Inbreeding, The mating of related individuals such as first cousins or nearer of
hin The automatic effect of inbreeding is to increase homogeneity, resulting 1
time in the production of a pure breed,

Independent assortment, principle of (Mendel's second Jaw). The random com-
bination of characters i the offspring as the result of the random alignment of
the chromosomes on the equator of the spindle at the reduction division; therr
random combination 1n eggs and sperms; and independent union at fertihza-
tion Independent assortment occurs only when the genes affecting such char-
acters are on separate (nonhomologous) chromosomes

Intersex. An individual showing characters intermediate between male and fe-
male It may be the result of o ion, an at 1 comples,
an endoenine disturbance, or environmental factors,

Letha! gene. A gene that renders an individual which expresses the gene unable
to live Lethal genes are either domimant or recessive and may affect the organ-
1sm at any stage of its development.

linkage A tendency of certain characters to stick together in heredity because
the genes for such characters are located on the same chromosome A group of
linked characters or linked genes is ealled a lhinkage group; in each species
there 1 the same number of Iinkage groups as chromosome pairs.

Locus. The position on o chromosome occupied by a gene or any of its alleles.

Maturation divisions. See Meiosis.

Meiosis (metoms, reduction) A process consisting escentually of two sucee
cell divisions, resulting 1n cells having a single (haploid) set of chromosomes 85
contrasted with the double (diploid) set 1n the body cells In unimn'ls, meiosi3
oceurs i the maturation of the gametes; in most plants 1t occurs in the for-
mation of the spores

Metaphase, The middle stage 1n mitosss, in which the chrom
n the equatorial plate,

Mitosis (mtos, thread) The usual type of cell division,

saive

osomes are arranged

involving the condensa-

tion of the chromatin into threads, the longitudinal sphtting of‘}‘hc thr;ﬂd:y
their shortening into ch ing of pairs of ch tids, the “o:
sion of the and the t of the ch to the opp

site poles of the cell Each daughter cell thus receives a full complement of

chromosomes characteristic of the mother cell
Monohybrid (mono, single; hybrid), A hybrid with respect to on
genes, a3 Aa or Bb " Tied
Mulatto. A hybrid resulting from the cross Negro X white; sometimes fnp]i‘ed
also to & person of mixed Negro-white blood of any degree of to one of m
Negro-Indian blood Iternattve
Multiple alleles (multiple allelomorphs). A series of three or more alter:
forms of a gene occupying a single locus on a chromosome. §
Mutation. A sudden chingg in s gene resulting in a new hereditary mnn:l::_
Originally used to include also all kinds of sudden hereditary vanation
sulting from gross chromosome changes.

Iy one pair of
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Nucleus, A minute body 1 of Itzed found within the

cells of all organisms except certamn one-celled forms such as bacterta and hlue-

green algne The nucleus, in contrast to the cytoplasm which surrounds it, 18
readily stained with basic dyes,

Odeyte (odn, egg) The egg cell pnor to the completion of the process of matu-
ration

Odgenesis (0dn, egg), Formation of the egg from the cocyte

Obgonia (asn, egs; gonos, offspring) The descendants of the primordial repro-
ductive cells, found in the ovary The ultimate generation of odgonta become
odcytes

Ovary. In seed plants the enlarged part of the pistil containing the ovules, mn ani-
mals the female gonad which produces the eggs

Ovule, A many-relled spore case within the ovary of seed plants, 1t produces a
large spore from which the ege develops

Ovum, See Egg.
Porth i A h ! t of an mdivnidual from an
(; virgin) The
unfertilized egg, ‘fluund no;mally 1n some mvertebrates but rarely i vertebrates
Pedigree. A record of the ancestry of an ndividual
Penetrance (of o gene) The of individual: a certain gene

who show some phenotypic effect of the gene
Petal, One of the ;odnﬁe?i’plea\'es of flowers, usually bnghtly colored, surround-

ing the stamens and pistil The chief function of the petals 13 to nttmcbl mc:‘cbt;
Phenotype (pheno, appear, type) The organism as analyzed into its observable

characters, as contrasted with its genetic constitution, or genotyp:.th e
Pistil. One of the reproductive organs in seed plants which conexsts‘ of the stigma,

or pollen receptor; the style, or connecting stalk, sng tthe ot\né)c s 1m0 gl
Plejotrapic gene. A gene that produces two or more distinct

mdtviduat
Polar body. A munute cel contauming a normal sigle et of chromazomes bt
very httle eytoplasm, east off and discarded by theimz; u;;nxi ‘ ffuy e
Pollen, Tiny structures produced tn the anthers of sced pl :m! , waally appearia
as fine yellow dust. Each pollen gram 1s onginally a sing ecelled epore, with
2 heavy wall The spore nucleus divides, and one of the resulting nue
oy Produce the spermn nucle} out from the pollen gram after the
P‘)"elﬂ lube. A microscapie mbed“ol;’wc:eg;?;xsl of the floner At its tip the pollen
pelen lodges on the upper e Jei, one of which fertilizes the egg 1

: vt ue:
:::e eﬁ?r‘eihﬂl‘ﬁi:rhz:ﬁ‘c: :;}:ee;nmc‘:o other nuclei in the ovule to form the
e} e

Fo?l‘;:::;:,e: m'n-.e act of transferring pollen from the anther to the stigma of the
Hower h one or more sets of homologous chromesomes in

P W e i o o
'S e '
four sets, etc . ding the ph nized b
Pr::l::huse. The mfg:h‘e"c;“r:::;z:me-, the formation of the spindle, the break-up
¢ appearance o

1 A by
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of the nuclear \ and the of the ch tonard the
equator of the spindle.

Protoplasm (prolos, first, plasm, a thing formed). A complex organization of sub-
stances containing s large amount of water, proteins, other orgamc substances,
and vanious salts—all together making up the “phy sical basis of hife.” The pro-
toplasms of different organisms differ shightly 1n their proteins, ete Both nu-
cleus and eytoplasm are made up of protoplasm,

Recessive. A character which appears only when both members of a pair of genes
(or, n the case of poly plords, all the representatives of a locus) are ahke, that
19, 1n the homozygous condition, i contrast with the dominant, which develops
in the presence of even a single dose of a gene. The term recessive is applied
alo to the genes

Reciprocal matings. Two matings hetwecn unlike individuals, in exch mating one
sex having the same characters as the opposite sex in the other mating,

bi A new bi of linked ch 1 an individual as a re-
sult of crossing over in one or both of the parents; also apphed to the mdivid-
ual that shows such a new combination,

Reduction division. A cell division that takes place in animals in the formation of
the sperms and eggs and 1n plants 1n the formation of the spores, whercby the
double set of chromosomes 15 reduced to a single set. See Meiosis,

Reversion (atavism). The sudden appearance of an individual which differs
some respect from 1ts parents but resembles its grandparents or more distant
ancestors

t, either direetly

Secondory sexual character. A character normally dependen
i in the two seves,

orndirectly, for its expres upon ch

but not. necessanly having any direct reproductive function.
Segregation, principle of (Mendel’s first lan). The separation of the members

of a par of genes dunng mewosis and the random upion of these mith other

genes at fertibzation, resulting in the typical Mendelan ratios among the

progeny.
Self-fertilization. The union of a sperm with an egg, both of w tuch are pmduced
by the same individual Of necesuty, such individuals are hermaphroditic,
Sex Ch concerned lly with the determmation of
sex. In most ammals so far examined, and in some plants, the females have
two X chromosomes and the male one X accompanied by its unmatched mnfi{.
the ¥ chromosome, In birds and some moths and fishes the male has t\vo{r
chromosomes and the female has one X without a Y or one X and one Y.

In some mvertebrates the female has two X's and the male has one X and
no .
ok iati Mendelian character with sex In such a way
: . o sex to the other. The

that the character n certain matings crosses from one
cause of this result is the location of the gene for suc
chromosome, - 1l Jine.
Somatic cells (soma, body; cells). Al cells m the body except the germeel &/
In animals and higher plants the somatic cells, with few exceptions, hav

h character in the se¥
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double number of chromosomes; they take no part in the formation of eggs or
sperms and in most species are therefore doomed to dze exentually

Sperm (sperma, seed) The spermatozoon, or mature male germ cell

Spermatid (sperma, seed) One of the final generation of cells 1n meiosts, which,
without further division, transforms mto a sperm

Spermatocyte (sperma, secd; kytos, cell) One of the cells produced by the sper-
matogoma which undergoes two mesotie divisions to produce four spermatids

Spermatogenesis (sperma, seed; genesis, ongin) The process of production of the
sperms; sometimes hmited to the process of metosis

SPermulogoniu (sperma, seed; gone, generation) The descendants of the pnmor-
dial male reproductrve cells which give nse to the spermatocy tes

Spindle. A structure formed in the cytoplasm dunng mitosis and appearmg to
be made up of threads, or fibers, arranged in the form of a spmdle

Spore, As applied to the higher plants, a single reproductis e cell, produced asex-
ually, not found in animals except Protozon Spores in the higher plants eon-
tain g single set of chromosomes

Stamen. One of the reproducttve organs of the flower consisting of the anther
and filament; 1ts function 13 the production of pollen

Stigma. The upper end of the prstil on which the pollen falls and germinates It
18 usually expanded and moist

Synapsis (synapto, to fuse together) The conjugation, or union, i pairs of
homologons chromosomes of maternal and paternal onigim, respectively 1t 13
the primary step in meiosts

Telophase (telos, end) The closing stage m ritosts during which the daughter

nuclei are formed and cell division 15 completed

Testis The male reproductive gland in ammals m which the sperms develop,
synonymous with festicle

Tetrad (fetras, four) The group of four chromatids, the product of n;mr of chro-
mosomes, formed in the primary spermatocy te and prmary oocy

Unit character. A character which owes its difference from another th'.'.lmdcr
to & sngle gene difference The term 15 fallng 1nto disuse sinee 1t 19 now re::g;
mzed that the gene rather than the character 13 the umit of heredity and tha
every character probably depends upon more than one gene

Varlation A difference or differences, erther hereditary ot environmental, among
indivi .

et = -
rest of the species

X chromosome; Y chromosome. Sce Sex chromosomes.

Zygote (sygotes, yohed). The eell formed by the union of sperm and egg; the

fertilized egg.
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