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would have a child with a good voice because of the con-
centration on voice development by their parent.

The famous English scientist, Charles Darwin, came onto
the heredity scene during the middle of the nineteenth century.
He suggested a way in which acquired characteristics could
be transferred to offspring. This proposal was that if a black-
smith used his arms extensively and the muscles of his arms
became highly developed, then little bodies—he called them
pangenes—would migrate from these muscles to his repro-
ductive glands and take part in the formation of the sperms.
If this blacksmith then had a child, the sperms would transmit
this trait and a child would be born predisposed to have strong
muscular arms. This was supposed to hold true for all body
parts. This was very much like some of the early Greek
theories, the main difference being that Darwin assured that
the bodies made their way to the sperms or eggs, while the

@ ~-Germ plasn
GERM-PLASM @ -~Somatoplasm

THEORY
- Other parent —/ Other parent
B tone N
—pangenes
Other parent &, Other parent Z,

Fig. 2. Two theories of heredity. At the top is shown the germ
plasm theory where the germ plasm forms each generation, but is
not influenced by it. At the bottom is shown inheritance of acquired
istics through which come down to the repro-

ductive cells from the body.
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Preface

Almost everyore is interested in heredity, especially the hered-
ity that is related directly to lus or her life; yet it has been
difficult for the average person to find information on this sub-
ject which 15 accurate, reliable and, at the same time, on the
level of popular understanding. During recent years our under-
standing of human heredity has been greatly extended, but
most of this new information 15 hidden away in technijcal
treatises which are beyond the comprehension of a person un-
tramed in the methods of advanced scientific research,

This volume was written for the purpose of bridging the
broad chasm separating the technical presentation of heredity
from common understanding. It has not been an easy task, be-
cause many of the details of human heredity have complex
ramifications, but I feel that any person who can read intelli-
gently will find it possible to learn much about hereditary
processes through a careful perusal of this book.

Tt is a book which should appeal to all ages. To the bride
and groom, about to embark on one of hfe’s greatest adven-
tures, I would especially recommend it. I believe that they
will find many explanations here that will help them under-
stand the marvelous powers of procreation which are entrusted
to them. They should find information that will help them
plan their families, and enable them to understand better the
bewildering offspring which come following their union. To
adolescent boys or girls, just becoming aware of life's great
secrets, there 15 much m this volume which will help establish
a firm factual foundation that will counteract the superstitions
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and misinformation to which they are certain to be exposed
during their teens.To mature people, with immediate families
completed, there is still much of interest and value in the pages
of this book that may affect their descendants. Often it is not
until this more lersurely period of Iife that we take time to
consider the wonders of ancestry and develop desires to trace
inhented characteristics through family genealogy. A good
understanding of the fundamental principles of heredity is
essential for the best results in establishing such a family
background,

Since the mechanism of heredity is so intimately linked
with the process of reproduction, it is not possible to get
a clear picture of heredity without some understanding of this
important bodily function. Accordingly, two chapters are writ-
ten on this topic. Every effort has been made to handle this
section of the book in a manner which will not offend even
the most conservative. Some of the more mature readers may
feel sufficiently informed about this subject already and may
wish to skip over these chapters and get into the mechanism
of heredity itself. This can be done without breaking the
sequence.

The latter part of the book, especially, should be of value
to ministers, social workers, and others who are called upon
to give counsel on problems of heredity and environment. The
tabulations on the method of inhentance of many human char-
acteristics in the last four chapters can do much to answer
pelr.'plexmg questions which arise 1n the course of such coun-
seling,

Finally, I want to take this opportunity to express my
deepest gratitude to my many colleagues who encouraged me
to proceed in the preparation of this velume, and who offered
constructive criticisms during its progress. Appreciation is also
due the cditors and staff of Dover Publications, Inc., for their
part in the preparation of the book.

Deland, Florida,
July, 1960,

A. M. WINCHESTER



CHAPTER 1

GENES—
THE MASTER SCULPTORS

Wheu we visit art museums agd see human images carved
in stone by great sculptors we may marvel that they can so
he pt 1 features of the human body.
Within the bodles of aach of us, however, there are many tmy
sculptors with the ability to reproduce human bodies, not in
cold stone, but in warm fiesh and blood These master scolptors
can transform a shapeless mass of ch 1 el mto liv-
ing, breathing human beings with all the small detals of fea-
tures which make them recognizable as members of a partic-
ular race or family. We call these master sculptors “genes *

Of all the events that transpire on this planet of ours there
is nothing more marvelous than the action of these tiny artists
which mold our bodies and mnfiuence our lives from the time
of conception until death. They do not necessanly die with us,
however, for genes are potentially immortal. Those which we
transmit to our children will continue living and can carry on
their actvities through countless future generations with undi-
minished vigor.

The influence of genes is so common in everyday life that
we seldom realize the almost miraculous happenings which
are associated with their activities. To be sure, probably no
woman ever experiences the first movements of life within her
body, after she crosses the threshold of motherhood, without
feeling some great sense of awe about the marvelous construce
tion process which is taken place And a man, first gazing into
the eyes of a newborn son—seeing his own features mirrored

15
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in this tiny bundle of hfe—can hardly help but marvel at the
wonder of the actions of the genes. And yet, in spite of this,
we still do not often contemplate the great depth and extent
of the various ph which are d with this highly
complex process of constructing a human body.

To illustrate, think of yourself. When and where did you
come from? “Why, I was born on such and such a date in so
and s0,” you may answer. Yet your life did not start with birth.
Let us go back further. You began life as an individual when
your entire bemng consisted of only one small cell-a cell po
larger than the period at the end of thus sentence. Ten ordinary
drinking glasses would be adequate to hold all of the cells
which produced all of the people that are alive on the earth
today (about two billion of them). Just think of it: all of the
people living on the earth today from about two and one-half
quarts of cells.

‘What marvelous cells these must be. Within the tiny pin-
point of a cell from which you came there were all of the genes
which were necessary to produce your body as it is teday. For
about the first nine months of your life these genes did their
work within your mother’s body. Here you were warmed, pro-
tected, and supplied with food which served as the raw mate-
nial from which the genes molded your body. Ts it not remark-
able that these genes can take food and reconstruct the elements
mn. that food to build living protoplasm which eventually as-
sumes human shape? Exactly the same food might be fed to
2 pregnant cat, yet the genes within an embryo in her body
would convert it 1nto protoplasm which would take the form
of a kitten Why 1s it that the protoplasm developing within a
woman's body does not sometimes form a kitten instead of a
h}mmn being? A ridiculous gquestion, yes—but is the answer 50
simple after ail? What facturing process ived by
man can take thg same basic raw materials and come up with
such a great variety of complex products as are exhibited by
the various forms of life?

The marvels do not cease here—the cell not only always
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prot!uces a human being (when it comes from a human being),
but it produces a human being with distinctive characteristics
of the race of the parents. And it reproduces not only the racial
characteristics, but the individual characteristics peculiar to the
parents. Even such a small mannensm as the way you fold
ynur'hands is conditioned by genes. Yes, all of the countless
physical traits, mannerisms, and abilities that stamp you as a
son or daughter of your parents, as a member of the race to
which you belong, and as a human beimng, come from your
genes. All of these were contarmed in a single cell and that cell
was filled mostly with food material, or yolk, which served
your needs until you could begin absorbing food from your
mother’s body. This left only a small part of the cell for those
marvelous entities, the genes. We do not, by any means, wish
to minimize the infl of env; for the scope of
gene action is limsted by the sur d yet envi
can only bring out what is inherent in the genes—nothing more,
There is an old saying, “You can’t make a silk purse out of a
sow's ear.” Similarly, environment cannot turn out a fine
product without the potentialities of a fine product in the genes.
Next, you may wish to ask, “Where did this marvelous cell
come from, with all its genes which have produced the complex
body which 1 now have?” It was formed by a umon of two
cells—we might even call them half-cells~a sperm from your
father and an egg from your mother. In a sense, we can call
the sperm and the egg half-cells because each contains only
one-half as many of the precious genes as may be found in
cells of the other body organs. Each 1s a half-cell because
alone each is impotent, useless, unable even to sustain its own
life for more than a brief period; yet when combined, these
insufficient halves merge to form a whole—a powerful unit
able to produce the many mtricate parts of a human body.

But how did these two half-cells come to unite? Two sepa-
rate persons originally housed them. How could the half-cells
have been brought together? First of all, there must have been
something to attract the two persons housing them to one
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another—sexual attraction, we can call it. But what is sexual
attraction? Why does a pasticular woman appear attractive
to a particular man and vice versa? Have you who are newly
in love, especially, ever tried to analyze your feclings? Just
why does your lady fair (or your Prince Charming) seem so
appealing? Oceans of ink and tons of paper have been used by
gallant swatns in praise of a lady’s eyebrow or some other such
minor apatomical detail, yet none could truly tell you just
why the object of his admiration held such a fatalistic appeal.
Hormones, scientists will say. But what do the hormones do
to us to bring out thus all-prevailing emotion? To answer ques-
tions opens the way for more questions.

Even though we take simple sexual attraction for granted,
just what 1s the more powerful force that goes beyond mere
physical attraction into that even more complex state known
as love—that state of blissful ecstasy in which all the world
takes on a rosy hue and one so afflicted is willing to sacrifice
his or her individuality to form a umion in marriage? The
ancient Greeks had an interesting myth to explain love. This
myth held that at one time there were no separate sexes of
people on the earth—all were the same. Then some great god,
in punist for the wrongdoing of the people, separated their
bodies, one-half of each body becoming male and the other
half female Since that time there has been an eternal struggle
for reunion. Neuther sex 1s sufficient by itself and it is only
through union that completeness is obtained. (This is strongly
sugges}ive of the union of half-cells to form a whole which
was discussed earlier 1o this chapter.) While we do not take
such myths seriously, still it comes about as close as anything
man has devised to explain love.

i Even though we accept this mysterious power of love
without further investigation, there are still many problems
which must be overcome before there can be a union of sperm
and egg Normal married love reaches its culmination in
intimate relationships which are climaxed by the transfer of
sperms from the body of the man into the body of the woman.
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But these sperms are deposited at quite some distance from
th'e eggs with which they must unite if they are to fulfill their
missions. The sperms are very small and they have a hmited
amount of food-they must achieve their goal within a few
hours or they Tose the power to penetrate the egg. Under
Dormal conditions, furthetmore, only one egg 1s released by
a woman during a reproductive cycle, which averages about
twenty-eight days, and this egg remains receptive to the sperm
for only a few hours, Hence, most sperms are released only
t!{ find no egg awaiting them. If the egg is present the sperms
stll must negotiate a journey equivalent to ome of about
sixty-four miles by a man on foot in order to reach the egg.
The journey has obstacles along the way which must be over-
come, and even when the sperms reach the egg, they find a
mass of tissue surrounding it which must be torn away before
the ultimate union can be accomplished. When we learn of
the many obstacles to be o we may sometimes wonder
how fertilization is ever accomplished, but it is—and fre-
gently—too frequently in some instances where there is a
battle to balance the budget against the patter of little feet.

This ish of impreg 1 , by no
means ends the dangess. This tiny bundle of human life must
implant itself within the womb of the woman where it will
Teceive the life-giving nourishment that will enable it to
realize its potentialities. Many women never bear children
because they do not have a womb which allows for easy
implantation The rocky road to existence continues during
Ppregnancy with the ever-present danger of predisposition in
the mother to abortion, miscartiage, or premature birth which
may terminate the life before it reaches the stage for normal
birth, Then, birth, itself, has its hazards. Certain valves in the
heart must close and change the course of circulation over the
body at the time of birth or a blue baby results and death often
follows. If the lungs fail to expand properly and take over the
function of respiration within a few minutes afier burth, death
will result. Furthermore, injuries may be received during birth
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which may cause death and there may be stillbirths from a
large variety of other causes. The fact that you are here is
testimony to your success in weathering these storms of eatly
life Considering the many possible failures along the way,
being born is, m itself, an accomplishment of which we may
be proud.

With your curiosity now aroused you may wish to go
further—to inquire into the origin of the sperm in your father
and the egg 1n your mother and how a continuous stream of
genes are passed down through generations by the reproduc-
tive cells. Then there are many questions about small details
of heredity—how can a person show some characteristics
which are present m one parent, some which are present in
another, and some which are obvious in neither? How can
some genes lie dormant for one or several generations and
then manifest and express themselves? Perhaps you know of
some characteristics in your own family which were present
in past generations, but which have skipped a generation or
two before reappearing. Surely you will want to know how
the genes mnfluence the determimation of sex. Why were you a
girl or boy—what mechanism operates to cause children of the
same parents to show the many variations which distinguish
the two sexes? Also, how does it happen that the sexes are
produced in such even quantities that there are usually enough
of each when the time for marnage and reproduction arrives?
You may want to know what your children are likely to inberit
from you, or, if you are older, you will be interested in
knowing how some of your traits were transmitted to children
you already have. As you read of the dangers of atomic radia-
tion, perhaps you will want to know more about the possible
effects of such radiation on future generations, Is it possible
to so damage the genic material of a race through excessive
radiation that the genes will no longer be able to carry on
their intricate construction process and the race will become
extinct?

These are typical questions which come to mind as one
thinks about the mechamsm of heredity. Many of them are not
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easy questions to answer and our answers are not always as
complete as we would like them to be. Through many years
of patient studying, experimenting, and testing, scientists,
known as geneticists, have learned much about genes and their
activities, In the pages which follow 1t is the purpose of the
author to present some of the answers to the questions which
we have developed in this introductory chapter.



CHAPTER 2

OUT OF THE PAST

Man has not always known as much about buman reproduc-
tion and heredity as he knows today. As we delve wmto the
musty records of the distant past we find many strapge aed
curious assumptions which sought to explain the conception
of new life, its development within a woman's body, and the
resemblances between parents and offspring, Perhaps we cag
better appreciate the present rather advanced state of our
understanding of these topics if we leamn something about
these beliefs which come to us from the past.

Is Sex Necessary?

Is sex pecessary for reproduction? Man’s first step towards
d ding of the p ion of life came about when
he first realized that sexual relations were a necessary part
of the cycle of events which leads to the birth of a child. This
may appear to be so obvious a case of cause and effect that
it is difficult to conceive of any human group that did not
reatize the relationship. Stil, in a primitive group, struggling
from day to day for bare exi the time elapsing t
the cause and the effect might be so long by their means of
reckoning tune that it could easdy be overlooked. Even today
there are isolated ethnic groups which make no connection
between sex and reproduction. The Trobriand tribes, which
inhabit some of the islands of the South Pacific, for instance,
thunk of pregnancy as a condition resulting from some super-
natural force which descends upon 2 womagp. In the minds of
these primitsve people, the sexual relations which the womaa
has had are not related to the development of the new life
within her body. In Queensland, certaig natives believe that

22
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the thunder god fashions a baby out of mud and inserts it
into the womb of a woman while she 1s sleeping The mud
baby is supposed to be very small and is mserted into the
woman through her navel.

We do know, however, that a more accurate explanation
was known to most ancient people as far back as human
records can be traced. In fact, we find records which indicate
that man once had rather advanced knowledge in this field,
but that much of the knowledge disappeared with the passage
of time. For instance, an ancient Egyptian papyrus has been
found which dates back to about 3,000 B.c. On this, there are
Prescriptions for preventing conception and for inducing abor-
tion, and a method of caustng steriity Knowledge can be lost
as well as found.

Mar’s Curiosity

Man is a very inquisitive creature—the question “why?"
is one of the first learned and most frequently used by a
developing child, often to the dismay of his parents. Cunosity
continues throughout life, especially about matters which
appear mysterious and complicated Having observed the
connection between sex and reproduction, man was not con-
tent--he wanted to know more. Just how could the act of
sexual intercourse induce the formation of human life? Many
strange and curious explanations have been formulated—some
of them persist even today—and have been passed down from
generation to generation through the ages. Man’s fertile mind
tends to invent explanations where facts are not avadable.
We hear so much about reproduction and heredity—yarns,
superstitions, old wives' tales—that 1t is sometimes difficult 1o
know what is true. In this chapter we shall review some of
the old beliefs.

Early Speculations
To Aristotle, the great Greek philosopher who lived several
hundred years before the time of Christ, is given the credit
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for one of the earliest recorded theories of reproduction and
heredity, a theory which was based on observed facts. Aristotle
dissected many female mammals and within the body of each
he found a muscular sac which we now know as the womb
or uterus. In some females he found embryos in various stages
of development within the wombs. This was common knowl-
edge later during Biblical times, as we find frequent reference
to the womb in the Bible. But Aristotle wanted to know just
how the act of sexual intercourse caused an embryo to begin
developing in the womb. He knew that at a certain time each
month a mature woman would have a certain amount of bleed-
g from this organ, provided she was not pregnant. With the
beginning of p y this bleeding would stop. From the
standpoint of logical reasoning he concluded that the embryo
was formed by a mingling of this fluid from a woman with
the reproductive fluid (semen) from a man. The menstrual
fluid was supposed to furnish the substance from which the
embryo was formed, while the male semen added the form-
giving power to the mixture of the two. In other words, the
female furnished the building material for the embryo while
the male contributed the properties of life and form.

Amnstotle further proposed that the semen of man was
produced from his blood—that it was, in fact, highly purified
blood and this was why it had the power to give life and form
to a new human being. The menstrual fluid of a woman was
supposed to be semen also, but he thought that a woman did
not have the power to achieve the high degree of purification
which was characteristic of 2 man, This relatively unpunfied
“semen” of the woman could be used to build an embryo, but
had no life in itself. This theory, of course, was pure specula-
tiop, but it did give some definite course to the thinking about
reproduction which was to be somewhat generally accepted
for about two thousand years.

A later Greek philosopher, Empedocles, who lived several
hundred years after the time of Christ made some interesting,
amendments to Aristotle’s theory in an effort to explain
heredity more fully. He proposed that the “semen” of the
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parents was derived directly from the body parts which were
10 be produced in the embryo. In other words, the hands of
2 man would produce semen which would migrate to the
reproductive organs where it would mingle with semen pro-
duced by the other body parts; when introduced into a
woman’s body it would stimulate the formation of hands in
the embryo. The so-called “semen” of the woman was sup-
Pm:d to have a similar origin. Through this supposed blending
of “semen” from different body parts of both the parents, the
Ch}ld.developed characteristics of both. Some philosopbers of
fhls time believed that this “semen” originated as a moist vapor
in all parts of the body during sexual intercourse and at the
climax of this act it was drained to the sex organs where it
condensed and became available to form a new human fe.

Harvey’s Deer

. During the seventeenth century it was still generally be-
lisved, according to Aristotles theory, that an embryo was
slowly coagulated in the womb from a mixture of “semens”
from the father and mother. In some of the contemporary
medical books there were illustrations showing the stages of
this supposed coagulation of the embryo. It was at this point
that William Harvey, who is pethaps better known for his
discoveries concerning the circulation of the blood, undestook
some studies to test the theory of Aristotle. .

He was given twelve mature female deer from the private
reserves of Charles I, who supported Harvey in this work. All
of these were mated with males. Six of these hie killed and
examined at various stages of pregnancy. At no time did he
find anything which bled lating fluids in the uterss.
When he first observed an embryo, it was in a deer killed
several wecks after mating and the embryo at this stage
was very small. Also, upon closer examination he found
that the embryo did niot look lke a deer at all. As he examined
embryos at later stages of pregnancy he f.ound that .thc'embryo
gradually took the shape of a deer as it increased in size. The
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six remaining deer had normal fawns about eight months after
mating. Well, this made it quite obvious that Aristotle’s theory,
which had been generally accepted for 2,000 years, was no
longer tenable. But what was to take its place? With the props
knocked out from under a conception which had been accepted
so long, what new explanation could be offered? It was not
long before the development of the instruments of science
made it possible to find the factual explanation.

Discovery of Sperms

When the microscope was developed dunng the latter part
of the seventeenth century, natural curiosity led man to ex-
amine all sorts of substances to determme their microscopic
appearance, A vast new world was opened to his vision—the
world of substance and lfe which had existed unknown
throughout centunes because it lay below the power of man’s
normal vision. It was inevitable that, sooner or later, sperms
would be discovered.

This honor went to Anton van Leeuwenhoek, an early
Dutch lensmaker who placed some human semen under the
lens of his primitive microscope and turned it to the light for
examination. He was amazed to find that this fluid was swarm-
1ng with tuny living creatures. We can imagine his great excite-
ment as he gazed on these squirming, wiggling orgamisms
which had come from his own body. Surely, he pondered,
these small bits of life must be related to the reproductive
process of man He suggested that each of these “animalcules,”
as he called them, was 2 potential human being; that any one
of them needed only a place within the womb of 2 woman in
which to develop and be nourished and it could grow into a
human being. While this was a faulty theory in many respects,
still it represented a tremendous stride toward scientific fact
and away from the vague generalizations which had preceded
it.

At first, many scientists of the time ridiculed the idea, say-
ing that these small creatures which were seen in the semen
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were actually parasites and that they had nothing to do with
reproduction. As continued studies showed them to be present
in all semen, however, it became evident that they must play
4 part in reproduction.

Fig. 1. Preformed embryos in sperms.
(Drosnng ow left from Hi kor, 1695: right from 1833)

Preformed Embryos malaed by s

imagination of the scientists was so stimulated by thi
con;?:i;:u ;:lg:at some of them even imagined that they counld
see miniature human beings within the heads og the sperms,
There are some drawings made by men of those times to show
the embryos within the sperms as they supposedly saw them
under the microscope. They did not always agree, however,
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would have a child with a good voice because of the con-
centration on voice development by their parent.

The famous English scientist, Charles Darwin, came onto
the heredity scene during the middle of the nineteenth century.
He suggested a way in which acquired characteristics could
be transferred to offspring. This proposal was that if a black-
smith nsed his arms extensively and the muscles of his arms
became hghly developed, then little bodies~he called them
pangenes—would migrate from these muscles to his repro-
ductive glands and take part in the formation of the sperms.
If this blacksmith then had a child, the sperms would transmit
this trait and a child would be born predisposed to bave strong
muscular arms, This was supposed to hold true for all body
parts. This was very much like some of the early Greek
theories, the main difference being that Darwin assured that
the bodies made their way to the sperms or eggs, while the

O -~Germ plasm.
GEI;.}]:[E-OPRL‘})SM @ Soma.‘;lasm

7 Other parent Other parent j
PANGENESIS
THEORY \
T g
Other parent Other 7
parent

Fig. 2. Two theories of heredity. At the top is shown the germ

plasm theory where the germ plasm forms each generation, but is

not influenced by it. At the bottom is shown inheritance of acquired

h istics through 19 which come down to the repro-
ductwve cells from the body,
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ancient Greeks assumed that the bodies became a part of the
“semen” jtself. Darwin even had a theory to account for the
fact that sometimes 2 child is born with a characteristic which
shows in a grandparent, but which does not show in either
parent. In such cases he said that some of the pangenes from
the grandparent were not used in the developing embryo and
remained to take part in the formation of reproductive cells
in one of the parents and these then found expression in the
next generation.

This all sounded logical and was generally accepted until
someone decided to test the theory, The first man to get credit
for this was a German, August Weismann, who began experi-
menting by cutting the tails off a group of newborn mice.
These were bred together and as soon as their offspring were
born, the tais were again removed and so on for twenty
generations. When the twenty-first generation was born they
were allowed to mature without this mutilation and, lo and
behold, they had tails just as long as mice that did not have
an ancestry of tailless antecedents. If Darwin’s theory was
correct, then where did the pangenes come from to produce
tails 1n this twenty-first generation of mice? As a result of this
and many other experuments, Weismann proposed that the
reproductive cells (germ cells) were merely carried by the
body and were in no way influenced by what happened to the
body during 1ts Iifetime. In other words, the hereditary factors
which a person can transmit to his offspring are determined
at the time us life begins as a single cell and there is nothing
he can do to alter the traits which may be transmitted through
his reproductive cells,

This theory does not appeal to the imagiation as much
as the idea of the inheritance of acquired characteristics, but
it is essentially correct. Many people would prefer to believe
that somehow their attainments in life can be transmitted to
their children; it seems frustrating to think that each individual
must build each achievement anew. Stll, we have the satis.
faction of knowing that, even though we cannot transmit the
good traits which we have developed, neither will we transmit
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those many undesirable traits which we acquire during our
lifetimes. Certainly we could not expect to transmit one with-
out the other. Human nature being what it is, it is probably
a good thing that acquired characteristics cannot be trans-
mitted—in many of us our bad habits might outweigh the
good. Tt is true that we can make the achievements easier for
our offspring by providing maximum environmental condi-
tions for the attainment of worth while objectives in life, but
no matter whether we Iead an exemplary life or a corrupt one,
the hereditary qualities which we will transmit to our children
will be the same.

There ate still many people today, however, who believe—
in part at least—in the inheritance of acquired characteristics.
To them it would seem as if the incentive to lead a good life
would be lessened if we knew that the good qualities we
develop are to be interred with our bones. It may help to
know, however, that many of our good qualities have 2 basis
in heredity and we can transmit potentialities of these to our

hild: A great ician may have children who become
great musicians, but this does not mean that he has transmitted
his acquired abilities in music. If a person is a great musician,
it is quite evident that he must have received genes from his
parents which made it possible for him to develop this talent.
Hence, it is quite patural that some of these genes would be
passed on to his own children, thus making it possible for
them, with the rich opportunities provided for them by their
parents, to develop the Jatent talents which they have inherited.
The musical attainments of the parents still have not influenced
the basic hereditary factors.

As an jllustration of how this works, let us suppose there
are identical twin brothers each of whom has inherited the
genes for great musical ability, Then let us suppose that one
of the brothers has both hands cut off in an accident. The
other brother goes on to become a world-renowned pianist
who spends hours every day at the piano, but the injured
brother is never able to develop his musical ability because
of the loss of his hands, ¥f both married and had children,
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those of the injured brother would receve just as much
potential musical ability from their father as the children of
the brother who developed his talents to their fullest extent.

Gene Change Through Mutation

This idea that genes are passed from generation to genera-
tion without being altered m any way 1s all nght except for
one very important feature. Thete is no provision for change.
Unless the genes can change in some way there can never be
any perceptible alteration 1 the different forms of life through-
out all time, Our studies of prehistoric remains, however,
show us that there have been extensive changes in the forms
of different kinds of plants and animals that have existed on
our globe. A Dutchman, Hugo De Vries, suggested a way
in which this could occur without any inheritance of acguired
characteristics. He noted that sometimes offspring were pro-
duced which were quite different from the parent stock. A
black sheep would appear in a flock of white sheep; a bed of
flowers would produce an occasional plant which was quite
different from those from which it derived. These unusual
types tended to breed true; that is, they would transmit the
new ch istic to their d d De Vries called such
changes “mutations” and he reasoned that they appeared as
sudden alterations of the genes. His observations indicated
that these changes occur at random and neither their occur-
Tence nor the nature of the change 1s influenced by acquired
traits of the parents.

‘We know today that his reasoning was correct. A man may
carry a gene for blue eyes in one of the sperms within his
body, then—presto—the gene becomes of such a nature as to
produce brown eyes. If this particular sperm 15 effective in
reproduction, a child will be born with brown eyes even
though both parents may come from a race that has had blue
eyes for many generations. It is, therefore, through such
sudden jumps rather than through a gradual change that new
traits make their appearance.
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Mendel’s Peas

. While all the arguments and speculations about heredity
took place during the latter half of the nineteenth century,
an obscure monk 1 a monastery at Brun in Central Europe
performed some expenments which revealed one of the
most important principles of heredity—the principle of dom-
inance and recessiveness This man was Gregor Mendel whf)
employed crosses between garden peas to determine the possi-
bility of inheritance of individual characteristics. Of all things
to reveal the secrets of heredity we might least suspect the
garden pea, but we now know that the principles which he
uncovered 1 the crossing of his peas apply accurately to
human bengs.

He secured seeds from all parts of Europe and began
growing plants with many different characteristics. Some of
his plants had purple flowers, others had white; some produced
yellow seed, others, green; some had flowers only at the tips
of the stems, others had them along the sides of the stems;
some seeds were round, others were wrinkled; and some had
long stems, others, short. By controlled crossing of these dif-
ferent kunds of plants with each other, Mendel discovered the
way in winch genes are passed down from one generation to
the next. He reported his work before scientific gatherings,
but the scientists were so engrossed with the work of Darwin,
Weismann, and others that they failed to realize the full sig-
nificance of Mendel's work. It was not until the beginning of
the present century that Mendel’s papers were found and he
was accorded recognition for his great work

The groundwork for an understanding of heredity was
now laid. Scientists of our present century have gone on to
greatly extend our knowledge of the principles of heredity;
some of which we will deseribe in the chapters to follow.



CHAPTER 3

SUPERSTITIONS AND FACTS

We may smile at the naiveté of some of the ancient philoso-
phers as they speculated about the process of reproduction
and heredity, but before we feel too complacent about our
modern knowledge we might ine some of the beliefs
which are held in our own country today. Some of these may
be just as erroneous as the concepts of the ancients. When a
young bride assumes the duties of a household she 1s often
besieged with advice and suggestions from older wives who
seem to have the answers to all kinds of questions which arise
in connection with the new type of life which the bride is
undertaking. Some of this may be reliable and valuable infor-
mation. On the other hand, there are times when facts are
mixed with superstitions and false beliefs. The bewildered
bride may have difficulty 1n deciding just what to accept. This
book would not be complete without a survey of some of the
superstitions about reproduction and heredity which prevail in
our society, together with an evaluation of their accuracy.

Acquired Characteristics and Heredity

A short time ago a young married couple sought advice
from the author about having children. This was not an ordi-
nary young couple—both were totally blind. They were greatly
concerned over the possibility that they might bear children
who also would be afflicted There are some types of heredstary
blindness; therefore, children may inherit blindness. In this
case, however, it turned out that both of these young people
were blind because of environmental factors, Both had pos-
sessed normal vision at birth, At the age of three, the girl

35



36 HEREDITY AND YOUR LIFE

had a severe case of scarlet fever which resulted in eye
infections that eventually destroyed her sight. Unfortunately,
the boy had an accident with exploding kerosene which
resulted in blindness. The young couple were very relieved to
know that any children which they might have would have no
more chance of being born blind than they would have if their
parents had not lost their vision after birth.

This case illustrates the still prevalent concept that ac-
quired characteristics can somehow make their imprint upon
the reproductive cells and thence be transferred to offspring.
The controversy over this idea which took place during the
last century is discussed in Chapter 2, and although those who
have mastered the principles of genetics have long since agreed
that there is no such tr on of acquired ct istic:
the question still continues to arise in the public mind. Once
there 15 an understanding of genes and how they are carried
as separate entities within our reproductive cells, one can
readily see that the activities, the accidents, and the thoughts
of parents do not change these units of heredity. Genes can be
changed by exposure to X rays and other forms of radiation,
but this cannot be interpreted as inheritance of acquired
characteristics.

The acquired characteristics which a person develops
during his lifetime are not transmitted to his children through
heredity.

Love Babies

There is a rather widespread belief in the superstition that
the emotional state of the parents at the time of conception has
an important bearing on the nature of the resulting child,
especially in regard to the nervous system of the child. A child
conceived under conditions of intense emotion generated by
great love and affection between the partners in intercourse
1s supposed to have a highly developed nervous system, to
be very sensitive, perhaps a great genius. On the other hand,
when conception takes place as a result of intercourse between
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couples who may actually despise each other—who tolerate
the association purely for physical gratification~the child is
likely to be dull and lethargic in disposition. This seems to be
an attractive idea. We might like to believe that great Iove
between parents could produce a superior child, but the
prosaic fact remains that the conditions of conception cannot
influence a child’s inherited characteristics.

In an effort to remove the stigma which often brands an
illegitimate child throughout life, the fact has been brought
out that some of the world’s most outstanding people have
been born out of wedl A der Hamil L di
da Vinci, and Sir Francis Bacon, to name a few. Those who
adhere to a belief m “love babies” point to men such as these
to support their contention. It 15 assumed that ilegitimate
children are usually conceived under the stress of such an
overpowering love that it blots out all restraints which morals,
conventions, and consequences might ordinarily impose. Thus,
children born as a result of such 2 stormy relationship should
be radically different from those resulting from the less mtense
relationship of everyday married cohabitation. When we con-
sider the many th ds of 1llegiti; hildren who become
ordinary, everyday people, we cannot assign the outstanding
achievements of a few to the conditions under which they
were concerved. The factors of heredity have no knowledge of
whether a wedding ceremony preceded the intercourse which
resulted in conception nor could they respond to these con-
ditions if they knew them. Any differences which mught result
would be due solely to environment. It 15, however, true that
a child growing up in 2 home where there is love and affection,
will develop 1nto a better-adjusted personality than one who
15 subjected to ional clashes between its parents,
Likewise, if an illegitimate child grows up knowing the con-
ditions of his birth, in a region where he may be taunted by
his playmates because of 1t, there is no doubt but that his
personality will be influenced. He may even achieve greatness
spurred by his handicap. In his effort to prove to the world
and to himself that he is as good as anyone else, he may work
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harder and achieve a success denied those lacking such an
incentive.

Artificial insemination seems to provide us with a clear-cut
case which refutes any claim of hereditary modifications
among so-called “love babies.” There have been quite a few
cases during the past twenty years in which childless couples
have resorted to artificial insemination when it was found
that the husband was sterile. To do this, a doctor using seminal
fluid removed from a disinterested man, introduces it into the
woman by means of a special instrument. Certainly one cannot
imagine any method of conception more prosaic and devoid
of emotion than such a coldly scientific procedure carried out
1 a medical laboratory. Yet, the many children who have
been born as a result of artificial insemination show no heredi-
tary differences from those resulting from normal intercourse.

The emotional state of a couple at the time of conception
has nothing to do with the nature of the child produced,
although the emotional state of the child as influenced by its
parents and other childhood associations may have a very
profound envirenmental influence.

Blood and Heredity

The idea that blood is the primary force of heredity dates
back at least to the times of Aristotle when it was thought
that the embryo was formed from highly purified blood coming
from the two parents, particularly, from the male. Thus, there
was thought to be a continuity of blood which determined
hereditary traits through the generations. Just think of some
of the terms we use today and you can see how prevalent this
concept has been We hear the terms, “blood will tell,” “blue
blood,” “blood line,” “blood relative,” and “bad blood,” used
in connection with heredity. Of course, many of us use some
of these terms today in a metaphorical sense which is all right
as long as we understand the actual hereditary conditions.
There are some, however, who still believe that there is a
literal relationship between blood and heredity. It has long
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been proved that genes are responsible for heredity. Strange
to say, blood is the one component of the body contaming cells
which do not have genes. These cells have genes, as do the
other body cells, when they are developing within the marrow
of the bones, but they lose the genes before they are released
into the blood stream as red blood cells. Hence, blood would
be the least ikely of all the body tissues to influence heredity.

Testimony as to the prevalence of belief 1n the hereditary
force of blood was found during the past war when many
service men refused transfusions from members of another
race for fear that they would thus acquire some of the char-
acteristics of the donor. There is certanly no foundation for
such a belief; in fact, there have been a number of cases in
which a person’s entire blood supply has been replaced by
transfusion without influencing his characteristics

Blood plays no part in the transmission of hereditary
characteristics.

Influence of Age of Parents

Another popular misconception about heredity concerns
the possible influence of the parents’ age There are some who
believe that children born during the earliest pertod of the
reproductive life of a couple will be consistently inferior 1n
hereditary qualities to the children of more mature parents.
This 15 a throwback to the concept of acquired characteristics,
which assumes that a person cannot transmit qualities which
he has not yet developed. It 1s true that a baby born of a very
young mother may not be as robust and healthy as that of a
woman in her twenties, but heredity has nothing to do with
this. Cattle breeders will usually prevent the mating of young
heifers, for they have learned from experience that inferior
calves are likely to result. The small, young heifers mature
sexually before they mature physically, and they must supply
the needs of their own growing bodies as well as those of the
embryos within their bodies, Both are likely to suffer as a
result. The same principle holds in human beings. Many a
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young gisl of twelve begins ovulation and becomes a potential
mother, but she may have several years of body growth ahead
before she herself has developed physically to the point where
she can give an embryo the best conditions for development
within her body. Hence, she cannot bear a child that will have
as good a start in life as if she had waited for her own physical
maturity.

On the other hand, an adolescent boy who has just begun
to produce sperms in sufficient quantities to make him fertile
can father a child who will be just as strong and healthy as
would be possible after the boy had achieved greater physical
maturity, The father has nothing to do with the nourishment
of the embryo and the genes which his sperms carry are the
same regardless of age.

At the opposite end of the scale we have similar beliefs
about older parents. It 1s thought that when there is a decline
in physical vigor as a result of advancing age, there will be a
corresponding dechine in vigor of the reproductive cells and
that a child produced from these cells will lack the vatality of
children born to younger parents. There are some cattle
breeders who will not use a fine bull for breeding after it
passes 1ts prime, for fear of a loss of vitality among the calves.

Heredity 1n no way 1s affected by the elderly state of the
parents, but the question of environment before birth again
enters the picture. During the latter years of a woman’s repro-
ductive life there may be certain degenerative changes in her
organs which do not provide as favorable a place for the
development of the embryo and there will be a somewhat
lessened vitality in the embryo as a result. A man of eighty
may have a child through marriage with a thirty-year-old
woman (and there are such cases) yet the child will be just
as vigorous as if the father had been in his twenties Several
horse breeders have come to realize this fact and on the blue-
grass farms of Kentucky many an old champion stallion is
used to sire colts which inherit the same fine qualities of a
good race horse as those which the stallion sired in his prime,
Man o War, the greatest horse in racing history, sired some
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of his finest offspring during his later years when he was old
and rather feeble.

Heredity is not influenced by the age of either parent,
but women at the beginning and end of their reproductive
life may not provide an embryo with the best conditions for
development,

Telegony and Infection

One of the favorite superstitions about reproduction holds
that once a woman has had a child by one man, then all sue-
cessive children will be influenced to some degree by the
heredity of this first man. The idea origmated from observa-
tions of horse breeders in England during the last century.
A striped horse was mated with a solid-colored mare and a
colt was produced which showed some striping, certamly
nothing unusual. When this mare was later mated with a solid-
colored horse, however, a colt was produced which showed
very faint stripes on its neck and withers. Not understanding
the principles of heredity which make the appearance of
recessive characteristics possible, the idea onginated that this
was some carry-over from the first mating. This became known
as telegony and soon was believed to affect all types of animals
including human bemngs. Many 2 fine female dog has been
destroyed because she accidentally bred with 2 mongrel and
the owner thought 1t impossible for her to ever produce pure-
bred puppies again. In cases of rape when a child has been
produced, women have sometunes felt that they were con-
taminated by this pregnancy and that all future children whom
they might bear would show some of the characteristics of the
man or men with whom they had had the forced relationship.

Along this same line of reasoning it 1s sometimes believed
that when a woman has a number of children by the same
man, each successive child will be more like the father because
of accretion of the man’s charactenstics in her body.

Although less commonly heard, there is a male counter-
part of this superstition which holds that a man who mates
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with one woman will somehow acquire some of her character-
istics and will communicate these to any children he might
father through another woman. This is known as infection.

The heredity of a child is in no way influenced by pre-
vious children that have been borne by either its mother or
fathered by its male parent. Hereditary characteristics can
be transmitted only from the one father and the one mather
who are the direct parents of the child.

Injfluence of Drugs

It 15 believed by some that drugs may have an influence
on reproductive cells and the genes which they contain, which
may affect offspring. Alcohol, nicotine, and marphine are
some of the drugs most commonly mentioned in this connec-
tion. Occasionally one may bear a musinformed person tell
of a tragic case 1n which 1 deformed child was fathered by a
man who was a chronic alcoholic with the implication that
the alcohol was the cause of the deformity. Alcoho! does not
alter the genes, however, and, therefore, could not alter the
heredity. It is true that habutual, excessive use of alcohol over
a long period of time may cause a man to be sterife throngh
destruction of hus sperms, but if these sperms retain sufficient
vitality to fertilize an egg, the resulting child wall be just the
same as if the man had been a model of sobriety during his
entire life. Thus a newbom child 1s not penalized in its heredity
by the indiscretions of its parents.

As an argument to the contrary, some may point to cases
in which a father who was a chronic alcoholic bore children
who, in the course of tune, followed in thesr father's footsteps,
This by no means proves that the drimkmg by the father
influenced his sperms so that the children would be more likely
to imbibe too freely of alcoholic beverages. There may be two
factors which enter into such a correlation. Many persons can
drink socially and control their drinkmg so that it does not
become an obsession with them. Others seem to be of such
a disposition that extensive drinking leads to a compulsion for
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further drinking which is so powerful that they cannot stop,
even though it becomes evident that the habit is wrecking their
lives. All the evidence indicates that this tendency to addiction
may be inherited, Hence, if a father has the addiction, then
he must have inherited genes which make such an addition
possible. It is quite likely, therefore, that some of his cluldren
will receive the same gene complex which brings about such
an uncontrollable compulsion to drnnk after the habit is
formed. Couple this with the fact that the children of such a
parent are more likely to have the opportunity to develop the
habit through precept and opportunity and we can understand
the correlation. Of course, if the children never develop a
taste for alcoholic beverages through common use, then they
may mever express themr inherited weakness, but 1t 15 there,
nevertheless, and may show in some other compulsion. It 15
Possible that one of the children will begin taking heroin
simply for the “kick” which he gets out of it and he will soon
find himself hopelessly addicted to this drug. Not all people
can become dope addicts—addiction requires a particular type
of personality which will develop a compulsion which makes
it impossible for the victim to withstand adminstrations which
actually may destroy his life. Heredity certainly influences the
Possession of such a personality, but the expression of an
inhented weakness, in itself, will not enhance the chances of
transmission of the trait through heredity.

It is true, however, that a drinking, expectant mother can
harm the embryo she is carrying, for the alcohol can pass
directly into the blood stream of her child and when it 1s bomn
it may actually show symptoms of alcoholism. Also, a child
may be born who is a heroin addict if its mother was accus-
tomed to taking the drug regularly during her pregnancy.
Neither alcohol, heroin, or other narcotic drugs can influence
the determiners of heredlty in either man or woman.

Drugs do not i the t of L
characteristics, nllhough a mother who uses drugs may harm
the embryo she is carrying by direct transmission of these
substances to the embryo.




CHAPTER 4

MARKED BABIES? .

There is an old Norwegiar law which prolubits butchers from
displaysng the carcasses of hares (rabbits) which they have
prepared for sale to their customers, The reason—to prevent
expectant mothers from viewing the hares and, thereby, run-
ning the risk of marking the children which they carry and
causing them to be bomn with harelip About one baby ont of
every thousand is bom with harehp, a condition in which
there is a vertical fissure in one of the lips. This split which
usually appears in the upper lip, may cxtend up to the nose.
The lip of such children bears a sup to
the upper lip of a rabbit, and the supemmon iy that such a
condition would be induced in an embryo when the woman
carrying it was sirongly impressed by a view of a rabbit's
mouth,

This is an excellent ilustration of one of the oldest and
most common of all sup ions about h ernal
impressions. There are few who read these lines who have not
heard one or more wmstances of so-calted marked babies, told
senously. A cluld is born with a red, strawberry-shaped birth-
mark, and the mother recalls that she craved strawberries
duning the latter part of her pregnancy. Another child is born
with a skin which chaps easily and stoughs off like the scales
of a fish, and the mother semembers cleaning some fish 2
short time before the child was born. The apparent relation-
ship between the munpression on the mother and the abnor-
mality of the child is sometimes striking and may lcad one to
wonder if perhaps there might be something to it after all.

This is an extremely vicious superstition which can do

4
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much harm, for it can cause a pregnant woman to worry
unduly for fear that she may see something, or hear something,
or do something, which could doom the little bundle of life
within her to an existence handicapped by an abnormality.
And when a child is born that is defective, the mother may
spend a lifetime of regret believing that she caused the defect
during the pregnancy. It is a superstition which 1s not easily
contradicted, however, because so many who believe m it
have apparently authentic cases to support their belief. In this
chapter we shall examine the evidence critically and try to
determine the facts.

Mind Over Matter

At a county health center in Florida, the author recently
talked to a woman and her young son who was born without
a left hand, There were little stumps of fingernails protruding
from the end of the arm which appeared to be severed between
the wrist and the elbow. This woman lived near one of the
major Florida highways and one day, about two months before
the expected delivery of the child, she heard a loud crash on
the highway in front of her home. She went out to investigate
and found to her horror that there had been a serious auto-
mobile accident, and she viewed the mangled bodies of several
occupants of one of the cars. She became sickened at the sight
and suffered from nausea. When her child was born two
months Jater, the left hand was mssing. In accord with the
many tales of maternal impressions which she had heard from
others, this woman assumed that the view of the accident had
so strongly impressed her that the child within her body
became deformed.

Such cases give strong support to the perpetuation of
belief in maternal impressions. A few other §tnkjﬂg illustra-
tions might be mentioned before we begin inquiry into the
validity of such consequences. Some years ago one of the most
vicious criminals of the time was captured and brought to
trial. He was a hardened murderer who seemed to kill for the
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love of killing—some of his innocent victims were slaughtered
for no reason except his Iust to destroy life. Throughout the
trial the man’s mother stood by him as though he were being
victimized by an unsympathetic public. When questioned by
reporters she mamtained that his crimes were actually due to
her actions before he was born. The woman’s husband was 2
butcher in a small shop and she had the habit of taking him
his lunch every day. She said that it was inevitable that her
eyes should rest on the bloody carcasses hanging around the
shop when she entered, and that it was certainly logical that
the child which she was carrying in her body should be so
impressed that he would have bloody thoughts and would
want to kil when he matured. In this way she excused her
son for all his crimes and accepted the blame herself.

In another mstance, a mentally defective child was born
to a rural couple. The mother felt that 2 maternal impression
was the cause of this defect. She stated that her husband had
killed a large snake on their farm about a month before the
child was born. Her husband showed her the snake, which
seemed thoroughly dead, and then threw it into a pile of bum-
ing leaves in the yard. The heat caused the snake to squirm
and twitch violently as it was burning and this greatly horrified
the expectant mother It preyed on her mund for several days
and she assumed that this influenced the mind of her child so
that its mentality was subnormal. These are cases where it is
assumed that the mind has an influence over matter,

Biblical Record of Belief

The belief m maternal impressions 1s probably the oldest
of all the superstitions about reproduction and heredity, Even
in the first book of the Bible, the thirticth chapter of Genesis,
we find an account of the general acceptance of this super-
stition. This relates how Jacob (who worked fourteen years
to get the wife he wanted) made a bargain with his crafty
father-in-law who had got the better of him in the wife deal.
When the work for his wives was completed (he contracted
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for one and ended up with four) Jacob persuaded his father-
in-law to pay him for his work in livestock. Jacob said, in
effect, “Let me take all the cattle, sheep, and goats that are
striped or spotted, and you keep those which are sohd.” His
proposition was accepted. Thinking that he could increase the
percentage of his take, Jacob took willow twigs and pecled
the bark down in stripes and placed these at the watering
lm'ughs and other places. Later he guded the best-looking
animals to these places so that, as they conceived with these
stripes before them, their offspring would be so marked that
Shey would be born with uneven coloration. The account
indicates that he did very well with the project, although
actually he would have done just as well if he had saved him-
self the trouble of working with the willow twigs.

Evidence Against Maternal Impressions

We could go on and on with examples of supposed cases
of maternal impressions—almost everyone has heard a number
of stories of this nature. All of the biological evidence, how-
ever, shows that such markings do not, and cannot, occur.
First of all, there is no conceivable mechanism by means of
which they could occur. Think of an embryo in its mother’s
body. It is surrounded by membranes which 1t has produced
from its own cells and it is floating 1n 2 flusd which is a product
of its own body. From its body there is an umbilical cord
which extends out from its navel and connects with a broad
mass of tissue (the placenta) which fits closely against the
womb of the mother. The embryo has its own heart and its
own blood supply which circulates into this placenta and
absorbs food and oxygen from the blood which flows through
the womb of the mother. There is no blood from the mother
that flows into the embryo and there are no nerves from the
mother that are connected with the embryo—actually, the
embryo is no more than 2 parasite in the woman’s body. Now,
suppose the woman craves strawberries, but cannot satisfy
that craving. How would it be possible for this craving to
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stamp an imprint on the embryo? There is no conceivable
mechanism for such an effect. . .

Even though we assume that there is some connection
between the mother and her child through which an impres-
sion might be sent, we would, almost always, have to concede
the still more unlikely assumption that the mark altered em-
bryonic development which had already been completed. For
instance, take the case of the woman who had a son bomn
without a hand. The accident which was supposed to have
caused the impression took place only about two months
before the birth of her chid, yet the hands of an embryo
are fully formed about s1x months previously. We would be
forced to the rather nidiculous assumption, therefore, that her
child had perfect hands before the accident, but the sight of
the accident, through some mysterious means, caused one
of these hands to be dissolved so that the child was born with
the deformity. This 1s generally true of most cases of supposed
markings—the impression comes during the latter part of the
pregnancy, while the embryonic organs which are supposed
10 be affected are mainly formed during the early stages, when
the woman may not even be sure that she is pregnant. Human
reasoning can hardly accept the jdea of a dissolution of per-
fectly formed organs due to the mental impulses of the
prospective mother,

1t may also be noted that the so-called markings are always
accounted for after the birth of the child, Now any normal
woman 11 the course of her pregnancy will certainly come in
contact with literally thousands of stimujations which may
be quite impressive, Should her chuld be perfectly normatl she
then gives no further thought to the things that she has con-
tacted. On the other hand, should there be a deformity, a
birthmark, or any otber unusual condition, she can then look
back on ber pregnancy and recall some event which may seem
to fit the particular case. In her zeal to relate the event it is
quite natural that she might exaggerate the degree of the
impression which she felt at the time. A very common house-
hold chore, such as cleaning fish, may Ioom as an event of



MARKED BABIES? 49

outstanding importance in sretrospect, as the story goes the
rounds. Thus, it Is easy to understand how there may be cases
of rather close correlation between an impression and the
supposed mark.

Thgre was once a doctor who had seen this happen so
many times that he determuned to go about the matter scien-
tifically and see what resuits he would obtain. Accordingly,
he made it a practice to talk to all women who were about
ready for the delivery of a child. He asked them to tell him of
all the events which they had experienced during their preg-
nancy vyhlch made an unusually strong ympression on them,
and which might possibly mark their children He carefully
tabulated their answers, but when the babies were born there
was not a single correlation between the impressions which
the women had listed and the abnormalities among the chal-
dren. He did find, however, that when an abnormality did
appear, some of the mothers were quick to remember some
1me_ression which they had forgotten to [ist in order to account

o it,

Proxy Mothers

The most convincing bit of evidence against any sort of
maternal impression, 1n the sense in which the term is common-
ly used, comes from newly developed scientific techniques of
embryo transplantation. Among the forms of animal Iife which
lay eggs, the possibility of foster motherhood is taken for
granted. Take the rather comical case of a hen hatching a
nest of duck eggs and her great concern when her brood takes
to the water m spite of her warning clucks. These ducklings
are manifesting the genes from their true mother and do not
take on any of the characteristics of a chicken simply because
a chicken took over the duty of mcubating the eggs. In recent
years it has become possible to accomplish motherhood by
proxy 1n mammals. Rabbits have been born of virgin mothers
who received a transplantation of eggs which had been fer-
tilized in a test tube. Let us see how this is done.
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First, rabbits are obtained which are in the estrous cycle
(ready for mating). They can be induced to go into this cycle
at any time by the injection of the proper hormones. Then
the oviducts are removed and the eggs withmn are washed out
info a test tube. Sperms are removed from a male rabbit and
mixed with the eggs to allow fertilization to take place. When
viewed under a microscope 1t can be seen that the cells then
begin division and the early stages of an embryo are formed.
These embryos may be introduced 1ato the uterus (womb) of
a virgin female rabbit which is also i the proper phase of
th'e reproductive cycle. Some of these transplanted embryos
will become implanted 1n the uterus and will develop and be
delivered in due time

The heredity of these rabbits, however, 1s that of their true
parents who furnished the eggs and sperms, and their charac-
teristics are not altered by their sojourn m the body of their
proxy mother. For mstance, embryos formed from eggs and
sperms of pure white rabbits have been transplanted to a foster
mother who was black, yet the fur of the offspring is pure
white, just as if they had remained 1n the womb of their true
mother.

Similar results have been plished m other
Recently a very practical application of the technique has been
worked out on a cattle ranch m Texas By use of hormones
it 15 possible to induce cows to release rather large numbers
of eggs at one tume nstead of the usual one or two. These eggs
can be collected by use of specially devised instruments with-
out injuring the cows mn any way. The eggs can then be fer-

+ tliced’ with sperms from a bull and transplanted to proxy
mothers. Ultimately, it 15 hoped that this method can be used
to increase the pumber of offspring which can be obtained
from prize cows. We now use artificial isemination which
enables prize bulls to father many more calves than would be
possible by natural mating, and the time may not be too far
distant when we can increase the yield of offspring from
desirable cows also Swnce there 15 no danger of a maternal
impression, any sort of “scrub™ cow could be used to bear
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the offspring. Thus, 1t is possible to obtain hundreds of off-
spring from one fine cow by using “scrub” females, that would
have little economic value otherwise, as proxy mothers.

Human Birth by Proxy

If such transplantation is possible in cattle, what about
using it in human beings? The process of ovulation, fertiliza-
tion, and embryonic development is quite similar in the two.
Could a woman have a child through a proxy mother? We
have every reason to believe that 1t is possible. Such a plan
might seem quite attractive to some famous professional
women who want children, but who feel that they cannot spare
the time from their careers to bear a child in the normal way.
1t would be easy to find women in the lower socio-economic
strata of onr society who would be willing to serve as proxy
mothers to children of other women if there was an attractive
fi ial reward. It is frightening to think of the legal tangles
which might be involved, however, when questions of legiti-
macy 2ad inkeritance came up—our lawmakers did not
anticipate the advances of science when the laws on such
matters were framed.

While we may not sympathize with wealthy or busy
women who would wish to escape the burdens of bearing their
own children, there are cases which mught justify foster
motheshood. The desire to reproduce children of one’s own
flesh and blood is one of the strongest drives of mankind.
There are cases where the attanment of this desire is frus-
trated. A woman may mary late in life when her reproductive
organs are no longer fit for childbearing and it might be
dangerous to attempt it, An egg from this woman, fertilized
by a sperm from her husband, could safely develop in the body
of another woman with young, healthy reproductive orgzns
and the couple could have a child which was entirely their
own—just as much so from the standpoint of heredity as if
the older woman had borne it. Some might prefer this process
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;“ar‘:; adoption of a child who had no heredity from either

There probably are cases where younger women are sterile
because of certain defects of the reproductive organs, but in
whom pvulation is normal, In still others, the women might
be fertife, but have diseases of vital body organs such as the
heart or kidneys which make it unwise for them to carry and
bear children,

Should the practice of proxy motherhood ever become
common, the question of morality would surely be raised I
there 'anything in the procedure which would be antagonistic
to relipious principles and concepts of morahty? Some might
fee] that it is contrary fo all religious concepts and 15 no more
to be condoned than illegitimate births or abortion. Others
might say that, for thousands of years, women have often
depended on the so-called “wet nurse” to feed their babies
after birth. Why not then carry the process a step further and
have prenatal “wet nurses” to feed the babies before birth
when ciccumstances warrant? Some might feel that a mother
could not love her child as much if she did not experience
the stages of pregnancy and birth herself. Others would say
that the reactions of foster parents to adopted children indicate
that their love is just as great as that of natural parents for
their children, In fact, even greater i some cases where the
parents are first faced with the prospect of a hife without chil-
dren and then appreciate them more when tbey do obtain
them through adoption.

Qvary Transplantation

Using a somewhat different technique it has also been
demonstrated that entire ovaries may be transplanted from
one animal to another to achieve proxy motherhood. Such
work has been carried out successfully on dogs. The ovaries
have been removed from old female dogs of a pure breed and
transplanted into the bodies of young mongrel females. When
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these mongrels were mated with males of the pure breed,
puppies resulted which were just as true to the breed charac-
tesistics as if the ariginal mather had borne them. (It will be
interesting to see what the dog breeder’s associations will do
about the registration of such pups.) This technique can have
a very practical importance—m fact, a rejuvenation of repro-
ductive tissues has sometimes lted from transpl ion.
‘When a grand champion female dog reaches the senile state
where degenerative changes of the reproductive organs begin,
it will be possible to transplant her ovaries to 2 young female
and the precious germ plasm will not be Jost. Thus, even after
the death of the champion, pups will be born for which she
will be the true genetic mother. There is no reason why a
similar transplantation cannot be made when the mongrel
female reaches old age and thus the reproduction can be
carned on for an unbmited period of time. The body cells
grow old and die, but the germ plasm is potentially immortal—
it can continue as long as it 13 1n a body which can support
it. There is no reason to restrict this procedure to dogs—it
has also been used with mice and other mammals. We would
hardly expect it to be used in human beings, but it would
be entirely possible. In this case the offspring of the mother
would have no genetic connection with her, but she would
expenience the pregnancy and birth.

Al of these assorted facts show that the only maternal
impression which 2 mother makes on a child is that which
results from the food and oxygen which she supplies.

Reasons for Popularity of Belief
in Maternal Impressions

Witk all thos evidence to the contrary why is the beliel in
maternal markings such a popular superstition? Its popularity
might be based, in part at least, on the fact that people are
rather reluctant to admit that they may carry any sort of
hereditary defect. When a defective child develops, there is
likely to be an effort to establish an envi i

I expl
P
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A favorite explanation for a mentally defective offspring has
always been that the nurse “dropped him on his head when
he was a baby,” or that “he got kicked in the head by a mule,”
or that some similar catastrophe occurred. In this way the
parents feel that somehow they are absolved from any tamt of
defective ancestry. Maternal impressions also offer an easy
“out” for the parents regarding any abnormalities which are
Ppresent at birth.

There is no need for such a guilty fecling about abnor-
malities when the principles of heredity are better understood.
As a matter of fact, there s probably not on¢ among us who
does not carry quite a number of hereditary factors for rather
serious defects which we do not express. By the law of chance,
some of these variations will ionally appear in chuld
of perfectly normal parents Also, there are certamn embryonic
“accidents” which may occur while any woman is carrying a
child and result in abnormalities in the offspring which are
not inherited. These are not conditioned by anything the
woman sees or thinks or does. Hence, there 1s no reason why
canses for abnormalities should be sought m the external
environment, However, parents aware of congenutal defects in
their ancestry should seek professional advice before having
children.




CHAPTER 5

THE MALE CARRIER

Before we inquire into the mysteries of inheritance, we must
understand something about the organs which serve as carriers,
processors, and transmitters of the genes. As individuals we
are doomed to death—-we cannot hope to live forever—but we
carry within our bodies an immortal stream of protoplasm
which can continue throughout the future of mankind. We
are glorified carmers of this precious germ plasm. Human
beings are divided 1nto two sexes, each with a different role
to play as a carrier of the genes. In this chapter we shall
consider the male carner,

The Neglected Father

When a baby makes its appearance 1 a home the mother
and the new arnval are usually the objects of special attention
while the poor father is pushed mto the background and
stands around like a country bumpkin feeling about as useful
as a fur coat at the equator. At such times 1t might be well
for us to remember that all this could not have happened
without a man. While woman is honored, and rightly so, for
her elaborate part in the process of reproduction we should
not completely forget that the man has a part to play as well.
As a matter of fact, he contributes just as much in the way of
the all-important genes of heredity as the woman does.

_ Each sex has its own functions to perform in the com-
plxca.lefi process of begetting new life, and each must have
pecialized organs to acc ish these functions. A man must
have organs to produce sperms, to store them, and at the
proper time to release them within the body of a woman in
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order to accomplish his reproductive function m lfe. A
woman, on the other hand, must have organs to produce eggs,
to release them at periodic intervals durng the fertile period
of her life, to receive the sperms from a man, and to care
for the embryos which develop from fertilized eggs. To accom-
plish such widely diverse functions 1t is necessary that there
be marked differences in the nature of the reproductive organs
of the two sexes. We will consider now the organs of the
male sex,

Assembly-Line Sperm Production

Man has achieved marvels in the mechanical world by
means of assembly-line techmques. An automobile gomg down
the line in the factory appears to be formed almost magicaily
as the various parts are added to it while 1t 15 moving along.
Within the body of every man there is an assembly-line tech-
nique which can tumn out millions of mtricate bodies within
a 24-hour period, Here there are no strikes, no lay-offs, no
time-and-a-half for overtime, no fringe benefits—day and night
the workers keep this assembly line moving, requiring only
t00m and board as recompense for therr labors.

This marvelous process takes place in the male organs
known as testes, two glands about the size and shape of pecans
which are suspended from the body by a loose fold of skin,
the scrotum. To investigate the structure of this assernbly plant
let us examine a testis more closely. It is covered by a tough,
shining membrane with 2 pearly hue. Within, there are many
feet of tiny coiled tubes, known scientifically as the seminif-
erous tubules, which lock like coarse sewing thread, It is
within these tubes that the sperms are produced, They start
as ordinary-looking cells near the outer edge of the tubes.
Let us trace one such cell. It moves toward the mterior and
by a series of two divisions it becomes four smailer cels. Then
follows a molding and shaping which eventually results 1n four
mature sperms, each with a long tail and ready for action. At
this point, the sperms are shoved out into the cavity within
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the center of the tube. Here they mingle with hundreds of
other sperms being extruded from the walls of the tube around
them.

The Tortuous Journcy

These sperms have a long way to go before they can
accomplish thetr purpose m lfe. Many feet of tortuous tubes
Lie between them and the outside world. Furthermore, they do
not move about at this stage of thewr existence. They have
precious Little food with them anyway and it must not be
squandered before they even have an opportunity to fulfill
their missions. The assembly-line technique continues, These
tubes in which the sperms find themselves are lined with cells
which bear many tiny hairs (ctha) which wave back and forth
in such a manner as to keep the sperms moving along. Once
they leave the testis there are still more tubes. Lying on the
testis is a small organ, the epididymus through which the
sperms must pass This organ, although only about an inch
long, actually contains about twenty feet of fine coiled tubing.
Once the sperms have been carnied through this organ, they
emerge mto a larger tube, the vas deferens. This tube carries
the sperms up inside the body; it is about eighteen inches long,
but has no smaller tubes withun it. It enlarges and forms a sort
of reservorr for the sperms, known as the ejacufatory duct.
1t is here that the sperms are stored.

A Thermostat for Developing Sperms

Man likes his comfort and much of the ingenuity of the
mechanical age has been devoted to an increase in that com-
fort. The thermostat is one of man’s inventions which con-
tributes to his ease. As with so many of man’s so-called
discoveries, however, we find that nature had been using the
principle Jong before man ever thought of it. Right in his
own body these is a splendid example of a built-in thermostat.
This is the scrotum which serves to hold the developing sperms
at an optimum temperature level,
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You may sometimes wonder, especiaily if you are a man,
why such delicate and sensitive organs as the testes are placed
outside of the body where they may be so easily mjured. Any
fuan can testify to the almost paralyzing pain that comes from
a blow on the testes. Why are they not kept in a more pro-
tected position in the body? A partial explanation seems to

e in the temperature requirements for the production of
Sperms. The testes lic withiin the body cavity before birth, in
& position about the same as that occupsed by the ovaries of
2 woman, and descend jnto the scrotum at about the time
of birth. In a few cases, the canal through which the testes
must descend is blocked by an obstruction which prevents
the normal descent. A person with such an obstruction may
&row into a perfectly normal man, but he will be sterile,
probably because the high temperature within the body is
ot conducive to the production of normal sperms. When
Such men are operated on surgically and the obstruction is
Temoved, the testes may descend into the normal position
where the temperature will be cooler; the man may then
become fertile. (Und ded testes, cryptorchism, may also
be caused by deficient male hormone without any ebstruction. }
1}1 some men the canal may remain rather large throughout
life and such persons sometumes develop inguinal hesnia when
 portion‘of the mtestine descends through this canal and mto
the scrotum. Such hernia 1s rare in women because their canals
are nearly always quite sail.

Even outside the body, the testes are subject to tempera-
fure variations which must be accommodated for. It is just
as bad for them to become too cold as 1t 15 for them to become
too warm. Suppose 2 man is mowmg his lawn i warm
weather. His body 1s giving off a large amount of heat. The
transmission of this heat to the testes is prevented because
the scrotum relaxes and allows the testes to hang down
several inches from the body. Now suppose the man goes in
and takes a cold shower, The cold water coursing over his
body soon lowers the temperature of the testes and the scrotum
will contract and draw the testes up close to the body. In
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this position they can absorb more of the body heat and
chilling is prevented. Thus, the scrotum acts as a thermostat
which keeps the testes always at the best temperature for
the normal development of the sperms. There have been cases
where men have prevented this thermostat from working by
wearing tight underwear in warm weather, and they have
become temporarily stenle as a result. A change to looser
clothing which allowed the testes to drop away from the body
brought about a return of fertility.

Once formed, the sperms however, appear to be able to
withstand greater temperature variations. They are stored in
the interior of the body where the temperature is several
degrees warmer than in the scrotum. Furthermore, they may
even be stored 1n a refrigerator after having left the body
and they will still retain their vitality.

Hydraulic Transmission

Let us get back to the sperms which we left stored in the
ejaculatory duct ready for emission. Attached to this duct
there 15 another organ called the semunal vesicle which pro-
duces a viscid, glycenme-like fluid which is mixed with the
sperms at the time they are expelled from the body. This fluid
serves as 4 medwm to transmit the sperms to the female—a
case of hydraulic transmussion. The fluid also contains an
activating chemical that stimulates the spsrms to greater
activity. Within the ejaculatory ducts the sperms are sluggish
and practically immobile~they are not wasting the food which
will be needed in a possible race for the egg Once mixed
with the fluid from the seminal vesicle, however, the sperms
immediately become very active. The mixture of sperms and
fluid is called semen.

If freshly emitted semen is examined under the microscope
the sperms can be seen vigorously wigghng, threshing their
tails, and propelling themselves along as rapidly as the viscid
nature of the medjum will permit. Due to this rapid expendi-
ture of energy their food is exhausted within a few hours and
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the sperms slow down and lose their power to accomplish
fertilization. It is sometimes possible 1o recover living spesms
from within the vagina of a woman several days after a sexval
relationship, but these are so exhausted that they cannot
accomplish fertilization. When they are still vital 1t is possible
to slow them down by refrigeration and, thus, conserve the
food which they carry and prolong their effective period.
Sperms from bulls have been kept for over a week by this
method and were then used to fertilize cows. As a matter of
faC‘, in recent years, sperms have even been frozen and kept
in a deep-freeze for over a year. Many calves have been born
as a result of the artificial insemmnation of cows with semen
which had been frozen for over a year after 1t had been taken
from the bull. This has even been extended to human sperms.
Doctors at the University of Towa Medical School have kept
human semen in a deep freeze for months and then used 1t
successfully in artificial insemination. There are several chil-
dren in the country today whose paternal genes had a sojourn
in a deep-freeze between the time of ejaculation and insemina-
tion. In all probability the sperms could be kept in this manner
for many years. It is now possible for a man to have children
long after he is dead.

Male Accessories

There are also other organs in the male system which act
as accessories to the transmission of sperms. There is a testis,
a vas deferens, an ejaculatory duct, and a semipal vesicle on
each side of the body. At the pomt where they join together
there is a mass of tissue known as the prostate gland, The
tubes unite within this gland and form the urethra which is
2 tube that leads from the bladder; through this tube urine
is conveyed to the outside. Thus, this tube must carry both
urine and semen. Urine, however, is nearly always acid and
sperms are killed by exposure 10 acid. Here the function of the
prostate gland comes in. It secretes an alkaline fluid which
flows along the tube and neutralizes the acid residue from the
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this position they can absorb more of the body heat and
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which keeps the testes always at the best temperature for
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tion of the penis. Whenever there is a strong sexual stimulation
these nerves bring about many changes 1n the body of a man.
Let us use an incident to 1llustrate what happens.

Suppose there is a young man, let us call him John, who
is sitting alone on a sofa m the living room, wondering how
long it will be untd dinnertime, A door opens and 1n walks 2
lovely young lady, let us call her Mary, who impresses John
as being a very attractive young lady. She sits beside him
—almost immediately lis heart begins beating faster and
stronger. She moves closer—a bit of her hau’ brushes his
cheek—John becomes of a pl g perf h
forgets all about dinner. His autonomic nerves have started
their work—they stop the secretions in his stomach that
were making him hungry and increase the rate of heart-
beat, his blood pressure rises. John reaches over and grasps
the young lady’s hand—he has a peculiar tinghng sensation
all over. Mary squeezes his hand gently in return—his breath-
ing becomes deeper and faster. None of these responses occur
directly in the reproductive organs, yet all are a part of the
grand preparation for a possible culminauon of the emotion
manifested in John. The autonomic nerves have no way of
knowing whether John 1s marrted to the girl who 1s generating
all these reactions, nor how far he intends to progress They
are automatic 1n their response to stimuli and prepare him for
any eventuality By this time, the prostate and Cowper’s glands
have probably become active and are releasing their clear,
viscid, alkahne fluids into the urethra, thus sweeping away
all traces of acid restdue which may have remamed from the
urine that has passed through this tube and paving the way for
the possible ejaculation of semen.

Mission Accomplished

Events may progress no further—moral or legal barriers
may intervene to bring a halt In marmage however, these
responses may culminate in a delicate relationship which is
known as sexual intercourse. Under the stimulation of intimate
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love-making which precedes such an act the autonomic nerves
cause a dilation of the arteries entering the penis, This, coupled
with the increased blood pressure and rapid heartbeat, causes
a greatly increased blood supply to accumulate in this organ,
for the veins leaving the pems have valves which slow the exit
of blood. As a result, the blood fills the spongy tissue and the
penis becomes enlarged and firm and may be used to penetrate
the female. At this time the pens is very sensitive to physical
stimulation. In the act of sexual intercourse this physical
stimulation, together with the powerful emotion of the act,
will, in time, bring about an emotional explosion, known as
an orgasm, which climaxes the reproductive drive. The climax
is accompaned by a release (the ejaculation) of semen. The
autonomic nerves cause a rhythmic contraction of the seminal
vesicles. This forces their fluid out and it mixes with the
sperms—the ejaculatory ducts also contract rhythmically and
force this newly formed semen out of the urethra in a series
of spurts, There will be about four or five cubic centimeters
of this fluid 1 a normal ejaculation. An orgasm is a unique
body reaction which gives a pleasurable sensation, but which
1s very hard to explamn. In a way, it is like a sneeze—if sufficient
stimulation is received to start the reaction, then the full
orgasm and ejaculation will take place.
After the orgasm the body gradually returns to a more
normal state as the of ] ic nerves
bsides. Man thus compl his part m gene transmission.




CHAPTER 6

ETERNAL WOMAN

A man’s part in procreation is completed within an extremely
short time, but 2 woman’s part extends over a much longer
period. A woman must not only produce reproductive cells
and have organs which make possible their union with repro-
ductive cells from the opposite sex, but must also provide for
all the needs of the embryo which 15 to develop in her body
for a period of about mine months, and, in addition, must
usually provide for food and protection for the baby for some
tine after its birth. As a result of these extensive requirements,
a woman’s part 1n the process of reproduction is somewhat
more complex than that of a man.

The Cradle of Humanity

A little girl, on first seemng the productive organs of a boy,
sometimes feels as if nature has discriminated against girls
by not providing them with organs which are as distinctive
as those of boys. As she learns more about the organs of
reproduction, however, she may be consoled by the fact that
these organs are actually more extensive in pirls—they are
just placed in a position within the body so that they are
not externally evident A girl has ovaries which are comparable
to the testes of a boy, but, while the testes of a boy descend
at about the time of birth so that they can be seen externally,
a girl's ovaries remamn within her body. In a mature woman
each of these ovaries is about the size of a shelled almond.
There is one on either side of the abdomen, in the lower
region, and they are held in place cpieﬂy by a broad ligament.
The eggs are formed in a layer of tissue (the germinal epithe-
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Tinm) which Hes around the outside of the ovaries, but they
move toward the interior of the ovaries to complete their
development. At first, a number of smaller cells (the follicle
cells) will form around each egg. Then a fluid (the follicular
fluid) will accumulate between the cells. Eventually, there will
be so much of this fluid that the entire structure, now known
as a Graafian follicle, will bulge out and make a bump on
the ovary. The egg is now mature and ready to be released.
One of these Graafian follicles will break open about every
28 days and release the fluid together with the egg and the
corona of follicle cells which surround jt. This process is
known as ovulation, and it is at this time that fertilization
is likely to occur if there is a sexual relationship about the
same time. Sometimes a woman feels a sudden sharp pain
on one side of her back or the other at the time this rupture
takes place. It normally occurs about 14 days before men-
struation. The follicular fluid contains an important hormone
which helps regulate the reproductive cycle of a woman.

The ovanes are almost surrounded by finger-like processes
extending out from the open end of a tube, the Fallopian
tube. The hair-like cilia which line this tube pull the egg in
and move it slowly along the tube. It is in this tube that the
sperms of the man usually contact the egg and accomplish
fertilization. Fertilized or not the egg continues its journey
down the tube and enters the uterus (womb) which is the
place where the embryo develops; this is, truly, the cradle of
humanity. The uterus is an organ about the size and shape
of a pear. It consists of thick muscular tissue which is capable
of great distension to provide for the embryo which may
develop inside. The neck (cervix) of the uterus opens into
a passage, the vagina, which 1s about three inches long. This
is the tube into which the semen is ejected.

Female Accessories

Externally there is a pad of fatty tissue (the mons pubis)
in the front of the genital region of a woman, This becomes
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covered with a mass of pubic hair at adolescence. This fatty
tissue extends backwards and forms two large lips (the labia
majora) which inclose the regton of the more delicate repro-
ductive organs. The opening of the vagina lies at the posterior
part of this region. At bith this openmg is partially closed
by a thin membrane (the hymen) which usually is unper-
forated until 1t 15 broken by sexual ntercourse It should be
pointed out, however, that the hymen may be broken by
various types of mjuries during girlhood, so a broken hymen
is not necessanly an indication that a woman is not a virgin,
Just in front of the opening of the vagina is the opening of
the tube from the urinary bladder (the urethra) through which
the urine is expelled While 1 a man the urethra carries the
semen as well as the urine, there is no like dual function of
this tube in a woman Both the opening of the vagina and the
urethra are inclosed in a smaller pair of lips (labia minora).
Just 1n front of these lips 1s a small organ called the chtoris
which is lIike a small male pems This organ has the same type
of spongy tissue as the pems and becomes firm during sexual
excitement. It, also, is very sensitive to physical stimulation at
such a time. There 1s a mass of similar spongy tissue on either
side of the opening of the vagina This tissue also becomes
enlarged dunng sexual stimulation and spreads apart the lips
opening into the vagina Within this tissue there are two
glands (the greater vestibular glands) which secrete a viscid
alkaline flid dunng sexuval stmulation which provides a
lubricating medium for sexual mtercourse and also neutralizes
any trace of acid residue from the urine.

A woman will usuzlly experience the same sort of emo-
tional explosion (orgasm) as a2 man at the climax of inter-
course, but there is no sudden expulsion of fluid as 1n man
at this time. Woman is much more variable than man in this
regard—some women may experience several orgasms during
one intercourse while some reach the emotional heights
necessary for orgasm infrequently, and there are a few women
who never experience it,

The female breasts should also be included in a discussion
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of reproductive organs for they play a definite role in the
whole process, since under primitive conditions, at least, a
baby could not live after birth without nursing. The breasts of
a girl become enlarged during adol due to the

lation of fatty tissue and the enlargement of the milk-secreting
glands There are from fifteen to twenty-five of these glands
with slender ducts which connect with the nipple of the breast,
which radiate out from the mpple like the spokes of a wheel.
These glands do not secrete mulk, however, until childbirth.
The breasts of a boy do not normally become so enlarged,
but they have the same basic structure and it 1s actually
possible to induce milk production in the male by injecting
the proper hormones. While such experiments are not done
on human beings, big tomcats have been so treated and have
nursed kittens with ail the maternal solicitude of a natural
mother. The female breasts are definitely associated with sexual
stimulation and the nipples may become firm and sensitive
to physical mampulation during sexual excitement.

One Woman’s Cycle

Woman is notably a creature of varying moods and
emotions—at one time perhaps sweet and coy, only to display
a temperament more like a daughter of the old man with the
forked tail at other times. In part we can justify such incon-
sistency by the cyclic changes in her body which are a part
of the normal functioning of the female reproductive system.
There is a rhythmic ebb and fow of hormones, which, in turn,
mnduce her organs to become prepared for possible pregnancy
and to regress if the pregnancy does not materialize, Through-
out the years of her life when she is fertile there will be a
continuous recurrence of this sequence of events about every
28 days interrupted only by pregnancy, which brings about
a more extended cycle of hormenal changes which covers
approximately nine months.

A cycle is a circle and a circle has no beginning nor
ending. Hence, it is hard to know just where to begin a survey
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of a cycle such as the reproductive cycle of 2 woman We
could start at any point Suppose we choose ovulation, the
release of an egg from an ovary as a starting point. Rather
than generalizing, let us take a specific instance. On one bright
spring mormmng, let us say that the date is May 1, there 1s a
housewife, Mary, who 1s busy preparing lunch. She reaches
into an upper shelf of a cabmet for a dish and feels 2 sudden
pamn on the lower left side of her back. Mary has felt such
pains before and goes on about her work without giving it
a second thought An mmportant event has taken place in her
body, however. The outer wall of the Graafian follicle on her
left ovary has ruptured, releasing the follicular flnd and the
egg within 1t. Some of the smaller blood vessels 1n the vicinity
are broken and there will be some bleeding. Some of this blood
may make 1ts way down her Fallopian tubes and show up
Iater in the day as a shight discharge from her vagina The
finger-like processes around the funnel-like opening of the
Fallopian tube catch the precious egg as 1t comes out of the
ovary and carry 1t down into the tube by the action of the
hairlike cilia which line the tube Ovulation has occurred

Mary is now in the fertile period of her reproductive cycle.
The egg will remain n the Fallopian tube and be receptive
to fertilization by a sperm for a period of about 48 hours.
Let us assume that she has no intercourse during this period
or that some measures are taken to prevent sperms from
entering the uterns and making their way to the egg. In this
event, the egg loses 1ts power to initiate new Iife. It may stay
in the Fallopian tube for several days longer, but, even though
sperms reach it, there is no fertdizatton. Eventually, it will
reach the uterus and then will be shed through the vagina,
but is so small that the woman will have no knowledge of
its passage.

The preparation for ovulation and possible pregnancy
actually started about 10 days before it occurred (Apnl 21).
At about that time Mary’s last menstrual period ceased and
there began an enlargement of the Graafian follicle which was
to burst. It produced a gradually i ing amount of female
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hormone (estrogen) which brought about a great thickening
of the inner lining of the uterus or womb and an increased
blood supply to this organ. This preparation for a possible
developing embryo, provided a sufficient blood supply for
the nourishment of a new life. Within a day or so after ovula-
tion the cells of the ovary where the egg broke out become
enlarged and form a yellow body, the corpus luteum. They
now begin secreting a second very important hormone (pro-
gesterone) which continues the preparation of the lining of
the uterus for an embryo. This hormone stimulates the secre-
tion of a viscid mucous within the swollen lining of the uterus
which probably furnishes the first nutritive substance for an
embryo.

The Weeping of a Frustrated Womb

There is no embryo this month and all this preparation
for pregnancy is to no avail, In such an event there is a
regression of the corpus luteum and a decrease in the hormone
which it secretes This would be evident about May 12, The
regression and reduction of the hormone is often accompanied
by a fecling of depression and increased irritability. On
May 14 Mary begins another phase of her reproductive cycle,
menstruation. This comes about because there is a sloughing
off of the swollen lining of the uterus, a liberation of the
accumulated mucous within, and some bleeding due to the
supture of some of the small capillanies within the lining of
the uterus. Poctically, menstruation might be called the
“weeping of a frustrated womb.” All of the elaborate prep-
arations for the reception and nourishment of a new life
have been in vain and there is now a breakdown of the
prepared tissue. Mary’s organs have no way of knowing in
which month she will hang out the welcome mat for the stork
however, so they continue the cycle of ovulation and the other
stages of the reproductive cycle so that she will be ready
when that time comes.

Mary marks the date menstruation began on her calendar
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for she has learned that she can expect a recurrence of the
event in about 28 days, in this case, about June 11. For two
days there is a rather heavy flow of the menstrual fluid then
it begins to taper off and by May 19 there is no longer any
evidence of flow. Her uterine hning is now very thin, as the
uterus has shed the outer cells and regressed when the blood *
supply was reduced. For a few days it will remain thin,
repairing tissues which were broken during menstruation. At
the same time, however, another Graafian follicle is enlarging
in one of her ovares and 1t is producing mcreasing quantities
of estrogen. This hormone stimulates the hnmg of her uterus
to begin growth and the preparation for a possible pregnancy
is again under way. On May 28 Mary feels another sudden
Pain in the lower region of her back and again ovulation has
taken place. The cycle of events is now complete—during
28 days we have come from one ovulation to another. This
woman is again in the fertile period of her cycle.

Of course, the sequence of events of the cycle is by no
means always as regular as we have described it While a
28-day cycle is the most common, there may be considerable
variation among different women. There are some who accom-
plish the series of events in about 21 days and others who have
a regular cycle of about 35 days. Most women range some-
where between these two. In some the cycle may be very
irregular, however, ranging from two weeks to several months
in duration. Such varations and irregularities are based on
the hormones which govern the various events in the cycle.

Two Ialves Make a Whole

But to get back to Mary who has just ovulated on May 28.
Let us suppose that she and ber husband have decided that
it is now about time for them to start 2 family. On the evening
of this day they have intercourse. The sperms are released in
the woman’s body during a mutual orgasm and the couple
then go to sleep. Within Mary’s body, however, there is great
activity. The sperms, activated by the seminal vesicle fluid,
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are threshing and wiggling as they make their way along in
the secretions which cover the wall of the vagina. They tend
to congregate at the entrance to the uterus and try to force
their way inside. They find, however, that their way is blocked
by a plug of rather thick mucous which must first be dissolved.
They carry a special enzyme for this very purpose. Any one
sperm has only a small bit of the enzyme, but through the
combined action of many of them the plug is dissolved and
the sperms are free to make therr way 1nside the uterus. Once
inside they make their way up this organ and some of them
will enter the Fallopian tube and start out toward the egg
which was released that moring and is now in the tube on its
way toward the uterus. It is here that the two meet. Remember,
however, that the egg is still covered by a mass of follicular
cells which the sperms must tear away before they can reach
the egg These cells are held together with an intercellular
cement. The sperms again use another specific enzyme which
dissolves this cement and in time these cells fall away. Then
the sperms swarm 1 and attempt to penetrate the outer cov-
enmng of the egg Eventually, one succeeds in getting his head
in and migrates inward to mingle with the nucleus of the egg.
Simultaneously, the egg forms a membrane around itself
which seems to prevent any more sperms from getting in.
Two half cells have now made a whole cell.

Implantation

We now have a fertilized egg—a new Ife has begun. It
consists of only one cell now for the sperm and the egg each
carry only one-half of the number of genes and chromosomes
that are found 1n human body cells, and it is only when they
are united that a complete cell 1s formed. This cell begins
division within a few hours and continues dividing as it makes
its way along the Fallopian tube, It takes about eight days
for it to reach the uterus and by that time the cells of this
young embryo have formed into a hollow ball. As it enters
the uterus jt reaches a crucial point in its development, Up



ETERNAL WOMAN 75

to this time it has been existing on the stored food that was
Present in the original egg. There has been cell division, but
Very little increase in size. If it is to continue to live and to
grow it must pow form an attachment to the lining of the
uterus so that it may be nourished by the mother. Fortunately,
nature has made provision so that the attachment 1s easy. The
walls of the uterus are swollen and filled with nutritive mucous
which invites implantation. As the ball of cells touches this
lining it sticks and actually begins sinking down mto it. It
is not always thus, however, for there are many cases where
the embryo begins its life, but fails to make the proper con-
Dection with the uterus and 1s shed from the woman’s body
just as an unfertilized egg would be shed. In Mary’s case
everything goes well and the embryo, now firmly implanted
in the uterus, begins absorbing nourishment

The Baby’s Timetable

As yet, Mary has no knowledge of the successful fer-
tdization and implantation that have taken place, The date
is now June 5 and another critical time 1s approaching—
June 11 is the tume that Mary expects her next menstrual
period If menstruation occurs the hning of the uterus together
with this newly formed embryo will be expelled although it
will be so smail that Mary will have no knowledge of its
Passage and will never even know that she had become preg-
nant. Many early pregnancies terminate in this manner. In
an attempt to head off such a catastrophe, there are important
things taking place in Mary's body during the six days pre-
cedmg the expected menstrual period. The developing embryo
begins the production of a special hormone which is spread
over the woman’s body by her blood and causes the yellow
cells of the corpus luteum to continue their secretions which
will keep the uterine lining receptive to the embryo and will
thereby inhibit menstruation. This corpus luteum hormone
also prevents the development of more Graafian follicles and
ovulation in future months. This is very important—otherwise
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1t would be possible to have fertilization of new eggs after one
embryo started development and embryos of different ages
would be in the uterus at the same time.

June 11 comes and goes without menstruation. The young
woman whose private life we are exploring so intimately thinks
nothing of 1t, for 1t is quite common for her to have a slight
variation 1n the exact day of menstruation. By June 14 Mary
begins to wonder, and when she wakes up on the morning of
June 16 feeling somewh: d she susp that she is
p With each ding day the nausea becomes more
acute. Within her body there is a conflict—a conflict between
the forces which usually cause menstruation to occur and
between the forces which are now striving to protect and hold
the new embryo. Mary's doctor may give her injections of
corpus luteum hormone which has been extracted from the
ovaries of pregnant sows that have been killed at slaughter-
houses This tends to aid the secretion of this hormone from
her own body and relieves the nausea to some extent,

The embryo 1s now growing rapidly, The genes are forming
the shapeless mass of cells into an orderly arrangement which
gradually becomes distinguishable as a human being. The
embryo 1s very soft and delicate during this time, but it
develops around itself 2 membrane filled with fluid in which
it floats as 1t grows. A placenta 1s formed which is firmly
attached to the uterus. Food and oxygen are readily absorbed
by this organ and passed down to the embryo by way of the
umbilical cord. Let us keep 18 mind the fact that it is the
genes which are the sculptors which take this food and
convert 1t into protoplasm and form the organs in the manner
consistent with that which they have used on countless
occasions in past gemerations. Fig. 4 illustrates mauch better
than words can describe just how a human being is formed
from & shapeless mass of cells by the action of these genes.

By September, Mary finds that she has dificulty zipping
up some of her dresses and must begin thinking about a
maternity wardrobe, Her breasts have enlarged considerably
due to the action of the pregnancy hormones which are
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causing the milk-secreting glands to become larger. There is
ro milk in these glands yet, however, and there will not be
until after the birth of her baby. She finds that she has a
ravenous appetite and at times has a very strong craving for
certain foods. Many well-meaning, but often misinformed
neighbors drop in and give her all sorts of advice, Mary is a
very sensible girl and takes all this advice with a “grain of
salt.” She depends upon her doctor for directions which will
lead 1o the most satisfactory progress of her pregnancy.

On October 15, just when everything seems to be going
S0 nicely, Mary begins to feel pains m her abdomen which,
from what she has been told, resemble the labor pains of
birth, She calls her doctor immeduately and he dingnoses the
condition as a threatened abortion. She is put to bed and
given extra injections of corpus Juteum hormone and by the
next day all pains have subsided and the crisis 15 past. After
this the days and weeks pass uneventfully until the time for
birth approaches. This cnsis, however, is unusual in all normal
pregnancies.

The Blessed Event

Mary has been told that the normal term of pregnancy is
about nine months as reckoned from the time of the beginning
of her last menstrual period. On this basis she counts from
May 14 and obtains February 14 as the date of the expected
birth, Her doctor tells her, however, that it actually takes
about ten cycles of 28 days, or 280 days. This would place
the date at February 18, The actual age of the embryo at
birth js about 266 days, for fertilzation does not occur until
about 14 days after the beginning of the last menstrual period.
February 14 comes and goes, however, and February 18
comes and goes—still nothing happens. Mary begins to wonder
3f the baby will ever be born She has gained 25 pounds and
for weeks now she has felt big and awkward She has often
thought how nice it will be when she can once again see her
toes and walk without raring back on her heels to keep from
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falling forward. Then too, ber baby has been so active lately-~
she has felt 1ts movements ever since about the third month
of pregnancy, but now they have become so ptonmmc;d that
they keep her awake for long hours at mght when she wishes to
steep so much,

Then 1t happens—early on the morning of February 20
she feels a sudden tghtenng of the muscles of ber uterus
and there seems to be a shight downward movement of the
embryo, Then it stops. Can tlus be the beginning of Jabor
or 15 1 just a false alarm? Within about fifteen minutes, how-
ever, a second and more severe contraction oceurs. The
contractions continue to come at regular intervals, but the
intervals between them become shorter during mid-morning,
and ber doctar decides that ® is tme for her w0 go to the
hospital. Ugon her arrival in the labor room the ¢outractions
are comumng at five-munute intesvals and ave 5@ severe as to be
quite panful. By noon they are only about one minute apartt
and seem {0 merge imto one another so there is almost con-
tinuous contraction By this time she has been prepared by
the nurses 2nd 1s taken to the dehvery room.

She is placed on an odd-looking contraption which holds
her legs elevated and spread wide apart and her hands are
placed m straps upon which she can pull as she sets herself
to the sesious business of getting her baby into the world, She
struggles bravely for o few mmutes and then can feel her
baby’s bead at the entrance of her vagma The onfice scems
to be distending wider and wider yet there seems to be no
further outward movement of the baby. It i5 quite painful,
but the doctor has gwen her some drugs which help relieve
the pain although she 15 still conscious. Fally, the doctor
decides that it 1 time to make a small meson at the outer
rimm of the vaginal onfice and thus hasten delivery, This is
done and the baby’s head passes out fairly castly, followed
by the rest of the body. The head is the lacgest part of an
embryn’s body and once it has passed the rest of the body
follows easdy.

At about this time Mary hears the first ery of her newbom



ETERNAL WOMAN 79

baby. She had so hoped that her baby would not have to be
spanked into taking its first breath of life-sustaming air, and
her hope_s were rewarded. Within her body the baby’s lungs
were coliapsed and filled with flud. Upon burth it can no
longer depend upon the mother’s blood to bring 1t oxygen so
must begin breathing for itself. The cry of a newborn baby
is the signal that the first breath has been taken. Although her
Eund was still somewhat foggy, Mary heard the doctor say,
Its a fine baby girl.” She was happy~she had determined
not to fix her desire on esther sex and hoped only that the
baby would be healthy, which it was.

The climax had passed, but the events attendant to birth
were by no means over. The umbilical cord was still attached
to the placenta inside her body and to the baby outside The
doctor tied and cut the cord close to the baby’s body and
placed the infant on its right side to aid 1n the changes which
must take place in the circulation of a newborn baby A valve
in the beart must close and send the blood circulating in
a different pattern 1if the baby is to recewve oxygen from the
lungs rather than from the placenta which supplied 1t before
birth, Improper closure of this valve results in “blue babies.”

Now an important scif-performing surgical operation is
taking place 1n Mary's body. The placenta and the other mem-
branes which surrounded the embryo are 2 part of the
embryo's tissue and not a part of Mary's body. Hence, they
must be separated from the close connection which they
form with her body and expelled With some smaller labor
pains this tissue 15 expelled and the ordeal 1s over. The doctor
quickly sews up the small incision in the edge of the vagina
and Mary is soon back in her hospital room.

The baby is brought in for nursing the next morning, but
there will be no true milk production for about three days
after the birth, There is a flmd produced dunng this time,
colostrum, which aids the infant jn preparation of 1ts digestive
organs to take over the function of obtaining and digesting
its own food, a function which its mother’s digestive organs
have carried on for the first nine months of its life.



CHAPTER 7

THE BRIDGE OF LIFE

Each of us~male or female, short or tall, handsome or homely,
brillsant or dull-began life as a tmy pinpoint of protoplasm,
a fertilized egg. Contained withm this cell were all of the
hereditary potentiahiies which cavsed you to develop into 2
human bemg with charactenstics of the race to which your
parents belong and with mdividual characteristics which dis-
tnguish you from other members of your race. This cell was
formed by the unton of a sperm from your father with an egg
from your mother The sperm was so small that a thousand of
thern could be lined up side by side across the head of a pin
with room to spare. Yet this was your only hereditary hnk
with your father—withm the tiny head of this sperm there
were all of the factors for the charactersstics which you have
mherited from him A child may show great similacity in
appearance, mannerisms, and aptitudes to a father whom he
has never even seen because of the inheritance transmitted
over this tiny bridge of heredity. The egg from your mother
was very small also, no larger than the period at the end of
this sentence; even so, its volume was thousands of times
greater than that of the sperm. Hewever, this does not mean
that you inhented more characteristics from your mother,
for most of the egg is composed of yolk which you used as
food during that critical stage of your existence before you
forxp:d an atiachment to your mother's womb and could
begin obtaming food from her blood. The factors of heredity
are contained in a tiny nuclens of the egg and are no more

numerous than those that ave concentrated in the head of
the sperm.

80
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_ These two cells—the sperm cell and the egg cell~form the
bridge of life which connects the generations of the past with
tho.se~ of today and it is such cells that will carry on charac-
teristics to yet unborn generations after we have departed
this earth. Over this slender protoplasmic bridge all the hopes
of the past and prospects for the future of mankind must pass.

Sperms as Big as Watermelons

By now you may begin to wonder how this 1s all possible.
How can the tiny head of a sperm and the nucleus of an egg
possibly carry sufficient material to account for the count-
less characteristics which stamp you as an animal instead of
2 plant, an animal with a backbone nstead of an earthworm
or an insect, a warm-blooded mammal instead of a cold-
blooded frog or a snake, a human bemg instead of a cow,
a member of a certain race, and a son or daughter of your
parents? To understand this we must be prepared to deal
with a world of extreme smallness—smallness almost beyond
our conception. Perhaps 1t will help us to visualize 1t if we
assume that we can greatly enlarge the reproductive cells and
look at them as we would view an object which easily comes
within the range of our natural vision

Suppose we discover some marvelous chemical which can
enlaxge any living thing ten times every time we apply it. Let
us begin with a single human sperm Delicate microscopic
measurements have shown us that the sperm head 1s about one
five-thousandth of an 1nch in length. We will treat 1t with the
magic chemical and 1t becomes ten times larger—one five-
hundredth of an inch in length—still far too small to see with
the naked eye. A second treatment makes 1t one-fiftieth of an
inch in length, and a third makes it one-fifth of an inch—
it is now visible, but much too small for the study of its
details. A fourth treatment brings it up to two inches in Iength
and a fifth treatment makes it twenty inches, about the size
of a fairly large watermelon. i

In case you have failed to realize the great enlargement
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whch this sperm has undergone, let us suppose that you spilled
some of the chemical on yourself cach time it was applied to
the sperm, Assume that you started as a small person, only
five feet tall, you would jump to 50, 500, 5,000, 50,000 and
end up towermg 500,000 feet m the aw (about 95 miles).
Our gh-altitude planes could barely reach the lower past of
the ¢alf of your leg. If you put vaur foot down in the New
York area yeu could crush Newark, Manhattan, the Bronx,
Queens, and Brooklyn with your toes lapping over in the
Atlantic Ocean. You could wade the deepest oceans without
getting your knees wet and could easdly step over the world’s
ughest mountamns It would take a man of tius size to produce
sperms with heads the size of watermelons if we assume that
they were i proportion o the size of the rest of the body.
One semunal emssion from such a Gargantua would shower
the earth with over a bitlion galions of semen filled with these
huge wigghng sperms. It would be a flood of no mean
proportions.

Now that we have some ption of the t dous
degree of enlargement whch we have accomplished, let us
examune this huge sperm The sperm has @ head at one end,
congected to a muddle piece of about the same length, and
tertnates in 2 long tanl which extends about sixteen feet
with a drameter of only about four inches. The head appears
o be egg-shaped when we ook at it from above, but as we
change our posiion and see it from the side we notice that
itas flattened and somewhat thinner at the front. This gives
it a wedge~shape from a side view. Within this head there are
packed all of the genes of heredity. Also, at the very front
end of the head there 15 an area which 15 somewhat trans-
parent. This contains the enzymes which are so necessary for
the sperms 10 p the and the & cells
which bac the way to the egg, The enzymes are held in place
by a thin, transparent membrane which fits over the head of
zh_c sperm somewhat Irke a bathing cap, When we examine the
middle secuon we can see that there are two thick cables,
each of which is composed of many smaller strands twisted
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together, which run from the head and extend mnto the tail.
Surrounding these cables there is a spiral body wound around
them something like the insulation which is wound around
glecmc cables. This intricate mechanism n the middle piece
is the motor which gives the power of movement to the sperm.
It is through the activity of this motor that the movements of
the tail are possible.

It is the head, however, with which we are most concerned.
Let us dissect 1t 50 we can learn more about its contents. We
carefully slice open the outer covering. The fluid at the front
containing the enzymes spilis out. We can now see that most
of the head is filled wth tightly packed cols. We reach in and
pull on one of the coils and it comes out of the sperm’s head
as a long snake-like body which vanes n diameter along its
length. This is what is known as a chromosome, there are
23_of these within the sperm head. As an integral part of this
string we will find the individual umits of heredity, genes, in
a Linear order. Here we are reaching an area which is so
small in its normal size that even the highest-powered electron
microscopes cannot easily penetrate it—a size comparable to
large protein molecules. In fact, 1t is very likely that the
genes are actually very large protein molecules. According
to the most reliabie information, however, these ultimate units
of heredity would appear to be about onc-cighth of an mch
in diameter in the tremendously enlarged condition we are
considering, although they wall vary somewhat in size.

The 23 chromosomes will be of different lengths and will
carry different numbers of genes, but if we happen to pull
out one of average length we will probably find about 870
genes on it, for our best estimates place the total number of
genes carried by a sperm at 20,000. Here we find our ultimate
explanation of heredity—the genes are the sculptors which take
food, from whatever source 1t may come, and convert it into
protoplasm in accordance with the pattern which they have
established over many generations.

It 1s the fabulous genes that form your cells into shapes
which eventually assumed a human form. If you have brown
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eyes it 15 they that produce the brown pigment in the irises.
It is they that molded the shape of your nose and gave it
familial characterstics. If yon have musical aptitude, you
may thank your genes, for they molded the many phases of
your total being 1o enable you to have this ability. Yes, the
genes not only account for all the many mherited physical
h wtics, but also mfl the less noticeable charac~
teristics of the nervous and glandular systems which result
1m more intangible gualites such as intelligence, aptitudes,
temperament, and even sunor manperisms. A fond mother
may be determined to make a musical genws out of her
danghter, yet no amount of study and practice can produce
an outstanding musician unless the child has mberited an
aptitude for music. It takes aputude plus study and practice
to make a great musician,

The Egg and You

Were we to enlarge a human egg in proportion to this
sperm we would have to get i a rather large auditorium
with a hugh ceding for it would become a huge globe about
fifty feet in diameter—too large to crowd mto an ordinaty
room. Yet, if we were 1o cut into such an egg and work our
way through the tons of rich yolk we would find a nucleus
near the center, and within the nucleus there would again be
23 chromosomes containing a total of about 20,000 genes—
the same as m the sperm. These, then, ate the carriers of
heredity. Let us now return them 1o ther pormal size and

learn how ey propagate themselves as they pass through
the generations.

Gene Duplication

At the time of fertilization the head of a sperm penetrates
the outer covenng of the egg, makes jts way through the yolk,
and unites with the epg nucleus. Consequently, there are now
46 of ﬂxcs; gene strings (chromosomes) in the celf, which
10w contains approximately 40,000 genes. In order to make
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a human body, however, this cell must divide over and over
again before it can produce the billions of cells which we know
are to be found in a mature body. But it is not enough for
the cell to divide—if the genes are to influence the develop-
ment of the entire body they must be present in all parts of
the body. The genes and the chromosomes must divide each
time the cell divides, Division is not a good word for this
process, however; duplication would be better, for when this
cell splits we find that each of the two cells produced contaws
46t and each chrc has the full number of
genes which were present in the original cell.

This is the most remarkable process that ever occurs—
the very foundation of life itself. Think of it, here we have
46 strings of genes; the cell prepares to dwide; the genes and
the strings then duplicate themselves so that we actually have
92 such strings in the cell for a short time. It is as if we cut
apples in two, but instead of getting half apples we obtain
whole apples and each of the whole apples is exactly like the
one which was cut to form it. If you have a gene which pro-
duces brown eyes on one of your chromosomes, when this
gene dwvides (duplicates itself) there are two genes for brown
eyes, each with the same power to form brown eyes as the
first gene possessed. In some ways each gene is able to take
{ood from its surroundings and construct an exact duplicate of
itself. That is the reason genes can continue from one genera-
tion to the next through centuries without change.

Thus it was that the genes within the cell which was to
form your body were duplicated in preparation for the first
cell division, The duplicated gene strings adhered together at
first and became rather tightly coiled to form the short, thick
chromosomes which can easily be seen microscopically in
dividing cells. Fig. 5 shows how these chromosomes
arranged themselves in the center of the cell and were pulled
apart so that, when the cell split in two, each cell formed
contamed one of each of the kinds of genes wl}icl{ were present
in the first cell, This process is known as mitosis. In a short
time each of these two cells divided again to give four cells,
each with the full set of genes and so on until your entire body v
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was formed. It is possible to take cells from certain parts of
your body today and demonstrate the 46 chromosomes which
descended from the fertilized egg through repeated cell
divisjons of this nature.

Cell Duplication

B 12
(] S
F

Fig. 5. Two cells from one. These diagrams show how the
chromosomes become doubled and shortened (B) and arrange
themselves 1 the center of a spindle-shaped figure (C). The
double portions of the chromosomes separate (D) and then
become elongated (E). The cell sphts in two and two complete
cells are formed. These dgrams show only six chromosomes;
in man the number s 46, but they go through the same process
shown here.

B

You Could Have Been Tivins

Occasicnally an embryological accident happens which
gives us the best proof possible that the genes actually dupli-
cate thcmgelves with each cell division. Sometimes, the early
embryo will separate into two parts, but when this happens
each of the two parts can go on to produce a complete person
and identical twins are born. Furthermore, identical twins
always have identical genes~they will always be the same sex,
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have the same color eyes, and express all the same inherited
characteristics. This gives us a defimite indication of the exact-
ness of the duplication of the gemes which precedes cell
division. Every person could have had an 1dentical twin from
the same mass of protoplasm from which he was formed. You
may not have a twin because you stuck together when you
were just a tiny ball of cells, but, had those cells broken apart
to form two embryos, there would have been another bemg
exactly like you, yet 1t would have taken nothing from you
in the way of heredity.

To avoid confusion we should state at this point that there
are two types of twins, as illustrated in Fig 6 Furst, there
are the identical twins, which we have just discussed, and
then there are the fraternal twins which oniginate from two
separate cells to begin with. Occasionally 2 woman will release
two eggs in one fertile period and both will become fertilized.
The twins which result from such an event will be no more
alike than children of the same parents born at different times

%@/6/ @g/%/

e twins Frten s
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t 3
Fig. 6. How the different kinds of twins are formed. Idenncal
twins are formed from one sperm and one egg They are always
of the same sex and with the same heredity. Fraternal twins arc
tormed from two sperms and two eggs and they can be of different
sexes and with some differences in heredity. They are no more
alike than brothers and sisters born at different times,
(After Clyde Keler}
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as far as heredity goes. They may be of different sex, and
may show differences in variable physical characteristics.
Studies of identical twins offer us an excellent opportunity
to determine the effects of heredity and environment. Since
jdentical twins have identical genes, it stands to reason that
any differences between them must be due to environment, In
a few cases such twins have been separated at birth and raised
in different environments and these have been very valuable in
such studies. This is discussed more thoroughly in Chapter 21.

The Precious Germ Plasm

As you developed in the early stages of your life your
cells all looked somewhat alike, but, as you grew larger,
certam cells were stimulated by certamn genes to form your
brain, others made your heart, stomach, lungs, kidneys, and
the other specialized body organs which are a necessary part
of a complex organism like the human body. As these cells
became specialized, however, they lost the power to form other
body parts; therefore, they cannot now function in repro-
duction. Cells from an early embryo can split off and form 2
complete mdividual, but cells taken from your skin today
will not grow into a human being if transplanted into the
uterus of 2 woman. The genes are there, but the cells have
become so specialized 1n form that they have lost their
embryo-development power. It is necessary, then, that some
cells be set aside for reproduction before this specialization
has 'reachcd a stage where reproduction is impossible. These
particular cells remained in the embryonic condition, hiving
somewhat as parasites on the rest of your body, and later'in
your growth began producing the reproductive cells.

The genes within the cells of this germ plasm are identical
with the ones received from your parents, and are transmitted
through generations without change, with the rare exception
of mutations which may alter the nature of a gene. You can
do whatever you wish to the billions of cells which make up
the main part of your body, but you cannot tamper with the
contents of the germ plasm which you carry. The genes of the
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germ plasm are sealed off in their own special envelope to be
delivered to the generations of the future without alteration,
They are much too important to be subject to the whims and
weaknesses of the deliverymen and deliverywomen who carry
them. You can refuse to deliver them (not have children) or
destroy them, but you cannot break the seal and alter the
contents according to your desires.

The Inexhaustible Sperms

Can the supply of sperms become exhausted? Some people
believe that they can—that the testes which are formed during
childhood have just so many cells which can produce sperms
and that when these are all gone, permanent sterility will
follow. A man releases about 400 million sperms with each
seminal emission and it may appear logical that some day
t.hey would all be used up. Within the testes, however, there
s a system of sperm production which provides an mex-
haustible supply. In the outer portion of the little tubes within
the testes is the germ plasm. Here there are cells which are
potential sperm producers; they can produce sperms by the
millions; yet their numbers are never depleted. Here is the
way it is done. One of these outer cells will divide by mitosis—
this gives two cells like the original one. Let us call them
Cell A and Cell B. Cell B will begin migrating 1a toward the
center of the tube. As it moves, it divides and makes two cells.
As these contmue inward each divides agan and there are
now four cells. Each of these cells forms a sperm. In the
meantime, Cell A is growing in size as 1t absorbs food from
the blood flowing past. Soon 1t will be ready for another
division and again one of the two cells formed will migrate
down and form four sperms while one stays in place.

Thus, we can see that it is impossible for a man to use
up his sperms. OF course, the rate at which the sperms can be
produced is limited and excessive emission of seminal fluid
will reduce the number of sperms in the semen. The quantity
of semen in a normal ejaculation will be four or five cubic
centimeters and will contain about 100,000,000 sperms per_
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cubic centimeter. After repeated ejaculations within a limited
period of time, the quantity may drop to less than two cubic
centimeters, possibly with less than 25,000,000 sperms per
cubic centimeter This does not influence the germ plasm,
for 1t still contains the same number of cells as before. With
advancing age and the general deterioration of the body
organs there will, of course, be a corresponding deterioration
of the tissue of the testes and the sperm production will slow
down. The age at which thus occurs varies greatly and depends
upon the general health of the man to a great extent, There
are actually authenticated cases where men of ninety years of
age have fathered children,

The Virgin Egg

When you speak of eggs, the average person probably
thinks of the large products of domestic chickens which have
come to be a standard bill of fare on the American breakfast
table. These are eggs all right, but many animals produce
eggs which are much smaller. The mammals do not need 2
]arge. egg which contamns a rich food supply sufficient to
nourish the embryo until it can obtain its own food. The
mammal embryo 15 nounished through a connection with its
mother after it has grown large enough to form a connection
with her. Also, we need to clear up another point. To the
average Person eggs are eggs, no matter whether they have
been fertilized or not. An infertile hen's egg looks just like 2
fertile egg. There is a big difference, however—the fertile
egg has twice as many chromosomes as the infertile egg. Half
of these have been brought in by the sperm, In this discussion
we are talking about the infertile egg; to distinguish it, let us
call it the virgin egg.

If you happen to be a female, your germ plasm will be in
the outer part of your ovaries. Here egg production begmns.
As. in .the case of the sperm-forming cells there is a dvision
(mitosis) which produces two cells and only one of these goes
on to produce an egg. This cell migrates inward and soon
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undergoes a division, but what a strange division this is.
Whereas most cell dwvisions result in two cells of approximately
equal size, this division gives one large cell and one much
smaller. Again, these two cells divide, but again the large
cell divides unequally and gives one large cell and one small
one. The small cell formed from the first division divides and
gives two even smaller cells of equal size. Thus, we end up
with four cells, one large and three very small. The small cells
are known as polar bodies and take no part m reproduction.
The large cell goes on and becomes an egg, the virgin egg.

Why should the divistons which form the egg be different
from those which form the sperm? The egg, even in the
mammals, must contain some stored food with which to nourish
the developing embryo until 1t can begin deriving food from
1ts mother's body. By this unequal division the cell which
forms the egg can remam large and contain this food. Besides,
there 1s no need for great numbers of eggs. An average woman
will release no more than about 350 cggs during her entire
hifetime, but each of these has a much better chance of being
used 10 start a new life than any of the billions of sperms which
a man produces.

Ovulanion stops when a woman reaches the stage in life
which we call the menopause, however, this does not mean
that her egg-producing powers are exhausted. The change i
due to hormone changes, but the power of the germ plasm
remains. Experiments with lower animals show that the
ovaries from a female near the end of her reproductive life
may be transplanted into a young female and serve for a
secgnd lifetime of reproduction. This shows that the sterility
which comes with age 1s not due to exhaustion of the cells
of the germ plasm,

One Plus One¢ Equals One
When we consider the fact that each new human life

begins with the union of an egg and a sperm, we immedi-
ately run into a mathematical problem which must be solved.
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Anthmetic teaches us that one plus one equals two, but some-
how in the process of fertilization, one plus one must equal
one. Two cells unite, but only one cell results and this cell
has the same number of chromosomes as do the body cells
of each of the parents from which the two cells came. How
can this be? Human body cells contain 46 chromosomes and
1f two of these united we would have 92 chromosomes m the
cell which was formed. The next generation wonld have twice
this number and so on until an impossible number was reached
We know, however, that the number remams 46 for each
generation,

This is accomplished by an ingenious type of cell division
which causes the sperm and the egg to receive only one-half
of the chromosomes carried by the body cells of each parent.
When the sperm-forming or the egg-forming cell prepares for
division it starts with a doubling of the 46 (23 double)
chromosomes as with any other division But then, when the
chromosomes line up, ready for separation, there is something
different, The chromosomes are in pairs There are 23 pairs
of the double {46 cl ). When the
cell divides, one of each pair goes to each of the two cells
which are formed, so there are now only 23 double chromo-
somes in each cell. These arc double chromosomes, how-
ever, another division follows which separates the doubles and
we end up with four cells, each with 23 single chromosomes.
This unusual double division is known as meosis {(a lessen-
ing). When a sperm and an egg unite, each contnbutes 23
chromosomes and a cell 15 formed with the normal number
of 46 chromosomes The human body has devious ways its
wonders to perform.

Genes and Ancestry

We have now completed the cycle of the genes in your
body from their origin in the reproductive cells of your patents
to their presence in your own reproductive cells. Any children
you may have will receive only one-half of your chromosomes
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and the genes which they contain. You received 23 from each
of your parents and you can transmit only 23 to each of your
children, Since you have 46 chromosomes it is obvious that
10 one child which yon may have can inherit all of your genes.
You can only give him one-half of them. The others are
irretrievably lost, You may have great mathematical aptitude,
yet have a child who cannot count above ten without taking
off his shoes. Perhaps there was some gene necessary for this
aptitude that got lost in a sperm that wasn’t used or was in
a polar body rather than an egg that was released on the
month in which conception occurred,

One-half of the genes in ancestry are lost each generation.
Since you received only one-half of your parents’ genes, it is
obvious that your child will receive about one-fourth of his
genes from each of your parents. Your child’s children will
receive only one-eighth of your parents’ genes and so on. Of
course the division 1s not exact, for i the shuffling of chromo-
somes which takes place when reproductive cells are formed,
it is possible that some of the sperms (or eggs) produced in
your body will receive a greater proportion of chromosomes
and genes from your mother than from your father, A child
formed from such a reproductive cell would be somewhat
more like his grandmother than his grandfather on your side.
You may have a second child, however, who would be just
the reverse. It 1s this shuffling of the genes that causes variety
among children of the same parents.

Some people take great pride in their ancestry, a highly
commendable attitude, for after all we recewved all that we
possess 1 the way of genes from our ancestors, no matter how
many generations back we may go. We are not justified, how-
ever, in placing too great a stress on one or several very dis-
tinguished persons 1n our distant ancestry, for we must remem-
ber that we inherit just as much from the undistinguished
members. You carry just as many genes from the horse thieves,
drunkards, and slave traders in your ancestry as from the
governors, generals, and senators to whom you may point
with pride. The shulliing chromosomes play no favorites.



CHAPTER 8

OUR GAMBLING GENES

Life is a game of chance—everyday events over which we have
1o control place their imprint upon our beings and shape our
future destinies. A chance meeting may determine with whom
you will share your future life, chance assoclations may influ-
ence your choice of a lifetime vocation, chance happenings
may play a great part in your financial success 1n life. If you
stop to think of all the small chance happenings which have
played a vital role ;m your life, you can readily understand
Ehat if you lived your life over agamn there 1s not one chance
1n a trillion that it would come out exactly the same way a
second time. In thus sense life 15 one great gamble after another.

The most important gamble of all, however, took place
before you were even in existence. That gamble involved the
shuffing and assortment of genes n the reproductive cells of
your parents—cells which later were to umie to produce you.
These genes which, by chance, were assorted 1nto the exact
combination recetved by these reproductive cells have a greater
influence over the many varied aspects of your life than any
other chance happenings. You may change your vocation,
You may change your geographical location, you may even
change your marriage pattner, but you can never change
your genes—they remain with you throughout Ife with far-

hing infl on your p lity, your app your
bealth, your abilittes, and your temperament. Once your gene
combination has been determined it is fixed once and for all.
It is quite plain, therefore, why we can say that the most
important gamble of your life took place before you actually
existed as a unified individual.

Q5
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Let us investigate the shuffling and assortment of genes
and sce how knowledge of these events can be used to explain
the pattern of transmission of hereditary traits, Also, how it
may be psed to predict the hereditary characteristics of chils
dren yet to be bomn There are many genes i1 human cells—
the best esumates place the number at about 40,000 in cach
cell-so it 1s readily apparent that we cannot hope to follow
the intricate cousse of all of these genes at once as they go
from one generation to the next It is possible, however, for
us to consider the behavior of a single pair of genes at a time
and, thus, gan an wmsight into the behavior of all of them,
for they all follow a similar pattern of distnibution. So this is
the plan we will foliow,

Dominant and Recessive Genes

The skip-peneration transmission of inherited traits is one
of the most mysterious manifestations of heredity in the minds
of many who are not famutiar with the nature of genes and
their method of transmission in reproduction. A man with
flaming red hair marries 2 woman with dark hair and alf their
chidren have dark hair, but when these children mature and
marry, lo and belold, some of their children show the carrot-
topped condition of therr grandtather. What happened to the

ducing, they have so few children, and above all they have
the stutfbom habit of wanting to decide for themselves whom
they will marry and how many children they will have.
Rabbits, on the other hand, wiif breed like—well, rabbits—if
we just keey them well-fed ang cared for, and allow the two
sexes 1o mingle frecly with one another, We know that the
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Plate Ia Two babies formed from the same raw materials
The marvelous gene sculptors can take the same [ood, yet
one set of these sculptors fornis st nto a soft, fluffy baby
kitten, while another set forms 1t into a human baby
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Plate Ib. The discoverer of human sperms and
his wife. This is 2 modern artist’s conception of
Anton van Leeuwe * % holding one of his
primitne 1 L \‘vhich he discorered
5 D -
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Plate Il Am

results of 3 s:x{:‘::sd"ld? The mother of this child witnessed the

The child vms o automabile accident late in her pregnan

frsends have mﬁum without a left band as shown ab‘?)vgnSorcnyé

the child i H:;Ed the mather to believe that sh ked
used this deformity by viewing the acéd'é‘::
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Plate Iila. Living human sperms magnified about 2,000 diamete;
In the top view the head 1s lying flat, while at the bottom tf
head is turned on 1ts side.
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Plate IV Human fertiization This remarkable phowsﬁgh
shows 2 hving human egg_with lwing sperms attacking the
c’(‘»ron:n of follicular cells Note the polar body to the left of
the egg
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Plate V. Human embryo about 12 days after concepuon The
placenta (P) has been cut open to show the cmbryo floating i
the protective flid within 1ts membranous sac, the amnion (Am)
The umbsilical cord (U) can be scen leadmg from the embryo
and connecting to the placenta Note that even at this carly
age the fingers and toes arc already formed This embryo 1s
about one-half inch long
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Plate VI The blessed event All of the inconveniences
and wornies of pregnancy are quickly forgorien when 2
new mother sees her baby for the first time.
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Plate VI Human chromosomes, the carriers of the genes. This
photograph was made when the celf was 1n an carly stage of prep-
afation for division and when the chromosomes had already become
double. Each of the 46 chromosomes can be clearly seen It was this
photograph, and many others that have been made since, that
showed that the chromosome number of man 15 46.
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method of gene transmission in man follows a similar pat~
tern, so we can breed rabbits (or other animals) and then
apply the principles learned to heredity in man

Let us see if we can learn how a single gene 15 transmitted
through several generations by crossing rabbits which show
a clearly distinguished physical difference which is due to a
difference in one gene. Suppose we obtain a group of rabbits
with brown fur that have descended from pure brown ances-
tors. Then let us obtain another group of rabbits with black
fur who have descended from pure black ancestors Here we
have a difference which can be easily distinguished by anyone
who can see. What happens when we cross these two types
of rabbits?

We select five virgin females with brown fur and allow
them to mate with five of the black males. Then, to see if
sex has anything to do with the inheritance of coat color,
Iet us mate five of the black females with five of the brown
males. In about thirty-two days each female bears from four
to seven offspring. When these little, naked, blind offspring
begin to develop fur we find that 1t 1s black in every case. Not
one brown rabbit is obtained from all the crosses, but all these
black rabbits carry the gene for brown fur—the gene is just
not expressed, We allow these black rabbits to mature and
breed freely among themselves. (This is the equivalent of
brother-sister matings.) Hundreds of offspring are produced
from these matings and there are both brown and black rabbits
among them. If we separate and count them we will find that
about one-fourth of these are brown and the other three-
fourths are black. Thus it is apparent that the gene for brown
fur was not lost—it was carried by the first generation rabbits
in a dormant state,

This brings out one of the great principles of heredity—
a gene may be carried without being expressed when there is
another gene in the same cell which dominates over it. Such
genes are known as recessive genes, and the genes which
dominate over them are known as dominant genes. It is quite
evident that the gene for black fur is dominant i this case~



Pure black femole
mated with
pure brown mole

Oftspring oll block

\ Mate
these -carry gene for brown-

3/+ black- 1/ brown

Fig. 8. Skip-, i ission of & ive trait in rabbits.

When a pure black rabbit is mated to a pure brown rabbit, all the

offspring are black, but they carry the gene for brown. When these

are mated together the brown coat color will appear in the second
Jul in about fourth of the pring.
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it has a greater strenpth than the gene for brown fur and
when the two come together in a rabbut, the gene for black
fur wins out in the battle for self-expression. The gene for
brown is carried just the same, however, and produces a
full-blown brown coat of fur when it is released from the
dominance of the gene for black fur.

Fig. 8 shows how the genes are shuffled in these two
generations to give the resulis outlmed It can be noted from
this diagram that the body cells of the rabbits always carry
two genes which influence this particular vanation in color
of the fur, but the reproductive cells carry only one The body
cells of a rabbit may carry genes of both types, but a repro-
ductive cell may carry brown or black—not both Pure chance
determines which of these genes shall be included in any one
reproductive cell. When we think of, not one pair, but thou-
sands of pairs, of genes being shuffled mn a hke manner as
the human reproductive cells are formed, we can understand
the infinite variety of gene combmations which may result.
Even though 2 married couple could have hundreds of chil-
dren they would have no two with the same gene combination—
barring identical twins, of course, There are just too many
possible assortments of the different kinds of genes for this
to happen. You, therefore, are an mdividual with a gene
make-up the like of which there is no counterpart on the
earth, has never been, nor will ever be again, assuming that
you do not have an identical twim. You are, indeed, an
individual.

Intermediate Expression of Genes

Whenever two athletes are pitted against each other in
a test of skill and strength, one or the other nsually wins the
contest, Let us assume that 1t is a wrestling match—one of
the contestants is usually stronger or more skillful, and that
one wins. There are some matches, however, m which the
strength and skill of the two is so mearly the same that the
bout will end in a draw with both athletes sharing the honors.
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In a similar manner whenever two genes for different expres-
sions come together in the body of a newly formed human
being, we might say that a contest ensues—a comtest fof
supremacy and the right to expression. In most cases, one of
the two genes will be stronger than its opponent in the contest
and that one wins out and expresses itself—it is dominant,
the loser is recessive. If we think of genes as having varying
degrees of strength, however, it is quite natural that there
will be some cases where two opposing genes will come
together which have about equal strength. In such instances
neither will win out, and both genes express themselves to a

INTERMEDIATE INHERITANCE IN CATTLE

Bt (3P Bt [ i ges

IR ZRan 1
Fig. 9. Intermediate inhertance in cattle. When a red short-
homed bull is crossed (o a white short-horned cow the offspring
are all roan, an in between color. Red and white can come obt
again, however, m the second generation as shown.
1Frome Winchester, BIOLOGY. Van Nowtrsnd)
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certain degree, rather than one being dominant and the other

Thus, the ch 1stic resulting will have an expres-
sion that is a compromuse It will be unlike that brought about
by either gene when 1t is not competing with the other

We can easily understand how this works by considering
a cross in shorthorned cattle. Whenever we cross a red bull
with a white cow the resulting calves show an in-between
color called roan. This means that the gene which causes
the red pigment to appear and the gene which causes a
lack of red pigment (white) have shared the honors and we
have an intermediate color expression When roan cattle are
bred with each other we get calves which are white, roan, and
red in the ration of 1:2:1. You can understand how this
happens by a study of Fig 9.

As an example 1 man we will take the curliness of the
hair in the Caucasian race. Studies of family pedigrees ndicate
that slightly curly or wavy hair is an intermediate expression
of the gene for curly and the gene for straight hair In other
words, marriages between a man with straight hair and a
woman with curly hair (assumng that it 1s not a beauty-patlor
curl) will have children all with wavy hair Two persons with
wavy hair could expect children with curly, wavy, or straight
hair with the chance for wavy being twice that for either of
the other two. In a study of a large number of marriages in
which both parents had wavy hair one investigator found that
the children could be grouped into 22 curly, 51 wavy, and
27 straight This is very close to the ratio of 1 2:1 which is
expected in the case of intermediate genes.

Inheritance of Characters Which Differ Quantitatively

There are many human traits which are influenced by
heredity, yet do not fall into sharply defined classifications.
They show a wide number of variations from one extreme to
another. Such a character 15 body height—we cannot group
all people 1nto tall and short as might be expected 1f only a
dominant and a recessive gene were involved Neither could
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we assume that the genes are intermediate and divide people
into short, medium, and tall classifications. In this case and

in many others we find that there may be variation in quite
a number of gene pairs which may cause the inheritance of
T, TT,T

a bcd — Genes for tall stature

s 5.8
b’ — Genes for short stature

Fig. 10 A tall child from medium-sized parents, There are 2
number of genes which influence body stature and medium-sized
parents may carry several genes for tall stature, When these happen
to segregate out 1nto a sperm and an egg which unite in conception,
a child is produced which will be well above average in stature.
(From Wonchester, GENETICS, Howghton, Miftin)
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different degrees of body height. Many genes are involved
in the formation of most body characteristics, but, when there
is variation in only one of the pairs of these genes, we can
trace a simple dominant-recessive cr mtermediate type of
inheritance. When there is variation of more than one pair
of the genes involved, however, we must consider the inher-
tance on a quantitative basis,

Let us Jook more fully into the inhertance of body height
as an example, Of course, environment plays an important
role here—dict, disease, and other environmental factors all
have their effects in the attainment of hereditary potentialities
of stature, but everyone can testify to the effects of heredity on
this irait through common observation. Let ns assume that
there are four pairs of genes which may influence stature in
man and that a]l are intermediate in their effects. (Actually,
there are more than this, and they include some dominant,
some recessive, and some intermediate, but this number wall
illustrate the point very well.) If two medium-sized persons
married, each with four genes for tallness and four for short-
ness, they could have nine different gene combimations for
height in their children. These would include those consid-
erably taller and considerably shorter than the parents, Thus,
we can see how children of the same parents may show such
variation, even though they have similar environments. i

Inheritance of skin color 15 another human characteristic
which may vary considerably as 2 result of variation in a
number of different genes. As m the case of body stature
we see many gradations 1n the color of the skin from very
datk to extremely fair, even among the members of the
Caucasian race Environment agamn plays its part and the
tannming effects of sunlight must be taken into account in any
studies of inheritance of skin color We must take areas of the
body which are commonly covered when the body is exposed
to the sun, although we must admit that modern bathing suits
leave only sparse areas of epidermis in this category. Studics
of the skin-color genes which distinguish the Negro race frqm
the Caucasian race indicate that differences in about four pairs
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of genes account for the skin-color differences between the two
races. These are intermediate 1n their expression, so the children
which result from a mixture of the two races are mtermediate in
skin color (mulatto) When two mulattoes marry, however,
their children can show many degrees of skin color from the
typical negroid to the so-calied white skin of Caucasian race.
The proportions of each of these is shown in Fig. 11.

Mulatto Q Mulatto &'

Fig. 11.  How mulatto parents can produce a white child.
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It is apparent from the discussions in this chapter that
all inherited characteristics are not transmitted mn exactly the
same manner. In addition to those ways which we have
described in this chapter, there are some characteristics which
are influenced by sex—these are discussed in Chapter 12. We
should keep in mind, however, that all genes go through a
shuffling process as they go into the reproductive cells and,
regardless of which of the various methods of inheritance
apply to any particular character, a gamble is involved in the
transmission from parents to children—the greatest gamble
of our lives.



CHAPTER 9

WHICH SEX WILL IT BE?

When 2 woman first begins to feel the changes in her body
which portend an imminent visit from that well-known bird
with the long bill, one of the first questions to enter her mind
is, “Which sex will it be?” So much of life is predestined by
sex that it is easy to understand why such a question would
be uppenmost 1 the minds of both prospective parents. To
great extent the way we dress, our occupations, our hobbies,
and our personal imterests are conditioned by sex. Even th'ﬂ
lives of parents are greatly influenced by the sex of theif
children Hence, there 15 little wonder that the question of
sex-determination should be foremost m the minds of those
preparing to introduce a new life mto the world.

Boy and Girl Sperms

Sometimes an overanxious (and inconsiderate) fathefs
who wants 2 son to carry on the family name and, perhaps
be a future partner n his business, will be deeply disappointed
when the doctor announces, “It’s a girl.” He may even berate
his wife for bearing a daughter when she knew that he espe-
cially wanted a son With a little knowledge of sex-deterni-
nation, howeser, the wife might well turn to him and tell him
it was all bts own fault—that she had nothing to do with -
The eggs produced by a woman's ovaries are all alike 5o faf
as the potential sex of a child is concerned—cach egg caf
produce a child of either sex. Not so with the sperms—they are

106
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of two types with fespect to sex-determinng potentialities.
Half of them will produce boys and the other half will produce
girls. Therefore, it is truly the man (or at least hus reproductive
cells) which determine the sex of every child that is concerved
by 2 woman,

Ttow Sex Fs Dolernvivied

Hese have one

xohromosome Wosnes have two

am;’;?a;;a x-chromosontes

among the 48 | HO X-CRIOHIOSOMGS

chromosomes in

eack cell

Thoo kinds of /\ an ko,
eqys ars alike...

Sperms-one fas

Xand oxe kasy ? carry one x

o 2 d
itprediced By produced
Jertilizes eqq Jertilises eqg

Fig. 12, How sex is determined. There are two kinds of sperus,

one carrying an X-chromosome and one carrying a Y-chromosome,

and the sex of a child depends upon which of the two fertilizes
the egg

To understand how this can be, let us get a picture of the
nature of the cells in the body of 2 man and of a woman.
In every cell there is a difference between men and women.
In the body cells of a woman there will be 46 of the rod-like
bodies known as These are posed of 23
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paiss—for every chromosome of one type in the cell there wilt
be another of the same size and shape to accompany if. The
body cells of a man also have 46 chromosomes, but there are
only 22 matched pairs—the 23rd pair consists of one large
chromosome and one small chromosome. This is true of eaqh
cell mn the male and female. It 1s this unmatched pair that Is
concerned with sex-determination. The larger one of the paif
is known as the X~chromosome and the smaller one is the
Y-chromosome, These are known as the sex chromosomes.
There are sex chromosomes in the female, also, but they
consist of two X-chromosomes which form one of the matched
pairs. Now here 15 a basic difference between the two SEX¢S
upon which a method of sex determination may be based.

As we have already learned in previous chaptess the
reproductive cells contain only one-half as many chromosomes
as are found 1 the other cells of a human being. This rep:
resents one chromosome from each of the pairs or a total
of 23. Therefore, when the eggs are formed, each will have
23 chromosomes including an X-chromosome. The sperm
also will have 23 chromosomes, but half of them will have 20
X-chromosome as one of these 23 and the other half will have
a Y-chromosome. Therein lies the secret of sex-determinatios-
If a sperm carrying an X-chromosome fertilizes the egg ther
will be a restoration of the 23 matched pairs and a girl will
result. If a sperm carrying a Y-chromosome happens to fer-
tilize the egg there will be only 22 matched pairs plus the
unequal pair characteristic of the cells of the male,

This somewhat simplifies things—here we have two types
of sperms, one male-determining and one female-determining:
Within the body of the female there is an egg awaiting fer~
tilization; it can form either sex, The sperms are released neat
the _neFk of the womb and the face is on—wiggling and
squirming they make their way toward the egg. Eventuallys
one sperm successfully penctrates the egg and fertilization
is accomplished If that sperm carries the X-chromosome the

child will be a gul, while a Y-chromosome-carrying spert
will result in a boy.
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Inequalities of the Sex Ratio

i Since a spermn carrying a Y-chromosome is produced every
time one is produced which carries an X-chromosome, there
will be one-half of each kind 1n the male semen. Consequently,
we should expect girls one-half of the tune and boys one-half.
Of course, there will be cases where the proportion of the
sexes in any one famly will be far from equally distributed.
Famulies exist where erght girls have been born m succession.
This does not mean that there 15 anything wrong with the
method of sex-determnation m these cases, but such families
had a “run,” as a gambler would say. If you toss a penny
the air, the chance that it lands heads 1s one-balf, but 1t is
possible, if you toss long enough, that you may toss eight heads
1 a2 row. Families with an unequal distribution of sexes usually
represent similar chance results There are a few cases, how-
ever, when it must be admitted that something besides chance
must be operating. This is when there 15 a predominance of
one sex for several generations mn a row. Expertments on such
cases in lower ammals indicate that this can be due to certain
hereditary factors which cause the death of the embryos of
one sex, leaving only those of the opposite sex to be born alive.

The Weaker Sex

There has probably been many a person approaching
marriageable age who has wondered 1f there were enough
members of the opposite sex to go around. Such persons may
ber by a ref to statistics which show that among
people between twenty and thirty years old, the sexes are
almost exactly equal, There are geographical vanations, how-
ever, For instance, there is an excess of males on the west
coast and some deficiency of males in the New England States
at the present time in the United States. Such variations, how-
ever, may be explained by population migration and are not
due to any difference in the over-alt proportion of the sexes in




THE DWINDLING MALES

NUMBER OF MALES FOR EACH 100 FEMALES
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Fig. 13. The weaker sex, At birth boy babies outnumber girl
babxcs, but lhc dcath mc is  greater for the males at every s(;:«e
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the country as a whole. (Apparently, too many young men
have taken Horace Greeley’s advice, “Go west young man.”)

Strange to say, when we examine the staustical records
of live burths in the United States we find that the sexes are
not born in exactly equal numbers—there are about 106 boys
i()}' every 100 girls. How can this be, when the male-deter-
mining and female-determining sperms are produced in equal
quantities? One might assume at first that the female embryos
are weaker than the male embryos and a smatler proportion of
them survive the ngors of embryonic development. We know
that from 16 to 20 per cent of ail conceptions terminate in the
death of the embryo before or at the tume of buth. Perhaps
there are more girl babies among the group A study of some of
these embryos, however, does not bear out such a premise. At
the great laboratory of the Carnegie Institution of Washington
there is a collection of a large number of embryos which have
died in all stages of development up to and including birth,
There is actually a shghtly greater number of males among
this group, This holds true for those found 1n the earliest stages
;n which sex can be distinguished up to the normal time of

irth,

Then how can we explan the excess of males among the
live births? To begin with, we must assume that more male
embryos are formed in the first place. With the two different
kinds of sperms produced 1n equal numbers, it is evident that
the male-determning sperms must have some superiority over
the female-determining sperms in the race to reach the egg
or in penetrating 1t. To such a small body as a sperm, with
its limited food supply, the top through the reproductive
organs of a woman must be an arduous journey indeed. To
put it in human terms we might compare 1t to a race of about
sixty-four miles by men on foot over a course beset with many
obstacles along the way. We get this figure by comparing the
length of a sperm to the distance to be traveled with the height
of a man and a proportionate distance on the ground. If a
group of men started on such a grueling race, the slightest
advantage would make a tremendous difference in the chances
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of winging. But what advantage could the Y-carrying sperms
have over the X-carrying sperms? For one thing they might
be lighter; true the difference could only be very minute, but
the Y-chromosome is smaller than the X-chromosome and it
must, therefore, weigh somewhat less. A few pounds of weight
makes a great difference in a horse race; perhaps this rclative
variation makes a difference in the sperm race. Furthermore,
it is conceivable that the Y-sperms may have a slight advantage
in penetrating the egg after they have completed the journey.
They may be very shghtly smaller in diameter because of their
smaller size, At any rate we know that a few more eggs ar
fertilized by sperms carrying this Y-chromosome than by those
carrying the X-chromosome.

This excess of boy babses would seem to give the girls an
advantage in the marriage mart—they should have a larger
number of potential mates to choose from, We have already
pointed out, however, that at the time for marriage the pro-
portion of the two sexes is approximately equal. This is
because of the viability differential which begins operating
early in life and kills off the boys faster than the girls, so that
there is numerical equality at the tme of life when such
equality is most important. Sad to say, boys, the male i
actually the weaker sex. The boys just do not survive the
diseases and dangers of childhood as well as girls. This pre-
destined weakness of the male continues to manifest itself
throughout life. It is best demonstrated by the cold facts of
i tatistics—a woman receiving an annuity upon retire-
ment will have smaller monthly payments than 2 man of the
same age because of her greater chances for a longer life. At
fifty years of age we find that the males have shrunk from
equality at twenty to the point where there will be only about
eighty-five men to every hundred women. At eighty-five, the
women outnumber men almost two to one and at one hundred,
there are about five times as many women as men. Men may
well claim superiority in muscular power, but in terms of
physical qualifications for survival we must concede the
advantage to the ladijes.
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Sex of War Babies

There is a common belief that during times of war more
boy babies will be born to replenish the stock of males that
are b_eing destroyed in the conflict. Of course, we could easily
dismiss this apparently groundless belief by saying that the
sperms have no way of knowing that there 15 a war going on,
and, even if they did, we could hardly imagine the female-
de'te.rmining sperms moving aside so as to let the male-deter~
mining sperms accomplish fertilization in a greater proportion
of the cases. No, the business of fertilization still goes on
according to the same rules of chance 1n spite of war, storm,
famine, or plague Yet, strange to say, statistics show that there
actually are a few more boys born durning wartime. True, the
difference is shght, but with the great number of births which
occurred in the United States during World War II we can
hardly say that 1t has no significance. Dunng the five years
preceding this war, the ratio was 103 8 boys to each 100 girls.
During the war itself the ratio was 106 1 to 100

There is a perfectly logical explanation for this. We have
already mentioned the fact that the male 1s the weaker of the
two sexes. As a result of this fact, the ratio 1s dependent some-
what on the chances for survival of embryos of all types—~
the higher the survival rate, the greater the proportion of boys,
We know that there 15 a higher number of boys born to women
in the higher economic groups than to those who are low in
the economic scale. This is probably due to the fact that a
Pregnant woman from the first group will recewve better pre-
natal care, better diet, and better attention at the birth of her
child. Hence, each embryo has a maximum chance of survival,
In the lower-income group, on the other hand, there will be
more embryonic deaths, and since the males are ‘weaker than
the females there will be more males among these prenatal
fatalities and, consequently, a greater proportion of girls
among the live births. This concept 1s supported by studics
of the sex ratio of live burths in difierent countries Invariably,
in those countries where the general standard of living is high,
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of wmning. But what advantage could the Y-catrying sperms
have over the X-carTying sperms? For one thing they might
be lighter; true the difference could only be very minute, bt
the Y-chromosome is smaller than the K-chromosome anfi it
rmust, therefore, weigh somewhat less. A few pounds of welghl
makes a great difference in a horse race; perhaps this relative
variation makes a difference in the spetm race. Furthermore,
it is conceivable that the Y-sperms may have a slight advantage®
in penetrating the egg after they have completed the journey:
They may be very slightly smaller in diameter because of thett
smaller size, At any rate we know that a few mofe eggs ar®
fertilized by sperms carrying this Y-chromosome than by those
carrymg the X-chromosome.

This excess of boy babies would seem to give the girls 2n
advantage in the marriage mart—they should have a larger
number of potential mates to choose from. We have already
pointed out, however, that at the time for marriage the pro-
portion of the two sexes is approximately equal This 1
because of the viability differential which begins operali’
early in life and kills off the boys faster than the girls, so tbat
there is numerical equality at the time of life when such
equality is most important. Sad to say, boys, the male i
agtually the weaker sex. The boys just do not survive the
diseases and dangers of childhood as well as girls. This pre:
destined weakness of the male continues to manifest jtself
Ehmughouz Iife. 1t is best demounstrated by the cald facts ©
insurance statistics—a woman receiving an annuity upon retire-
ment will have smaller monthly payments than a man of the
same age because of her greater chances for a longer 1fe. At
fity years of age we find that the males have shrunk from
cgunhty at twenty to the point where there will be only about
eighty-five men to every hundred women. At eighty-five, the
women outnumber men almost two to one and at one undred,
there are about five times as many women as men. Men maY
well claim superiority in muscular power, but in terms of
physical qualifications for survival we must concede B8
advantage 1o the ladies.
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There are more first babies born during wartime because there
are more of such marriages. Also, during wartime, those fn
the lower ic positions ly have more maoney
and live better than during peacetime. These factors combins
to give embryos a slightly greater chance of surviving th
rigors of pregnancy and birth, hence the small increnee In {he
proportion of boy babies.

Predetermination of Sex

This question has intrigued man smce the dawn of Wtory,
In many former socicties (and even somo present siugy
women were comsidered as inferior or sccond-rate j e
beings, fit only to carry out the duties of the lwme 40 g1,
bear children. In such societies the birth of 4 by y,,;,/ wat
an occasion for great rejoicing, while that of & girk fialyy ) 2
result in sadness. We even read of women of anfept oy ’
tossing girl babues 1o the crocodiles of the Nile Liyar jy 174
shame at so greatly disappomting their husbisd; by bontig
a child that could never hope to attain the fuxfly srie 1f &
male. In any such society one 15 certain to find 4 Pisf fhnygn
to insure the birth of a boy. Just how the popiry, wedd
be maintained if such a method were to be Cotiprigadl f03
apparently never occurred to 'them. E.ven in o). Bny tepga /
where we are generally satisfied with wiiz., " " it
babies happen to be, many persons would g5 (o, o btien
of a method of predetermining sex so they ernig fia s thaty
families according to a definite plan or SCAUELY of 1 sy "

The actual method of sex-det;rmmaﬁq; #ayay 'il g
tremely unhikely that any method will ever 4, At igregnd] by
means of which a child can be produced yf7s ey ,”/
be of one sex or the other. Of course, ALY Loriu g '/’r’ //;
method, will result m the destred sex abeys (., f 4”' ’,’{ {;/
time, since the sexes are normally producs ﬂ'/ (e it
numbers. A woman may be told that she v, g, 0 ”[{,,
a boy baby if she will slecp on her right e, o i ti/’ i
of her pregnancy. She may follow this gy, 7

Wi and, S
enough, a boy baby 15 born. She may then Ve ,‘ z
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astic advocate of this method without stopping to reason that
the child could have been a boy no matter which side she
slept on,

In royal families, where the bisth of a male heir to the
throne is of such great concern to an entire nation, history
shows that almost every conceivable method has been tried
to msure the dehvery of a boy Many a royal queen of medieval
times was subjected to unpleasant and even painful treatments
by the midwives and medicine men during her pregnancy i
an effort to produce a boy. Many a doctor lost his head
because his particular method failed. Perhaps a doctor had
gone to great lengths to obtam a magical potion that was sure
to produce a boy—blood from the heart of a male lion, the
extract of botled comb and wattles from a rooster, tissue fluid
squeezed from the testes of a bull—these he had blended and
administered to the young queen. Yet a girl was born—the
doctor was a fake—off with his head! At the next pregnancy
another doctor perhaps treated the queen with equally revolt-
ing concoctions and possibly added the extra frills of buming
incense while murmuring his magical incantations. And this
time the child was a boy, and this doctor received great
rewards for his impressive powers. His method, too, faited
when tried again and was supplanted by still others. Over
two hundred years ago Drel t, in France, collected and
tabulated the various methods which had been advocated 25
means to predetermine the sex of ived as well as con-
ceived but still unborn children, He found two hundred sixty-
two theories, each of which has been found to have no basis
in fact and entirely worthless.

i In spite of the extensive list of past failures, new tech-
niques continue to be proposed. A few of these which have
been advocated in pseudoscientific books and magazines in
the past few decades deserve mention because there are peop®
of today who go to great trouble and expense to follow some
of these techniques even though they have no value, One such
theory holds that the time of conception in relation to the
menstrual cycle determines the sex of the child—conception
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during the first few days after the menstrual flow ceases is
supposed to result in a boy, whereas conception which occurs
later during the intermenstrual period would produce a girl.
Modern scientific observations have shown that the time of
any conception must be within the rather restricted period of
not more than about two days (some say only several hours)
which comes somewhere near the middle of the time between
menstrual periods. Not discouraged by this discovery, the
champions of this method merely narrowed the time saying
that boys result when fertilization occurs at the first part of
this fertile period and girls at the latter part of the period.
Knowing what we do about the X- and the Y-chromosomes,
and their relation to sex-determimation, we ¢an see that such
theories are entirely false.

Another sure-fire method which has been proposed relates
not to the time of month, but to the month itself. According
to this, a boy will result if conception occcurs duning one
monthly cycle, but a girl will be produced 1f conception occurs
the next month and so on—boy one month, girl the next,
alternating throughout the reproductive life of a woman, In
order for her to know which cycle 1s which, however, she
must bear one child first, let us assume that it is @ boy, In
the future, if she wants another boy she should conceive during
even monthly cycles; 1f she wants a gil, conception shoulf I
timed to occur during an odd monthly cycle, A puidy.
scientific explanation 1s even offered for this theory, It i fyerd
on the assumption that the left ovary produces epps wht f;
always result 1n girl babies and the right ovary produces ey,
which always result in boy babies. Furthermore, the rrzatys
are supposed to alternate 1n producing eggs=—left Ovary ute
month, right ovary the next. The on]y. dlﬂicully Jiet jn the
fact that these assumptions are false. First of all, tfuere § gy
regular pattern of alternation in the n:lcasf; of egsstfr Ioft
ovary may release several eggs On SUCCESEIVe mrmifs o the
right may do the same. Sccond, 'Chlldl’Cn of bty exruy pax
be produced from eggs from either ovary, Thiy f5 per
proved by a number of cases where women have had €02
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ovary removed surgically and later have borne children of
both sexes. Attractive as it may sound, this is just another of
the many unfounded theories which we must relegate to the
pile of unjustified speculations.

Other theories have even less basis in fact. One which is
believed rather widely has to do with diet—if the prospective
mother eats large quantities of meat during pregnancy the
child will be a boy, while sweets will produce a girl. Some
even hold that a woman's very thoughts can, in some vague
way, influence the developing embryo inside her to become
one sex or the other, Smce we know that sex is determined
before a woman even realizes that she is pregnant, we can
ignore all such theories.

. There was one recent theory which created guite a bit of
interest because 1t at Jeast recognized the fact that sex was
determmed by sperms carrying two different types of sex-
ch.mx‘nosomcs. Thus is the acid-alkali technique. According 10
this, if a woman wants to have a girl she should take a vaginal
douche of lactic acid and water before the act to produce 2
child. On the other hand, she should substitute bicarbonate
of soda if a boy is desired. This theory was proposed by 2
Gcr.man doctor who claimed about 85 per cent effectiveness
for it. He said that the two types of sperms possessed different
chemical affinities which made those that would produce boys
sensitive to acid and those that would produce girls sensitive
to alkali. Therefore, he concluded that the use of an acid of
alkal,n.c dpuche before sexual intercourse would create 2
condition in the reproductive tract of the female favorable to
sperms of one type and unfavorable to those of the other type-
All of this seemed logical and some accepted it. A research
laboratory in New Jersey began large-scale experiments with
rats 1o test the theory and theur first results seemed to support
it. One of the large New York newspapers gave daily reports
of the progress of the experiments and two of the employees,
a martied couple, became so enthusiastic that they began 3
private test of their own, Readers of their columns were
informed of this, but they were all disappointed when a gitl
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made her appearance at the blessed event instead of the
expected boy. As other evidence accumulated 1t agamn became
evident that this was just another of the many theones which
could not stand up under experimental analyss.

So it is that man finds himself without any known means
of predetermining the sex of his offspring and in all prob-
ability will continue to accept the stork’s Little bundle without
any control over its sex. Theoretically, predetermination of
sex is possible—if only some way could be found to separate
the two different kinds of sperms. There seems to be no
chemical difference between the two, but there may be a very
slight difference 1n weight as we have already pointed out. A
very delicate centrifuge conceivably might throw the heavier
female-determining sperms with their large X-chromosome
toward the bottom of 2 tube These might then be separated
and used in artificial msemmation to achieve the desired sex.
The difference in weight, however, is so very shght (if it even
exists at all) and there are probably overlapping weights in
the two groups so there seems litle likelihood that the method
will ever succeed. .

1t is probably good that the method of sex-determination
is beyond man’s control. Even 1n the United States, where boys
do not enjoy the favored status found m some sections of the
world, it would not be for the best. At this writing, adoption
agencies report that there 1s a much greater demand for girl
babies than for boy babies. Ths illustrates the fact that ghere
might be fads for having one sex or the other at different times.
There might be a fad for having guls at one period, or in
one section of the country, and at another time or place the
fad might favor boys and the carefully balanced mechamsm
which gives us an equal distribution of sexes at the age when
mating is most common would be upset. In 2 small city there
might be a group of girls which would mature to find very
few of the opposite sex in therr age group. Perhaps their
mothers thought it would be so nice to have girls so they
could be playmates with the neighborhood children. There
might be a nice crop of boys coming along in the grade schools
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who admired women's clotbing and enjoyed wearing such
apparel. This is a condition that is not too uncommon i
men~it is known as transvestism, In time, this desire became
50 strong that Chris thought it would be more pleasant if he
were a woman instead of a man; then he could wear women's
clothing all the tme Other men have had similar desires, but
Chris was one of the first who had the initiative and couragé
to do something about it He learned of the advanced work
on sex and hormones which was bemng carried on in a Den
mark hospital and decided to go there to have the transfor-
mation made. Dunng a peniod of two years he underwent
treatment and operations before returning to the United States
with name changed to Christine Jorgensen. And the feminine
name was warranted You may have wondered just what weat
on dunng those two years and just how much of a woman
Christine is today First of all, let us see exactly what detet-
mines whether a person is a male or a female; then we can
learn to what degree these natural characteristics can be
reversed by scientific application of this knowledge.

Sex Differences

__Men and women are creatures which show considerable
differences from one another—that no one would deny--but
these differences are more extensive than is generally realized.
Of course, we first think of the differences in the primaty seX
organs which have to do directly with reproduction and the
nursing of the young. These are obvious and eastly distin-
guishable; but there are other sexual characteristics which have
nothing to do with reproduction, although they stand out
clearly as distinctions between the sexes, For instance, 1}’1’“al
masculine characteristics include a heavy growth of hair ont
the Iacc. and other body parts, an angular body build, and 3
deep voice. On the other hand, a smooth skin, flowing curves:
and a higher-pitched voice are typical feminine characterstics:
“fhal many do not realize, however, is the fact that sexual
differences go far decper than this— they extend to every part
of the body—the blood, the muscles, the skin, the bones—
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there is hardly any part of the body that does not show
distinctions characteristic of the sex of the individual.

The Sex Genes

How can these great differences be explained—how is it
possible that children of the same parents can exhibit such a
great number of variations as exist between the male and the
female? We learned in the previous chapter that a sperm car-
rying 2 Y-chromosome will produce a male while an X-chro-
mosome-carrying sperm will result mn a female; but how
can this rather minor daffe in one chrc out of
twenty-four in the sperms account for the far-reaching differ-
ences between the sexes? Furst of all, Jet us understand that
all persons carry all the potentialities for both sexes. Within
your body now, no matter whether you are male or female,
you carry all the gemes necessary to produce all of the
characteristics of both sexes, If you arc a man you have all
the genes necessary to produce fully-formed fermnune breasts,
yet such breasts have not developed, for there has been no
realization of the potentialities of these genes, A woman, on
the other hand, has genes for a fully formed beard, yet a
beard normally does not develop This knowledge makes the
problem of sex-determination much simpler—now all we have
to do is find a way to inhibit the genes for the characteristics
of one sex and stimulate those for the opposite sex to full
expression and we can effect the sexual differences. Sometimes,
we know that the inhibition of genes may not be complete.
We may see a lady with a beard m 2 circus side show who
may be a perfectly normal woman jn other respects. Also,
there are mumerous cases of men who develop feminine
breasts, but are fully masculine otherwise. Such cases are
rare, of course, but serve effectively to illustrate the fact that
genes for both sexes are present in all of us.

The Trigger

We might compare this double dose of genes to a double-
barreled shotgun, fully loaded and cocked. Let us assume that
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the shell in one barrel contains coarse buckshot while that in
the other barrel contains fine birdshot. Here we have a bipo-
tential shotgun; it can deliver a charge either of buckshot or
birdshot—t ali depends upon which trigger is pulled. Likewise,
a tiny human embryo has a bipotential charge; it can dehver
either male or female ch istics—it all depends upon
which tngger is pulled The sex chromosomes pull the trigger;
the genes do the rest

Recent studies have given us some clues or insights as to how
this process 15 accomplished.

It 15 possible to take some actively dividing cells from the
bone marrow of the breast bone and to grow them on special
media mn test tubes. These are the cells which produce the vari-
ous types of blood cells When the culture 1s growing well, there
will be many cells in various stages of mitosis (cell division)
during which the chromosomes show most clearly, Some of these
cells can be removed, stained, and placed under the microscope
for observation By studying the chromosomes of cells taken in
this manner from persons with sexual abnormalities, we have
been able to draw some conclusions about the role the chromo-
somes play in normal sex determination.

Klemfelter's syndrome is a conditton in which an appatent
male is sterile, has underdeveloped sex organs, abnormal breast
enlargement and fat deposits and hair growth which are typi-
cally female m nature Studies of the cells of such persons show
that they have two X-chromosomes, but that there 15 also a Y-
chromosome present. This situation could be caused by an ab-
normal distribution of both X- and Y-chromosomes to oné
sperm, or 1t could be due to abnormal egg formation in which
both X-chromosomes go to one egg and there is fertilization by
a Y-chromosome sperm These are rare accidents, but they are
known to occur in other forms of animal life. The resulting syn-
drome, in any case, seems to indicate that the X-chromosomes
carry genes which tripger the development of feraaleness and
the Y-chromosomes carry genes which trigger the development
of maleness. The individual is a male because of the presence of
the Y-chromosome, but the two X-chromosomes bring out




SEx Genes ANp HORMONES 125

some of the female characteristics.

Another sexual abnormality known as Turner's syndrome
bears out this interpretation. A person with this condition 1s a
female, but the female characteristics are not fully developed
and the reproduction organs are not suffictently mature to func-
tion in childbirth. There is only one X-chromosome 1n such
persons. This condition could anse 1f an egg which received no
X-chromosomes was fertilized by an X-chromosome sperm, or
if a normal egg was fertilized by a sperm carrying neither a X-
nor a Y-chromosome. The characteristics expressed in this case
again suggest that the trigger for the female charactenstics is
on the X-chromosome, but that a single X-chromosome is un-
able to bring out the full expression of all the female traits.

Hormones and Sex

Although hormones are rather recent scientific discoveries,
it has been known for a long time that there is a close rela-
tionship between the sex glands of the male and the sexual
characteristics which appear in all parts of hts body. A boy
castrated before adolescence fails to develop the beard, the
musculature, and the voice of a man. He will not manifest any
interest in females as such, nor will he stimulate a responsive
chord of admiration in women. He will become, actually: a
person without sex. True, he will retain the male reproductive
organ which was already formed when he was castrated, but
it will remain infantile in nature. In past centunes .chou boxs
were castrated to prevent the loss of the fine quality of their
soprano voices when they reached adolescence. Some religious
sects required the, castration of men who jom?d their orders
50 that they might not be subject to the temptations that would

pany normal linity. Fabulous oriental rulers had
many eunuchs as slaves so they could feel assured that the
ladies of the harem would be safe from sensual templations.

Tn the case of the female, the knowledge of the relationship
of the ovaries to sex came later. As surgery d;vclogcd to the
point where semoval of the ovaties was possible, it became
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evident that a relationship similar to that in the male between
these glands and sex exists. In those cases where removal of
the ovaries from an mmature gl was necessary, the child
would grow into an adult devoid of the mapy feminine
characteristies which normally come with womanhood,

Continued studses have shown that these relationships are
due to hormones secreted by the reproductive glands. This
means that the reproductive glands have two functions. The
testes of 2 man not only produce the sperms, but also secrete
the male hormone upon which his masculine characteristics
are largely dependent. A woman's ovaries produce the eggs
for reproduction and also the female hormones which not
only for her fe h istics, but also regulate
the complex eyele of ovulation, menstruation, and pregnancy.

But how can we correlate these estabhished facts about
the influence of hormones on sexuat characteristics with the
equally well proven facts about the role of the sex chromo-
somtes i deterniming sex? There 1s no conflict between the
two concepts—both are correct. It seems as if the sex chromo-
somes get things started and pull the trigger which releases
the hormones of one sex or the other and these hormones carry
on from there.

Suppose we look at the genital region of a group of very
young human embryos, say about eight weeks of age. We will
find that the reproductive organs are present, but they
look alike regardless of which sex the embryos would bave
been had they survived. Tins sumtlarsty exists until rather late
stages of embryomic development in some forms of life—-any
of you who have tricd to distinguish sex in newborn puppies
or kittens realize how much alike the sex organs may be ever
as late as birth itself. In the early human embryo there is 3
genital tuberele and two folds of skin on cither side of a single
opening. Then, 1f the embryo is to form a boy the tubescle will
enlarge and surround this single openng fo form the primary
wale reproductive organ (the penis), The folds of skin became
loose and recesve the male glands which descend from within
the body at about the time of burth, It the cmbryo is to form
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a girl the tubercle will remain small and becomes the clitoris,
the folds of skin will form the labia (or lips) of the female
organs, and the single opening will become divided to form
two—one opening into the vagma and the other opening into
the tube from the bladder.

Thus, from a common beginning the external reproductive
organs of one of the two sexes are formed Internally, there 15
a similar situation. There 15 a pair of reproductive glands
which may become either testes or ovaries There are, how-
ever, two different sets of tubes—one of which becomes func-
tional if the embryo becomes a male and the other set becomes
functional if a female results The glands contam an inner
portion made up of tissue like the male testes and an outer
shell of tissue ke the female ovaries It scems as if the
chromosome balance determines which of these two types
of tissue shall gain the advantage m growth. With the XY
combination, the testicular type of tissue enlarges and secretes
the male hormone which can then account for the expression
of most of the male characteristics. On the other hand, the
XX combination of chromosomes causes enlargement of the
ovanan type of tissue and the glands become ovaries with
their female hormones which account for the expression of
most of the female genes.

Remarkable things can be done through artificial injection
of hormones to bring out the dormant traits of the opposite
sex. Amazing as it may seem, big tomcats have been injected
with female hormones which actually causes them to secrete
milk and nurse kittens with all the maternal solicitude of a
natural mother.

Sex Transformation

Possessing this knowledge of the method of production
of one sex or another in the normal course of events, to “.'h;\t
extent can man use it to alter this normal course and achieve
2 transformation of sex from one to the other? Some of the
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earlier expenments along this line were done with chickens.
The ovartes can be removed from young female chicks and
testes from male chicks can be transplanted into their bodies.
Such chicks mature into roosters which are indistinguishable
from those that started their lives as males. Of course, they
are sterile because the tubes to carry the sperms are not
properly connected to the transplanted glands. This shows the
powerful effect of the sex hormones in stimulating the expres-
sion of the genes for one sex and the inhibition of the genes
of the opposite sex.

But what about human beings? Up until the case of Chris
(or Christine) Jorgensen, there is no record of any attempt
at transformation of sex. Here, however, we have a positive
demonstration of how far transformation can go even in
mature human being through the mamipulation of hormones.
The exact nature of the operations performed on Chris will
probably remain a professional secret of the doctors in charge,
but we know that first of all they must have removed the tesics
in order to remove the source of male hormone which kept
the male side dommant. With these gone, Chris would have
tended to slip mto a neter sex—such as the eunuchs which
have been made since the dawn of hustory. Female hormoncs
cmxl.d‘be administered, however, to bring out those latent
feminine characteristics which had been present all the time,
but had lain dormant in the absence of the female hormones.
These hormones would cause the muscles to become more
feminine in contour and the breasts to enlarge. The individual's
ff:ehngs toward the sexes would change and emotional 1£3¢"
tions would be more feminine in nature. There are many
respects, however, in which the transformation would e
incomplete. For instance, there would be little effect on the
beard for it had already developed, and Christine will have
to make daily use of her razor or depend upon mose €07
plicated methods of removing hair to keep & feminine-lookiog
facial complexion. Also, the voice had already changed
although it was not a low-pitched voice for a man. Those who
have heard Christine on television or in the movies know that
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. Fig. 14, Male and female organs from a common beginning.

The sex organs of all babies are alike at seven weeks of age, but

by ten weeks a difference is evident, The organs of both sexes are
formed from the same original structures.
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the voice lacks some feminine quality. The skeleton was
already formed and there can never be the shoulder and hip
development which distinguishes the female from the male

Fig. 15. What hormones can do to sex in chickens. A normil
female (hen). B, ben with ovary removed; some male plumage
developed, C, hen with ovary removed and testes engraited; Jooks
and acts like a typical rooster. D, hen with testes engrafted, but
ovary not removed; this mixture of the hormones of both sexes
causes some characteristics of both sexes to b expressed:
(From Wonchester, GENETICS, Howghton M2
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skeleton. In spite of these drawbacks, however, beauty parlor
treatments on the hair and cosmetics on the face coupled with
the Iatest styles in clothing give an over-all feminine appearance
that would make Christine acceptable as a woman anywhere

The question now arises: is this person really to be,classi-
ﬁed.a§ a woman, or is this a man in whom some of the latent
feminine characteristics have been brought to the surface with
an erasure of some line traits and appendages? This is
2 Vety important question, and there may be some terrific
legal tangles involved before it is settled For instance, one
promoter has offered Christine $100,000 to become a lady
wrestler. Now, should she be allowed to compete with women
In wrestling, or any other sport, for that matter? If not, should
she (or he) be classified as a man in regard to insurance and
In other cases where sex makes a difference in rates and
Payments?

Basically Christine is still a man The cells of the body
still contain the single X-chromosome and the Y-chromosome
which are characteristic of the cells of the male. More im-
portant, however, is the fact that there could not have been
a transformation in reproductive organs themselves. The testes
certainly were removed, and the penis also, but there is no
way in which female organs could be produced to replace the
male organs. Some people have even asked if it would be
Ppossible for Christine to have a child. Such 1s completely out
9{ the question. It might be that ovaries were transplanted
into Christine’s body, for this has been done successfully in
other mammals, such as rats. Ovaries are often removed sur-
gically in hospitals and would be available for such trans-
Plantations, It is more likely, however, that Christine must
depend upon daily doses of female hormones in tablet form
to maintain her feminine ct istics. But even if the trans-
Plantations were successful they will furnish only the hor-
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mone—in the absence of any other female organs they could
not function in any other way. 5

It would have been better if Chris had made up his m.md
before adolescence, for then he would have retained the high-
pitched voice of childhood which would have been more
ccnvm'cingly feminine. Also, the skeleton would have assumed
female proportions to a great extent as it matured, the beard
would never have developed, and the penis would have
remained small, Tt will be mteresting to trace this case through
future years.

It would also be possible to accomplish a degree of trans-
formation in the other direction—from female to male. If the
ovaries of a baby gul were removed and regular injections
of male hormone given, a person would result who would

line in outward physical appearance and who could
compete physically with other men. Again, however, there
could not be a change-over 1n the sex organs because of the
rather advanced state of their development at birth, but there
could be some changes in the case of this type of tmnsfpl’-
mation. The female clitoris would enlarge and form 2 penis-like
organ and the vagina would remain infantile although it would
still be present in adulthood. If a mature woman should
attempt a transformation the degree of change would be
considerably less pronounced.

Medical Use of Sex Hormones

Through the proper use of sex hormones many people ar¢
able to live happy, well-adjusted lives who otherwise would b
social misfits. A man may lack the masculine musculature,
deep voice, and typical male aggressiveness which would
enable him to compete on even terms with other men b
everyday life. A deficiency in the secretion of male ‘hormone
from his testes may be the cause of this and he may bencfit
greatly from administration of extra male hormone or of 2
hormone which will stimulate his own testes to function mor®
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efficiently. There have even been a few cases where testes from
one man have been surgically transplanted into another man
who was deficient in this hormone. We must hasten to add,
however, that there cannot be successful transplantation of
the testes of other animals such as goats and monkeys. Some
years ago there was 2 pational scandal over the wholesale
transplantation of animal glands into human beings by a
doctor in Missouri who was ostracized by the medical pro-
fession because of his unethical practices. Investigations
showed that mone of his transplantations grew in the bodies
of his gullible patients. Some actually claimed noticeable
results from this tr but wt j jon they
experienced was due t0 psychological, rather than to physio-
logical, seasons. There caa be no more hope for success of
such transferrence of testicular tissue than there could be for
the successful transfusion of blood from some lower animal to
man. The tissues of ammals of different species differ too
widely to offer hope of success.

The use of sex hormones may also be of value to women,
When there is a deficiency of the female hormone there may
be an infantile underdevelopment of the scxual 0rgans and
consequent sterility. In some €ases treatment with female hor-
mone may induce these organs to complete development and
become normally functional. Also, they are often of value
during the menopause of any woman. At this time of life
there 15 2 diminution of the secretions of the ovaries, and a

q physical and mental adj that may bring
about unpleasant symptoms. The intelligent use of extra female
hormones may often selieve many of the difficulties that are

* experienced during this transitional period of life.

There are a few cases on record where there have been
oversecretions of sex hormones to produce precocious sexual
development. A few years ago, it was announced that a five-
year-old girl in Peru had given birth to a normal son. .Invcs-
tigation revealed that the child had begun menpstruating at
thtee and had full breast development. ¥ex baby was delivered
through a Caesarian operation and she now believes that her
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son is her brother. The administration of extra sex hormenes
to the young of some animals can induce precocious sexual
development, and jt seems probable that this child had an
oversecretion of hormones from her own body. This, coupled
with a family Life on an extremely low scale of morality, made
the pregnancy possible.



CHAPTER 11

SEXUAL ABNORMALITIES

The mechanism of sex determination 15 intnicate as we have
seen and, as would be expected with such a delicate balance
between the sexes, it does not always go according to plan.
On certain occasions there may be a deflection somewhere
along the way which results in abnormal sexual development.
The unfortunate deviates find it difficult to fit themselves into
a society composed mainly of men and women with normal
sexuality. In this chapter we will learn what some of these
sex deviations are, how they are produced, and possible meas-
ures which may be taken fo bring them within the bounds of
normal sexuality.

Undersexed and Oversexed Individuals

There is considerable variation in the degree of sexuality
of persons who are within the bounds of normalcy. Stop a
moment and think of several men with whom you arg ac-
quainted—you can readily realize how great this variation may
be. Some men are strongly line 10 pp
and actions, some are on the fermmnine side, and others would
be classified somewhere in between. The same variations are
easily recognized in women. These variations make it difficult
sometimes to decide just where normalcy ends and abnor-
mality begins. There is a continuous variation irom one
extreme to the other and the dividing line is arbitrary in
nature, Nevertheless, it is quite clear that at the extremes there
are those who are abnormal in their sexual development.
Bormones seem 1o be at the base of these variations.

135
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Let us consider an undersexed man first, He may have
rounded hips, soft muscles, a rather high-pitched voice, and
a somewhat timid disposition which makes him no match for
normal male aggressiveness in social and business associations.
Such a man should not be confused with the pseudoherma-
phrodite who exhibits characteristics of both sexes. The type
of man we are discussing now 1s entirely male with completely
formed testes, but these testes may be of a small size of
deficient in the type of tissue which produces the male hor-
mone. Hence, the secondary male characteristics are not
accentuated to the degree normally found. In some cases, the
testes of such a man will not descend from the body cavity,
but will remain located in a position similar to that occupied
by the ovaries of a woman.

Very striking results have been obtained by administering
male hormone to such persons or by administering pituitary
hormone which stimulates the man’s own testes to develop
more fully. There is an almost immediate development of
masculing attitudes and an increasing interest in women, whick
may have been almost completely lacking previously. In time,
there will be changes of a physical nature which will make the
person more masculine in appearance. If the testes are unde-
§cended they may come down to 2 normal position under the
influence of the extra male hormone. There was one interesting
case of 2 man, just returned from a midwinter Florida vaca-
ton, who did not develop the mannish coat of tan which
other men exhibited. His doctor began giving him injections of
male hormone and-lo and behold—a beautiful tan developed
in New York in midwinter, complete with a swim-suit outline
of fairer skin. It seems that the pigment-forming cells of a
man will not function properly without a full amount of the
male hormone, Sad to say, a few men have become somewhat
bald after receiving such hormone treatment. This js due tO
the fact that some men may inherit baldness, but their haif
remains in (like a woman’s) unless there is a full supply of
male hormone.

In striking contrast to the timid soul just described we have
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the oversexed man who is just as aberrated. In addition to
abnormal desires for sexual gratification—desires which no
normal woman can satisfy—such a man may also have diffi-
culty in adjusting to normal living conditions. There may be
an excess of aggressiveness which can lead to various forms of
ctime, There was an interesting case mn Atlanta, Georgia,
when such 2 young man was constantly getting into trouble
because of his sexual overdevelopment. By his own consent,
one of his testes was removed to lower the amount of male
hormone in his body, and he settled down to a more normal
Ppattern of life.

Women may have an abnormally low female hormone
Pproduction and, thus, may be low 1n the scale of femininity.
jI'heir Sex organs may remain infantile in nature a.n(} be

pable o iving and bearing children. They are likely
fo be very low in sexual libido and frigid 1n their responses
to sexual stimulations. Treatment with female hormone may
bring such a person closer to the normal state of sexual interest
and permit child-bearing.

At the other extreme we find the oversexed woman who
has an overdeveloped sexual desire which may be so strong
as to result in nymphomania In such a female, the desire
for sexual gratification is so strong it overpowers all other
considerations.

Homosexuality

1t is common to think of men who appear feminine and
women who appear masculme as possible homosexuals, but
extensive studies of homosexuality do not bear out this assump-
tion., Strong, virle-looking men and some women who wouI.d
appear to be even on the voluptuous side may confine their
sexual interests to members of their own sex.

There is a bar in Miami Beach which lo_ok§ very much
like other bars at first sight, but if you go inside and stay
awhile you will become aware of unusual things going on. The
Place is patronized almost exclusively by men who may appear
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normal, but you will notice flirtations going on between them
which very closely resemble the pattern of courtship between
members of opposite sexes. Coquettishness, shy smiles, and
lifted eyebrows are common as new acquaintances are made.
These are homosexuals who know this is a common meeting
place. Such persons seem to have a normal supply of s
hormones—they have an mterest in sex which is unusual when'
there is a deficiency of sex hormones. For some reason, how-
ever, their interest has been diverted to members of their own
sex rather than to the opposite sex. Such persons have some
times been treated with sex hormones in an effort to divert
these interests to more pormal channels, but extra male
hormones given to a 1 ual man only i his
interest in having affairs with other men, and the results ar¢
similar when homosexual women are treated. Thus, it seems
not to be a hormone deficiency, but a diversion of interest
which is involved.

This is not too hard to understand when we go back 10
our original premise that all persons are potentially both
sexes. Sometimes, some of the characters of the opposite sX
will break through and be expressed although the basic s&X
of the person is not affected—as with the bearded lady O
the man with the feminine breasts. Likewise, we can under-
stand how some persons may have normal sexual developmest
and normal sex drive, but with that drive directed to members
of the same sex. Just why this should occur in some cases 5
not 0o clearly understood, but we do know that training b8
something to do with 1t. A child who develops an aboor!
attachment to a parent of the same sex and comes to f¢2
those of tI}c opposite sex is a potential homosexual. Also, it
scems as if heredity plays its part, Studies of identical agd
fraternal twins, where one member of the pair was homosexus
showed that among identical twins the other member of the
pair was much more likely to be homosexual than in e
fraternal group. In conclusion, it might be said that it appeass
as if heredity conditions certain persons so that they bave the
potentiality of being homosexual, Couple this with an enviros”
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ment that develops this potential trait and the person may find
it impossible to direct his sexual interests to members of the
Opposite sex,

Half-Man and Half.Woman

At a carnival or circus side show ope may sometimes view
a strange-looking individual which is purported to be “half-
man and half-woman.” The barker, in very convincing,
scientific-sounding terms describes this great wonder of the
ages who possesses a body divided down the middle~male
on ope side and female on the other. With a great flourish
a robe is removed and there stands a person with a heavy
muscular leg on one side and a delicate nylon-clad leg on
the other; with a hairy, masculine chest clad 1n a leopard skin
on one side and a silk brassiere which appears to hold a
feminine breast on the other; with a stubby beard on one side,
and a smooth, delicately rouged cheek on the other; with 2
crew haircut on one side and feminine curls on the other.
The author has even seen one who would talk out of one side
of the mouth in a deep, masculme voice and then switch to
a higher-pitched feminine voice when talking from the other
side of the mouth, Such an individual may seem to be quite
authentic, but from what we have learned about hormones in
this chapter we can readily see that 1t would be difficult to
explain such a bilateral separation of sexual characteristics,
Hormones are carried by the blood to all parts of the body
and it is hardly concewable that they could stimulate the
genes for one set of sexual characteristics to develop on one
half of the body while the other half is stimulated to produce
the characteristics of the opposite sex. Such cases as those
described usually are men who have a somewhat underde-
veloped musculature on one side of the body—perhaps due to
some affliction that prevented the normal muscle growth on
that side. Starting with this it is easy to build the illusion of
a bilateral sexual division of the body. A sharp razor can
easily eliminate any signs of unwanted hair, as manv women
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have discovered. In some men there may be an enlargement
of the breast on one side which would help, although in these
days of feminine “falsies” this would not be necessary. Care-
fully applied cosmetics and beauty parlor hair treatments
could help complete the illusion.

Both Sexes in One Body e

Not all animals are divided into separate sexes as is the
case with human beings. If you go out on a dark summer
night when it 15 damp and misty and shine a flashlight on
the ground you may see earthworms on the surface in the
act of mating, If you watch long enough, however, you may
notice a strange thing—any two earthworms can mate. There
is no need for them to seek a member of the opposite sex
because all earthworms have the complete sex organs of both
sexes and can serve as male as well as female at the same
time. In other words, each worm will transfer sperms from
the male parts of the body to the body of its partner and will
receive sperms from its partner into the female organs. This
has certain advantages, but the great disadvantage lies in the
fact that all the indwviduals must have all the organs and be
caPablc of acting both as male and female. In the vertebrate
animals (those with a backbone) the sexes are separate sO
that each individual is specialized to serve as one sex, and
does not need the organs of the other. There are times, how-
ever, when the method of sex-determination goes wrong and
a vertebrate wi_ll be produced with sex organs of both sexes.
Almost any animal breeder can tell you of a few cases which
he has run across in goats, pigs, et cetera, which were of this
mixed nature,

It is even possible for human beings to combine both
sexes jn one body, Remember that all of us begin Iife with
the same organs and a potential development into either sex.
In a few rare cases both sets of organs develop side by side
and result in mgxcd sex. A person of this nature is known 23
an hermaphrodite, or more properly a pseudohermaphrodite,
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since the term hermaphrodite technically refers to some of
the lower forms of life (such as the earthworm) which serve
normally as both males and females in reproduction. In the
human pseudohermaphrodite there will be development of
}he organs of both sexes and the secondary sexual character-
istics will be somewhat intermediate between the two sexes.

Let us look in on a home 1n a sural community in
Oklahoma on a dark night near the tum of the century. This
was 2 special night and the lights burned brightly in the home.
A doctor’s buggy stood outside. The cry of a newborn baby
suddenly broke the stillness of the night to announce the
arrival of a new life. At first the doctor was somewhat
puzzled—he adjusted his glasses and peered carefully at the
squirming baby. Then he told the anxious couple that they
were the parents of a baby girl—they took his word for it
and dressed and treated the child accordingly. As adolescence
approached, however, this person decided that she—rather,
he—was not a girl and began dressing and acting Iike a boy.
Masculine characters developed to some extent, but not to
the degree which would be expected in a normal man. At the
2ge of twenty-four this person married a pormal woman and
lived a normal married life as 2 man. At the age of forty-two,
this individual was exammned by the author and was found
to have fully developed sex organs of both sexes The genital
tubercle had_formed a penis about one-half the size of the
normal male organ, but there was also a fully formed vagina.
The teproductive plands, in which probably both testicular
and ovarian tissue had developed, were inside the body and
not descended like the male testes. (It has already been noted
that there are some undersexed men in which the testes remain
within the body cavity and do not descend.) The breast devel-
opment of this person was that of a girl of about fifteen and
regular menstruation had been taking place for several years
preceding the examination. The voice was intermediate in
quality. The beard growth was tight, but required regular
shaving, It was quite confusing fo talk to such a person—at
times it would seem as if it were a man—then, due toa certain
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expression or mannerism, the impression of a woman would
be uppermost,

Just what causes such persons to be produced is still open
to question. Studies of the anatomy of such forms in pigs has
led to the theory that these pseudohermaphrodites begin life
with the XY chromasome combination which normally pro-
duces males. In certain rare cases, however, it seems as if the
genes for femaleness get a head start on the male genes and
proceed to develop some of the ovarian tissue before the
chre combination for mal ds in inhibiting
them. The front part of the gland develops first and this is
like the ovary. Then, the rest of the gland develops the
testicular portion; so we find both male and female hormones
being produced in the same body. As a result, both sets of Sf’-x
genes are stimulated to partial expression and the peculiar
combination of sexes in one body results.

At a large hospital in Birmingham, a few years ago, a cas¢
was reported that strongly substantiates this theory, A human
hermaphrodite came to the doctors for help. This pesson, quite
naturally, found it very difficult to fit into 2 society which is
divided mnto males and females. Such minor matters, f‘“
instance, as a trip to a public rest room became a major
problem. Questionnaires for employment, college entrance, Of
even to obtain a driver's license invariably had a space t0 bf
filled in, indicating sex. In an effort to improve this person’s
psychological adjustment to life, a group of the doctors asked
the person to decide which sex was preferable. The male sex
was chosen, and the doctors then performed an operation {0
remove the ovarian type of tissue which was producing female
hormones. Within two years this person was a well-adjusted
member of society, although he (we can now use the masculine
pronoun) still has the non-functional parts of the female
organs which he developed before his transformation.




CHAPTER 12

HEREDITY INFLUENCED
BY SEX

A few years ago Prince Alfonso, the crown prince of the
deposed Spanish dynasty, was living in Miami, Florida, in
exile from his native land. Late one mght he was driving down
one of the main boulevards of the city in a high-powered
automobile. A sudden emergency arose as another car pulled
in from a side road. There was a screeching of brakes, 2
sudden crash, and the tinkle of shattered glass on the pave-
ment when the cars collided. It was not a serjous collsion,
as automobile collisions go, but Prince Alfonso was cut by
the flying glass. The cuts were not of a serious nature; however,
he began to bleed profusely and continued bleedng long after
the normal time for blood coagulation Ambulances arrived
and the Prince was rushed to a hospital, but too late. The loss
of blood had been so great that he died before any treatment
could be given.

4 Royal Affliction

This event called to mind the unusual “bleeder’s disease,”
hemophilia, that has plagued the royal families of Europe for
many years, Persons with this disease have blood that does not
clot properly; even small injurjes assume major importance
as blood continues to pour from wounds for hours after an
injury. There is some factor lacking in the blood of such
persons which is essential for normal clotting ‘Whereas normal
blood clots within two to eight minutes after flowing from a
blood vessel, in persons having hemophilia the time may be
prolonged from thirty minutes 10 twenty-four hours.

4472



144 HEREDITY AND YOUR LIFE

This condition is inherited and was perpetuated in the
royal families of Enrope because of close intermarriages neces-
sitated by the fact that royalty could marry only royalty. Poor
little Prince Alexis of the ill-fated Romanoff dynasty of Russia
had many a close brush with death during his brief life because
of this disease—~although it was the revolution rather than the
disease which finally ended his fife, Rasputin, the mad monk
of Russia, obtained his strong hold on the government pa‘ﬂly
because of his apparently successful treatment of the 11.!!],6
Tsarevitch during one of these bleeding attacks. Rasputins
unscrupulous use of his power was a notable factor m.lhe
precipitation of the Russian revolution, When we consider
how the recent history of the world has been influenced by this
revolution, we may ponder how far-reaching can be the effects
of a single gene.

Hemophulia is an ancient human affliction, Among the
Hebrews of antiquity there were cases reported of male infants
who bled to death after circumcision. An Arabian surgeon of
the cleventh century, Albucasis, described boys in a village
who bled to death if their gums were rubbed harshly, and men
who bled to death from slight wounds. Strangely, however, 12
all of the accounts of the disease it seems to have appeare
only in the male members of a family, and pedigrees sho¥
that it follows an unusual “skip-generation” pattern of inher-
itance, What is there about this gene (which results in hemo-
philia) that is different from other genes which affect both
sexes with equal frequency?

Sex-Linked Genes

The unusual method of inheritance of hcmoph}liﬂ el
explained by the fact that it results from the expression o
a gene which lies on the X-chromosome. Any gene on the
X-chromosome is said to be sex-linked because this chromo-
some is involved in the determination of sex and will, therefore,
have 2 pattern of heredity which is different according to $¢X-
Remember that males carry only one X-chromosome, while
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females have two. Hence, males will express the genes which
lie on their single X-chromosome. Bven those genes which
otherwise would be recessive will be expressed because there
are 0o dominant genes to suppress them In the female, how-
ever, there are the two X-chromosomes, and if a gene is
recessive it must be present on both of these chromosomes
if the characteristic involved is to be expressed. This means
that a man will show a recessive character which he receives
ﬁm",‘zh a single gene from his mother, but a woman must
receive such a gene from both father and mother 1 order to
express it, If the character is relatively infrequent in occur-
rence, as s the case with hemophilia, there is very bittle hke-
lihood that any female will ever receive the gene from both
Parents, Hence, it may appear to show only in the males, but
this is because there have been no marnages between a man
and 2 woman who both carry the gene. This is all expressed
in the diagram in Fig. 17.

Some recent work seems to indicate that the blood of a
woman who carries the gene for hemophilia is somewhat
slower in its clotting time than the blood of a woman who
does not carry the gene. There is not enough difference to
have any significance with respect to serious bleeQm.g; how-
ever, this information may make it possible to identify women
who carry this gene and, thus, to determine if they might be

1al Breed: of b hulic boys.

Fig. 16 shows how hemophilia was transmitted through
the royal families of Europe. Note that the boys always inher-
ited the abnormality through their mothers and never through
their fathers. This is due to the fact that boys always receive
their single X-chromosome from their mothers and receive
the Y-chromosome from their fathers. The Y-chromosome is
largely devoid of genes so it is not involved 1n the transmission
of this character, The gene for hemophilia in th; royal families
of Eutope seems to have asisen with Queen Victoria of Great
Britain, probably as a mutation, and to have been spread as
shown by the pedigree chart. )

Color blindness is another character which comes about
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(From Winchester, GENETICS, Houghton, Miftn)
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as a result of the effect of a recessive sex-linked gene. There
Is a gene on the X-chromosome which plays a part in the
formation of the color-sensitive cells in the retina, which are
necessary for the- distinction of red and green colors. One
recessive form of this gene fails to do its job properly and
tesults in red-green color blindness. It is difficult for a person

X-chromosome bearin.
Ty or cotor blmdnesy

ey K-chromasome bearing
ent for normal vision

o Y-chromeseme

Color-blind viston

Normo! husband

£
'§~
Normal children @
Y 0

One~half of sons are color-blind

}‘_‘lg. 17. Sex-linked inheritance of color blindness. When a reces-

Sive gene is carried on the X-chromosome all the males who carry

it show the trait, but the females must receive it from both
pareats in order to show it.

(Feom Winchester, ZOOLOGY, Van Nestrand)
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with normal vision to realize what the world looks like to 2
color-blind person since we cannot get a word picture of this
condition because colors cannot be described. It has been
suggested, however, that normal viston at twilight is somewhat
like the vision of a color-blind person. As darkness falls one
may notice that reds and greens gradually become less distinct,
while blues and yellows retamn their characteristic hues for a
while longer. Brlliant reds and greens can be distinguished
longer than lower intensities of the same colors. In a similar
manner, color-blind persons can often distinguish between
these two colors when they are intense and in good light, but
the paler values and poor light cause confusion.
There are a great many more color-blind men than womeo.
of this predomi of color blind. among men
it is sometimes thought that sex-linked genes show only in
males, It is possible for 2 woman to be color-blind, however,
if she receives the gene from both parents. How this might
occur can be seen in Fig, 17 which illustrates the inheritance
of color blindness. It is estimated that 8 per cent of the men
in the United States are color-blind to some degree, but only
05 per cent of the women. It is unfortunate that red and
green have been chosen as stop and go signals for traffic lights
in view of the possible confusion of these colors by so 1arge
a proportion of our population,

False Concepts of Sex-Linkage

Some time ago a world-famous man in the field of aviation
became the father of a son. In a syndicated news column which
was published in newspapers all over the country, the columnist
stated that it was too bad that this was a son instead of 2
daughter, because sons inherited their characteristics mainly
from the mothers, and daughters mainly from their fathers.
Had it been a daughter it would have received the genes fql’
the genius of the father, but these would be Jost in a son. TP“
illustrates a popular misconception about sex-linkage which
should be corrected at this point. This is one case among many
where a scientific fact is misinterpreted and expanded into 2

R




HEREDITY INFLUENCED BY SEX 149

belief which is quite false. It is true that a man receives all
of his sex-linked genes from his mother and none from his
father, but this represents only about one twenty-fourth of
hl§ total inheritance~certainly not a sigmificant proportion.
Girls recejve exactly the same number of chromosomes and
genes from each of their parents so no distinction of this kind
can exist in their inheritance.

. Itis also common to falsely interpret the results of sex-
linkage to mean that sex-linked charactenstics are always
more prevalent in men than women. Thus 15 certawnly true for
hemophilia and color blindness, but if the characteristic hap-
pens to be due to a dominant gene it will be more prevalent
n women. For i one domi lmked gene pro-
duces defective enamel of the teeth, and persons having this
condition wear down their tecth so that they are usually just
stubs protruding from the gums. A woman, having two
x'Chromosomes, has twice the chance of receiving this gene
s a man with his single X-chromosome Thus, women show
this condition about twice as frequently as men

Se*""ﬂuenced Genes

In addition to the genes which are located on the X-chro-
mosome, there are other genes on the other chromosomes
which are influenced, to some extent at least, by the sex of
the indivigual.

As one sits in the balcony of a theater and looks over the
audience below, one may be impressed by the rather large
number of bald heads which are so promment 1 a gathering.
Various environmental factors are often mentioned as p0§silgle
causes of baldness, but, as a matter of fact, the great rr.xa]only
of bald people are that way because they 1pherit a genic com-
bination which produces, baldness. The character is certainly
more prevalent in men, although a greater numbcr. of women
are bald than is commonly believed—for they can hide it more
easily. At first sight, such a condition would suggest recessive
sex-linked inheritance, such as we find for color blindx_wss.
Tnvestigation of the inheritance of baldness, however, definitely
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shows that it does not follow the pattern of sex-linked genes,
for sons often inherit the condition from their fathers, It is
due to one of those genes which are called sex-influenced
genes. This particular gene is dominant in men and recessive
in women. This accounts for the preponderance of the expres-
sion of this character in men as compared to women, for
man is bald if he has only one gene for baldness, whereas
a woman must receive two such genes to be bald. It seems
that a single gene can operate only in the presence of !h;
male hormone. One interesting case which indicated that this
was true was that of an undersexed man who began taking
treatments with male hormone. He obtained the desired
masculmity, but he lost his hair. This man was evidently of
ﬂxs. type that carnies one gene for baldness and one for normal
hair growth, and he previously had not had enough male
hormone to cause the single gene to express itself. In any
studies of the inheritance of baldness, however, we must keep
in mund the fact that the condition may be induced by such
diseases as syphilis, infectious seborrhea, or thyroid disease:
Baldness from dsease is not inherited and appears with equal
frequency in either sex,

Sex-Limited Genes

S:)g-limited genes are those which normally express tht:_m'
selves in only one sex. These are the genes which determiné
the ex of the ch 1stics associated with sex. For
Instance, all women have genes for a full beard development
but these usually do not develop in the absence of the male
hormone. A man can inberit the type of beard he has through
hx; mc}her even though her face has no trace of such a beard:
Lnkcwx;e, breast development is limited to women, but hor-
mone imbalance may cause feminine breast development i
man. Such genes, which depend upon the sex hormone balance
for expresston, are sex-limited genes, It is these genes whic
are responsible for the many distinctions between the sexes
which were discussed in Chapter 9.




CHAPTER 13

WHAT WILL YOUR
CHILD BE LIKE?

All prospective parents are understandably interested in know-
ing what they might expect in their children m the way of
Inherited charactensstics, In some cases this 15 much more
important than the simple curiosity which gives each of us
a desire to have a peek nto the future. One or both of some
couples planning to marry express some serious defect which
they fear might be transmutted to possible children. Or, they
both are entirely normal, but there is some sertous hereditary
defect in the immediate family of one or both of them Some-
times the decision as to whether to have any children or not
Tests upon an understanding of the possibility of the trans-
mission of such a defect In the preceding chapters we have
learned how the genes are assorted and transmitted to the
Teproductive cells, how sex 1s determined, and how sex influ-
ences heredity. In this chapter we hope to show how this
information can be used 1n predicting inheritance.

Predictions and Probabilities

There are cases where we can say definitely what the
children of a couple will be like with regard to some specific
characteristic. More often, however, we can only say tgzat
a certain characteristic will appear in a certain proportion
of the children. For instance, We can say that it can be
expected to appear in one-fourth of the children (that one
child out of four is expected to show jt), but we cannot say
with any certainty that it will appear or not appear at any
one birth. The element of chance is mvolved, and it is no easier

151
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to predict than chance happenings of an inanimate nature.

To illustrate with an inanimate example: we know that
the chance of obtaming a head when we toss a penny is fifty
per cent (one out of two), but we cannot say for certain that
a head will appear at any particular toss. In a similar way,
we must realize that the same laws of chance govemn fhe
transmission of genes to each child, regardless of the gen<s
which may have been expressed 1 previous children,

This principle 1s often misunderstood by people just begin
ning to learn the principles of heredity, A young couple
recently consulted a geneticist about an heredity problem
which confronted them. They were both normal, but had o®
child who was an albmo (a pigment deficiency resultiag it
very fair skin, almost white hair, and pink eyes). Albinos art
handicapped in their vision because of the lack of pigmert
in the eyes and must avoid even short exposures to sunfight
because their skins burn so easily. This couple wanted to know
what the chances were that their future children would sho¥
the same condition. Albinism is due to a recessive gene, 50
it was evident that both parents carried this gene, since 16055
sive genes must come from both parents if they are 10 be
expressed. It was also evident that both carried a gene for
normal pigmentation which was dominant over the geac for
albinism, otherwise they would have been albinos.

The geneticist carefully explained this to them and showed
them why about ome-fourth of their children would be €x*
pected to be albmos. Then the woman’s face brightened 2
she thought she understood his implications. She said, “Of
I'm so glad to know that; now that we have already had b
albino, the next three children we have will be normal.” Unfor-
tunately, however, the genes in their shuffling around have
no foreknowledge that this couple have had an albino child,
therefore, it 15 possible that the sperm and egg carrying 8¢
gene for albinism will come together again at the second €O
ception as they did at the first, Consequently, while we €20
say that about onc-fourth of the children of such a couple #1
show the recessive characteristic, it would be possible for tbe®
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to have three more children and all three could show it, If
we study a large number of families of this nature, however,
we will find almost exactly one-fourth of the offspring will
show the recessive characteristic and three-fourths will show
the dominant characteristic.

This shows the difficulties which we encounter when we
attempt to make absolute predictions about the expression of
hereditary traits any particular child. Nevertheless, 1f a man
has some serious hereditary defect and, after studying hus
ancestry, we can tell him that the chances of transmission of
the defect to his children are fifty per cent, he may decide
that such odds are too great agamst the little gamblers and
forego fatherhood.

Dominant and Recessive Traits

Odds such as the above can be calculated for those char-
acters which have been studied enough so that we know the
Rature of the genes which produce them Let us first of all see
how this can be done for those characters which change
according to the variation of a single pair of genes which are
flOminant and recessive in nature, It will be easier to fo!low

we take a specific case as an example, so we will continue
with the character of albinism. Sufficient families have been
studied in which this character is found to tell us that the
gene for albinism is recessive, while the gene for normal pig-
mentation is dominant over it Now, let us see how many
different kinds of marriages we may have which mvolve com-
binations of these genes. First of all, there may be a marriage
between two albinos. The children from such a marriage Wl}l
all be albinos, for each parent must carry one gene for this
recessive character in order to express it Fach sperm and
each egg, therefore, will carry a gene for albinism, and there
isno way for a child to receive a gene for normal pigmentation
from such parents. This, then, is one case where we can predict
accurately what the children will be like for they will all be
the same.
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The second type of marriage may be between an albino
and a normaily pigmented person What can we expect in the
children of such a couple? To answer this we must find out
more about the normal member of the couple. We know that
he has at least one gene for normal pigmentation, but what
about the other gene of this pair? It may be of either type.
If either of his parents was an albino then we know that the
person carries the albino gene. If his parents were both normal,
P\lt there were several albinos 1n his mmediate ancestry there
is a good chance that he carries the gene There is no way
to'be absolutely sure. If, on the basis of the available infor-
mation, we conclude that the normal person probably carnes
the gene for albinism then we will expect that about one-half
of his children will be albmos On the other hand, if a caseful
study of the ancestry of this normally pigmented person reveals
that there are no cases of albinism, then we may lude that
there is a very Iittle possibility that an albmo gene is present.
In such an event, all of the children will be normal, even
though one of the parents is an albino. All of these children
will carry the gene for albmism, however, and can pass the
characteristic on to their children 1f they marry persons who
also carry the gene.

. The third type of marriage will be between two persons
with normal pigmentation, Again we must examine the ances-
try of these persons and try to determme 1if they carry the
géne, If both of them carry the gene then we will expect
albinos in one-fourth of their children—the rest will have
normal pigmentation. If one carries the gene, but the other
does not, then all of the children will be normal. If neither
carries the gene, which is the case 1n most such marriages,
then all children will have normal pigmenmlion and none of
them can ever have an albino child.

All of these possibilities can be more easily understood
by reference to the inheritance prediction charts. These charts
show all possible types of marriage involving a character
which 15 inherited as a dominant or as a recessive. You can
apply the charts to your own family by substituting one of
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your characteristics in the proper chart. In this way i_t is pos-
sible to predict what your child will be like, keeping in mind,
of course, that in many cases the prediction must be expressed
in terms of chance.
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Application of the Inheritance Prediction Chart

Let us take a hypothetical case and see how 1t works.
Suppose you are a man with ear lobes that hang free, but your
wife has ears that are attached directly to the side of her head
without any free-hanging lobes. This characteristic has been
studied sufficiently in other families to indicate that the free-
hang{ng ear lobes are present whenever a person carries a
certain dominant gene for this condition Now, you want to
know what kind of ear lobes you can expect 1n your children.
We refer to the chart which includes marnages between a
person who shows a character due to a dommant gene and
a person who shows a character due to a recessive gene. There
ares two possibilities in this chart; one mn which the person
showing the dominant character carries the recessive gene, and
one in which he does not. How are we to know mto which
category your marriage falls? Well, you know that your wife
carries two genes for the attached lobes, else her lobes would
not be attached. You also know that you carry at least one
gene for free ear lobes, but what about the other gene of the
pair which affects ear lobes? It may be either kind Suppose
you find that your mother had attached ears—that solves the
problem—you know that she transmitted the gene for this
condition to you for all the eggs which she produced carried
this gene. Your father is certain to have had free ear lobes
under these condtions and he transmtted this domnant gene
to you. Since you carry the gene we know that you fit into the
first possibility on this chart. As we trace the assortment of
genes in this combination we find that one-half of the chil-
dren are expected to show the recessive character and one-half
show the dominant character. This means that one-half of
your children should have free ear lobes and the other half
should have ears attached drectly to their heads, according
to this rano.

If you have a large family, it is likely that your children
will it the ratio rather closely, but it is entirely a matter of
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chance with each child. Just as it is possible to toss three
heads in a row with a penny, 1t is possible that you will “have
a run” as the gamblers say and have several children with
the same type of ears. The chart shows the ratio to be expected
when large numbers of offspring are considered. No chart c23
show definitely what any one child will be unless there is only
one type of child possible.

The greatest difficulty 1n using the chart comes when you
try to decide whether 2 person who shows a dominant char-
acter carries a recessive gene. In the illustration which we
have just used 1t was easy, for when one parent shows kd
recessive character then it is certain that the gene for this
character will be passed on to all children. In other €as
however, it is not so easy—~you and both of your parepts Dy
show a certain dominant character, but one of your parents
may have carried a r ive gene and t itted it to you.
You can only judge your chances for carrying a recessive g6n¢
in this mstance by a more extensive study of your ancesiy.
If you find that the recessive character showed rather extéi:
sively in either side of your ancestry then there is 2 &
chance that you carry the gene. The complete absence of
the character would indicate that there is little likelihood that
you carry it We learn whether human traits are dominant Of
Tecessive by extensive study of family pedigrees. A tabulation

of some of these findings is given in Chapters 22, 23, 24
and 26,

Intermediate Traits

In the case of intermediate genes, inheritance predictios *

is much simpler because there are no hidden genes. It is pos-
sible to tell the type of genes which a person carries when
they are of this nature simply by observation of the person.
For i ifa ber of the C: ian race has wavy B
we know that he has a gene for curly and a gene for straight
hair since waviness is the intermediate expression of these
two genes. We do not need to depend upon ancestry jo suc
cases, The types of children which may be expected Whe?
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intermediate genes are involved are shown in Fig. 20. If
you determine that a character is inherited in this manger
(through reference to tabulations of inhesitance) then you
may predict the expression of this character in the children
of any couple by choosing the proper division of the chat.

Quantitative Traits *

When mherited traits show continuous variation from one
extreme to the other, we must assume that Variation§ ina
number of different genes are responsible for these quantitative
differences. Hence, predictions of heredity must be based oa
the law of averages. On the average, a child will receive genes
from us parents which will cause him to be about one-half
way in between hus parents when such quantitative traits ar¢
concerned. There is always the possibility, however, that the
Particular combination of genes will be transmitted which witt
produce a child at one extreme or the other. -

Let us go back to body height as a typical quantitative
trait. In order to predict the average adult height of chil-
dren, one merely takes the average height of the two parents,
making due allowance for sex, of course. As an cxagnplct
suppose 2 woman is 63 inches tall and her husband s 74
inches tall. Now what height can they expect in their childres
when these children are grown? First of all, we must convert
the female height into the same terms as male height. We do
this by multiplying 63 by 1.08. This gives us appmx'xm‘dy
68 inches. This means that the woman in this marriage would
have been 68 inches tall if she had been a man~—the fact that
she is a woman has reduced her height by 5 inches. Now:
Iet us take an average between the two male heights of the
parents and we get 71 inches. If this couple should have 2
son, therefore, he would be expected to attain a height ©
71 inches when he reaches physical maturity, To determis®
the expected height of a daughter we must divide this 5801
by 1.08 in order to convert it back into terms of female heights
When this is done we find that a daughter would be expect
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Plate XI. An albino Negro boy with mother Both parents of
this boy have normal Negroid skin pigmentation, yet they both
carty a gene for albinism which interleres with the formation of
melanin tn the skin, The chance of this couple having such a
child »s one-fourth, but 1t is possible for their next chuld t¢ *
an albino also.
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Plate Xlla What kind of ear lobes will
your child have> The attached ear lobes
on the left result from the action of a
[).ur of recessive genes, while the free-
langing ear lobes are found when a cer-
tain 1ecessive car lobe 1s present
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Plate XI1Ib. Polydactyly of hands and feet.
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From Karl Stiles in the Journal of Heredity

Plate XV, An outlaw gene is expressed. These flipper-
like arms result from the action of a dommant outlaw
gene which 1s somewhat vamable in the degree of
deformity which 1t produces,
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Plate XVI Albino brother and sister with parents who “,?h:ri;
cousins Three other children 1n the famly are normal. ce of
one of the recesstve trarts which has a much greater Ch}:“m 17
appearing when a marned couple 15 closely related. Al rents
per cent of the albinos born 1n the United States have P cent
who are first couswns, but only about ene-half of one P& o
of the marrages are cousin marriages. This girl and oiadt.
squinung even though the picture was made in the $
because they lack the protective melanin in their €yes
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(o be about 65 3/4 inches in height, Well, certainly everyone
knD.WS_ that this is not going to come out exactly—we have
variations in height among children of the same sex born to
the same parents. If they have a large family, however, the
average height of their children will come very close to the
figure obtained by this method of calculation.
. There is another factor which we must consider carefully
in this particular case. Envi plays a considerable part
in physical development; therefore, this figure will be accurate
only if both parents and children had diets and other environ-
wental condi which infl physical lop that
were similar. If the children have better conditions under
which to develop, then we would expect them to exceed their
parents’ average. Statistics show that there has been a steady
gain in average height among Americans for the past several
generations. When we visit the old homes 1 which some of
our forefathers lived we may be surprised by the short beds
which they had during those days and wonder how they slept
comfortably in them As a matter of fact, they slept very well
because their average height was below that for Americans
today. "There has certainly been no change of the genes to
produce this difference; it is explained by the tremendous
strides which have beon made in our knowledge of public
health and nutrition. The genes have been there all of the
time, but they have a greater chance for expressian today.
Other quantitative charactenstics fall into s same gen-
eral pattern of inhentance prediction, although environment
may be less important in some of them.

Sex-Linked Traits

When traits are sex-linked (due to variations of genes on
the X-chromosomes) we must use @ chart which makes
allowance for the fact that a man carrics only one such gene.
Since color blind is a ve finked tract let
us use it as an example. Suppose 3 man is color-blind and his
wife has normal vision and they want to know the chances
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of their children being color-blind. We know that the man
carries a single gene for this character. His wife, on the other
hand, carres two genes which influence color vision (since
she has two X-chromosomes while 2 man has only one).
We know that one of these two genes is for normal vision.
The other gene could be either kind, since the gene for color
blindness is recessive to the gene for normal vision, We must,
try to determune the nature of this other gene by a study of
the ancestry of this woman. Have there been any color-blind
people 1 the past two or three generations? If not, then we
are safe n concluding that both of her genes are for nommal
vision In this case, as can be seen by the chart, none of the
children will be color-blnd. If on the other hand, her father
proves to be color-blind, we know that she carries a gene
for this condition and we would expect half of the daughters
and half of the sons to be color-blind, If her mother’s father
was color-blind, or there was comsiderable color blindess
among the close relatives on her mother's side, then there i
4 good chance that she carmies the gene even though her father
has normal vision

If we reverse the situation and assume that a color-blind
woman marries 4 man with normal vision, then our problem
of prediction 15 much easier. In this case we can say Wit
certainty that all of the sons will be color-blind, but all of
the daughters will be normal. Thus, we see that it is somewhat
easier to predict heredity when genes ate sex-linked than whea
they ate located on the other chromosomes.

Sex-Influenced Traits

There are relatively few human traits that come undet
this heading. Baldness i the only one which is commosly
observed. This trait is inherited as a dominant in men and
as a recessive 1 women. We can use the charts for domiﬂa}“
and secessive characters for this. To determine the heredty
of daughters, we treat the trait as a recessive and to determit®
the heredity of sons we treat it as a dominant, Thus, a wom3®
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may carry the gene for baldness without showing it, and she
will pass it on to one-half of her children. The sons who
feceive the gene will become bald, but the daughters will have
normal hair growth (provided, of course, that their father
8uves them the normal gene). A bald man, on the other hand,
may have only one gene for baldness and, in this case, one-half
of his sons will be bald, but all daughters will be normal
(a}ssuming that the mother carries normal genes) Other com-
binations of genes for this trait can be worked out by reference
to the charts given 1n the first part of this chapter.



CHAPTER 14

FAMILY PEDIGREES

The influence of heredity on family traits for one or two
generations 1s wsually clearly recognized, but we often fal
to realize that our genes of heredity have come down through
the centuries m the bodies of countless ancestors. Time and
space dull our interest in those past ancestors and we often
have no record of the pattern of the inherited traits which
have come through them. Sometimes they may be discovered
accdentally as 15 Wlustrated by an interesting case Whish
occutred 1 England in 1914,

There 1s an ancient cathedral in England known as S‘.“cws'
bury Cathedral which had been built over the remains o
the first Earl of Shrewsbury, John Talbot. John Talbot ¥
Dot an outstanding man of history, but the records show th:\}:
in 1453 he took part 1n a battfe with the French army whic v
had been led by Joan of Acc. During this battle e was knocke
from his horse and broke bis thigh in the fall, In this helpless
condition he was finished off by a French battlg-axe which
SPIit us skull. His body was brought back to England av
buri;d in the Cathedral which bore his name from that 2y
to this,

Extensive Tepairs were undertaken on this cathedral 22
1914 and in the course of the repairs it became necessary ©0
$heavate the region in which the remains of John Talbot 13-
By coincidence the foreman 1 charge of the repairs of the
cathedral was a direct descendant of John Talbot, When m;
remains were carefully removed from their resting place: '
foreman stepped up 1o examine the skeleton of his dista
ancestor, five centuries removed. He noted the broken thigh
bone and the split skull which confirmed the identificatio?

164
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of the skeleton. Then he uttered a cry of surprise for he saw
that the joints of two fingers of each hand of this skeleton were
fused. ‘The surprise was occasioned by the fact that he, him-~
self, had fingers fused in exactly the same way. This fusion
of bones had always caused these fingers to be stiff and to
lack the flexibility of normal fingers. We know this condition
comes about as a result of the action of a dominant gene. The
Important point js that this gene had come down through
founee:n generations over five centuries of time, no doubt
steadmg.itself to literally hundreds of people during this
ume, yet it was just the same in its effects as m 1453. (All
descendants of John Talbot, of course, did not show the
characteristic since only one-half of a person’s cluldren receive
any one gene; however, many of them did.)

The Importance of a Woman’s Yes

This unusual coincidence emphasizes the fact that we
represent a synthesis of the genes from our ancestry. Those of
our more recent ancestry will, of course, contribute more genes
than those more remote in time, but any genes which you
may happen to have received from one of your ancestors living
dunng the time of Shakespeare will influence you just as
strongly as they influenced that distant ancestor This knowl-
edge may cause us to have a greater interest in our distant
ancestors whom we may know today only from faded photo-
graphs or oil portraits. One anonymous poet was moved to
wnte a whimsical verse as he looked at a portrait of his
great-great-grandmother—a verse speculating on the far-reach-
ing importance of a woman's yes in answer to that alf
Important question.

Oh Damsel Dorothy, Dorothy Q.,
Strange is the gift that I owe to you;
What if a hundred years ago

Those close-shut lips had answered “No,”
Should 1 be 1, or would it be
One-tenth apother, to nive-tenths me?
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Soft is the breath of a maiden’s yes;

Not the light gossamer stirs with less;

But never a cable that holds so fast,

Through all the battles of wave and blast;

And never ant echo of speech or song,

‘That lives in the babbling atr so long.

There were tones mn the vorce that whispered them,
You may hear today in a hundred men.

Tracing Inheritance Through Pedigrees

Through family pedigrees it is possible for us to trace
some of our inherited characteristics into past generations,
thus to learn more about the method of inheritance of these
characteristics Unfortunately, many family pedigrees which
have been kept for hundreds of years include only those
persons who bear the family name and those who were dis-
tinguished. Also, these pedigrees often list only the accom-
phishments of the individuals along with their names, without
giving much information about characteristics which we may
wish 1o study from the standpoint of heredity. Such pedigrees
are of limited value because they omit so many of the less
desirable ancestors who influence our heredity just as much
as those who are listed, and because of their failure to include
the characteristics which we may wish to study, It is often
possible, however, to obtain pedigrees of several generations
which give us the information which we need to determine the
method of inheritance of some specific character. .

When we have this information jt is necessary to get it
down in some way which will make it convenient to study.
The method which has generally been accepted is illustrated
in Fig. 21, It can be noted from this that the men ar®
represented by squares and the women by circles, marriage 5
indicated by a horizontal line connecting a man and a woman.
and children are shown as offshoots of a vertical line leading
down from the couple. When some specific character is under
study, such as the ability to roll the tongue, we then represent
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:&}1 persons who show this character with a solid square or
circle and leave those squares and circles blank when the
:':haracger is not shown, By a glance at ths type of chast it
is possible to tell which persons show and which do not show
the character, the sex of the person, and the possible method

@ W - Tongue rollers
QD ~ Cannot roll tongue

Fig. 21. Single famuly pedigree of tongue rolting.
(From Winchester, GENETICS., Houghton, Migtin)

of inhesitance of the character. Tn this case the ability to roll
the tongue into a U-shape is due to a dominant gene, but the
fact that one child cannat roll ber tongue shows th‘at l?oth
Pparents must also have carried the recessive gene, for mfsbxhty
10 roll the tongue and these two genes came together in this
child.

Family pedigrees are much more valusble when they
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include more than a single family. The more aunts, uncles,
grandparents, great-aunts, great-uncles, great-grandparents,
and other more distant ancestors we can include, the more
we can learn about the method of inheritance of the charac-
teristics under survey. Some time ago a woman brought her
daughter to a doctor to have a finger removed. This may seem
strange since the finger was not injured or infected, but it
just happened that there was one finger too many on the
girl’s left hand. An extra little finger was present. The doctor
also found that the child had an extra toe on the left foot.

He knew that this was a condition, which is not infrequent
in human bengs, to which the technical name of polydactylism
has been given By questioning the parents the doctor learned
that extra digits had also been present on the father and on
ason The mother and two other daughters had the normal
number of fingers and toes. This was not enough to show
definitely how the character was inherited so the doctor made
more 1nvestigations into the ancestry of this family and even-
tually was able to construct the more extensive pedigree chart
shown in Fig. 22. By a careful study of the pattern of inher-
itance as shown on this chart, it appears as if the character is
brought on by the presence of a dominant gene. It will be noted
that no child is polydactyl unless at Jeast one parent is poly-
dactyl, and when one parent is polydactyl there are cases of
polydactylism 1n about one-half of the children. We cannot be
sure though from a study of this one pedigree. We would have
to make a much more extensive study including many other
pedigrees before we could feel justified in saying definitely
that it was a dormmnant gene,

It is through such pedigree study that geneticists determine
the method of inheritance of human traits. We cannot mate
a man with a woman just because they happen to have some
particular traits that we wish to study and tell them to have
many children so we can get a good ratio of the offspring
We can make experimental crosses of similar characteristics
in some of the lower animals and get some clue as to the pos-
sible method of inheritance in human beings, but we must



(UGN Werysnol ‘SOITANTD “smmaymisy woug)
. . P 1. P
| TSO[RWO) ‘s3I tsofew sazenbg phiod Jo "

praeN ~ Q3
Mvphed - @ B

Summoys saxdipag 77 Sul

sy ppuingosy

g
o




170 HEREDITY AND YOUR LIFE

depend upon pedigrees in the final analysis. We can construct
such pedigrees by a study of the offspring of matings of the
type we are interested m which have already occurred and
arrive at reasonably satisfactory conclusions in most cases.
A study of family pedigrees, such as this one on poly-
dactyly, serves again to emphasize the element of chance in
heredity. One person may show the character while his
brothers and sisters do not. By examining the parents jn any
particular family and fitting them to the inheritance prediction
chart we can see that the distribution of polydactylism among
the children follows the expected ratios rather closely, but
pure chance determines the movement of genes as they are
segregated in the formation of the reproductive cells.

Value of Pedigrees in Diagnosis of Disease

We all have a curiosity about the source of our inherited
charactenstics and famly pedigrees give us the opportunity
to s;usfy that curiosity. There are times, however, when family
pedl‘grees have a value which is much greater than the satis-
fa‘ctxon of cuniosity. Heredity plays an important part in many
diseases and an accurate knowledge of family pedigrees can
sometimes be of great value to a physician in the diagnosis
and treatment of various body abnormalities. In many cases
diagnosis can be made more accurately through a study of
one’s family history than through elaborate and expensive
!abomxory tests. Also, it is possible to avoid serious mistakes
in some 1nstances. This can best be illustrated by actual cases

Dr. Madge Macklin, who 15 a specialist in medical genetics
at the Ohio State Medical School, reports a case of a chi
who was brought to a doctor for treatment. The child had 2
very dry skin, sparse hair, poorly developed teeth, and 3
tendency to become feverish upon the slightest exertion. Hypo-
thyroidism (undersecretion of the thyroid gland) results In
such symptoms, and the child's condition was thus diagosed:
She was put on thyroid medication, but this treatment seeme
to aggravate the condition. Another doctor was called in o2
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the case who had had training in the principles of heredity in
relation to discase, He made a study of the chid’s family
history and constructed a pedigree. From this he found that
one of the parents and 2 number of the other relatives showed
similar, but less severe symp and he recogmized the
disease as an inherited condition known as ectodermal dys-
plasia. Among the symptoms of this disease 15 an absence of
normal sweat glands. In normal people the body 1s cooled
through the evaporation of perspiration from the sk, but
in persons without normal perspiration the body 1s easily
overheated. The admimsstration of thyroxin was the worst
sort of treatment because this hormone speeds body metab-
olism which increases the heat output This case shows how,
through pedigree analysis, a disease may be dagnosed when
the symptoms might indicate some other type of abnormality.

Another case is reported by Lawrence Snyder, the great
medical geneticist at the University of Hawau A young
man developed a serous affliction which involved spasmodic
facial contortions which were very embarrassing and which
also barred hum from any professions which required contact
with the public. A doctor dragnosed the condition as tic dou-
loureux, which is a type of neuralgia that can be co.rrccted in
some instances by a delicate operation on 2 facial nerve.
Before arranging for this operation, however, the doctor con-
sulted another physician, who recalled that there were a
number of cases of diabetes in the family of the afficted man.
Realizing that the facial contortions might be an ungsyal
manifestation of diabetic neuntis, the consulting physician
examined the patient for diabetes. These tests were positive
and the patient began taking insulin as 2 treatment for diabetes.
Soon the t:c disappeared and the patient was saved a serious
and expensive operation which would have been use.less. .

Famuly pedigrees may also have va.h.]c in preventive medi-
cine. Tn some cases it is possible to anticipate the development
of a disease and to take approp'riate‘steps to prevent 135
occurrence. A person With 2 f_amxly. history of tuberculosis
might take precautions against infection which




172 HEREDITY AND YOUR LIFE

necessary for one without such a pedigree. Also, every effort
might be made for early recognition of such infection and
steps could be taken for the eradication of the disease before
it developed fully.

There is an inherited type of anemia known as hemolytic
icterus which furnishes an excellent example of the importance
of family pedigrees in preventive medicine. During the eatly
stages of this disease the red blood cells are abnormal in shape
and extremely fragile. Later there may be a greatly enlarged
spleen which removes abnormally large numbers of red blood
cells from the blood This results in serious anemia, and some-
times death. It is due to the presence of a dominant gene ¢
about one-half of the children of a person with this cqndxt.\on
will be expected to show the same abnormality. It is Wit
therefore, to examine the blood of all children of aflicted
parents in order that early symptoms of the discase mﬂ)'bg
detected. Should these symptoms be found, the spleen shoukt
be removed as a preventive measure. Snyder tells of a man
who died of the disease and who had two sons showing th
early symptoms of it. One was operated on and the splest
removed as a precautionary measure. The other refused 10
have the operation since, as he put it, he “felt sound 3 3
dollar.” A number of years later, however, this man develo]
the advanced form of the disease and was operated of bt
it was too late—he died before his body could recover from
the anemia which he had developed.

Family Pedigrees in Marriage Counseling

To those who counsel others on problems relating 10
martiage and childbearing, a use of family pedigrees i ©
great value. Prospective parents who exhibit some 350
mality want to know the chances of the abnosmality appelrict
in their children. Parents are equally interested in the possible
transmission of desirable traits such as musical ability, mati¢"
matical aptitude, or attractive facial features. To answer S
questions intelligently, one must usually make a stdy ©
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family pedigrees, for there are many characteristics which can
result from different causes. In one family there may be an
abnormality which was caused by an embryonic accident
which has nothing to do with heredity. In another family there
may be an abnormality which is similar, but which is inherited.
In some cases it is possible to distingush between the two
only by studies of the family hustories.



CHAPTER 15

—
BLOOD WILL TELL

We all know that the patterns of fingerprints are so varied
and so distinctive that g i possible to pick a criminal out of
thonsands of Suspects solely on the basis of a fingerprint left
ina compromisimg place at the scege of a crime. Perhaps you
did not know, however, that blood may be almost as distinctive
as fingerprints. If we take samples of blood from a number
of different people and ook 2t it in test tubes and undet the
microscope, we usually can see no difference, It §s all thick
and red, and contasns req blood cells and white blood cells in
addition to a clear tigud known as plasma. When these

Pposition that there actually can be miflions of different com-
binations of bloogd characteristycs, Hence, it may be that some
day blood samples wilf pe used 10 establish identification 88
a supplement to the Present method of fingerprint analysis.

parentage. Persons who have certarg blood antigens can have
children with only cerpajy blood antigens, The ofd sayiag
“Blood will tel]” was never truer than it is today.

174
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Discovery of the Blood Types

In the body of a person of average size there circulates
about QVe quarts of that precious body fluid known as blood.
Blood is actually a liquid tissue, but being hqud 1t may be
lost from the body in large quantities when a major blood
vessel is cut. It is so vital to life that a loss of as much as
three pints at one time is likely to result in death. Man has
long recognized the vital nature of blood and crude attempts
at blood transfusion to prevent death from excessive bleeding
were made as early as the eighteenth century in France and
England. Some of these were successful-men with dueling
wounds which normally would have resulted in death from
bleeding were saved by passing blood directly into their veins
through metal tubes leading from the vemns of other men. In
other cases, however, the transfusions were made mn the same
way, but the persons receiving the blood died 1n agony.

It was noted that when blood from two different persons
was mixed in a container outside the body, 1t was found to
mix smoothly in some cases, but 1n other cases the blood cells
would stick together in clumps and separate from the clear
plasma of the blood much like milk when curdled with acid.
This variation in reaction remained a puzzle for many years
and proved to be a barrier against the widespread use of blood
transfusions until the answer was found at about the beginning
of the present century. At that time a man named Landstemer
made a very revealing series of studies on human blood. He
removed the blood cells from the plasma and on some occa-
sions ined these two el of the blood. He noted
that a smooth combination always resulted when the cells
were recombined with their own plasma, but when plasma
from one person was mixed with cells from another person,
the mixture would sometimes be smooth and sometimes there
would be a clumping of the cells. By further experimentation
along these lines he discovered the blood types. At first these
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were designated by Roman numerals, but today the letter
systera is wsed almost unwersally. By this system there are
four primary blood types, 0, A, B, and AB, and alt persons
fall into one of the four groups. But what do these fetters
mean and just exactly what 1s the difference between the
bloed types?

Inheritance of the Blood Types

The letters stand for substances, technically known 25
antigens, which may be present 1n the red blood cells, There
are iwo antigens 1n this semes, designated as A and B, A
person 15 typed according to the presence or absence of these
antigens, T you happen to bave red blood cells which contain
nexher of the antigens you are type O. If your cells contain
the A antigen then you are type A. If they contain the B
antigen you are type B. If they contam both of these antigess
then your type 15 known as AB. This much is simple.

Next, you may want to know where these antigens come
from. The answer 15 sumple~they are inherited just as other
body characteristics are inhented. There is a gene which
produces the A antigen, a gene which produces the B antigets
and 2 gene which does not produce either antigen. Now, if
you get two of this last type of gene, one from either parent
then you will be blood type O, On the other hand, if Yo
receive a gene for antigen A from one parent then you
have this antigen in your ted blood cells regardiess of what
the gene received from the other parent may be. The sam®
is true of B. Hence, if you receive a gene for A from 00°
parent and a gene for B from the other you will have botl
antigens and will be blood type AB. This system of inher
itance of the blood types 1s shown diagramatically in Table -
From this chart it 1s easy to determine what types of childrent
can be bom of any union.
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TABLE 1

TYPES OF CHILDREN WHICH PARENTS OF
DIFFERENT BLOOD GROUP COMBINATIONS

N HAVE
Blood groups of parents Possible blood groups of
children
0O X O o}
0 X A 0, A
0O X B O, B
0O X AB A B
A X A 0O, A
A X B 0, A, B, AB
A X AB A, B, AB
B X B o, B
B X AB A, B, AB
AB X AB A, B, AB

Incompatible Blood

This does not explain the incompatibility of blood, how-
ever. This is caused by substances which may be present in
blood plasma. These substances are known as antibodies, and
they are the villains that cause the trouble when different types
of blood are mixed For instance, if you are blood type A,
then you will also have antibodies which will react with the
B antigen (ant1-B). Type B persons, on the other hand, will
have antibodies which wll react with the A antigen (antr-A).
Hence, 1f these two bloods are mixed there will be a terrific
reaction and the blood cells will form in large clumps as &
result of the mixing of antigens and antibodies which are
antagonistic. The complete structure of the blood with respect
to antigens and antibodies is shown in Fxg.. 23. The anti-
bodes, anti-A and ant1-B are inherited along with the antigens.
So far as we know these are the only antibodies which can
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be inherited. We can develop others when we are exposed to
foreign antigens, but we are not born with them,

Blood s always typed before transfusions are given o
order to prevent the wfusion of a blood which will bring
about the clumping of red cells within a person’s blood steeam.

lipe A blood Type B bood
ant B aati-A
@ @”@ anti-A 91:-»\ o
ante-d " e ad
anti-B
@M“ . @ aitieA o o
Type AB blood Tipe O blood enti-A

S o
@@ @ anti-B ,,,,,4‘

@ .mu-u -
@ anti-A ‘

QO ~ antigens (s red blood cells)
anti-A,anti-B ~ antibodses { 1 plasma)

Fig. 23. Antgens and antibodies present in each of the fouf

blood types, The whate curcles represent the red blood cells Wich

contain the antigens and the black space in between sepresco®
the plasma which contains the antibodics.

(From Winchester, GENETICS, Hovohtom 3™

Table T shows the different types of blood which can be used
for transfusions for each of the four major blood types. It €2
be seen from this table that it is possible to give a pessos b
of a different type, as long as this blead does rot contai cells
which will clump when they contact the plasma of the perso?
receiving the transfusion. The antibodies in the plasma being
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used for the transfusion are rather quickly diluted below the
danger point by the plasma that is already in the body so
these do not cause major difficultics Because of this, 1t 15
possible to give any plasma to anyone without typing, but
before any blood cells are infused we must test them carefully.
In actual practice, when it is available, blood which is the same
type as the recipient’s is used in transfustons.

TABLE II
BLOOD GROUP TRANSFUSION TABLE

Blood Can give trans- Can receive trans-
group fusion to: fusion from.

o O A B AB (o]

A A AB oA

B B AB OB

AB AB O ABAB

Thus we see that blood can actually be a fatal liquid.
Perhaps you never thought of 1t before, but the same blood
that now circulates through your blood vessels could cause
some other persons to die a violent death if only a Intle of
it were put in their veins. It is all human blood—it all looks
alike~it all performs the same functions; yet, there is an
insidious difference in the antigens and antibodies which may
make blood a deadly thing when transferred from one body
to apother, i .

The question s often asked, “Which blood type is ‘bcst_?
Well, as far as the efficiency of the blood 1n performing its
tasks in transporting materials within the body 15 concerned,
there is no apparent difference. It is only when transfusions
are needed that the nature of your blood type is of importance.
However, a recent report ndicates that persons with type A
blood may have stomach capcer more often than t‘hosc with
other blood types. Studies in the London arca and in Sweden
both show a higher proportion of A blood types among the
Ppatients who have stomach cancer than there is among the



180 Herepity aNp YOUR Lare

general population of these areas. This is a preliminary repost,
but, if the finding proves to be correct, it may be that we will
find that the anfigens and antibodies have some effect on the
body which we have not yet detected.

The Rk Factor

When a woman 1s pomg to have a baby nowadays it is
commeon practice for the ding physi o d )
whether she and her husband are Rh positive or Rh negative.
Women have had children for centunes without knowing
anything sbout the Rh factor—why should it be so impor
tant today? It has been found that many of the unexplained
infant deaths which have occurred were due to a particulat
combination of the Rh factor m the isherance. th.n 2
potentially dangerous combination 15 discovered today, it 5
possible to take precautions to save the baby's life. )

Just what 15 the Rh factor? We know that 1t is a profein
substance (antigen) which 1s found m the blood of all rhesus
monkeys, as well as in some people. But what possible effect
<an this factor have on a newborn baby? To clandy its cﬁcgts,
let us digress for a moment and consider some interesting
reactions Bumea pgs

Suppose we use a hypodermic needle and inject 8 163
spoon of epg albumen (egg white) nto the body of a guine?
pig We know that there 1s nothing poisonous about the white
of an egg (most of us eat some every day without any il
efiects) and we would not expect it to harm the guinea P2
This proves to be the case. If we wat about ten days and thet
give the guinea pig a second njection, however, the reaction
wall be quite different This time it is lkely that he will begid
quivenng as soon as the wjection is completed and within
a few mmutes will go 1nto convulsions and dic. .

. What happencd during this ten days that made the guine?
pig react so violently? We gave him the same type injectios
both tmes, some change must have occurred in his body i
between the two Scientifically, we say that the guined P8
became sensitized, or became allergic, to the egg afbumed
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after the first injection. If you become sensitized or allergic
to the pollen of ragweed, then, when you mhale its pollen,
your nose itches and becomes swollen inside and we say that
you have hay fever. Something like this takes place m the
guinea pig. The antigen in the egg albumen causes him to
develop antibodies agamst 1t so that there 1s a violent reaction
between the two on the second Injection.

Now, to get back to the Rh factor. A number of years
g0 some scientists injected monkey blood cells 1nto guinea
Pigs which caused them to become sensttized. Then, when
clear plasma from the gumea pig’s blood was muxed with the
monkey blood, the red blood cells of the monkey blood
clumped together in tight little balls The antigen mn the
monkey red cells which caused this reaction was called the
“RR” factor from the first letters of the word Rhesus When
they mixed human blood with the sensitized guinea pig serum
fh=y found that the cells of some persons would clump (thus
indicating the presence of, the Rh factor) while the cells of
others would not clump. They decided to call those who
contained this factor, Rh positive and those whose cells lacked
the factor, Rh negative.

Then it was discovered that people who did not have the
Rh factor (Rh negative) could become sensitized to 1t just
Iike the guinea pigs. For nstance, if a person was Rh negative
and was given a blood transfusion from an Rh positive person
there would be no complications if this was the first such
transfusion, but antibodics would develop which would sensi-
tize the recipient of the blood. Later, if a second transfusion
of positive blood were given, the cells with the Rh factor
would clump and death would result. Hence, it is common
practice to test blood for the Rh factor as well as the ABO
types before giving a transfusion.

Maternal Complications Due to Rk Factor
There may also be maternal complications because of the

Rh factor. The Rh antigen is inherited in a manner similar
to the A and B antigens. There is a gene for it and if we et
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Negatior mather Some mother Same mother
Nogators ehid Pasctive child Setond pontr chid
Boby normat Baby nocmat Boby bora with
Mother sensitrzed eryfaroiastoss

Fig 24. Matemnal comphcations caused by the Rh factor. These
diagrams show three 7 i a negative woman
macried to a postive man, The first chald is negative lxkevt}lﬂ
mother and alf goes well. The second chuld inherits the positive
gene from the father and has the Rh antigens in its blood. ThE
sensitizes the mother's blood and causes her to produce Rb aot-
bodies {a). In the thrd pregnancy the child is also positive. The
fmubodx:s from the mother’s blood seep inte the embryo 3,”“
interfere with its normal blood production. It is bom with
erythroblastosis.

(Prom Winchester, BIOLOGY, Van Nostre™)
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this gene from either parent we are Rh positive. If we get
the recessive gene, which does not produce this antigen, from
both parents then we will be Rh negative. Thus, a person
can be Rh positive and yet carry the recessive gene for the
Rh negative. A man and his wife may both be positive and
yet have some negative children 1f they both carry this
recessive gene.

There is one type of marriage which is potentially dan-
gerous from the standpoint of the children who may be
conceived. This is when the man js posttive and the woman
is negative. At least half, and perhaps all, of the children
of such a marriage will be positive (all, 1f the man carries two
of the dominant genes for the Rh factor). In such marriages
the negative woman may carry a posttive child m her body
for about nine months. Normally, the blood from the embryo
does not enter the mother’s body and there are no difficulties,
but in many cases there may be 2 seepage of some of the blood
from child to mother during the latter stages of pregnancy,
when the weight of the embryo and its movements may cause
small ruptures in the membranes which separate it from the
mother. Enough of the embryo’s blood may seep mto the
mother’s body to cause her to produce antibodies against the
Rh factor. This does not develop in time to cause apy trouble
at this pregnancy and this chid will not be harmed. Future
pregnancies, howeves, may result i trouble. When the 'second
posttive child develops in this negative woman, who is now
sensitive to the Rh factor, there can be a diffusion of the
antibodies from the mother's plasma into the child, This can
tause serious abnormalities in the development of the red
blood cells of the child and he may be born dead, or ke may
die a few days after birth because of this. The doctor will say
that the child has erythroblastosss. If the doctors expect this,
however, they can often save the baby's life by giving blood
transfusions after birth. Also, some physicians have found that
most of the damage is done to the child during the Tast month
within its mother's body; thercfore, if the child is delivered
at the eighth month, instead of the ninth, it has a much better
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chance of survival, ¥f the mother has received a transfusion
of positive blood at some time before her first pregnancy thea
she wil} already be sensitized and the trouble may ¢ome at
this first burth,

Accentuate the Negative

About eighty-five per cent of the people of the United
States are Ry posutive and the remainng fifteen Pper cent are

dcquanted with the patient sf pe turned out to be an eligible
male Evcntually, she actually married one of the men whom
she selected 1 this way,

It would hardly be advisabie for girls to place so much
emphasis on tiys problem, however, whjla minimizing other
factors which would enter intg a successful marnage. For one
thing, there 1s pever any danger with the first child (barring

fatal effect. Thus, the average gegative woman can look
forward 10 ¢ Perfectly normal apd uncomplicated marricd
life with a postive man.
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Mixed Babics and False Fathers

. According to the Biblical records, King Solomon, with ail
his glory, had his problems. At one time he was called upon
to decide a case of disputed parentage. Two women claimed
to be the mother of the same child and he was asked to decide
Who was the true mother, He decreed that they should cut
the child in two and give half to each woman, however, at
this point the true mother interceded and asked that the entire
child be given to the other woman. Thus, Solomon solved the
¢ase satisfactorily, but had he known of blood types he might
bave bad an easier time of it. The mhentance of blood types
is so defintte that it can be of great value 1n legal cases of
disputed parentage.

modern case of this nature came to Iight recently in a
court trial. A young couple had taken what they supposed to
be their baby home from the hospital, only to discover a tag
on the child bearing the name of another woman who had
bome a child on the same day. This second woman had also
taken a baby home from the hospital, but she felt that she
had her own child and would not consent to an exchange.
You can well imagine the mental angwish which was suffered
by the first couple who faced the prospect that thetr own child
might be brought up n another home, while they would be
forced to rear a child not their own Fortunately, however, it
was possible to settle the dispute by blood typing. The first baby
was type O, but the couple who took this baby home from
the hospital were O and AB. It would not have been possible
for this couple to have a child with this blood type The second
couple had a baby with type A blood, but both parents were
O When it was proved to them that this could not be their
baby, but the other one could, they were agreeable to making
the exchange and everyone was satisfied

There have been cases where such mix-ups have not been
discovered so early. Dr. Weiner, who has conducted extensive

Studies on the blood types, relates a case in Switzerland. A
father of twin boys, as his sons began to grow, was somewhat
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puzzled that two children born at the same time could be
so different m both physteal features and in temperament,

Boy Scout parade when he saw a boy 1n the parade that looked
amazingly hke one of lus twin boys He learned who the boy
was and found that thys boy had been born at the same
hosprtal and at the same taie as his twins, Suspecting a pos-
sible mix-up, he asked for 2 blood test of the boys and the
parents involved These were first made for the ABO blood
types, but this proved nothing for 1t happened that both sets

divorce clalmmg that she bore a child by another man—a
%oman may sue for divorce from her husband claiming that
he fathered a chyig by another woman. These are typical of
the thousands of cases wvalving disputed paternity which
come before the coyrgs each year. Before the discovery of
the system of the nhentance of blood types, the courts were
forced 10 rely on evadence of sexual relationships between the

coneeption occurred Syep, evidence, even if proved, was at
best only circnmstantia 1g nature, since it is quite possible
that the woman tag relationships with more than one man
during the period wheg conception cauld have occurred.
Today, howeser, there g much Jess Jikelihood of mis-
cartied justice than there %as a few years ago, At this writing
there is only one stare in the United States that does not accept
blood-type inheritance a5 positive evidence, That state is Calr
fornia, which was unfortunate in the case of a well-know
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motion picture actor. A young woman resident of that state
was suing the actor for the support of a child that had been
born to her. The evid of sexual relationships between the
two was quite definitely established, but when the blood was
typed it was found that the baby had type B, the mother had
type A, and the actor had type O. Ths showed that he could
not have been the father, but, since such evidence is not
binding in California, a clever lawyer convinced the jury that
there was some possibility of error and they ruled that the
actor should support the child.

Sometimes it is said that blood typmg may prove that a
man is not the father of a child, but that jt cannot prove that
ke is. We know that a child cannot show blood antigens unless
they are present in at least one parent. Therefore, if the child
has an antigen (such as the Rh factor or the A antigen), but
the mother does not have this antigen, and the accused father
does pot have it, then it stands to reason that he could not
be the father, On the other hand, it may be that the man is
not the father, but he may happen to have the antigens which
would be present in the true father. If this 15 the case, we can
only say that the man might have been the father

As we learn more about the blood antigens, however,
there is a smaller and smaller chance that a man will happen
to have the antigens of the father unless he 1s truly the father.
For instance, it is possible to separate the A antigen mto two
groups and the Rh antigens into a rather large number of
subtypes. Then, new antigens are being discovered all the time.
There are now M and N antigens, an S factor, and a P factor;
all of which can be used to narrow down the field of possible
fathers. In fact, so many antigens have been discovered that
there are mow over eight million possible combinations of
them, That is the reason we said at the beginning of the
chapter that blood characteristics may be just as distinctive
2s your fingerprints.

Blood and Race

The different races of man have distinctive features of face
and body which are easily recognized. The blood antigens of
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the different races also show raciai distinctions which can
be recogmzed by statistical studies of the blood. Take !}zt
Rh antigen, for mstance. About §5 per cent of the white
people of the United States have the Rh factor in their blood
{are Rh Postiive), but if you test full-blooded natives o{ t.he
Philippimes for this factor you will find that al are Rh positive
and none are Rh negative. On the other hand, 1f you test the
blood of the Basques, who represent an isolated racial group
in the Western Pyrences region of France and Spain, you will
find only 70 Per cent with the Rh factor. These variations are
also found among the other blood antigens. Only about 10
et cent of the white Americans have type B blood, but in
Thailand about 35 per cent of the people have this blood type.

Table 111 shows the percentages of some of the blood antigens
in different races

TABLE 11

PERCENTAGE OF BLOOD ANTIGENS IN VARIOUS
PEOPLES OF THE WORLD

Population Group Percentage of Antigens
Rh Rb

O A B AB neg pos.
Amer Indans (Utes) 974 26 o o oF 1o

Australion Abongimes 426 574 © o o 100
Basques (Spam) 572 417 110 30 W
English 479 424 83 1.4 153 847
Polynesians (Hawan) 365 608 22 -
French 398 423 118 17.0 830
Germans 365 425 145 - -

5
6.1
6.5
ltalians 459 334 173 34 ~ ~
Japanese 301 384 219 9.7 1.3 987
Russians 319 344 249 838
“hinese 344 308 27.7 7.3
avanese 304 247 373 76
J. 5. A {white) 47.0 400 100 3.0

s oS
150 850
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With such figures it is possible to trace racial origms
and racial blending. The distribution of the Rh factor m
Europe indicates that the population once had  rather high
number of Rh negative persons, but that the mvadmng Mongols
from the east brought in 2 large number of genes for the
Rh factor. The Basques, however, were somewhat solated by
the Pyrenees and seemed to escape this ivasion and the
Pmponion of Rh negative people is stul high. Thus, blood
typing is helping to solve many problems of the anthropol-
ogists who have been studymg various evidences for many
years to unravel the riddle of the races of man.

This study is aided by the discovery that 1t 15 possible
to determine the antigens present in the drred remains of people
who have been dead for many centuries. Ancient Egyptian
mummues, the remains of persons who lived thousands of years
before blood types were known, have had their blood types
determined by an analysis of dried bits of tissue from their
bodies. The same has been done with mummtes of American
Indians. The antigens resist heating, drying, and the ravages
of time and provide us with valuable clues to racial ancestry.
By comparing the proportions of the various antigens in these
dried remains with the blood types of the races of the same
regions today it is possible to determine relationships between
the ancient and modern inhabitants of the regions.

Have you ever wondered to what extent the Negroes of the
United States are like the Negroes who were brought from
Africa in past centuries? We know that there has been some
mixing of white and Negro genes, but how much? Again
blood type studies promise to answer this important racial
question. Dr. Bently Glass and others of Johns Hopkins Uni-
versity have made a careful study of the degree of blending of
the Negro and white races in the United States through blood
antigen percentages. Furst, they took the percentage of the
different antigens in the white Americans and compared that
with the percentage of these same antigens in the African
Negroes. As expected, there were distinctive differences be-
tween these two groups. Then they determined the percentages
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of these antigens in the Negroes of the Unitd States. From the
samples whick they studsed they concluded that these Negroes
had about 25 per cent of thesr genes from the white race, In
other words, only about three-fourths of the genes in these
American Negroes were the same as those brought by their
ancestors from Africa, The other one-fourth of their genes
have come from the white people through racial blending.
This study was made pnmanly from Negroes in the Baitimore
region and would not necessarly hold true for those living in
other sections of the Unsted States.



CHAPTER 16

WHEN GENES GO WRONG

At about the middle of the last century two young brothers,
Iet us call them Jan and Hans, migrated to the state of Minne-
sota, They left behind them a family record tainted with
defectives and hoped to escape the stigma associated with their
family in this new environment. They changed their family
name and did well in this land of new cpportunitses. They both
married and in time children were born—ten to each brother.
All appeared to be fine, healthy children. At last, 1t scemed
as if the cham of family defects had been broken—here with
anew name and a new environment they had cast off the traits
that had plagued their ancestry. But they reckoned without
the insidious nature of gene operation. While in his mid-
thirties Jan began to have trouble with the muscles 1 his
arms and legs. At times they would begin mvoluntary tw.uch-
ings which he could not control This became progressively
worse until muscles all over the body were affected and the
twitchings kept up conti ly. Soon be was so helpless that
he could not ever hold a spoon in his hand to feed hungelr.
Worst of all, his mind began to fail and in the course of time
he was a shaking, helpless, mentally defective man He was
sent to a mental institution where he died at the age of .
forty-two.

The Curse of the Gene
This is a typical case of Huntington's chorea whxcl[ isa
disease that comes to those who receive a certain dominant
gene from one of their parents. The gene will remain dormant
during babyhood, childhood, adolescence and the twenties,
but typically in the early thirties it begins to make its influence
”
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felt—-damaping the nerves of the body more seriously than the
waorst germ di Tragic lar twitching, mental deteri-
oration, and early death result

Jarw’s children matured, married, and became parents, but
the curse of the gene went with them. Four of his chidren
developed the fanubar muscular twitchings in their early
thurties and ended their lives m the same tragic mauner that
characterized therr father’s demise, but only after they had
propagated children with the same gene. Down through the
generations this gene has taken its ruthless toll, Nineteen times
the terrible disease has struck and among Jan's 716 living
descendants 1t will surely strike many times more as the
younger ones n this group reach the fateful age. A study of
Gus famaly pedigree shows that approximately 101 of these
tiving descendants can be expected to succumb to the deadly
wfluence of this gene. It 13 not possible, however, to staie
specifically which ones have it and which have escaped by 3
study of the pedigree alone.

‘Hans was more fortunate~he did not receive the gene and
there 15 no trace of Huntington’s chorea among his descend~
ants, although he has only 167 living descendants cumm?t
to the 716 of lus brother. Since the gene for this condition
domunant 1t cannot be carned without causing the affliction,
so the descendants of the unafflicted persons will also be
unaffticted. On the other hand, those so unfortunate as to have
a father o mother who develops this disease have a fify-fity
chance of having it themselves. You can well imagine the
mental anguish these people maust suffer when they leam the
method of whentance of an affliction which destroyed one
of their parents and realize the heavy odds they face. Th'eﬂ
apprehension can be alleviated in some cases, Recent studics
have been made which ndicate that it is possible to detect
those persons who will develop Huntinpton's chorea by means
of an instrument known as the clcctrocncephslogmph. This
instrument secosds the pattern of brain waves on a praph an!
certain deflections from the normat indicate the presence of
this gene long before the muscular twitchings begin. Such 2
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test would allow those who are free of the gene to marry and
have children secure in the knowledge that the family would
not be married by the disease. When the gene is found to be
present, certainly reproduction would be out of the question.

Outlaw Genes

Just as in human populations we find some mndviduals
who go wrong and become outlaws, we also find that among
fhe many genes that carry on normal, constructive processes
in the building of human bodies there are some genes that go
wrong and are destructive in their effects. The gene which
causes Huntington’s chorea is a good example of such an
outlaw gene. Since we have no way to prune them out of the
family tree, as we would prune rotten Lunbs from a fruit tree,
they continue through the generations leaving 2 trail of misery
and destruction behind them. These 15 no tragedy on earth to
equal that of the heart-rending grief that comes to a mother
and father when they find their joy in new parenthood black-
ened by the influence of one of these outlaw genes on 2
newborn baby.

No part of the body is exempt from the harmful effects
of outlaw genes. The fingers may be fused as they form to
give a clawlike structure rather than a normal hand—eyes may
be formed with a pigment over the retina which causes blind-
ness—teeth may be formed which are so soft that they quickly
wear down to the gums—the long bones of the arms and legs
may be shortened and deformed—blood may be produced
which fails to clot normally—the bram may be defective 1o
its organization and a paralysis or mental abnormality will
result, These are but a few of the hundreds of known defects
which plague the human.race as a result of the action of
outlaw genes.

When we survey the many hereditary defects which may
oceur, we may sometimes wonder how any of us manage to
get a gene complex which forms a normat body. As a matter
of fact, few of us would escape the damage done by these
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autlaw genes were not most of them recessive in nature. Neasly
alt of us carry several genes which come in this category of
outlaws, but we are protected from their action by dominant
genes which produce a normal body. We must realize, how-
ever, that there 15 ajways the danger that these outlaw genes
may find expression m the children of normat parents if both

Crtlmw Gowes
g

Fig. 25 Scattered among the many benign and beneficial gensd
on the chromosomes there are almost certain t0 be several outls¥
genes in every person Here we represent the gemes as hw

faces; se¢ af you can tell which are intended to be outlaw BeBes

parents carry the same outlaw genes. You may have three
recessive outlaw gencs-let us say, a gene for a defective heatts
2 gene for deafness, and a gene for stiff fingers. Your mansiagt
partner may also have three recessive outlaw genes—fat i
stance, one gene for bad kidneys, one for crooked vertebrts
and one for blindness. Neither of you shows any of the ¢

of these genes because cach of you carries 2 dominant §¢8°
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for each of the recessive outlaws. These dominant genes are
hke the policemen that stand on the corner and prevent human
ottlaws from carrying out their evil intents. You may have a
dUR_n children and all will be normal because each of you
furnishes a dominant gene to hold the outlaw genes of the
other in check. A recessive outlaw gene, like all recessive
genes, must come from both parents in order to be expressed.
1f your wife, or husband, should die, and you mamed 2 second
person who perhaps carried an outlaw gene in common with
you, then you could be the parent of a defective child. For
instance, your partner might carry the gene for deafness, and
should this gene for deafness happen to combine with your
gene for deafness when the sperm and egg unite you would
Pfﬂtjluce a deaf child. The developing embryo lacks the pro-
tection of 2 dominant gene for normal hearing and the outlaw
getes have their way as human outlaws, too, have therr way
when the policeman is removed from duty

A relatively small percentage of the outlaw genes are
dominant, such as the one for Huntington’s chorea, but these
are sometimes better known because they show mn all persons
who carry one of these genes and in approxumately half of
therr children. The recessive outlaw genes, on the other hand,
may be carried for many generations before they are able to
express themselves.

Killer Genes

Among the outlaw genes there is one group that deserves
special consideration. They are the ones that produce such
pronounced defects of the human body that death comes to
those who express the defects. These killer genes, OT l'elhal
genes, as they are called by the geneticists, are never dpmmant
fot the simple reason that they could never be carried by a
hving person if they were dominant. Hence, they must dbc
carried by both parents and come togetl;:r in a child in o er
to carry out their deadly influence. Fo illustrate, supposing a
rman carries a recessive gene which causes internal adhesions
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of the lungs. He marries a woman who carries the same reces-
sive killer gene. Both have perfectly normal lungs since they
each have dominant genes also which arrest the killers. The
woman becomes pregnant and everything goes along normally
without any ndication of impending disaster, for the embryo
does not use its lungs as long as it is m the mother’s body.
The day for the burth arrives and as the baby is suddenly
cut loose from the cord which has supplied him with hfe-
giving oxygen smce hs earhiest beginmngs, he dies of suf-
focation because his lungs cannot expand propedy. The killer
genes have had therr way.

Undaunted by this tragedy the couple may have other
children who may have normal lungs because they do not
happen to inherit the combmation of two of these killer geacs.
Unfortunately, howewer, some of these childsen will carry the
killer gene which may be expressed in future generati
Whenever two people marry who carry this same recessive
killer gene, about one-fourth of their children will die from
us effects

Killer genes may strike at various times during embsyonic
development. It depends upon when the organ, whose abnor-
mality causes death, develops and functions, Defects of the
kidneys, Jungs, and digestive organs usually are not lethat
unul bisth, for these organs do not begin functionmng untl
then. On the other hand, genes which cause some types of
heart defects would be Jethal early in embryonic life, for ﬂlF
hieart 15 a necessary part of the embryome circulation and 8
one of the first organs of the body to begin functioning. ;

There 15 1o doubt but that many of the cases of abortion
and miscarnage which terminate appareatly normal preg-
nancies are due to the action of killer genes. Whenever the
embryo becomes dependent upon a vital organ which killer
genes have affected, death results and the embryo is usually
expelled from the woman's body. Some of these killer genes
may get in their deadly effects so early in the embryonic e
that death will occur before the woman is even certais
she is pregnant.
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Intermediote Killers

There are a fow killer genes which make thetr presence
known when 2 person carries only one of them. They nfluence
the body strircture sufficiently to cause a visible effect, but are
not extreme enough to cause death. Whenever one of these
genes 1s transmitted to a2 child from each parent, however, the

i~rermediate Fitler Geves... -
* Wher two pegple with Brackyohalangymary |

el fa.
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Fig 26. How intermeduate killer genes work. When 2 person
recelves one of these gesies be has vesy short fingers, fingess which
2ppeas to have only tuo joints (brachyphalangy). Whencver twa
of these genes come together, however, there are extreme skeletal
delormities and the baby cannot five.
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effect is so detrimental that death results, Such g gene would
be classified as an intermediate gene such as those described
in Chapter 8. One of these intermediate killers causes the

effects, but 1t o5 only when two aze present and it s freed
of miubition from the normal gene that it produces effects
Pronounced enough to cause death,

If 2 doctor tolg you that you had multiple telangiectasis,
you would probably be scared balf to death, but there would

that you have a gene jn your make-up which causes this effect
and this gene 15 one of the intermediate kiflers. The fact that
you arc alive shows that yoy carry only one of them, but if
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above and some of them would rupture and cause the death
of the child within a few months after buth.

Genes That Kill Only Under Certain Conditions

Like Dr. Jekyll and Mr. Hyde, there are some genes that
are ]?e:fecﬂy harmiless under one set of condions, but in
certain other circumstances they become killers. Take the gene
for the R factor, for instance. There is a very good chance
that you have this gene among the thousands of genes that
make up your inherttance, for about 85 per cent of the people
in the United States have it. In your body 1 does no harm—~
it just goes on producing the Rh factor in your red blood cells
which makes them neither better nor worse than cells without
I, Under certain circumstances, however, this gene can be 2
killer, Suppose, for instance that a woman does niot have this
gene, but she becomes sensitized to the Rh factor. The gene
{or the Rh factor will then become a Killer when 1t 15 present
in & child which this woman bears. The scemngly innocent
gene which so many of us carzy thus becomes a vicious outlaw
that causes a violent disruption n the production of red blood
cells of the embryo and usually the child 1s born dead or dies
shortly after birth unless drastic steps are taken

Then, let us take the gene for albimism Persons who
receive one of these from cach parent fail to develop the pig~
meat melanin 10 thewr hair, eyes, and sian. In a protected
Civilization such persons are sot gready handicapped and can
live normat fives. There are conditions, however, under which
the gene for this characteristie could be a faller, Albinos
cannot produce the pigment which acts as a profection from
the injurious effects of sushight Hence, if altinos were forced
to live in an cavironment where there was extensive exposure
10 the sunlight, there would be such an extensive burning of
the skin that death would result. i .

Along this same line there are some gencs which are killers
under nowmal eonditions, bit which can be presented from
performing their grim task if conditions are altered. There is
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one gene that causes an extreme sensitivity of the skin to hight,
a condition known as xeroderma pigmentosum. A baby that
inherits the genes for this condition will be born with normal
skin, but exposure even to such light as would come jnto a
room through the wmdows causes the devclopment of a severe
rash on the skin In time, certain regions of this rash become
mahignant and death nearly always results. If, at the first sign
of the rash, however, the child were taken to a darkened place
with only a rather weak artificial light and raised there it could
survive. This would be an extreme measure, to be sure, but is
one way to thwart the killer gene by altering conditions.



CHAPTER 17

BLOOD MATINGS

The term, blood mating, is used to refer to the muxing of
genes of closely related idividuals. Such matings bave special
significance from the standpoint of mhenitance.

Incestual Relationships

Each year thousands of babies are born mn the United
S.tates as a result of unions between such closely related indi-
Viduals as brother and sister, father and daughter, or son and
mother, Most of us experience a natural repugnance at the
Vvery thought of these unions which violate all of our senses
of decency and moralty Usually it 15 only among certain
depraved persons who form the bottommost dregs of our
society that such matings occur. Cases can be found, however,
among the better classes of our society; for nstance, 1n the
brother-sister mating described later in this chapter, Among
the numerous ethnic groups of people on the earth, there are
some which condone sexual promiscuity to a greater or lesser
degree, but the line of sanction ends with the mating of very
closely related persons.

201
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In most civilized countries an attempt is made to prevent
blood matings by prohibiting marriage between closely related
persons, the so-called consanguineous marriages. In the United
States no man can legally marry his sister, mother, danghtes,
grandmother, granddaughter, aunt, or niece. State laws in
thirty of the states go further and prohibit the marriage of
fisst cousins As far back as we can trace legal history there
have been laws placing some barrier on the degree of rela
tionship which 1s permussable in marriage.

‘Whenever a custom or law is found so consistently among
the far-fung human socal groups there is usually some very
good reason behind 1. In ancient times we can assume thal
it was notced that defective children resulted from such
unions more frequently than was the case with non-related
matings. Why should this be? Genes are genes—why should
those causing defects be any more likely to appear among
the children of closely related people than among the children
of those uarelated” We shall try to find the answer in this
chapter.

Reaising the Odds Against the Little Gamblers

Many people have the mistaken impression that blood
matings somehow or other create defective genes because of
the greater abundance of defectives among the offspring of
such matings. This 15 not true—it mercly permits the expression
of many outlaw genes which have been in the family alt afong-
We leamned 1n Chapter 16 that most of us are likely to carty
several of these outlaw genes, but usually they ar¢ net
expressed becausc most of them are recessive and must b
reccived from both parents in order o show, When two 5o
related persons marry they both probably carry sevesal of
these outlaw genes, but because there are so many differest
kinds of them, there 15 not a great chance that both will car®
the same outlaw genes. It is a pure and simple gamble 50 far
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25 their future children are concerned. When persons of the
same family line marry, however, we raisc the odds i the
favor of these little gamblers because there is a much greater
chance that the parents will carry the same outlaw genes.

As an example, let us assume that you carry an outlaw
gene which interferes with the normal calcium absorption of
the bones When this gene is expressed, the bones are so soft
and flexible that it is not possible for a person so afficted to
stand, and during his entire life he is a helpless cripple, a
tragic condition. You, however, have perfectly normal bones
because the gene is recessive and you received a domunant
gene from one of your parents which causes a normal caleium
deposit, Tn fact, you dom’t even know that you carsy the
recessive gene. This is not a common gene, so let us assume
that statistical studies indicate that one person m 20,000
carmes jt, Now, if you marry a person who s unrelated to
you there js only ane chance out of 20,000 that you will
choose g person who catries this particular gene. Even though
your partner did carry it, there is only one chance in four that
any one child you bear would receive the outlaw gene from
each of you. Thus, the odds against the little gambler with
Tespect to the expression of this gene are 80,000 to 1. On the
other hand, if you should decide to marry your first cousin
the odds would be quite different The chance that he ot she
Would carry this same outlaw gene would be 1 in 8, and the
chance that any one of your chiidren would be afflicted would

1in 32, This illustrates why consanguineous marriages are
more likely to produce defectives even though there is nothing
?bopt such marriages 1 themselves that produces genes for de-
ectives,

When the relationship 15 even closer than first cousins, the
chance of defectives increases. Suppose, for 1nsl:{ncc, that
there is a brother-sister mating which produces a child. 1f the
man carries the outlaw gene for defective bones then the
chance that his sister also carries it is 1 in 2, and the chance
that the child will show the defect is 1 in 8. The same figures
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hold true for father-daughter or mother-son matings. These
calculations assume that the parents do not show the defective
gene. In those cases where the parents show the genes, the
chances would be even greater. Furthermore, these figures are
for only one defectne gene. Smce we have brought out the
point that we all probably carry several defective £ENES, We tan
see how the cards are stacked against the little gamblers nhea
there are matngs between persons closely refated.

Should Cousins Marry?

While we have hnte difficulty with the desire for marriage
among members of the same family group, the question of
marnage betwcen cousins comes up frequently. This is espe-
¢ially arue w rurat areas which are rather sparsely settled, ;m'd
there 15 not much opportunity for wide acquaintanceship
among young people Although thirty of our states ban maf
nages of first cousins, the old saymg, “Love will find a way
often holds true It 1s always possible to go to nearby states
where such a law does not exist, or to fail to mention s
relationship when applying for a marriage hcense.

Sometimes another old saymg, “Love is blind,” also proves
1o be true In spie of all advice to the contrary, cousins fre-
quently persist i marrymg It 1s not possible, of course, to tell
them with certainty that they will have defective children, for
there have been many marria ges of first cousins which e
produced cinldren that are pesfectly normal, In fact, there i
one ease m hustory which shows that normal childres can
be produced even i brother-sister marriages. The ancicat
Prolemucs of Egypt, fecling that there were no others of
such fine blood as the royal family, practiced brothes-sisi?
marmages for many generations. The famous siren of 'lhi'
Nile, Cleopaira, was a product of such elose family inbreeding.
Even she was marmed to her brother when they were both
100 young fo know what it meant, but as she matured sbe
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preferred the amorous advances of visiting Romans and never
vaeq with her brother as his wife The records of this royal
family do not indicate that any harmful qualities appeared as
aresult of this closest form of human inbreeding. It just hap-
pened in this case that the family was singularly free of outlaw
genes which would have senous effects on the offspring.

A modern example of such inbreeding 1s cited by Sheldon
Beed of the Dight Institute. He tells of a teen-age brother and
sister who were from one of the better families of a large city
They had been brought up n such a protected environment
that neither realized that there was any relation between seX
and childbearing. They had had sexual relations as 2 result
of curiosity and experimentation and the girl had become
Pregnant, She was sent to 2 matermity home and a child was
born that appeared normal except for a shightly deformed
clubfoot This defect was corrected surgically, and the baby
was adopted by a couple who fully understood the circum-
stances of the birth.

It is a difficult matter to counsel cousins who seem to
be.deeply in love on the advisability of marnage. They may
Point to successful marriages of other cousns and cannot
Understand why their marniage could not be equally successful.
To talk in terms of increased probability of defectives means
Tittle to them, for through the rose-colored glasses of a young
couple in love such tragedies could happen only to others,
Dever to themselves Sometimes they can better understand
what is meant by increased probabilities when we can show
them some specific figures. We know that about one-half gf
one per cent of the marrsages 1n the United States are cousin
Marnages If there were no increased chance of abnormalities
among cousin marniages then we could expect about one-half
of one per cent of all inherited abnormalities to come from
cousin marriages. Table IV shows the actual percentages that
have been found by statistical tabulation for five rather rare
recessive afflictions. It can be seen from this that one-third of
all children that have alkaptonuria (a defect of metabolism
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that causes a darkening of cartilages) have parents who are
first cousins For genes which are more frequent in the popula-
tion, the p are somewhat less pr d. For
instance, it is only eleven per cent for total color blindness,
a defect of the eye which prevents the easy distinction of all
colors (the gene for this 15 recessive and not sex-linked a5
the one for red-green color blindness). ,
It may mmpress the cousins considering marriage more if
we use a particular case for illustration. Let us use albinism.
We know that about onc person in 70 carries the recessive
gene for this character. This means that the chance of any 00¢
man having the gene is 1 1 70 ( provided he is not an albino
and does mot have albinism in his immediate family). I be
marries a woman who is not related, her chance of catrying
@ Is also 1 m 70, and {he chance that both will cary i 3
1 in 4,900 (70 times 70 equals 4,900). On the other hand, if
this man should marry his cousin, then the chance that
will carry 1t 15 1 m S60. (If he carries t, then her chance of 63
rying 1t 15 1 in § and 70 times 8 equals 560.) The albin®
brother and sister shown 1n Plate X VI are the result of a cousi
marriage They have three brothers and sisters with norm?
pigmentation It &5 obvious that we ncrease the chaace of 2
defective gene of this frequency being in both pasents by
about ten times through cousin marriage. For less common
genes there would be a greater chance, for more commoB
genes the chance would be less. When genes are common,
there 1s a high probability that any married couple wilt each
carry the genes whether they are related or not. Gepes for
the most severe abnormalities are not , however.




Broop MATINGS 207
TABLE IV

PROPORTION OF INHERITED RECESSIVE
ABNORMALITIES WHICH RESULT
FROM COUSIN MARRIAGES
(Adapted from Reed)

DISEASE

ALKAPTONURIA
(Disease of metabolism, alcap-
ton excreted in urine, cartilages
of body may become darkened.)

XERODERMA PIGMENTOSA
(Extreme sensitivity of skin to
light, malignant growths develop
on skin and wsually cause pre-
mature death,)

CONGENITAL ICTHYOSIS
(Leathery skin with deep bleed-
ing fissures in it. Often causes
stillbirth or infant death.)

ALBINISM
(Inability to produce the pig-
ment, melanin, in skin, hair, or
eyes.)

TOTAL COLOR BLINDNESS
(Difficult perception of all colors
—not the red-green, sex-Jinked
color blindness.)

Per cent ex-
pected 1f

cousin mar-

Per cent riage did not
of first increase

cousins chance of
among  theabnor-
the parents  mality

33.0 0.5
26.0 05
24.0 05
17.0 0.5
11.0 0.5
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Most of the rather extreme abnormalities which are inher-
ited are so infrequent that, even when the chance of their
showing 1s muluplied by ten, as m the case of albinism, we
still have a frequency so Jow that cousins are not Tikely to be
perturbed about 1t. We should remember, however, that there
are a great many mnbertted abnormalities and the chance for
each one is increased 1n a cousin marriage. We brought out
1n Chapter 16 that every person probably carries several reces-
sive genes for such abnormalities. If we should assume that
everyone carnies eight such genes then about 16 per cent of
the children of cousin marnages will be defective because of
these genes. If we reduce the number of harmful, recessiVF
genes 1 each person to two, which is probably near the mini-
mum, then about 4 per cent of the children will be abnorml
due to beredity. This 1s not a high figure when compared with
the average number of abnormal children produced from a}l
marriages which statistical recerds of hospital births show 15
about 1 defective child for each 65 births, or about 134 pef
cent.

These things should be understood by any cousins secking
advice about marnage, If a thorough study of their common
ancestry shows a smgular absence of harmful recessive traits
the odds of their children showing such defects would be
lessened and they might feel encouraged to take the chance.
A large numbes of such harmful traits, on the other fand,
should serve as a warning and, if they felt that they must gﬂ
married anyway, adoption mught be the safest way to bri2§
up chidren.

1f cousins have decided to marry and take the increased
chance of bearing defective children, they mught be glad 10
know that there is a brght side to the picture. There is a}5°
an increased chance of better-than-average human traits which
are due to recessive genes. While there are not as many 9
these recessive genes as there are recessive genes for defects,
still there arc some. Abraham Lincoln and Chales Darwin 212
examples of great men who resulted from cousin marriages:
Also, there is at least one circumstance in which similar genes
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in a married couple are an advantage. This concerns the genes
for the Rh factor, When 2 woman has the genes which make
her Rh negative, it is an advantage for her to have a busband
who has the same genes for this trait. Some hospital records
show that there are 13 per cent fewer cases of Rh-mduced
erythroblastosis in babies born of cousin marrages These are
bright spots in an otherwise unfavorable outlook.

There js still another aspect of the problem, however,
which cousins should consider before making final decision.
If they live in a state where cousin marriage is forbidden there
can be legal complications If they go to apother state to marry
or faﬂ to mention the relationship when applymng for a license,
it is possible that the marriage may be ruled ilegal if the
question ever comes to the courts. This could result i a
number of serious problems. Jealous relatives might sue for a
man’s estate on the grounds that his wife was not legally his
wife and, therefore, not entitled to a wife’s inheritance Itis
even possible that the children of such 2 marrage could be
declared illegitimate. A man could take advantage of the
situation and leave his wife on the grounds that they were
never legally married. Cousins considenng marriage shou!d
certainly obtain sound legal advice on the laws in the state in
which they reside. .

We can see that a decision about marrying a cousin is not
€asy. The final decision, of course, must be made by the
couple jnvolved, but they should make it a pomt to be fully
aware of the possible complications which could arise

Effects of Blood Matings on the General Population

It should be emphasized agan that blood matings do not
Produce defective penes—they merely bring them out. Hence,
whenever such matings do occur and defective children are
produced there is no 2ddition of outlaw genes to the general
Population, in fact, they may even be reduced a little. §huuld
We, as a pation, suddenly begin wi d
marriages, the number of defectives in

our population would
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merease tremendously as children were born as a result of
these marriages. These defectives would be a great tragedy to
the many indvidual families that produced them and to the
nation which might be called upon to support many of them.
We should keep the fact in mind, however, that there would
be many of these defects which woitld be so extreme as to
cause death, and others which would prevent normal mar-
riage and reproduction Hence, there would be a widespread
elimmation of many of these outlaw genes from the popula-
uon—a gene purge In time, this would actually yesult is 2
smaller pareentage of outlaw genes in our population. Shouwld
we then resume our present customs of marriage we could
expect fewer defectives as a result of recessive outlaw genes.
Certainly no one would advocate this means of purifying our
race, but 1t 15 a point to congider m connection with blood
matings.

Artificial Insemination and Blood Matings

There are many cases where children fail to appear to bless
the homes of martied couples. Since children are a normal part
of a family and a home, such couples often turn to adoption
as a means of fulfilling thear desires for a complete family life.
To many such couples, however, science now offers an alterna-
Ve 10 adoption—thus is artificral insemination, sometimes
catied semiadoption. In about 40 per cent of the sterile mar-
tiages the fault les not with the woman, but with the repro-
ductive faculties of her husband. The wife may be fertile and
able to bear children, but because of some lack on the P_m
of her husband she does not become pregnant. The guestion
thett arises—is 1t better to adopt a child who will canry pone
of the genes from the parents, or through antificial insesi-
nation 2o have a child which will receive at least half of its
genes from the mother? Moral and legal issues have bees
raised; however, many couples have chosen the latter course.

All armangements for artificial insemination are made by
a physician, and the donor of the semen never knows to whod
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it poes. The father’s identity is never known by either the
woman receiving it, or by her husband As a rule, the physician
selects a man as a donor who is married and has children of
!ns own, a man who shows no trace of serious heredity defects
in his famuly, and a man of the same racial type as the husband
of the woman who is to bear the child. Delivery of the child
is usually made by another physician who does not know the
circumstances of the conception Hence, he can sign the birth
certificate in all honesty as the birth of a legiimate child

. The practice of artificial isemination 1s already rather
widespread and all indications are that 1t will be used more
and more in the future. In the course of tme there may be a
complicatmg factor which should be taken into consideration.
Suppose a physician in a town of 12,000 people was asked
to perform this service for a young married couple. After a
Tather difficult search he finds a man who fulfills all the quali-
fications very nicely and the msemination 1s accomphshed
A few weeks Iater another couple come to lum for the same
service and since he has already investigated the donor of the
Semen for the first couple, he decides to use him a second
time. Through the years this might be repeated many times.
Here then, we have a rather small town 1 which quite 2
Bumber of the young children are half-brothers and half-sisters
without knowing it. .

. When these children mature and are ready for marriage
it is quite possible that a young man in the group would fall
In love with a half-sister and propose marrage Only the
Physician would know that they were related by blood. Should
¢ keep quiet and allow the couple to marry with t}3e extra
Tisk of defective children that comes with blood matings, or
should he break his solemn promise to the parents that he
would never reveal the circumstances of the bith? In order
10 avoid such a dilemma many physicians have adopted the
practice of using one man no more than three times as a
donor, and, even then, assuring themselves that the mothers
are h d geographucally so there will be lutle

chance that the éﬂspringawiﬁ ever meet.




CHAPYER 18

NEW GENES FOR OLD

Genes are remarkably stable things—they go on and on eI
ducing themselves thousands of times over apd over again,
yet each tme a perfect replica results. Each gene carries ot
its tasks n building the human body just as its predecessors
have done for ages past. There are rare occasions, however,
when they do change. After having produced thousands of
perfect copies through many generations a gene may suddenly
become different. One moment it is a gene of a certain nawre,
then, presto, it 15 a new gene capable of affecting offspring 2
different way. Furthermore, this gene will now reproduce itself
in 1s new or changed condition and may go on for hundreds
of generations in this changed state. Such a change in 2 gene
is known as a mutation.

Hew Mutations Occur

To show how a mutation may occur, let us assume thet
you have blue cyes. Since a recessive gene is responsible fﬂf
this condition, this means that each cell in your body \:omflmi
a pai of genes for blue eyes. While you are readmng these ¢S
Jet us assume that a mutation occurs. Before you can finish
this sentence, one of those genes for blue eyes changes so that
it is now a gene for brown eyes, This happens in just on¢ cell
and won't affect the color of your eyes at all. It may happe®
in a cell of the skin of your foot, but even if it should happet
in a cell of the iris of your eye it still would not change the
color now, for one microscopic cell would not affect ‘h;;
hundreds of cells which make up the iris. Wherever the ¢
happens to be, however, it now carries the gene in its 2%
state, Every time that cell divides the new gene dwides alang

212
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with it and all cells descending from this one will carry the
gene for brown eyes.

If this mutation to brown eyes occurred 1n one of your
reproductive cells then it could show in a child which you

cBlue Lyed Farents
=15

s o wlation
e fo browrs

Fig. 27, How a mutation occurs. One gene for blue eyes in

00¢ sperm may mutate to a gene for brown eyes. A !:luld lgrmtd

by this sperm will have brown eyes even though it receives 2

&ne for blue eyes from its mother because brown is dominant
over blue
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might have in the future if this cell is used in reproduction.
Suppose you are married to a person with blue eyes—pormally
you would expect all blue-eyed children, but if this mutated
cell unites with one from your mate then you will have a
brown-eyed child. The brown is dominant over the blue, and
will show even though there is a gene for blue eyes from your
marriage partner. )

Thus, through mutation, new characteristics may appeat in
children which have never been known in the ancestry 01
either parent’s side. Furthermore, the descendants of t‘]ns
person with the new characteristic may inherit jt. A mutation
which occurred in Queen Victoria of England for hemophilia
(leeder’s discase) was spread throughout the royal families
of Eutope in succeeding generations with disastrous effects o
the royal dynasties See Chapter 12 (page 143) for further de-
tails on hemophilia, the “royal affliction.”

When a mutation is dominant in nature it will show in the
first child to receive it, but if it s recessive it may be many
generations before 1t has a chance for expression, This 1
especially true of it 15 a mutation to a gene which js rather
uncommon, since recessive genes must wait until they meet
others like themselves before they can be expressed. (There is
an exception, of course, when the recessive gene happens t0
lie on the X-chromosome, for men show all of the genes on
this one chromosome regardless of whether they are dominant
or recessive.) Thus, it is possible for a mutation to occur today
only to find expression many generations in the future.

utations represent changes in the genes, not destruction
of the genes. Since most mutations bave a harmful effect when
they ase expressed, 1t is easy to think of them as gene injurics:
We have proof, however, that this is not the case, Some £e0ts
have been known to mutate and to be propagated in the ne¥
type for many generations, and then, one gene out of the ma'!i\[);
that have been reproduced from the ofiginal mutant W
mutate back to the original type. For instance, take the €35
of the mutation of the gene for blue eyes to one for b“"“(‘:
cyes. This gene might go on until hundreds of descendan
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have brown eyes because of this gene. Then, sometime 10 the
distant future 1n one of the offspring there might be a change
of the gene back to one for blue eyes. Such reverse mutations
show that the gene was not damaged or did not lose anything
when 1t first d—it was merely changed The evid
indicates that genes are actually large molecules of matter,
and 1t seems that mutations represent rearrangements of the
flcctmns within these molecules which give the genes a new
influence. .

The Frequency of Mutations

The great British geneticist, J. B S Haldane, has esti-
mated that a single buman gene has a lie expectancy of
2,500,000 years without change. This is a very long time and
you might wonder how on earth he could obtam an estimate
for such a rare occurrence. One method was to observe the
number of children who expressed mutations in relation to
the total number of births 1n large hospitals. His study was
Testricted to dominant genes snce we have no way to accu-
rately determine when a recessive mutation has occurred 1
a parent and been passed on to a chuld

As an example, from the records of 128,763 children who
were born in two large hosptals in Copenhagen, 1t was found
that fourteen of the children were hic dwarfs.
In this type of dwarfism the head and trunk are of normal size,
but the arms and legs are extremely short. The condition is
known to result from the action of a dominant gene Three of
these children had parents who were also afflicted with this
condition, but the others were from normal parents. E_ach
child in the group without dwarfed parents must have arisen
as a result of 2 mutation in the reproductive cells of one of
1ts parents, This would give us a average of one mutation for
every 11,500 births, or on® mutation for each 23,000 parents,
since each child obviously had two parents. If we assume that
the average age of the parents was thirty years, then we can
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estimate that this particular gene mutates once every 696,000
years. This is somewhat more frequent than the estimate for
alf genes, but genes are known to vary in their rate of mutation
and this could be one which mutates more frequently than
others, Table V shows the results of studies of the frequencies
of several human genes which were determined in a simildr
manner. This indicates how genes vary in their rate of
mutation.

‘When you look at the statistic of one mutation for a gene
about every 2,500,000 years you may feel that such an event
is so rare that there is practically no chance of such a change
occurring in your reproductive cells. This is true if you are
thinking of any particular gene, but yon must remember that
you have about 20,000 genes in each reproductive cell which
you produce. This means that one gene out of this group is
likely to mutate about once every 125 years, Now if you ate
thirty years of age there is about one chance in four that any
sperm or egg you produce will receive some sort of mutated
gene from you. This doesn’t mean that about one-fourth of
your children will show some extreme abnormality such as
chondrodystrophic dwarfism Many of these mutations in your
reproductive cells will be recessive and will not show at all,
and others will have such minor effects that they will not be
noticed. Some of the mutations, actually a very small pro-
portion of them, will be of such a nature as to be beneficial
to the persons receiving them.
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THE RATE OF MUTATION OF SIX GENES IN MAN

(From figures compiled by Haldane)

Mutaton
appears once
Characteristic inevery

PELGER’S NUCLEAR ANOMALY
(Abnormal white blood cells, 12,500 births
tend to reduce resistance to
disease.)

CHONDRODYSTROPHIC DWARFISM
(Shortened and deformed legs 23,000 burths
and arms )

HEMOPHILIA
(Blood does not clot properly. 33,333 burths
Causes free bleeding from
mnor njuries.)

RETINOBLASTOMA 71,429 births
(Tumorous growths on retina
of the eye.)

ANIRIDIA 83,333 births
(Absence of the iris of the
eyes.)

EPILOIA
(Red lesions appear on face,
later tumors develop 1n brain,
kidneys, heart, et cetera.)

166,666 births

AVERAGE 65,043 births

Mutation
rate in
percentage
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Effects of Mutations on Embryonic Cells

On the cover of a recent popular picture magazine there
was a color picture of a pretty girl. Well, pretty girls on maga-
zine covers are certainly nothing out of the ordinary, but if
you looked at this one closely you noticed a very unusual
thing—one of her eyes was blue and one was brown. When
this young lady was asked how she thought such a thing
occurred she came forth with an eloguent although somewhat
unscientific explanation—*1 guess my genes just got all loused
up”

In rare cases such irregular distribution of inherited char-
acteristics may be found. They may result from a mutation of
a gene in the carly stages of embryonic development so that
some large section of the body descends from the cell con-
taining the mutant gene. Suppose the young lady described
above inherited a gene for blue eyes from each parent. In
the normal course of events she would have blue eyes. During
embryome development, however, one of these genes for blue
mught have mutated to become a gene for brown. If the cells
of one side of the head were formed from this cell then there
would be a brown eye on that side. The eye on the other
side, coming from a cell 1 which no mutation had occurred,
would be blue.

The same effect coutd result if an embryo was formed
which received one gene for blue eyes and onc for brown
eyes Since the brown 1s dominant such an embryo is destined
to form a person with brown eyes. 1f there should be a muta-
tion of one of the genes for brown to a gene for blue cyes
in one of the cells, however, the cells reproduced from this
one would form a blue iris,

Qccasionally a person may have brown spots in an o(h'cl'
wise blue iris. This can be explained by a mutation which
comes during embryonic development in a later stage than
those described above, If a number of cells have already
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started to form the iris of the eye then a mutation in one of
them could make the brown spots.

Mutations and Cancer

It is possible that cancer, that dread affliction of mankind
which yields so slowly to the progress of scientific research,
may be related to mutations. We know that genes correlate
the growth of the cells so that they form a coordinated human
body rather than a mass of unrecognizable tissue The genes

pparently prod b which cause cells to divide
when there is need for cells and to cease to divide when this
need is satisfied. Thus a proper balance between cell forma-
tion and cell destruction 1s maintained Now, suppose one of
the genes which is a necessary link in this vital correlation
mutates to some other state so that the correlation is lost. Let
us assume that it is a cell which is in the skin This cell begins
duviding rapidly (since the agent which normally holds it in
check is removed) and the cells which are produced are not
skin cells, but a mass of wild cells—living parasitically on
the tissues of the body of which the first cell was once 2
normal part, We call this mass of outlaw cells a cancer Some
of the cells may break off from the original site and be carried
by the lymph to other parts of the body and start new cancer
growths, When this growth interferes wath the activity of
some vital organ death results. 3

We know that ipheritance plays an mportant part in a
person’s predisposition to cancer. Perhaps such inheritance
consists of a relatively unstable gene which mutates more
¢asily in persons predisposed to cancer. Such a theory is In
line with the known facts relating to other gepes. There are 2
number of cases in both plants and animals where genes are
transmitted which have a predisposition to frequent mutation
The variegated pattern on the Jeaves of some plants is due to
such a gene, This theory s further supported by the fact that
some of the same agents which are known to induce mutations
also have the power to induce cancef.
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Cause of Mutations

Now that we know what mutations are, how often they
are likely to occur, and therr effects on the body, you may
want to know what causes them. Why should a gene produce
a perfect copy of itself for so many times and then suddenly
produce a copy which 1s different in nature? It is known that
various kinds of high-energy radiation (such as X rays) can
cause mutations and, since we are all exposed to some high-
energy radiations throughout our lifetimes, it is possible that
these account for at least a part of the mutations which occur.
While you have been reading this page a number of high
energy particles have passed through the ceiling above your
head, passed through your body like so many tiny bullets,
and continued their journey until they buried themselves
in the earth beneath you. Only if you have been shielded by
about forty feet of sohd rock, or about fourtecn inches of lead,
have you been protected from these rays. They are known as
cosmic rays—they originate somewhere in outer space and
bombard our earth constantly. It is entirely probable that when
one of these tiny particles passes through your body it may
collide with a gene and set up a chain reaction which can
cause the gene to mutate. Also, there are rather rare, but
ever-present radioactive atoms in our surroundings which also
give off high-energy radiations to bombard us on every side.
It is possible that these, too; can cause mutations as they
collide with genes. It is not necessary, however, for us to £0
outside of the gene to seek a source of energy for the genera:
tion of mutation. We are all now well aware of the tremendous
amount of potential energy bound up within the atoms. There
could be a shift of this intra-atomic energy within the atoms
making up the genes 5o as to place a strain on one part of the
gene molecule. This strain could cause a rearrangement of
the molecule and the gene would then be different—a mutation
would have occurred. It is only at very rare intervals that
sufficient energy to cause such a change would be generated
without the stimulation of some outside agent.
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Good and Bad Mutations

A mutation of a gene from blue eyes to brown can hardly
be considered either advantageous or harmful to the child who
expresses the mutation if there are no other effects on the
body. So far as we can tell, 2 person has just as good a chance
of survival with either color eyes. It 15 true that some persons
may admire one color or the other more 11 a person of the
opposite sex, but 1t seems as 1f brown-eyed guls have just as
good a chance of marriage as blue-eyed guls and vice versa.
There are many mutations of this nature—they make a person
different, but no worse off than he would have been with-
out the mutation. There are a few mutations which may
actually be beneficial, but, in the great majonty of cases,
mutations result in changes to the body which are harmful.
Through the process of natural selection man has already
become a highly efficient orgamism. He is not perfect, it 15
true, and some changes may make hum better, but he is so
efficient as he is that random changes are much more likely
1o be harmful than beneficial. )

We might compare a man’s body to 2 hughly efficient, but
not perfect, mechanical instrument—say 2 watch Suppose you
have a watch that keeps fauly good time, but not perfect tune.
Although you know nothing about watches you opcn'the case
and push 2 lever which you sec 1 the back. There is a bare
possibility that you would just happen to push the right lever
 the right direction so that the watch would keep better
time, It is much more bkely, however, that the change V}ould
make the watch keep poorer time, and if the change is 100
extreme the watch may stop running altogether. Mutations
fepresent random changes in lughly efficient organisws and,
Iike a random change in a watch, are very Tikely to be harmful.
When the ‘mutations cause extreme changes they are lethal
in their action and life stops just as the watch stops as the
fesult of an extreme change.

In some of the lower forms of life autations that would
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ordwarily be bad trn out to be good so far as man is con-
cerped. For mstance, a farmer in New England, Seth Wright,
once noticed a pecubiar lamb 10 his smalt flock, This lamb had
vausually short legs which were somewhat deformed so that
it had an awkward gait. Ordmanly we would think that such
a trait would be harmful, and so 1t would in a natural environ-
ment, but shrewd Mr. Wright figured that it would be to his
advantage to have an entire flock like this. He was always
having trouble with his sheep jumping his fences, but one tike
this could not do much jumping. This change had been
brought about by a recessive matation that had occurred in
one of his flack several generations before, and two of the
genes had come together in this one lamb that showed the
character. Wright used this one, which was a ram, to breed
with hus ewes and 1 tume estabhished a pure flock with the
short, deformed legs These became known as the ancon breed
of sheep.

As other examples, the navel orange angd the Emperof
seedless grape arose as mutations on plants which bore normal
seeds. This would be a very harmful mutation so far as the
plfxnts are concerned, for they could not reproduce new plants
without seeds. To man, however, this new condition is good,
for the presence of seed m fruit is one of xts more worrisowme
Qualities. Hence, we have established these two mutations and
keep them going by cuttings and by budding so that no seed
is necessary. The plant and animal breeder are plad 10 568
mutations in their stock, for from them they may be able to
&ct @ new variety which will be improved so far as man s
concerned at least. Those mutations which happen ta be of
value can be selected and propagated, while those of no value,
or those which are harmful, can be casily ehminated by
preventing breeding.

With man, however, it is a different proposition. We
cannat select those mutations which age of benefit, and discard
the others which do not suit our fancy. We do our best 10
save evesy human being that is born and many of those who
express harmfud mutations are saved who would not be able
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to survive without the special medical treatment which 1s
provided. Since most mutations are harmful, we have ro desire
to increase the mutation rate in man even if, 1 so domng, we
might produce a few mutations which would be beneficial to
the persons expressing them.



CHAPTER 19

RADIATION
AND MUTATIONS

Radiation has come to be a commonly used word in the
English language because of the recent discussions of .lh&’-
effects of atomic radiation. The word has a broad meaning.
The ordinary Light rays that come from the sun or from elect.rlc
lights in your home represent a form of radiation. Radiat_lon
of infrared rays may be used to treat sore muscles or sprains.
Ultraviolet radiation may be used for developing an indoor
suntan and for certan medical treatments, There are many
forms of radration, but because of the association of the WOl:d
with the atomic energy, we have come to think of it mainly in
connection with the very high-energy, short-wave type of
radiation which 15 liberated when an atom splits.

X Rays and Mutations

Quite a number of years ago 1t was discovered that the
high-energy radiation which we know as X rays could induce
mutations when it was applied to the reproductive cells of
plants and animals. The great American geneticist, H. J.
Muller, in 1927, startled the scientific world when he pre-
sented the results of his experiments which showed that !hc
number of mutations which appeared in fruit flics was in-
creased tremendously following a heavy treatment with X rays.
Here for the first time man had discovered a tool with which
he might alter the deli hanism of heredity, thereby
infl ing future ions. It opened entirely new vistas

224
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in the realm of plant and animal breeding Now the scientists
would not have to wait and hope for mutations which might
be incorporated into mew and jmproved vaneties. but they
could actually produce these mutations. Dr. Muller was later
awalrged the Nobel Prize for this great contrbution to the
world.

The mutations which X rays induce were found to be no
different from those which take place any way—there were Just
many more of them. Also, it was found that the number of
mutations was in direct proportion to the amount of X rays
given—the heavier the dosage, the greater the number of muta-
tions, There is a stopping point, however, for it was found
that very heavy doses of X rays cause sterility, and there can
be no offspring at all to show mutations. With the passage of
time this study has been extended to many other forms of
life and it has been found that the effects are similar in all
that have been studied.

The Nature of X Rays

Before going any further, perhaps it will belp mn an under-
standing of the relationship of X rays to mutations i we fearn
something of the nature of this extremely powerful form of
radiation,

. These rays are produced within an X-ray tube when a
high-voltage, dircet clectric current causes 3 shower of elec-
trons to traverse the tube and strike a tungsicn target, As the
target absorbs these electrons the X rays arc given off. The
rays cannot be seen with the eye, but they have the powes to
affect photographic film and to causc a fluotescence in certain
materials which they may strike, Because of their hugh encrgy.
X rays are highly penctrating—they can pass through 2 hum:lm

y like so many tiny bulicts. An X-ray phmogrnph of the
human chest can be made by shooting the 5258 wrough the
body and onto a photographic film on the other side of the
chest. This s possible becatse, in spite of thelr high enerey,
some of the X rays will be stopped In thelr passage by the
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buman tissue and will ot reach the film. A greater number
of the rays will be stopped by the denser tissues, such as bone,
and a correspondingly smaller number will be stopped by the
less dense twssues. This causes the formation of a shadow
image of the chest on the photographic film when it is

developed
Measurement of Radiation

We need a standard of measurement for anything we deal
with which duffers quantitatively. We have pints and galfons
for Yiquids; pounds, bushels, and pecks for solids; inches and
feet for distance, foot-candles for light intensity; and so o
Likewise, we nieed some objective measure of radiation. The
unit which 15 commonly used 15 the Roentgen unit which i
ustally abbreviated ta the r uwnit. It is determined by the
amount of ionizations which are induced in 2 gas-filled cham-
ber by the rays The famliar Geiger counter which is used so

Jy to test for rad, vity m work with atomic radis-
tion 18 an example of such a machine. This counter, which s
a part of the standard equip of i

prosp
translates the fonizations into audible sounds which we can
count and theseby detesmine the amount of radiation.

About 0.2 r units of X rays are required to make 3
photograph of the human chest, In experimental studies on
mutation production in mammals we use up to about 800 1
units and in insects up to as high as 7,500 r units may b
used. About 250 r units adminstered to the reproductive
glands will produce temporary sterility in man.

Camulative Effect of Rodiati

_ An insidious aspect of high-energy radiation is its cumi-
lative effect. This simply means that the influence of the
radiation tends to build up in the tissues, so a serics of short
exposures €an equal a single Jong exposure. For cxwgl"
suppose that 600 r units of X frays cause some sost of mutation
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in 60 per cent of the sperms of an experimental animal We
may give this exposure all at one time, we may give 100 r
units per day for six days, or we may give 10 r units per
fla}' for 60 days. We may use a high-voltage tube and give 1t
in less than one minute, or we may use very low voltage and
spread the exposure out over several hours. Whatever method
5 used, the mutation rate will remain about the same
each case. .

During the early days in the use of X rays, this cumulative
effect was not known and many early workers i this field
lost their hands, arms, and even their hves, as a result. They
soon learned that a continuous heavy exposure would destroy
human tissue, but did not realize that a series of shorter
exposures would have the same effect. Let us assume that an
exposure of two hours to X rays of a certam mtensity would
cause the destruction of the tissues of the hand. Now suppose
an X-ray technician used his hands to hold his patients in
Place for X-ray pt hs. Each photograph requires only
a few seconds; let us say s hands average 10 seconds of
€xposure to the rays per day. If he works s days a week,
he will receive 60 seconds exposure per week. After 120 such
weeks he will have accumulated a total exposure of two hours,
and the tissues of his hands will begin to deteriorate. Today
most X-ray techmcians take precautions to prevent such a
cutastrophe‘

Differential Effects of X Rays

Tt has been found that X rays do not affect all types of
tissue equally. It seems that mature tissue which does not
contain cells which are dividing is least ptibl 1

and nerve tissue is an example. Conversely, actively dividing
cells are most susceptible. The cells of the red bone marrow,
which are constantly dividing as they produce new blood.ccllsi
are highly susceptible, and a type of anema will follow over-al
€Xposure to high-energy radiation even when there has been

10 injury to less susceptible body tissues. The skia contains

muscle
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cells which are constantly dividing as they replace the cells
which are sloughed off in the normal course of wear and tear
on the body covering. Hence, the skin is highly susceptible to
high-energy radiation. This also applies to the “skin” lining
the stomach and intestines, and nausea is likely to develop
after heavy radiation because of damage to the lining of the
stomach. The hair 1s actively growing from the skin and the
hair roots may be injured by radiation to such an extent that

FHatr Rools

-Blood foruming cells
I Dose marrow

Skin cells

Fig. 28. The parts of the body most susceptible to radiation

damage. The cells of the body which are actively dividing ar

the ones most casily damaged by heavy doses of radiation. This
diagram shows where some of thése cells are located.
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the hai}- falls out. The reproductive cells are also highly
S“SFCPnble to this type of radiation because they also are
actively dividing cells. This accounts for the sterility which
may follow exposure to heavy radiation 1 the region of the
teproductive organs. The cells which are just maturng seem
10 be most susceptible and the stenlity may be temporary if
the radiation is not too great. A study made a number of years
ago showed that a numbes of X-ray techmeians were sterile
as a tesult of the cumulative exposure to radtion. Today,
greater precautions are taken to prevent this—technicians
usually retire to lead-lined control rooms during tunes when
the X-ray machine is operating; they may wear lead-tmpreg-
nated clothing when it 1s necessary to be near the patient of
step behind lead shields.
. Cancer cells are actively dividing cells and, 1n a way, this
is fortunate because this makes them highly susceptible to
X rays, Because of this, it 15 possible to destroy cancer cells
without injury to normal surrounding tissue by using the
Proper dosc of X rays or rays from radioactive elements such as
cobalt-60 or radsum which are similar in their cffects The dos-
2ge must be carefully regulated, however. or the surrounding
tissue may be destroyed if overexposed to radiation 3
Before you begin to worry about the use of X rays in
foutine medical examinations, however, it rught be well to
Doint out that the amount of radiation recerved in the making
of an X.ray photograph for diagnostic purposes 15 so minute
1n comparison 1o the amount which can produce detectible
increases in the mutation rate or mjury to any types of bofly
cells, that you should not hesitate to have necessary X-ray pic-
tures, Extended exposures over a period of time, however, are 2
dtfferent thing and may have marked effects

Rediation and Chr Changes

ffects on the chromosomes
& mutations which may be
n off of chromo-

_ High-energy radiation has e
within the cells in addition to the
produced. Sometimes picces may be broke
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somes; sometimes the chromosomes stick together in diversion
and give odd numbers 1o the cell; sometimes groups of genes
are changed from one chromosome to another. These changes
may have very pronounced effects, An embryo which is
formed from reproducuve cells that have been so changed
may show deformities In many cases, these will be so extreme
as 1o result in early death and abortion before a normal term
of development. At other times the embryo may survive, but
will show abnormalities, and, 1n still other cases, there may
be no noticeable effect the first generation, but abnormalities
will come out 1o the second generation,

The sterility which follows extended exposure of the repro-
ductive glands to high-energy radiation results to a great
extent from the changes in the chromosomes. When these
changes occur in the cells of the reproductive glands they may
be of such an extreme nature that the cells cannot produce
normal eggs or sperms and sterility results. The sperms and
eggs which are already formed will not be destroyed by such
changes, but the embryos which they produce may die in 2
very eatly stage as a result of these changes. In both cases
sterility 15 the end result.

The stertlity which 1s induced may be temporary provided
the radiation received does not greatly excecd the minimum
amooent requised to induce sterility. A man who becomes
sterile because of excessive exposure to such radiation may
regan hus fertllity after several years. Some of the cells of
the testes which are not active may survive the radiation which
senders the more active cells impotent. Only about 2501 units
are required to produce this temporary sterility. Because of
its temporary action, X rays were once used on a Hmited scalé
as 2 means of bisth control. To a young couple struggling 10
get started in life, such a plan may sound attractive~the hus-
band takes the prescribed treatment and the stork does ot
flap his wings in their direction for several years. Unfortt
nately, however, when the stork finally does drop his litde
bundle, it may contain a malformed infant as a result of the
chromosomal aberrations which were induced. Another facto?
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makes the picture darker for the future. The gene mutations
produced by the X rays will most likely not show any effect
on the child which is produced, but they will be carmed in
the recessive state and appear in future generations.

Other Agents Which Cause Mutations

Radium is a material which constantly gives off radiations
of the high-energy type like X rays. It would be expected,
therefore, that they would cause mutations and chromosome
changes like X rays. Experiments indicate that this is true.
Of course, X rays yield a greater dosage of r units withmn a
given time than radium, but by exposing tissue to radium a
longer time the same number of r umts can be accumulated.
Because radium can be placed in close proximity to cancer
cells, it is generally used more extensively than X rays to
treat cancer. In actual practice it is customary to us¢ the
gastous emanation from radium rather than the radwm itself
for such treatments. Radium 1s extremely expensive and ::f)uld
be easily lost if used on cancer patients. The gas from radium,

owever, gives off the same radiation and the radmm itself
can be protected. The amount of radiation from the gas, how-
cver, diminishes rather rapidly and it is necessary to have
accurate knowledge of the age of the emanation 1n order to
estimate its activity. .

Ultraviolet rays have been found to induce mutations in
Some of the small organisms, such as bactena and molds,
but these rays cannot penetrate tissue like X rays of radium
Tays; consequently they cannot reach the reproductive cells
of large animals lIike a human being.

Atomic fission and fusion produce large quantities of hlght'_
energy radiation, It 1s very important that we hnow the effects o
such radiation because of its significance in a possible atomic
war, Studies made by geneticists at the site of atomic bomb ex-
plosions show that the radiation released produces mutations
and chromosome changes much like those produced by )g rl:‘:]ys

Many chemicals have been tested to determine if they
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could cause mutations and a few have been found which are
effective. These include mustard gas, nitrogen mustard, ethyl
urethane, phenol, and even the well-known laboratory pre-
servative, formaldehyde. These studies have been made mostly
on expenimental animals and tn many cases the reproductive
glands have been removed from the body and immersed in
the chemical and then transplanted back into the animal
which is then allowed to reproduce. It is interesting to note
that a number of other chemicals which are known to induce
cancer in expertmental animals also produce mutations when
tested in this manner. These include methycholanthrene and
dibenzanthracene. This would support the theory that muta-
tions may play a part 1n the development of cancer.

Of all the agents which have been discovered, radiations
of high energy seem to be the only things to which human
beings might be exposed in sufficient quantities to cause any
sigmficant increase in mutation rate. There is a possible danger
in these, however, as will be bronght out in the next chaptef.



CHAPTER 20

OUR ATOMIC HERITAGE

We have witnessed the dawn of a new age—the age of atomic
encrgy. For many years man has dreamed of what could be
done if we could find some way to release the tremendous
energy bound up within the atom. We knew the energy was
there.” Einstein even predicted the exact amount of energy
which would result with the anmihilation of mass by hus famous
equation: e=mc? This simply means that the energy will
equal the weight of the mass annilulated times the velocity of
light squared, We need no longer dream and speculate—~control
of atomic energy is an accomplished fact today. Submarnnes
and surface vessels are now traveling the waters of the world
powered by atomic engines. Atomic energy generang plants
are furnishing electrical power. We will possibly soon be using
mulk made safe by radiation rather than pasteurizaos. The
home freezer may become obsolete as food preservation by
radiation becomes more widespread There seeris 10 be No c'nd
10 the many applications of the powerful atomte energy which
man now controls for his own uses.

This is not an unmixed blessing, however. To our des.cer‘ld-
ants we have bequeathed a discovery which can revolutionize
all concepts of power and bring great blessings for future
gencrations. At the same time we have created one of the
greatest problems which has ever faced {xxankmd We have
Provided man with agents which can bring about his ogv;x
destruction, Never before in history has man been faced wit
such grave responsibility. He must learn to understand am:’ ,“f;
this great force wisely or join the dinosaurs, the dgdo fltrh’
and the passenger pigeon as one of the extinet spcmelsh it;x c;
earth, Every person hving today should know something

a3
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the dangers which can arise from atomic radiation and do
what he can to see that our discoveries become a blessing
rather than a curse to our descendants.

The Beginning of the Atomic Age

The atomic age 1s in its infancy so far as ages go. We
¢ can probably set its beginning at December 2, 1942. It was on
this fateful date that a group of scientists gathered in a room
at the University of Chicago and witnessed the first production
of fire and light which man had created from atomic energy.
At last man had released the bound energy of the atom. Of
course, there were many years of patient work by many scien-
tists which paved the way for this great climax, but this was
the culmination—the atom had been split and its energy
hamnessed.

It was only three years later, on July 16, 1944, that 2
group of carefully selected scientists watched the first demon-
stration of the release of atomic energy on a major scale. At
the White Sands Proving Ground in New Mexico, in a chill,
pre-dawn darkness, miles from the site of the detonation,
these men saw a blinding flash~a flash a thousand times
brighter than sunlight This Jight could be viewed safely only
through very dark glasses. The flash was followed by a rising
ball of fire and a cloud of dust, then smoke that mushroomed
thousands of feet into the air, So intense was the heat gen-
erated that the 100-foot stecl tower upon which the bomb
had rested was vaporized and scattered like dust, The sand
around the blast was melted and fused into a mile-wide saucet-
But the energy was not spent—the radioactive particles which
were generated rose into the upper atmosphere and were
spread over a wide arca. A rainstorm 1,500 miles away
brought some of the particles to earth and fogged photagraphic
fitm packed in cardboard made from straw which was washed
by this rain.

This explosion was kept secret—we were in a war fof
survival and now we had a weapon of woelul potentialities-
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}Ieh:,;::sit;(gf ll?lr'lg, however, before the world knew about it.
st atom bo lrlfshlma, Tapan, was the chosen target for the
satme Tt mb. There was the same blinding flash and the
formed intooox:mg'dm'ld—and this city was suddenly trans-
Much of th a burning inferno which killed 160,000 people.
inbabitants Ehcny has been rebuilt today and most of the
sickgess andw t§ su.rvwed.have recovered from the radiation
may well other immediate physical effects of the blast. We
eflorts whi ; concerned, however, about the possible future
released m‘cs might come about as a result of the radiation
War on & mu_ch an explosion, Even if man survives an atomic
actommai ajor scale, can the buman race be doomed by the
Con we ion of harmful mutations and chromosome changes?
the aen set into effect a chain of reactions which will cause
evengde;etm“ons yet unborn to have their lives marred, or
of this rzyeq, by our folly” Let us try to evaluate the effects
we radiation in terms of future generations and see it
can answer these vital questions.

When an dtom Splits

ﬁssiownhat happens when an atom is split? We speak of atomic
dan, , the great power releflsed from atomic fission, and the
we Ehemus radiation emanating from atomic fission—perhaps,
b ad better find out just what happens when the atom
reaks apart.
Before we can understand wha
;l:hts. however, we need to know something about its nature
fore it splits. Without going into the many highly technical
Physical theories which would be ou of place in this book,
We can pet an elementary concept of the generally accepted
plan of organization. An atom consists of a relatively dense
Duclens, around which are tevolving tiny electrons at a very
high rate of speed. The ‘nucleus of the atom of any particular
clement contains 2 certain number of particles, known as
Protons, which have 2 positive electrical charge. The electrons
whiling around the pucleus are negative in charge and in

t happens when an atom
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the normal atom positive and negative charges are balanced.
For instance, carbon has six protons in its nucleus and six
electrons revolving around it. In addition, the nucleus of an
atom may contain neutrons which are neither positive or nega-
tive; they are neutral. Hence, they add weight to the atom
without changing is charge. A normal atom of carbon has
six neutrons in its nucleus as well as six protons. These are all
held together by tremendous bound energy.

Uranium, which is the element that serves as the basis for
most atomic fission has a very heavy atom. It has 92 electrons,
92 protons, and 146 neutrons, This is the stable uranium,
atom U™ but mixed in with the stable atoms will be some
unstable atoms which have only 143 neutrons. This is the
well-known U™, which 15 radioactive and can be split with
our modern techmque For an atomic bomb we must first
separate these rare U** atoms from the many uranium U™
atoms.

When the U* atoms are brought together in the proper
mass, some begin splitting, as particles from these atoms strike
others, they too, begin splitting and the so-called chain reac-
tion fias started. All this fission takes place in time measured
In terms of millionths of a second. As each atom splits, the
particles composing 1t fly out at very high speeds. The positive
and negative particles (alpha and beta particles) do little
damage because they are easily stopped by the skin or clothing
of a person if they are not stopped by something else first. A
sheet of paper will stop most of them. The free neutrons,
however, are dangerous because they are very penetrating.
A neatron i stopped only when it has a head-on collision
with the nucleus of another atom and this can cause a marked
change in the atom which is hit. Also, the bound energy of
an atom 1 released when it is split, A part of the mass of
the atom 15 transformed into energy in accordance with
Einstein’s famous equation, This is the source of the brilfiant
light and the searing heat which is given off at the time of
an atomic bomb explosion, The heat accounts for much of
the damage done by the bomb. Some of the energy is liberated



Our ATtoMiC HERITAGE 237

in the form of gamma rays which are in the nature of very
high-energy X rays. In a very simplified form, then, this is
what happens when the atom is split. The heat rays, the gamma
1ays, and the neutrons are the products of this fission which
can cause the greatest damage.

When Atoms Fuse

Atom fusion as well as atom fission can cause a release
of great energy. The super-powerful hydrogen bomb depends
upon the fusion of atoms of hydrogen rather than the spliting
of the atoms of uranium, although 1t is g 1k d that
a small atom bomb is used as a sort of tngger to generate
sufficient heat to cause the hydrogen fusion. How can we get
energy from fusion as well as fission? The main point to
remember is that the energy 1s released when mass is anm~
hilated. In the hydrogen bomb, the atoms of hydrogen fuse
and form atoms of helum But the helum weighs very slightly
less than the hydrogen which forms it. This small loss of
matter is transformed into the powerful energy given off as
the fusion takes place.

Radigtion Damage from Nuclear Weapons

It is easy to underestimate the damage done by the high-
energy radiation generated at the time of the explosion of 2
nuclear weapon, be it atomic fission or fuston. We cannot sce
this kind of radiation, we cannot feel it, and 1ts effects may
be delayed for hours, days, years, or even centuries, On the
other hand, the force of the explosion is spectacular. 'lthe
brlhant flash of light, the seanng heat, and the explosive
movement of air do their damage within fractions of a second.
People who may be i the central area of the blast may be
“burned to a crisp” or literally blown to pieces by these agents.
Houses and buildings are reduced to twisted, burning wreck-
age, trees are denuded of foliage, and the c:{rth laid barren—
all before the mushrooming cloud even begins to form.

Those who are outside of this area of total destruction
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may feel fortunate at first that they were spared, but they may
have received heavy doses of radiation which will have serious
effects. Within a short time they may feel as if they have gotten
a sunburn all the way through the body. The skin will redden
and become ulcerated because of damage done to proliferating
cells, and the same may happen to the mner lining of the
mouth, stomach, and intestines. Nausea is one of the symptoms
of this type nternal damage. The blood-forming tissues in the
bones may be injured and an anemia will result because of
the deficiency of red blood cells which follows within a few
days. Small mtetnal hemorrhages may take place; ruptured
blood vessels of the skin may show as red splotches. This is
associated with the lowered clotting time of the blood due 10
the destruction of the blood platelets, small cells which jnitiate
blood clotting. Still another effect will be a Jowering of the
fesistance of the body to invading disease germs. The white
blood eells are guardians of the body and they destroy disease
germs which get into the system, The combination of these
effects can lead to death in the days that follow the exposure.
’I.‘hosc who survive the museries of these early effects of radia-
tion can look forward to such conditions as bone cancer,
thyroid degeneration, cataract of the eye, loss of hair, and
sterlity, as possible delayed effects. All of this is not a pretty
picture, yet tragic as it is, it is quite possible that the damage
1o f“‘“fe generations may exceed that done to the present.

Tt is this damage to future generations which is our
primary concem 1 this book, for these are the effects which
are passed on through heredity. Too often this phase of atom
bomb damage is given little attention in discussions of atomic
explosions. Many of the damages to a person are reversible
in nature. The skin will lose its redness in time, the anemid
will disappear, the white blood cell count will return to nomzzh
fertility may return, hair will grow back, and we may sa¥
the person has recovered from the damage, But there is 20
recovery from the damage done 1o the genes through mutation
or the chromosomes through breakages. These arc irreversible
changes which reproduce themselves with every cell divisios.



Our Aromic HERITAGE 239

A Time Bomb for Qur Descendants

If some dx_aboliCal genius were to devise a clever time
bomb and set it under one of our large cities with the mech-
anism set to go off within two hundred years so that it would
kx{l many of the inhabitants of the city at that time, we would
think him the most loathsome form of humanty mn existence.
Yet, it s possible that we are preparing a time bomb for our
descendants which can go off far in the future and do far more
damage than 2 bomb placed under a large city. There are
some who estimate that the future deformities and deaths
which will come about because of the jrreversible changes of
the genes and the chromosomes, due to raduation from man-
made weapons, will exceed such damage as may be caused
10 the people exposed to the explosion of the nuclear weapons
themselves. In effect, this would be as serious as a time bomb
ey:;n though its effects might be spread out for several hundred

rs.

.There is much popular musinformation about the nature
of inherited damage resulting from radiation. Some people
expected the great majority of the descendants of persons who
had been exposed to be monstrosities with legs growing from
the tops of their heads, with eyes bulgmg from their sockets,
of other such odd freaks of human anatomy. When children
began to be born to the survivors of the explosions 1 Japan
:'md there was no widespread ncidence of such monstrosities,
it was then thought that this proved that there was no serious
l}“editary effects. Even some persons with authority have
indicated that effects on heredity were not serious. This is a
dangerous assumption which could lead 1o widespread damage
{0 future generations through necdless exposure to radiation
in peacetime as well as wartime.

There will be a few abnormal
Parents who have received sather heavy radiation. This is due
mainly to damage to the chromosomes, but the number will be
small because most of such damage 15 sO severe as to disable
the reproductive cell affected and prevent it from functioning

lities among the children of
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at aff. Some of those which do function will result in defective
embryos which will die soon after conception and never be
born as living children. Many of the people who receive lesser
dosages, however, may have mutations induced without inter-
fering with the functions of the reproductive cells in which
the mutations occur. Most of these mutations will be recessive
in nature and may not show until many generations later—
when they meet other genes like themselves. Also, most of
these mutations, even when they are expressed, produce
changes which are so minute in their effects on the physical
appearance of a person that they could not be detected by
observation.

Then why, you might say, should we worry about them?
How are such minute changes o bring about such destruction
as we have been discussing? The fact that these effects are
munute does not mean that they are unimportant, They may
cause such changes as a lowered vitality, greater susceptibility
to disease, shortened life span, lowered fertility, depressed
energy reserve, and other such hard-to-measure physiological
alterations Any one or a few of these would not greatly harm
any individual, but it is the accumulation of them that counts.
If the people of a nation are exposed to considerable radia-
tion~it could be spread out over several generations~-in the
caurse of time there could be so many such mutations that
many of the descendants could not lead a normal life as we
Know 1t because of the efiects of 50 many of these mutations.

Of course, there will be some mutations that will be domi-
nant and will show in the first generation; others that will be
recessive would have a very striking effect when they are

g d in later {ons, but these minute changes are
the most dangerous 1n the fong run because they are so much
more {requent,

Radiouctive Prodycts of Nuclear Weapons

In our discussion we have been speaking only of the
radiation which is given off at the instant of a bomb explosion-
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Plate XVIL Some interesting mutations which have occurred in
the mouse. From left to right and top to bottom these are,
short ear, waved fur, belted body, kinky tail, harless body, and

ittery nervous systemn.
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Courtesy Michoel Bendce Johns Hophins Universie

EL‘“E XIX Damage to human chromosome resulting from radia-
b 7. The arrow shows a break in a chromosome of a cell which had

€N treated with S0 ¢ units of X rays Oser 20 per cent of the cells
treated with this dosage showed such breakage,
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Phie XX1, An atomic bomb explosion at Bikini The explosion
of nuclear weapons such as this one hiberates large amounts of
fadioactive matenals which are spread widely. The possible
fomsequences of such elevation of the radioactvity of the earth
o1 furure generations is a matter of grave concern to many who
Are studying the problem.
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Plate XXIlib Idiocy 10 a boy
which appears to result from the
sctioms of a sexlinked recessive
gene Some mherited mental dis-
orders are traceable to deflections
from normal of a single gene as in
this case, but in the majority of
cases there seems to be a number of
wenes involved
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Unfortunately, this is not the end of the radiation When the
free Deutrons are released by atomic fission they may strike the
nuclei of other atoms and lodge there. By thus adding to the
mass of the new atom they may create an unstable condstion
which makes the atom radioactive. Carbon, as we have already
mentioned, normally has six protons and six neutrons In 1ts
nucleus. This is the commeon carbon (C**) which 1s stable. If
two more neutrons are added to the nucleus, however, we
have the unstable, radioactive C** We call thus a radioactive
isotope of carbon. In the same way other elements may be
made radtoactive by neutron bombardment

Just what do we mean when we say an clement is radio-
active? It simply means that the nucleus is 1n an unstable state
and may give off neutrons until 1t reaches stability, A mass
of radioactive carbon will give off neutrons which can be
Just as damaging m their effects as the neutrons from the
fission of uranium. A Geiger counter held near such carbon
will reveal its radioactivity. The release of these neutrons is
comparatively slow, however, and greatly spread out 1n space.
It wll take about 5,600 years for one-half of the carbon to
lose the extra neutrons and become the stable C*. In another
5,600 years one-half of the remaung C* wll become C*
and 50 on,

When an atomic bomb 1s exploded man
substances are made radioactive. The dust in
1ises from the site of the explosion 18 intensely racoactive, as
has been shown by remote-controlled aurplanes which have
flown through it. As this dust settles over the countryside it
can create a hazard entirely apart from the damage done at
the time of the bomb exploston. Atom bomb tests On the Yucca
Flats of Nevada are made only when the conditions of qu
and atmosphere are such that the radioactne products will
be carried high in the air and become widely scattered before

they settle to the earth. The radioactive “fall-out” from the
hydrogen bomb appears to be even more dangerous. With its
greater explosive force it seems to create 2 greater amount of
radioactive ash which tends 0 settle more readily than the

y of the exposed
the cloud which
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finer dust particles of the atomic bomb. The Japanese fisher-
men who were showered with a “fall-owt” from a hydrogen
bomb test m the Pacific suffesed serious effects, and one of
them died even though they were two hundred miles from the
site of the explosion,

This 1s a dangerous phase of radiation which is frequently
1ot understood. Even after a nuclear weapon has exploded
and done its imual damage, its threatening radioactive prod-
ucts may remam. A person who escapes the explosion r.jou]d
absorb enough radiation to cause his death by unknowingly
exposing humself to this radiation. It has been estumated that
one hydrogen bomb exploded over a land area could make
7,000 square mules dangerously radioactive. And this is not
all~these bombs can be made more dangerous by coating
theg'n with materials such as cobalt, which are made radio-

allow the prevaling winds to carry these radioactive materials
OVer an enemy naton and achieve preater destruction than
would be wronght by the imual blast.

CanWe Poisop e Earth?

There 15 g 8rowing concern among many of the world's
eminent seientists that e may cause significant eleva('lon of
the natura radiation of the earth by continued testing of
nuclear weapons, gvep though they are never nsed for waf,
In the explosion of a nuclear weapon much of the radioactive
matenal musheooms high 1 the air and may be carried over
all parts of the eanth by a layer of air between the lmpcﬁphcm
and the stratosphere. It setgles gradually and s so dissipated
in this way that y 1 commonly assumed that it has fost its
danger, But it is stit fadioactive; we do not do away with the
radioactviy by spreading 1t oyer a great aren. Each bomb
exploded adds just that much to the natural radioactive ma-
terials which are already a part of the carth, Some say that this
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l’;a’t"g’ a big planet that we need mot worry about this—
i e average person has received no more radiation from
: the nuclear explosions set off so far than he would get
from a chest X ray. But there must be 2 limit somewhere—
E it at the level of thousands, hundreds of thousands, or mil-
ons of bombs? The great British physiologist, E D Adrian,
53ys that man cannot stand more than a few thousand large
aloml.c 'eprosions, whether they it or miss. The American
geneticist, A, H. Sturtevant, says that the last H-bomb test
alone produced more than 70 mutations 1n the people of the
world and these can result in defectives in future generations
Tests of radioactwvity at various patts of the earth far from

l}:\e §lle of nuclear weapon tests show 2 threefold eleva-
tion }n_ra_diation in some places. The total 1s still very minute,
but if it is built up by continued explosions, whether in war
ot peace, it can reach a dangerous level m tune. It could even
g0t 50 high that the number of mutations produced in man
would exceed the number which could be eliminated by the
Teproductive mechanism which preserves the species Eventual
extinction of human hife would result. This 1 the reason why
we say that man has at his disposal agents which can bring
about his own destruction, He must recognize their danger
and Iimit their use or face the hornible and fatal alternatves.
Perhaps, as the full sigmficance of the power and the
danger of nuclear weapons becomes evident, we will have 2
great incentive for the peaceful seftlement of man's differences
with his fellowman. Perhaps, by the very existence of the most
destructive weapon which man has ever created we may see
the end of the destruction of war Our great danger lies in
ences of atomic warfare by those
in posstion to set off another global struggle.

Peacetime Uses of Atomic Radiation

In spite of all the hornble consequences which could result
from the bungling misuse of the radiation of atomic fission,
there is a bright side to the picture. There ase many valuable
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scientific appheations of this radution for the extension of
man’s knowledge and the benefit of humanity. The isotopes of
elements made radoactive by neatron bombardment are par-
ticutarly valuable There 15 radsoactive iodine, for instance,
which may be used treating cancer of the thyroid gland,
High-energy raduation 55 very destructive to cancer tissue, but
the problem comes 1n applying the radsation to the cancerous
area without undue exposure of surrounding tissue. This has
always been difficult m the case of wternal organs, but radio-

the thyroid gland A person suffering from cancer of the
thyroid may be given a radsoactve todine “cocktail” which

radiation. This tends to destroy the cancer cells.

A simijar “cocktag® may be prepared for other body
afflictions Some persons have an overactive red bone marrow
which produces ap abuormally Jarge number of red blood
cells, and the blood gets so thick that it cannot circulate
properly. Regular bleeding wilf keep the count down, but this
also wkes away blood protems anid mineral salts which the
body needs However, since bones absorb the greater propor
uon of the phosphorus which 15 taken into the body, admin-
xs}ermg the racioactive ssotope of phosphorus n a manner
Silar 10 that wsed for the rodine makes it possible t
concentrate the radition in the bones and so to destroy
some of the excessive red blood cell-producing tissue. This
brings the red blood celi count down.

Radioacuve isotopes are helping us greatly to undcrs:apd
the ubilization of minerals by plants and animals, Radioactive
faptogen can be placed 1 the soil and its utilization by plants
followed accurately by means of the instruments which can
detect radioactivaty, Experimental animals can be fed on food
which wncludes a radioactive minceral and the course of this
mineral in the body can be followed,
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Radioactive by-products of atomic fisston can be used to
produce mutations in domestic animals and cultivated plants.
As we have pointed out, most mutations are harmful to the
individual who expresses them, but a few wil be beneficial.
In experimental forms of life we can discard all those which
we do not wish to use and breed those which are desirable.
Also, there may be some changes which are not beneficial to
the plant or animal involved, but which may be beneficial to
man. A mutation which caused an apple tree to produce larger
frut might actually be harmful to the tree since the htmbs
would be more likely to break under the added weight, but
it would be desirable so far as man is concerned

‘Much that is good can come from our control of atomic
fission, “There is nothing either good or evil in the energy of
the atom—it is man's use of this energy that determines what
its effects will be.



CHAPTER 21

NATURE AND NURTURE

Which 15 more impor heredity or envi 7 This
question 15 frequently asked, but it is a “loaded” question.
It assumes that one ot the other must be more jmportant,
but, as the song says, this “ain't necessarily so” It is like
asking, “Which & more mportant to make your automaobile
tun—the motor or the gasoline?” Take away either and your
car dues not tun; it takes the combined effect of both, Who
¢an say that one 15 more important than the ather? The motor
Tepresents potential power; the gasoline furnishes energy 10
make this potential power function, Likewise, genes sepresent
potentialities, but withoutr the energy brought in from the
environment there can be no realization of function. Genes
cannot work in a vacuum and their expression is usually
dittoned by the envi w which they operate.

freclles~—Genes or the Sun?

“Is this characteristic duc to heredity or eavironment?”
This is one of the most common questions which confronts
a genetic counselor when he iz called upon for advice by
those considering marmage., Such a question can be mort
than just idle cariosity. A man may bear some disfiguring
sbnormiality and is greatly concerned lest he pass this ab-
normality on 10 his children. Rut this js another “Joaded
question. Few characteristics can be said to be duc to heredity
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or environment—most are due to heredity and environment,
F?r Instance, suppose you have a child whose face is covered
with those irregular sploiches of pigment which we call
freckles. You remember that similar splotches graced your
own countenance during your childhood and you say that
your child inherited his freckles from you. Then, the next
tme you go to the beach you find a fastidious young lady who
Says that she canmot sit in the sun because 1t will cause her
skin to freckle. Who is right—you or the young lady” You
are both right. A domunant gene gives a person the poten-
tialities of developing freckles—these freckles become promi-
nent, however, only when the skin develops pigment m
response to light exposure.

Hot and Cold Rabbits

Since people do not like to serve as subjects for experi-
ments, let us turn to some experiments which have been made
With rabbits to show just how heredity and environment can
blend in the total expression of a charactenstic There is a
breed of rabbits, known as Himalayans, that have a caat
Pattern which is white over most of the body, but there 15
black fur on the legs, tai, ears, and nose Breeding exper-
ments show that ts pattern comes out when the rabbits
Teceive two recessive genes, one from each parent A clear-cut
case of heredity, it appears, but let us see what happens when
we alter the environment.

Supposing we take some naked, newborn rabbits from a
pure Himalayan stock and place them 1n an environment
where the temperature is less than 52° for a short ume. When
their skins are thoroughly chilled we return them to their
mother and they warm up As their hair grows out 1t wn.Ilvbc
black all over their bodies Somehow this temporary chilling
of the skin caused fur to be black which otherwise would
have been white., Other experiments show this cffect on smalier
body areas. We can pluck the hair from the back of a mature
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Himalayan rabbit and place an ice pack in this region, After
the skin 15 thoroughly chilled the ice pack is removed, but
when the hair grows out in thus region it will be black. Also,
we can pluck hair from the region of the leg where it is
normally black and apply a bandage to this placked region.
When the hair grows out it will be white because the bandage
held the body heat and kept the skin warmer than usual

Thus, 1t 15 evident that something other than genes is

Fig. 29. Enavi I alteration of gene expression in the
Himatayan rabbit, The normal Himalayan rabbit js shown at the
top, raised at a normal temperature, The one in the middie had
an jce pack applied to his back and developed a spot of biack
fur at this pomnt, The one at the bottom was kept in a refrigeratot
for @ time when 1t was new-born and became black all over.
All the rabbits camry the two recessive genes (hh) for the
' Humalayaa coat
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gz;ag:‘li :jﬂ Itlhl: production of this coat characteristic. It has
the fur whi ;1 at when the §kln temperature drops below 92°
Stayin 2 by Ch grows out will be black, while the areas which
Y, enre 8‘ ei{ temperature are white, This explamns the black
'le'JEmtu’r ﬂh s, and nose—~these extremities have a lower
expli th'e'! an the‘other areas of the body. One theory to
duce blag f fls that Himalayan rabbits have genes which pro-
produces ur, but they also have the recessive gene which
Pigment [tm inhibitor chemical which prevents the black
0 howeom fonpxgg. W}:enever the temperature drops below
the pigme ver, this inhibitor chemical becomes mactive and
i £ At is produced even though the drop m temperature
or only a brief period.

Mengolism in Man

the :;(I)z show how opinion may vacillate from one extreme to
b oo ir when the full picture of heredity and environment
Mo _ePt_n} mm.d, let us take the case of Mongohsm
out golian 1dwcy) in man, Statistics indicate that about one
M of every 1,000 births results 1 a child aflicted with
{aﬂugohsm. Such a child has certain abnormalities of the
(Ce' ,“’“g“e. eyelids, and body bwild which are charactenistic
o Ull§ condition The name Mongolism was chosen because
there §s often present a fold of the eyelid which gives the victim
2 Superficial to bers of the M lian race.
(I'.w‘d‘:mally, children of the Mongolan race may also have
this condition and look sumlar to those found in the Caucasian
face. The Mongolians think these abnormal children look like
Caucasiang and some have suggested that they might call
the condition Caucasiamsm). The trait is accompanied by a
Yery low mentality, and the birth of a child with Mongolism
2 major tragedy in any family.

ere was a time when it was thought that this condition
was brought about because of inheritance alone, it was even
Postulated that it was introduced into the Caucasian race by
Some mingling of Mongolian genes in the past. In time, how-
ever, it was found that the number of Mongoloids bomn to
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older mothers was much higher than was found among chil
dren of younger mothers. Women past forty years of age bore
between tharty and forty Mengolian idiots per thousand
children, as compared with about one per thousand as is
found 1 the average births of all mothers, When this infor-
mation was revealed, some people swung to the opposite
viewpoint, and the concept became prevalent that heredity
had nothing to do with the occurrence of Mongolism. It was
suggested that, with the increasmng age of the woman there
were probably some degenerative changes which caused the
production of defective eggs, or the defective nourishment
of the embryo, and these changes were the cause of Mongolism.
i The fallacy of accepting such a purely environmental
N, ation for Mongolism s iHustrated by this case. A
W“'omsn went to an army hospital to have her first child
fclivered while her husband was away on military service.
To her great sorrow 1t turned out to be a Mongoloid child.
When her husband returned they wvisited a physician and
asked him about the advisabality of their having more children,
On the basis of the environmental studies he had come to
accept the premise that heredity was not mvolved. He told
them to have no fear—that this birth was just one of those
fare events which will crop up in the best of famities and
since the woman was stll young, she need have no worrics
about future Mongoloid children, During her second preg-
nancy she was apprehensive, but was relieved when the child
artved as a normal baby, With tis encouragement they
decided to mcrease therr family The third baby was mlgm
to the mother twelve houss affer its birth and the hospital
record states, “The mother made the diagnosis~-Mongolism.
There have been too many cases of this nature for us 10
assume that they were due to chance—there must be some
other factoss involved. The work of Dr, C. P, Oliver while
at the Dight Tnstitute for Human Genctics at the University
of Minnesota indicates that when a woman bears a child who
is a Mongolo:d then there 1 about one chance in seven that
any succeeding chuld will also be Mongoloid.



NATURE AND NURTURE 251

du‘:[:;““‘ study of Mongoloids has revealed that these indivi-
23 ki ;V?- 47, instead of 46, chromosomes, one of the standard
eve d" hs of chromosomes is present 1n tryplicate 1t 15 now be-
dtio that this triploid condition causes Mongolism Thas con-
SOmen may arise if a reproductive cell carries 22 single chromo-
- s and a twenty-thurd m duplicate, upon fernlization by a
rmal gamete, a 47-chromosome complex results
; g‘e increase in the mcidence of Mongolism with the inerease
n the age of the mother indicates that the extra chromosome is
};robably present 1n the egg, and that there may be more Tikeli-
EQOd of abnormal separation of chromosomes 11 older womern
gg-forming cells are laid down in the ovary before birth, but
they do not undergo the final two divisions unti the time of
OVuI’am,n. As they age, 1t is passible that they develop a “sticki-
Tess™ which prevents them from separating property This tend-
cacy toward increased “stickiness” may be hereditary, as ex-
Periments have shown that chromosome aberrations 3re moTe
ftequent in certain strams of animals than in others.

What Twins Tell Us

Statistics show that about one out of every eghty-five
Pregnancies terminates with the birth of twins. ‘Thus, they
dre 2 fairly common OCcurrence yet a pair of twins always
excites interest wherever they a1e SCeD. Peaple never cease
0 marvel at the vivid demonstration of th,a influence of
heredity manifested by a pair of \dentical twins. “They are
as alike as two peas in 2 pod” 15 @ comon expression that is
heard. On other occastons, BOWEVETs they ma’rvel at the dif-
ferences which may be shown by fraternal twins and wonder
why some twins can be so alike and other sets so differcnt.
Both types of twins consist of two individuals born at the
same time, but the jdentical twins come from a single re{nhzcd
egg and, therefore, have jdentical genes. Fmte'mal twins, on
the othe hand, onginate from two scparale fertilized eggs and
are no more alike from the standpoint of their genes than
brothers or sisters born at different times.
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Besides being an intriguing curiosity, however, human
twins offer us the best possible means of solving the riddle
of heredity and environment, In identical twins, all of their
genes are identical, so any differences between them must
certainly be caused by the differences in their environment.
In fraternal twins some of the genes will be different, so
the twins will show some differences due to heredity as well
as environment Identical twins are always of the same sex,
have the same blood types, hair and eyes of the same color,
and the same type of hair growth, while the fraternal twins
may differ from one another in all of these characteristics.
Thls. shows us that characteristics of this nature result pri-
marily from gene action and are little influenced by the
environment. Other characteristics, such as body height and
weight, show some degree of variation among identical twins,
thus indicating that environment has some effect. When the
variations in height and weight between identical twins ar
compared with these variations between fraternal twins of
the same sex, however, we find a greater degree of variation
among the fraternal twins. This indicates that heredity also
plays a part in these characteristics, In such comparisons
we must always use only fraternal twins of the same seX
for sex itself may cause extensive differcnces both in gene
expression ‘and in the environment affecting gene expression-

Extensive studies of large numbers of twins of both types
have made it possible for us to determine the relative part
played by heredity and environment in several human char-
acteristics, This is often expressed in terms of concordance
which is the percentage of agreement between the twins, '{0
show how this is used, suppose we decided to determine if
heredity had anything to do with a man becoming a successfil
surgeon. From a survey we find 50 surgeons who have iden-
tical twin brothers. Questioning these men, we find that 40
of the twin brothers are also surgeons—this is a concordance
of 80 per cent. This figure docs not mean much by itself
because it is quite natural that parents would encourage both
of their twin sons to go into the same profession and we have
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no proof that genes are involved. Let us carry our study
further, however, and suppose we find 50 other surgeons
who have fraternal twin brothers, but only 30 of the brothers
are also surgeons. This is & concordance of only 60 per cent,
A comparison of the concordance 1n the two groups indicates
}hal genes must have some small degree of nfluence on an
individual’s success as a surgeon,

Identical Twins Reared Apart

Can you imagme how you would feel if you suddenly
learned that there was another person on the earth exactly
like you with respect to heredity—how you would feel if you
had the opportunity to meet this person~to look into his or
her face with the strange feelmg that you were looking into
a mirror? Such an event took place some time ago at the
University of Chicago. Dr H. H, Newman found a case where
identical twin girls, named Gladys and Helen, had been bom
in Ohic. The tragic death of their parents caused them to
be separated at eighteen months of age when they were
adopted by different foster parents Gladys was taken to a
medium-s;zed town 1n Ontario, Canada, where she was reared,
She left school after finishing the second grade and remained
at home doing housework for her foster father, who was in
poor health. At seventeen, she obtained employment in a
knitling mil], and two years later moved to Detroit and took
a job as a saleswoman. She held this job only a short time
and then took a position in a small printing establishment.

Helen had a more fortunate environment. Her foster
parents lived in a rural area in southern Michigan. They
were prosperous enough to send l"Xe]cn to a good College after
she finished high school. Folloy g she ob d
a teaching position in @ large city. Here we have an excellent
case for a study of the influence of environment, for the two
girls had identical genes, yet were raised in considerably
different environments.
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The twin sisters were brought together when they were
thirty-five years old. The physical traits of the two wese found
to be very similar Helen was slightly more than one inch taller
than her swter, but their weights were almost exactly 'UZ'-‘
same. The facual features, body build, and other physical
characterstics were so much alike that ene twin could easdy
be mistaken for the other, The greatest differences showed io
Petsonality and mtefligence. Helen had & distinct charm aud
grace, and was an interesting and animated conversationalist;
Gladys scemed 111 at ense and diffident, and Jacked the other
atiractve personality trats of her sister. Ou intelligence tests
Helen scored twenty-four pomnts hugher than Gladys. No
greater argument for the vatue of education and social contacs
could be made thap a survey of the contrast between these
oo B8 who staried thex Tives with the same poteatials
of development.

Extensive stugies of these and other identical twins whe
have been reared apas give us some very definite informafios
on the place of heredity and environment in the development
of the wdividual, Table VI 15 g summary of some of &
findings of these Studies From this table it is apparest tht
Mentical twins reareq apart are more alike, on the aversgh
than fraternat twins reared together, "

One fact which stands out m the studies is that ¢
so-called “sdentigaf™, twins are never exactly identical }‘S\'m
though they are reared together, it §s evident that eavirt
mental differences a0 cause slight differences between ther
Some of these differences may even be prenatal. At birth 0
bR 15 T2y always poge robust than the ofber, perhiPt
because a more favorabfe position in the uterus has eaabl
it (0 abtaig 5 better foog supply ac to have more roos ¥
oxereise Such a prenatag advantage may be sufficient 10 52
us effect on subseqyeny Pphysical deveiopment. Ther
birch, in the strygyrg gor sell-expression, one twin may £

the advantage ang develop 2 somewhat different pcrsumhf)
as a result,
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TABLE VI
EFFECTS OF HEREDITY AND ENVIRONMENT

AS SHOWN BY TWIN STUDIES

Character

Height (Difference
in cm,)

ngght (Difference
bs.)

Head length (Differ-
€nce in mm.)
Total finger ridges
Age of first menstru-
ation in girls
(Dxt§erence in

mo,
L. Q Bunet (Differ-
ence in Points)
Criminal record
Copcnrdance
ifference in per
cent)

Identical Fraternal

Twins

17
4.1
29

59

2.8
5.9

32.0

Twins

44
10.0

6.2
223

120
9.9

72.0

Criminality—Inborn or Induced?

Same-
sexed

255

brothers Identical
or sisters  Twins

(not
twins)

4.5
10.4

12.9
9.8

reared
apart

8.2

Criminality i ired trait
Criminality is commonly thought of as an acquired tra
brought nbou{ by pathological social conditions, yet twin
studies indicate that this trait may be influcnced to some
Five different surveys have been made

degree by heredity.
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during the past twenty years, each by a different person, on
the possible hereditary mfluence m cruminality. Each investi-
gator concluded, from the results of his survey of twins, that
there 1s a greater likelhood of criminal careers for both
members of a pair of wdentical twins, than for both members
of a pair of fraternal twins of the same sex. One study found
37 cases i the United States where at least one member of
a pair of identical twins had been convicted of 2 major crime.
In 25 of these cases the other twin had also been convicted
of a mayor crime. In other words, there was about a 68 per
cent concordance The same study cluded 28 cases where
at least one member of a parr of fraternal twins of the same
sex had been convicted of such a crime. In only five of these
cases, however, had the other twin been convicted of a major
enme This 15 a concordance of only about 18 per cent. These
results strongly support the idea that heredity plays a part
m crumnality.

Studies 1 Germany support the same conclusion, Of 66
paws of sdentical twins of which one member had been con-
victed of a crume, there were 45 cases 1 which the other
member of the pan had also been convicted. From 84 paus
of fraternal twins of the same sex, there were 32 cases where
both twins had been convicted Thss gives a concordance of
68 and 38 respectively, figures wn close agresment with the
results of the study 1 the United States. In analyzing these
sesults we should heep wm mind the fact that similar heredity
can play a considerable part i the concordance of fraternal
twins, because w such twins about one-half of their genes are
wentical If  were possible to study non-rclated persons
of the same age and the same sex who were raised by the
same parent, we mught find that the concordance would be
fowner than with fraternal twins. There are very few such
cases to be found, however.

These studies do not by any means minimize the impor-
tance of env in the production of criminals. They
do strongly supgest that there are inherited differences whigh
would Jead one person mto a life of crime under certain sociat
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conditions, while another person under the same circumstances
would not be influenced.

From all the many objective studies of heredity and
environment we can conclude that the fertized human egg
tepresents only a potential human bemg. Withm this small
SPhgre are all of the genes which are necessary to produce
an intricate human body. Without the proper environment,
h"}“’-"er, these genes are helpless—they cannot build without
building materials. The qualty of the building matertals and
the working conditions under which the genes operate 1s gomg
to play a large part in the final product. It 15 impossible to
separate nature and nurture.

Fig. 30. Human charactenstics, {abutated as to the relative
influence of heredity and envifonment, £al) into a bell-shaped curve
as dlustrated, A few, represented by the left side of the curve,
come mainly from heredity and are little nfluenced b?' cnvm:lz’x-
ment, A few others, represented DY the sight-hand side 0if the
Curve, are due mamly 10 environment with httle u}ﬁucngc of [he
genes The great majority, HOWever, Yie 1 the main body of the
bell where there 1s a strong 10fluence of both heredity a}m? environ-
ment in the final expression of the characteristic.



CHAPTER 22

HEREDITY AND DISEASE

Can dusease be mherted? Ths question is frequently asked,
but ke so many other questions on heredity it cannot be
answered by a simple yes or no. The word, disease, is a very
broad term and covers so many different kinds of condm?m
that we must be specific as to what disease we are tatking
about before we can even attemnpt to answer the guestion.
Almost any departure from normality of any part of the body,
or of the bordy as 2 whole, can be designated as a discase.
There are many different conditions which can cause such
departu ., and the role of heredity depends upon the cause.
Germ diseases are caused by tmy microorganisms which
invade the body—deficiency diseases result from an undet-
supply of some vital food sub docrine diseases are
caused by an umbalance of the hormones~allergic diseases
are caused by hypersensitivity to some environmentﬂ} 5‘}&*
stance—organic discases are caused by abnormal functioning
of body orpans—mental discases ate caused by some derange-
ment 1n the pathways of nerve mmpulses or by defects of the
organs of the nervous system atsef We shall survey these
different kands of diseases and attempt to evaluate the role
of hereduty m each of them,

Germ Diseases

Of all the diseases which afflict mankind, those caused by
gems would appear to be the Jeast likely to be inﬂgenccd by
heredity Suppose you are feeling well and you come in contact
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with 2 person with a case of the finu Wathin a few days you
dlsa bave the flu and we say that you caught the disease by
association with an infected persoi How can heredity pos-
sibly enter into the picture in this case? We must consider
Susceptibility. When a group of people are exposed to a con-
tagious disease, some may take the disease while others will
fot, This holds true even though none of the group has
Previously had the disease or been vaccmated for it. In fact,
fome people have such a natural immunity to the germs of
smallpox that a vaccination will not take even though repeated
altempts are made. There is something about the nborn make-
4p which accounts for this difference m susceptibility to
d!saase§ caused by germs.

This is brought out very clearly when we compare the
germ diseases of some of the lower animals with those of man
The germs which cause a disease m one species usually will
not imfect other species. Dogs bave a disease known as dis-
temper, but people do not contract this disease Human beings
have bag colds, but dogs do not get this disease from their
masiers. Many birds of the United States have malana, but
beople do not take this type of bird malaria Neither do birds
take the human malaria, which 1s caused by a different species
of germ. Hoof and mouth disease of cattle, cholera of hogs,
and encephalitis ( sleeping sickness) of horses are other
diseases which do not ordmnanly affect man.

It is the difference in the genes of the different species
of anmals which account for this condition The germs of the
bird malaria, for instance, are adapted for Iife in the kind of
blood found in birds When they are introduced into human
blood, as they frequently are through mosquito bites, con-
ditions are so different that they cannot estabhsh their life
cycle. The genes which construct hgm:m blood are too differ-
ent from those which construct bird blood to permit such

an interchange. Of course, there are some discases which can
bridge ths species barrier and infeet several different species
ia, and Rocky M in spotted

of animals, Rabues, tularemi !
fever are discases which can infect several species of mammals,
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inciuding man. The species differences are not enough 10
prevent the growth of the germs which cause these dueases,

There ate differences among the genes of human beings
which cause differences in suscepibility to germ diseases just
as there are among the different spectes. In some people
certamn germs find things “just to their likipg” and they easily
become established. In other persons the body structare iS
1ot so favorable, consequently the germs find difficulty getting
a start and may not even be able to cause an infecuon at all

Tuberculoss has been studied in this bght rather exten-
sively, for the prevalance of this disease in certain family
strams leaves hitle doubt about ius beng mflaenced by
heredity It 15 caused by a rod-shaped germ, the tubercule
bacillus, which 15 so widely prevalent that hardly any of us
can escape contact with it. Most of us get these germs in
our systems, but we manage to escape the ravages of the
discase 1f we are blessed with a heredity which gives us 2
high degree of resstance to it. Of course, the danger of
whereuloss 15 much greater when a person lives in a family
group w.ere there 15 an active case of the disease, OF undet
conditions which lower hus general body condition, but these
factors do not sefute the nfluence of heredity. Large seale
studzes of twins where at least one had this disease showed
2 65 per cent concordance for infection among idenical twins
In other words, mn each 100 cases where one twin bad
tberculosss, there were 65 where the other member of the
set also had the discase. For fraternal twins the concordance
was only 25 per cent. Such a difference Teaves no doubt about
the influence of hercdiy, .

A further analysis showed that when one jdentical twin
had a partcular region of a lobe of the lungs infected, then
the other twin was very likely to have the same segion of the
same lobe infected. Fraternal twing did not show such 2
strong tendency to have the same body part infected. Thus,
it would scem that heredsty not only influences the chance
for infection, but even influences the patticular ared of the
lungs which may be infected.
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The genes for resistance to tuberculosis seem to be most
prevalent among the races which have lived in long contact
with the disease. Through centuries of selection the people
of (.he white race have acquired a rather lugh over-all resistance.
This is not true with many races which have never come in
contact with the disease. There is one classic case of a South
Sea Island in the Polynesian group which had never known
the disease until a group of English satlors landed there in
the seventeenth century, Some of the islanders developed the
ghsease a short tume later, and soon 1t had ravaged the entire
island. Thirty years later there were only two men, of the
hundreds that had inhabited the istand, who were still alive
These two fled to another region to escape the curse Wh.lch
had doomed their population. The Negroes of western Africa,
and the American Indians seem to inhent a greater suscep-
tibility to this disease than the European Caucasians who
migrated to this continent. .

Poliomyehtis is a disease which stokes mem})ers of certain
families 1 a region while leaving other families unaffected.
We know that 1t is caused by a virus and that it 15 contagious,
but some people are exposed and do not take the disease, and
others develop an infection no worse than a bad cold Many
have the disease 1 this suld form wnhculbknowmgax:;b[:::\;-
ever, they may spread 1t to others who can become pi d.
Studies rzad:ybypAddair and Snyder 1 MgDcw:ll County in
West Virginia dunng one of the worst ;p.ldemlcs any region
has ever known, mdicate that the susceptibility to the paralysxs
form of the disease may be due to a recessive gene which,
of course, must be transmitted from both parents 1 order

to .

b!\e{e?sl]);:s ;s:‘(j,}w germ disease which strikes so universally
among children that it would seem as if heredty :anhdo lénle
to prevent them from taking 1t Twin studies show tda: there
is a 95 per cent concordance for identical twins, and 87 per
cent concordance for fraternal twins. These ﬁgurcsI ari S0
nearly the same that we can assume that n!mo;to:;lvo us
have genes which make us susceptible to this childhood disease.
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Congenital Germ Discases

When a child is born with a germ disease this does not
mean that the disease is inherited. We have already pointed
out that germ diseases can be obtained only by an invasion
of the body by the germs, so no such disease can be directly
inhented. The word congenital is used to describe diseases
which are present at birth; this means that the child must
have been infected either during its embryonic life or at the
time of birth.

A mother brought her two-year-old daughter to a chnic
in a southwestern city for a routine check-up, and a blood
test was made as a part of the medical examination. It showed
a strong positive reaction of syphilis. But where could a
two-year-old child have caught syphilis? The doctors knew
only too well that, in all probabiity, this was a case of
congenital syphilis. They called in the mother, the father,
and their three-months-old son for testing, All three were
positive and the entire family was sent to a venereal disease
center where they recewved their shots to cure this disease
as a family group. Tracing the origin of the disease, it turned
out that the man had become infected and had transferred the
infection to his wife She, in turn, gave the infection to their
two children congemtally. It is possible for the syphilis germs
fo penetrate the membranes which separate the mother's blood
from the child's blood during pregnancy and a child can be
born with 1ts body swarming with these germs. Sometimes this
will not be known for several years unless a blood test is made
to bring 1t out, for there may be no clear-cut symptoms o
distinguish it.

In other cases, there may be discases of the genital tract
of the mother and a child may be infected during the actual
delivery. This 15 especially likely to happen in the cas¢ of
gonorrhea. The eycs of a baby are highly susceptible to the
germs of this discase and many a person is totally blind
because of a congenital gonorrheal infection, Laws BOW
demand that some antiseptic solution must be placed in the
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eyes of all newborn babies to prevent such tragedies There
is no telling how many thousands of persons have been saved
from a lifetime of blindness by this precaution

This passing of a disease by congemital infection 15 quite
dxﬁe.rem from passing a disease through heredity, yet, since
a thild may be born with the disease m either case, the two
are sometimes confused. Some diseases may result from
abnqrmahlies of organs and other causes. These can be present
at birth and may be inherited, but if 1t 15 a germ disease we
know that it is not inherited m the true sense of the word.

Deficiency Diseases

The human body is so designed that 1t cannot function
properly without a number of essential elements m the food
intake, Whenever any one of the necessary vitamins, minerals,
Or amino acids is not eaten m sufficient quantities various
deficiency discases may develop. Rickets, scurvy, pellagara,
and benberi are some of the diseases which develop when
there is a deficiency of one of these vital elements There
ymuld appear to be little chance for any mfluence of heredity
1n such diseases

Take rickets, for instance. Whenever 2 child fails to get
sufficient vitamin D in hus diet, or he fails to get enough
sunshine to produce the vitamin in his own skin, his bones
will not form properly. His bones are likely to grow crooked
and be deformed and he will have poorly formed teeth also.
In children where vitamin D 15 1n sufficient supply the disease
will not develop. Now where could heredity enter into a case
like this? Let us turn again to twin studies and see.

For identical twins there was found to be an 88 per cent
concordance for nickets, while for .fmtemal twins the con-
cordance was only 22 per cent Tl}:s 15 a definite indication
of the influence of heredity. Studies on rats show us how
this happens. In these control cases, certain strains of rats
have been selected for high resistance to rickets and other
strains have been selected for extreme :wscepublhty lo.l.hc
disease. As long as the two straips are given large quantities
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of vitamin D, neither will develop any cases of rickets. When-
ever the vitamin 15 cut down in quantity, however, the rats
of the susceptible stramn begin to show signs of rickets, while
those of the resistant strain continue normally. In time, all
of the rats in one group will have rickets while none of those
in the other group will have the disease. It seems, therefore,
that heredity infiuences the amount of the vitamin that is
required to ward off rickets One rat may require up to ten
times as much the quantity of vitamin D as another because
of these hereditary factors The same is true of human beings.
In orphans’ homes and similar children’s institutions there
may be a uniform diet, yet some of the children may develop
vitamin deficiency diseases while others do not because of their
different hereditary backgrounds. Hence, when we attempt
to set standards of the mintmum amount of any vitamin that
is required for human nutrition we should remember that
people are no more completely alike in these requirements
than they are alike n the color of their eyes or the shape of
their noses.

Fig. 31 The witamin deficiency disease of rickets influenced by

heredity, These two rats were fed on the same diet (low in vitamin

Dj, but the one on the right has developed rickets while the one

onthe left 1s healthy. The one that developed rickets is from a strain

of nickets susceptible rats and requires a much greater amount of

vitamin D to prevent nickets than the other rat that is from a rickets
resistance strain.

Discases Duc to Hormone Imbalance

_Within the body of every person there are certain glands
which sccrete vital substances known as hormones. These ml}Sl
be present in exactly the right quantity or some body dis-
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turbance results, Too little of one hormone can cause one
type of disease, and too much of the same one may cause
another type of disease. Some of the diseases which result
from an imbalance of these hormones are: diabetes, acro-
melalgia, myxodema, cretinism, and certain types of arthritis,
Hereduty plays a very strong part in the development of these
diseases,

Studies of diabetes in twins show an 84 per cent con-
cordance for identical twins and a 37 per cent concordance
for fra!lemal twins. Diabetes is a disease which results when
there is an insufficient secretion of insulin, a hormone pro-
duced by the pancreas. This hormone 1s necessary for proper
Sugar metabolism in the body, and when 1t is deficient, the
\ln.used sugar builds up as a waste and 15 excreted in the
uritie, If the sugar level gets too high m the blood, a person
¥ill go into a diabetic coma and may die By taking injections
of insulm, however, diabetic persons can Live & normal Ife.
There is one case of identical twins in which one developed
the disease and the other did not. This shows the mfluence
of heredity and environment very well. One twin became
the owner and operator of a tavern and in the course of time
he developed the habit of drinking large quantities of beer
which is high in carbohydrates. (All carbohydrates are con-
verted into simple sugar when they are digested.) He devel-
oped diabetes, but the other twin became 2 salesman and,
without such a high intake of carbohydrate, he managed to
escape the disease. It seems that heredity conditions cach of
US to handle a certain amount of carbohydrate, but continued
excess beyond this amount may so overwork the hormone
producing parts of the P that they begin to fail and
We cannot assimilate the carbobydrate properly.

dition that is found

Ob weight, is a con
esity, excess body gIz is another one of those char-

frequently in our population. ¢
3ﬂ2risticz which ?:%lves a close interplay of .hercdxty“and
environment. You have scen a perso.n“who, literally, “eats
ike a horse,” yet remains “hin as a rail.” Other people count
calories, diet, and exercise, yet allow them one small spree
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where they satisfy their appetites and up go the pounds. When
heredity gives us the tendency to obesity we find it extremely
hard to keep the body weight under control. And there are
many who try just as diligently to gain weight, but without
the help of the genes 1t is a difficult task. Some cases of
ths nature are caused by variations 1n the balance of hormones
which are related to body metabolism. Where the rate of
metabolism 1s lower than normal the food which is eaten is
not burned as rapidly as it should be and the excess food
is stored as fat. A lowered output of the thyroid hormone
can cause this condition, for this is the hormone which is
primanly concerned with the regulation of the rate of metab-
olism. Sometumes we can overcome the nfluence of heredity
1n cases of this nature by taking extra thyroid hormone to
raise the metabolism to normal, just as we can give insulin
to overcome the deficiency of this hormone in diabetes.

Allergic Discases

There 15 a certain woman in Indiana who dreads the
approach of mid-August, for each year on about the fifteenth
of the month she begins to snecze, the mucous membranes of
her nose become swollen, and her eyes become jrritated and
bloodshot. For the next six to eight weeks she can ook
forward to a constant battle to keep the passages of her nose
open so she can continue breathing, We say she has hay fever
and, 1 her case, 1t is due to the mhalation of ragwced pollen
which is so prevalent in that section of the country during
late summer and early fall. Hay fever, eczema, hives, cyclic
vomiting, and some types of asthma form a group of diseases
known as allergic discases. They arc caused by contact with
some pollen, food, cosmetic, clothing, or other substance to
which the affficted person has become sensitive. Every time
such persons contact the offending substance in sufficient
quantity the symptoms appear. They represent another class
of discases which, at first sight, appear to have a purcly
environmental explanation, but which turn out to be snfluenced
by heredity.
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a dll':d“«: get back to the woman from Indiana, She married
o show Swo children. As they matured one of them began
CoincidenZ:lp;oms of hay fever. Could this be heredity or a
southern coao envu'ox}men.t'! Had this famly moved to the
they would st of California before the children were born
werd ol never have gevcloped hay fever because of rag-
Personp(c)a:’ tf%r there is no ragweed m that region and 2
Tever had CO e allergic to a substance with which he has
rageed o a:macn Even 1if they had visited Indiana during
fever duns on they wo!ﬂd not show any symptoms of hay
it poss'xI;% at least their first visit. In California, however,
SEnsitivetl e that one of the children would have become
orange 'u‘o something else. Perhaps he would drink so much
ho do nlk ice that he wou}d break out with huves every time
be due “S)OI:S. Or, he might develop hay fever, but 1t mght
abundant in (;l;;:fl:i:i(: to the sagebrush pollen which is
5p:c}‘{1ﬁe:c:ﬁ it is evident that a child does pot inhent any
sensitived ergy, .but may inhent the ability to become easily
hee and will develop allergies according to things which
ontacts r dly 1n his own ent

TABLE VII

CONCORDANCE FOR DISEASE IN TWINS
Percentage of Cases ‘Where Both
Twms Have Had The
Same Disease

Disease Identrcal Fraternal
Measles 95 87
Tuberculosis 65 25
Scarlet fever 64 47
Diabetes mellitus 84 37
Ruckets 88 22
Tumors 61 44

68 11

Crhiranhrenia



268 HEREDITY AND YOUR LiFg

Organic Diseases

There are certain diseases due to pathological conditions
of body organs which come under the heading of organic
diseases. Vanous forms of heart trouble, stomach disordess,
and Kidney trouble are examples of these. The origin of such
diseases 15 somewhat varmble: sometimes they are due 1o
simple, outnight whertance, sometimes they result from in-
juries due to external causes or to damage done by disease
germs; m other cases they seem to sumply be the result of
an embryonic accident which causes a malformation of the
organ Many of the mhented organic diseases are deseribed
in Chapter 26

Stomach ulcers ase one of the plagues of modera civiliza-
tion. We say that the high-tension Jiving associated with ouf
complex hfe may result in stomach ulcers. Yet we know of
some people who hve under great tensions and do not develop
ulcers—-they just are not the ulcer type. It seems that an exCess
scc;etion of hydrachlonc acid by the stomach causes a cor
rosion of the stomach wall with the consequent ulceration.
Something about the activity of the nervous system is 4 factor
in the excessive secretson of the hydrochloric acid. Heredity
condiions the relationship between the mervous system and
the activity of the acidsecreting glands, making it easy for
uleers to develop wn some persons.,

This was brought out rather vividly in a recent study of
a group who were taking treatment for ulcers in a large clinic.
The famibies of 255 ulcer patients were studied as well as
the famibies of 400 other patients who had diseases other than
stomach ulcers. It was found that ulcers were five times 25
great among the relatives of the wicer patients as they were
among the relatives of the other patients. Of course, simt
farities of dict and condtions of stress could play a part Io
these sesults, but they strongly suggest a significant influence
of heredty.

Cancsr is one diseass which may afflict almost any orgat
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of the body with disastrous results. A cancer consists of cells
out of control of the rest of the body—cells which deplete,
rather than contribute to, the welfare of the body Thete scems
to be little doubt that heredity plays a part in the predis-
position to develop cancer. Studies by Madge Mackln at
Ohio State University indicate that not only 1s the tendency
to develop cancer inherited, but the age at which cancer
develops, the type of cancer which develops, and even the
particular body organ which is affected, are influenced by
heredity. Identical twins showed a concordance of 61.3 per
cent for the development of cancer, while fraternal twins
showed a concordance of 44.4 per cent, When these were
analyzed for the particular type of cancer which developed,
1t was found that 58 per cent of the dentical twins had the
same type of cancer, as compared to only 24 2 per cent of
the fraternal twins. These figures indicate that heredity is
certainly not the only factor involved in the development
of cancer, but that it can give a person a strong predisposition
{01‘ the development of the affliction and, to some extent,
influence the area of the growth. 5

There are some conflicting reports on cancer and heredity
and more research must be done before we come to 2 final
conclusion. This research 1s hampered because it 1s often
difficult to get accurate reports on cancer affliction. Some
persons may be reluctant to report cases of cancer among
their relatives, feeling as if 1t 15 a family tamt which should
be kept secret. Hence, studies which rely upon family pedi-
grees taken by the word of family members arc frequently
Inaccurate to a rather high degree. An examination o.f hospital
records is more reliable, but even here we sometimes find
that deaths are reported for other causes when cancer was
the greater contributing agent. For instance, 2 person might
die of a perforated colon, and this cause of death be listed on
the hospital record. A more careful study of theease, | .
might revea] that it was @ cancerous growth on the -~
which brought about the perforation.

This illustrates some of the dufficultics which we :
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as we attempt to solve the riddle of the influence of heredity
on many kinds of disease.

’

Diseases Which May Be Induced or Inherited

Nature sometimes does things in such a way so &s to
confound man in hus efforts to understand her secrets. This is
true in the matter of mherttance of certain diseases. Just as
we have made extensive studies which appear to confim a
heredity basis for a certain human affliction, then more data
appear which show that the condition can be induced by
environmental means, This does not mean that the conclusions
from the first studies were wrong, nor from the second study,
either~they can both be mght. In other words, there are
certan human abnormalities which can be proved to be due
to inheritance; however, other abnormalities which ook iden-
tical with them are brought on by envi 1 agents.

Harehp and cleft palate furnish excellent examples of
the above. These arc rather common conditions in which

there is an incomplete fusion of the - T " the upper jaw
which results in a fissure of the lip; «* s the mouth
may be divided as well. One - * . caled that,
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this abnormality, yet, it seems an indistmguishable copy of
this jnherited condition can result without the genes being
present because of certain environmental conditions such as
dietary deficiencies, low oxygen, and excess hormones, such
as cortisone.

This makes it difficult to properly counsel a young married
couple who have harelip in the family. It could be a case of
the environmental or the hereditary type. A careful study of
the ancestry might give the answer. We must be careful in
such a study, however, because a clever surgeon can correct
the harelip and cleft palate so efficiently that 1t is not obvious
that the conditions ever existed Such a correction, of course,
would not alter the genes if they are there



CHAPTER 23

HEREDITY AND INTELLIGENCE

Intelligence is the one attribute in which man stands supreme
above the entire ammal kingdom. Name any other char'ac-
teristic and you can find other animals which are superior
Strength?~a mature chimpanzee has four or five times the
strength of a man in his upper extremities and even a young
chimpanzee can tear a2 man to pieces with his bare hands.
Size?~man is a giant when compared to most members of the
animal kingdom, but put him beside an elephant or a whale
and he looks puny ndeed Senses?—man is outdope on every
count. What man can detect the approach of an enemy l?y
scent or follow a trail through the trackless forest as certain
animals can? What man has vision equaling that of t.he
buzzard, which can detect a dead rabbst on the ground while
flying hundreds of fect above it? What man can detect sounds
with the acuty of 2 dog? Hardiness?—man is a weakling who
must have a highly protected existence or perish. We could
eatend the hst, but we would always come to the same ¢08-
cluszon. man is superior to his animal competitors for existence
in the world in only one respect—intelligence. There is 80
other form of ammal petvous activity which can approach
the intelligence of the human mind.

It is easy to understand, therefore, why we should place
s0 much emphasis on intellect in the human raccs. If parents
were allowed any choice in the determination of characteristics
which would appeas in their children, there is no doubt that
inteMligence would come first, Suppose, for instance, you had
to choose whether a child you were to bring into this world
would bave a nommal inteliect or a normal body; you would
certainly not hesitate to choose the normal mind even though

272
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lt!hsagn‘: be accompanied by a dcformed body Intelligence is
e thquallt}’ which we can give our children which will
0 em superior to the lower forms of ammal Lfe. A
f:t;:mldenng a proposal of marriage will give great weight
overlo Hll(ental attainments of her prospective spouse. She may
o acco certain physnc:}l shortcommngs, but will not be Itkely
defect'ep‘ a man who is defective mentally. A man with a
oy hlve mm}‘] isa 590131 parasite who cannot exist without
e help of his more intelligent fellows

SOuxSc‘:CIﬁ intelligence is so vital, we are concerned with its
whi h. s mtell‘lgence something with which we aré born and

ich will manifest jtself regardless of traintng, ot can tramng
vory | hereditary defi jes m gence? This 15 &
t“'y mportant question, for upon the answer rests the solution
0 many social problems. Also, n some cases 1t may be 2 very
personal problem. Suppose you are considering a baby for
adoption. Is its parental background important so far as its
futare mental development is concerned or can you give it
such good traimng that it can become highly intelligent
regardless of its inheritance?

This vital question 15 not

an easy one to answer The
human mind is one of the most difficult of all human attributes
to analyze, Take the brain of a genius and the bram of 2
moron and place them side by side, examine them, dissect
them, and test them with every known chemical test, You will
find no differences which will distinguish one from the other.
It you did not know which was ‘which, you would be just as
likely to assign the brain of the moron to the geniws as you
would be to classify it correctly. The distinctions between
grades of intellect involve fine differences which cannot be
determined by examination of brain structure. At the great
Wistar Institte of the University of Pennsylvania there is 2
collection of over 2,000 human brains which have come from
persons ranging from moron to genius. These have been
studied extensively by scientists from all over I!chwor.ld who
have found no physical characteristics 10 distinguish the

brilliant from the dull.



274 HEREDITY AND YOUR LiFE

Genes and the 1.Q.

Intelligence is a character of degree with no clear-cut
lines of demarcation between the lowest and the highest. If
heredity is involved, we would expect 2 number of different
genes to contribute to this quantitative character as we found
they did in the quantitative physical characters such as stature.
Our studies of the influence of heredity show that every person
has 2 basic inborn mental capacity which determines the
maximum degree of intelligence which he is capable of
developing. This we obtam through our genes. If all persons
had exactly the same mental training then we would still
have rather great varation i intelligence because of differ-
ences in inborn capacity.

All persons do not have the same mental training, how-
ever, and the potentialities of different people are developed
to different degrees. Hence, there is no way to measure inbom
intellect with absolute accuracy. We have the various Intel-
ligence Quotient (L.Q.) tests which attempt to do this, but
we recognize the fact that these measures must depend upon
achievement to some degree as an indication of intellect. One
of the best cases which demonstrates how training influences
the 1.Q. 1s that of the identical twins, Gladys and Helen, who
had a very different background of mental training (See
Chapter 21). Although they had identical heredity and, there-
fore, identical potentiatities, Helen scored twenty-four points
higher in 1.Q. tests than her sister, evidently because of this
difference in training, Other identical twins raised separately
who do not have such a difference in training score much
closer to each other. The average difference for all such twins
studied by Dr. Newman of the University of Chicago was
8.2 points. Identical twins raised together were even closer—
they had a difference of only 5.9 points. This is no greater
than the difference which might exist between two tests taken
by the same person at different times and can be due to the
immediate circumstances of the test. Fraternal twins reared

\
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o] -
nrﬁ?;gi; ;};gt‘;’]‘;i anda\(erage difference of 9.9 poiats and
almost th and sisters box:n at different times showed
T e same dx('ference—»speuﬁcnlly, 9.8 pomts.
o intcifie :::;iles fairly well establish the mfluence of heredity
watt to z;ssk : as maasureg by the LQ. tests. Next, one may
always b hf.g“?«mcr.l, Do parents with high intelligence
o e with high intelligence, and those with
v?W ;nt:llxgence have children of low intelligence?” G t
Tz: dc:ave to answer, no to a question put 1n this manner.
Chi!grmn sag, however, that bright parents tend to have bright
must e and dull parents, dull children, but this statement
occasion ‘ll‘llal\ﬁed. Tust as parents of rather small stature can
figene ally produce tall children, pasents with high intel-
the Ic can Occasloua.lly produce children who will fall into
pmn(:;Wl‘ grades of m.telligencc. The reverse 15 also true—
child of rather low intelligence can oceasionally produce
bccamn who are normal or even supetior. This is possible
lawsuse there are a number of genes \nvolved, and by }ha
whi of chance some children may receive 2 combination
ich makes them quite different from their parents The odds
are against such an occusrence, however, and the chances
are great that if you adopted 2 child from parents who were
mentally dull, that the child would also be mentally dull
_One thing stands out about the inhentance of intelligence
which is true of most human quantitative characteristics.
Whenever both parents lie at ejther extreme, there is a tend-
ency to regression toward the average 3mMoONE their cmlqmn.
In other words, very brilliant parents will, in all prabability,
have children who will be somewhat less brilliant than they,
but still more brilhant than the average Contrariwise, Very
dull parents will tend to have children somewhat more intel-
gl;;eut than they, but lesS intelligent trhannlh: h:z;;;g:ﬂ;le‘:
Must a group of ment 1 Il ¢l
rate, Penrose found 3t & E9F Cop'y47.1, put the chil-

tlerical occupations had @ mEAR “oe
dren of ﬁmé’ ‘men had a mesd /O, of 109.1. On the other

hand, a group of unskilled 1aborers had a mean 1.0. of 868
and ‘h,i,g Chﬂ%mn had a mean of 92.0. Of course, the degree
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of regression in both of these groups is probably greater
than would be expected if the 1.Q. of both parents was
considered, for it 1s possible that the mothers of these children
were nearer the mean for the population as a whole than
thesr husbands

Occupation of the Parents and the 1.Q.

A number of studies of nhertance of intelligence have
been made on the basis of the occupations of the fathers.
These always show tugh ¥ Q ratings for the children of the
fathers in the pr ! occupations where high intetiectual
capacity 15 required Low ratings are found for the children
of unskilled day laborers whose oceupation mvolves manual
iabor almost exclusively We might well question any quick
conclustons from such studies, however, for there is fittle doubt
that the professional men have a better income than the day
Jaborers and can therefore, give their children a much bettet
chance to develop their ntellectual capacity. The problem
weuld have to be attacked from another angle before we could
say definitely that heredity had any infl in these resulls.
Studues of children reared in foster homes gives us the infor-
mation we need. Two studies, made by Freeman, Holzinger,
and Mutchel, of American children reared in foster homes and
institutions showed that most of the children with high 1.Q.
had fathers who were m the occupations where a high 1Q
was pecessary. On the other hand, children reared in foster
homes tated as good ranked higher than those reared in
homes rated average or poor. This brings out the influence
of both hereduty and environment. Another study, made by
Lawrence in England, was based on two groups of children,
one from an orphanage where the environment was uniform,
the other from an elementary school where the children’s
home environments were vaned. In both groups, the chitdren
were rated according to the occupations of the fathers, which
ranged from highty skilled and professional wotk down
through unsialied. In both groups most of the children of
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bighly skilled workers and professional men ranked above
!hg 100 LQ. level, though a few were lower. There were more
children in the lower groups from the elementary school than
from the institutions, which indicates the probable depressing
effect of poor home environments. To sum up. 2 good environ-
ment seems to elevate the LQ of children and a bad one t0
depress Jit, but there is a definte correlation between the
occupation of the fathers and the 1.Q.'s of the children.

Sex and the 1.Q.

Here we have a real stickler of a question, “Are boys
naturally smarter than gitls, or is the opposite truc”” There
was 2 time, within the hemory of some hving persons, when
it was thought that guls were not capable of developing 3
higher intellect and most of the institutions of higher learning
were reserved for boys. The imtellectual attainments of girls
who have received modern educational trammng, however,
have dispelled this idea. A ¢ in schools and scotes on
intelligence tests indicate that there 15 no overall difference
in intelligence between the two sexes. This does not mearn,
however, that there is no difference in the mental processes
of the two. All studies show that there are important duffer-
ences in mental performances o0 different kinds of grobrcr.ns.
Girls, as a rule, achieve 2 higher score on tests involving
use of language, fote memOry, esthetic responses, and social
responses. Boys do better on tests in such fields as abstract
Teasoning, mathematics, and me.c.hamgal ability. Tcst; “'d“d:l
are supposed to check over-all xqrellzgcncc are so designe:
as to provide a balance of questions from the two groups
50 that one sex will not havé an advantage over the other

be: ds of interest included. '
Ca\%&: :1515‘:1 cn::lmscnfal processes 10 the long list of other
differences which Qistinguish men from women, Some might
say that these differences are due altogether to environment—
that the difference it sraining which a boy and a girl will get
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simply because of their sex accounts for the differences is
their mental processes. One thing is certain in this case, the
differences are not due to the gene differences, for the genes
which make up the female bram are no different from those
which make up the male brain. This does not mean, however,
that all the differences must necessarily be due to training.
In fact, evidence shows that they are not. Little boys aad
hutle girls given no direction, will show spontaneous dif-
ferences 18 nterests and reactions, Also, in many of the lower
anumnals, there will be charactenstic differences in mental per-
formance between the sexes which could not be due to different
ratning Whatever differences come abaut naturaily between
the mental reactions of boys and gisls, therefore, must be due
1o the smflusnce of the sex hormones. We know that these
hormones can mfluence the developinent of almost alt other
pars of the body and there 15 no reason why we should
exclude the human bram, These differences can be detected
In young boys and glrls, but become more pronounced as the
sex hormone activity ss aceel d during ado! This
1s correlated with the greater differentiation in physical char-
actenisties which comes at this time,

Men and women, as a rule, have different functiops to
perform 1n hfe, and 1t is well that there are some differences
n antelectual and att No one today would
be 50 rash as to Say that one was more smtelligent than the
other, but we can say that the evidence at hand indicates some
difference 1 special aptstudes,

Race and the LQ.

Here again we have o real “hot potato™ when we try to
make any generalizations sbowm racial differences in intelti-
gence. Racal pride, bigotry, and conflicts developed since
carly childhoad all combine to cloud attempts at an objective
study. Conflicting clagms and reports are heard on alt sl'd.cs'
Without altempling to review the many volumes of stodies
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:;;‘;hsx:;]:;:ﬂ ?ade, fet us dismiss this subject with a few
basic human, i;.l lluSt of all, we have no way of measuring
intelligence is e ellectual capacity. It is only as that basic
apparent, We hXPfei:ed. in response to training .thfn it becorues
fntel ﬂgen.ce e ?ve evised tests which do a fair job of testmg
tested dogs not-ong as the training of the ndividuals being
these tests o vary too greatly. When we attempt to apply
difference in other races, hovaer, we can expect 3 great
languages S?r{S because of different backgrounds, different
k0w thay and different training in many respects. We do
difforence » as in the case of the different sexes, there are
different s’m ways of thinking and mental performance on
Again, o g‘oblems among ﬂ}e membess of different races.
that hi’s 5 1n 'the case of.the different sexes, No person can say
© race is superior intellectually because hus race happens

excel in certain types of intellectual achievements, Other
‘;;ieshmi}y excel n certain otber intellectual achleyefnen}s
diﬂc wifl balance the over-all picture. Since races fiving in
b erent geographical locations, and even those hwing sude
¥ side, will have a certain amount of difference 1n traming,
2 great deal of the differences in mietiectual achievement can
be ascribed to environment. It is possible that some of the
intellectual differences are due to genes which are charac-
teristic of the different races, although there afe 13 adequate
tests to either prove or disprove s possibihity  Certainly
thete are genes for physical charactersstics which are dis-
tinctive for the different races. Mongohans have indvidual
differences among themselves. but they all tend to have certain
Physical charactenstics in common, There is certainly no
Teason why these common characteristics cannot include the
intellectual qualities. There is & good possibility that they do;
however, even if this is T thers would still be no reason
why one race should comsides itsﬁ!f superior 0 mherg. Esen
it one race was stightly superior in one respect 1€ might bc
decidedly nferior in others and the picture of over-all basic

intelligence would ‘balance.
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Special Aptitudes

We have already pomted out that over-all intelligence
represents a blendmg of a Jarge number of special aptitudes.
It is posstble for certain aptitudes to be inherited independently
of the others For example, there was a woman who was rated
as a moron on mtelhgence tests and who could nmever leam
to tell ume by the clock, but who could play the piano very
nicely by ear This 1s an achievement of which few of the
120-plus 1.Q people can boast. This woman was high in one
intellectual process, but low mn others. Thus, we see that it is
possible for a person to inherut high intellectual potentialities
in one field mdependently of other fields. Specific cases
in such fields as mechanics, mathematics, drawing, painting,
sculpture, and other special categories show this to be true.
In general, however, we find that a person who excels in one
field also has above-average capabilities in many other fields.



CHAPTER 24

MENTAL DISORDERS

g?:;;a-?y people in our population suffer from mental dis-
basis of he number may be higher than you think, On the
State of records kept at the mental institutions in New York
lreate’ dﬂ:aﬂy five per cent of the population of that state are
Ths | or mental disorders at some tyme during their lives.
i s 15 about one person out of every twenty, but even this
dg“re is too low, for there are many persons with mental

isotders who are never taken to mental mstitutions for treat-
ment. These figures place mental disease at the top of the
vatious human afflictions which cause incapacity. Any survey
of human heredity which omitted its mfluence on this wide-
spread disorder would certainly be incomplete.

First, let us make it clear that there are certain types of
mental disorder which are entirely environmental in their
otigin, For instance, when the germs of syphilis penetrate the
b_ram and destroy some of the tissue 1m tins center of intel-
ligence, there will be mental deterioration. A characteristic
mental disorder known as paresis, or softenng of the bram,
results It js difficult to infer that heredity could play any
part 1n such cases. Brain njuries which result from hard blows
on the head may also result in mental disorders which are
purely environmental in their origin. The “punch-drunk”
boxers, whose brains have been shocked by too many hard
blows, show us how this type of mental disorder can arise.
Cennain dietary deficienties may be another cause, Such dis-
orders affiict perhaps one-third of all who must be cared for
in mental jnstitutions. For the other two-thirds there is good
evidence that heredity plays at feast some part. We will fist

281
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some of the disorders and present the probabie role of heredity
in them according to the information available.

Mental Retardation

By far the greatest number of mental disorders which
exist among our general population can be classed as mental
retardation. A child will be born that appears quite normal,
and it 15 only with the passing of the years that the parents
slowly begin to accept the fact that their child just cannot
keep up with other children of its age in activities requiring
mental ability. We may say that he “just isn't bright.” Such
a child can bring just as much anguish to its parents as 4
child who is born with a clearly defined mental disorder
which requires 1ts confinement in an institution.

Mental capacity, of course, shows many degrees of varia-
tion from the lowest to the highest. Somewhere, as we g0
down from the scale of average intellect, we come to the point
where we say that a child is mentally retarded, or feeble-
minded. Usually, we set an arbitrary Jine of demarcation at
an 1.Q. of 70. Those who fall below this point, and yet ar
above the 50 1.Q. level, are in this group. Within this range
there can be several grades of retardation from almost normal
to definitely deficient. There are some in this group because
of brain injury, but it would be a sad commentary on d}c
;H’xcicncy of our obstetricians if as many infants received brain
injury at buth as the parents of mentally retarded children
would lead us to believe, Most of the cases of this naturs
result from the action of genes rather than obstetric injuries.
Twin studies again give vs a valuable insight as to the possible
influence of heredity. In one study of 202 pairs of identical
twins in which at least one was feeble-minded, it was found
that both were feeble-minded in 93.6 per cent of the cases.
Among 237 fraternal twins of the same sex, however, it was
found that in only about 5D per cent of the cases were bot
feeble-minded,

Before we allow these results to give unduc weight 10
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heredity, we should refer to studies of brothers and sisters who
are 'not twins to see if the very fact of being a twin mcreases
one's chance of being feeble-minded. In one ex ive study
it was found that when one child was feeble-minded there
was only a 16 per cent chance that any other brother or sister
of the same sex would be similarly afflicted. Since this figure
5 lower than the 50 per cent for fraternal twins we can assume,
indeed, that there must be some prenatal environmental factor
which has an influence. There may be something in the

i of twin p y which has an influcnce on
the production of feeble-mindedness. Hence, we come to the
conclugion that this is one of those charactenistics which results
from a blend of hereditary and environmental factors. The
genes which are involved usually act 1 a cumulative manner—
that is, each ome which is expressed lowers mental capacity
slightly, and the child who is mentally retarded because of
heredity expresses a number of such cases.

Phenylketonuria

inded which is rep d as
a part of a continuous gradation of intellect, theye are some
mental disorders which are quite distmct and which 'res“}t
from variations in one gent only of the group which is
fnvolved in the development of intellect To 1lfustrate, there
was a brilliant man who marned @ woman who alse was
above average in intellect. There was every reason 1o believe
that any children they produced vyould be above average in
intelligence. Their first child was brillant as they had expected
The next child, however, was clearly aAmenta[ dcf:?llve, with
an 1.Q. classification which ‘r:mked him as an idiot When
physicians examined bis urine they found a certam acid
present, phenylpyruvie acid, ’and dragnosed fus condition as
phenylketonuria. This acid is produced in the cells of aft
persons as an intermediate product of protein mctabohsn.n.
In phcnylkewnuriacs, however, an abnormally high amount is
produced; it interferes with normal mental processes and chil-

In contrast to feebl
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dren with this defect of metabolism are imbeciles or idiots. Ap-
parently the acid acts as a nerve poison.

We know that such a condition arises whenever a child
receives a recessive gene from each parent which fails to
produce the necessary enzyme for this phase of protein meta-
bolsm, Both parents mn this case were highly intelligent, but they
carried the gene and it came together from both sperm and egg
intheirsecond culd The other genes for intellect were probably
far above the average, yet this chitd was defective because of the
action of this one pair of genes.

Had this couple been fortunate enough to have borne this
child today, instead of several years ago, there is a good possi-
bility that the child would have been able to express the genes
for supenor ntellect which he may have inherited from his
parents, for the medical genetcists have now found exactly
where the trouble hies Protein foods are all composed of a com-
bination of different kinds of amino acids. One of those found
in most protems 1s known as phenylalanine and is the one which
feads to the formation of phenylpyruvic acid. Since most pro-
teins (including all meats) conftain this acid, it is difficult to pre-
scribe a phenylalanine-free diet. Of course, synthetic amino
acid combimations could be taken instead of prateins, but they
have a disagrecable taste and would constitute a very dismal
Ifetime diet Happily, such a drastic measure is not necessaty,
as 1t 1s possible to extract the phenylafamine from protein foods
by treating them with certain chemicals, Because of this, ther¢
are today indiiduals who carry the genes which would make
them sdiots, but who are developing normaily.

. Unfortunately, once the idiocy has developed it is not pos-
sible to cure st by this method. Therefore, any baby who shows
any sign of mental defect should immediately be tested for this
?cxd’ ix!x the urine so that treatment can be initiated before it 3

0a late.

Sehizophrenia

This is the most common mental disease. 1t affects mor
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than two per cent of the population. Probably more than half
the persons who must be kept 1n mental hospitals suffer from
i Il}.many cases, however, the trait 1s not severe enough to
Tequire confinement. Persons in this category may occupy
gainful occupations, and may merely seem “queer” to their
associates. There is no detectable degeneration of the brain
in this disorder, but there 15 some evidence that there 15 a
disturbance of the delicate balance of hormones m the body
which lies behind the trouble, Studies on mheritance of schizo-
phrenia are complicated by the fact that it is not clearly
defined, and sometimes mental defects resulting from brain
injury due to external causes or mfections are classed with
the type which appears without such injury

The onset of the disease is often accompanted .by some
sort of mental stress; consequently, some people bel'xcve it to
be caused by environment alone, A look at th; S!Ud.IES of the
affliction among close relatives of persons with th.ls mental
defect, however, reveals a clear-cut hereditary mﬂpcnce.
When a person has schizophrenia the chance that we .wﬂl ﬁn}!
the same condition in his husband, wife, or st:pChlldfcn is
about two per cent. This 15 about the same as 15 found in the
general population. The chanceithat 1t will be found in one
of his or her parents, however, is nine per cent, The chance
that jt will be found in a brother or sister is 14 per cent, If
he or she has a fraternal twin the chance is 15 per cent, about
the same as for a brother or sister born at a different time,
For an identical twin, however, the chance jumps to 8§ per
cent, (These figures are corrected to allow for age variation
i1 the appearance of the disease.) This study leaves little room

f influence of heredity.
or doubt as to the lf;?gms for schizophremia have been col-

Iect::l{nl‘:i: t;::xin;ﬂg'olr’:as y to fix the exact m_c(hod of inhen‘tgncc.
Thcre,is much evidence to support the xn'fiuence of a single
gene with intermediate expression. According to this, when 3
person receives OnE £ENC he develops a schizoid personality,
Two of the genes, 0 the other hand, fvould ma.ke a person
2 1 font.schizophrenic. Some factor also

P
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seems to be required, because there are some identical twins
(14 per cent} where only one shows the condition. Th}s iﬂfwr
is probably concerned with metabolic and physiological
changes wimch could, 1n turn, be related to stress. It. is quite
probable that other genes are involved and these influence
the seventy, age of onset, and other variable factors connected
with schizophrenia. .

Mongolism
This 15 2 rather common mental disorder which involves

a peculiar interplay of heredi y and envi 1 factors.
It 15 discussed rather thoroughly in Chapter 21.

Huntington’s Chorea

This disease, which 15 one form of St. Vitus dance, i
characterized by an uncontrolled twitching of the Vf’lunt.ary
muscles of the body accompanied by mental deterioration.
Unfortunately, from the standpoint of postetity, this condition
does not develop until a person is in his thirties when f:hddrer;
may have already been concejved or born. The life hIStOIYé’
the two brothers in Minnesota (discussed in Chapter i 3}
shows how tragic this affliction may be, and how it is spred
by those who do not understand jts method of transmissio-
It 5 caused by a dominant gene, Because of the serious ﬂ«”“;::
of this disease, no person with a parent, brother, or sister
has developed jt should have children.

Amaurotic Idiocy

This is a type of mental defect which exists in two forms-
In the infantile form, the child is normal at birth, but 5573}‘:
toms of the disease begin to appear within seVﬂ:”1 m.onm!'
There cnsues a gradual declige in mental ability, imp: g
of vision leading to blindness, convulsions, progressive n;m
cular weakness, and emaciation. Death usually comes bel
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the second birthday. There is also a juvenile form of the
disease which does not begin to have its effects until a child
is around six or seven years of age. At this time there begins
a progressive loss of vision and this is followed by mental
deterioration, N i dination then lops, and the
muscles gradually waste away. Finally, there is aimost com.-
plete mental obliteration, and death usually occurs before
the afflicted individual reaches twenty-one years of age. Each
of these forms of the disease seems to be the result of the
action of a recessive gene. There are two distnct genes which
have no relation to one another, one for the infantile, and
one for the juvenile, form.

Manic-Depressive Psychosis
Almost all persons are hikely to have alternate moods of
depression and elation, but the two extremes are much more
pronounced in some than 1n others n its most extreme form
this becomes manic-depressive psychosis and persons suffgrmg
from extreme depression may even commit suicide to terminate
their mental sufferings. This disease, which 1s more common
in women than m men, is probably due to endocrine dis-
{ defect of the nervous

jon about the influence of heredity

on this mental condiion
recurrence of the 1llness in fam ;
twin studies showed 96 per cent concordance for identical
twins and 19 per cent for fr:gtgmal twins.

It appears that this condition results from the actions of
4 single dominant gene. However, only about §O'pcr cent p:.f
the people who have the gene develop the affliction This is
what is known as incomplete penetrance, Even though the
gene is dominant, which means that it can show }vhen only
one is present, there is still some ot!:er factor required for its
expression and this factor 15 found in only about one-half of
the people liable to have it.
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Senile Dementia

Many persons have normal or brilliant minds during the
greater part of their lives, but in old age show a progressive
deterioration of mental faculties which may lead to complete
loss of normal mentality. This condition is probably due to
the degeneration of brain tissue which is a part of the general
degeneration of the body organs which occurs in old age.
There is a certain degree of such degeneration in most 0ld
persons, but 1t is much more pronounced in some than in
others, and the tendency to develop pronounced dementia is
infl d by heredity. Kall made a study of a large
number of twins in New York City and found"a concordance
of 42.8 per cent among 33 pairs of identical twins over 59
years of age. Of 75 pairs of fraternal twins over 59 which
were included in his study, there was only 8 per cent con-

d This indi the infl of heredity, but it is
not possible to trace the condition to any one gene.

Epilepsy

_Ths disease is characterized by sudden convalsive seizures
which are known as epileptic fits. In their most extreme form
they cause unconsciousness, but in some persons the dise2s®
takes a milder form in which the fits are minor in nature. This
is a very common nervous afffiction which is found in abovt
ore person 1n each two hundred fifty. Still, it is one of thos
afflictions which has a definite social stigma, and very ofte3
is not known outside the immediate family, This is well-ilus-
trated by the fact that one of the Dionne quintuplets, Egilie,
had suffered from these seizures since she was three, but &
was not until her death in 1954 that it became known fo the
public. It is remarkable that this condition could be ket
secret for seventeen years in a person whose activities Were
so much in the limelight.

We know that brain injury is an agent which can caus®
epilepsy. This injury can be in the form of an extemnal damag®
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to the head, germ infection of the bram tissue, or tumor of
}hF brain, The majority of cases, however, arise without any
Injury and show evidence of having an inhented background.
This is brought out by studies of many families which show
about four per thousand in the general population, but 62 per
thousand for the offspring of a person with epilepsy. When
one fraternal twin is affected there 15 about a three per cent
chance that the other will be affected, but the percentages jump
10 66 per cent for identical twins.
A great advance in our understanding of the disease has

en made possible through the invention and use of the elec-
troencephalograph, a machine which records the electrical
brain waves. The pattern of waves 1n most persons shows a
fairly regular rhythm, but all epileptics show great mggularity
In the waves; also, some persons who are not epileptics show
the same kind of irregulartty. Sufficient studies have been
made to indicate that the irregular waves are inherited as a
dominant trait, Perhaps all persons who show the irregularity
are potential epileptics and those who do not show the con-
dition lack some other factor, either another gene or some
ehvironmental factor, required for the expression of cpx[epsy.
EPilepsy is frequently found in pedigrees showing variou
forms of feeble-minded and epilep are frequen
subnormal mentally, however, 1t 1S definitely not incompatible
with normal mentality. Some highly gifted men, such as
the novelist, Dostorevski and the pamter, van Gogh, were

epileptics.

Spinal Ataxia
rm of this discase results from a degen-
i ory neurons in the spinal cord, and with
f(::: z’f‘ sgisﬁ?o;e?:ox;y the muscles comes defective control of
them, so that the afflicted person has difficulty in maintaimng
his equilibrium. He sways when he stands, and staggers when
he walks. As the affiction progresscs, the person may lose all
power of purposeful action through mablity to control his

The hereditary fo
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voluntary muscles, and may become a helpless invalid. In
mast cases this condition results from the action of a récessive
gene, but there are a few pedigrees which show dominant
inheritance. The two are different, however, for in the domi-
nant form of the disease the degeneration seems to be in the
brain rather than in the spinal cord.

Spastic Paraplegia

This disorder of the nervous system is also characterized
by loss of control over the muscles of the body, so that six}lplc
tasks are performed with great difficulty and if the affficted
person 1 able to walk at all, it is with a shuffling gait, Mental
retardation may accompany the condition, There is a recessive
form of the discase which has jts onset at about eleven years
of age and a dommant form which begins at about nineteen.

Hypertrophic Neuritis

This is another disease which develops between birth and
maturity, It involves an enlargement of the spinal nerves fol-
lowed by ataxia of the arms and legs and eventual muscular
atrophy. Recessive genes seem to be invalved in its inheritance-

Shaking Palsy

This disease, paralysis agitans, usually develops betweed
about fifty and sixty years of age. There is a gradual Joss of
control of the muscles and tremulous motions replace pur-
poseful movements. The hands held in the lap may begin 10
tremble, then 1o shake violently, getting completely out of
the control of the will of the afflicted person. Some family
pedigrees show dominant inheritance and others indjcate that
2 IECesSive gene may cause the same restilts, These a1 !“f;
entirely different genes, but it happens that the end result O
their action is similar,



CHAPTER 25

FUTURE PROSPECTS

l‘io;r that we'have completed a survey of some of the principles
e eredﬁy as they apply to man, the senous reader may
oy ask, “What of the future™ Will we be able to use our
P owledge to produce a race of “supermen” who will be so
2T SUpETIor to us that they will look back on therr primitive
ances}or.s of the twentieth century with the same sepse of
Supetiority as we now look back on our cavemen ancestors?
Y, will the human race show deterioration because of the
Operation of social and scientific forces which encourage the
development and propagation of harmful geres” Will a young
person of the future awake in the morning, insert his contact
lenses so he can see to get out of bed, fit the braces to his
legs so he can stand, take some medicine to keep his heart
beating properly, and go to school where be will study about
2 age when most people could live without these special
devices, 3 .
The law of natural sel operates_ cor usly in
Rature. The great majority of the inferior offspring which are

produced die in the terrific struggle for existence before they
Teach an age when they can reproduce. This is an ?ﬁ'cctxvc,
if rather inhumane, way of weeding out the harmful inhented
characteristics which may crop out in the race. There 15 2
Coustant selection in favor of the good gene combinations in
this survival of the fittest. Can we find some substitute for
the fierce law of tooth and fang that rules the jungles and
keeps the human race at 3 high level with a method which
is in accord with our prion of and Tity?
291
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Let us see what the prospects are for the man of the
future, and what, if anyttung, we of today can do to pass on
genes, which at least will be as good as those we have received,
{0 those who will populate our planet long after we have
departed.

Effect of Medical Progress

Medical science has shown phenomenal progress during
the past century. Many diseases and body defects which once
took the lives of the afflicted persons now have been brought
under control through advances in medicine and surgery. But
what 35 this domng 10 our genes? We know that susceptibility
to many germ discases is inherited. When we develop a new
antibiotic which ¢an cure a disease which has had a rather
high death rate, we tend to perpetuate the genes for suscep~
tibafity. Preventive medicine also may help perpetuate genes
for discase susceptibility. By vacemation, quarantine, sanita-
tion, prophylaxss, and other public health measures we have
greatly reduced the dangers of mfection from many serious
germ diseascs. Some of the popgxlaxi.on may be guite sus.
ceptible to lipox, but by v: and q ine we
have practically elimmated this disease wuhm. our borders,
Thus, many people live who otherwise woulfl die of smalipox
were they 1 a land where these preventive measures are

akern.
e gurg:ry saves many delective genes. A child may be born
with a defective heart which permits unaxygenated blood to
be mixed with oxygenated blood bel’:?n: it is pumped througp
the body. Without surgery this child wuuldv probably die
during the first few years of his life, but by a delicate operation
the defect can be corrected and the _chnld can lcaq a nom:‘xl
tife, ¥f there are any genes involved in the production of this
defect they would be pm_scrved. Likewise, a woman may
inherit a misshapened pelvis which prevents normat dch\'ex:y
in childbirth. Death wovld terminate her first pregnancy in
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a primitive society, but modern surgery permits the child to
be delivered with little more inconvenience than that which
accompanies a normal birth. Thus, both mother and child are
saved, along with the genes that may have been involved in
thrs defect.

Medica) advance has done great good for mankind—infant
mortality bas dropped markedly, the life span has been
extended, and much of the suffering and disability which
results from disease has been greatly reduced. Many of you
now reading these Lines would not be here were it not for this
great progress. No one in his right mind would argue against
the utmost use of medical skills to benefit the people of today.
We should remember, however, that these benefits are bought
at a price. Through their use, we can expect a gradual increase
in the number of people in our population who could not exist
without the aid of medical science. By its very practice,
medical science is increasing the load which it will be called
upon to bear in the future,

Effect of Social Welfare

In many primitive societies people who are either mentally
or physically ncompetent are very likely to die—without the
protection of their more fortunate fellows they cannot suvive.
In the more highly civilized countries, however, we take pride
in our humane attitude toward our less fortunate fellow beings
and help them to survive, In the United States a sizable
portion of our national income goes to the support of such
indwiduzls, either through governmental aid or through pri-
vate charitable contnbutions. Few in our country actually
suffer from lack of food, clothing, shelter, or medical attention,

gardless of financial ci Many who receive public
assistance have become destitute because of accidents or other
unfortunate circumstances, but in some there will be inherited
defects which contribute to their inability to take carc of
themselves. These genes are perpetuated by our kindliness-
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A Differential Birth Rate

During the early part of our national history there was
(rhoom for a rapidly expanding population. Large families were
e rufe in all classes, Most of the population lived in rurat
aseas where there was plenty of room for children and where
children were a definite asset as potential helpers on the farm
orin the kitchen. Girls married early, usually at about sixteen,
2ud bore children at a rate of about one every two years for
‘he. entire fertile period of their lives. The death rate was
Quite high, for we had not learned how to control epidemics
and other health hazards, but the high birth rate coupled with
Cxtensive migration of the people of other lands to our shores
Caused our population to increase greatly. Then came the
industrialization of our nation. Great cities sprang up as
factories demanded a concentration of large numbers of people
Inestricted areas. Agncultural developments made it possible
for fewer people to produce more farm products, so the young
People left the farms for the greater opportunities in the cities.
Transpor!auon was developed to move the supplies from farm
to city to take care of the needs of the high urban concen-
tration of population. Qur public school system was developed
and the period of education was extended.

The cities were not hospitable to large families—no longer
were children an asset—they became 2 definute ﬁnancial lia-
bilaty, City homes and apartments were not built for large
families, The cost of bearmng and rearing children soared.
Mothers ived medical fon dunng p y and
the children were born 1 hospitals rather than in the home.
Medical care was extended to periodical check-ups of the
Mothers and children after bitth—~immunization shots and
special_diets became the custom. Education became com-
Pulsory and special lessons 1o music, dancing, and ot!wr
subjects were undertaken at an extra cost. A college education

ssential by most parents Add up the

soon was considered ¢ , "
bill and what is the cost? A conservative middle-class family
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was spending about $20,000 to bring one child into the world
and rear hum to his twenty-first birthday with the training
which they deemed essential. H. J. Muller compares children
with other investments in the following manner: “In general,
children are not profitable in ; their cost is ive,
the dividends from them are uncertain, they are likely to
depreciate in value, are practically non-transferable, and they
do not mature soon enough.”

As a result of all these changes in our national life the
birth rate began to fall. Families of two and three became
common 1nstead of the traditional ten and twelve. Then, with
the great depression of the thirties, the decline was even more
pronounced and, although an increase came with the greater
prosperity of the war years and has held through the present,
the average birth rate is still far below that of the past century-
Such a dechine 15 not a tragedy—it would be most tragic if
the rate did not decline, There is limited space in the United
States and a limited amount of land which can be cultivated
to feed our population. It is better for a country to achieve
a voluntary leveling off before it reaches the saturation point
as it has done in some countries.

We may well be concerned, however, about the proportion
of children born to the different socio-cconomic groups of our
society. The average famuly size of those in the lower groups 15
greater than that of those m the higher socio-econbmic groups-
We realize, of course, that a person’s socio-economic position in
sactety is nodefinite mdication that he bears good or bad genes-
We do know, however, that there are many in the lower groups
who are on that level because of mental or physical incompe
tence and, furthermore, that much of this incompetence 15
passed on to succeeding generations through heredity.

Also, statistical studies show that the highest reproductive
rate was found among those of the lower L.Q. brackets, an
the smallest rate of reproduction was found among those O
the highest 1.Q. level, The high-grade morons (1.Q, 50) wer®
found to average 4.82 children while those with an 1.Q. above
120 averaged 3.13 per family. Again, we know that the 1.Q-
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can be influenced to some extent by environment, but we also
know that intellectual capacity is inherited Fnally, several
studies show that the birth rate is greatest among the mothers
with the least amount of formal education, and lowest among
those with the most.

War

Wars are istic to the propag: of the best
genes of a nation. When members of the armed services are
selected, those who do not come up to certain physical and
mental standards are rejected. When there are large numbers
of casualties, therefore, some of the best genes of a nation
are drained off. To some extent this 1 compensated for by
the fact that wars bring early marriages and a boost 1n the
bitth rate. Hitler fully realized the unfavorable genetic effects
of war and, in his propaganda, admonished German gxrls. to
bear a child by a soldier going to war as a means of preserving
the precious germ plasm of the finest youths of the Jand. As the
A-bomb and H-bomb are developed for increased destructive-
ness, it is probable that civilian casualttes of any future wars will
Counterbalance the loss of military manpower.

Problems of Eugenics

1on of the principles uflhcredxty in an :ffprt
to ig;:ﬁpggmind is known as eugenics, Man has applied
the principles of heredity to produce better hogs, cattle, and
sheep—can he now use these pnnf:xplcs for an improvement
of mankind? The problem is comphca:cd_. We can well imagine
the consternation which would greet us if we asked a rancher
1o improve a herd of catile with the following restrictions.
First, all animals must be allowed to reproduce freely ;.xccord-
ing to their own inclnations. Second, whenever any weak or
deformed calves appeared they must be given spccn{xl care
10 keep them alive and shall be allowed to reproduce if able.
Third, each bull must have freedom to choose any cow with
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which to mate, but once he has chosen, he must not be allowed
to mate with any other cows. This proposal, of course, is
ridiculous, yet one who would apply the principles of genetics
to improvement of the human race is faced with similar restric-
tions. The improvement which we have achieved in cattle has
resulted from careful selection of animals with the most
desirable hereditary qualities for breeding and through a rigid
program of elumination of defective calves. The best b
have hundreds of offspring, while those of poor quality go to
the slaughterhouse before they have an opportunity to breed.
Such techniques are, of course, out of the question at preseat
for human beings, although there was a time when a program
of mass artificial ion to allow ding men to
father many offspring was under consideration in Russia.

Neither would people even consider the ruthless destruc-
tion of persons of defective stocks such as was practiced i.n
ancient Sparta. Such a program would violate all of our sentl-
ments of mercy, charity, and compassion. But, some may ask,
“Does the preservation of life necessarily require that we also
permut the unfit to reproduce without limitation in the face of
the danger that their offspring might become future burdens
on society?” Or, “Can we substitute an intelligent program of
human selection to replace the more rigorous program 9f
natural selection which we have to some extent thwarted i
the development of our civilization?”

Reducing Reproduction Among Defecti

Now that we know that many defective traits ar¢ trans-
mitted by means of genes, some feel that we should seek
methods o reduce the continued propagation of these gencs
when they produce extreme defects. Segregation is one meth
of accomplishing this. If we confine the people suffering from
inberited mental defects in institutions and prevent the min-
gling of the sexes, then we certainly will prevent the trass:
mission of the genes which these defectives carry. This, of
course, has been done and is being done on a rather large seale
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today for those who fepresent the extreme cases of mental
deficiency, A greater problem, however, lies with the millions

* who do not require confinement, but nevertheless are not men-
tally competent. Experience shows that these incompetents
often have very large families. We would not want to segregate
these people who are not dangerous to themselves or to society.
Our sense of humanity dictates that we give them public
assistance so that they may live as unrestrawned citizens, but
what about the future burden of their children on a benevolent
society? Even though such persons bear normal children
they can hardly give them the home environment which would
produce worth-while citizens,

Sterilization

Some years ago, sterilization was suggested as a humane
solution to this problem of the propagation of defective genes.
It was proposed that both men and women could have a simple
operation and then would be free to live, marry if they wish,
and have a normal married life except for the fact that they
would have no children In a man the operation can be accom-
plished in a few minutes by simply tying off the tube which
carrtes the sperms from the testes to the interior of the body.
In a woman the abdomen must be opened and the tubes which
carry the epgs tied off The sex hormones continue to be
produced, and sterilized persons retain normal sexual charac-
teristics and wmpulses. The author knows of men who have
had this operation performed voluntarily after they had as
many children as they wished and they report no effects on
their sex hives whatsoever. Twenty-seven states now have Jaws
which permut eugenic sterization, although only one, Cali-
fornia, has practiced 1t to any sigmificant extent. .

Considerable oppostion has developed to this program
from several sources. Some say that such laws may be formu-
lated with all good intent, but the power may be abuscd.when
unscrupulous persons attain pol_mcal power, They point to
Germany as an example. Eugenic sterilization was practiced
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there before World War 11, but in the hands of a dictator the
program backfired. Some German citizens were declared unfit
1o bear children simply because they had a political philosophy
which differed from the Nazi ideology. Class and race preju-
dice entered into decisions on sterilization. There were even
cases reported where extreme uglness was deemed sufficient
cause for sterilization. The laws we now have are hedged with
qualifications which are intended to prevent such abuse of
power, but the admuustration of a law is the ultimate test.

Also, it is pointed out that mauy of the defective traits
result from recessive genes, and, even though we stesilize all
those who show such traits, there will still be many of these
genes existent which are not expressed in the general popula-
tion. Therefore, we can expect the traits to continue to appear
in the future as these recessive genes come together in the
children of apparently normal parents. The rate of reduction
of the defective genes by total sterilization of alt those who
show the defects would be very slow. It has been estimated
tgxat it wonld require about 2,000 years of such total stenliza-
tion to reduce the genes to one-half of their present total. We
could never el them t through fon new
genes for such defects are constantly appearing.

Funally, there are some religious leaders who oppose the
program on mozal grounds. They contend that, since man does
not have the power to give life, neither should he assume
the right to take away the power of reproducing life.

Birth Control

. Even if widely practiced, sterilization could reduce the
birth rate only among those so defective that there would be
no question about their undesirability as parents. This would
not affect 2 much larger group who have hereditary taints and
who live in conditions which are not conducive for the best
development of children, yet who are slightly above the
standards we have set for defectives. Some have sugested 2
freer dissemination of information about methods of birlh
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control so that such people will have an opportunity to volun-
tarily restrict their family size. Federal law now prohibits the
giving of such information on contraception except by a
physician to a patient whose life or health would be seriously
endangered by pregnancy. We all know, of course, that this
law is 1gnored in many instances, but it still places a stumbling
block in the way of instructing those who do not have the
intelligence to learn about and use the available contracep-
tives. Some states have developed birth control clinics which
are focated at the places where they are needed the most,
and social workers visit the poorer families which are already
overburdened with children and offer information about con-
traception.

The great drawback to such a program les in the fact
that our present methods of contraception are somewhat
expensive and require a reasonable amount of imtelligence
for their successful use These factors restrict their use by
those who need them the most. What we need 1s a reliable,
easy, and inexpensive method to prevent conception Tests with
experimental animals and with volunteer human couples show
that birth control 1n pill form 1s possible There are hormones
which, when taken in pill form by a woman, prevent ovulation
and, therefore, fertil Other chemicals esther kill the
sperms or mhibit the action of the enzymes necessary for fertil-
ization. More work has to be done with these contraceptive
chemicals before we can be sure that there are no harmful effects
from their long-continued use. At the time of this writing there
are no such pills available to the general public; they are being
tested on volunteers 1n certain sections of the world with prom-
ising results.

smgrll;:r‘; are opponents to any plan which would make

plives more easdly inabl; Tl;ey argue that we
would have an unp d wave of ity among
cur young people—guls would more easily yield to the tempta~
tion of extramarital intercourse once they were freed of the
restraining influence of the fear of pregnancy. Also, that our
married people would have fewer children with this knowledge
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of a means of control and there would be more divorces
because statistics show that divorce is much higher among
childless couples. Furthermore, they point out that childless
women tend to be neurotic—denied the satisfaction of one
of their basic instuicts, they develop real and imagined ills
which may be more expensive w the long run than the cost
of bearing and rearing children. Contraceptives, they claim,
may harm 2 woman and thewr continued use may render her
incapable of beanng children. Finally, there ate some who
feel that 1t is morally wrong to use devices which defeat the
basic purpose of sex—~that intercourse under such circum-
Stances 13 o more thap mutual masturbation with self-geati-
fication as its prumary aum

On the othet hand, those who favor the free dissemination
of information on birth control contend that children should
be born only to those families who want them. They speak
of “planned parenthood” wheseby a couple bears children
when the conditons of finance and health are propitious,
rather than letting conception occur according to the vagaries
of pure chance They feel that the basic urge o bear children
Is so strong that our best citizens will not forego parentbood
sunply because they know how to avoid it. The great demand
for adoptions by chuldless couples testifies to the truth of this.
The proponeats of birth control also feel that the moral fiber
of our young people is sufficiently strong that they will not
aliow thus wformation to lead them into promiscuity. Those
50 anchned do not seem 1o be detersed at present, and the;
often turn to the dangers and evils of abostion if their knowl-
edge of binth control proves inadequate. They coptradict the
arguments of harmful effects of contraception by pointing 0
the many couples who have used such devices for many yeafs
without apparent harm or loss of fertitity.

Nearly all agree that unrestrained reproduction is sot
desirable—that she heaith of the mother, and geographical
limitations make some restriction desirable. Those who 0ppose
coniraception, however, point out that there are other ways
o accomplish thus end. For instance, there is continence—
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there can be no conception if there is no mtercourse. Also,
there is a so-called natural method which attempts to take
advantage of the fact that the fertile period of a woman’s life
is limited to a few days only of each month. Some women
Pprevent conception by this “calendar method,” but since the
tune of ovulation may vary it is not always reliable. To para-
phrase one of Abraham Lincoln’s famous sayings, we might
sum up the situation of the calendar method by saying: “It
will work with some of the women all of the times and all of
the women some of the time, but not all of the women all
of the time.” A check of basal body temperature each morn-
ing makes it possible to pinpoint the time when conception is
possible more accurately for individual women, and to increase
the chances of success of this method, but both intelligence
and willpower (at certain times) are required.

Increasing Family Size

The eugenic methods we have brought out so far are
negative in their approach—they seek to prevent excessive
propagation of the less desirable genes by reducing the rate
of reproduction among the less desirable members of our race.
1t 15 just as important that people who seem to have more
desirable hereditary qualiues have enough children to replace
themselves. At present those most capable of rearing children
and gwing them the maximum opportunities in life are having
the smallest families. While, we must emphasize again the
fact that socio-economic position 1s no reliable indication of
the desirability of inhertted qualities, there 1s still the prob-
ability that the average gene complex for those in the higher
groups is more desirable than would be found among those
at the bottom of our social scale, Such a positive approach

roblem is difficult.
© 1111: er:%i:;'lcc}:)un!rics there have been inducements and
rewards for parenthood. Adolf Hitler, concerned over the
late marriages and small families of {us people, dcvxscfi a
system of loans to encourage early marmriage and childbearing.
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A young couple wishing to marry could obtain 2 loan to
establish their home. The loan was repaid in monthly pay-
ments over a ten-year period. However, one-fourth of the
loan was canceled at the birth of each child, and payments
on the balance were postponed for twelve months. This
encouraged early and frequent childbearing. The number of
marmiages 1ncreased greatly when this program went into
effect, and the German officials estimated that the birth rate
was mcreased about one-third because of it. Sweden devised
especially large mcome tax exemptions for parents with chil-
dren under ten years of age, and special facilities for the care
of expectant mothers and the delivery of their babies. France
started a system of family allowances in 1932 in a similar
effort to prevent the decline of their birth rate. In the United
States we offer some encouragement through our income tax
laws, and the armed services have special allowances for
dependents which prevent hardship when the patter of little
feet 15 heard around the house. Whenever a married couple
feels that an increase in family size will not bring too drastic
a Jowenng of the standard of living for the entire family, they
usually have more children than they would if financially
pressed.

_ Some feel that too much emphasis on financial rewards
is contrary to our American ideals and that other methods
?:m accomplish the same results. As people become better
informed about the problems of eugenics they feel that there
will be an increase in family size among our better citizens.
The educational program of the past seems to have had its
effect. It is now becoming somewhat fashionable to have
babies. There was a time when a movie star would jeopardize
her carcer if she dared to have z baby. Now she obtains 2
short leave and returns to the screen after the “blessed event,”
her charm enhanced rather than dimmed by the experience
of motherhood. Such a change in attitude toward childbearisg
has done more than financial inducements to balance the birth
rate among the different classes. Education offers us our
greatest hope of positive eugenics.
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International Probl, of Ei

In many countries of the world there is no need for any
sort of ind to have child ly all families of
all classes are large. Women start bearing children early in
life and continue bearing them as long as they are fertile.
The death rate among mnfants and young people has always
been very high in these countries, but now that we have intro-
duced techniques to control the death rate there is a problem
concerning the birth rate. A country is a restricted area in
which its people live, and it can produce only so much food
for them, The great majority of the people in such countries
live on a semi-starvation det, getting barely enough food
to keep alive. Xf we teach them better means of agriculture or
send them large quantities of food the people live shghtly
better for a tiune, but soon the increasing population brings
down the per capita amount of food and the population is
again living on a semi-starvation diet. There are then more
people to consume the extra food, so the gam is canceled.

Medical science has stepped in to save many people in
these countries. Public health measures are reducing the deaths
from the germ diseases, but this will mean that more may
die of starvation. It 1s estunated that if we could transfer to
India all of the world’s skill in saving human life, so that the
death rate of persons under forty in that country was the same
as 1n the United States, in onc hundred years India would
produce enough people to populate the eafth ﬁve'xuna over
at the present figure for the world's population. This 15 assum-
ing that the birth rate remaiped unghanged. There simply
cannot be a high and uncontrolled birth rate together with
a low and controlled death rate in 2 finite boundary. Great
Britamn did much to improve the lot of the people of India
and the population doubled under the British regime.

We share food, technical kniowledge, and money with the
people of these overpclpulax?d countries, but we scldom
arrange to share the thing which makes our way of life pos-
sible—a contralled rate of reproduction. But, how can we share
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such a thing? Certainly we cannot make a reduced birth rate
a condition of aid to such nations. In a nation where ancestor
worship makes a person wish to have as many children as
possible, this would be heresy. In such countries children
represent the best possible, and often the ooly, form of old-
age insurance. Education seems to be our best hope. It has
been observed time and time again in modern as well as
ancient history that the birth rate falls as civilization rises.
As people become more cultured, more educated, more
civilized, the birth rate declines, Regardless of political and
rehigious beliefs, customs, or other factors, people find some
way to keep family size under control.

With advancing culture there is inevitably a rise in the
place of woman 1n society. We come to look upon her as
something more than a glorified queen bee whose only justi-
fication for existence is to bear and rear children. We realize
that she can make a contribution to society as an individual.
When this attitude develops there tends to be a drop in birth
rate. Fewer babies are born, but more live, and those who
live are given greater opportunities to develop into worth-while
citizens. A development of such an attitude towards women
could be a great contribution to some of the overcrowded
and undernourished peoples of the world.

Man of the Future

All of these various trends may seem to throw 2 pessimistic
note on the prospects for future man; but this reckons without
one of the most reliable laws of nature. It is sometimes said
that the only invariable thing about nature is variation. Noth-
ing on this earth stands still-everything is in flux, The span
of life of man on the earth is so brief in terms of planctasy
time that we can scarcely see these changes—although many
men living today have seen great changes which have been
wrought in therr lifetimes. To see the greater and more sig-
nificant changes, however, we must take a much fonger 100k
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Suppose we could detach ourselves from this earth and view
it from a vantage point in space. Furthermore, let us assume
that in becoming so large our sense of time was changed in
proportion so that a thousand years was equal to one second.
Now let us look at the earth. The various changes of the
seasons come and go so rapidly that they could not be
detected, but we notice that the ice cap on the poles at times
becomes much larger as the world climate becomes colder,
Great glaciers cover much of the area which we now know
as the temperate zones and the climate in these regions
becomes frigid Then the glaciers recede until the ice is found
only at a small spot on the poles. The melting ice causes great
floods over regions which were dry land, A tropical climate
becomes established in areas formerly covered by ice. We
see great contments sink into the sea and others rise up at
other places. Huge mountams push up from the land and out
of the sea, and volcanoes spew their molten lava over large
areas of the earth.

If we could see the earth mn this way, and this is a true
picture of the earth of the past and, no doubt, is a valid
projection of the earth of the future, we would never again
think of this terrestrial globe of ours as a static thing. But what
about the life on the earth during these great changes? There
is only one way for it to survive—that is for it to change along
with the changing surroundings Those who cannot change
rapidly enough become exunct The charactenstics which may
be very desirable 1n one set of environmental conditions may
be a drawback 1n others Thus, Iife 1s created as an adaptable
thing—all living creatures arc endowed with this ability to
change. Since we can feel with almost certain conviction that
the conditions on our earth will be ditferent in the future from
what they are today, we can also feel with equal conviction
that man will be different If thus is true, all our worry about
the change which present conditions might bring is of little
consequence 1 the long look. True, some very unpleasant
developments may come from unwise actions today, but these
will be of Little consequence to the great stream of human lfe
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which 15 to inhabit the earth of the more distant future.

Yes, man of the future will be different. Just how different
we cannot say, because we do not know how the conditions
of the future will differ from those of today. It seems most
likely that the inborn ingenuity of man, coupled with the
plastic adaptability of all protoplasm, will insure his con-
tinuation as the dominant inhabitant of the earth, regardless
of the errors of any particular generation.



CHAPTER 26

METHODS OF INHERITANCE
OF PHYSICAL
CHARACTERISTICS

In this chaptcr we shall lxst some of the many human physical

istics which are infl d by heredity, together with
their probable method of inhertance Unfortunately, the
information 1s not always complete and 1 many cases the
conclusions are tentative. Also, we find cases where a2 number
of different genes can have similar effects on the body, and
this can be confusing For example, the second and third
toes of some people appear to be grown together There are
two toe nails, but the toes are jomned together by a growth
of skin between them. This condition of united diguts 15 known
as syndactyly. One gene which causes 1t is known to be
recessive and sex-linked as shown by many family pedigrees,
In other pedigrees, however, we find that the inheritance is
due to a different gene which is recessive but not sex-linked.
Hence, when we find a person with syndactyly, we can only
determine which of the two genes is operating by a study of
his particular ancestry. This 1s explained by the fact that there
are many genes involved in the growth of the toes and
variations of two of these can cause an effect which appears
identical,

Also, we occasionally have embryonic accidents of growth
which may result 1n physical condittons that may look very
much like similar conditions caused by known genes. This
can be confusing and again we must turn to family pedigrees

109
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to find the answer. Family pedigrees can also have their faults.
Surgery is often nsed early in Jife to remedy inherited defects.
Clubfootedness, for instance, may be inherited, but skilled
orthopedic treatment and surgery in early childhood can
correct the condition. As a result, an adult may never even
know that he had this condition as a child. In tracing ancestry
this can give an inaccurate pedigree. Then, too, even though
the condition 1s shown, there are times when it is difficult
to get the information about it. Some people are reluctant
to admt any sort of defect or deformity in their family tree.
They may withhold information about cases of known epilepsy,
for 1nstance, since they feel that this is a famuly taint.

The tabulations of nhertance of physical characteristics
are presented, therefore, with & warning that they must be
taken with some reservations as to their application. They do
represent the results of many studies, however, and should
be of value as a guide in the survey of family histories,

Hair

With all the many hues of natural hair color which may
be seen on the streets today, it appears that this is a char-
actenistic which must be influenced by a number of different
genes. Studies in recent years are complicated by the fact that
it is very difficult to tell just what hair color the members
of the feminine sex have inherited, since environmental influ-
ences of the beauty parlor variety can cause such great
deviation. There are a few things we can say, however. We
know that the children resulting from matriages betweent
persons of a dark-haired race and persons with very blonde
hair are typically dark-haired. This indicates an over-all domi-
nance of the genes for dark hais over the genes for light hair.
In a mixed population, such as our own, the children of
parents with opposite extremes of hair color are often intef-
mediate in hair shades because the dark-haired parents carfy
some of the recessive genes for Yight hair, Marriages between
two light blondes in our population, however, will almost
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invariably yield light blonde-haired children, a fact which
again pomts to the recessive nature of blonde genes as a whole

Red hair, on the other hand, seems to result from a single
pair of recessive genes. The children of two red-haired parents
practically always have red haw. Also, red-haired children
may be born to parents who are not red-hatred and, m such
families, approximately one-fourth of the children show this
trait, as would be expected when both parents carry a reces-
sive gene which they do not show. When one parent has red
hair and the other does not, then either half of the children
will have red hair or none of them will have it. Agam, this
is as would be expected with recessive gene mhertance. Inci-
dentally, hair color may have some relatron to the endocrine
secretions. A baby born of a dark-haired mother may have
dark hair at birth because of the mfluence of the hormones
of the mother even though 1ts genes are for blonde or red
hair. Apparently the baby has absorbed something from the
mother which results in this dark hair. When this first hair
falls out and is replaced by a new growth the highter color
will be produced. This possible hormone mnfluence 1s supported
by the fact that many people have lighter hair as children
than as adults. As the changes in endocrines come about
during ady there 15 a prog; darkenung of the hair.

There seem to be two primary pigments in the hair, cach
of which is subject to quantitative variation. One of these,
black melamin, may result in black, brown, scpia, or light
blonde hair with varying shades between Upon this is super-
imposed another melanin pigment which may range from
sandy-red to yellow. Various genes influence the intensity and
the quality of these pigments 1a such a way as to produce the
wide variation in hair color which is characteristic of man.

The recessive gene for albinsm interferes with the pro-
duction of melanin in the hair as well as m the skin and the
eyes. This gene, therefore, takes pmfcdcnce over all of (l_lc
other genes involved in the production of this pigment in
the hair. When it is received from both parents no melanin
will be formed regardless of the other genes. Albinos often
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have some color in their hair as a result of other pigments,
however, Negro albinos especially, tend to have sandy-red
hair of a very light shade, and white persons often have some
reddish or golden-yellow pigmentation.

Gray harr 1s sometimes thought to result from undue worry
or nervous strain and almost invariably appears with the
advancing years. There is not complete agreement as to the
exact cause of this phenomenon, for one theory holds that it
results from the production of a substance known as leuco-
keratin, winle another mamtains that it is due to the formation
of air bubbles in the hair shaft. We do know that the age
at which the hair begins turning gray is influenced by heredity.
It 15 difficult to establish the exact method of inheritance,
however, because of the effects of environmental factors such
as diet In certamn family pedigrees, premature grayness is
inherited through a dominant gene.

Some people have a white forelock of hair while the rest
of the hair has normal pigmentation. This condition is knows
as a blaze. The white hair comes out of the central part of
the forebead and 1s usually combed back over the head 10
produce a white streak over the darker hair. We know that
a dominant gene produces this condition.

The form of hair 15 dependent primarily upon its shape
1 cross section. Straight hair is rounded, while wavy, cutly
and kinky hair show progressive degrees of flattening. No
doubt a number of genes are involved in hair form, but in
the white race the evidence indicates that a single pair of
genes produces the difference between curly and straight hair.
Two genes for straight hair make it straight, two for curly
make it curly, and one of each gives an intermediate effect
known as wavy. Thus, this is another case where neither gene
is dommant-it is intermediate in isheritance.

The kinky hair of the Negro race generally dominates
over the hair form of the white race, although there may be
some degree of intermediate expression.

Next to color and form, the most striking feature about
hair concerns its p or ab Bald is a charac-
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teristic which, without doubt, can be induced by environmental
agents such as disease, but a majority of the people who are
bald became so because of thewr gemes The condition 15
inherited as a result of a sex-influenced gene which 15 dom-
nant in men and recessive in women. The pattern of baldness
which develops and the age at which it begins 15 also mfluenced
by heredity. There is a related condition, hairlessness (hypo-
trichosis), which is characterized by complete absence of hair
on the head from birth or shortly thereafter and a scant growth
of hair on other parts of the body. Such a condition 15
inherited as a recessive trait which 1s similar to a recessive
gene for hairlessness in domestic animals, such as cats

The opposite condition, excessive amounts of hair on the
body (hypertrichosis), may be produced by a dommant gene
in man, Also, other genes may produce excessive amounts
of hair only on certain body parts. Heavy, bushy eyebrows
result from a dominant gene. The gene complex of different
races results in variable amounts of body hair The Aius of
northern Japan are the hairiest people on ecarth, the white
race comes next, followed by the Negroes, while the American
Indians, Mongolians, and Eskimos have little hair on the
face and body. The intermediate condition of hair growth
which is found among the children of nterracial marriages
suggests that a number of different genes are mvolved 1 this
characteristic.

The growth of hair on the middle joint of the fingers is

an human stic which may easily be
studied by amateur geneticists Mid-digital hair may occur on
fingers in various b . It is most on the

ring finger; next comes the ring finger plus the middle finger;
next comes the ring finger, plus the middle finger, plus the
Inttle finger; and, least common, is hair on all four ﬁpgcxs,
A hypothesis has been proposed to account for the inheritance
" of these conditions. This hypothesis assumes the presence of
hair on all four fingers is dominant to its presence on three;
three in turn being dominant to its presence on two; two being
dominant to its presence on one, and one dominant to its
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presence on none, In making such a study a magnifying glass
should be used to see the small hairs that might be overlooked
with the naked eye.

Near the top part of the back of the head there is a crown
or whotl of hair which rotates in a clockwise direction in
most people. In a few cases, however, the whorl may be
counterclockwise as a result of the presence of a pair of
recessive genes. Occasionally, a person will have two whorls
rather than one. This seems to be inherited as a recessive
character, also. At the center of the forehead the hairline
may dip down to form a point which is called a widow's peak.
This characteristic 15 inherited as a dominant character.

Eyes

The color of the ins of the eye is a clearly defined human
character which attracts much interest, It was one of the first
human traits to be studied from the standpoint of heredity.
Davenport, m 1907, studied a number of family pedigrees
and suggested that brown eyes are dominant over blue eyes
m the white race. There are many variations of eye color,
however, which may be influenced by other genes. The blue
color of the irs is due to a pigment in the back, or retinal
layer, of the iris as seen through a semi-opaque, colorless
layer in the front of the iris. This blue layer is present in most
persons, but in those with darker eyes, it will be masked by
the development of melanin in the front part of the iris. Nearly
all babies of the Caucasian race are born with blue eyes, which
may darken later as the melanin pigment develops in the
front fayer of the iris. Gray eyes seem to be a variation of the
blue. Green and hazel eyes appear when the melanin partially
masks the reflection from the rear of the iris. Brown and
“black” (dark brown) represents an almost complete masking.
There is also variation in the distribution of the melanin—
it may be smoothly dustributed, it may be in spots, or it may
occur in a ring around the outer edge of the iris.

In most families where both parents have pure blue of
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gray eyes, the children all have blue or gray eyes, thus indi-
cating the recessive nature of the genes which influence this
character. The darker colors are generally dominant over the
b‘lue or gray, but there is considerable vanation 1n the expres-
sion of the darker colors because a number of genes are
involved. Of course, when the recessive gene for albinsm 15
expressed there is no formation of melanin. In some albinos
the iris is pink because the blood n the retinal layer becomes
vistble. In other albinos there are some reflecting bodies mn
the retinal layer and the eyes will appear to be pale blue.

Nearsightedness (myopia) is a very prevalent hereditary
defect of the eyes. It may be brought about by either of two
independent genes. When the eyeball 15 too long, a normal
Iens will bring distant objects to a focus 1n front of the retina,
thus causing a fuzziness of the image upon the retma Such
a condition seems to be inherited as a recessive. An excessive
curvature of the cornea is a less common cause of near-
sightedness, and seems to be caused by a dominant gene.
There is also a sex-linked form of nearsightedness which has
been di d 1n certan pedig 3

Farsightedness (hyperopia) results when the eyeball is
too short for the curvature of the lens In a normal eye, when
the muscles within the eye are relaxed, the image from distant
abjects is in focus on the retina. When the eyeball is too short,
however, the point of focus is behind the retina. Hence, there
must be a constant strain on the eye muscles to accommodate
for normal vision, and it is sometimes impossible to bring
nearby objects into sharp focus at all. This condition seems
to be a dominant character.

Astigmatism is a defect of vision caused by unequal
curvature of the cornea, which causes objects in one plane
to be in sharper focus than objects in another plane. 1t, also
seems to result from the action of a dominant gene.

Blindness is, of course, the most serious of eye defects.
It may be induced by many environmental causes and it
may be inherited in many different forms. Keeler lists over
twenty daffe ditary causes of blind One of the
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most common of these is glaucoma, which is responsible for
more hereditary blindness than any other cause. In glaucoma
the fluid within the chambers of the eye develops a great
internal pressure which results in destruction of the optic
nerve. This 15 a case in which preventative surgery may be
used to inhibit the development of an inherited defect: An
eye operation may provide a channel for a better circulation
of the fluids within the eye and, thus, relieve the undue pres-
sure on the optic nerve. The character is dominant, but usually
does not make 1ts appearance until middle age, although in
some families it has appeared as early as fifteen years of age.
Cataract 1s another eye defect which leads to blindness, The
condition is characterized by the development of an opaque
condition of the lens or the cornea. We know that there are
environmental agents which may lead to the production of
cataract, but it 15 undoubtedly influenced by heredity as
well. The tendency to develop cataract is inherited as 2 domi-
nant, and the age it 15 hikely to develop 15 also inherited. In
some famuilies 1t is even present at birth. Another inherited
cause of blindness is retinitis pigmentosa, which is charac-
terized by the development of a pigment alongside the blood
vessels of the retma, The condition is found to result from a
dominant gene in some families, and from a recessive gene
in others. Optic atrophy, or degeneration of the optic nerve,
which also results in blindness, 15 due to a recessi linked
gene. Micropthalmia, an mbherited condition characterized by
the presence of very small, non-functional eyes, is dus to 2
sex-linked recessive gene.

Red-green color blindness js inherited as a sex-linked
recessive character as was described in Chapter 12. Another
sex-linked recessive gene results in an impairment of vision
known as congenital mght blindness. Persons showing this
character see very well in good Light, but very poorly in dim
light. Night blindness may also result from a deficiency of
vitamin A in the diet, but feeding vitamin A in large amounts
to a person who inherits this gene brings no relicf from the
condition.
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In some persons vision is impaired by an uncontrolled
movement of the eyes, known as nystagmus. The eyes may
undergo up and down, lateral, or rolling movements In some
familtes this character 15 inhented as a sex-hnked recesstve,
in others as an autosomal dominant

The eyes of the specialized Mongolians (Chnese, Jap-
anese, etc.) are commonly referred to as “slant-eyes ” Actually
the position of the eyes is the same as in the other races, but
there is a fold of skin from the upper eyehd which extends
down over the inner corner of the eye to produce this dis-
tinctive appearance. Interracial marriages indicate that this
character is inherited as a simple dominant Another inhented
defect of the upper eyelids is called ptosis, or drooping eyelids.
Persons recciving a dommnant gene for this condition are
unable to use the muscles which raise the upper eyelid, which
therefore remains drooped down over the eye and leaves only
a small slit between the upper and lower hd for vision, There
are various degrees of expression of this gene. In some persons
the drooping serves only to give a sleepy appearance, but, 1
others, it is so pronounced that the head must be thrown back
in order for the person to see straight ahead

In the early human embryo the eyelids are fused, but
normally they separate at about the seventh month of devel-
opmeat. There 15 an inherted condition called cryptophthatmos
in which the lids fail to separate and the baby 15 born unable
to open its eyes. This appears to be duc to a recessive gene.

Ears

Many continuous variations in the size and form of the
ears as well as their position on the head indicate multiple
gene inheritance of ear characteristics. A few of these seem
to correspond primanly to variations in a single gene. Free
ear lobes seem to dominate over attached ear lobes, but there
is variation 1n the degree of freedom of those which are not
attached, The outer, rolled rim varies in size, sometimes, itis
almost lacking. In some persons there is a very distinct point
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which projects inward from this rim. This is called Darwin's
point because Charles Darwin suggested that 1t might be a
rudiment of a condition when human ears might have been
pointed hke those of many other ammals, It is inherited as
a donunast trait, but vanes m s expression, for some people
show 1t mn one ear, but not the other, Nearly all persons have
a small enlargement of the cartilage at this point, but it
usually does not stand out distinctly.

The outer portions of the ear are the more noticeable, but
the mportant functional parts are embedded in the bone
within the skull Deafness s, of course, the most serious defect
of the ears Since heanng nvolves the coordination of many
parts of the ear, deafness may result from a number of causes.
Vanous types of ear infections and other environmental agents
may induce deafness One inhersted form of deafness, how-
ever, 1s present at bith Since children so affiicted cannot
hear the spoken word, they normally do not fearn to speak
and become deaf-mutes At least two genes are known which
produce such deaf-mutism, and both of them are recessive,
sa that a person will be 2 deaf-mute if he receives a pair of
enther of these two genes. Some special training institutions
bave been developed to teach such persons to speak and to
read hips The author once held a rather lengthy conversation
with a person who had been so trained, only to learn later
that the person had heard not a word that was said. Usually,
however, the speech of persons born deaf is noticeably du-
ferent from that of persons with normal hearing,

Another snherited form of deafness makes its appearance
after matunity, beginning with a shghtly defective hearing m{d
progressing to total or near total deafness in old age. This is
known as otosclerosis and is inherited as a dominant. It i
usually accompamied by a ringing or buzzing in the ears. i3
1s nduced by an abnormal growth of bone around the bones
of the middie ear which transmut sound vibsations and make
hearing possible. This type of deafness is usually fisst noticed
at about thirty years of age. Sull another type of deafness
results from atrophy of the auditory nerve which transmiis
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the'impulses from the hearing organs of the ears to the brain,
This usually begins to manifest stself at zbout forty years of
age and progresses for several years, finally resulting in
complete deafness. It seems to be wherited as a domnant.

Nose

We often hear the expression, “as plain 2 the nose on
your face,” which emphasizes the fact that the pose 15 one
of the most conspicugus of facial features. As with so many
other human characteristics, we find numerous vanations of
many sorts in the length, width, and shape of the tp of the
nose which result from multiple genes. A number of the
characteristics of the pose which show simpler ihentance
may be mentioned. A high, convex bridge of the nose seems
to be dominant over a straight bridge or a concave budge.
The root of the nose, the point at which 1t joims the forchead,
in some persons is quite high, forming a suutable attachment
for eyeglasses; while in others it is fow. There &5 varability
in this character, but high root seems to dominate low root.
A straight fip of the nose seems to be dominant over an
upturned tip. The wings which spread out fram the point of
the nose are also quite varable, and may be wide and
spreading, or narrow. The widespread wings seem to show
dominance pver the more narfow wings. Also, some wings
may be higher than the septum of the nose, so that the openings
of the nostls are clearly visible from a side view In other
cases the wings are level with, or lower than, the septum
which divides the nostrils. Some geneticists think that the
high wings are recessive to the loser types.

Mouth

The lips form the gateway to the mouth and are a very
prominent factor in a person’s facial expression. Numerous
multiple genes determine the ggncml shape and size of the
tips. Full lips seem to be dominant over thin lips in some
family pedigrees. Harelip is one of the most common abnor-



320 HerepiTy AND YoOur Lire

malities of the bips. When the upper bip is first formed in
carly embryomc development it consists of three portions,
two lateral and one median, During the second month of
embryon life these processes normally fuse to form the upper
lip. On some accasions, however, they fal to fuse, most
frequemtly on the Ieft side, and a baby 15 born with a distinct
cleft extending up toward the nose. The deformity takes its
name from the mouth of the hare, but the cleft in this animal’s
upper Iip 15 median, while that 1a the human lies to one side
of the median hne. Harelip 15 often accompanied by a cleft
palate i the roof of the mouth. The evidence wdicates that
the condition 15 mhentted, although there seem to be some
cases where the genes are present yet the harelip still does not
exist. Some authorities think that 1t 15 due to a recessive gene
which, for some reason, 1s not expressed in alf those who receive
2 pair of these genes It does show more often in the male than
1 the female There may be some other gene or some environ-
mental factor which whibats st Surgery performed early in
life may correct harelip and cleft palate so that the condition
35 not evident,

There ate many genes which fluence the development
and conformation of the teeth Vanations in single genes may
produce pronounced effects Qne domsnant gene causes the
absence of some of the upper mcisors and molars. Another
dommnant gene causes the absence or reduction of the two
lateral mesors 1 the upper jaw. A sex-linked recessive gene
causes the absence of the cammes and perhaps some other
surrounding tecth, A dominant sex-linked gene causes the
absence of enamel on the teeth. This causes them to wear
down rapidly so that they often barely protrude from the
gums. Sull another dominant gene causes a defective denting,
that 15 soft and opalescent In this cate, the enamel has @
bluish color, and the teeth weatr down easily. Brown enamel
of the teeth results from a recessive sex-linked gene. Tooth
decay &5 without doubt influenced by environmental factors,
such as diet, but the susceptibility of the tecth seems to be
due to a dominant Beoe.
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. As with most other body charactenistics the shape and
size of the tongue responds to so many different genes that it
is not possible to isolate many effects of individual genes.
§0me people have the distinctive ability to roll their tongue
into a U-sshape when they extend it from the mouth. This
ability seems to be due to the presence of a domunant gene,
A much smaller number of people can fold the tip of the
tongue over backward against the base of the tongue. This
also results from a dommant gene which 15 not so common
as the gene for tongue-rolling. The sense of taste is also asso-
ciated with the tongue. There are taste buds scattered over this
organ. Taste sensitivity may vary greatly, however. It has
been discovered that people vary m their ability to taste a
certain chemical, phenylthio-carbamide. ‘To some this chem-
ical has a distinctly butter taste, to others 1t 15 quite tasteless
This 15 an easily d human ch 1stic which has
been extensively investigated The ability to taste this sub-
stance is dominant, and the 1nability recessive About 70 per
cent of the American people are tasters.

Chin and Checks

The chin is often thought to denote some aspects of a
person’s character—we speak of the pugnacious, aggressive,
Protruding chin and the weak, timid, receding chin—but the
genes which affect this portion of the human anatomy seem
to have no direct relationship to inherited personality traits.
The receding chin seems to be inherited as a recessive trait,
The chin also varies 1n its length, from the lower lIip to tts
lowest point, with muluple gencs making the variation con-
tinuous. Some persons have 2 distinct depression, Or'dlmplc,
in the lower part of the chin. This scems to be inherited as a
dominant.

From a frontal view, the chin may be square, or rounded,
wide or narrow, with variations between. .A sludx of the
Hapsburg dynasty of Europe shows lhfﬂ for six centurics there
was 2 rather consistent transmission in the royal family of a
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natrow, protruding chin, together with an overh ging lower
kip. Dommance of this trait certainly seems to be indicated.
A double chin, however, clearly reveals the mutual influence

of heredity and envirg inhertance of the necessary
genes plus excessive itake of fattening foods, and poor
posture.

The cheekbones may be high, low, or intermediate. Many
races, such as the American Indians, are characterized by
high cheekbones. The gene complex involved seems to be
dominant. There 15 quantitative variation in the extent of the
fat pads of cheeks, both as to thickness and placement. In
some persons the pads are so low as to result in pendulant
cheeks which hang downwasd, Dimples in the cheeks are
inherited also, apparently as a dominant, but with some
varation i expression They may occur on one cheek or
both, and in rather rare cases there may be two on one cheek,

‘The color of the cheeks is certainly an environmentally
induced charactenstse among the female members of our
population, but among men, childten and women without
make-up there 15 a distinct natural variation. Rosy checks
naturally accompany a thun skin over this area, for that would
allow the blood 10 show through. Popular opinios to the
contrazy, this does not mean that such individuals have a
blood supply which 15 nicher and more abundant than those
with thicker skin and less rosy cheeks. Darwin teported a
family m whuch the tendency to blush and the manner of
blushing were nherited.

Hands and Feet

There are genes which produce over-all variations in the
Iength of the fingers and toes relative to the hand or foot, and
other genes which influence the relative lengths of the indi-
vidual fingers and toes. Most genes which influence fingers
also influence the toes, but these are a few which affect only
one of the two types of digits. There is one dominant gene for
a teait, called arachnodactyly, which produces extremely long
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fingers and toes, Persons with this condition are said to be
spider-fingered or spider-toed. Another dominant gene, for
brachyphalangy, causes very short fingers, because of an
extreme shortening of the middle phalanx of these digits. On
the basis of a study of the children of one couple (both of
whom had the condition), this gene is believed to be lethal
when received from both parents. Another dominant gene
causes & shortening of the fingess and toes through the appar-
ent absence of the middle jomt. This 15 known as brachy-
dactyly. X-rays show that this trait nvolves a fusion of rudi~
mentary middle joints with one of the other jomts of the
digits. Still another dominant gene, symphalangy, causes a
fusion of some of the joints without any shortening. This
produces stiff fingers.

Some persons are unable to straighten out their fingers
because of an abnormal shorteming of the flexor tendons.
Possession of such flexed fingers (camptodactyly) 1s inhersted
as a dominant. The possession of crooked hittle fingers is a
recessive trait. Hypermobility of thumb jomts 15 another char-
acteristic seemingly inhented as a dominant

Polydactyly, or the presence of extra fingers and toes, was
one of the first inherited traits to be traced 1n human pedigrees.
It appears in a pedigree collected in the first half of the
eighteenth century. The extra digit may be appended to the
Iittle finger or toe, or it may be attached to the thumb or the
big toe. The condition 15 inherited as 2 dominant with variable
expression. Some persons show 1t on the hands, but not on the
feet, and vice versa. Another dominant gene results in a
reduction of the total number of digits. This seems to be due
to a fusion of digits and also vanes in its expression. The
most extreme expression results in “lobster claw,” a condition
1n which there are only two digits to each hand or foot. Other
persons carrying this gene may have three or four digits, and
in a few cases 1t may be expressed only in the deformity or
the absence of a nail or a single finger. Monodigital hands
and feet result from a dominant gene which caused all of

the fingers and toes to be fused.
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Extremely short nails, brachymegalodactyly, seem to be
inherted as a dominant. The complete absence of thumb
nails also seem to be inherited as a dominant. In some families
there may be an excessive growth of the nail-forming tissue
which results 1n very thick nails, hyperkeratosis subungualis,
another trait which is inherited as 2 dominant. Again, when
viewed from the side, nails may show a convex curvature or
may be straight The curved condition seems to be dominant
over the straight.

In some families there is a fusion of the skin, and some-
times of the bone also, between some of the toes, usually the
second and third toe. This condition, syndactyly, does not
extend to the tip of the toes, however. One gene for this
condition is one of the very few genes which lie on theY-chro-
mosome, hence 1t is passed always from father to son,
generation after generation. There is an entirely different
gene which may cause the same condition that lies on one
of the other chromosomes and, therefore, may show in either
sex. This gene 1s recessive. In “hammertoe,” another condition
involviny the feet, the big toc overlaps the others. This
condition appears to be inherited as a dominant.

Swollen tips of the fingers and toes (clubbed fingers and
toes) 1s another inherited condition. X-rays show that there
1s 2 broadening of the bones of the terminal phalanges in this
condition. Similar conditions arise as a result of pulmonary
or heart trouble.

Clubfoot results in serious deformity if corrective measures
are not taken early m hfe. The most common type causes an
inward turning of the foot so that the person must walk on
the outer side of the foot. This is due to a shortening of the

or the tend hed to the les on the inner
side of the leg. Other types of clubfoot cause the afflicted
person to walk on the front part of the foot, on the heel,
or on the inner edge of the foot. Abnormal pressure on the
embryonic foot will cause clubf d but the freq
of the condition in some families shows that it may result frox}i
some hereditary background. In some family pedigrees itis
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inherited through a recessive gene, but i others a dominant
gene seems to be responsible, although not all who receive
the dominant gene show the trait About one baby out of
every thousand is born clubfooted and about half of these
show it in both feet. Some authorties estimate that over half
of the cases of clubfoot are due to heredity
. Flat-feet may result from environmental conditions, but
in some families babies are born with flat feet, so that obviously
the defect cannot be due to undue pressure during walking or
standing. Since man is the only ammal who has a definite
arch o the foot, the flat foot represents a condition which 15
?loser to that of other anmmals, such as bears. It 1s apparently
inherited as a recessive trait
The hand which we use the most is determined not by the
greater development of the hand itself, but by the functional
dominance of one side of the bram over the other, Since the
nerve pathways cross in the bramstem, 3 person who 15 right-
handed would be left-brained, mn the sense that the left side
of his brain would dominate the right. Just how completely
. heredty infiuences handedness 15 not clear, but the evidence
indi that right-handed may be due to a domnant
gene and left-handedness may be due to A recessive gene. The
fact that in many pairs of identical twins one 13 left-handed
while the other 15 not, shows that some other factors may also
be involved. In twins there is a tendency for mirror-mmaging,
50 that the right side of one of them will be very much hke
the left side of his twin. The common occurrence of feft-
handedness 1n one member of & pair of identical twins is,
therefore, usually ascribed to this wfluence, but cases of left-
ded 1n other iduals may, m part at least, result

from the presence of 2 pair of recessive genes.

Skin

like so many other human characteristics, 1s
¢ genes working in conjunction with
ch as sunlight. The differences in

Skin color,
inherited through multipl
environmental agents, Su!
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pigmentation which distinguish the white race and the Negro,
however, seem 1o rest upon two pairs of genes, both of which
are intermediate in their expression. The typical mulatto con-
dition, with an intermediate shade of skin, results in the
children of a union between members of the two races,
although, of course, there 1s some degree of variation in the
mulatto coloration due to various other genes which modify
it that were present in either of the two parents. Marriages
between two mulattoes produce variation from full white to full
Negro pigmentation in the rather unusual ratio of 1:4:6:4:1.
This tope s discussed in greater detail in Chapter 8. In
Negroes a dominant gene has been observed which produces
large spots of white on the skin, a piebald condition that
prevails regardless of the genes for Negro pigmentation which
are present. Also, the recessive gene that produces albinism
causes a very fair skin, regardless of the race in which it
appears. There is a dominant gene which produces unpig-
mented spots on the skin, a condition called vitiligo, These
spots are smaller than those produced by the picbald gene,
and tend to vary during the life of the individual, becoming
smaller, then larger, and appearing on different parts of the
body. Piebald spots, on the contrary, tend to remain constant,
Freckles are the most common form of skin spotting. In
freckles, pig tends to ac late in isolated little islands
which become prominent when darkened by exposure to
sunlight. The non-pigmented areas between the freckles burn,
but do not tan to any great extent. Freckles seem to be
mherited as 2 dominant in some families.

The iris of the eye, the hair, and the skin all arise from
the same embryonic layer, and genes which affect one of these
body parts often aflects all three, Blue eyes, blond hair, and
fair skin typically go together and charactetize certain humas
races, whereas dark hair, eyes, and skin characterize other
races. There are some genes, however, which may affect one
of these body parts without influencing the others. Among the
mixed descendants of mingled races blue eyes may sometimes
be scen with dark skin and eyes, This indicates that there
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are some genes which affect all three of these though other
genes may influence each separately.

Bmlgrﬂy_ rash, epiloi.a, 15 2 condition inherited as a domi-
napt which is characterized externally by the appearance of
rashes shaped like butterflies on the face. This condition is
lo\/f[‘en accompani?d by severe mental deficiency and epilepsy.

ost of those with this affliction die before maturity, but in
some, the symptoms are sufficiently mild to pesmit the person
to attain aQulthood and reproduce the character.

Xcthyosis congenita is herited as a recessive lethal. A
baby who recewves a gene for this from both parents will be
born w.nh a smooth, reddish-brown sk, which s so thick that
the child cannot nurse normally because of the firmness of
the skin around the lips. Soon the skin develops deep, bleeding
ﬁss‘m’-s~ which easily become snfected, and the baby usually
dies within a few weeks after birth.

I(fthyosis vulgarss is a much less severe condition, char-
3clcrlzcd by the development of scales on the skin The
_POrCupine“ or “alligator” men of the circus usually have
inherited this condition. In the northern European races the
condition js inherited as a dominant, ‘but 1n the Latin races a
sex-linked recessive form of the condition 1s more cOmMmOnN,

Psonasis is a rather common skin disease in which red,
scaly patches are found on the extensor surfaces of the arms
and Jegs. The condition usually makes its appearance at
adolescence. Pedigrees show definitely that it can be inherited,
and some pedigrees indicate dominant inheritance, though the
majority of them dicate recessive inheritance.

Hyperelasticity of the skin 16 an interesting character which
appears occasionally. The skin may be pulled out from the
body Iike a rubber sheet for eight inches or more without pain.
Upon release the skin returns to its normal position. This
seems to be due to a deficiency of some of the connective

tissue in the subcutancous regions. It appears to be inherited

as a dominant. . P . .
of sweat glands in the skin is a seriotts afflic-

The absence - " ey -
tion in warm weather, for a person with this condition will be
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quickly overcome with heat prostration unless he keeps his
clothing wet or spends his time in a bathtub or swinming
pool. One form of the disease, anidrotic ectodermal dysplasia,
is accompanied by a sparse hair growth on the head and
body and a deficiency in the teeth. In some families this is
dominant, 1n others it 1s sex-linked recessive, The mammary
glands are modified sweat glands, and in some persons with
this disease the mipples on the mammary glands are absent.
In some pedigrees this is inherited as a sex-linked dommant.

Skeleton

There are about two hundred bones in the adult human
body, and their size, shape, and arrangement to a large extent
detérmines the body build Body stature as a whole is due to
the combined action of multiple genes and the environment.
A single gene, however, may overcome the effects of the other
genes which influence bonme growth. For instance, a person
may inherit a series of genes for large stature, and yet may be
a dwarf because of the effect of one gene. Achondroplastic
dwarfism seems to result from the influence of a dominant
gene. The head and trunk of a person with this type of
dwarfism are normal in size, but there is a great reduction in
the length of the limbs, and this results in short stature. It is
accompanied by a deformity of the long bones because of the
inhibition of normal growth. The legs are usually sct wide
apart at the hips and curve inward as they extend down
IOW§rd the feet, thus giving a somewhat bowed appearance.
A similar condition has been achieved by selection in one
breed of dogs. The dachshund has short bowed legs and was
bred for this character so that it could get into the burrows
of foxes and badgers easily. The gene for this condition is
found in entire human groups, such as the Congo pygmies.
The shape of the head and trunk of an achondroplastic dwarf
is usually somewhat deformed also.

The ateliotic dwarf, on the other hand, is well-propor-
tioned, but small in all parts of the skeleton. This char-
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acteristic is due to a deficiency of the growth hormone of
the pituitary, which influences the growth of the skeleton. Such
persons are commonly called mudgets or “Tom Thumb”
dwarfs. Extensive studies of family pedigrees mdcate that
a recessive gene is responsible for this type of dwarfism.

Another type of dwarfism, osteochondrosis, results from
an 0V=§-:all irregularity in bone development which produces
deformities of the trunk and hmbs Thus, sometimes the limbs
are of normal length, but the trunk 15 abpormally shortened.
In some family pedigrees, this condition 1s inherited as a
sex-linked recessive.

Some persons have such fragile bones that they suffer from
repeated fractures no matter how careful they may be. A
f’ai?y may fracture its Jeg when it 15 caught in the sheet as
it is being picked up; a schoolgirl may fracture her arm as
she bumps against her desk; and 2 growing boy may have leg
bm'\es so fragjle that he cannot stand, smce his own body
weight will cause them to break. Persons with this condition,
known as osteopsathryosis. usually suffer so many fractures
that their bodies become somewhat deformed because of the
tmperfect knitting of the bones This is regularly associated
with a blue eolor of the sclera (white) of the eye and a defect
of the ear bones which results 1n deafness. This shows how 2
single gene can have multiple effects It a dominant gene.
Another gene may causé bristle bones without the blue sclera
or the deafness, and still another gene may cause this type of
deafness without the brittle bones

A few persons have the ability to fold their shoulders
inward uptil they touch or almost touch under their chin. This
is due to the absence of collar bones. It is known as dysostosis
cleidocrapialiasis and 1 inherited as a dominant.
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