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PREFACE

1 HAVE been required to offer courses of instruction In Genetles
to medical students since the year 1919. For their asamtance
1 fashioned my lecturc notes nto a book called Orgemic
Inksritance 1m Men which was published just twenty years
ago This very rapsdly lost its usefulness as the subject of
human genctics grew and as my ideas concerning the methods
of teachmg changed. By 1938 I had dedded to bnag out a
revised edition of the book, but immersion in the affairs of the
1939 International Genetical Congress and engulfment m the
war prevented my dong so untll now  This book, like its
predeceasor s not meant to be anything more than an edited
compllation of lecture notes It s offered a2 an ald to those
who have Lstened rather than to those who have to leamn
their genctscs solely by reading For the latter there are far
better books than this,  Of these published m this country
the best is ] A. Fraser Roberts Awn [miredwction to Medical
Gumetsics  E. B Fordw Gemsties for Medical Stwdents is
another useful one.  The only excuse for produang yet another
which cannot possibly be better than these and which indeed
cannot be very different in respect of content 1s that rt seerns
desirable in my vicw that the many students who in each year
must livten 1o me whilst I strive to attract their eager mterest
to & subject which has given me such unbounded pleasure,
should be able to check that which I said against that which
1 have written. I lose my enjoyment and my audience if its
members must seribble as T talk.  Thus book Is written so that
they may not be forced to write  If it remains the only

text read by students of mine then my teaching will have been
most lmperfect, as imperfect as will be the knowledge of
clmical genctics posscssed by those whom I have taught.

To prownide such an introduction to genctics is by no mesns
wn easy task for anyone who has personal knowledge of the
medical student and of the strenuous and heavily loaded cournes
into which be is plunged The atudent quickly learns that the
quality of = subject is to be asscssed according to lts relative
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impaortance in his examinations and to its promised usefulness
in the job of eamning 2 living or of gaining promotion within
his chosen profession  Ono that is merely intellectually
sumulating or satisfying cannot be allowed to clum his rapt
attention,  Interest must be harmessed to utibty  The student
1s forced by circumstances accepted by hus teachers and created
by the most cdamant needs of somety to seek, above all else,
the power to treat and cure even though this be gained without
an understanding of what he does.

So 1t is that the geneticist, eager to share with others the
joy of ducovery and to display the considerable attractions and
posuble usefulness of hrs subject, encounters embarrasament at
the start. It has to be admutted that the gifts he proffers
cannot compare in respect of immediste usefulness with those
that bedeck the laboratories of the biochemst or the radiologist,
for example It 18 not to be expected that, to ane whose
canditioned ambition 1t fs to treat the sick or injured human
mdindual genetics can exercise a strong appeal

Fantly remembering the remote days when he was relue
tantly ntroduced to the intmades of the slimy frog and the
stnking skate, and still wondering what an earth these things
had to do with matters medical, the student 3 1n no mood to
appreciate the attractions of the specual genetics of the fruit fly
or of the mouse. To call upon the vast store of genetical
knowledge that has been accumulated through the intenaive

human and social amelioration, is & sure method of persuading
the average student that the sclence has littke or no value to
himself  He i not Interested, he cannot afford to be interested
in comparative genetics in the latter part of his corriculum.
He  concerned with the acquisition of that limited corpus
of knowledge and of that small constellation of skills that will
enable him to find a place in clinical medicine with its dramatic
episodes 1ts human contacts and its emotion-satisfying rewards.
He 1 interested in the indndual not in the species in the
t and not in the future.

So that if genetics is to be made attrachve it must be
offered as the special genetics of man, a difficult tesk in ltself
since knowledge In thrs field is &0 incomplete It must deal
with individuals and very small groups such as the family
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and not with large populations, If the student can be persuaded
that the children yet unconceived are a3 much the patients of
the physician as are the moribund senescents on whom he is
prepanng to lavish his care  that the population needs medical
stteatlon no lexs than do the individusls who 1 their combina
thon comprise it that the practice of medicing 1 much more
than a means of achieving self-satisfaction, social security and
clevation that It #s In fact among the most potent Instrurnents
which mankind B8 cing deliberately for purposes of human
and soclal betterment, then and only then can the teacher
hope to reap satisfaction from his sowing

To the clint d with the of mdhvidual
panents genetics hay but hittle to offer that can augment skdll
or reputation, but to the dlagnosticlan and especlally to the

doctar who in large or small measure is wishful to play a part
in the grand adventure of furthering the best interests of man
kind as a whole ft has rmuch. It must be the purpose of this
book briefly to illustrate genetical fact, to Interpret this in
terms of ¢urrent theory and to irrvite the student to dream of &
world in which medidne, an & form of experimental and
applied blology Is eagerly used in the service of our spedes

FAECG
Ascaxa 1946
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CHAPTER 1
13 A KNOWLEDGE OF GENETICS REALLY WECESSARY ?

IT 1 now generally accepted it would seem, by those who
are responsible for the coostruchon of medical curricula that
the saence of genetics has much of value to offer and that
therefore an introduchon to genetical fact and to current
genctical theory should be included at some pont. It is
recommended  for example, that Instructon m

genetics should be offered dunng the pre-regustration or the

some length 1n the courses that lead to such diplomus a1 those
of public health and

It 13 the case that the theory of the gene clamms the place
in biological thought that years ago was occupeed by evolution
theory The Iatter was demonstrably of the very greatest
impartance to the proper understendmyg of the role of medicane
as an instroment of sodal policy Conecerning st there is
today no dbsputanon. It fs part of the birthnght of every
indrvidual. There is no bopger any need in & University coarse
of medical zoology to affer evidence mtended to show that
Darwm was probably right. Itueumghtobuethewhnle

of cocs h upon the fund. 1 truths of the theary
vhlchumlrﬂdeofooelﬁldllndmingnd.&mto{mel
hope and aspiration,

The theory of the gene b equally imngorating as & theory
It is cqually important in relation to medicmne espedially to
those aspects of medicine that are concerned directly oc
indirectly with the cell. But 1t so happens that its methods
are cssentally experimental and that many of its techniques
of analysis and synthesis which have been employed with
such outstanding success In programmes of animal and plant
improvement, are directly applicable to both dinlcal and
populaton mediane. Examples are such as are concerned
with the recognition of what is inborn and what is acqumred
with the mode of Inheritance of the abnormal and undesored
tbose which attempt to esth the d incid of

1
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2 GENETICS IN RELATION TO CLINICAL MEDICINE

abnormality in a given population o those that relate to the
control of such frequency

But there is no need for the gencticast to hawk his wares.
It 1s sufficdent for anyone who wishes to convince himself that
there 1 a place for genetics In medical education to comsult
a standard textbook of medicine The dimensions of this
place will be indicated by the frequency with which such
genetical terms as familial heredity hereditary genetlc or
inborn are mentioned in the accounts of stiology

A rapud search 1n such a textbook much used by student
and practitioner alike revealed that one or other of these
terms was Included in the discussion concerming the smtiology
of certainly not less than fiftysx different dueases  This
» o small number a mere fraction of the list presented in
the Nomenclature of Diseases  Moceover tho great majocity
of the discases quoted are relatively rare  The genctic element
m duease cauvation should therefore not be glven too great a
peominence The diseases clearly of genetic ocigin are not
amaong those which are responuble for the greatest amount of
general morbidity and mortality in our population. This is
not so in certam special fields of medicme, however For
example authorrtative opinion presents the vicw that not less
than 10-25 per cent of all deafness 13 genetic In origin, whibst
genetic causes of partial and totzl blindness account for about
10 per cent. of the whols. Here are some lustrative examples

Acholuric faundice Tho disease may be bereditary
Hepatomegalin glycogeie  The relatively high incidenco of comsin

recemre chamcter

Cirvhosn of the ler Is fn very raro inetances familal, preramably
#3  result of an inbom defect of the Hver
cella,

Perniciow anemiz There s hereditary proclivity

Sickle-celled wnaemln It b5 bereditary and famihal, behaving sa
Mendeltan dommant.

Hiemophifa 1 terminology it s » sex linked

Hereditary Purpara It s » hereditary discase. It o tranemmtied

Heemorrhagica {from generation to generation and
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Herodlary Heemorrhagica,
T

Gaucher' diteass (Sphenic
and enlargement

TFatty degeneration of the
Heart

Angine pectors

Congenifal heart disease

Angioneuotc odene

Acute bronchith

Behaving ms Mendeltan doeninant.

It s possible that the condition ts due to an
inborn error of metabolbm.
Heredity s factor

Heredity b factar

Heredity b probably  factor

Heredity fa an tmrpnttans facte

It ts probabls that some degree of beredltary
occome nce  weaknes of

It does not ppaar that the desso o
bat ¢t seerms Ueedy that thers

s an inherttod

The condlion » berwditary fn 77 per cent.

of casm,

A history of inbertance from geoeration to

genenathon i common

Tha discuse may be transmitted thraagh the

Amanrotic stlocy

Friedreich  staxy

FemiTie spastic paralyshs

Nothing s known of the atiology of the
discaso apart from ty famillal and mactal

incldence.

Tndirect heredsty b the most common for the

reasen that the subjects of this drsemss are
afiected fn culdhood and fo-
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Huntiagton s chovea
Peroves) mmcalar atrophy
Myotonts congentta.
Dystrophia myotomica

Famibal periodic paratysis

Sentls dementia

Affective dhorders

“ Further than heredity no causal factors sre
Inown.
Heredity plays an impoctant part fa s
Incidence
A very e maledy which b hereditary and
familia} 7
Tbe heredity Is bomaologons, that ie, # tends

£th of thelr brothers and sisters haen themn

Certain of these staternenty can bave littls or 0o meaning
15 the student unless be alresdy hay a fairly thorough
of the simpler facts and of the more firmly founded hypothescs
of geneties and an acquaintance with sts ferminology



VARIATION s

Genetlas (Gl gemesis descent) b that branch of the sclence
of Biology which Is concerned with the study of the nature and
causes of the simulartties and disimilanties in charactensation
exhibted by individuals and groups related by a coommon
ancestry  This book will attempt to deal with certain aspects
of the specinl genctics of man and in particular with the causes
and mode of inheritance of certain characters regarded ss

cal and distinguishing the abnormal from the normal
the slck from the hale

VARIATION

The cliiasn dealing with an individual patient w first
concerned with diagnosts—the recognition of the agns and
symptoms which in thelr combinaton Indicate the nature of
the disorder from which the patient i suffering Then bo
secks the cause of this disarder The value of genehcs in
chinical medicine Lics In the fact that it is concerned wnth
problerms of causation, with the causes of the similarites and
dummilanties m the charactermation of related Individualy
Since the precision and potency of therapeusls must necemarily
be affected by the validity of the phymcien s concept of causation
genetics must perforee be of interest and of value to hum.

In general it can be saud that the causal agents of defect,
derangement, disarder disease are of two kinds  those that
pertaln to the individual and those that derive from the
environment in which the mdmdual has hw being  Individuals
and environments differ widely among themselves, among them
there is much verrafion  Genetics though necessarily Interested
in environmental varatons 13 especially concerned with

don. All the I ' present many
:lvndrn'(dctlﬂ.lofmdumorofﬁmcﬁm)h\cumncn
all aro mammals  all are human. Between them there is
much fundamentsl similarity Yet no two are exactly allke.
Everywhere there s much disstmilarity much vanation,

A rallway compeartment or a claszroom can {nclude
scntatives of several of the geographical varicties (races) of
rmankind differing one from the other in respect of akin colour
hair texture and 80 on, There can be 2 polydactylom individual
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an albuno a diabetic, 2 Frenchman a conservative, @ Wesleyan
methodist. It is & matter of common observation that certain
of thess dusmumllarities eg differences In language, religion,
political preferences culturul tastes manners are acgwisifions
pertaining to the social swherrtames which one generation
receives from ats predecessars. The changing of babies in
their cradles would change all these. But it s equally & matter
of common observation that other dissimilarrhes are not
acquusitons are not denved from the physical or social environ-
ment of the individual but are innate inborn  The offspang
of a Chinese couple will be Chinese physiognomically
whether borm 10 Canton o Crieff  If his parents are negroes
the child will be & negro phymognomically whether ralsed
i Gambia or the Gorbals, Certamn characters exhibited by
the parents and the parental stock are manifestly transmitted
to thelr children and remaln largely 1if not wholly unaffected
by differencea in experience It m recorded that a family
named Little, now living in New Brunswick, 15 remarkable
in that many of its members have a white lock of halr This
has been the case for six succemive generations The family
u relsted to the Percys. The stocy i told that after Harry
Hotspur was slain at Shrewsbury in 1403 his wafe gave birth
to & son bearing this whrte Jock. It is no longer credited that
emotional distress can be the cause of such morphological
abnormality The really interesting fact is that this character
whrte forelock, suddenly appeared 1n a pedigree and there
after has reappeared generation after generatson, living at
different tmes In different places and endunng markedly
different experjences.

A child when born exhibits  peculiar abnormality poly
dactyly for example. Its mother and a sister are  nocmal
in respect of digit number but its father and another sister
are both polydactylous. It becomes difficnlt to avold the
notion that these individuals of different generations of the
same family are exhibiting the very samie abnocmality for the
resson that, bemg related they harbour in themselyes the
selfsame canse of the condition a cause thatis  coastitutional
and passes from one generation to the next across the hridge
of reproduction. The affected must differ from the nonmals
for the resson that in the latter the cause f5 absent. When
exposed In the mame aramstances to the samc discase
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provoking agency—nutntional deficency bacterial invamon,
hazard—some individuals of a group but not all,
succumb  Can 1t not be that constitutional differences must
dotinguish those who becorne discased and those who do not ?
It would seemn o be reasonable to approach ths matter of
causation by postulating that differences between indmduals
of the same group are indeed of two kinds  (a) modifications
acquired characters the resulta of the reactions of the living
organism to the impress of environmental forces, to differences
in experience, in social tradrton, education, occupaton
chmate, soclocconomic circunotances and the lke, and
(5)mbcm,innu:: baed}mrygmh::harurknrhld:m
the cxpremion of precme devel Ises or tendencies
whichmplumtmdnind}vidunlfmmxbmybeg{nnlng
If there be such inborn tendencles or nchinatroos then it is
reasonable to look for therr material basts  If there be wuch a
bams then it must be peesent within the fertilised ovum in
which the mdividual (the syge#) has ity ongin, If & genetic
character is to be inhented from, transmitted by the preceding
generation to its successor and i both parents share in this
transmizmon, then its matenal peecursor must be sought for m
both spermatoroon and ovum (the gumers) wiich in their
unjoa give rse to the rygote rieelf
It Is to be 3 sod that In ting his attention
upon the constituhonal—genctic—causes of vanaton the
geneticist does not assume that the genetic cause operates in 2
vacuum. The end result of the development of the Individusl
must surely be the expression of nnate tendencies inbom
capacitas reacting to the general environment or else to
specific ingredients of the, An Inborn capacity to become a
tall indrvidual, for example must remain a potentuakity so long
a3 malnutrition faulty hygiene or frequent lllness deny the
iodividual the oppartunity for 8 expeession. Nature and
Nurture are the forces which, in their interplay fashion the
charactersation of the individual But quite commonly it Is
necessary to daregard much and to concentrate upon & little in
ocder to advance knowledge. In order to recognise the role
that Nature plays in the fashioning of a characterisation it is
pecesaary to disregard Nurture as far as b reasonably posuble
This is dane by considering genetic vanations as they occur in
an environment that has been made as uniform and constant
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as posslble.  Alternatively genctic similarity can be studied as
it is expeessed in & vanety of environments. In these ways
the roles of Nature and Nurture can be disentangled and the
relatrve importance of the two can be assessed.

e.g cye colour the blood groups are in their development
scemingly quite independent of the envirooment, being the
direct expression of 1utiel and inboen differences others life
expectancy for example, are expressions of hereditary tendencies
more or lexs affected by environmental forces

THE SEARCH FOR THE CAUSE OF GENETIC VARIATION

It 15 established that the sole physical link between the
generations consists of the two gamctes  Together they form
the only bndge acroes which the physical bams of aeganic
inhertance can pamy from one generation to the next. It 1
establubhed forther that fertilismtion and conception consust
not so much in the unson of male and fermale gametes as In
the funion of thelr nucler.

The nucleus 13 built up of a varety of protoplasm called
chromatrn which I remarkable for its appetite for such basic
dyestuffs as haematoxylin and genhan violet and which cxsts
in the form of & number of ducrete lumps or rods known
an chromosomes (Gk. chroma = colour some = body) The
number of chromosomes present In the nucler of the cells of
a given animal or plant 13 charactenstic for that particnlar
specles The number In Aomo sapiens s 48

Owing to the fact that these chromosomes are hetero-
mocphie, differing among themselves In respect of mze shape
and behaviour during cell drvsion it has been demonstrated
that these 48 chromosomes are present in the form of 24 pairs.
With one major exception to be considered later the two
members of a grven pair are idenhcal in respect of mze, shape
and behavicur  For this reasoa they are known as Aomologons
chromosemes

1f the number of chromosomes  to remain constant and
characterlsti for the species and if the ripe gamete carries
chromosomes 11 1t3 nucleus as do all the nucles of all the gomatic
cells it would seem that the number of chromosomes in the
mature gamete must be half that In the fertllned ovum and
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In the cells which derive therefrom. Cytology that branch
of brology which 13 especally concerned with the study of the
anatomy and physialogy of the cell has shown that this is
50 and that thus half (kep/odd) number (o) 13 buflt up of one
member of cach parr of chromosomes present in the somatic
nuclel. The number typical for the specles b therefore a
double set of chromosomes. Thu dipleed number (zn) Is
established at the moment of fertllisetion by the union of two
haplold sets one of which was received by the rygote by way
of the spermatoroon from the father the other by way of the
ovurn from the mather

The dehinte peecision of this mechanism 15 such thet it
would scem to furnish the means whereby the phymcal pee
cursors of genetic characters if there be such, could be
distributed from parents to offspang in an orderly fashson.
There 13 no structural unit other than the chromosomes
themeelves which behave in a way which ensures that they
are reduced to onc half thelr number in gametogpewess (the
formaton of the gametes oogemenss and spermatogenens) and

are restored to ther constant and charucteristic diploid number
as the result of fertilmation

Parmits  Zygots (¢ m) X Zygots (diploid, an)
Gamete 2 Gamete BN
Offsprng Z
(i )

Since it m intended to peesent the srgument that the
chromosomes are in fact the wchicla of munuate structural
units the hereditary factors, the gemss which are the  causes
of genche 1 bl and dissimilaritles among related
indrviduals, it is necessary to pay mitention to their behanour
In mdfesis and meroris (weitos = o thread  sssan = amaller)

In a cell (with the diploud number of chromosomes) aboat

to drade the nuclems undergoes mitoss a process which for
purposcs ofdcscrlpﬁunhcmvcnlmdydlvidedh\m ﬁvesu.gu

Itu'hcnnﬂtmhumrq)kmdthnthem{](udfbecomu
increanngly constricted about ts middle and breaks acroms at
this constniction to form two new cells
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PROPHANE.  The chrowatids awd the shindls attachwunt art revealed,
Tha chromosctmes lone waler to become denser  They st pow in & coodiion
in which they can be fixed, stained and thereby mad ewsily visible, Ith
ween that each chromosoms has formed a replica of fself, The original
chrumosoime and fts replica are now known a3 chremailds  Tho mumber
d&mbﬂahwﬂﬁwm) Every chromosome posscasss
--hoﬂrew\on.the:pmmm.—.\mm does not staln, In this region
the two chromatids remain muited throughout prophase. The position of

chromosome

the muclear aap nto additional spndle eferments.

somes and are stiached to the spindle at their spindle atiachments, their
The two dartyed

imbibe water to swell and to beooms Incresyingly difficolt to fix and stain,

Mitoms is the device by means of which each and every ccll
having its orlgin in the fertilised ovam shall become posscased of
an exact replics of the chromosome content of this original cell.

Meloals is a modification of miteais and s peculiar to

Essentially it conslats of two divisions of the
nucfeus (first and second melotic divisions) wrth but ooe
division of the chromosomes The first meiotic division is
divinble, n Is an crdinlry m]toﬁc d.rvni.on into prophase,

and h but fts
pmphmﬂfurrherdividudinmfomnngu,dulcp’mww'
Tygotene, pachytens and diplotene.
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Brealage and rowolon ecrur afer the chvomowmes v apllt but befers
of v e, b fact fiuey, Tt o the Ciuwasae.  Note pumrusl

T aeecciated wiih chrmpatid—aad  maierssl wih  mearrtal—on efther
siche of the Ciaaom. A chlscas b viafhle syn tea graction] craming-over besy
scrurred.
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ProXETAPEASE and METAFNAAY are as in mitoss.

% between
first melotic divmon.  In mitosis the diploid mumber of undfvided chromo~
somes moves from the equator townrds each pole. I[n meloshs i s the
haploid pomber of chremosomes that w0 mova, but since each of them
Clrromosotmes s divided fnto & pair of chromatids beld together at the
spindle attachment the number of bodies that maves fs the same—the

diploid—in

TELOPHATK b ay in mitoeds.

The weend mistic divinen diffens {rom miloste and from the hrt
melotic diviston {n the followmg There can be an.

or the promotaphass of the tecond can, without & pacse, follow wpon the

telophase of the first.
PRONETAFHAST. The chromosomes are of the haphosd number  They
attachments.

nwodmpdadth.splndh As & rewakt of the first snd second medotic

four cells—four spermatozoe of an ovum and three abortire polar
bodn——miormcd.nchnrrﬁn‘thehplddnnmhunfdnm

For further and fuller mformation the reader I refenved to 2 book on
cytology for example M J D White' The CArswsosmemes (Methurn).

Tae Sex-CHROMOSOKES

Male 13 to be distinguished from female by reference to the
chromosoms content of the nuclel of their constitwent cells.
The two sexes differ in respect of ane par of chromosomes
known for this reason as the sexchremoesemes The rest of
the chromosomes are referred to 88 awfesomes  [n the human
female the sex—chromesomes have the form of a pair of identical
members  One of the sex~chromosome pair of the male is
smilar to these  These three are known as the X-chromosomes
The X of the male has an unequal partner called the Y
chromosome  The (diploid) chromasome constitstion of the
human female 1 thesefore

sutosomes :gphdhmlm\ndm:mm
h » pai of haroolog &x)

ex-cnr
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whercas that of the male »

sutosomes 23 paurs of homologous chromosomes

sex-chromosomes & parr of unequal chromosomes (XY)
The baplold set In every mature ovum consists of 23 autosomes
plus #n X but of spermatoroa there are two kinds one with
23 autosornes and an X and one with 23 autosomes and 3 Y

The female is Aomogemensc claborating bat onc kind of
ovum in respeet of chromosome constitution, whereas the male
is keteregamatsc producing two kinds of spermatozoa, an
X-chromoscme-beanng knnd and a Y bearing

Y-bearing spermmatozoon will yield an XY rygote, a male
The Y-chromosome 1 the peculiar property of the male and
it passes from father to son. The heterogametic mechanhm
ensures the production by a mated male and fermle of both
male and female offspring

It is neceseary to devote & few lings to an explanation in
genctical terms of the actual sex-determining mechanmm. In
a species in which male and female forms ocour maleness
and femalencss are in the ultimate analyss genctic characters,
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characterisation. An XY individual because it 3 an XY
individual developt testes and b a functiona! male.
A genctic female XX develops ovaries and therefore becomes
a funcuonel female.  Abpormality in respect of the endocrine
products of the gonads (testis and ovary) would be expected
to lead to abnormalities in the final sexual charactermation
But these are matters which belong not to genctls but to
developmental physiology  If snformation concanmg them is
sought, F H A. Manshall s Physinlogy of Reproducison should
be conaulted.

CowcePTION It {s whilst the cocyte i undergoing melosls
that 1t i entered by the matore spermatozoen which prompily
loscs 1ts tall.  As soon s the spermatoroon has entered 2
membrane forms around the ovum which prevents the eatry
of any other male gamete  The nucleus of the ovum passes
fnto ansphase of the second meiotic division. The haplold
nucle] of ovum and spermatozoon fuse to form the rygote with
the diploid chromosome number  This diplodd nudews next
divides in the usnal mitoric fashion to form 1he first cleavage
cells of the newly formed embryo

ok



CHAPTER II

1t woatieors Eitle o bo barm in the duckyard when ons comaes
from « rwen gr  Tho Ugly Drckding —FHane Anderson.

THE THEORY OF THE GENE

THIS postulates that the inhented characters, phymscal and
mental, normal end aboocmal, anatomical physiclogical and
pathalogical are controlled by genes resident 1n the chromo-
somes of the nucleus. The gencs aro present 1n pairs and of
cach pair one member Is derrved from the father and the
other from the mother The gamete contsins only one member
of each pair of genes present 1 the constrtution of the individual
who claborated these gametes  Each genc has Its own particular
place (Joews) in the length of 2 particular chromosome 2nd the

such linkage. The number of groups of linked genes—ffnbagr
groups — s the haploid number of chromosomes that =
characteristic far the species.

The gencs in ther schon, presumably chemucal in Ikind,

introduce forces which tend to mould the charwcterisation of
the 1ndividual Far prachcsl purposcs it s often convenient
to correlate one gene with ooe character hence the poticn of
u wwzt chevacter  But most, if notall charscters are the prodoct
of the interaction of several genes. It is posyible that very
mnyguu,ponlb}yuﬂth:zmumthcmnnimﬁmcfthe

y & part in the fashioning of any
one character Nevuthda-(thmmlfurmcgmzmbedm

cipal agent in the production of a given character and it
ﬁﬁmmm'!ﬂm this ane ax heing that which
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causes  which yields the character If a gene has 2
discernible effect on severnl characters it is sald to be plefosropic
When this is the casc the name grven to the gene is derived
from it most striking effect.

Any gene can undergo mxfation a spontansous alteration
of it internal organnation which o reflected In a
alteration 1n the character which it evokes Through mutation
2 new hertable vanation comes into besng  The unmutated
geoe yields  normality  the same gene, mutated affects the
same developmental processes of the same bmsve or argan but
vields o different end-result, something different, & vanatfon
® deviation from normality a defect. The unmutated and the
mutxted forms of the same gene are for conventence sake
spoken of as allelomorphs o alielss (ddfferent forms or states
of the game gene)

Muntation can occur at any time whan the gene is produdng
a copy of itself (the formetian of the chromatids) It can take
place therefore during ordinary somatic cell division—semasse
mufafion—and it can ocour duning gametogencsiy—gomrtic
mutation. Each gene has 1ts own mutatron frequency and the
rate of spontaneous mutstion ranges through a wide varicty
of anmmals and plants from about 1 1n every 50 000 to around

1 in 120,000 Wfecycdes The mutation rate can be grestly
Increased by the use of X«ay-: :.n.d other thmagy ndu.tlon
ultraviolet light certain ch such s
gus and to a lexser degree by sublethal temperstures.  In the
case of Xrays the incrense is proportional to the dosage as
measured by wnimton but i independent of the wavelength
and of the intensity of the radiation There is no threshold
of 1onjzation betow which no mutatrors are produced  Knowing
the spoatancous mutston rate 1t therefore la possible to
calculate the amount of loniration necesary to produce it
It has been sugyested that cosmic radistion and naturafly
ocournng redioactivity may perhaps produce that amount of
fonlration which 13 necessary  There is considerable duagree-
ment concerning ths mstter  For the present the cause of
spontancous mutation remans unknown. To a chemut it
m}dmtbenn‘pthmgmﬁndthnd:ﬁ'crmtmmnlorg:nm
tons diff spatial errang of e} were
with different mutation frequendes  Some would be in virtue
of thedr organisations more atable than otbers  Perhapa this
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is the explanation of some of the differences between the rates
of spontancous mutation of different genes  Random tempera
ture oscillations withun the nucleus may be another possible
cause of thu mutability

The fact that mutation can and does occur fn both directions
normal alicle to rmutant allele and mutant allele back to narmal
allcle shows that mutation does not involve a loss of gene
material

Each gene it has been stated has its own particular locus
in a particular chromosome. By ths 1 meant that in this
particular locus one or other allelomorphic form of a particnlar
gene » to be found. At a particalar fevel, or pont in thefr
length, of a palr of homologous chromosames there Is & par of
loci in which the palr of genes for this or that particular
character remde.  The two lod may be occupred by the same
allelomarphic form. The individual is then said to bo kemo-
sygess in reapect of the particular allele gene, in question.
On the other hand, there can be difierent alleles In the two lod.
The indrvidusl s then sald to be Aeteresygons (hamng two
dissunilar alkdes). The states of homosygosity and hetero-
sygoety result from the facts that two indmduals are involved
m the production of rygotes, that in the genotypes of these
individuals thers are many thousands of gene paurs comisting
of similar or disatmilar rmates and that in respect of many genes
these parents can differ one from the other

The mutated gene may be a Jemumans or & recessioe in
relation to the allele from which it arcee. If it Is a gumetic
dommant the character based upoa it will appesr n the next
generation  if ft b1 a gamentc recesuve it will reman un
suspected and uncxpressed until ft happers that two individualy
each heterogygous m respect of it, mate and repeoduce.  Then
and only then does it become possible for the homoxygous
reczm‘vnmnppea.r and the indmdual exhibiting & recessive

must be h in respect of the gene In

question Recessive characters Lbereforemumnﬂydlrphyed
severnl rypotic gencrations after the mutation has occurred.

In the casc of & dominant somatic mutation all tharues which
sre denved from the cell which first received the mutated gene
will posscss It and the character based upon the gene will be

1f these tissues happen to be invelved in the formation
of the appropriate organ  Manifestly s mutant gene affecting
B
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the colour of the eye wil have no affect if it v 2 somatic
mutation and has occurred in 2 cell which, multplying forms
the tissues of the foor. A somstic mutation can yield a motale
or chimera. Heterochroma indis would seem to be an example
of mosaiciam with a patch of a dominant character on a recessive
background or vior versa. The gonads themselves can be
affected by & somatic mutation 3o that the genotyprc constitution
of thar elaborated products—the gamstes—ean be different
from that of the bulk of the soma of the individual that
produced them. The parent would be a mosaic, the greater
part of his body bemng buwnlt of cells 1n the nuclet of which
there is the unmutsted gene whilst 1n the nucle of the colls
ofﬂ::rutmdn{thegmdiuﬁ:wedmcmldbeﬂ:
mutated gen
Thcematypehthegmcdmlbansofmechmctu-hahm

To & ate the r bl of all these
by reference to fllustrations of orgaruc inhentance 1n man s
not without dificulty  The human subject 1 by no meant a
satisfactory experimental material from the paint of view of
the geneticist. He cannot be kept in a cage or restruned by
wire-netting  his matr is not to be chosen for him  he matures
slowly and produces few offspnng his chromosornes are
numerous and his mutation rate cannot be speeded wp
deliberately by the use of X-rayr. So that for genetical stirdtes
of man methods other than those employed in the case of the
usual Iaboratory animal material must be adopted. Studles
of pedigrees the comparison of the phenotypes of identical
twins, the study of the effect of parental consanguinity upon
th:lnddmc:ofpuﬂculummmgmnoﬁpdmgmd
histi 1 statistical techni to data
produoadbytbemrmudmmdmdnbnmmﬂd:mﬁm
in large populatios have all added considerahly to our
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Iowwiedge, and against the background of generyl genetics and
of the special genetics of other forms enough of human genctica
is already known for its value in application to be amcased

It m but natural that our knowledge of the genetios of
grossly abnormal conditfons should exceed that comcerming
normality  They are more emily described  identified and
traced Because of their uglmess and of thewr effects upon
vuhility and functional efficency they attract attention. But
if abnormality s inberited so abso is normality if ugliness so
also fs beauty and the mechanism is the same in both cases

THx MENDELIAN Laws OF ORCANIC INHERITANCE
At this point 1t 15 desirable and necessary to refer hriefly
to the personality and to the work of Johann Gregor Mendel
(1822-84), for if we set far Into the nature of ocganic inhentance
1t 13 because we stand on his shoulders  Mendel wus 2 member
of the Augustinian Mooastery of St Thomas at Bmo 1n
Moravis. During some eight years he carried out experimental
breeding work with the edible pes (Prowes satiowm) 1n the
mooastery garden. In 18635 his famous paper Experiments
on Plant Hybelds was published in the procesdings of the
locllexlthtnrySooctyw‘hzehlxyunnoﬂwdunﬂllgoo
when it was brought to the notice of the bealogical world by
three men independently de Vmes (Holland), Tschermak
(Austria) and Cocrens (Germany)

Mendel was by no meana the first to find hrmself interested
in the problems of hybridisation. He differed from his
predecessors In that he did not think of the individual as the
unit to be studied but of tho yanous detalls of structurs which
in their combination make up the individusl He did not
attempt to hybridise repeesentatives of different speaes but
made use of the several vareties of one and the same eanly
grown cultivated plant. He wes able to construct a Int of
contrasted characters eg tall stem and short stem, that were
to be foand in the different variebes and designed experiments
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MENDEL 8 FIRST Law  THE LAW OF SEGREGATION

This states that characters are controlled by pams of factors,
the members of which separate segregute from one anather
dunng the formstion of the germ cells and pass into different
gametes  The pary of factors are restored at fertilsation
which allows of their recombenation in defimte propoctions
The characters cantrolled by these factors may also segregate
appearing {n subsequent generations with definite numenal
frequencies.

The frst hybed generation (Fy) derived from s cross of
true breeding parents i unform.  In the second hybrid
generation (Fy) segregation of characters occurs in definite
numerical

Mendel » explanation of the results be obtaned postulated
the exutence of carpuscular entities the hereditary factors
present in the zygote in pars but in the gamete only singly
In gametogenesn these factor paurs segregated ons and oaly
one pasung into each gamete  To the new zygote each gumete
contributed one member of each factorial pair  Nothing is
simpler or more reasoriable than to tramiate these postulates
into the obeerved facts of cytology If the chromosomes
themselves are the factors of Mendel the genes as we now
call them, or if they are the vehicles of the genes their behaviour
in mewoshy fulfils all the requirements of Mendel s first law

MENDEL ¢ SECOMD LAW THE LAW OF THE
INDRPENDERT ASSORTMENT OF CHARACTERS

If stveral pamy of contrasted characters enter into the
same croas these segregate Independently of ench other

The first {aw b still undsturbed. It has betn shown to
be universally vabid. This m not o in the case of the second
law It still holds good for characters whose gencs are resident
in different chromosoenes  Ax for genes resident in one and
the sarrwe chromosome the phenamernon of hnkage—~the tendency
for genes to be tranamutted in blocks—dimrupts this {ndependent
agportment of chaructery

The relation of chromosome distribution 1n mitesis and
mewoshs to the dutribution of inhetited characters had not
been revealed in Mendel s time  He thought not of genes in
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chromosomes but of factors in the germ plasm.  In the following
llustratbons of Mendelian inberttance it will be convenient to
binie both Mendelian and gene explanations

An Autosomal Dowinant

Ptasis of the eyelids s the condrion 1n which the upper
eyehd cannot be elevated so that the palpabral fissure 1s much
nurrowed to grve fo the {ndividaal the appearance of a skeepy
and indelent cresture having been suddenly surprised. This
is a scrious hindrance and » most distressing embarrassment.
It can result from injury to the eyehd from paralysis of the
third nerve or of the beanch of thus which supplies the Jreoter
palpadra supersorss oc of the sympathetic supplying the smooth
ouscles of the muscwls tarsahs swperser A weighty tumour
can drag down the Ud. The sapsto-fromtalis muscle is used
to compensate for the lows of the hd-elevating muscles and the
forchead is tranaversely wrinkled  In severe cases this peocedure
failt to uncover the pupll and the eychall is rolled downwards
and the head thrown back to compensate for the deflechon of
the optical axis. When such causes sre operating the ptoss
 apt to be unilateral.  But there are Instances of this condition
In which these causes are ebsent and in which the ptosis b
bilateral. These can be cases of hereditary ptons.  For ths
reason the disgnosthcdan will include among hn enquiries the
queshion  Does any relative of this indrvidual also suffer from
ptosis ? The information he collects enables him to construct
a pedigree e.g Fig 2

A study of this pedigree shows that the patent (19
—the propesitxs—has an affected sister and a brother and two
sisters who are narmal  that ther mother (I1,) was affected
and that she married an unrelated normal man (11 and,

unaffected sister (1), whilst the first pregnancy of her un
affected mother (1) had resulted 1n & mocardage (II). The
grandfather of the propositus (I) had been affected. The
marriage of an unaffected uncle of the propositus (1I,) with
an unaffected woman (I11) had yiclded & group of three sblixgs
(brothers and soters) all unaffected  So that the condrtion
had been extubrted by some but not by all the related indinidusly
of threa successive generations and both males and females
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were affected.  Every affected individuat had had an affected
parent.  The offspring of affected X normal included affecteds
and normals and normals related to affecteds had produced
when mated with normals none but noemals.

PTOSIS

Fro. 1—Puedigres of Ptods, an antoecmal dominent

[0 = Useferrsd mae O = UnaSacred fanale
B = ASecrd valke @ = ASecrcd S
[JT = 1dentical twhns ® = Abortiom
A = B uimomn w7 = Proposios
| = Mamiage tar
= Coupling bar
= SiLhngs

LT T etc, = The soccemivs gencrations
18 e -
E s fo cxder of bk, akient o 4 1eh

These are the characteristic features of completely domsnens
Mendelan inheritance  The genetic interpretation of this mode
of inhentance fs as follows. Hereditary ptoals s a genetic
character It 15 caused by 1t is the expresmon of the action
of a gene the gene for ptosis. This gene 1s an allele of a
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normal  gene which, 1n 1ty action upon the procemses of
development yields nocmality sn absence of sboormality It
arose from ths normal gene through mutation.  In an indmdoal
heterorygous for this mutant gene, haning this in one member
of a particular parr of homaologous chromosomes and 1ty normal
allele in the same locus 1n the other the two compete for the
mastery Which of them shall control the processcs of develop-
ment? That which is the stronger (7) that which comes
mto action before the other (7). Should one exert it action
to the total exclusion of the actlon of the other the one that
prevails is 1aid to be dommant, the ane that 13 suppressed
the recemsive member of the pur  For comvenience sake the
characters themselves ptosts and normality are spoken of as
being the dominant and recesmrve members of & par of con-
trusted charzcters  But in reality t s the gene and not the
character that 15 dominant oc recesaive.

It has come to be usual to disinguish between two alleles
one dominant one recexsive, ane mutant the other the unmutated
form, 1n one of several ways. The caprial ininal better of the
name grven to the dominant character is often wsed to demgnate
the dominant gene which In its action has produced it, the

small letter to indicate the recesmve allele.
P = the mutant dormunant gene for ptoms, p = the recemive
allele foc normality or the symbol + or to be more precse
+P can be used for the unmutated gene and P for the
mutant dommant allele. It matters little what system 13 used
though it is obvioualy desirable that as much uniformity as
pomible should be observed What = impoctant s that the
writer and the reader should sec a chromosome and a locms
and 2 gene whenever a symbol for that gene 1 encountered.
The transmmwon of genttic characters from generation to
generation as depicted in & pedigree will have but little meanmng
until 1n the mind & cye the chromosomes are scen dancing and
manesuvring pairing and parting being toen and tossed during
meciosis xnd mutosm, To the geneticist the character » bat
the glow of a tracer indiabng the movement of the gene
faelf.

An indhvidual wrth hereditary ptosls may be a bomorygote.
This ts unbkely since # is most exceptional for both of the
parents of the indvidual to have exhibited the dlti
However asume that the individual (male or femle) b
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homorygous. Then the genetic constitution in reapect of ths
gene would be PP The followng matings are possible —

PPX 4+ homazygons affected Xnormal,
PPXP+  bomarygoas affected X heterarygons afected,
PPXPP  bomorygous affected X homorygons affectsd.

Or tho indrvidusl with hereditary ptosis may be a heterozygote
P4 when the followang matings sre possible —

P+ x4+ heterorygous affected ) notmal,
P+XP4-  beterorygous affected X heteroxygous affected,
P+XPP  beteroaygous affected X1 gous affected.

Any of these matings can furnmh the parental generaton
(the first paremtal gemeration oc Py, in order to distinguish
this from s grandparental generation, P,, and 30 on) in 2
beeeding experiment.  The offspring produced by such a Py
form the Fr—the firnz filial gemeration—those produced by
inter-mated wdividuals of the F, produce the Fy and 0 on.
Since nelther beothers and sisters noc parents and offspring
intermarry in our sodlety the sequence Py, Fy F, or the back
croes the mating of an F, indrvidual with one or other of the
P, individuals will n.cvu' appear in a pedigres (save when

lncatuinvuhed') u’md.{h::d\ucafth«:wtymbobm
buman g t, Consider the
mating
P+ Zygom. H T affacted X h
/\ Gmnmgﬂm Mendel ¢ First Law
P+ 4+ Segromatlon. Two forthy of gamets from the
beterorygote.
Fertitistion. Bqullmu:aé:a'lu(nt:inllb@-
types, heterozyy ecteds
Pt A urcqulld:\mct:c:{‘thdiq;peanm

Using the same system the results of all the other powible
matings involving the P gene can be predicted It will be
batham\:r to make use of a pair of purely hypothetical
genes A for a dominant character and a for the
mincrdcrm-howﬂnxﬂmschunehulnnivwxd
application and doex not refer solely to ptosts. AA = homo-
zygous dominant, Ax me heterorygous domnant, aa s receslve.
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Olserved Facts  AAXAA = 100 per cont. AA
AR Xas == OO per cent. A
AAXux = 100 per cent. Az
AAxAn = 5o percent. AA, so per cent. Aa
An Xan = 50 per cent. Ae, so per cent. as
Ax XAn = 3 per cent. AA, 5o per cent. Aa,

The explanation of thess facts can be displayed in the

followmng way —
(1) AA X m O Aa x

AN I
Yo L]
/\/\

\ & gameties from one parmt
1
A AA Ax
gumetrs from the
other parent. 3 4

a A [Ty

Dominants, hamorygous x}_‘
heterarygous (. El
recesdive (ax)

It will be noted that mating (1) # the Py of a typical
Mendelian monohybrld experiment, an experiment in which
the parents differ one from the other in that one 13 homorygous
in respect of the dominant member of s pair of alicles whilst
the other is homorygous In respect of the recessive member
This mating produces an Fy which, since dommance s com-
plete, Is remarkable for the uniformty of 1ty phenotype. This
unformity rests on the fact that sll the individuals bave the
very same genotype (Aa) and have not come to differ among
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themselves through the action of any other genes in thelr
respective genotypes or as the result of differences in expenence.
Mating (3) In the typlcal Mendelian back-croms the mating
of a heterorygote with the recesstve parental form. It will
be noted that segregation is more likely to be recognised
among the progeny of a back-cross than among the F, produced
by the mating of two F; individuals (see mating 3). The
chances of a recessive appearing In an Fy are 1 m 4 in the
progeny of a back-cross they are 1 in 3
Matng (3) 3 1n Mendelian terms, the mseting of two F,
individuals to produce an F; consisting ideally of the different
phenotypes and genotypes in the propochions 1 AA, 2 Aa
1 aa. Consequent upon the segregation of the genes (ooc
member of each palr into each gamete) there is segregation
of the corresponding characters. The 3 1 ratlo of daminants
and recessive in the F, Is due to the fact that the domimant
gene, whether in the single dose or 1n the double yields the
domunant character
The following points will be noted —
Number of types of gametes in the gametic series produced
by each of the parents »= 2
Number of possibl, binations of these g; -
{4 compartments 1n the checker board, therefore)
Number of different phenotypes among the progeny = 2
{1 dusplaying the dominant, I dusplaying the recessive
character)
Number of different genotypes among the progeny = 3
(AR, A, ax)

It wll have been noted that the assocaton within the
genotype of a heterozygote of dominant and recessive alledes
lends according to the theory to no kind of mutual con
tamination The alleles leave the heterosygote just as  pure

as they entered. There is blending  of characters as will be
;hmb\nthhhdue,mtmgmimpmtymmcqumtupw

tonmag! pe, but to the &

Ithlecnﬂ:ninncneof(hhldndhwhicbthutm
dominance and recemivencss and in which dominance =
complete the individual exhibiting the recessive character
must be homosygous for the recessive allele A phenotypleally
“ normal  individoal cannot be beterosygous for the gene for
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ptoas cannot be &  carrler  of this gene  An mmaffected
indrmidual in a pedigree of s dominant abnormal character
18 in fact normal  On the other hand an individual
exhibiting & dommant character must carry the gene faor it
but may be homo- or heterozygous in respect of this gene.

It will be shown Iater that dominance is not an casental
feature of the Mendellan scheme. When complete however
it 3 a most meful phenomenon for the reason that the track
of the gene can be casily followed by the distribution of the
character Within & grven pedigree a dominant aboocmahty
can be traced with the same case in the vertical direction =
1n the horlzontal that 1s to say the parents or children of an
affected individual have the same chance of being affected o5
have the siba. If s dominant geno s widexpread among the
population an apprecable number of A4,
dominants, will be available for mating AA xXaa, AAXAx
AAXAA. But if a dominant gene b rare n a population
then it s mainly to be found in the heterorygous state, Most
sufferers will be An and not AA. Matings of rare dominants
aro therefore almost invariably of the AsXas type, hetero-
rygous affected Xnormal,  This w 8o In the case of the majority
of the gromly pathological characters.  In most instances 1t is not
known therefore whether in fact two doses of the gene would
yield a greater degres of deviation frum the normal than does
cno dase, and In human genetics the term dommant is used
to signify nothing more than that the gene in question manifests
iteelf 1n the beterorygous conditien

An Awtssemal Recessive

Mutation can yicld an allele that i3 recemive to the un-
mutated or previously existing gene from whch it sprang
Alksptoxuria 3 a condition in which, owing to the absence
of » particnlar enryme, the affected Indindual excretes In the
urine hornogentisic acd & derrvative of aromatic aminosdds
such as tyrosin and phenylalanine. Homogentisic acd gives
a dark brown colour to the urne, tends to produce srthritls
and & blackerung of the bones and cartilages.  Alksptonuria
is n recessive character the expression of a gene that s recesive
to the nocmal allele. It followy thai the individoal exhibiting
this character must bo homorygoas (as), which means that
this gene must have been receved by the propositus from both
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of the parents who could have been aa or +-a in genotypie
constitution, either exhilnting the character or clse carrying
the gene in the heterozygous state its actron being suppresed
by that of the dominant normal aflele,

Since the most usual mating will be that between two
phenntypically normal but genetically heterorygous people
since most marrages yield but few offspnng and since the
chances that a child with alkaptonura will appear are only
1 in 4 1t i3 not surprising that a recesuve character such as
thrs should skip a generation, should in fact commonty
peovide no suggestion that it is inhented at all  Only rarely
can ane secure suffiaent wformation out of which to construct
a pedigree that includes three succemsive generatons and so
1t is that an affected Individual can have none but unaflected
relatives (either homo- or heterorygous for the normal allele)
No technique has yet been evolved for the Identification of
the carnier of this recestive gene (a) so that ++4 and 42
indinduals are phenotypically indstinguishable. Consider the
following pedigree —

ALKAPTONURIA

P N S

uag s s ';T%

Fro. 3 —Pedigres of Alknptonurie, an aetosarnal recemtve

Unaflacted mnnd-mh:rmxzd
?- exd of no intecest fa 90 far ma the
pedigres by concerned
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The peoposrtis (111,) fs discovered to bave one affected
elder sister (I11,) and two brothers and a suster unaffected
Both parents and thelr sibs and all four grandparents are
phenotypically normal. It s quite Impossible from thus single
pedigree to reach any conclusion concerning the posible
genetic baas of slkaptonuna. The affected brother and sister
(111, and 111 could be suffering from the same condition not

of the coadition s horitoata]l It B characterstic of a
recesaive character to show preferential honzontsl distribu-
tion. The chance of beang affected 1 much higher for
the sibs of an affected individual than 1t Is for the parents
or for the offapring of this individual. That this 15 so Is
doe to the prevalence of tho AaXAa mating smce the aa
genotype 15 an cxiraction from an mneestry in which the
Aa s to be found and the As genotype yiwclds phenotypical
normality

The diagnosiicien when confroated with a recesasive gene
of ths kind rmust perforce turn to the Iterature, in which
information has been dustllled from pooled pedigrees involving
the mame gene. But even thu can be unsatisfactory since
wsually only pedigrees including several affected individuats are
recorded  Yet there must be mamy another full of heternrygotes
and with but cne or no affected indlvidual. These are not
recorded and so false impresdons aro readily guned  He will
Jearn that & recesstve gene can be handed down throogh many
generation nnsuspected and tmexpressed and that ooly when
by chance two indrviduals each heterorygous in respect of it,
mate and reproduce is the nccessarily homorygous exhibitor
of the character likely to appear The vast majonty of aflected
indrvidualy are the offspring of parents who are phenotypically
normal but who are in fact heterorygous. There Is a familial
Incidence more than one indmdual i & sibstop being affected
and the exhibition of the character m significantly moce comman
among the offspring of consanguinous marriages. The pheno-
typically normal sibe oc children of an affected person can be
heterozygotes.  Flnally the offspring of affected X
nocrnal are fnvariably phenotypically normal those of affected X
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affected invariably affected. Here i3 2 pedigree which mcludes
2 consangumnous masriage —

ALKAPTONURIA

1 I[L’_§
R I
- § 1

v 1(5 fi’)ér/‘,‘ bi}

Fro. 4—Pedigres of Alkapsoraitie, showing conmsngninkty
0 O = Hetrroxygoos
E’/@’.Mhhﬁn—,

Here again there is the horizontal distribution and the high
Incidence among the sibe of the propositus.  The parents of the
affecteds were the children of two full brothers  The chances
that both of the parents carry the same recessive gene are
increased when they themselves have received part of thelr
grnotypes from a common source.  Thm if smong the parents
of individuals exhibiting & particular abnormality there is a
higher percentage of cocsanguinous marmages than in the
popalation at large tho possibllity that the abnormality is &




A DIHYBRID MATING an

genetic recesuve s conslderably increased. Granting that
alkaptonunia in this pedigree i a genctic recemsive character
then the parents (I11,) and (IIT,) must be heterorygotes The
grandparents (11)) and (11,) must also have been heterorygotes
There s no reason to suggest that thewr wrves (I1y) and (1)
were otherwine than normal.  But ooe of the great-grandparents
(1D or (I, must have been a carrier of the gene. (IV,) and
(IVy) can be cither genetically normal or else heterorygous for
the gene for alkaptonura.  So

I+a 24+ (arrt4+  34w)

1

o 3++ I +a 4+t

1 I+4a +s

IV T4+ ea 34+ a2 sam Gas
o8 ora

Through a Jong period of tme and with the accumulation
of many pedigrees 1t is certain that ulamately records of the
following matings and approximstions to the following rutios
will be obtamed to prove beyend all reasonable doubt that &
condition such as ths 1 1n fact & genetic recessive. In a
constellation of varieties of environments! conditons and

umﬁn:h-.d x nﬂu::ud = 50 per cami. unaffectsd but beteroxygoas (+2)
‘Dbt hotero- 50 par cont. affected (xa)

1ygOns.
42 x e = 7§ per omt. nnaffected (33 por cent, 4 end
(+)

unaffectsd 5O per cent
butbotero-  butbatero-  § per cent. affected (xa)
ygom. sygoas.
A Mindilian Dikybrid
Mendel s second law which states that when two or more
factor (genc) pairs segregate simultancowly the distribution
of any oue of them s independent of the distribution of the

thnt.hirdlndfam‘thﬁngmlndmumwe.bbedordxm
or less completely fused, and afbexism, the condition in which
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there is complete or almost lete abeence of p in

the skin hair and cyes Tbufoﬂowingpcdigrculhuwthat
syndactyly s & dominant and albinism a recesmive character

SYNDACTYLY

ESh

F1a. s—Prdigres of Syndactyly aa autosomal dominent
ALBINISM

' 9

0. 6.—Pedigree of Alhixiemn, o» sotnecmal recemire



A DIHYBRID MATING as

Supposc that s child exhibiting these two charzcters comes
w the notice of the physican who happens to know that
syndactyly has been reported to be a dominant Menddlian
character and that albmusm s acknowledged to be & recessive
Being interested be will at once expect to find that among
the sfba of the patient there will be some that are syndactylous
that one of the parents exhibrty the condltion and that in so
far as the albinbm » concerned it will probably be found
that m the pedigree to be constructed a consanguinous
will fall to be recorded.  He will assume from the start that the
patient is most likely to be the result of the mating of two
indinduals each heterorygots for the genc for albinsm and
that ope of these was heterorygous also for the gene for
syndactyly The genotypes of these parents can be represented
0 —

5 +e X 48 +c
¥5 c s c

Two purs of homaologows chromosomes are involved—each

It would be confumng to use the sign + to represent both of
the parmal alleles of the two geno purn. To the + Is
therefore added the initial letter of tha charwcter a caprtal
S (+5) In the case of the norrnal aflele of the gene for syndactyly
since the mutant allele is the dominant member of the pair
4 sl ¢ (4-c) for the dominant normal allele of the gene for
alblarsm (== lack of colour). Alternatively the genotypes can
be shown &3 Se CcxXss Ce. Far the sake of convenlence it
proposed to make nse of this system, but again it s to be
cmphassed that the student should so train himself that when
be sees a letter he sces a chromosome and when he sees &
chromosame he sees a locus with & gene mn it

But for the purposc of making the Mendellan srgument as
clear as possible it will be best to start with a grandpxrertal

synda
Indlnidual (who would, in reality probably be nom viable)
and en albina. It matters not which sex exhibited which
character
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P, Homorygow Normal digits
Jous mm altunotic
mented

8SCC CX- A mating m
volving 3 pairs of
Eenes

§C £ Gamertes

Ss Ce
S: lous )
N prgmented 1gmutygm1)

The ganretic serles produced by such an Individual according
to the second law of Mendel will bo —

— 8C

1, I~
s !

— Sc
JB A

) —
i [/,/,/<

The distnbution of the S and s pair of chromosemes (genes)
ls quite unmfluenced by that of the Cc pair In the pro-
duction of an F, two such gametic senes will be concerned
and these meeting will yield the following genotypes and
phenotypes —

on S(S! Sc oC ©

1
sC S8 CG 8S Cc 85 CC SsCc
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Individuals exhibeting the two domt syndactyly and
narmal pigmentatson —

Heterorygous for both 8§ [} n 47 OI3

Indinduals cxhibiting one dominant and ane recesstve,
syndactyly and albinism —

Hanagrgous foc 8 Square 6
Heterorygous for S 8 14
3
Indrviduals exhibiting the other docl and the o
recesnve, normal digits and pormal pigmentation —
for C Square 11
Heterowygous far C 15
3
Indinduals exhibitmg the two r " 1 digits and

albinism —
Necemarily hamozygom for both s and ¢ Bquate 6

1

Th ¢, 3 3 1t matio s the mathenatical combination of
two 3 1 ratios. (354 1) X(3C+1¢) = gSC 35c, 18C 1 ac.
It is seen that there is no tendency for the parental combinations
of characters to be preserved In the offspang nor for the two
dominanty and the two recessives to scgregate together  The
reason for this is, of course, that at meiosis the members of
the syndactyly snd afbino pairs of homologoos chromo-
s0rDes scparate one from the other into different gametes at
random 1n the serss that there is no tendency for the patermally
or maternally derived clements of cach pair to pass into the
same gametes together Consequently the chances that the
5 or » clromosome becomes included In & gamete with the
C ar ¢ chromosome are equal It will be noted that in such
lnFon}yotwLudxrldullinenrydncenanbectpcdcdto
exhibit the two recesais 3 in
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The trihybrid ratio arsing from a mating in which both
parents are heterorygous in respect of three pairs of allelomarphs
and wrth d leads to a. bi of three 3 1 ratioa
independently yielding a mato of 27 9,9, 9 3 8 3 1
(3A+ 1) X(3B+41b) X (3C+1c)  Other ratos have been
obtained by computation and by experimentation.

Wutaher

Naber | T o ‘Tt | wembwot | ase ol | oot
e e o s wpah F tymmF |gmearren?

1 z 2 1

* s 9

3 3 ‘ 9 7

i 6 6 65 1

» 40 m 3o—m ko

But these are matters which, slthough of great interest and
practical mnportance to the geneticist and to the crestor of
new vaneties of animals and plants cannot claim a value 10
chimeal medicine,

Mendel s second law can more easily be fllustrated by the ine
of a back-cross of an Ss Cc individual to a donble recemive, s0 —

mce X BaCc
The double The double
narmal digits Syndacty]
alhmaotic Normally plgmented
Gametes Gametes  Progeny
SC — 8 Ce Srndm:tyb\u
ormally pigmented
S —Bscc B
- ok
3¢ —aCc  nomal digits
Normally pigmented

xc —-sscc  honmal digits
aliinotic

Thk nnﬁnz yidd.l equ.d numbers (or l"x‘l chances) ool;}ﬂ‘;

dmninlnt.thcot.bu-n:ccaivo lndlh:twortcﬂlfw:l The
mating that was suggested as the most probable origan of the
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syndactylous albinotic child was Ss Ccxms Cc. Ths would

yield —
53 Coxm (e
| } sC Sc L ”
8C iC
gametic B¢ [ b 3 4
wrles  oC C 8sCC | Sstc aCC uCc
=~
s 6 7 8
< 8Cc | Sacc |wCe -t

Phensiypes Semere
el Tipes s Horaly e g
normal digts knd albing g

Syndactyloas and albine
There Is thus 1 chance in 8 of such parents producing such

u child
There Is & simple method of calculating the probability of the
appearance of a particular phetotype among » given progeny
The probabilities for the varlous  unit characters  of which the
particular phenotype Is built up are multiplied one by the other

B Xoaw Sa -
5o pet cent.  $o peT cemt
CexXCe cc Co «
S par cemt. go per cmt. 3 per cent.
Chance for affspring to be locs (S«) -]
Chance for offspring to be (o) -

I
The laws of gene transmission are thus scen to be the
laws " of chance, Chance it i that decsdes which of two

were derived from two sources, paternal and maternal respec
tively To each offapring each of these two parents trantmits
one, only ooe, member of cach gene pair  Segregation in the
case of 3 heterorygute means the provision of equal numbers
of the two alleles and o there must be an equal likelihood
for a child to receive elther of these. So far It has not been
necessary to refer to the sex of an individual when discmsing
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its characterisation It has not mattered whether the gene in
question has been received from male or from female parent
or recefved by son or daughter the cffect of the gene has always
been the same.  Moreover the disaibution of the members of
onc gene pair from parent 1o offspnng has not been affected
fn any way by the diatribution of the members of eny other
gene pur i 80 far a3 genes borne on different
are concerned  Fimally which member of a grven pair of
alleles 15 received by a particular child from i
parent 13 not in any way affected by the distribution of these
same gencs among previous children born to the same parent.
It will be recognused that the operatian of Mendel s second
Inw provides the opportuity for mutant genes which have
arsen independently to be brought together  Advantage can
thus be added to advantage if the mutant genes concerned
are  better than  those from which they bave armen

OTHER INTERNATIONAL PEDIGREE SYMBOLS

g o  Purmts pot marred, cildren O 5o ko
S o & Tk e

U =~ Conmngnineoas mmrrisgs
390 -t

thrice  marrsed
[{E = Fraternal twime

@_Twchﬂd:m-:

®  _ Died In Infsncy sex
g0 $
C a  Examined
i = Identical twine O
Pl
{% = Trta uacertin i deatical Q) o p
e H © N 8 HYmpiany,



CHAPTER III
LINKAGE

Ir the genes are resident 1n the chromosomes and i the
number of gene patrs exceeds the haploid number of the
clromosomes 1t follows that Mendels second law cannot
atways hold, There must be many thousands of genes m the
buman genotype far more than 24, the haplodd chromosoms
number in man, have already been recognised.  Each chromo-
some must thercfore carry more than one gene. If more
thun one genc is remdent in one and the same chramosome
then 30 long as the chrocnosome remains intact the gene group
resident in it must travel together from ooe generation to the
next, must remain linked in inhentance.

Linkegs 13 the tendency foc two or more pairs of genes to
asort together instead of obeymg Mendel's sccond law
because they are resident in ane and the same chromosome.
The number of groups of linked genes—Imiage groups—
should be the same as the baploid number of chromosomes
if all the chromosomes carry genes. The number of linkago
groups in man should be 24.

Thus postulate has been shown to be correct n all mstances
in which the speclal genetics of the animal or plant has been
suffilently developed.  Mereover the relatiee slzes of the

of gemetogencsls 1f this I »o then blocks of genes omust be
mutually transferred from ene member of a pair of homalogous

chromosomes to the other
Linkage s disrupted by this cressing-ervr the laterchange

of Hnked gencs consequent upon a reciprocal transference of
-
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sections of material between chromatids derrved from homo-
chromosomes.

An yet it is imposnible to flustrate at all satixfactorily
the phenomena of hinkege and crosming-over 1n the
of man, There are many instences in which became of the
behaviour of characters in inberttance linkage s strongly
suspected, but it has not so far been confimned. We rmust
wait awhile. Linkage has shown itself to be 80 very useful
an instrument in genetical enquiry that it fa to be hoped that
it soon will be recogmsed in human genetical studses.  If two
genes are hnked and o one correspends to a deep-seated
character of considerable interest and mmportance affecting
viahility or funchonal efficency for example, whilst the other
yields & superfiaal character readily recognised but of no great
fmportance in rtself then so long as the genes remain together
the second character can be used as a tracer for the fiot.
The presence of the frst could be assumed from the doplay
of the second

It is possible fortunately to flustrate these phenomena by
reference to genes resident in the X-chromosome, but before
doing so it is destrable to discuss these matters 1n & general
and theoretical way If the genes arc resident in the chromo-
somes, and f each gene has ity own appolnted place in the
length of a particular chromosome, an individual heterozygous
in respect of several of these gencs can have a genotype of the

following kmd —
ABCDEFGHIJKLMH
& pair of 2bedolghIElmn

If it be assumed that two chromatids derfved from these
chromosomes stick, break and reunite with mutual interchange
of substance at a pomt between the loci occupied by the genes
E and ¢ and F and { respectively the reconstructed chromo-
somes will have the following gene content —

ABCDEfghijklmn
abcdeF

The interchange has broken down the spatial relations of
the blocks of genes to the left and to the right of tha level of

croping-over
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Multiple croming-over can occur recomblnatons taking
place simultaneouly at several levels, Double crossing-over
In the case of the autosome bemng consldered could give the
following result ~—

ABCDEfgh{JKLMN
lEcauF&Hljilmu

As a result of such crossing-over combinations of characters
exhitxted by heterozygous parents arc hroken down and rebuilt
Into different combxnatioas in the progenry  Manifestly crosemg
over between two chromosomes contalning identical gene
companies (In the completely homorygous ndrvidual) would
csme no such recombination since what each chromatid gave
up In interchange 1t would recerve in retorn

If croming-over can occur with equal ease at any level 1n
the length of the chromosome, and if crossing-over at any one
level renders synchrooous crosting-over aearby difficult (ssder-
Serence) then it follows that the frequency of crosmsing-over
can be regarded as a rough measure of the distance 1n the
length of the chromosome that separates the two levels involved.
There should be & characteristic crossing-over frequency of
percentage of croming-over a crossmgover vatws (COV),
between cach two levels. If A2 Bb and Cc are three linked
gene pairs their spatial relationship in the chromosome can
be repeescated an points on a line. If thw order is 22 C
then the C.OV between A and C ahould be the sum of the
C.OVs between A and B and B and C  Thus m so0 and it
means that the genes are mrmanged in linear order in th
chromosome.  For this ressoq = chromosome map can be
coastructed showing the genes in their proper order and the
dustances separating them. The method of map construchon
is as follows,

The genes A and B are known to be resident in the sama
chromosome (Hnkage) The doubly heterorygous individuals
genotype will therefore be

AB BA
PRl

This individual will elzborate four kinds of garnctes, not two
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DOG-CTOM~IYET gametes Tom-over gametes
[ A " A L3
B b b B b B
crossing-over

and mated with the double recessive (ab) (ab) will yicld the
following zygotes —
(AB)(ab) (ab)(ab) : (AbYab) (aB)ab)
clasees casses

The beacket represents a chromosome and the letters within
the bracket the gene company in the chromosome

The majonty of the gametes elaborated by the double
heterorygote will be non-cross-overs the proportion of crose-
over gametes will be determined by the dotance in the length
of the chromosomes between the levels of A and B Crossing
over in the case of the double recessive will not affect the
relationship of a and b and the recessive characters cannot
confuse the fmue. The relative number of the cross-over
phenotypes among the progeny gives the C.OV

If for example, esch of the non-crom-over phenotypes
amounts to 4§ per cent. of the total progeny and each of the
cross-overs roughly to § per cent. then crossing-over occurred
in 10 per cent. of instances in gametogeneds The C.OV
13 10 per cent. and the levels of A and B (or of course of &
and b) are separated one from the other in the fength of the
chromaosome by 10 units of distance.

But ix A to the left or to the nght of B} This I3 a question
that can only be answered by recourse to a three-point experl
ment. A third gene C 15 shown to belong to the same hnkage
group [It1s found that the C OV between A and Cin 15 per
cent, and between B and C 5 per cent. Then the arder must be

And 30 by obtaining the C.O V between any other gene of this
E_nhgegroupunimytvoofthcgmullresdymlpptdthr
mﬁdnhlmuh]pofnﬂmbcdetu‘nﬂn
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Croming-over s affected by temperature X-rays radlum
and certaln other chemical and physical agents. It seems
probable that these affect the frequency of chiasma formation
and that the C,OV is & measure not of the distance between
two levels but of the frequency of chuaxma formation between
these Jerels  However it b 2 convenience to speak of the
C.OV as a mesmsure of di 1 per cent. indicating that
the two levels concerned are separuted by one unit of distance.
The easc with which crossing-over occurs differs between the
sexes in many species  In certaln forms there is no crosiing
over in ane sex, linkage being complete.  But this cannot
mean that the chromosoma has no phynical length it merely
means that for reasons as yet unknown crossing-over does
not occur  In man crossing-over would scem to occur with
equal ease 1n both sexes

SEX LINKAGE

The X and the Y chr like the are the
velucles of gene groups. But owng to the heterogametic
nature of the human rale and therefore to & sex difference in
respect of the gex-chromosomes the transmission of the X and
the Y-borne genes differs from that of the genes resident in the
autosomes

It Is not to be understood that because a gene is resident
in & sexchromosome It Is thercfore necessarily specially or
mainly concerned 1n the production of scx or of the sexual
characters  They are called sex linked solely because they are
resident in a pair of chromosomes In respect of which
the sexes differ and which are involved in sex determiu
ton. The male recelves his Y<chromotome from hus father
Ins X from his mother the female receives an X from each

t.
P‘%mdﬂd}ﬁmbﬁm&cmmm
the autosomes I8 that the X and the Y do not in thelr entrety

atitute a parr of homalogous chr Only parts of
them are homologous bd.ngbuﬂtupahh:nmeguwmneml.
Tbmpadmmmompnnuﬂb«mdmnmm
takes place But the greater part of the X and the rest of the
shoct ¥ are non-homologous  between these there fa 10 pairing,
no interchange. Thngmulntha:-cdimlrunlhcmqﬂddy
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X-borne or Y bame, the genes of the non-homologous portion
of the Y bemng the peculiar property of the male.

t
X —
Y
Hommlogme | Kow bomsalngves vections
pomsn-iy
F10. 7 —Diagram of the h the bomnalog:
o 1 showiay
Because there are (1) homologous sections of the X and Y
(2) » non homologous section of the Y and (3) a non-homologous
section of tho X there must be three kinds of sex linked
wnheritance.

1 Totalsex-finkage Genes resident in the non homelogous
portion of the X and restricted to the X.

2 Total sexdinkage. Genes resident in the non homologous
portion of the Y and restricted to the Y

3 Partial sex-hnkage. Genes resident ln the homaologous
sections of the X and the Y partial becanse crossing
over can disrupt Hnkage

TOTAL SEX LINRAGE. GENES RESIDERT X THE Now
TOMOLOGOUS PORTION OF THE X

Red-green blindnen, the inability to recognise these colours,
is a sex-linked recessive character the gene for which is rendent
in the non-palring seg of the Xchr It is to be
found in some 4 per cent. of males and 0 4 per cent. of fernales
of our population. Since most red and green colours wed {n
signals and such like are not monochromatic the conditdon i
not regarded as & senom duability in most occupations.
Scoces of red-green blind Individuals remain completely unaware
of their peculianty
Smmthcgen:hxbmnauldwmatbemnsfaﬁdﬂxmueﬁ
croming-over to & Y and since it Is a receysive, the hetero-
rygote can bo none but a female. A male can elther have
this gene on his X when he will be red-green blind or else
he can have the normal allele on his ¥, when he will be
normal sighted  Thers 18 no locus for these gency In his ¥
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The following matings can occur —

A nocmal & carrier 9
Y (RX)( ﬂmoty?h-ﬂy
m X x 0 Anorm-l ernale
bat  heterory
allele, gous for the
gumetes X (r gene far red
green  bhnd-
new.
9\6 (®’X Y
Square 1 Phenotypiaally and geno-
1 2 typically narmal 9.
(RX) [(RX}RX)| (RX)Y | Squarss Phenotypically and geno-
typlcally noomal &
|3 4 3 Phenotypleally nocmal §
X | BXKX) | DY heterozygous for the red-green
blindners
Aitea ¢

Ex:pu:nd,nﬁna(nm:mhmﬂnctud:-s L

Equal nimbers of @4 and 99, of nocmal and carner 99, of
normal and afected 33

According to this scheme the child, to be & male must
receive h Y-chromosome from his father From his mother
be recefves his single X. The mother has two kinds of Xs
Should the son recetvo the one carrying the recemive allele he
will bo affected.

normal 3 affected @
(R%)Y x (X)(rX)
(RX) Y (X)
RX)( %) )Y
carsier 0 affocted &
phenotyplcally noroal

Expected, equal numbers of normals end affecteds.
Ecqual rinmbers of ¢ and 99, the former all affected, the latter all

M.]ecﬁgp-lngmbelﬂectcddnceth:mhﬂﬂnuﬁ'cr
only one kind of X the one with the recemsive gene.  Note
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that m ths pedigree the sons  take after  therr mother and
the daughters take after their father Thrs is an instance
of criss—cross smherstance It In seen that In dealing wath sex
Linked genes 1t 19 necessary to state the sex of the indrvidual
a8 well as the character the individual displays.

3 affected & noemal §
X)Y x (RX) (RX}
X) Y (RX)
(RX) (rX) (RX)Y
carrder @ normal ¢
phenotypacally normal
Expected, all bt danghters are carnery.

Sons must be normal for the reason that the mother can
offer only one kand of X that with the normal allele  Daughters
must be carrers because the X they recerve from therr father
carries the recessive gene,

4 affected & camer §
(XY x  RX(D
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H affected @ aflected @
rX)\ x (rX) (rX)
) Y (+X)
X (X) rX)Y
affected 9 affected &
Expected, all affecteds.

Equal numbers of 33 and 99-

Certaln characteristic features of total sex linked inherrtance
wre presented in these results  Reclprocal matngs yield
different results (matmngs 2 and 3). Segregution can drfer
between the sexes (mating 3)  Scgregation among mules 13
determuned solely by the genotype of the mother independent
of that of the father A male showng the domnant character
wnd a fermale with the corresponding recessive produce sons
showing tho receseive and daughters with the domnant—
Tie-cross Inheritance—(mating 3) A male wth the recesure
character and & female -with the correspending dormunant 1n
the homosygous condition produce offsprnng all with the
domlnant, but all the daughters aro heterosygotes (mating 3)
An sffected male transmity #ks peme to all his daughters but to
none of his sons A carmner female transmits jt—the gene—
to half of ber sons and to half of her daughters when mated
wt.humtmllnnle(mningx)mdmhulfofhammd
Lnlllofb:rdxughu:rlwhcnmxmedmmlﬂcaedmﬂ
(matlng 4) An ufiected femal tranemts it to all her

regardlens of the genotype of her bhusband {matings

chmmb-ndupmnmheguwraidmthdxnm
palring segment of the X-chromosome. As long ago as 1803
Dr]hnOtmofPhﬂldelphhhldmcrdcdufhmnphmn
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that males only are affected and gl are not lable to it
Though fermales are free they are capable of transmitting it to
therr children.  Its mode of mhentance Is exactly mmilar to
that of redgreen colour blindness but it s a much more
serious conditon.  The affected indindual bleeds profusely
from the alightest cut the cruption of tecth becomes a dangerous
sdventure and minor operations such as tooth extractian or
tomsillectomny are attended with dread since clotting is greatly
retarded  Slight contusions can give rise to severe brulsing
and oxtensive subcutanecus hemorrhage,  Effuslons of blood
into jonts cart incapacitate. The life expectancy of such

RED-GREEN BLINDNESS

1 11_-‘—9
IR

g
ml—-&uﬁp;dmm Wynhk;i;u:ﬂmdmﬁ:d
individuals 1s greatly reduced  On the average hemophilizcs
produce only about a quarter as many children as do normals,
Affected males are usually removed by death before the age
of twenty five, They beget but few effipnng therefore,  For
this reason alone femake hemophiliacs must he rare since to
be & hemophilac & female must have had a hemophiliec for
afather Inpooled pedigrees of h philia there s a signife
defickency of females and ft would seem that the homozygous
female commanly dics sx szere

It is of particular interest to note that in the Talmud sanctica
bgwenforﬂlemlinlcnofthcnmn]ofclrcumcu{mhﬂw
case of sons of women regarded as being likely to produce
hemophilic offspeing
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It is the marriage of & noemal male with a carrler female
that provides the overwhelming majority of haemophiliacs fn 2
hman communty

normal & carrier @
(HEX)Y x (HX}hX)

o N ad

N @Y

Square 1 Phenotypically geno-
1 typlcally nonmal 9.
(HX) |EX)HEX)Y (EXQ)Y Sqmm-Pbmypic;ﬂymdsm
Square 3. Phenotypeally ?
(bX) (‘H_x)(hx) GXY but beterosygoas for tho bemo-
phihs gens.
Bquare 4 Affected &
Rano of normals to affecteds == g1 1
Equsl numbers of dd and 9%, of
nomul and crrrfer of
nonnal and afected g

carrier If she belongs to 2 h phillc family and peod;
an affected son  if she produces no sons it is fmpossible to say
that sccording to the genetic evidence ahe is a camier It
now sceras to be possible, by the use of technlques receady
developed, to deteet the heterosygous female by a characteristic
coagulation time of her blood.  If the frequency of hemophihe
males emong the male population is p and the

of normal males Is ¢ where (p+¢) = I then with random
mating the frequency of bemophiliacs carnery and normals
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greatgrandsons  Edward VII was pormal and since nelther
he nor hs descendants marmed into families with a bistory of
hemophilia the House of Windsor Is free from this sex hinked

HAMOPHILIA

m llﬁ 'd) ’Ij 4;:5 e
tlmg—h&md%ﬁb&dmww
peoe In the regmant of the X

Tt camfer II bs narmal, ber children are too fow to make It
cartain sbeje. I & carrler

recessive gene. The Tsarcvitch Alexis was a hemophiliac
and it was because of this that the monk Rasputin came to
eccupy so prominent & poution in Russian court drces. It
was clumed that he could control the processes of cosgulation
perhaps by hypnosis. The heir apparent to the throne of Spain
Is & hxmophiliac and his mother a descendant of Queen
Victarlz, {s & cardler  These genctical facts have undoubtedly
played thetr part in determining the destiues of mooarchics
since {llness of this kind i3 so easily interpreted as the curse
of a deity

A dominant sex-linked gene X-borne in the non-pairing
« yields a ch that is in the female
than 1n the male for the reason that she has two X.chromosames
to the malke s one and has therefore a much greater oppartunity
for recering the gene from one or other of her parents  The
male gets hus mngle X from one parent, his mother  Dominant
sex lnked inhentance, like domunast autosomal inherjtance,
Is inberitance from one parent. All affected have an affected
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parent (In w pedigree thi vertical dustribution will extend up
to the point at which the mutation eccurred) The character

is exhibrted by approud; 1y half the offspnng of an affected
pu’m'l'hhdminmt-ahnkcdinh:r{hncchmbedh-
lon by the fact

that inthefon’n:rlﬁccttduulamlted to unaffected females
have only affected daughters and noemal sons

AXY > @X)}aX) = (AKX) @XY

whilst in the latter all the offspang orespective of thelr sex,
are affected (AA Xax = Aax) m’lfth.c&d:crhlhetmzyguﬁ:,

bers of affecteds and g frrespective of sex
(Anxan = Aa r1)
Congeninl absence of the indsor teeth wonld seem to be

such a dominant sex-linked character Defective enamel of
the teeth would appear to be another

CORGENITAL ABSENCE OF INCISORS

S

I I

¥io. 10- Mrv-dcaum:-l;‘Ah:-ud\hhdu\ m«'ﬁ’-x

This pedigree by itself is not sufboxent to prove that the
condition 1 & sex linked docomant. 1, and I, did not produce
enough children to show that the males of 1T were invarlably
normal whilst the females were invanably affected  There were
only two individushs onc a male and the other a female. But

- Vi
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if this pedigree is pooled with others of the same kand then it
asumes an umportance for the reason that the ewidence it
provides supports the contentlon that congenital absence of
incsors can, m certain instances, be caused by a dominant
sex-linked gene.

It s of interest to compare this pedigree with certain of
the matmngs that were considered in the case of the recessive
sex linked character red-green colour blhndnesa,

Sex-linked Dominant

(X-barne, non-pairing segment)
affected @ nocmal 9
axyy x @X) (iX)
(1X) Y (X)
(IX) (X) X)Y
affected @ normal &
Sex linked Recessrve
(X barmne, noo-palrng segment)
affected ¢ notmal §
129 4 x (RX) (RX)
(rX) Y (RX)
(RX) (rX) (RX)Y
carder ¢ normal &

In the case of redgreen blindness criss-cross inberitance
mmmuutacdmd:emﬂngoflnumxlmxh(RX)Ywnh
mnﬁcd:dfcma}e(rx)(rx). Amongst the progeny sons were
affecied like thelr mother and daughters (phenotypically)
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nocmal like therr father  In the caso of the dormnant sex
linked charecter congenital absence of cisors, the mating
affected male (IX)Y X normal female (XXIX) gave crim-cros
Inherstance of a different kind for father and dsughters were
sffected and mother 2nd sons normal.

The mating normal male (X)Y and effected (hetero-
rygows) female, (TXXiX) ylelds resclts that are indistmguish-
able from that of the back-cross of an ardmary autosomal
beh:rmygmnm{ dominant, ptoals (Pp) for example, 1o the recestive

arm
paren P o .

noemal & affected @ (beteronygous)
[)4 x (IXXIX)
a{\ am
QJ {ix) Y
Squure 1 Hi affected Q.
: s Afead 5
ax | @xixy | axny » 3 Notmal @

4 Nomal ¢
3 4 Equal mumbers of males and femates,
ix) | @XX | Y qu;x mumbers of nocmals and

Eqmlmmmdthemmpﬂmdaqmlmmdaa

Genes rexident in the non-homologous pert of the X
chromosame are finked with oot anather Sinee the femske
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has two such partions, anc 1n each X crossing-over between
the two portions is posuble. Such crossing-over cannot
take place i the male who has only omo such section
of the X

A ferale who is doubly heterozygous in respect of the
genes for red-green colour blindness and for hamophilia
therefore should provide the opportunity for the study of
linkage and cresmng-over Her genotype can be represented
0

-+h +r +h T
e

T or ) +r
or (HRX)(brX) (HrX)(bRX)

that is to say the two mutant genes can be together in one X
and the two normal alleles In the other or there can be ane
mutant gene and one normal allele 1n each of the Xs  If the
two mutant genes arc 1n the same chromosome they show the
tendency to remain together in tr lon (the ph

known as coupling) If they are in separate chromosomes
they show o tendency to remain apart (the phenomenon of
repulsson) The two kinds of distribution of thess four genes
among the two chromosomes yield different results

(&Y

X 4h 4r +h +4r .pmmnxbm
Nemald o == X F— ¢ deby ?
+h +4r +h +r —+h +r h T
Progeny o+ b > =
e @ el 9 P e e
Bomerraem far  bot duably hasry- frpasyrevy]
(B) both +homd +
+h 41 +h 1 phenotyplcally normal buat
Nommald === X g " doubly heterosygous
+h 41 +h +r +h 3 h +r
Progeny - T = )
3 e 7 i ¢
ey b bemagyess for & bt oat ot ped-
i, e o — el
rpen tor Crveimh pepmcmt el pupercmt ol

All this of course, in the absence of croming-over between
the Xs of the female  This would disturb the spatial relatlonship
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of the genes concerned and so yield different combinations of
characters in the male progeny so —

{C) Crommmg-over afiecting Case A abore.

4h 4r , 4bh 41 phoootyplally noomal bat
Normal = %X 5T Soubly b
+h T
___  cTosEmg-over
+r
+h I CTOSS-CPrer gaImetry
b +r
+h 4r  +4h H4r A r h +r
Progeny e e ]
el § wormal § rod g Wl gl
Yt bty b trarrirons bt 200 b et
= ek P § e bl &

(D) Croming-over affecting Case B abore.

+h 4r +h +r phenotypically normal bot
Normal ¢ __j——x—r—x doubly I Q

+b T
+r
+h T

i

+h + +bh 4r +h r h  4r
) T b+ - il

T T T
-t

e b=ty e v b
oo pheypn

one form of optic atrophy would seem to belong to this group

e
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TOTAL SEX LINKAGE, GENES RESIDENT IN THE NoON
HOMOLOGOUS SECTION OF THE Y-CHROMOSOME

Such genes as are carrled in this non-paring segment of
the Y are passed directly from father to son (holandric inherl
tance). They affect characters that are restricted to the male.
Webbed toes has been recorded as 2 gene of this kind. Hern
13 & pedigree involving this condition,

WEBBED TOES

mx‘ :ES aﬂ 1}
% l—Pcﬂ‘r-nchbtho-. mnyuhmmww
00- boanologoas portion of the ¥

Every male is affected  all fernales are normal.  Every
male transmits the abnormality to all hus sons and to none
of his daoghters.  To follow the character through the genera
tions Is to trace the Y-chromosome and the gene in i
non-pairing segment.

Manifestly such a sex-hnked character has to be ditin
gusshed from what is known as a sex hmited sex influenced
or sex-controlled character  Hypospadias (the condition 1n
which the urethra ay the result of developmental imperfection

on the under surface of the perus inatead of at the
dustal end) is a genctic charucter ity gene being an zutosormal
dominant. The female cannot exhibit this character her

makes this wiible. It is therefore restricted to the
male, Cmgﬂﬂﬂldhloaﬂmoftbohlphlmucdnnctﬂ
that finds expression more frequently in the female for
anatomical reasons. Genes 1if there be such in the human
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subject, affecting the quantity and quality of milk can find
expression only m the female.  Pattern baldness starting st the
crown and temples In early manhood and quickly spreading
over the whole of the top of the head, Is a genetic character
Its autosomal gene must find itscHf it would scem, in 2 male
internal (endocrinological) envireoment if 1t is to gain fall
expresaion,

possessor
destroys the dominance-recesnveness relationship of this gene
and its  pormal  allele. Onc gene causes pattern baldoess
in the male, two of them are required to producs even sparseness
oc partial baldness in the fermale, If the male in heterosygous
and the woman normal  half the sons of the marnage will
develop the character  if the male is homorygous all his sans
will do 30 If the woman is a hetcrorygote and is married to
a normal male half her sans will show the character If
sho is a homorygote ahe will have sparsc hair and in later
Iife partial baldness and all ber sons will develop the charncter
Male 2nd female differ onc from the other in respect of hair
characters but it is difficult to find amy reason why the gene
for webbed toes should operate only In a male enviroament
and to judge by the pedigree its gene must be Y-borme.
Sex limitation is restricted to sex-dimorphic charucters—those
by which the scxes are to be distingulshed—and ¢o Is unlikely
to be confosed with sex linkage.

There wre several genes which  find 1t esmer to gain

in the male rather than in the female internal

enviranment. Multiple exostosn (boay outgrowths from the
surface of & bone) are found about twice a2 often in men 23
in women Its gene 18 an autosomal dominant and affected
fathers produce both affected sons and affected davghters.
Ons form of oligophrenia (imbecility) and the Laurence-
Moon Bied! syndrome (mental defiqency obesty hypo-
genitalam  polydactyly and retinal degencration) are both
encountered far more frequently in the male than in the female.
Yet both are based on autosomal recessive genes.

PAXTIAL SEX LINKAGE

Genes resident in the hamologous or palring scgments
of the X and Y-chromosomes can become transferred
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through crossing-over from the X to the Y or ow¢ versa
This being so it follows that these genes will not
always remain linked. Moceover sinco any one of these
genes can be transferred from the X to the Y or from
the Y to the X it can be possessed by malc and female
alike.

Because of this croming-over these genes will give cvery
appesrance of being autosomal borne, and in fact from the
point of view of the clinician it is enough that they shall be so
regarded It 15 only when an unusual sex-distribution of the
charucter belng considered is recognised that the evidence
for partal sex linkage f revealed In some famihes showing
a particular condition affected males will be found to be much
rarer than was to be expected  In others there wiil be fewer
affected females than there should have beem if autosomal
inhentance were concemned. It I3 only by the analysis of
individual family records that the existence of partial sex linkage
has been detected  When pocled pedigrees of this kind are
examuned the unusual sex-dlstnbution of eno kind in certain
fernihes 1 balanced by an unususl sex-dismbution of the
other Jand so that in such studies the mode of inheritance
would seem to be entirely autosomal and the genes autosomal
boene.

A male who hax rectived the recesstve gene from his father
will carry 1t in his Y-chromosome and will therefore transmit
it mainly to his sons but as a result of crossing-over a few
exceptional daughters will receive it also. A mmale who has
received the gene from his mother will carry 1t in his X
chramosome and will therefore transmit it to his deughters,
but as a result of croming-over it will puss also to a few
exceptional sons.

The esvential difference between partlally sex Linked and
autosomal transmission is as follows A male who reccives &

sex-linked gene from his father tranemits it to more
than half of his sons and to less than half of his daughters,
whilst If he recaves it from his mother he transmut it to less
than half of hus sons and to more than half of his daughters
This unusual distribution of sex and character in association is
the result, of course, of gosmng-gver between the X and

the Y
Scven genes previculy looked upon ss atosomal genes
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sre now suspected to bo partizlly sexlinked. They arc the
genes for

Retinitls pigmentoas. (without deafocs) m}lﬂdﬂ
ruhgnant form of A recesave
Spmatic cgie recesive
Ognch” disease ( Sorm of might-hilndnes) recessive
Xeroderma receaive
Achromatopeia (total colour Bindnes) Tecesmive

Retinltis pigmentoss is among the commonest of genetic
sboormmalities. It takes the form not of an inflammation as the
name would suggest, but of & gradual degeneration of the
retina commencing wrually tn infancy oc childhood (although
exceptonafly belng delayed until early adult life) The first
tymptomhlﬂgbtbllndn:n,mdﬂytobedhﬂngmhcdﬁ-um

ital statlonary T
chman-whlcbbmtubirtbmduotpzwr:-uc. There
is progressive contraction 1n the vsual frdd and finally blind
ness  Ophthaimoscopic examination of an advanced case
showy the vessels of the fundus to be reduced in size with Jet
black spidery spots of pigment lying on them. The retina
and chored are atrophied and the duk waxy in appearance.

Epidermalysis ballosz s a condition in which blisters form
13 the resolt of injuries so trivial that they wonld produce no
effect whatsocyer in the normal indradoal. I the severest form
wholo areas of skin may be absertt at birth and blistering occurs
in the mouth and larynx, bronchi and cssophagus and the canea
and conjunctiva may ba affected. The teeth may be abaormal.

Spuﬁcpanplegh,-ser}uufcllnlalmnd}mdepaﬂmt
upon thon of the
nmmﬂ:oft.bccur.bnlcurtu,hlnlgtnglhoro:rcbdlm,

mental deficency optic atrophy and ataxy It is doplayed
during the first year of le.

Oguchi s discase b & faom of night-blindness which Is o be
recognised by & curous golden apperrance of the fundos when
this s adapted to hght. This dsappears when the fandus s
sadapted to darkness

Xeroderma plgmentosum s & condition in which in xn
Infant a few monthe old there fs profuse reddening of the skin
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of parts exposed to ordinary sunlight. Freckles develop,
enlarge and deepen in plgmentation. Warts and patchy
atrophy of the sldn follow Comeal ulcers lead to opacibes.
Bualcelled oarcinomata anse in the skdn, conpunctiva and
cornes.  The gene kills the child just as surely a3 does the
larva of the {gmeumon fly destroy its caterpillar host
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Achromatopsia, congerutal total colour blindoess, ia & mre
mndltiminwhkhtbelndhdu;lmpncuaﬂymm{mulﬂ-
E“Cfﬂhhtzlgpﬂ? 1o be black, white or » shadeof grey Usally

blyopra, and photopbobe
The dusturbed proportions of the excepted phenotypes BT
thclppe-n:weafﬂm-ovq‘withmunhfu:;}yahibiﬂﬂc
Ay two of the charucters based upen thess genes makes it
pasible to place them tentatively in ther relative positions &
the homologous sections of the X and the ¥

R Nox-pisjuncrion

trormal dutribitien of 1he X-chromosones dunng e
meotic divisions of o8genests of the mother can yield excepton?
phenotypes among the offspring  Normally Into each ovem
thuepm:mmﬂnbtrofme}()(pairofw
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But occasionally during that division which yields ths ovum
and the polar body these XXs fuil to scparate, to dmjoin,
and both pass into the ovum or else Into the polar body Tho
 known as Jisfs of the ch
somes, In certain instances this non-disjunction reults from
the fact that the two Xs are ectually attached and cannot
scparate.  Such an XX ovum is available for fertilisation by
an X or a Y spermatoroon. Resulting from fertilisation an
XXY or an XXX zygote can appear The former will be a
fernale—it has two X-chromosomes and the Y does not exert
sufhcaent influence to dusturb the result.  The latter is & zygote
that apparently {s not viable.

O3genens In an XXY fomale will be complscated by the
necessity for disjunction to separate the X and the XY or the
XX and the Y In respect of sex-chromosome comtent she
will elaborate four knnde of ova instead of one. These will
contaln the following sex-chromosomes X XY XX and Y
respectively  These can be fertilwed by an X-beanng or by a

Y ——YY¥ ? pon-visble.
If & womun with sex-linked red-green "‘{Abhﬂdm-
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happenced to have the sex-chromosome copstitunon XXY the
two Xs being attached so that where one goes the other must,
and produced children by a homozygous notmal sighted man
there would appear in addition to the usual normal danghters
and affected sons (rmmcross inheritance) exceptional pormal
sons and exceptional affected daughters

non dufunchopal @ with

— attached XX, affected.

Noemal ¢ RX)Y X (IX)I(r‘OY

amctes RX) Y (eXH0X0) l
Progeny ('RX)(arX) -"tr‘*lb;ilao-‘( female affected (?) Don-

RXY a nocmal male X from father Y frem
wmiother

(TEXY  an affected femalo XXY  Bak YXr
Jrem mather

vy nén visble.

If the tnplo-X femalo and the YY sygote do not appear
there will be equal numbers of males and females among the

RED-GREEN BLINDNESS

L e

T

Fra. u,—hd.l"ru Mrmwbymdﬂ-
peogeny normal sons like ther father and affected daughters
like their mother a mode of Inherftance that cannot be acconmmo-
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dated by the normal chromosome distributing mechanism.
The ald of non-dujunchon must be invoked

ROY x 1 GXEDY

1
L L
x L (XK XY 3 (XNXY £+ EXY 5 @EY

£ @YY | o @orn

|
CBX%LS rzL)vurxxmv s L(T007 56000 RIHRX)

u m,mm4m;mmmmwm.{wr

In the case of a dominant X-borne genc such as that for the
dominant form of retnits pigmentosa the sttached XXs of
an XXY fermale could dwturb the sex inddence of the
condition among the affspring & son of an affected mother
homorygows) (AXXAX)Y by a normal fether (aX)Y could
be narmal by receiving his father’s X and his mother’s ¥
The expected result of such a matng with non-attached Xs
in affected soas and daughters (heteroxygous).

EXY X(AXYAX) = (AXYeX) (AX)Y

M
24



CHAPTER 1V
MULTIPLE ALLELOMORPHS

IT will not have escaped notice that on the map of the
non pairing seg of the X-chr Joie tWo mutant genes
were placed 1 one and the same Jocus those far the
dominant and for the. recesmive form of retinitls pigmertosa
respectively  They were placed there for the reason that
the CO Vs between either of them and any other gene in
the group were identical. Unless they arc resident In loct
®o close together as to be Indistinguishable these genes must
therefore be allelomorphic to each other and also to the
unmutated npormal  gene from which they srose. If ths
is 30 then a gene must be able to mutate m scveral ways to
yield several allelomorphs  Thu is s0. A geno and 1ts scveral
mutant forms constitute a sewlisple allelemorphsc series of
which not more then two members can be present in the
genotype of any ane individual  Such & series usually controls
a given cheracter or set of characters quanttatively so that
they can be arranged in a scries according to the degree to
which the effects diverge from the normal.  Usually abso
the unmutated gene Is dominant to all the rest. When two
d:ﬂ'mtlﬂdamprmcntmgcﬂ}athtyumﬂyylddm
intermediate effect It 13 this intermed of the
that is characterstic of a multiple l].ldonurphlclﬂ'lclud
{ts members from ordinary recesslves. If an
indrvidual displaymng one recessivo character 13 mated with
another exhibating e different recesaive the offspnng will be
doubly heterorygous and wnll display the two corresponding
dominants so —

Py AAbb x aaBB
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This 1s not the case with the members of & multiple allelornarphic
series.

THE A, B AB A¥D O BLooD GROUPS

The autosomal genes which underlic the A, B O blood
groups are members of such a serics. There are four blood
groups referred to as A, B AB and O respectively These
groups differ ane from the other in respect of the antigens
and antibodles present in the blood. The antlgens are known
as the A and B antigen the antibodics as antt A and antt B

refer to the blood groups, the antigers o to the genes. And
now that this nomenclature is In common use in clinical medicine
ft In too late so to amend 1t that it will conform to genetical
corrvention. But for the purposes of this book It is necessary
o make the attempt.

Tke pheneiype T pome(s)
responcidles

Blood group A Presence of A in the red HA
hloodua";ﬂ: Presence of
antibody anti B in the serum.

Blood group B Presence of antigen B fn the H?
R.BCs. Presencs of antibody
antl-A in the serum.

Blood group AB  Presencs of antigens A and B m HA amd H?
the R.BCs. Absence of antl-  coojointly
bodles xuti Annd Bin thesermm.

Blood group O Abwencs of antigens A and B in the H?
RB of antibodies
antl A and wrtl-B in the serum.

In secordance with genctical convention one and the sxme
initial letter is used for every allele (H == human antigen and
antibody) and one allele is distingulshed from the others by
the addition of a suffix. It will be noted that where there Is
antigen A there i no anti A antibody where there i antigen
B there is no ant! B antlbody and that wherever antigen A

x
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13 absent antibody anti A 1 present and wherever antigen B
is absent antibody anti-B Is present. These are the important
obecrvations that have determined blood transfimion practice.
In this the danger s in the Introduction from a doaor of red
blood corpuscles contaming an antigen or antgens which will
be attacked by the antibodies present 1n the blood plasma of
the recipient.

Blood group typing conmst of testing an Idividuals
R.B Cs against sera of known antibody content  An individual
is placed in group A if his erythrocytes arc agglutinated by
serum containing antibody ant-A but not by serum containing
antibody anti B he belongs to group B if his R.B Ca are
agglutinated by serum containing antibody ant B but not by
antl A serum  he 13 classified as AB if sera contmining antt A
and ant B respectively both cause agglutinatien. If nesther
of these sera produce agglutination of his R.B Cs then he fs
placed in group O

Transfusion of whole blood therefore observes the rules
indicated in the following table —

AB o .m:!gm.
nesther both di

A + - + -
B - + + -
AB - - + -
o + + + +

+ transfudon permissible.
_ sfusion not Issible since agghitination resuits.

The three autosomal genes HA H® and HO form a multiple
allelomorphic series. A 13 dominant to B and O B I3 recenive
to A and d to O But domt 13 not complete and
the compound AB reveals the effect of the action of both
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genes. Every individual possesses two out of these threo
genes. The following genotypes are possible —

Lienetyps Frequency (per conl) Genotype
fm our population

T s
B &7 g or g
AB 5 3
o e g

Recently the gene H* has been shown to exist in three
alldomorphic forms differing in respect of the intensity of the
actson of the antibody anti A en the A antigen, stroog medium
and weak, the stroog being dommant to the medium and the
weak and the medium to the weak, The mulitiple allelomorphic
series comaists therefore of five members Al A' A* B
and O

Posenlog this purely genetical information it is possible
to predict the possible phenotypes and genotypes of the ofspring

1o be expected from eny given mating
Phemstrpes
é)(é- oo m:m.é cent. A
AX& P A ope
A_A A
KXp= s Premig

o 1o peeemt A
50 per exnt.

o~ spre=g

A Ispmomt A
S pTent sy pereent O

Ol

o
25 pererat. 5

and &0 on throughout the serfes, t being remembered that no
more than two of the five alleles can be possessed by any one
individual and that Al is the top of the series and O the bottam.,
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PWJ Pﬂr’})b )Wu LPhenetypes laching

ofiprs -w'fm

AxA A,O

AXB A, B AB O =
AXAB A, B AB o
AxO A,0 B A
BxB B O A AB
BXAB A, B AB o)
BxO B O A,AB
ABXAB A, B AB

ABXO A B A_B o
0x0 [o) A, B AB

It 13 poasible by the employment of apecual techniques to
demonstrate tho presence of these A and B antigens in the
salive of about 80 per cent. of the populaton  This property
is based on an autosomal dominant gene, S

THE M AND N ANTIGENS

Human erythrocytes have been shown 1o contain two
antigens to which the symbols M and N respectively have
been attached Every individual has one or the other or both
of these and they are never mmultancously absent. But human
serum does not contain (save very exceptionally it now seems)
an anti M or an ant N antibody so that these matters are of
00 concern 1n blood transfusion. The antibodies are produced
by the Injection of human R.B Ca with ane or other of the
M and N antigens into rabbits  Rabbit sera thus peepared
then used for the detection of the M and N antigen characters
in human blood

The phenotypes M == the presence of M antigen N = the
prumceomehgm,MNane“prucnceofbothnnugem
are based on & par of genes, RM and R¥ resident in an
autosome other than that in which the ABO series is found
Between M and N there 13 no dominance and the beterorygote
MN shows the effect of both

Fr cont
LPhenstype :::7(}” ) Genotrpe

A 97 M
M
N 212 N
N
MN 490 M
N
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The following matings are posaible and they will yicld the
following phenotypes among the progeny
Phentrtes of m;wq Pheastypes lacking

Ml'ﬁ?ﬂ'(
MxM
MxN MN H,N
M xMN M, MN N
NxN N M MN
NXxMN N MN M
MNxMN M N MN —

Recently an allde of N Ny, giving a weaker effect than N
bas been identified. It scems therefore that the M Ny, N,
gencs form yet snother maltiple allelomorphic senes.  Since
the ABO series and the MN pair of genes are on ddferent
autosomes the mode of inheritance of the characters will bo in
accordance with Mendel s second law of independent assoriment.

In the course of this ant-M antihody work another anti
body anti-P was discovered which disclased the presence of
another antigen, P in human red blood corpuscles. P b
present in approximately 75 per cent. of the population. It s
based on an autosoms! dominant gene, P So far there b no
concluslve endence that the P factor is of eny mmportance
in blood transfusion  there I as yet no record of a haemelytic
transfuslon reaction due to antl P antibodies, But there are
suggestions that there have been obstetrical disasters in cases
In which the father was P positive the mother P-negative.

THE RHESUS ANTIGENE

By injecting the red blood corpuscles of the Rhesus monkey
into guinea pigs and rabbits it was found posmble to obtaln
scrum  that contained antibodies which injected into the
hmmnmbjcﬁ,rmkdthcprummhbnmmayﬂn’oqm
of certain entigens—the
'hmeu'yﬂn'ocyﬁ:lml_." d these antibodics are

cent. of our population is R4 1§ per cent. R— (with reference
to the first discovered and still most important D antigen).
The Importance of these discoveries lies In the fact that in

—
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about 9o per cent. of instances of erythroblastomns fcctalis
(incidence about I in every 200 pregnancies) the cause 13 &
difference between the parents m respect of these Rhesus
properties the mother belng R— the father and the infant
R+ More than sx Rhesus antigens have already been
identified but for the moment only six will be considered
To these the symbals C ¢, D d E e have been grven.  Every
human individual carrics at least three of these in hus erythro-
cytes some have four five or even all arx. The corresponding
anhbodies anh-C anti-¢, etc. are never spontaneously formed
in any human serum.  But an indrvidual lacking a particular
antigen may develop the corresponding antibody if he receives
a blood transfurien including erythrocytes contaning that
antigen. Umually one such transfusion is not sufficient to
produce thls resction, several are necessary A pregnant
woman lacking a particular antigen and carrying a factus
posscsung 1t, having received 1t by way of the spermatozoon
from his fether masy develop in her serum the

antibody This then may react with the erythrocytes of the
fectus to cause erythroblastoss faetalls  The antibody develops
slowly so that it may not be the first born but subsequent
faetuses that are affected.

These six amtgenic characters would appear not to be
based on mingle genaa  each antigen apparently rests on a
group of three gencs remdent in lod very close together in
the length of an autosame. Becamsc they lic 5o close together
m the length of the chromosome crossing-over between any
two of them will be a very rare event. It may be that the rarer
gene amsocations are the results of such crossing-over  There
is no dominance among them each gene and gene group
produces its own cffect wrespective of the actson of all the rest.
These six genes can provide the following gene groups —

T
d7, Serelogists’
s TN nemenclature
VA E—1 CDE R.

. ) n —3 CDe R,

-

- i~ . E—3. CdE R, (not yet dentified)
8] <e—-4< Cde R
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Serelegists
momsnclaturs
D<‘E—5 cDE Ry
—6. Do R,
a <E—7 odB R
3. odo T

Gene groups 2 8 and 5 in this order are the commonest in
our population being posscssed by some 95 per cent. of the
whole. Every buman being has two of these elght gene groups
«nd they may be the same or different. There are thus thirty-
six ways in which these eight can be arranged in paus o that
there wre thirty-six possible Rbesus constitutions —

CDE CDv CIE Cde cDE cDe olE ais
CDE CD+ CJE Cae ¢DE cbe oE e
CDE CDs CdE Cde cDE cDe codB
Che TdE Cdv DR Ds ol oo
CDE CDs CdE Cde cDE cDe
Cai Tk DE Do odE oo
CDE CDe CdE Cde DE

Cde DR cDe odE  de

CDE CDe CdE Cdo

DE ¢cDse odE o

CDE CDs CdE

Be @B odo

CDE CDe

odE ol

CDE

oo

There are mix sntibodies anti-C, antl-¢, ant-D  antd
(Myctmmt:md’),demdmﬂ«:. If an indmidual &

ghheryﬂ:mcytuwﬂlmc(wlmmd—cbutmtwhhmd-c

lfheh%thzywﬂ]mﬂwthmﬂ-cbutnotnthm&-&wh{ht

i he fs S they will react with both antiC and anthc. The
<

same Is troe in the case of the D and d E and e antigens and
the anth-D anti-d snt] E and antl- antbodics.  So that there
are twenty-scven possble ways in which a given sample of
erythrocytes can react with the six antibodies,

—
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are rdentical in respect of gene content the thirty-amx genetic
constitutions in the abore lht are reduced to twenty-seven.
The commonest constitutions in our population are

Do o CDe

Do Do T Spon L

in thu order  Together they account for about 87 per cent.
of all indrviduals

Another gene has recently been identified Cv It is a
rare allele of C and ¢, the three formung a multiple allelomocphic
scriecs The erythrocytes of an individual carrying thm gene

& & o)
o - O
poasess an antigen C¥ which reacts with the ann C* entibody
containing serum.

ERYTHROBLASTOSIS FETALIS

I CDe 1 e
[e] &

5 4 A

F —! sbowing the mods of inberitance of the
19. 4 —Pedigre

All ova contain the gene group cde and all spermatoroa
the gene group CDe. All the offipning will therefore have
thecnluﬁtnbancd—?:— their erythrocytes will resct with
antibodies ants C anti-¢, anti D anti-d and antie. The only
serum which will give & negative reaction i anti-E.  The
mother has no antigen D and so = capable of producing
antibody znti D in her serum. The father transmits the
gmeDumd:hmfmthcmﬁ.ngtouﬂhhoﬁ.p-hglnd
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00 If the mother produces antibody anti D thrs will react with
the of ber children. It will be noted that the
production in the mother’s serum of antibody antt D is alow so
that the first born 1s not affected. It wall also have been noted
that the mother has no antigen C and so is capable of produang
sotibody ant-C ax well a3 anti D How s It then that it =
the latter that does the damage? For the present all that
can be sald m that of the two the Iatter is the stronger

ERYTHROBLASTOSIS FETALIS

1%"1 —S)g

el B A

ode CDe CDs ae
ok e ) o

Fio. §—Pedigres shewing the mode of inhertuacs of the
* Rhecas antigens

The father I, ls heterozygous for D be claborates two
forms of spermatozos, CDe and cde, in equal numbers  The

U&F{nzanﬂ:erefwebedﬂ:u%or%e The mother

ﬂnbe-unitucdbythc%:fchﬂd. Any subsequent child

CDe  cde ode
=——or — — 4 D antibody elaborated
c-ubeehh:rcdem-cde I{cdct.hem an ly
in the mother & serum in respomse to the D antigen in the
first childs erythrocytes will leave the eubsequent child

wmharmed wum&mmmam%mumw.

anth-D sntibody can sattack the childs D antigen and 30
came erythroblasiosls fatalis.

The ‘medicolegal determination of the Pareat—Progeny
relationship by reference to the ABO MN R S and P and
genle constitutions of parents and child respectively s of
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courve, the presentation of purely genctical evidence. This
can be reinforced by other information relating to other gene-
tical differences between putative parents and the child,
differences in respect of such abmormal characters as have
been used it this book to fllustrate the various mwdes of
inherrtance o in respect of normal  characters such as,
for example the ability to sppreciate the bitter taste of
phenylthio-ures in dilutions as low as one in a million.
Thu ability is based on &n sutosoma! dominamt gene T (for
taster) unaffected in its action by environments! factors.
Tasters may therefore be homo- or heteroxygous

per cent. of the population are fasters  If the mother and the
putative father are non-tasters and the child is a taster then
the man in the case ia not the father  (Phenyl thio-urea is
also kniown as Pheny! thio-aarbomide P T C)

$Z



CHAPTER V
COMPLICATIONS

It bas been stated that the sction of a gene o influenced
bythxtofzheotba-gmainthemtypeuvdluby
mvirmnnmmqmcumdutonamdth:umemc it would
appear docs not always yicld the same end result It i the
traching of genctics that the gene iself does not vary save
only through mutation, and that variatlons 1 respect of its
effects are caused through the mterference with its action
byotbﬂ‘zmalndng@typeorbymﬁrmmmullgmda
It 1 desrable at this point to connder the naturt and tho
extent of such varbility

The genes which have been used to demonstrate the prin
cples of Mendelian Inhentance have becn such a3 in thelr
action were not affected to any considershle extent by other
genes or by forces of the environment They were selected
for this very reason, It is legitimate as well as sensible to
begin an account of this kond with relative simplicities and
then proceed to complexities. It has to be recognised that
the birth of the sclence of genctics might have been postponed
for & very long time had It not happened that Mendel chanced
to choose as his experimental material a plant with seven
Pairs of comtrasted characters showing no Linkage, oot of each
Pair being a complete dominant, the ofher & recessive and none
of them ln their development affectid to any discernible degres
By any Influence otber than that of the one rponsible gene.
Had Mendel chosen not Prswm seifowm but Zed weays (maire)
for example he would bave obtained an Fy with & phenotype
that was intermedlate between the two parental ones and the
Abacnice of dominance might have hidden the cfues to genetic
Purity segregation and independent amortment.

It is not difficult to fit such intermediacy &3 was scen
In the cases of the A and B and of the M and N blood group
characters into « general scheme If It I8 encountered after

d ! of the Mendel Ixws has been secured.

an
Having contidered instances in which gene action has been
n
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uncomplicated by any other influence it 13 now possible
hopefully to examine cases in which the character based upon
1 particular gene 15 subject to variation in expression.

INCOMPLETE DOMMIANCE

The non-red hair colours are dommant to the red The
alleles responsible are I. The h ygote can often
be recognised by a reddish tinge to the hair and by hesvy
freckling  Brown eye colour is domunant to blue but m many
instances the eyo colour of the heteroaygote would seem to be
a mixture of brown and blue. It i known that all cyes are
blue and that a brown cye i one in which in front of the lxyer
of blue pigment u layer of brown pigment {3 depoaited a3
development proceeds. It may well be that a difference in
the dosage of the dominant gene, one or two makes a difference
10 the time of or 1n the rate of the deposithon of this brown
pligment.  Examples of & difference in the phenotypes based
on the double and on the alngle dose respectively of a dominant
gene are plenniful in forms other than man and are, of course
responmble for the 1 2 1 ratlo in place of the 3 1 among
the progeny of the mating of two (monogenic) heterozygotes,

The who carries the recessive genc for the
Laurence Moon Biedl syndrome is often not completely without
certun of the stigmata of the discam, obesity for example,
the

comnplete. It Is converent however for purposes of dscimion
to pretend that they are.

MODIFYING GENES

Albinsm has been presented a3 a character based on an
autosomal recemive gene.  The albino v therefore necessarily
a bomosygote. But the hur is not white the cyes pink and
the general budld and vigour subnormal in all cases.  Sometrmes
mﬂwwuhtﬂwmmﬁ;&ith
unexceptional in respect of vigour and

The most reasonable explanation of some of this varlaton
s that it s the result of the actlon of modifymg gener. A:
hul\rudybtmmt.cdthemtknn{thc“unhduﬂdﬂ
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dut to the action of & single gene in the stmpler o duplex
stxts has been dcarded It #s now accepted that in the
fuhioning of 2 given character very many 1if not all of the
genes in the genotype play a part.  One genc o the principal
agent, the rest play a sccondary role. Most genes exert s
pldntmpdca.dian. But thess are not the modifying genes.
gene, sccording to the commenly -oceptad

ddn}&cnl:auadut,nctﬁzgulouc,yiddtnophmaqpiaﬂy
detectable result, but when amocated with others affects ther
actlon in a definitc and constant way exaggerating or sup-
promng this 1t modies the action of the gene or genes
involred In the prodaction of a ghven character

Friedrelch s ataxia is & rare monogenic sutasomal recessive
character  There b a progressive degeneration of the nervous
system resultung in loss of power in the legs, trunk, arms and
bead  [ts onset iy usually in eary ndult life so that the
reproductivity of affected indrviduals i conviderably diminished.
Modrfymg genes have been identried which affect the
manifestation of this character

The albino gene can find itsclf incocporated 1t & variety
of genotypes some contalnmng genes which modify s action,
othery not including such genes, In the sccond the albino
genes will find complete expremion, In the first thelr action
@an remam incomplete. Sonbo[nmeaseofldommam
gee. Modifiers can yleld

character i in its expeesson the moce probable will it be that
thﬂzmcfm'hupn:’entl.udwdmplumtc.
h::m:hﬂmofgmumdgﬂmhmtllny:thnof
pliud;llmdnbdiﬁa’ of course. Piebalding It caused by &
1 gene, but ifestly it can act only in &
genotype which includes genes that yleld & darkly pigmented
sidn, The pichalding and albinfim genes m co-operation could
not posibly produce a piebald albina.
That a modifying gene is not the acation of the needs of
& harsseed genetichst can casfly be proven by an appeal to
appeopriate matings. Prncpal geno and modifier can be
ditpoined disociated as can albso the dominant and recessive




80 GENETICS IN RELATION TO CLINICAL MEDICINE

altele and then it can be secn that though characters 1n their
expresslon are subject to much varation yet the genes are
stable, disarete and spedific in ther vanous actions and are
in no way theselves affected through their association with
other genes of by environmental Influences (save, of course
that certain environmental agendes can and do speed up ther
mutation rate)

VARIATIONS 1N RESPECT OF THE DEGREE OF THE
Exrression  oF A CHARACTER AND OF THE
PENETRARCE OF A GENE

The degree to whuch the effects of a gene arc varjahle 8
the measure of the exprecsion of the character in question.
Epilofa with its neuroglial nodules in the beamn fts mental
deficency its adenoma sehaceum on the face and along the
nasolabaal folds = bated on an autosomal dormunant gene.
But not all sufferers from this condition present all these
abnormaliies—that is to say the complets syndrome is not
atwrays exhibited  The degree of the expeession of this character
vanes greatly in different cases.  Brachydactyly and phalangeal
y 1 d are invariably displayed by

degree of the abnarmality vares widely in degree in different
mdiniduals, ranging from near normelity to gross abnormality
Nevertheless whatever may be the degree of thus expressian
the character however incomplete and imperfect can be
recognised

A gene can be known to be present in a given genotype
and yet in th® phenotype there can be no hint of it. Polydactyly
based o a dominant autosomal gene, is very varlable in
expression, in some imstances there 1 no dscernible manifesta
tion of the character though 1t 13 known that the gene s peesent
in the genotype of the individuzl Dixbetes mellitus an
endocrme disturbance of carbobydrate metabolsm taking the
form of an insufficdiency of production of insulin by the cclls
of Langerhany of the panereas is in certaln instances & genetic
character based on an autosomal dominant gene.  But In only
about 10 per cent of individuals possessing the genc fs the
character dusplayed  The frequency with which a gene pro-
duces any effect at afl 19 the messure of its pemesrance The
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penetrincs of the geno for disbetes mellitus is thus 10 per
cent. Possibly environmental agencles determine who among
the posscssors of this gene shall exhibit the chacacter

Diabetes inddpidus duc to an abnormality in the functioning

DIABETES INSIPIDUS

l L

P 16— Pedigres of Sabetws whowray o aficets of low pemetrance
O the part of the gent u,;“mtimunm\l&-,;dmmn
Manifestly If Individuals do not disclose the presence of a

dominant gene within their genotypes by the display of the

corresponding character the mterpretation of a family pedigres
can present derable diff and conft There can
ba skipping of gemerations, affecred individuals can have
unaffected parents and mxcaningless ratos of affected and
uneffected can be obtained  Far more than onc pedigree will
be regnired for the recogninon of the true genetle nature of
the condition

It will be appreqated that it i not always & simple matter
to datinguish between 2 dopiinant gene with 2 low penetrance
and a recemive. The exotence of comsanguinity in the parents
can help towards a deciaion sinee a recessive tends to appear
1n several members of sn Inbred stock whilst a dominant for
its expression depends not ut all on consanguinity

r
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In the casc of totally sex-linked X botne recessive genes it
appears that in general the degree of the expresmon of the
character in the mate possessing but one gene ix equal to that in
tha female possessing two whilstin the heterozygous female there
fs variability Inatances are on record in which such a female
has duplayed the recessive character though not to the full.
For example, some 3 per cent of femafes heterorygous for
the gene for red-green colowr blindness are affected  So abro
m the cxse of hereditary nystagmus  Thia recesaive gamns
expression 1n some 30 per cent. of females heterozygoums for
it. The degree of the expression of the character does not
vary but the penetrunce of the gene does in so far as the
heterozygoin fernale is concerned,

A conmdersble number of farly common pathological
condittons have besn recorded as belng of genetic ongin,
being based on dominant gents having a very Jow penetrance.
These include leukemis pericous anemia, Graves dusease,
gastnic uleer asthma, paraxytmal tachycardia eunuchoridism,
Inguinal bernia and congenstal dislocstion of the hip  When
dealing with a conditon wuch as leukemia which has a
penetrance of around 1 per cent. it must remain difficult
to persunde anescli let alone anyone else, that the conditont
{s in fact genetically camsed [t is because in the case of so
many diseased condinons there i a wide range of expression
and much vanation in respect of pencirance that it Is un
desireble to indude in a2 manual of this kind long lists of
discases that have been recorded as being the expression of
genic action, To do so would be to mislead the chniclan.
The fact is that in the present state of our knowledge the
interpretation of the mapocity of human pedigrees demands
an experience and an acquired skill thst are posseased by few
As things are there is & great deal that is of considerable
genctical value lost because there i no easy mechanlsm whereby
pedigrees constructed by indindual practitooers and apparently
meaningless in themselves can bo submitted to some central
bareas where they could be exaralned eguinst the beckground
of accumulated knowledge It is moat unlikely that any one
mcﬁumamldmbe-bkmrmugnht-gmdcamﬁm
hmﬁwdlwmumdmhﬂewm

The dificulties presented by a family history do not all
derdve from differences in character expremion and in genle
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penctrance. Q!.d.temmmlyd:zymukduedlyfmmﬁnky
recarding To obtain full and aceurate information concerming
the illnesses and abnormahtics of thres gencrations of a family
hmlmpc-ibihtymthegrutml}anyufm Lattle

eommonly
the affarrs of the grand-parenml group  Uncles, sunts and
cousins have prased out of ken, have nugrated or died.  Nothing
is recorded In the family bible of the mdividush who died n
infancy save that they did so die. So it 1s that a pedigres
commonly has to be bullt by the physcian lugely out of
anecdote, which fs never a satiafactory foundation on which

of human genctics in its relation to clinleal mediane are
(1) the country wide systematic preparztion of pedigrees by
genetically informed and interested medical practitioners and
(3) a storchouse where these can be recesved pooled and
Interpreted.

DIFFERINCES I THE TOME OF THE DISPLAY OF A CHARACTER

Yet sanother complication 18 provided by the fact that
different genes produce their effects at different pomts m the
fife history of the individaal The example mually cited b
that of Huntington a chores, the conditon in which degenerative
changes in the cerebral cortex end corpus strustum are

of degeneration. The average age t which its effecty are to
be discerned is wround thirty-five so that it = pamible for
many an affected individual whilst still nermal phenotypleaally
o marry and produce 8 family The sufferer s usually a
beterozygote so that, marned to & normal woman, he can bs
expected to prodoce narmal and affected in equal nmmbers.,
The beterorygous affecteds in their turn, diwegarding ther
father’s fate will marry and reproduce before they themactres
succumb, The features of a pedigres showing this condition
will therefore be determuned by the ag  distributron among
the individuals compriing it.
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MULTIFACTOR INHERITANCE

There = the possibility that certain abnormal charactensa
tHons are themscelves ma/fsfactor in nature, that In to say are
based upon a number of genes each of which makes 2 small
contributton to the end result these contrlbutions bemng
additive so that different combinations of these genes yield
different grades Io the cxpression of the character Such
variability would have to be distingushed from vanatioas in
the expression of & unit cheracter It certanly In the
case that some normal characters have such & multifactor
bams. Stature skan colour and thickness Intelligence and
disease resistance would scem to be examples of this mult
factor Inheritance The proper methods for the stndy of such
characters are malnly blometrical, biomeiry being the science
of the measurement of living things. It is outmide the scope
of this book to present and to discuss these methods It must
suffice to give a hypothetical illustration of the manner in which
many genes achng together can yleld & serles of end results
differing one from the other quantitatively

It is known that scveral genes are respoasible for the
differences in skin colour which distinguish negro from white.
In 8 group including whites blacks and thewr hybrd offsprng
from varjous matings it is posmible to arrange the members in

quadroon octocoon and so on  Each grade differs from all
the rest in respect of a difference in the amount of melanin
(and also of & yellow Lipochrome)

If it s assumed that these differences rest on two gene
purs Aa and Bb without domunance and if the four genes
have a different pigment producing power A =6 Bwm 4
am3 bema It can be seen that segregation smong the
offspang of two AaBb individuals can provide a whole range
of colour types.

negro  AABB X  mabb whie
“.:4 m

AsBb ity of the Fy
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Bodily stature, the pathological glast and the
dwarf i the end result of the mterplay between genetic capadity
und environmental encouragement. It has been established
that about 9o per cent. of the varlability in respect of stature
in a people like ourselves is to be ascribed to genctic causes
The fact that with Improved nutrition snd general sanitation
the average beight of the people has increased that the present
generation has an aversge height which exceeds that of its
predectssor does not disturb this statement. Several genes
are concerned, each alone producing a emall effect. Dominance
would appear to be invalved sinee there 13 & tendency for
shortness to be docunant to tallness. It 13 to be observed
that ol parents, medium and shoct parents peoduce tall
mediom and sbort offspring but that talls have more talls
than do medlums and shorts  On the average, therefore if the
offspring of & large number of parents of the tall and short
clames are measured it will be found that the offspnng of tall
PlrmﬂmmtmuﬂumtthcrmB.d:mlghtxﬂathm
the offspring of the mediums and shocts and that the affspang
of short parents are on the average taller than were their
parents—the phenomenscn known as regremion to the mesn,
& direct consequence of the operation of the laws of chance

MENTAL DISORDERS
of mental dueases which are the direct expression
of genetic action uninfluenced ar cnly slightly nfluenced by
ennronmental forces have been considered.  Huntington s
chares i3 based on an utosomal domnant gene, amauroc
family idiocy on an autoeomal recesuve.  This latter dmease

fhmctodxmonﬂnu{-gcmexiﬂbhnpmgmmvemul
which ends in idiocy There is also a progressive
Pll‘l}yllofchnbodyulwholc,'hﬂﬂmull cutty pro-
1y diminishes to end in blind Tho average ago
lldad:hdghtccummdn,;ﬂmﬂ‘crmbdngr_nmhmcd
befora the end of the third year of life. There aro pathogno-
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MULTIFACTOR INHERITANCE

There ia the posnibility that certain abnormal characteriaa
tons are themselves mwl/tifactor in nature that s to sy are
based upon a number of genes each of which makes a amall
contribution to the end result, these coatributions belng
additive so that different combinations of theso genes yleld
different grades 10 the expression of the character Such
variability would have to be disunguibed from varutions in
the expresaion of & unit  character It certalnly is the
case that some normal characters have such 2 multifactor
bams  Stature skun colour and thickness intelligence and
disease resistance would seem to be examples of this muld
factor inheritance  The proper methods foe the study of such
characters are munly biometrical biometry being the sdence
of the measurement of living things It 15 outside the scope
of this book to present and to discuss these methods It must
suffice to give & hypothetical! ilfustration of the manner in which
many genes acting together can vield a sexies of end results
differing one from the other quantitatively

It Is known that scveral genes are responsible for the
differences in skun colour which dstingush negro from white
In a group including whites blecks and their hybrd offepring
from varrous matings it is posnble to arrange the membera 1n

quadroon octoroon and &0 on  Each grade differs from afl
the rest in respect of u difference In the amount of melanin
(and also of a yellow lipochrome).

If it b assumed that these differences rest on two gene
paurs Az and Bb without dominance, and if the four genes
have a different pigment produang power A =6 Boay
am3 bsz it can be seen that segregation among the
offspring of two AsBb indinduals can provide & whole range
of colour types.

AAB! asbb  whis
negro 66qu pere
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In instances in which both genetic and environmental
factors aro concerned in mtiology the twin method  of
investigation Is of particular usefolness It was Galton, as
loag ago as 1883 who first called attention to the fact that
the blology of monozygotic as contrasted with that of dixygotlc
twins affards & means of dustinguithing between the effects of
Nuture and of Nurture respectively Monozygotic twins share
» common genotype  dirygotc twins are no more genctically
similar than are brothers and sisters born at different times.
The jon concerning schizophrerus on page 4 refers to
& careful and eritical evaluation of the nature—nurture problem

reach the following conclumsons  Genetsc factors are not
always involved in the sstiology of the schizophrenic paychoses
but a5 « general rule they play an important part. By them-
;*:'heydom:mﬁammpmdmummdmanmdm
action are not c
Fummw"mﬁmmmn
#agents are which play a parst in the production of schisophrenia.
Thus in Itself ta & sufficlent explanation of our lack of knowledge

sald is that the relatively incldencs of the condition
amongst sibe of affected Individuals, the unusual frequency
of among the parents and the

geno fs variable end that certaln us yet undefined environmental
circumetances are required if the expeession of the charcter
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phenylpyruvic sed (a denvative of the amino-acid phenyl
slanine) in the urine und which 15 encountered among low
grade mental defectives. Ao autosomal recesive gene b
responsible not oaly for the metabolic abnormality but also
for the associated mental defect. Thu varfety of mentsl
defect can therefore be idenbfied by an analpls of the urine.
These two conditions account for about 1 per cent. of the
whale. But there is 2 mental deficiency which b1 not an
ingredient of a syndrome  in 2 human population there are
individusls who are to be dutinguished from their fellows by
reference to the relatively low grade of their genera! intelligence
as meagured by means of suttable tests It is commonly
accepted that this qualty b determined by genctic factors to
the extent of some §0-75 per cent. By appropnate psychometne
texty the mental age of an individual can be ascertained

LQ @ﬂmmqmﬂ-%l—gx’—?

If « representative sample of the population is so messured
it ls found that the variation among them ranges between two
extremes  The whole range is broken down arbitrarfly into a
number of categorica  Those with an [ Q of less than 30 are
classified as idiots  those with an 1Q between 20 and go
as {mbeciles and thase with an 1Q between 50 and 70 as
fecble-mmded or mentally defected (50-55 Jow-grade, §3-62
midgrade 62 70 high-grade morop). These grade imper
ceptibly into nocmality as judged by these standards. An
1Q of 70-80 = borderline  80-90 == dufl §0-110 = normal
110-120 == SuUperiof  120-140 = very superioc 140 and over
= genius.  No one can say where exactly stupidity ends and
feeble-mindedness beging or when fechle-mindedness becomes

Mmtﬂdeﬁucncyixd}videdintopﬂmﬂryu\dmm
The genetic group—is said to constitute some
qmrmm;fry—m—:?hoh In certain pedigrees & single autosomal
recessive gene would seem to be responsibie.  Amonyg the ey
of defectives about one fifth are Ukewlse defective when both
wmumphmotypiuﬂynamﬂmdnwiytﬂmdcfccdw
when both parents are defective.

anronmental causes of menta! defidency are mitra

The
uering  (Mongolold idiocy)  binth  injury



MENTAL DEFICIENCY &

e at the one end of the scale at the other end Is the
ptianally intelligent individual. The difference between

the two in like tha difference between the

bands in & gume of bridge. There is nothing the matter with

the cards but everything wrong with the hand that the dealer

hus delivered.  But it s probahle that, as

towards the imbeclle and idiot categories, low—grade mental

defidency when genetic m orlgin is caused by spectfic genes

by genes that do not belong to the constcllation of genes in

the multifactor series In other words the grester divergence

deficdency far the most part b1 &
;hmmlm{bumai:ldf khcn.ln
o of oo Gt s 1gin + guded iy
ﬁ-wnhlg-hmmlov n::;:;z\wmmdmw
mfmddw?m%m of mental



% GENETICS IN RELATION TO CLINICAL MEDICINE

d:ﬁdmcyhlumdlnonofanutcdmmwmpktedmlopmcnt
of the mind before the age of eighteen, much more than the
ntellectual funchon can be impaired  the emotional and
conative functions also have to be considered and these are not
to be measured by the tests which yeld the I Q

In the case of that mental defiaency which results from a
genotype poorest in respect of the genes for general inteiligence
and which therefore is the cac extreme of the range that extends
from dull to brilllant, it can be seen that 1f ke tends to marry
like ther offipring will, judged 23 & group tend to be nearer
the mean thsn were their parents  The most intellgent
individuals of one generation will porsess the seme equpment
as the cleverest of the succeeding generation and the dollest
of one generatlon will be ax dull ss the dullest of the next,
but brililance will not beget only brilhance and dullnets only
dullness.  The shuffling and dealing of the multiple factors
underlying general intelligence will result in the production by
the brilant of the quite ordinary and of belifance by the
ordinary and the dull. Only two individualy each completely
homorygous for all the genes coacerned and therefare identical
m respect of them could yleld offspring all equal to their parents,
and then only if environmenta] factors counted for nothing In
%0 far as this character {s concerned. Nevertheless the mating
of well above the mean by well above the mwean will yield off
spring who on the average will be above the mean whilst
the mating of wefl below the mean by well below the mean
will yleld offspnng whe on the average, will be below the
mesn. The question thus amses which group is producdng
treost offspeing

Evidence has been presented which strongly suggests that
there is in fact a negative correlation between the intefligence
of 2 child (xs meetured by the present-day tests) and the size
of the family to which the child belongs. The explanabon of
this rather fnghtening fact would scem to be that the more
intelligent people murry later and produce fewer children.
Manifestly the evidence mmmt be examined with the greatest
are for it is indeed difficult to disentangle that part of &n
ndmdnal s intelligence  that I the expressfon of his
geootype from that whith pertaing to hn social inheritance—
eduation, home and oppoctunity 1 the Jower intelligence of
the members ofsjarge families & & genetic phenomenon then
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only a differential birthrate in the oppomte direction—the
more jntelligent producing more offspring—could avod the
steady decline in the intelligence of the population as a whole.
hthchmmtdligmcec{tbenmba-aflupﬁmlﬂah
an environmental effect then social ameliocation would ehiminate
the differenice.  Undoubtedly both genetic and eoviranmental
Ccauses are operating but at present it Is impoesible to contrast
them at afl accurately in respect of their relative fmportance
It s useless to compare the members of large familics of one

the I Q wince this varies with the birthrank. The later members
of ¢ large family tend to have an older mother than do the
metibers of a xmall family and the 1Q of & child scems to
be Influenced by the age of the mother On the whole the
IQ of city children {3 higher than that of the comtry children.

The different soco-economic clases tend to show different
levels of intelligence as measured by the standard tests the
higher the clams the higher the 1 Q  The children of 2 group
of parents with a high I @ tend to have a higher [ Q than that
of the children of a group of parents with a Jow 1 Q

4 X%
Sacto-scanomsc rowp of parents %Q

Unakilled Iabotrers oo
Partially skilled o
Sem! skilled °J“S
Skilled or.

Semi-profesnonal and menagerial 1o
Profendonal LCad

When children are reared 1n mstriutiom apart from their
parents there tends to be & correlation between their 1Q and
that of their parents. According to other investigations the
1 Qs of fouter children accord more closely with those of their
foster parents than with thoss of their actus) parents. The
1Qs of children transferred from bad envirosowent to good
have, in certan studies moved up six polnts. The 1Qs of
identical twins often differ though as a rule not markediy
(reared together 59 reared apart 77  exceptionally by as

polnts but usually they are muoch nearer
fifteen ) twine (B 4) snd very much
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times (15). Malnutnitdon does not scem to affect basic
mtelligence  The removal of toralls and adenolds does not
influence the 1 Q  Deafnesy and cye defects must necesarily
affect the performance of a child in so far as many of these
tests are concerned  There i no sex difference in respect of
1Q scores. In Amenca Chinese and Japanese children gcore
just as highly a3 do Amenican and Evropean children judged
23 groups  The children of Jewish imangrants judged as a
group secure the highest scores Negro children have a fower
average than do white cluldren but the children of porthern
Tegrots score 3ome seven points higber than do those of
southern negroes. In 1917 18 when expased to the American
Army Alpha test, negro recruits from the citbes of the north
obtrined & hgher median score than did white recruits from
certain of the rural areas of the south

These and & dozen other complications make 1t diffcult to
recognue the role of the gene in the progremive decline of
the intelligence of the population as a whole which, in the
considered opinion of certan students of the matter woukd
seem to be tafang place It b of the utmost importance that
we should know whether or not this is so.  If general Intelligence
can be compared with stature both being the product of the
interplay of nature and nurture and 1f 23 iy the case, the
average helght of the population has increased as the result
of impeoved sanitation, it would be expected that with impeove-
ments in educanon the average intelligence of the people would
also have riten  1f it b deciining then inats blist the
initial genetic endowment must be the more lmportant agent.
Medicine cannot be mistaken in suppacting all messures that
tend to improve the environment that is the uterus the home
and the school.  OFf particular medical interest are the maternat
conditions that are associated with congenital defects and
derang; snce it s ble to entertain the view that
the causes of these, operating 1o a less extent could lead to
damage which, though not expressed as & recognisable
anatomical abnormaiity could yieid a lowered 1Q  Further
more medicine could not be wrong 1 presenting the view
that the more Intelligent smong the population should i
the § of our stock, reprod fhiclently to ensure that
they sre adequately represented in the pext generation  But
it must not be forgotten however that tn our kmd of sockety
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thera » plentiful room for the dull and backward, even for
the high and middle grade moron. We provide sppropnate
environments and tasks for them,

CONSTITUTION  DIATHEALY

So far the disamsion hes concerned ttwelf with characters
that were referable to particular genes—the gene for syndactyly
and 80 on—or with charucters that were based upon the
interaction of several genes—multifactor Inheritance, the genes
for stature, for disesse resistance of a general kind for
intelligence of & general kand and so on.  But there arc attributes
which would scem to be referable not to a particular gene
or group of genes but which ars the reflections of the genotype
1 a whole, of the genetic make up of the individual of the
fndividual consttution. To suggest that this is so 1t not to
stretch genctical argument beyond reasonable limis  surely
It is merely to say that whereas in muldfactor inhentance the
gencs concerned can be identified by appropelately planned
investigution there are other trats characters undoubtedly
genctle and certainly referable to the internction of very many
genes whose exact genctic bass w as yet hidden from us
For the present therefore we must be content to present the
view that they are genetic and are trustworthy indications of
significant differences between the genotypes of different
indrviduals, types, ethnic groups

Rheumatism 1 childhood with i jolnt peins fever and
endocarditrs  affects about 2 per ceat. of the populaton at
risk and is responsible for some Bo per cent. of all deaths from
heart disease of persons under forty years of age It ls the cause
ko of a very great deal of nvalidism, In the present state
of our ignacance it was incvitable that a genetic cause should
be sought It hes been suggested that a recesuve gene lies
xt the root of & susceptbility or diathesis and that this gene

to mceept such a suggeston. It must remaun exceedingly
difficult to derponstrate the role of the gene in the camation
of this conditon untl nature and importance of such envivon-
mental factors as paverty and clmato have been defined.
Evidence of a definite famillal incidence of exophthalmic
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goitre has been presented  affected sibs occur far mare
frequently than do affected parents or children It has been
suggested that an sutosomal recesuve gene 1 concerned and
mental shock, infection and other non-genetic agenaes provoke
the expreamon of the character in such as possess the gene in
the duplex state.

If there B o tuberculous diathesls what does this mean
genetically ? It would seem that every indmdual can become
tuberculous but not always with the same ease. Some are
more proae than others some mare renstant.  Most authocities
are of the opinion that such differences are due to an aequired
i ity but it s undoubrediythe case that different genotypes
in virtue of the genes they incdlude, equp thelr possessocs with
different charaetersations and that certaln genotypes may
include genes which in thetr interaction yleld this quality of
remstance to tuberculoss. If so this resistance would be
expected to be of & graded kind, the grade being determuned
by the actual

The evidence that genotypic differences are respomaible for
ddfferences in remstance and susceptibility must be regarded
as inconcfumve. The same fs true of the role of the gene
in the etwology of cancer in the human subject. Genes and
genotypes are involved, it would seem, but to what extent and
in what way are not yet known

DIFFERENT GXNES AND GENETIC AND ENVIRONMEXTAL
FACTORS YIELDING THE SAME CHRARACTER
‘Then there is the difficulty that arises from the fact that
one and the same defect or derangement can be cawed by
cach of a number of genes quite distmet one from the other
For example cpidermolysn bullosa is recognised by the
cliniaan to exist in three form the simple, the mild and the
severe.  The first two are autosomal domunants the thed &
partially sex linked recesslve  Spastic paraplegia is in certain
instances a partlally sexinked recesmive in otbers it fs an
1 domi Rerh pig in ddferent
is n partially scx linked domunant a partially eex
ﬁdg!n:mve 2 totally stx.dinked recessive, an sutosomal
dominant and an autcsomal recessive the last heing dntin
from the reat clinlcally ince it adds deafness to the
conditions in the eye.  Of keratosls folllcularls, Darrier s disease
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(overgrowth of the epithellal layers of the skin, hywlne
generation in the hair follicles expecially on the head, chest,
kans and extremities plus subnormal stature end mental

y) there appear to be two genctic forms, cne an
autosoemal dominant and the other a totally sex-linked dominant.
Atheroma and polydactyly In ddferent mstances behave s

! donnt and as 1r Defectl

1 of the teeth has been reported as an sutosomal dominant
and abso w3 & totally sex-linked dommant.

combination of family pedigrees stdeed separately
distirbances In the ratios of affected and normal males and
females can indicate that what was regarded as 20 sutosomal
€5 1 really & partlally sex-linked one.
Bmﬂ’m"‘”‘lyhnothlntmrprhngh-dmfmm
Mmzﬂﬂclnmddoyuldﬂxnmﬁ-bmlhtym
ch ation. N ity 1 the of a number of

If the natare of the genetic stirmall becomes altered ax the
muhnfﬂ!muﬂﬂﬂlofcnecfpu-hlplquﬂcllu'genumbcr
of genes, if the tmming i altered o the strength, abnormality
becomes the end result. But to the varietics of abuormality
Mmmultfmmmtufu’enmufﬂ:hmmdnmmm
be a hmit. Iftwuqu.{tnd.lﬂ'cxmtgmﬂlhmﬂdrmdcrg

end aboormal m the same kmd of way
dthemmceof.p.rﬂmmmmmfwmmpm:ngufﬁ
wwmmcaﬂd:cyyﬂdthaumm *
cunkllﬂnf.ﬂpeo'plc,annotbﬂm;rbﬂjfhl! erent agencics
of the same general kind can &vo
viroaroen coming into 2t a critieal
;‘::;d::e:pmx mﬂlp{:;mmdmulmuldmﬂa]
ﬁm.m“mhmmmwmﬂyﬁ;
Thl!dhbetumﬂpidmc-nbﬁlnccmlﬂﬂm sequel of &
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pituitary tumour in others the result of a syphilitic meningitis
and in snil others the expremion of a dominant antosomal
gene merely means that the pitullary can go wrong only in a
limuted number of wavs In 30 far a3 its effective endocrine
contnbution s concerned and that one and the same reaction
s evoked by a vanety of sgencles some genetic and others
environmental.

The fact that one and the same clinical entity can be
caused by both genetc and environmental factors can
introduce much difficulty into the interpretaton of a
pedigree.  Deaf mutism, for example, can be the expresyion
of an autosomal recemive gene in the duplex state it can
also be the sequel of infectious ditease in early infancy
Deaf mutes tend to form an isolate in the population and
mamage between them o not It often happ
that the offspring of two deaf mutes wre all normals  The

planation fs that the deaf-mutixm of one or both of the
parents was niot the genctic varlety but wus an acquisition

FRESH OR RECURRENT MUTATION
Mamfestly if the propositus is the first of his line to exhibit
an abnormal character & study of the pedigree will yield no
information wh If the ch be daplays it known
to be due to w dominant with 100 per cent. penctrance then a
gumetic mutation must have ocowrred in the germetract of one
or other of the parent  If it is a straightforward recesmve

first homozygous recessive to appear .
Recurrent mutation must occur i the case of certain genes
:tlun,fwodmbetheyw&_d;dhppe;rd:.;ughdnth.u
destroy their possessors. severe form of huemop!
rﬂ::cvuthcgmtm}whyaﬂnahlbimbdmthcvmmm
the gene to progeny  Of the human X-chromosome two thirds
are possessed by the female part of the population one third
by the male. It fs rare indeed for the gene for hemophila
in the male X to survive the male that bears it. It i even
on the Xs of the homorygouws hamophilic
from one generation to the next. The only

rarer for those
pase of
Memophilic genes that are regularly handed on are thase
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beterozygoms females  So that unless the gene 1 continually
reinforced the disease would die out.

Epilow, when fully expressed slays m mfancy it is only
because the expeemivity of this dominant autosocnal gene in
0 variable that it can be handed on at all. The birth of an
sffected child to pormal parents has been recorded oo several
occaxtons and there can be no reasanable doubt that this gene
too 3 remforced from tme to tims by fresh or recurreat
mutation,

If it i azsumed that the proportion of individuals posscasing
* gene that alays, 2 lethal gene, among the general populatran
steady

cxn be amered then it becomes possible to estimate the amount
of recarrent mutstion that will be required to malntain the
postulated equilbrium.  Exercises of this kind indrcato that
the average mutation rate for the human genes iy similar to
thosa which have been observed in » very wide vanety of animal
and plant forms. It {s wupposed by many geneticlsts that the
mutation frequency hss become establshed through a process
of natural selectson of genes which affect the mutatson frequency
f5elf, acting over thousands of millenis and allowing the
Present spontaneous frequency to be as high as can be handled
by the type of selective processes that operates In the case
dﬁhmnmb}ectthengmnd-d:dummbemlaw:md
with the result that the spontancous mutation rate has got
Wt“”pmdhhlghathxnurcquhﬂlfa—thnmn'iu?au;uce
e e ey symarns
an brium & recurren
mutatson ft foltows that different genes have different motation
rates yincs the lethals and the gepes that lower the chances
of transmission through the exercses of the reproductive
fanction will demand # moce frequent retnforcement through
ffﬂhmuuﬁonthanwﬂlmathu.dnmgentbcrtbxn
handicap their possessors.
Alh-l:aalrndybmmx:dthecamoﬁponnmmmmnm
s not yet known. It s well-known that all types of short wave
ﬂdllﬁonmmg{ynugmcntthhmndu-\cymthep:rtolzm
to mutate, but In ddition to peovoking point 7 mutstion,
the mutation of a particular gene dne-gcnc}e-c-mctng
ton of the ct and rmak of chromo-

o

v
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some materiel. A fragment, & small section of a chromosome
is lost excluded from the nucleus (deleton) a plece of &
chromosome rejoins the rest of the chromosome to which it
belongs but upside down (inversion)  a plece of one chromo-
some joins the other member of the ssme homologous paur
(duplication) a piece of one chr Joins a chro

of another homologous pair (tramlocation) 2 whole chromo-
some I lost to the nucleus of one daughter cell and gained by
the other (heteroploldy)  the whole chromosoms sct becomes
muluplied (polyploidy) Most of those phenomens have not
yet been observed in man. It can safely be assumed that
they occur howover The artifical induction of mutation
evokes nothing that does not normally occur it merely increases
the frequency of the occurrence.

It can be imagined how linkage relations can be durupted
by such events as translocation, an 1 gene b Y
sex-linked gene and soon It 13 farhumate from the geneticist’s
powt of view that spontaneouws mutation and chromosome
maldistnbution are 8o rare. Wers 1t otherwise the building of
the edifice of genetic theory would have been a hopeless
task.

Is this tendency to mutate an advantage or a dusadvantage
to the specles? It is conventional 1n genetics to ghve to w
gene a name that at first slght would seem to suggest that the

has but one acton the evocation of the one character the

cist assigrms to it—the gene for ptosis the gene for
albinism and s0 on. This suggestion is partially shaitered
'when the gene stands for a syndrome, for example, the autosomal
Yrecemive gene for the Laurence Moon Bledl syndrome or the
autosomal dominant gene for blue sclerotics and for bone
fragility The great majarity of genes are plelotropic it i
merely & matter of convenience to namo them according to
their maat obvious or most serlous effect  Genes interact
with ene another large numbers of them are involved more
oc less in the peoduction of any given character  Foctunately
there is usually one that s more responsible than the rest xed
this Is the one the genetlast plcks out as the gene that corres-
ponds to the character In dolng so he does not deceive
himsef he knows that many others are cancerned There
bavhnlegmctypelyi.ngbchlndlwholechxn:tu'hﬁa\.
mdthnd:mmmﬂunhinhnnwtyvhhtheomdfdml
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of the indlvidual s external world  There is harmany between
and environment.

If this be s0 if ths be nomality then mutstion must
destroy 1.  Mutation m ane locus affects the whole genotype
in action. This must change mare or bess the phenotype and
this becomes out of harmony with the external world. No
wonder that most mutations yleld alleles that are disadvan-
tageoms to the individusl in whom they find expression. Yet
w{dnmmuhﬂmhawm\ﬂdmtxdnng:? How could

the genotype came wito harmony with en altered ervironment ?
Mutation I3 the means whereby our evolutianary developaent
has been made possible, it bemng awumed that we are the
ascendants and not the descendants of a far more primrhive
stock. The varubillty and adaptability of & species depend
on gene and chromosome changes  Adaptabibity is achieved
through the resaluton of conflict between organiem and
eavirenment, The latter 15 In & stxto of flux and 13 changes
fast oc slow tend to make the genotypes of bygone generations
no longer fit for survival The conflict between specres and
habitat can be resolved erther through the extnetion of the
specles or through reocganisation of its genotype. Manifestly
what fs needed for evolutionary change is intrequent mutation
and the oppoctunity for & mutant genc to find reclf in various
genoe companies in which tt can hide itself untl it becomes

all the rest, belng pleiotrops ) Obviowly of & mutant gene
is dommant and deletenous it cannot be hidden, 1t will be
cxpressed and will wipe itself out. But if tis & recesurve it
can exist for many generations and n s variety of genotypes
before it s

A mutant gene In the beginning s » mngle gene It will
therefore exist only In heterorygous individuals for a con
siderable number of generatrans, During this trme it can
find itself In genotypes In which other genes modifiers can
act In concert with it.  If it ylelds an improved phenotype then
it will be to the advantage of the species that this allele shall be
a dominant in relation to the gene from which ft sprang  If it
thould yteld an inferlor pherotype then it will be to the advan
tage of the species that it shall bo & recessive The modifying
action of other genes can yield this dominance and recessdveness

r
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A survey of genetic aboormalities in man shows that many
of the rare disarders arc simple recessives and that such as
are not have a varlable expreservity they are as it were, on
the way 1o complete recessiveness. Then there are many
so-called domi seriontly disadvantag Huntington s
chorea and epilota, for example—which are caly encountered
in the heterorygous state. It is not known whether the
homozygous individual would exhibit the condition to an even
greater degree it » highly probable that they would. Bewng
heterozygous these individuals show conmderable varlability
m respect of character expression and also of gens penetrance.
Thua it s that enviroamental agencies can exert a selective
action upon the character and through this upon the frequency
with which the gene is to be found in the population.

If the characterisation of & specics is In accord with the
conditions of a static environment then mutation is undesirable.
1f the crcumstances within the environment change—and we
have changed those of ours profoundly during our social
evolubon—then mutation 13 demwrable but it must not be
frequent otherwise the essential stability of the gene would
be Jost. Mutation 1s not purposeful but random. It peoduces
alleles of all kinds good bad and indifferent as judged by
therr effects upon the vital processes of the Indindunl. The
vast majority are detrimental  some are lethal they eliminate
themselves and are mamtained only by recurrent mutaton.
For cvery fully lethal gene there are two oc three which are
sublethal yielding lowered viability and effiency The former
slays the latter coostitute a severe handicap A very few
confer undoubted advantage unmediately and the selectrve
agencies of the environment encourage ther spread among
the population and the development of the attribute of domin-
gnce. Most normal genes in our genotype arose through
mutation presumably and they are in the vast majority of
mstances dominants  Others yield effects which are » muxture
of advantage and disadvantage. The modifying action of other
zﬂ\mcmmp;xmﬂrhttcrmdnﬂuwford:egmd\nl
cultivation of dominance by an allele which later through
selection will replace the gene from which itsprang  Multiple
nﬂ.do(mrphlc.u’luanberqudcdutbepnmﬂmdrmzb
mutation of & varety of alleles of different ment and demerit
whach are available for testing and appeaisal by the selective
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agendes within the genotype (modifiers) and m the external
enviranment.

THE PosSI3LE REMOTE EFFECTS OF EXPOSURE TO RADIATION

Many patients are much exposed nowadays to X-rays in
diagnosis and therspeusis In induiry large numbers of
peopls are exposed to the action of physical or chemical agents
known to be geole. Smceat b hiished that exp
of thie kind does In forms other than man lead to mmumatan
(gene chr fr jon maldistribution)
the question a3 to whether or not such exposure in the case
of the human subject ywlds the same resulty at ance arises.
We do not know for the matier has not recerved sufficient
attention  But if in this respect man 1 like the mouse
it s Indeed probable that has oot ly been
peoduced  There is good reasan for the display of anxety

The existing evidence for an adverse cffect of therapeutic
pelvic radution on the fostus Is conflicting  Microcephaly has
been repocted.  Thrs can be the expression of & recem ve gens
but 1t n difficult indeed to suppose that the radiation of a
woman known to be pregnant (and therefore of a fotus already
well formed) can produce mutation in the two members of a
particular palr of genes It certaloly might directly disturb

tal procrsscs already in progress

But there i o safe do-o’lndlﬂrlduﬁmofd\egmud.l
is genctically objectionable. The testes and ovanes must

over an Indefinits period throughout the whole of an individual »
Ifeime, It seems probable that a total accumulated dosc of
about 35r appled to gametes or about 1oor apphed to the
gonsds would cause a doubling of the natural mutation rate
As moat mutations tend to be recessive ther effects will not
be disclosed for many gencrations which means for hundreds
of years.

Vi



CHAPTER VI

ON THE TRANSMUTATION OF KNOWLEDGE INTO ADVICE

WiTH the background now prowided it should be possible for
the cliniclan to proffer sound adwice based on saentific fact
and reasonable interpretation to such as seek 1t concernmg the
gepetic nature of the abnormality which they themselyes
extublt oc which their ancestocs oc near relatives have duplayed
and which they fear may reappear among their offspring
That whuch follows will consider the nature of such advice.

To know is one thing to advise Is another To marry s
not necessanly to procreate.  Adviee based on pgenctical
knowledge s not concerned with the ¢ohabitation of wn adult
heterasexual pair it deals with the possibility that & given
mated pair may produce an sbnormal child  Advico derived
from a knowledge of genetis alons must remain incomplete
it must be based also upon 2 Imowiedge of the per litses
of the partners and of thelr socio-cconomic circumstances
It 13 the offenng of an understanding sympathetle, wise
friend and not the overpowering instruction of an authority
It 13 for the reciptents to make decisions, it is for the adviser
t0 asd them to ensure that ther decumons are wise,

The chinician, though dealing with the problem of »
particular couple B8 In fact plaping his small but important
part in shaping the future. He is influendng in email measure
the frequency of a gene in the genetcal comatitution of a
people.  The family doctor 1 often the physician of the future

To offer advice of u general fund 18 of no grest value,
Every case must be dealt with on {ts own merits  Therc are
certain broad principles that can be stated however which
can form the nucleus of a mace detatled consideration

An aut ! recesnoe corresponding to 2 p
character (and the partilly sex lmked recessve). It B
imponaible to eliminate such & gene from a population merely
bydmy{ngpumxgetomchuutdb{ttbcmupon&n{
character  To do 80 would be to leave the far more numeroas
heterorygotes untouched In the cate of & recessive autosomal

»

holooical
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gene, asuming random matng the number of heterorygotes
(A1) 1n a population is twice the square root of the numbers
of the two homorygous classes (AA and 22). Thus if the
number of indrviduals in the (AA) phenotype is $* and of those
lndm(u)phmntypohy’ the threo genotypes AA, Ar end

geae s around one in five hundred, The rarer the gene in
qnmmthngrwaﬂrpropmﬁanu{hmmzﬂu(&)
compared to individuals homozygous for this recessive gene.
If e3 many as ooe In a hundred of the population exhubit &
partrcular recesarve character (an) then the heterozygotes (As)
will be only eighteen times more numerous than those who
exhibat the character
If both prospective parents exhibit the character so also will
all their offspring  If one of them s affected and the other is
unaffected the latter may be & heterosygote. A pedigree may
peovide the evidence. If be or she i & heteroryguts then the
chances that the child will or will not exhibit the character
arc equal (AnxXua = Az as) If he oc she is not a hetero-
sygote all the offspring will be pbenotypically normal but
genctically heterorygotes (AA Xaa == Aa)  If both of the
prospective parents are possible heterorygotes the respectrve
showing the same defect then the chances that the
offspring will be abnormal are one in four (AaXAs == 1 AA,
2 As, 1 an)
An axtosomal demsmant (including the partially sex-lmked
dominant), The pathalogical charncters of this kind that matter
are rare and are those that are seriomly deleterfous and are

parentage to the exhibitors. These are remarkable for a
diminished viabflity and repeoductrvity  The (recurrent)
mutation rate Is usually such as to maintain the Jow freqoency
with which the gene m found in the population. Short of
devning (chemical?) means for the overwhelming during
development of the actlon of such & gene we mmt wait until
it has become a recessive

If on the other hand, the daminant gene docs not equip
the exhibltor of the character with lowered viability and
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reproductivity and if the mutat:on rate is low non-peopagation
on the part of the exhibitors can be expected to diminsh
the frequency of the gene 1n the genetical constitation of the
population.

Butmeunntowpledceplycmmmufnrapondb
towlrdtbdruncuncdvcdcbﬂdwﬂlnmbemmmdmdiz
matters,  They want to discuss the chances that a particular
wndrvidual the child they wish to have will be abaormal  If
one parent exhibits the defect half the offspriog can be expected
to do so or there w an equal chance that a child will exhibit
the character or will not (Asxes = Az ax) It is most
unlikely that the affected parent will be homozygous If
nelther parent fr sffected though the character 1 present In
thelr pedigrees they are normals and ther offsprng will be
riormal (in the absence of mutation which 18 very rare)

A Totally Sex Iimked Rucessive The mule Iy cither
normel or else affected he cannot be & camer  The
female can be normal a carmer or affected. The only resl
difficulty & the identrfication of the carrrer A fomale B
certminly & crrrier if one or other of her parents was affected
and the other pormal. (AX)Y X(aXXaX) = (4XXeX) (XY
or (1X0Y X(AXKAX) = (AXXaX) (AX)Y She may be
a carrier f her mother was a cartier and her father normal.
AT X(AXXaX) = (AKXAX) (AXKeX) AXY (X)Y
She may be a carrier if her mother was a carrier and her
father affected  (AX)Y X(AX) (aX) m (AXNeX) (£XYsX)
(aX)Y (ax)Y A survey of the close relativey of the parents
and of the sibe of the female concerned may furnish con-
siderable aid  Reference to the red-green blindness matings
will provide the raw muaterial of advice.

WHEK PENETRANCE 15 Low

Low penetrance introduces & serious embarmamment to the
offerng of firm advice. To say that leukerma has & penetrance
of only sbout 1 per cent. dots not mean in the [east that in the
child under dacusion the character will not be fully expressed
There is no tellmg  The prospective parents want to know
what the chances are that this particular ladividual wil be
affected. Theywmotbc::pcct:dtolbtmm-quncd
disquh&ﬁonmdtocq:ru-dmmdonfarthspmﬁmdhyaf

e s
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Cooslder for example tha case of & young man suffering
from severe otosclerosis who withes to marry  His father was
deaf but the naturs of hoy deafncys was not recorded. There
i1 no history of otosclerosls in the prospective brde s family
What likelffiood is there of a child of this marrage exhibiting
this defect 7 Otoscleroms can be genetic or non-genetic 1n
oclgn.  When genetic, an autosomal dominant gene with
varuble penetrance Is resporsible  In ns case therefore the
question as to the nature of his father s deafnen asumes great
impoctance. 1f nothlng can be learnt about this it becomes
necemary to wssume that it wes the genetic form of otosclerosis
Then the prospect of a child of the proposed marriage developing
the conditton would be ana in two if penctrance were complete.
A eaaredful emmmination of the medical hntories of the sibs of
the propositus and of those of his father might show whether
penetrance was vanshle, If it were the prognosts would be
tmproved

CoXcERNING THE PrOSPECTS OF SIBS YXT TO
BE CONCEIVED

If a phenotyplaally normal couple have peoduced a child
exhibiting a lethal or serlously hreparzble dmadvantageous
character of undoubted genetic origin towards the stlology
of which emvironmental agences have contributed litle or
m"ﬂﬂlnzt.h«:'ynl:mu]dba-dvuedt:olnvcm::r:nm"cv. Whenever

= recommended the question of the adoption
o{adzﬂdofd&ﬂ':rmtptrmugelbmﬂdbedbumed,puﬂuﬂu
attention being paid to the question of the I Q  This bs advice
derfved not from genetical kmowledge but from the teachings
of the peychalogist.
CONIANGUINITY

The degree of blood relationship now bemg consdered is
that which w displayed by indivduals whose marmage is
permnitted by our lawa. It Is not that degree which i associated
‘with matings regarded by our soclety and its laws as incestuous.
From the purely genetic pourt of view there is no essentlal
difference between these two in kind but oaly a differeace In

In the case of father Xdaughter rmtherxmn, brother X
shater matings the genetic of the indrvidimb
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concerned include very many genes in common. One half
of all the genic material of » danghter has been received from
her father oae half of all the sutosomal material and hs
X-chromosomne have been received by a son from ho mother
it is highly probable that the genotypes of brother and sister
will be far more nearly alike than will those of an unrelated
male and female.

If it 18 acoepted that the genotypes of the vast majority
if not of all human bemgs are heavily fosded mth undesrable
recesslve genes which remain impotent so long as the matmg
of heterozygote X heterorygote does not provide the chance for
ther expression then meestuow matings must be condemned
It must be remembered, moreover that in our soclety those
who indulge in thm form of illegal actinity are usually such ss
are unable to accept the current soclal standards by reason of
therr mental or moral subnormality innate or acquired Even
although their genotypes happened to fnclude no common
grosaly pathological recessive genes it remains postible that
they would be deficient In respect of the genes for high grades
of general intelligence. In any caso the indmviduals concerned
are commoaly quite incapable of prowiding in the home the
kind of environment which is essentia! for the proper develop-
ment of the child.

This matter of consanguinity is usually related to the
question of the desirahility of the marrage of fist cowmins
These share 1n common a considerahle amount of chromosome
matetial recetved from the same pakr of grandparents. It Is
therefare emninently posaible far cach of them to be heterozygows
in respect of the same recessive gene corresponding to a
character of a pathological kind. It 1 for this reason that
inbreeding that breeding system which involves the deliberate
mating of near blood relatives has been so uscful an instrument
1n genetical enquiry and in arumal and plant improvement.
By means of inbeeeding the undesirable that is hidden becomes
revealed and 80 a stock can be purged of it unwanted recessives.
In the case of man 1t s hughly probable that when the pedigree
of an affected child suffering from a very rare recessive characrer
ts searched it will be found that its parents are near blood
relatives. Thkl!apccuﬂylomth:nxuf-fumlechﬂd
who exhibats & rare recessive sex-linked character

Thefreqnmcyafwmmman‘hgﬂlnonrpodﬁylldﬂm
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order of 0 § per cent  Prospective parents who share a common
ancestry in which a serious recesnive defect has sppeared should
be Informed as to the bearing of consanguinity on the produc
ton of homozygotes If m the pedigres there is no record of

for adviing non propagstion. On general grounds, however
the advicc most be that the marriage of near relatives is
hazardous and not to be encoureged. In thr construction of
pedigrees it b to be remembered that there i no great profit
m attempting to work back to the P and P, generatons.
it s infinrtely more important to collect fall and accurate
recards of the parental generation and of the sibs of the couple
concerned, A great deal can be made of these.

CHARACTERS CAUSED BY THE INTERACTION OF
GEXETIC AND ENVIRONMENTAL FACTORS

There s satufaction In the knowledge that many abnar
malrties are of this kund since the contral of the environmental
factor renders the genetic factor impotent. There andoubtedly
Is a genetic fador possibly an sutosomal dominant with a
low penetrance, involved In the setiology of Moogolsm, but
the gene(s) that les at the root of this character requires a
speclal intra-uterine environment f it s to gain expremion.
The repatr of the environment 1n attempts to cradicate Mon
golln would seem to be a far more hopeful task than to

it from the populaton So abwo in the case of tuberculoss.
If the environmental causal factors are mastered the genetic
factars can be disregarded. But it has to be noted that by so
damng there will remain in the population large numbers of
individuabs genetically prone and that should the environmental
factors ever come into operation through a worserung of the
standards of living tuberculoss can become a scowmge.  The
prevention of discase of this kind through the control of the
environment demands that this control shall never be relayed.

CoNCERNING MIXEID MAXRIAGES

By mixed is meant the marrisge of indinduals bekangmg
to different geographical varictics of keme sapions Of these
so-called races t}tremthrtemlhlncrmrecngnixdby/

-
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tho anthropalogust, Whites Yellow Browns and Blacks
(Caucasold mangolowd and negrosd) Thers are subdiviians
of cach of these. Of the Whites there are haminc, semitc,
Mediterranean  Alpine and nordic  of the Yellow Browns
there are the mangolic, the Malay and the Amedcan  of the
Black there are the negrito the negrillo ths bushman and
Hottentot and the negro  Polynesians and mongaloids wonld
scem to be hybrids between the whites and yellow browns
Austrabians and Papuans hybads between whites and
blacks.

Each geographical variety differs from the others in respect
of s genotype and therefore of 1its phenotype. They are to be
distingunhed one from the other by reference to such characters
as akin colour hair colour texture and dwstribution, head shape
and so forth. They duffer in respect of gene content and in the
frequency with which certamn genes are to be encountered in the
population.

All are mutually fertile. Whether or not it 1 desrable
oc undesirable ox gemetical growmds for representatives of any
two of these varietes to marry swd regrodscs 13 to be determuned
by the effect of the pooling of the genotypes. These varicties
evolved as  isalates.  That is to say each, bang separated
from the rest, evolved its own genotype through mutation snd
selection  Each may have come to possess mutant genes
absent from the genotypes of the rest. Each, a3 the resnlt of
mutation and selection, came to be in harmony with its own
peculiar external world. It has to be noted, however that in
recent thmes there has been much interbreeding betwren most
if not all of these varieties so that In respect of gene content
and frequency all are much more alike than they were when
each was af isolate. None of them 13 pure in the genctical
scnse any longer for pooling of genotypes has eiready occurred
There i evidence which acems to show that the offspring of
certam varictsl crosses do exhibit certain anstomical and other
duharmonies. On the other hand 1t 13 established that many
mtervarietal hybrids are biologically quite effident.  If man
11, 1n this respect Liko otber anmmals it would be cxpected that
such offspnng would be remarkable for hybrid vigour In
every variety there {s the same wide range of varistion in respect
ofphydalpafccdmmdmml-bﬂuydthoughthemn
may differ from varety to varety



EPILOGUE )

There certainly fs no genetscal problem in the intermarrisge
of represenmatives of subgroups of any of the main stems, of
an Alpme and a Mediterrancan, for example  There would
scem to be none In the mtermarmage of white and mongalosd
or of white and yellow brown.

The fact is, of course, that wually the different varieties
have developed different cultures and are commoaly to be

one from the other In respect of ethic, habit and
manners  Intermarnage is far more than a purcly bological
adventure it fnvalves the clash of cultures ddferences 1n
standards, habits values.

The mamage of black snd white, for cxample, usually
means that one of other of the partners muost become & member
of a socety in which he or she must remain & stranger  Off
speing of the marriage, besides bemg halfcastes can be socal
outcasts for whom there = no place  The problems created
by the marrlage of & Scots girl to a negro are of the same
kind &3 those produced by the marriage of & Rocuan Cathalic
and an agnostic or of & Jew and a gentile. They differ anly

which will surround the mated pair and their offspring

ErmLocUE
Medicine s the menns used in the establwhment and

{nimlcal to the well-being of the inhabitants and to congregate
within It all those agencles which peomote the development
snd maintenance of health.

Bymeumofeduc-dmcmm—nhfmbhnldluwddh;lx.md

yaccination and Inoculation or by measures as palodrina
b’., s el npts 30 to modlfy the character
aation of the Individual that he finds himeelf sdjusted to the
conditions of the environment and so s enabled to
therein

mmmwdmwmhw
ﬁmhpxcﬁc:,:m:dldnchugnhedgru!pmren. The futare
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will see these grestly augmented. There #s no hint as yet
however that it will soon become possible »o 1o control mutation
and 1o modify genic action of an undesirable nature that it
effects during development will be checked or reversed. Al
that we can hope at present s that In incressing measure
surgreal, tlochenuesl or other means will be discovered that
will repaur the abnormality caused by the gene  Surgery ean
repair polydactyly insulin can control disbetes.

The prevention of purely penetic abnormality must taloe
the form of the extirpation where this iy pomible and desirable
through nan propagation of the genes concerned from the
genetic  consutution of the populanon. It must remain
impomible ta advecate non propagation until our knowledge
of the mtology of many of these conditions is far more exact
and conclusive.

We bave leamnt that environments differ in respect of their
ingredients.  We have learnt alyo that in a human populstion
there are many different phenotypes based on different geno-
types  No environment 13 optimal for all genotypes, no single
genotype can phenotypes attuned to all environments
Diversity in characteriation 1 desirable in & bumsn sodety
In the wdeal sockty there should be both enviranmental and
genotypie variety  Mediane should aim st the elimmation of
sll environments which prevent or hmder the expeession of
those genetic qualitis which are blologically and socislly
valuable and at the erzdication from the population of those

which render thetr possessors incapable of founshing
in any of the varietres of environment that are propitious for
the manifestution of bialogically worthy genetic endowments.

There may come & time when in our programmes for the
achievernent of buman perfection we may wizh to treat genehie
dmsexse by genetical therspeusis.  For this rewson it is desirable
that even now every effort should be made to expand our
imowledge of human genetics in ocder that if required the
appropriate frstruments of therapy may be faund sharpened
and ready in the medical axmamentasium. One purpose of
this book has been to enbst the co-operation of ita readers

inth







