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PREFACH
TEE IMPORTANCE of Genehies iy being widdy recognized

providing a beief and dlementary introduction to that mbject
has long been required, and this book is an sttempt to meet
that nesd.

The scope of this accoumt has to some extent been deter
mimed by the Expcrlmcc gdned during many years of

teaching Genetics to medi rtudmhnt()durd. I bave
made no attempt to present a

on tho subject. On the contrary Lhnbookhddgmdm
It its chicf principd C ly the varlous
inherfted drifons which are desaribed have been shosen
ns [ostrative instances only However s clawmdfied bst of
some of the moree | o 1 of ths

greatly the
‘which has an fmportant bearing on medical work.

T hopo that those who read this book will not be content
to end thetr genetio studies with it. In a brief Bibhography
I have suggested & few works which supply more detalled

mﬂmmth.mbjcd:lwmedby chapter so that
students may be able to cxtend thelr knowledge in the

s






PRETACE 3

It is very importent that o discusdon of hurnan Genetics
should confarm to the requiraments of the medical pro-



PREFACE TO THE SECOND EDITION

A BROOND EDITION of this book s required in little maot
than two years winee its first poblication, and in that Hr
the subject has not advanced suficlently to necessita’
considerable alterations exeept in regard to the Rh bloor
group. The recent work in this ficld is of pruch importans
since it provides s baxds for the of a rather commc
condition of the new-bom. As acoounts of it are not y
svailable in text books, Messry, Methuen & Co have kind
sllowed me to add a third Appendix (page 152) in which

introduet

‘which :
Profeasor W E Le Gros Clark, F.R8,, for his valuablo bt
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CHAPTER T
MENDELIAN HEREDITY

L MDNDELS TWO LAWS

TEE EUMAN BODY with all its attributes, Is s product of

heredity and environment. Neitber of these two agencies

is constant, and changes in them may lesd to varations in
characters,

fore we will first discuss the of Inheritance, and
subsequiently analyse the part played by the environment and
its internction with heredity (see Chapter IV).

Tho charscters of the body in the widest acnse, are con

(heteromygour, and the indrvidusl pomessing
allelomorphs are called | b
respectively The simplest dtuation therefore s that in
which & given ch LT ined by a peir of hereditary
[actory, Irtead of each other when hrought
together into the same cell (B, inherrtance pp, 68-9),
the genes retaln their identity (‘particulate inheritance,
PP 68-70)%; even the unlike bers of a pair of |

allelomorphs remain quite distinct. Fertlimtion is an add!

arganisr.
by which the members of each allelamorphio pair
geoes are scparated from one another and pam into
Thess who have 0o Lo ledge of C Teecmmended to
m‘Apgmaxlcpplﬁx—nh-h-bqhnh( ki
v
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different gametes, Theso then contain but one member o
cach of the allelomorphy, the pams being restored s
fertibaation.

These conclustons on the nature of heredity were firsi
enunciated by Father Gregor Mendel (1823-84), workmg a!
the Augustinian monartery of St. Thomas at Broo (ther
called Britrm) in Maravia, of which he fived to become Pralat
He summarized his results in the form of two laws. Tie
first of these may now be considered.

Mendds First Law (Ths Law of Segregation) states thal

recombination in definite tly the
characters to which they grve rise may also segregnte: for
they will appear in subscqoent with definite
numericnl
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obvione that these conytitute vehicles perfeotly adapted to
earry tho genes and to ensure their The paraliel

S
For  survey of this webjeot, me Soacit and Dwen (1980), or
Waddlogton (1630).
0 often detest B I eomamntrations of €00 parts per
tolem (tn nqumons sokthen).
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The ability to taste it w due to the achion of a pair of
genes, which may be denoted 77 However they may exnt
in ancther form () responsible for the inability to do so.
These two types are both homoxygous, for the altelomarpis

phenyl thio-urea. Thus a taster’ produces gametes esch
containing a single T while those of a ‘non-taster esch
contain t only Should s taster and & non-taster marry thefr
children will possess pairs of homologous chromosomes once
maore, whose components are derived from the father and
tmmd:emothcr Tbmwﬂleachc.n-yugm:wntrd]in(
this particnlar tasting faculty Thus the patrs of allelomarphs
are restared, but these are heteroxygons pairs (1), composed
of T from one parent and ¢ from the other (Fig 1)

In some condrtions the operation of two unlike allelo-
moephs grves risc to an intcrmediate effect (p. 118) lIcl'C
often, however the h 34" closely ar p
resemble one of the homoxygous types. In these clrcum-
rhnca,whmfhn-mruultilpmduwdlntbahetmmu
uino'nnoftbnhmygota, charucter is called o
d The dve ch ‘which is ob d fa
the and appears only {n the other homoxygote,
s called & recemive  The inability to taste pheyl-thio-ures
is recesstve, 90 that the heteroxygotes manifost the dominant
condition and are tasters

generatzon of the family which Is being investigated. The
original parents then belong to tha ‘first parental (P1)
refer

F1 generation glves rise to a ‘sccond flllal (F3) generation
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This cannot normally be stodwed directly fn man, slnce {t
srises from a brother end sster marriage. However i

which this gives risc must be considered i some detadl.
A heterozygous taster earrles tho dissimilar alleJomorphs
Tt Coneequent upon melosts (see Appendix I), the gunetes

types of P
T n,lndtl.inanﬁoallxixl. M-mtbnprmpnt
tiona abways produced from the random combination of two
types baving equally numerous alternative phases: they are
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not the prerogative of genstics. If we toss together two col
a conslderabls number.of Hmes, cur throws give 25 per ct
both obverse; 50 per cent, one obverse and one reverse; &
23 per oent both reverse; three groups inaratioof 1 3¢
a1 n the genctio instance. However m the example whi
we are studymg the three classes of sygote constituting t

ratio wrth the first two terms added together (Fig 2)
In discussing the P1 generstion of this example no indk
tion was given whether the taster was the mals or the ferm
parcot, and none is needed. Bave for those instant
especially related to the sex-determination mechaniom,
be discussed in Chapter II, the two scxes are exactly oqu
in the contribution which they make to the heredity of th

types,
recessives can be of ono type only fcrt.bsymundnyl\

‘Wo have fust examined ths result of & marriage betwe:
two heterozygotes. It is now necesaary to consider the high
important sitnation in which one parent iy & heterosygo
and the other a homoxygote. For this purpose we will u
the same character as befare, the ability or inability to tas
pheny! thio-ures,

As already Indimted. nhutemxmmhn.crbunu
genes Ttona b \! peir of and the
separate during melosls, carrying T into one half of tl
gametes and i into the other However the non-taste
being recersdve can only be bomoxygous, and possess &
that all the gametes which they form are dmilar and carry
In & mamage involving thess two types it in fmomateri
which of them s the malc and which the female, and tt




-
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charces are equal that the gametes of the non-tasters, neces-




14 GLWETICS TOR MEDICAL ATUDENTS
dtostion. The Indrvidusls produced bv s back-crom coo
)

Fig 0. A back-orom
mut:dqmwd:&hmdm’-nwml‘i
Chrabeons 170 (ha mune sa 1 P ) bod e T
resembling both perents, bat consisting of homozrygotes and

in equahty The reality of this segregation,
capocaled as it s, conld bo established if the members of
soch 2 R2 gencration were to mate with recesatve individuslts.

indtvidusl during experirvental work on animals and plants,
it 1s always dexirable to croms It with the recessire type. The
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MEXDELIAN EEREDITY
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vu'ycclmmncmd:uomlnthnpopuhﬂm.lnom

tary aoits,
Both the ability and the inabllity to tasts phenyl-thio-urea

an fmpe

ditary discess

B

study

i3
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In the lower extremities, The patient xways a3 be stands,
and walks with difficutty Later the ataxis hrvolves the
trunk, arms, and bead, speech besomes diffientt, and adyanced
oases sy be unsble to ot up, The condition ls mberited
a8 & simple recessive and, comaequently it ean hardly ever
arise except from & between two heterorygotes.
Since the discase usaslly appoars during the second deeade
of life, those affected by it will certainly reproduce less fre-
quently t an norme! individoaly, ¥yen so, all their

will almost Invansbly be of the normal (dommoant) type; for

untvoken succeswon t for the rare occurrenco of
mutetion, see Chapter ITT), Consequently the 1
fs perpetoated through s serber of back-crosscs, producing
nottnal and affected b gous Individ PP

after the normal age of parenthood. Huntingtons Chores
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is & imple donmmant o(d:thd.thnuahnturtud.hdm}y
in the heterosygous phase, for the symptorns seldam
noticeable befare the age of thirty -.ndoﬂ.mhter Itis

the heterorygote s indistinguishable from that of one af the

In man, however itnuybeuhunalydlﬂmhcrinqmﬂin
mobmnthcmtmﬁonmwdnwﬂlhdhhncﬁon.
while the term dominance hat besn so widely applied that

extablithed. Indeed, it is highly probable that many of those
that are o called in man are not, sivictly speaking, dominants
at all (pp. 85-6).

- bens of the
Hon of & zingle pair of allelomorphe opon the of
first Iaw of Mendel. His second Iaw is concerned with the
behaviour of two or mors pain of genes when studied

together
LLendel's Second Lo (The Lawe of Independant Aseortmens)
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states: When two or more pairs of genes segregate stmul-

hneoml the distribution of any one of them s Independent
ultindh&fbuﬂondtbouﬂm&

That fs to say if we consider two characters segregating
in 8 811 ratio, this law tells us that nothing interferes with
the random distribution of cach. thers it po tendency for
the parental combinatiny to be preserved in the offapring
nor for the two dominant and the two recessive types to
segregato togethar  Rather the result will be the mathe-
matical combination of two 811 ratios; that is 1o say
ntoof8:8:811

It {s pow known that AMendel’s second law {3 subject to

s soall amount of red pig hﬂr
-odntedwﬂhirecklu.mayrqmmtt.hc
condition. If x0, such ther

the same Jetter for allelomorphic genes, naing the capital for
that producing dominant effects and the small letter for that
prodocing recestive onex. The initlal letter of one of the
characters i3 sclected when appropeiste. By this means the
réation between alllomarphs s apparent when symbols
abone e employed.

Tre double homoxygons dominant (TTRR) i a taster
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with non-red hair Men and womeR of this kimd produce

an F1 gencration {s produced which must consut
douhle

derved
of cach pair the pections intng the spindle attack
lurmmph.tnp-.hinthnnm-pmdutoge&ha Conee-
quently the chances are equal that T' becoes indtuded in

possess
loast one T' being tasters and red halred, while one is of the
douhle recenslve type tr a non-taster with red hair  These

{foar groups arise In & ratio 0: 818 ¢ 1 ‘which represents their
frequency in such & F2 generation.
one member of ench of the four classes

th7). Consequen
Fo)n"mdvtlylc-ﬂ’mﬁmhrg:rdi.hm An lnspection of
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(| Tre TRe | TR Terr
non red halr | non-red halr | nonred hadr | non-red halr

TTRr TTrr TtRr Ttrr
Tel taster taster taster tasto
" ronedhaw | red har nanedhalr | red har
e
TtRR TtRr tRR ttRr
tR} tmte taster non-tester | non-taster

ronredhar | nonredhaie | non redhalr | norrred hair

Fig. 4 the of two double
charactors ability to tast

gﬂu‘l— doerinant to the mahillty to do #0, and
the pomesdon of poe-ved bz which b domtmast to the
condition. he

two domtnant and carries T and ¢ In oo bomeo-
MMWW:::“ inm

guetes in
These can be combiner ko 16 posaible ways, producing

EE&
i
i
i

wouhd then have been gcparable. There are
! segregating m & ratfo of 1 1:2 314 2 1111
Thoy ere TTRR, TTrr TIRR, TTRr TiRr &Rr Twr 88R, trr

i
i
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B
:
:
Lg
i

now anslysed the workmg of Mendel s second
law in both of the fundamental genetic dtmatione: thoso
peovided by the F¥ generation and the beek-crom. For this
Purposs we tmed the simplest inetance, that in which two
pairs of alldd phs only are However this
sccood law indicates the rutios to be expected when three
or higher mumbers of allelomorphe are fnvolved. Thos the

]
i
i
i
~FE

paren
leads, with dominanee, to the combination of three 3
ratios Independently: that is to sey toaratioaf37 ¢ 9 ©
#:8:8:1., There are now tnenty-seven dustinet
each of these woukd produoe
8 separate effect. A mating between the triple heterosygote,
festing th and the triple
recesttve will yield eight classes. Theso will appear in
eqmality for this is & back-croas in respect of all threo

In conclneton, # must be noticed that the operstion of
Mendel's pecond law provides an opportnity for genes which
bave arisen separately to bo brougit togetber Ths b
of great valur, since ft allows advantageoums

bydiﬂu-cntuoduorneawb‘
combined In the same mdividal

;

i
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applicable.

The number of alldomorphs posscssed by the human
species is of course unknown. General considerations, de-
pending on tho possible srze of the molecules
the genes, suggest that ths total must amount to many
thonsands, There are twenty four pairs of chromosomes fn
man, 3o t fs obvious that each of them must earry o large

goas pair of chr
and ¢ and & in tho other Consecquently the genetlo constitn
tion of such u ‘diybrid {ndividual may be represented
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separats, corrying AB/ together into one half of the gametes
;:g:&mth/ﬂ?mthenhuh‘lﬁ Now doublo recesarve
ab/ab) can grve rise to one kind of gemeta
buerab/ On s ma

533 wm 1% mmﬁmmmnﬁm;mm ~E_
i %m sdaalliiite
i %Wmm%ww Wmm i
U R T HE e e T
{7 il B
m i wmmmmwmmwwﬁw m%
il il R
i Bsg2ios £
gﬂg Lelfnnibi i
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one dominant charscter doss not appear in the same ind-
vidual as the other so that dominants and receadves seemn
to be repelled from one ancther is called Repulrion. Its
represented by the sccond instance.

Yet the parents af the coupling and of the repulsion pbase
were exactly the same in appearance, The double recenive
wus of identical constitution in exch, and may therefarg bt
dlsregarded, Tho double heteroxygotes would manifest the
two domin ditions in both les, though the dis-
tribation of the genes was different in them. Thelr homo-
Iogous chromosomes contained 4 and B aand b in conpling
but 4 and b o and B in repulsion. This is doe to the fact
that theso double hetcroxygous F1 individuals had parents of
distmct types. These aro the grandparents of the final back
crom and mmay be designated P1. It js simplest
to conmder tho dtzation in which such grand parental
forms are homoxygous. In the coupling phase, they woald
be AD/AB end ab/ab respectively Inrepulson they would be
AbjAb and aBjaB That is to say they are visfhly distinct
and, since wo awume dominence, they are of
the same two classes ay arise umong thar grandchildren.

It is clear therefore, that in order to study linkage fully
1t is necemary to pomcm Information on three generatione
For the parents of & back-arom segregating for coupling of

lnlzd.ltwnbct"cmprﬂmlugmaumub,tbmhm
1 Joent o

for or

somawhat id amoe aro instances of total linkage
which, though known (in the mals of the fruit fly Drossphile,
for instance), is very uncommon. fllos-

trate in a perticularly sfmpls way the manner in which the
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mechartsm can limut the operation of Mendel s

is cytologically by a chissms. Genetieally it

crossing-over in which gencs are transferred from
one to ths other for the prophase
diromatide (p- 142) beoome the dsughter chromosomes of
tho second linked gencs are
not {rrevocahly together but can be combined fn

n salrmals by soippleg
e et s e b e o o Sxpois e e
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two linked genes gen remain together giving the types
CY/ and cy/ in equality Howerer crossing-over occurs
between them approximately 14-4 times in 100 so that 74

the This s called the
erogs-oner ockie (C.O V'), and is obtained by sddng together
the two : and ing them a9 s

pereentage of the total number of offsprmg  In this instanes
the C.O V w1~ per cent.

Thnmmplejmtdmedbedh of q,ﬂﬂm
could have heen d ];.;nm?upm u
coloured snimals with yellow fat (Cy/C; ._ndhann:ygm
A]hnawithwhh:ubt(,)’/,)?}[as- /') P1 geperation. An
F1 generation of novmal, but oul:kbet:msygcm,nbﬁtl

double recesrres, allings vthydlawr.t (cy/ey), » back
croms would be produced. Tha would consist, once more,
of the two grandparental types in equallty each comprising
approximately uapﬂ’c@tdthnoﬂnpx{ng(fuﬂymlounﬂ
-nhmhvﬂhydhwht(cwq)mumnmwim-umm
oY fey), and the two recombination classes (normaks, CY Ky,
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and albinos with yellow fat, cy/cy) also in equality compeising
72 per cextt of the oftepring cach. Thiv f2 repalddon, with &
deficit of the double dominants and double recessives. The

iygid
mmmwmmm 59

m du.um £ BRI
mﬂ. il ,mm

in

unc-mthcr
grncs

is 4,
values

7
twm mmm um

Mum mA
h%M@ m&hmm

chthemeﬁummﬂocnﬂymmpamh

#amé grotps appesr a3 in the previom example, but ther
H.Fnrt.bmmu.whmth:pnh:dhmndoqml

frequendies are reversed. However theso remain approm-

mately as they were in valus, and the amount of cromsing-over
I 5iill mensred as 144 per cent by adding togetber the

Mmmmmmmnﬂm
Hoaship
mere
and G, the
the sum
erence
by »
are
Aaoreover
and thet
between A
If it be the sum (5}, then the correct
ADC; if the differenos (8), the correct

lmmhu-
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valoes provide a relative measure of distance. In our last
instance, geno B lies four times as far fram A as i dost
from C.

This last proposition will be strictly true for short distances
cml{ say under 8 per cent, for with a considerablo kngth
of the dhility of iple crosmng-over ariecs

tha resulting double are scored In the
clasecy, o that the crom-over valuo is nssessed
too low but tniple crossing-over raises it, and so on. How
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attention briefly to ther chuef characterstion, and for that

purpose srumal matenal will be more convenient than human
at this stage.

that they can be m
2 acriow Lbedqreatnwhichﬂxmeﬂecudeput
from the normal In such & series, the norms! condition s
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bave the constitution PpCer Theso aro ordinary brown

the snce, being alldomorphe, one

brmg n the domfnant alllomarph of the other The F1
constitnbon {s ofe? and such indrvidusls are intermedmte
between tho two parental typos. Thm remult is disgnostic of
the behavionr of multiple alldomorphs. It will further be
evident that all the members of such & scrics have the same

We have now murveyed some of the essentials of Mendelian
Inheritance sufficsently for the purposo of this book. The
fundamental distinctisns between ths and all other types
of heredity which have been postulated from time to tume
will be conxidered in Chapter LIL



CHAPTER I
THE GENETICS OF SEX

1. STX DETERMINATION

AXX 18 A quality which is inherited, and in & simple way
For tho two contrasted characters involved, malences and

this system orost briefly be contidered.
Tho gencs controlling sex are carricd in a special pair of
h called ) The inin,

and they do not differ dderably from
except that they bear, among others, the genes determining
sex, Thoy are called "X 1en, on the other

of two X-chromosames in women and cne X and ooe
Y-chromosome in men.
Drurmg meiosls, the chromosome number is halved in such
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any egg, necrssarily carrying one X-chromosome, 1 fertilized
byniburh:glpum.-npmdudngnmnh(xﬂurbyln
X-bearing sperm, producing a female (XX) (see Fig 8).
Bindies on anlmals ut h 1 chro

mumbers heve demonstrated that the X-chromotomes are
- OWONO

HORROE

:tl. The sex of an individoal js determined by the

male and two female This thoslkd cmecry the
Pprodmetion the two mome in o the meort
greeration. Nota thet the s
ines the X-chrossoecmes are tha
srres at

the setml which sex ahall They

Y-chromosame exists, its loss, owing to an abuormal cell-
divixion, does not affect the developmant of the sex which
should possess it.
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It is worth whils to reflect hriefly upon these facts. Wo
have seen that the contral of sex depends upoa the dutribu
tion of the X chramosomes. Yet 1t will be obeerved that
individual X-chromosomes are not restricted to any ons sex.
The mngl \-ch of a man, respousible foc kis sex,
13 denived from his mother where it was ons of the agenis

necessarly
recerves from ber father in whom it had been male-deter
mining (Fig 5). That 1 to say the X-chromosomes aro
shuffled acros from one sex to the other Clearly
they cannot be dufferentiated respectively as male- or female-
producing structures. On the contrary Lbnreﬂcctdepm&
upon ther number the sex-determming mechanism B
quantitative, not qualitative, in its acton.

It Is remarksble that the sex posssssing the single X
chromosome is not the same in all groups. For example,
in mammals it is the male while in brrds it is the female

Thus distinguishing names are necessary for the XY and Xx
types. The former fs called the heterogametic sex’ and the
latter the homog:mcbcnex' Inhmn-n(mﬂprob-.blyin
all ) genches b sex’ and ‘mals arc
eqmv-lmttn-m-,butthhhm:unfvmnyummowu
animals, In man, therefore, it is the father not the mother,
whmepmdndchmhn'.hc-uxu!hnchﬂdrm

sdbls for a ination in
t.holhmmnhl. ’I'h:-et:.rdedi.nthax-c.hmlnmmﬂm

determining

(in one or two X-chromosomes), bat that of the latter

ﬁxnd. ’Ihobnhnnabctwemﬂnnncuh-ondjunniw
the male-del the & in the

autosomes, are in effective excess over the female-deter

mining produced by tho sex-genes in ome

A-~chromosome; bat they are effectively deficlent compared

with dooblo that quantity of the fouale-determining gecs

doe to the p of two X Itwﬂlbe

q:pumt,thﬂcfom,!hntdxmgh&lcxgmumrnadhthﬂ
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X-chromosomes act a1 the deeiding dements In ser-deder
mination (p. 39), others equally respousblc for the
Levelopment of sex are carned in the autosomes,
Tboun}rydng{mlmdphymb‘ulupwudmm\m
0w be related to the ch Just
I‘b:mdyanhryohupnhhafdevebpmcntd&cru;m&k
or a3 & female, having o p
ru"{uhed(obuﬂdupamcrthnoth:rtypaufmﬂm
An cxcess of male-determining genes, owing to the presence
canscs the d. of

vas deferens, and amocated glands, It also causes
the of mesonephric material such as tha cpididymis,
which s carried backwards with the testes. The

puberty pl-mmmmmﬂm has been
of cannot take in
performed early in Hfe. Thus ths voico of eunuchs remaing
high-pitched and infantile.

These facts have an important bearing upan the prodoction
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of hermaphrodites, & term which is commonly used to m
any mixture of the two scxes, of whatever kind. Inth
animals in which the gonads produce po hormones, and
sex-characters are under the drect control of the genes,
abnormal mitosls may greatly affect the sex of the individi
For this may Jead to the Joss of an X-chromosome fn
homogametio scx, ar to the inclusion of two X-chromosat
1 a cell of the heterogametio sex owing to the failure of
ughter sex-ch to sep at anaph higl
ukmp]‘soinmuﬂyod]—dlvmcm,thnpmdnd:ol
may constitute up to one half of the bo
Islthooppodtembth&tdem—mmed

becoms quantitatively different in various geographl
necessary  relatioaship

In intersexes of a alight the charasters of !
sex aro those last to be developed, while aar:
formed structures peogresaively fovolved fn
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contral differentially not only the quantity but the rate of

of tho
It is probable, but not certain, that this kind of inter
oocurs in mammals, Races which have evalved
1 baclirte values of thelr

Tdval Ll
production might then be ailected, so giving rise
to sexnal Intermediates. But the human races do not ppear
to have differentiated sufficiently from one another before
subsequent fntercroming to acquire such different absahisto
values of their sex-gones.
Another type of imtersex b certalnly known in some
mammals, Thrs s the freemartm of oattler an individual of

teat) b which is produced beforo the ovanan,
then cireulates through the f embryo, preventing the
f\xrtbadeve_bpm:ntud’thncrn.ry and partilly converting
the and accessory sexial charucters to the male

portant to notce
that though the sex-genes decde whether the gooads shall
develop as testes or as ovaries, many other genes will deter
ming the amount of hormone produced and its timing, as

%0 produced may camse & weak or aboormal responss either
to the male or to the femake hormones, giving tise to Instincts
«
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Acﬁunolthnlaﬂmmhmuimu(mdpcﬂnpﬂ“!'
ol this type, It is ot surpnsing therefore to flod that |
phase of h 1 fnstinct to !

Fuggestng are extremely rare in the
lpodu,l.ndﬂzylppnxnlmmtnlny-mbeindndued:m
of an femimsation of males. But It should b

apparent
Dotleed that the esbryonic condrtlan of the external genitais
B far more Iike that ‘of the adult female than of the adilt
male. Ammﬂonhmdﬂﬂﬂpmtmlyw
{ore give the impresson of an towards the feoule
type. Smhmdmtwmwﬂybem“dthrmliﬁ:
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whereas pex Jg Dot related to the segregation of the ardinary
autosoa] genes which have been considered in the previcus

genes noa-homologoms reghon of
X (btos), (1) in the homologouws regions of \ and Y (b to a),
nnd(a)mmcmmhgmmhndY(bwﬂ Theso
in

some detail.
(.)radwwhwxm Gcm:-a‘l.:ned
in the rection of
"”-hYmru-punihhfnr total na-thgclnthnx
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chromosome. Ths is the most nsual tvpe and {s the ooe
always intended when sex-linkage is mentioned, except whea
stated to the contrary

A potable example of ¢uoh a sex linked character i pro-
vided by haemophilis. This is s disarder in which the bood
fails to clot. The phymolagy of tha condition 15 by no means
clear It may be due to & defest in the activation of profo-
thrombin, but at any rate it does Dot appesr to be amocisted

quently even smch as tooth extrachons are
amoclated with much danger Slight blows may quve s to
severe extenaive under the adn.
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Balf the sons but none of the danghters suffer from the
shoormahty (Fig. 7).

On the rare occamons when & haemophihac marries, his
wifo will usually be normal. AD her eggs therefore carry
H, while half her hushand’s sperm will contsm & Y-chromo-
same and balf an X necenarily carrying k. All the children

Fig. 7 Total sex halage i the X-chromosoms:
marrege betwern  mee

with domineat charactar amd
PRy setin At opndiok ke iagen B
aded, the X-chromosomes

will thereforo be free from the disease, xince the sons will
inberit no X-chromosome from thelr father while every
danghter recetves H from her mother However the dsughtars
wre all b of itting the

7B
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A marnsge between a besmophiliac and & carrler shoukd
pmdmnnlltom'typuufc.hﬂdm{ncqudnumbuxmﬂ
tons and hsemophiliae sons, normal (but heterosygom)

ugh and ke philisc daugh However noinstance
of » true femalo b hiliac has ever been recorded, though

of this kind are said to bave taken placc As
the character it recessive, two doses of the gens are neceasary
for its production {n women, and it i possible that enck
mdindusls cannot sorvive until birth, The details of the
form of segregation will be atudicd later (pp. #4-3) in reation
to » condition in which all four types can actually be
obtained.

It is highly important to notice that & normal woman o
transmit haemophilia while & normal man cannot do ®
turhnpou:-uemlyndngbx-chmmmme,umlﬂ
A man who i s member of a family in which haemophith
occurs may marry in conBdence that his children will no
inberit the disorder If he himself be healthy In similar &
mm;unw-wmnanhoﬁvmmmdlm‘
normal woman who has s hacmophilise brother shouk

%

E

.
¥
fe
4
i
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It is not uoreasopabls to anticipats the survival of f
hasmophitiecs of kind, though ths polnt does not scem
to have been established mid h hilla fs mherited

gencs are members of a multiple Preciso
evidencs for this view is lacking, but its truth appoars highly

A oondf called A, has
also bean reported (Levit and Malkova, 1630). It scems to be
exrcomivel; and differs from the true
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known §f they would resemble the heterozygotes, or even
they can exist. Until further evidence is avaflable, haem
philis A prust be regarded as a heterasygous condition.

As already mentioned, certzin smapects of sex-inky
cannot be studied on haemophilis, in which aflected femele
are not known, They can, howover be exumined ins fo
milder and commaner affection. ordinary red-green colow
blindness. In Bngland this ooeary m about 4 per cent 0
males wnd in about 0-4 per cent of females, Tt {3 inberito
u;mJlnkndmuudvelnth-ny]uﬂdnuﬂwd%w”]
50 that thoss features not previculy explained will not
becund?gﬂ. ’

It & colour bllod man marrles & woman heterorygoas &
colour blindness, normal asd colour blind wdivaduala ¥
be distributed equally among both male and female offspring
the normal females being all betcroaygotes (Fig ). Whet
cologrblind females marmy normal males, all the sos

Towever wex Lnked ch sppear more frequently Lo oot
sex than the other: if recemive, they are commeoner in
malg if dominsnt, {n the female. The relative proportod
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are discomed on
For a gene el

proscnt in the male, but m the femals it is dependent for
€ preswion upon the slender chancs of distribution to the two
X-clromosomes of the same indivdusl, With dominant

Pp- 131-3, but the mere fact i obvious.
cflect h

Fig. & Total sexilnkags o the X-clromoscmes
marrege between mw;; recrssire character and

woman. Feme produaing eolour
bimdmess { ] i strned in the won-palring of the
is resmrvy to the enndation
are thadad, the X

{C) Tha Y.
e mot.

scxlinkage, on the other hand, the presence of the two X
twhhfm-nnn-mmmty!m

bering that the b will bo Included fn the
clasmes manifesting the defect. However it s worth while to
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known if they would resemble the heterosygotes, or even
they can exist. Until farther evidence is available, hacm
18

males and in sbout 64 per cent of females. It is inhente
u--a—hnk:drecminmtb:nyjmdmibed(p&mMA
30 that only those features not previoualy explalned will pot
be considered.

It & colour blind man marries a woman heterorygoss 2
eadour blind normal and colour-blind individusls ¥
bo distributed equally among both male and femade offspriof
tha normal females beng all heteroaygotes (Fig 8} Whe
colour-blind females marry normal malex, all the e
naturally recefre their only k-chromosoms from ther mothe

fact that there is no inberent barner to tho ocamrenot of 4
tex laked character in both sexes. This s in contrast witb
sex-controlied inhetitance (p. 82), in which the charseic®
concerned are hnuted to one sex for phy ressons-
However sex hinked ch appear maore frequent; inos
mmmmummmwmm
wale; if dominant, {n the female. The relative
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“Mmmm-a.buubammuobm
For & geoo in effect
Mhhmlqbuththnfmkhhdcpendmt
crpxtﬁmupmthadendcruhnmufd}:uﬂmdmtothutw
X-ciromosomes of the semo indrvidual, With dominant

X X

.
elaases manif fumu;;t::;d:&ﬂf- However It is worth while to
- L
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48
draw special fon to two of the sltuations to be revesled

Secondly when an affected ) marnes
& normal man, normal and abnormal sans, normal and sb-
normal daugt will be produced in bers; fox all

1o one another

(3). Partsal Ses-linkage. Genes situated in the homologos?
reglons of the X and Y-chromosomes (Fig 6, a-b) difer
genetically from the ordinary sex-hmkad type, discussed 12
the last sectlon, in two respects. First, they can be tras+
ferred between theso two chromosomes and, they

h 1 q“‘l

of T rial at {dentical bocl In both types &
sex-chromosome, but they have somewhat different genet
effects.  Were thelr croming-over entirdy ”
mtogve s COV of 50 md:gcnacouldmtdh’cd]]h‘
distinguithed from those carried autosomally If on th
contrary crossing-over between X and Y were voy rar, 2
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‘I:‘:;nﬂu( a dve could not be confused
WY (see p. 48) owimng to the sccoad of the two proposi
thoos fust stated. that ft will posscss an alledamorph fn ¥
srwellasin X, Partual sex linkage can now be flhutrated by

Reﬁnitupl(mmhnmybepmduadbythcwﬁunufmy
clnol-xlnnﬁvngmu(p.n). Two of theso are partially
#ex linked, oo being dominent and the other recemdve in
effect. Tﬁqlﬂﬁmdntnnnnrwhltvldlh!emlpd
symptorw. These {nclude night blindness and & gradual
wnhwﬁondthcvﬁndﬂdd.aﬂmhdlngmwtdb-n!
They are amocated with an attenuation of the retinal
M—Mnnd-dspodﬁminthomd.mo{pqmtrhhh
bas migrated from the tapetum. This Is visble with the

£

or not. For that process merely transders the gene from one
TVhan mtmmied fn Y 1t might be sonfoeed with tolal sex-linkege in
that ehromoncass, s pp. §i-2.

—
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to.the other of the 1 X-ch Consequently
the autosomal, the partially sex linked, snd the totally
hsked conditions ave ot distinguishable when a gene domi-
nant i effect is tranamitted by a woman.

The analyds of & recemtve partially sex-lmked conditin
is a Little leas smple. Affected indtviduals must reoeive the
gene responble for 1t from both parents. In the mother it
must be carried in an X-chromosoms, in the father 1t paY be
onrried either in X or in ¥ Congider thess two alternativer.

females. Thus it is only by the analyss of maividoal
family records that such inberitance can be scparsted from
the antosomal farm. Were the cases in the population 438
whole to be poaled for study the cxcess of males and of
fernalea would balance cach other so that no indleation o
sex-linkage oould be obtained.

Seven recemive pathologiosl defects are now known, of
good evidence presumed, to be partially sex hnked. Thes
must briefly bo described. They wern all originally
a3 antosomal recesives, but it s now clear that the first 8¢
arc assoclated with sex, though this i rather less certain o
the last two of those to be listed.

(1) Becestdve retimit presents the s

clinleally distinct from all others since, 1n addition, it PF
duces deafness.
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{3) Xeroderms prgmentorm s & condition in which the

(4) 1t bas been shown by Mather and Pailip (1940) that
is & recemive coodition which can

a of two genes baving appareatly
effects, Ons of theso i autosomal, the other i

3
1
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tn.tha other of the maternal X-chromosomes. Conserquently
the antueomal, the partully sex hnked, and the totally sex
linked conditians are not distingmushable when s geng domi-
nant in effect is transmitted by & woman.

The analyxis of s recessive partially sex linked conditia
is o hitle leas simple. Affected Indivaduals must receive the
gene respanghle far it from both parents, In the mother it
must be carnied in an X-chromosome, in the father it may be

Thus 1t w only by the analyds of individml
ﬁmﬂyrm-d;hhntm.&hlnhedhnmmnbu;qxntadm
the autosomal form. ere the cases In the populstion 238

aro associated with sex, though thiy is ruther less certam fof
the Last two of those to be Hated,
(1) R retinitls pl presents the same

dinically distinet from all others since, in addition, It o
doces deafness.
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As explained in Chapter I, the crom-over value provides
mmddﬂmn&ulthpﬂﬂemwl
map of the pairing portion of tho scx-chranosomes. This
hey been doue by Haldans (1936) seo Fig ¢ it Is the ooy
homan chromosoms map wo far avallable. Though soméwhat
tentative, it indioates the actual arder of five of the known

part,
(). Total Sealinkoge in ths Y-chremoroms. The Dao-
homologous regon of the human Y-chromosome fs Yery

e
A !
R =
Fig. 0. Map of the patring portion of the frman se-
chTomC . the postion of five of the kncwe
genes cuzled om K of tha won-homologoas

additional inetance is an disease
(lchthyosis hystrix gravior) in which the skin betomes thick,
even It forms a touzgh
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can only aflect males. This is the sole mstance of Inheritance
restnicted to one sex; nothing comparable with 1t has been
Characters which

TI. THE AFX BATIO

expectation
ndeed, the relative proportions aof the two sexcs vary st
dufferent times of life and in different circumwtances. These

{under 100 ar below 50 per cent) The sex ratho at concep”
ton and st birth ls called the primary’ and the

scx-ratio respectively  That at sexual maturity is often
called the tertiary’ sex ratwo in other animals, but in man
the expression 1s too Inexact to bo useful,

The Repart of tho Regustrar-General for 1835 shows that
in Englend and \Vales there is a slight excesa of male births,
the seoondary scx ratwo being 103 100 (512 per centh
This is progresuvely reduced, so that numerical cquallty
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hrud:cdhn.hmangcd&vmﬁfhmtontnctemyun In

the naxt fives age-group, of twenty to twenty four
yﬂn.tdnahpndanlnatainﬂhaﬂmﬁmz,mdtheyhema
Froportk y in the popuk until there are

The differential elimination of males indicated by thess
spparent abo in pre natal ife, for tho sex ratlo of
fochne.dyhgduﬂng!h:mt.htonlnthmnnunaﬂnh
um-{mhiehhlgbn-tbm-thh.bdngno(urnapamt).
Inclmd&:mhcvidmth:thhbmtmlymbhbcﬂ
bat intenafied m passng beckwards towards conoeption.
the sex-ratls of infants dying during the first year after
= highest for the very young while, aceordmg to Crow
{1937} 1t is highet alw armong early then among late abor
tona, Wum.ytm—[ymnchxia.thcm{un,htthnpnmny
3x-rabw departs widely from equality in the direetion of
an cxeess of males,

1t will 00w be convenient to study somewhat further the
rmnluquhhtrmd.d:enbnmkmuphmﬂonturiLlnd
Enally to consider the problem presented by the hugh primary
X rabio.

:

The lower viability of males than of females {s respon-
#ible for the way fn which the sex a0 differs m varyog
arcumstances since, within ecrtain lunits, unfavoorshis
memmmﬁmmbmﬂk&
There is ample opportumuty for the secondary sex rabo to
Og‘lcd.ndlnthh‘r.ydntﬁ.m'.bﬂ verage, only 76 per aent

couceptions yleld living affsprng

The sex-ratio b3 highest among firet born

and

the secondary sex retic s lower In towns
than in the cotmtry For obvions reascss alao, sbartioos and
s
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ltﬂlbhlbmpudcuhdyemnmn‘nh:mpeddm:giﬁmm
children, whose secondary sex ratio is consequently Jow It
1 often siated that a relative increase in male births takes
place in time of war If this be a fact, and the evidence for
it does not appesr to be conclumve, it is possibly dus to the
wider spacing of births owing to absentes hushands, For
repeated conoeptions, follswing too rapidly upoa one another
creats an unfavourahle environment for the developing

s
and attempts to fmprove the general health of the com-
mity

Al these facty aro dependent upon tho higher desth-rate
ulmnluthuoffmh,thehdjufwhhbmedulnqm
Clearly the more exposed and dangerous lives ked by men
mnbywmmmtmmmmthnmdmhﬁu
higher sgegroups, though it must be remembered
that desths at childbirth tend heavily in the opposts
direction, Bat such considerstions are inapplicable to in-
fancy and to pre-natal existence, a0 that other and mafe
funiﬁxmulmmw\benxghtiurunphmmmbn-
XX, XY
Iym'hkhuhmhvmﬂyumtbehmmﬂc
»x. As will be explained in Chapter IV disadvantageons
genes tend to become recemive in effect. Now if we exeluds
the small section of Xhumologunnthhclnbl-id
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cannot be opposed by a domnant partner e they will
usaally be when two X-chrotmosames are present (see pp. 40-1)
The reghon of X which s not with Y must

and
capable of lowering his recstance to disease or rednemg his
efficdency in other ways.

It will bo noticed, however that thess conslderations
apply not to the male as such but to the heterogametio sex.
Yet it is found that the male is stlll the more heavily elmin-
ated In thoss forms (e.g birds and Lepldopters) In which the
frmmale is the XY type, but to s less extent than in the reversc
condrtion (Crew 1937) This suggests that while sex-Imkage
is & cause af the lower visbility of tho mals in man, it fs

death than the female, a view which is supported by various
experments on lower forms (see Crew 1087).

There remaing tho cxtraardinary excess of males at con-
ception, despite the operation of a mechaniym which appeans
%0 coriainly to ensure the numerical cquality of the sexes t
that tima. This anomaly has been
by . A, Fisher (19304, pp. 141-3) during the course of his
valuable analyus of the effect of natural sclection upon the
sex ratin, Befoce reviewing this, 1t is necessary to point
out that in lower forms genes are quite well known which
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Besring this fact in mind, the course of Fisher's argument
is clear He points ont that the parents of almost all anfmals
expend nutnment, as well as time or activity upon their
young before these become wdependent. Natural selection
will act on the parents to make this expendliture as efficient as
possible, Now the reproductive valne of an entire generation
of offspring at the tme when parental Hability ceases is the
samo for the two scxes whatever their peoportons may be,
sinoe each sex supplies half to the ancestry of future geners
tions. Thus natural selection will 80 adjust the sex rato that
the total expenditure Incurred on behalf of the two sexes shall
be equal. But such expenditurs must include not only the

suceessfully resred

expenave to produce

females, The average expenditure s therefore lem for ench
boy born, and greater for each boy reared, than for guls at
ponding stages. C quently in view of the equality

of total expenditure, natural sddection muost lead to s con-
dition in which boys are the moes numerous at concepbon
o & sufficient extent to make them more numerous at birth
but lese numerows before the end of parental care. The
sex-ratio at the time when this coascs will not be affected by
' 1%, 18] alimine t htm oatly 'ﬂ]
bave modifled the scx ratio when actnal matunty Is later

towards its prescrvation. Thes it appears that marked

of the tex ratio at maturity will onty aris if tha
condition is of decided adaptive sigmficance. Ths system
bere outlined 8 of the widest applicstion, and (¢ will be
observed thet the human situation falls rather accurslcly
within the limits which it imposes,



CHAPTER I
MUTATION AND THE NATURE OF HEREDITY

L MUTATION
MUTATION MAY BAE dafined as the inception of a heritabla
. in the genes themselves, or in the chromo-

muh!.utopmdueeng\-_mmc:-ivvtnaﬂmt.l[my
ﬁmmlyﬂnad.npnbd:mlhmygwn mu'ha.
o that the of an indtvidual o
mmdvnd:nnctcrmlyhﬂhum}yﬁhumnln
muhﬁnnlnﬁ.hedllh.ntp-ﬂ. Ont.bﬂohhal:n.nd,-n
uing o ncwtot.hcltock
which is belng investigated usually .
mhhonhlhkmphmhtbe[ﬂm-ﬂdhufwﬂfﬂi
parents.
It is desirabls to sdbere strictly to the definition of muts
ton adopted here. Mutations are sometimes defined as
Wmmmmmhmmmfmm
modifeations lkead also to isherited varmtiom
memcwmmmmm
inheritance,

and 50 must be the inception of such diverdty It shoald

therefors be posstbls to discum tho part ssgnable to

mutatlon in the various bereditary systems postulated at

one tims or ancther and to com,

Iy now actoally known to play

1t is unfortunats that tho

two scnsess fimst, for the actoal changs in the hereditary

material; secondly and qmio mcorrectly for the result of
”n
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that change. For instance, tho less preciso writers on genetles
quite commonly refer to a gene which bas ansen during the
course of experd tal work as & 3 Far this, the
cxpression ‘mutant gene  which may be said to give ruso to
mutant characters may be employed, and is mnaxeeptioo-
ahle. Further the word mutation I3 one which long ante-
dates the development of modern geneties and, like many
others now accurately standardized, has carned with it a

ot an excuse for umng it loosely to-day Were ths so,
cnrent namenclature both in bialogy and in medicine would

whally unnecessary
revimon. 1t should now be dearly appreciated that nelther
a gene Dot & character can be cafled a mutation, coly the
act of change In & hereditary unit can eo be described.

It has already been indicated that mutations affecting
the hercditary material as we know it can be sub-divided
into changes in the genes and in the chromosomes. Theso
two aspects of the process must briefly be conaddered.

Gene-mutatzons must be due to chemical changes occurring
at parbcular Joci. These may be of varous kinds, lesdmg
to the production of a senes of multipls allelomorpbe. As
far as 1s known, the mutations at & given locus are limited
type, for they produce alterations in the same sct of charac-
ters, often of & quantitative nature, That is to say we &0
oot find & gepe controlling for exarpls, eye-calour but not
height mutating to a condition In which it controls heaght
but not eye-calour Thus the chemical substitutions which s
geno can undcrgo appear to be restricted, and 1t s this fact
which enables us to say that the allelomorphs deiermine
contrasted characters,

Chromosome mutatlons can be grouped Into two main
classes: abnormalities in the distribution of whole chromo-
somes, and chramosome fragmentation. The first of thes
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oan again be subdivided into polyploidy in which the whole
et of clromosomes iy multiplied, and in which
s clromosome may be added to ar Jost from a single chromo-
S0TDe-pair

Polyplolds arise from faflures in oell-dividon during
meloals, leading to the farmation of a gamete with the diplold
(unreduced) chromoscme number This, on fusing with &
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broken may re-attach itself, tho wrong way roand
{lnversion) or else to the (duplr-




MUTATION AND NEREDITY o1

1t shoald be noticed that matations, whether of the geme
or the chromosomal type, are strctly Jocalmed
The occurrence of s mutation at one Jocus does not affect the
allelomorph, nor does it tend to produce mutations in the
genes on efther side of it, This latter statement may possibly
have to be quahfied, tince a modification in the effect
Pproduced by tho gencs near the locus of & mutation has been
reparted in a single arganiom (the froit ly Drosophida) On
the other hand, 1t does pot yet appesr to have been established
that such genes have also mutated. The alterations in the
charseters which they peoduce may be due to an interaction
between their effects and those of the new mutant gene
(Chapter TV)- indeed It seeme likely that this is so.

There bs evidence that nmutations are alightly mace frequent
dizing cell-divislon then in the resting-stege, but they are
Bot In fact restricted to any ane period of cell activity Nor
tre they conflned to the germ tract, but can occur in the
body-cells abo (comatic mutaiion). Thus is mare impartant in
plants, where somatls timue can give rise to germ-cells
throughout hfe, than in animaly but it has been widely
established in both kingdoms. In man, tho process Is of
potential mmportance since it may posably initiate & malg-
nant changs (pp. 934) An exsmple of it is probably
provided by heterochromia fridis.

Of great theoretical importance ts the fact that reverss
mudat{on can occur from the mutant gene to the sllelomorph
from which it was denved. from the abpormal to the nosmal.
It In clear therefoce, that mutations are not cssenthally de-
structive changes, from more to Lexs highly organsmed states,
oe d ds from compounds posscsdng high chemicel
cocrgy  This fact assures us that mut tions as we encounter
themn aro of & type motabls to imbate the genctae diversdty of
living organbsms.
it s are dingly rare p Yet they are
recurrent, and take place with characterutic
being relatively commoner st some ool than at others. It
Is probably trus to say tbat cus mutatin in s milliae
individoals Is an sppraiimat  verage m tation-rate for &
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given gene. A mutation-rate of 1 in 50,000 Indrvidaels bs

confident therefare that they apply also to man. It i, how
cver s somewhat remarkable fact that we actually possess
direct evidence of the human mutabon-rate in respect of &
few genes, The lincs upon which such information has been

scvere & nature that neardy all haemophiliscs die without
affspring (pp 40-3). Two thirds of the X
chromosomes of the human race ooeur in women aod one

popnlation are, therefore, always exposed to selectian, and
sre nearly always elmmated, while the remainder aro not.
Thus were they not supplied snew by mutation, the disease
wou!.dnpidlydlouut,mdn.tlnluﬂnhienu. The frequency
Decessary to in b hila in the popale~
Hnnun!.hcrdomberom)d. Haldane was ablo to abow that
the proportn of haemophiliacy living 1n Greater Loodon in
gﬂBmmtﬂnbettemMmdlﬂpummmww
‘e may be confident that this proporidon s tn equitibrium,
nccndudmmdlynccq)tcdi!]f:mdc with Haldans,
the situation in former tmes were this not se. Suppose

carller ago
mldbulooooodmueommuuathnnlthm—d‘y and the
whole male population of England would be hacmophiliscs
at the time of the Norman Conquest, Haldane caleulstes
that 1 rootation 1n 50 000 indivdualy §s required to balance
the ehmination of the heemophilis gene, which therefore
represents it mutatioo-rate,
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The stedy of epilols has provided material for an frvestiga
tdanof Honat her k mther and Petrose, 1035)
This disease is ooc in which mental deficlency 18 amsociated
It i Inherited as an 1 doent yet & momber of

with a frequency which lies between 1 individual in 00 000
and 1 in 120,000 of the population.
It ts most important 10 notice that such estimates of human

eould not be obtalned for mutation-rates much lower
those sctually observed. It is clear thercfore, that
mutation in man is of the smo order of magmtude as that in
other iz (pp. 61-%). In thosel y studied,
the frequency 1s ehghtly higher than of tho most mutabls
genes
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ahle to allect tho hereditary material, and onty those of the
most Viclent kind ean do so. H. J Auller was the fint to
show that mntations can be induced by X-rays. Infavoursble

the mutation rats can bo increased about

X-rays of different lengths, ultra violet light, the y-rays of
radio-active substances, free clectrons (frays of radum},
and peutrons. These agents are all equally effective so
long s equivalent doses (judged by jonlzation rates) ame

porma) cir
Furthermore, reverss mutation can be Induced by short-wave
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meum'mmlﬂnmlnﬂumtbngmenllcvd
i the Pr bly they pluce the
h:mdxhrymllmﬂinldﬁﬂrﬁulmvmmtvbk_bpm-
Thus the mutation-rate is in part genet-
uﬂyconmﬂuimdithtbadmmpﬁhhdwtim,-

onclosion of great fmportance
It has now been poseible to induce mutatton by means of
both

Since the vast majority of all mutathns must necessarlly
be harmfol (Chapter IV), that influence, we oan be certaln, is
hed, dats do not y t appesr to be available on

these
with the rest of the population, They would, of coprse, arise

from
recently been studied by Maller (1041). The appearance of
the homorygous recessdvo may be dun ertber to the
mutent gene meeting another it, which had been induced
y or to the mexting of two genes
from the same original mutant. l.[ulll:rhlvcﬂiqltodnl]un
upcct-alﬂnutwo of
mnuﬂnn.thcmmnln}ucnlnhnmmdtypﬂ.md
the degroe of inbreeding in human populstions. He reached
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the conclsion that even in the most closely lnbeed groups
of modert soclely & receslve gene originating from radiation
technique would remain latent for 000 and probebly for
several thousand years. Some potential danger from the
accumuistion of such genes in the populston none the lest
cxnts, but {t canpot of courss ontweigh the disgnoetio and
herapeutic benefity of irradi Vet it s well to draw
attention to & fallecy which frequently finds suppoct when
such & disation s this i exposed that the sccumuletion of
harmful recesedves arising by mutation, due in thit instavcs
to radiation therspy can have a deletenows influence tpor

human evoluton, Under Mendalian inbedt duth
s ot cantrolled by mutation.? The use of radlstion to-day
roay & the ton of disadreat

prop g typer
segregating in the dlstant future. These will be subject o
countes-telection a8 they appesr buat they cannot influence
the oourse of evolution. However when wo consider the
possble consequences, both immediate snd remote, of the
fact that ehort wave redistion induces mutations, the -
portancs of ehuelding the goasds during radistion intended
for other parts peeds no additional emphast,

O THE RATURE OF HENTOITT
It is astumed throughout this book that humap inheritance
is of the Menddan type, although many other theories of
heradity bave bean sdvanced. Such an assumption aflects
profoundly the deductions to be drawn fram cheerrations
on inherfted conditions in man, and the influence of the
L upon him  Conseq y it s ementid to
review quite briefly the main lines of cvidence which oez
be adduced fa favour of #o farreaching & conclusion and 10
conmder rather mare fully than was posdhis iz Chepter L
i what ementisl respeets the Mendelinn system of beredity
Suffers from af] others. It Is necessary therefare, to cmberk
upon s short dlacumion which, though thedreticsl, s ot

Indeed I do not seo that any just compreben-
ston of human genetics can be attained without it, In s

Bee Fuber (L830a) alwo {he mcoad section of this chapler.
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work I have cxamined the nature of heredity from
elementary point of view in rather more detall than can

to its offspring. Indecd ths laws of most civilised comntries
to-day are, incotrectly constructed on the smumptoo of
unisexial and paternal heredity thdugh the concept of
purely maternal inheritance has been upheld from time to
time. In so far as it is possibla to study the problem critically
by obscrvation or direct experiment, 1o support for unisexual
inberi has been hoorning: thus the data of genctics
Indicate that, in y reproducing 1 the
two parents are equally responmble for the hereditary
characters of ther offyprmg Hw'mmy[mnl,’m

fare, that there exists & metbod for esscraing the hereditary
mﬂh‘ﬂlxﬂmofth:tvop‘:mbhlthﬂwidﬂtmprvﬁdﬂi

measurable

the character under consideration. I refer to the study of

between a group of children and their mals and
femals parents rely
wﬂmymdohmiawuidothcmpedﬂpmm
treatments human helght, for cxample, Now it is possible
to caloulate & ficiest which exp the
degres to which the varfability of s sasociated !

For the ecthod for dolag e, and for sicelating Loe
e e e i Th4L,
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th;tbetw:mtbm-mugmupofmmdthdrmothal
4 for
hdghttobonnouncdmpumhmdoﬂlpﬂng Now if
the hereditary contribution of males and females s dis-
sunilar the two ocrclation coefficients 30 obtwned will
uffer mgnificantty That they never do so indicates that the
hthangdmodnmofcquﬂxmpormnmlnmhmm
In sdditon, 1t should be poticed thst s comparwon of
correlation in relatives and unrelated persons provides » proof
of heredity and o measure of 1ta Intensity in wostances
outmde the scops of experimental verification.
1t s evident that the bereditary matenal must bo trans-
mitted in the germ-oclte. It may ulac be arked, a1t restncted
to the nuclens, or to the cytoplasm, or is it carrled in both
reglons? 'The answer to this queston has just been given.
lmnlndfunnluwnhﬂmtemcuycqudlhmmthe
1 of the next g but the amomnt of
which they provide is vastly dufferent. It ia not
at all uncommon for the female to supply to her children &
wmillion times as much cytoplasm as the male, @ more.
Evca the small human egg carries immensely more cytoplasm
than does the sperm. Were the cytoplasm to play any sgnift
cant part {n heredity tho contribution of the two scxcs
ewldnntpouihlybecquaLwhmhrthpmvcdtnbc.'ﬂn
nuclens, not the cytoplasm, is the sctus! agent in trans-
nutting the genes, whether we can demonstrate the fact by
cxpertmental breeding and cytology or not.
We can therefore [imit organie inheritance to thoss systems

which are bisexual and puckar Having dono so, two
posible types remain, Some nott of units, coatrollng the
of the crgantsm, must be itted from pareat

tnoﬂlprlnglfhn-edxtyhum\ physical bass at all. Further
npce the characters are controlled equally by the two parents,
they must be determined by the action of pairs of facton

:mpmnnumumﬁmmh::nynp&a-ﬂ
mhnleﬂmnmdnrynmdxﬁm ‘which, orer

are &l earnod fm 1he pucleas. A few 5
tance wre aleo knowm, but thess represent. -p.d.lbum-nnly
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(l]]dnu-ph- rupmﬁvﬂy&omthan. Nuvwbcn
) it can be

evoks an dute cffect when

h'uughttngd.bcr mmhwthmblmdedxﬂnt

Lhcmh.nv’omtdumnnhda:mnﬂn&ud
bythnﬁ:tthtin

the
types crystallize’ gut of the hybrid mixture pure as they
wera before, consequent upon segregation. The genes have
ranained distinct, whatever their effects have doae, and this
Is particolate inheritance.

80 Jong as it s possfhle to produce F1 and F'3 generations
and compare them, it can be decided whether inhertancs s
of tho Mendalan type. Furhlnxﬂnglmd.ltnunﬂm-mity
whils the particul 7, owing
to 1f, therefore, the F1 th
mmmmhmmmvdmhumdm
while if F2 {s more variahle than F1, ft i particulate.
\Vclnthmnhlctodeddnwtwﬂﬂtnhﬂﬁhnmhm

in instances which sre far too complex for factorial analysis.

more froquen the children of closcly than of
related parents is an expreson of the cepacity
of the particulate to promote
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would
generation, actually it would be halved. In such » sttwation
we are faced with two alternatives: erther the amount
inherited

i
g
&
£
]
¥
B
BER

of evolution bused, as it was, upon tha couoept
inhertance, It led him to make &

:
i
3

heret: dved must be P arts
(‘new vanation k consequently be attributed great
tance to all agents contralimg that process, elther ity type o

that view: but it was falsely inheritaneo is
not of the type that ho supposed, for it is particulste; the
contrasted do pot contaminate

when into the same odl, and their

tlon is sufficlent to ensure of ample yaris
tion, With ‘mutation not oaly can be
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In spitn of all that has been sald, some caution is necessary
in aceing what may ppear to be the effects of environment
heredity An example, of tho type frequently en-
countered In medieal practice, will make this dear It is
of course brious that tho children of drunken parents are

§
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more Hkely to beooms alooholics than are those of the

abetemloms, owing to the influence of their home Lfe. But
children to become drunkards if they

are especually prone
belong to a family in which there is a histary of alcoholum?

the muotaton-rate and the generation,
hngth.rcmbdbythmhcu,ywluexphmﬁonbﬂ“
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difficalt to find when wo recall that all fnheritanes s Mende-
Hap, Thng-rmtnhodthhqﬂan,wbmmprcdwﬂh
any blending mechantsm, is the p of ita } Y
unrte, This enables selection to favour cven minuts sdvan-

system fs whally di The
pamanence of the genes s then lost, even though they
do not contaminate esch With Alendelfan inheritance,

of selection
= manner which must affect profoundly and in diverse ways,
the analyss of human beredity

v
,,_._—4

Ipee—

'\\:}_' A



CHAPTER IV
THE ACTION OF THE GENES

THE PREYIOUS cEAPTERS of this book have been re-
stnicted to s discuznan of the behaviour of the genes, thelr
segreqution and mutation, and of tho effects to which they
@ive Hsc. For ths purpose particular genes have been
treated merely sa the inheriied besis of grven characters.

|
£
i
E
¢
E
i

genetios. Thie wo shall now attempt.
Ph:

3
E
2
3
1
;
E
¥
5

and y
evidence for 1ts existanco in man may be the mare readily
aceepted.

The poverty of tha data beanng directly upon the physi-
ology of human genetics {3 due to three conses. First, the
small amount of attention which has so far been paid to the
subject: & great deal more relevant nformation could bo
accumnlated even 1n the present stats of our knowledge
Secondly the fact that much of such dats mmt be daived
from experiment, and this i restnoted to the most meagrs
lmmits in man, Thirdly since man belongs to the
he ia  member of a group protected against the effects of the

H
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environment to an extraordinary degree. Compared with
the majority of animals and plants, the pasibility of examin-
ing the action of the genes in different condrhoos Is In that
class redueed to & minimom. We may therefore attempt to
study the effects of tha genes, and their interaction with the
eaviranment m the widest serse, having at the outset recog-
nised the great handlwyps necessarlly imposed upon such an

L TEE EITICIS OF THE GEXTS

Certain types of genctio cfect may uactully be clasified
before attempting to conslder the behaviour of the genes in
varied environments. It'ﬂlt.h:nbeptﬂhhh)giwlhid

accomnt of the domin and of a few £
in which genstic sction has been analyzed from the physio-

logleal point of view

Attenton has already been directed to the fact that dis-
ﬁn:tzmumlyhmnnnﬂy or completely identical effects.
plmmim-(p.dﬂm‘yrmltﬁmnhhnopm
ﬁmu‘fﬁm,crm:,d].ﬂu—m: theso at least two
mmmm‘mmmmm
in expresslon, one ts recessivo and totally sex linked, whils
hv.omdumhnntnndmnmu:oplrﬁln!nw
o Onl 1 —ive

wsall
’ .l.':: L nrulnlptdll
D atanes. Dustinct gencs may also produoe effects which

iaed his

as mild,
Ydunummcﬂnm:ma?.ndanu-ph-bntmdmto
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threo genes at Jeast ono of which {s known to occupy a
distmct locns, The first two aro antosomal dominants,
that producng the dystrophio form bemg rather irregular

guard-hairs’

grestly reduced, producing s plush-Hke coat of commercial
valne. The character is recesmve and it may be due to
the action of any one of thres genes, two bang linked aod
onc carried in & different chromosome. Thelr effect
tho same whether one, two, or threo of the homarygoas
recesstves are present. 1 am not acquainted with any
definite exampls of the same type 1n man, though doubt
less such exist.

More often, genes prodncing similar characters are additive

this way i3 stndied in thosc animals o plants in which &
large progeny oan be reared, it fs found that the mafority
of the olfspring spprommate to the average height whils the
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goup falb within & curve of normal distribution,

notcn}ymthul'lbutnhnmthel?lgmﬁon,

L

y{t

mrﬂmim‘unlmdd that is to sa;

tion

wmw

i Ll
WmmwwmmmmwmwMmm
A il
miEnE
nWmmmmmmm;mmmmm&m,w
h,mm Bitiipil

m mmmm%mmmrxmﬁw
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the symptoms of are very variable, and Gunther snd
Penrose (1933) showed that this is in part doe to the operation
of modifying factors

Yet when theso arc brought together in the bomozygons
state in the same anima, they interact to produce whito cjes
similar in appearance to those due to the operation of & seX
Tinked recemstve dutinet from diher of them. The combined
effect of different genes has so far scareely been stoded B
man. However the almost untversal natare of tho type of
memmmww
in the most diverse fora, leaves no room for doubt that
a search for it would prove succemful.



THR ACTION OF THE GENES ™

Aﬂmﬁmmrtmvbednwntomnmuimg}ymndn
mental property of genetic actiom that aingle genes are
responsibls for multiple effects. Several exampler of this
have already been given meidentally but the subject fs oce
wiich merits specia] consideration. Geneticists, whether they
dndyhnnnnmu:rhlurnut.mmﬂymndh]{dlur
ing the segregation of particular genes. For this purpose it
is convenient to select sume obvicns feature which serves

obecurs the mnltipls nature of genlo scton. So moch o,
that tha mutake is somctimes regarding geno
as tho heritabla of ons particuler No

@cnes prodnce multiplo effeets, aften of srprisingly drverse
iinds.” Even with our present limited knowledge of burnan
geoctics, the instances in which thess have been detected

and less than are narmally pigmen Tho
m:":‘:’n gummr\:mﬂnﬂuﬂh for_epllom is most casily
guizd by <l
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Hse are often quits trivial. In Droscphila, for example, such
genes uxmlly reduce the length of life, and the number of
eggs laid per day by the female; yet we may recogniss them
by the absence of & bristle an the thorax or by a berely
datectable change In eye-colour Nevertheless, thelr effect
on viabllity makes it clear that such genes produes other and
mare profound changes of a physlological kind. The slmost
universal nature of such alterations in the general vitality of

amures us that the action of xingle genes must

interact with ons another to the characters for winch
they are responsible. they must combine to form
. or constituting s form of

ton considerably from that to which it is acenstomed.
This ud Son is, of course, ined when a marriage oocurs

betwesn races which nerely interbreed, so that s different
genetls sitnation bax been built up within each. The effect
will avidently bs greater the wider the crosses that we stedy:

and these must have the great balk of their genes in comrmom.
Further  wide out-crosscs the hyhrids are wrually sterile,
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and fn them each gene i still immetsed in & gene-complex to
Balf of which it bas been adjusted. Nono the less, tho effects

Dormally attribute to it.  We may take a dignifisant example
from the genetics of fish In the Mexican Top-minnow
(Ph#poo&;).dngh-n-ﬂnkgdmspmdy]rvdmu
dominant black spotting. The hytxids

geoetios will show clearly enough the influanes upon

the effeat of particular genes which results from their action

n hat distinet g P Naor aro of

the kind unknown to-day The woolly hair of the negro

’Ednvc-ul dominant’ to the non-wooly type, but its
e b

T sabject to b
i crosscs with Europesns. Otto Mokr (1053) analysed an
Instance in which this geno (or, less probably ooe
ximitar resalts) aross by mutation in a pare Norwegian stock.
Herw the | gotes were very constant. The
in modiftahility n the elfect of tho gene may very reasonably
be attributed to the {ability of the gene-oomphex
amng the offspring of nter-raclal cromscs than can ariso
marrages within the samo race.
= fostances exist in tha records of exparimental
Cenetics {n which a gene, after giving new cflocts fn &




.73 GENETICE YOR MXDICAL RTUDLEXTS

lex to which it is d, hat been restored
mthnﬂomwhhhitumc(l"urd 1040a). In these caretm-
stances, it has produced onoe more the ch for which {t
fa normally responmble. That Is to say such an alterabon in
effect is dus vot to & change 1n the gens taelf but to » change
In the response of the organimm to that gene, consequent
upon recambinations {n the et of yenctic factors with which
it has to co-opernte.
A well known instance of the fact that the genes produce
different effects in diff internal envix lded

bo distinguished from sex-iinked Inheritance (p 89} In which
the relation between genetics and sex is of & mechanieal
kind,mgtnubdngwﬂuiinﬁuuxchrwwm&

Sex-controlled geacs
mnybeuzﬂedlnmydnommmemdvhm,ubmll
they are they are ed equally by ether
scx. Their relation to sex s therefore & physiologieal coe

Many totally sex-coutrolied genes are known In kwer
animaly, vavafdﬁmynqrqﬁ.donbuthammon]y
though ehowing ia both. Dominsnt

white-farelock provides & human Instance, fn which the
character 15 Lmited to the male, 30 docs bald
ness (p. 150) (Cockuyns 1938). Incomplets sex-oootrol
{requent o Man A form of oligophrema, and the Leurence
Moon Biedl syndrome are each minple antosomal recessives,
but they are commoner in males than in females becauss the
genrs determuning them do not always producs thar effects
in the envooument provded by the female sex (Colk and
Afather 1938). Oligophrenia oocurs about twice as often i
males as in females, while in the Laurence-Moon-Bied!
gyndmmcthcdlﬂtrmhrulﬂlm It;hould:.bubt
observed that the sccondary and
whose dcvdopmem must be genetically dctmmncd. P"VV”"
rLimiled inberiance Dot \hat teree
wum.nuwwwmwn
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cnmpluuln.x-umhuﬂudi:nhdhnce,tnrthzyq:puxm}y
in 006 of the two sexes.

I DOMINANTR MODIFICATION

If the cb produced by a
04 aro advantageous, they can be improved, If dw-
advantageons, thay can be minimized. Such effects have
now Ty been obteined exped Liy (p. 80},

O of the most valusble aspeots of this mechanbm fs
that witich relates to the evolution of dominance. The posxd
bilities arking from the selective modification of the ellects of

phase. This i indeed obvious, since the chanoes
of bringmg together two rare heteroxypotes, from which
occmrrence alone s homozygote can arise, most be remots
(the actual proportions will bo duscused an pp. 130-1)
Disad o genes aro 1y subject to counter
sclection, so that they must be rare, judged by their frequency
mlhnpopuh&:qdmyomﬁma. Nevertheless, the

have some oppartunity of modifying their rosponss to them
by adjustments of the genc-complex. Sn.-._h’-pw-wmb.
in tho direction of the Inft

genes when in the heterozygous stater any simitar adjost
ment in respect of the homoxygots will be relatively minute,
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owing to {2 immensely greater rarity Therefore there will
beawmmttmdamyfwnlmnmtomod({ythedm
dﬁndvmugeomgm:inthndlmdﬁonalmppmumg
in the beteroxygole; that is to my to make them recomsive.
Tbnwnvmatmdcncywm,olmopmmupoutha
effects of an advantageous gena. These will be magnified in
the beterozygote so that they will becomrs deminant n
Furthermore, the frequency of such a gene will
increase, s0 providing mote material on which selection can
sct. Consequently the procoss will be far swifter than the
drift townrds of disad: ¥ haracters,
which depend for their madnte upon t th
Ithph!nthtnthulncwxdmtwgmrmw
through ths while 1ts eflects will aoquure domi-
pance. That is to eay it will disporsess its losmer wild-type
which wil bocome & rarc recessive. Yet the

owlng to & balanos of selectt g The ng
situabion s of great praetical inaportance in medical geneties;
ltvﬂltotmthamb}ectotthoncxtcbnp&c

When & ch Is 20 disad ¥y that the Indivie
dusks 1 contribute littds or nothing to peterity
it :ppnm%t B0 opportnity foar deminancs moddion
toa ariscs. In these the angual coodith

madifiestion Liss never taken plece. Noe has i£
in respect of the rare bers of a iple all
acrion, foc thess will hanlly ever be brought together mve
in experimental work desgned to that ond, o fnd
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that the between any two rare
members of the scries are intermediate, whils those between
uchu{tbanmdt.bnmnml-lldommphmnnh

sthainad in some of the more of

Pgmentosnm for cxample (p. 48). On the other hand & lurge
oummber of some of & serious are described
as dmﬂnl.nh‘;ep’hh s Chorea may be

theoertioal Foat suggest that the
eflects of such genes will usually be somewhat
Interm 8 ovid for this iodon can be

obhmgdh:met.bmmnny First, a very few Instances
are recorded in which the homorygotes may actually have
btmol::rmd,mddny-pq)cumﬂymxmﬂnm‘ht
known ch of the condition in a highly d
form. Frarer Roberts (1940) drawa attention to a pedigres
of a form of dominant’ beachydactyly in which the only
lity consists In e ab ing of the middle phalang:
of the index fingers and toes. An affected individual, being

>

g
3
;
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Thix is notable in bath the Inttances

ments oo artificsal betero-
xygotes producs & greater rasge of venability and are more
modifiable are cither of the homo-
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Ppenetrance is incomplete, For instance, dmbetes tosipidus s
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instanoes a reversal, of selection will not ouly fail to produes
the normal sekective dification lesding to d
but may hreak down domipance relationships previcmly
ttained. It is in domesticated that we find the

1 litles In dognin adf o vishle
dominant black form ocours in the guines pig, whils the
hornless condition in cattle is nearly dominant also. Specics
whose domestication has been of an unnsnal kind are those
whose daent adfustment ls partionlarly ab 1
Indeed the pecuharities of domestis poultry In this respect,
which at first appeared mere exceptions to Fisher's theary of
dominance, have provided by thrir very irregularities clear
proof of it operation (Fisher 1985 1988). So too Man,
whose tly be

ton is not lly to be anticip ara pro-
cataract, and
B. A, Fisher was the first to that dominance s

maltiple allelomorphs control a given set of characters

quanttatively Now awuming that a multiple allc-

morph serles cxists at cach locus, Haldsna pointed
dominancs

P rily high bers of the eexich
sincs selection will favour thoss allelomarphs whose activity
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Ho:t.hc'md lovel, 50 a8 to evoke an {mper-

nym.éomhe:.hl -ﬂnmgtho‘uf“d:n::
a

i the gene fteelf, sclection of ons ratber than of

tng on the gene-
;:npkxlntbnmn:rpmpmajbyfniﬁ It should also
bo notiecd that cxpenmental proot of Flsher's method of
modification has now been obtuined tn & nmmber
of instances, Ithl.llndtnibeulpm'blauniernpcrhnmh!
to select the heretoxygows expresdon of the
prodoced by a given gene until they havs becomea
m‘lydmntmnxhomlh:alndmﬂyrtc:-lﬂlndnothﬂ
In these it has bemn bilhed, by crossing
with the nommal form, that the gene itself hss remaied
unaltered (Flaher, 1933, 1938, Fard, 1940}
It hay been stressed that the genes of an act
together to form & gene-complex adfusted by seleotion to
result.  The chances therefore exceed-

1 arise by matation, ahall s fit in with the balenced systeem
already in existencs as to promote harmontous working  Tho
Probabality is {ndeed almost overwhelming that the effects
of ioos will bo disadvantag . to
which attention has already been directed. The considers
thon thet mutatlon Is a recurrent phenomencn abo contrh-
buies to this result. Were organisms living In a constant
eaviromment It would sesm almost incredible that mutations
baving advantageous efleots
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instances & reverssl, of selection will not ouly fail to prodncs

the nommal selecti difimtion leading to d
Iatanhi ,

but may hresk down Pr y
sttalned, It b In domesticated specits that we the
ey Lties in d ». = vishis

tion f& 5ot normally to be ars pron

vided by phalsngesl synostosis, picheld spolting, congenital

cafaract, and

R. A. ¥ither was the frst to that dominance Is

produced by seection (1928), and ho oonchuded thar this

operates wpon the plex in the manper wresdy
Haldans (1030) subsequently peoposed a2

alternative method of He polsted

ont that probably act by produs

theso will aperats eflectively caly up to & sturation kool

3 d ing that & multipls slido-
scrics exiats at each lorus, Tieldape poinied

out that ariss by sk
Gon of different fe grnes in the followind
way We may mpposs that the in dua to b
(" of O 1 Ofth'm

e a0 =15 Toves oo ilormes s whose sci
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ﬁ:yi—thb—wump&mtypnuﬂydmﬂufnrthhm
Kthdrmﬂtnﬁunhﬂlndﬁru‘pcctxvdy they are
individuals

myh-moty;iu.llydmﬂubutp differen
owmg to the operation of enviroumental variation, and it is
thhplmomcnmwhlcbwum:mmwlrhﬂy

The exrvin f, in i a1

hwﬁmllﬂydlﬂiculttnalm]nninthnlhmm.lh,dnw
they are protected agatnst It to s high degree. Tho reason for
*uch proteetion b not diffienlt to find. Every orgunism must
h"mopdmnmmvhmmmt,unowhinhnﬂhitbﬂt
Obviouly it is to the advantage of all indtviduals to Hve as
bear to thelr optimom condrtions as possible. This they
may do by migration, by sdfusting ther hahits and eology
bodhngln;condithm,orbymnfwu:dnguhxuthcy
an an environment of thelr own which they carry with then
and in which they permanently lve. This hatter

bas been perfected by the Mammalls in & Kabl hi A

Inbwu-tarnnithpudbhm'tndyu:nbodﬂycﬂ:d:

altering the moes obvious of the enviromment,
and Yet the th 4
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readily made. It can easily be shown in the majority of argen
jama that changes in temperature, in humddity or in other
1 s of tho external enrvin will modify the sction
of the genes. Yet there are instances In which such elfects
can be detected withnn the small environmental range

paint is sufficiently strilang to merit & brlef descoiption.
The Himslayan rabkit is = white form with blackish
extremitics, It i Inherited a3 & simplo recessire, belng due
to the operstion of & gene ¢* which Is a member of the alblno
of multipho allel phs (pp. 30-1), Himak rebhits
are born wholly white, Hnoe the gene is one which prevents
: £ at the 5 " fare.

A'fcwdqrculom however it action is quite different and
leads to melanin production. Cossequently the th
darken, for they lote heat mare rapldly then the rest of the
body snd fail to attain the irue body temperature. Thus
the exposed parts, the tip of the nose, cars, tafl, and the
feet aro Dlackuh in adult Himalaysn rebbits. It oan be
shown experi Ity that the Himalay h ia not
due to the operation of & gene coatrolling patiers, but
oot which produces different effects at different temperstnres,
1If an aree on the back of Himalayan rabbits be shaved, the
hair which grows again will be whits it the snimal be kept
warms asd biack if it has besn kept 1a very codd conditions.
Several gther genes interscting with temperature lo » similar
way haye been studied In the Mammalia, Bxamples sie
provided by those responaible for two of the threo chinchills
phases in the rabbit, and for the Stamess cat.

No such striking environmental effects bave #o far been
detected in Man, and our knowkdge of envirommental
voriabon In buman gensties is small. It must be sought
rather In Jrss obrious directions. One of these is the effech
of 1 age upon the p of the genes
by the offspring It ia thought that & number of conditiocty
e of them in part genetle, aro expresed with grester
trequency In children as maternal age advances. An fnstance
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dLbu:hmguE;nidiocy(Pcnmse, 1031} This is & very
condition, often death. It is belioved to be

5
|
é

4 varkety
1t is eary to break down an adjmstment, and fn s
of ways, though it may be hard to bulld it up. Conccivably
2 oell mey dedifferentiate through many ceuses, nar can
somatly motation be elimineted from among them. Wero
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Cases are sometimes encountered in which a melanotic
tamour gives rise to secondary growths one or mars of which
aro unpigmented. These suggest independent mutations.
It 1 much mare probable, bowever that they have spresd
as metastases from the original dic. If so, they represent
environmental modifications, the growth taking
forms in different parts of the body Indeed the hereditary
tendency in cancer s somewhst opposed to the bypothesls
that somatic mutstion is o usual canse of the disease
Though genes exist which rmse the mntstla

E

g
L
g
13
:
)
1
E
E
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xpreslon.  When vitamin D and
Mm”dmmmmhnhngthnwuuldmmh
E:ﬂinnmc‘ﬂckmmm Tines, though
segregation of the gens would be obscured in

g In the presence of a singls gene, desanbed
2 a0 autosomal dominant’ Wiener of al (16368)
htmdu:nnmtn:adthn.thpmdnmn[h-gy ‘before

Avalread blity to lofoctious discass s
often Inherited (sce aleo p. 184). Grumhc'rg(ll':an)-lmnnh.v.
cond. '.mr.uorymu.l it 1

thon of the sdrca Lo un:u
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may be entirely unknown, Doubtless It must often be
multh-factorisl When twing sre born of & syphilitic mother
instances are known in which ona only has coutracted the
disease, though thefr apportumties for infection must bave
been squal and great. Such a diflerence ay ths must almost
certainly be genetic.

Tho genetls infinence fn infectous disease i of coune
more difficult to assoss with wdvancing age, sincy the hered]

bustory of esch individua! and his past and present habits of
life, in addition to bis genetie outfit, are of great wnd obvious
import in & int ! to infection,

P

IV GENESTIC MHYBIOLOGY DF MAX
The methods by which genes produse the characters for
which they are responsible have been studied In much detail

No referesce has s far been mads to eye-colour althoogh
it is one of the more obvious of human characters, I bave
avolded the subject on account of the unsatisfactory state
of our knowledge respecting fts geseths control. The view

between

o There is & prospect, however that the
wbject will be greatly advanced in the nesr future, The
polat to whick special atizntion muat be drown bv 14
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’with ik in which s single factor
bolls disorder leeding to the
exadiouofphmylpymviuaddmﬂuuﬂm The sume gene
is rexpansdble also for what appears to be u very distinet
effect, unce phenylketonuna patients sre, in addition, mental
defactives of low
Finally it will be lnatructive o draw atiention o a com-
dition witch can arise clther genetically o2 envmmnmentally’
This is diabetes inxipadus, the chief symptoms of which are
im.cmef.bmun.dpolyuﬂa. 1t 13 dus to & angle factor hetero-
in expresaion, which interferes with the action of the
postdcrbbedthap{hﬁwybody Of this, the disease &
direct conatquenon; so rouch 80, that it can be produced
by:moﬂbcpmta%hbealthcmtdhry rexulting
from syphlito mesingiis or other causes. In euch & situa
tica as this, the intersctaon of beredity and enyvironment s
tather clearly revealed. 1t will be apparent, Indeed, that

e for 2 in mice owing to its acbon
outhcmtaiarlobenrtbep&huw-y which s demonstrably
defective.  Pluutary grefts allow such dwacls to atialn
neasly to fall stee.

Studies on geneto and on the intetschion

physialogy
betworn haredity and environment, in the widest setisc, a7
grestly needed in Man, With ol its limitations, the subject
oould be condderably advanced even In tho prosent state
of qur kpowiedge, It & ona to which the sttention of those
{nterested in himan genetles should eapecially bo directed
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$pecics may amume distinet forme in different regions,
'him,!h:mmgdhn‘mdthnncpddnmn‘m

{s geographical varation. it is not an example of
Polymorphism, ‘the deflnition of which is so framed as to
©ciude It Only when the forms in question persist together
tha tame habitat ay clear-cut entities can it bo seid that

from the oocardonal segregation of genes having
disadvantageous effects. These are eliminated by selection
and, quently are maintained In tho p oaly
bu’yun,:bn Furth it can bo shown

spread of genes giving rise cven to minute
ldhldv:nhguwﬂlbcuhmhdltmmrlymm
As well a3 such unfavourable genes, it fs neocssary also to
conslder those which are neutral as regards survi al valoe.
Howsver Fhber (10805) bas demonstrated that, Io ender

»

g
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to produce effectrve neatrality of thae kingd, the balance of
advantages between contrasted allelomorphs must be extre-
ordinsrily exact, so that such genes must be very e In
addition, without the help of sdection thelr spread through
the population is exceedingly slow Indred the number of
individuals which possess & gens of approximately neutral
snurvival valuo cennot greatly exceed the number of geners
tons smce its occurrence, i it be derived from » sngle
mutation (Fisher 1990a). Furthermore, with

inheritance, mutation {5 so Tare (pp. 61-3) that ity recumrent

the spread of sach genes will often require & perbod of time
¥ Vast a3 to fall outnde the scals at loast of minor ovoi-
Honary

trends,

Wo are not hers concerned with environmental varation.
Setting this aside, and bearing in mind the considerstions
Just outlined, we may be fakrly confident that when s form
occuples even two or three per cent only of a given popais
thon ft will probably possess some sdvantsge. In these
cirenmstances, {t mey either be in actual process of speesding,
o elso it may be maintained in & constant proportion by &

balance of sclective agencies.

‘These two al ex, respectively named Lot and
balancsd polymorphires (Ford, 1040a) each represent coo-
ditfons of outstanding interest. I.n!hau-:mlcntt"?:k;

farm previcusly rare spresds through the population, w!

becomes polymorplde during the proocss. Such an ocourrencs
s perhape slways due to s chango i the environment, which
gives soms value to & charscter previously dissdvantageoss
Formerly this was ot ranked as polymorphism ot all, for
the term was reserved for the distinet class of pheoomens
in which stable ratios are fnvalved, The frequent dificulty
of declding in what instances stability is in fact sttalncd
has made the Inclusion of the L ftuntion e peactical
secrssity  To take an example: black forms of many specscs
of moths have appeared in manufacturing districts and have
!ngdympphntndthcmrmllp-latypcszbmdm‘inlﬁ”
lnst 80ty or sbxty years (sea Ford, 1937). Whils this change
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was fn progrew, these populations were in a state of translent

True, or balanced,
equilihermn between opposed selechive agencies. As already
pointed out, a form will usually possess some advantage if
1t bas speead through & popal to any b
extent, But pormally this will lesd merely to s translent
Stability will be attalnad caly when the
adrantage coofared diminnhes, and s flnally converted
Iato u dimdvantage, as the form becomes propartionately
commoner Such s check to the progrexs of an initally
advantugeous gens may or may not bo genetie. It will be
imposed fcally if Is at a greater
classes.

Other, and remarkable, instanoes of polymorphbm in
fman coer (n eddition to sex. Thess must now bo considered.

L. TEE TASTE TC¥T

Thanhtﬂtytatuupbmyiu:bmlnlowcommﬂom
bas alveady been discused a8 a simple exampl of the work
ing of Mepdel's fint law (pp 0-15k n-mxxmn!h;{
that those who can detect thi sulntance posscss & §To8

dc-nlnmmcnm.-hnommmymdomhmmdw
lﬂﬂdmwthwzmdmwﬂﬁ' Whes
both parents are noo-tmsiem, s are sl chdrgn.

mlion
Tt cxm detect o e el S0 0 W oo

e ‘mom-tastecs cannod-
trations of 400 perts par milon.
- Tt
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to produce elfective neutrahity of this kind, the belance of
d b d allel pha mut be extre-

nrdlns;i}'ymd,wtbﬂu&h‘mammthcmm In
addition, without the help of selechon ther spresd through

tions mnce ta occarrence, i it be denved from & single
mutstion {Fisher 1930a). Furthermore, with

fnherftance, mutation £ »o rare (pp. 61-3) 1hat 1ts recurreat
nature cannot hasten the protess very materially Therclore
the spread of such genes will often requre & perwod of time
50 vast as to fall cutide the scale at kst of minor orola-

in which stable ratios are Invalved. The frequent diffcsdty
of dectding tn what fustances stability fs in fact attaned
has made the fnd of the 3 « poncticsl
necesity To take an cxamples black forms of many tpecies
of Toths huve sppeared in wanufactusing districts and bats
largely wapplanted the normal pale types there duncg the
Iast Afty oc sixty 3 ears (sce Foxd, 1987). While this change
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polymorphism
hnpu-hmtomuit-h-lddm-(pbon.
nwmmm.mdmw
4pcs might provade dectslve evidence that & Jong-establithed
polymarplism i at work in maintaining at optimum pro-

i
|
:
i
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fatal i\ The technique was
until the bags undedying such chscrepancies had been
analysed. Thuhunnvbcandﬂnz.vhhm]hwhmbmmt
belefly be summarized.

Tha red blood corpascles contan agel

P agglutinogen
mﬂv?mh&emmﬂmimﬂlhmﬁb
to it On the other hand, an agglatinogen of an
ﬁnlnhmallmntﬁummypnmln'homitanﬂﬂy

[ both ABr:pgd:Wd m-d::y;
carry B, & or agglutining y
mdmma@uwmmwd
Mm'mluluﬂnhn
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i:mmhnmnchhlgh:rmmtmﬁonthnhhbod. Thh
the action of u gens § ‘dominant’ in effect, which
searetion of theso agglntinogens, while the reces-

¥
g

Dmm:hhnnfort.hngmupsho A, B, and AR. Thia is

the
:ﬂdnﬂymmgnhadbythnﬂmlth&mmlumdthn
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compatihls with all groups. (Tahble A,

within the tablo). However the blood of
and somctimes
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nature of the blood group ratdos within gleen mee,
Theso muwmwuhuﬂedgrmﬁuﬂybynnyﬁun
of muliple sllcdomorphs. Group O fs dua to the operation of

groups are dominant to group O That is to say ihcgcm-
types GA1Gt and Gig both give nse to group A and am
dhﬁnguhhlblﬂnthdrcﬂtcl:wrmc"a’ludt}",pmd
g group B, However the genes G* and G* intersct to
produce the AB group, which, genetically i ¢G* Thls
theredore, a2 group O can have but & eagle genotype.

1t will be evident that, from the point of view of blood-
grouping, the results of any martege csn be peedinted
within certsin Hmits, These can readily be deduced from the
information just provided, snd they are Lsted in Tablo
The importanss of these facty will be discumed on pp. 115-14,

-
Blood-groups

Type of

iy, | sbecst amcag

O x0 A, B, AR

O xA B, AD

ox8 A, AR

A x A B, AB

BxD A, AR

Ax B —

0 x AR 0 Anp

A x AB 0

B« AD ]

AR x AD o

A, B and AR, Thess are lted in tw S0k
nohmn. In the weeond colamn will be found the hiood-groupe
children,

which cABROt appesr among thelr

Teble C. Tets types of martagn srm ponible with rapect to U
foar blood-groupe O, A,
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It i now possible to subdivide group A, but not group B.
mmcﬂmolqﬁuﬂnogm,{to.aluﬂntnlmyd}:hm
b"hmc(pmpm)urvuk(gmupu). The differences
between them are not believed to affect the safaty of blood
?Mudnn,-oﬂnﬂthmtunnlmundcrhht.hohbom

Ttyhmdl’rlur(l%ﬁ)fmmdﬂnthEu‘hndl-pFDﬂ-
mately 17-0 per cent of group A beloog to the AR section.
The recorded proportions in Deamark and the United States
8o higher being 34 and 318 per cent respectively whilo
hﬁhmﬂnpopnhﬁono{ﬂ.wnﬂgmup.uhnidtohe
sbwent (data from Wiener 1989). In geoeral, wo may assume

about ona quarter to one fifth of thoso possessing A are
of tho A2 and corresponding, groups A1B
lndA:Bufmna:dﬂindmﬂupmporhom'ithnt.hn
AR group.

Genetically groaps Al and A% are controlled by two
Teoes G* and G4 allelomorphin to 006 another and to @
10d g They form & multiple allebomocph serfes in the order
@ G* G g cach of which is dominant in effect to thaso

(?hcwemthoughd.amlnmttn‘inmnctlvﬂ-h
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R
ehlidrea children

Al x O | B, A1B AB AlB x A1 10 A3
A2 x O | A1 B, A1B, A2B| A1B x A2 | O A3, A1B
Al x Al | B, A1B, A2B AR x A1 o
A3 x A9} A1 B, A1B, A2B ] A3R x A2 0 A1 A1B
Al x A1 | B, A1B, AsB AIB xB | O A3, AsB
Al xB — A1B x B 0, AL, A1B
A3 xB | A1 A1B AlBR x A1B | O Az, A2D
AlB x O | O A2, A1B, A1B | A9B x A2B | 0 A1 A1B
AZB x O | O Al AIB, A2B] A1B x A2B | O, A2
Table D, volving group A, when this is sub-
divided Into Al sad A%, and the blood-groups which cannot
appear among

Yet another subdivirion of A, group A8, has now been
detected, having e atill weaker reaction with agglutmin «
than hes A2, The dats of Friedenrelch, one of 1ty dk %,

G and G** and dominant to ¢ Presumably it interucts
with G to produce a group ASB of great rarity If theso
indicats are qub iated, wo have & Itiple allelo-
morph seriss of five terms st the g kocus: G2 G G2 (&
and g, and the genetics of A3 could be worked out on slmilar

make it demrable to provide tables Lustrating the results of
the marriages involving it. Furthermore, cven if thhs could
be done with confidence, they mould be of pegligible valuo
owing to the rarity of the groap.

It shoukd be explained that the lature of thew
and other bloodgroup genes adopted in tho past has been
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the ch and the ible for them (pp. 90-1)
In addition, in readiog works oa blood-grouping, it je often
by no means elear whether o letter refers to a geno
o {0 & group. This can be determined by a careful
ﬁ’ﬁ“" sometimes

we of the cypher (0} for a gene, in distincton to
another letter for ita beence of genle

f foe that with the
ar the blood-group genes; uslng g (=group) foc
ruc:-ivae.ﬂ:d,.gdmncnpiuhmdwmmfoﬂhﬂdm"
pants, as would bo donc [n any otber such series.
() The Al N Serie
In addrtion o the agghutinogene s far dheuserd, others

nal the first compriess two
Scrien Bave ”_h,‘",,,,,"".‘.’u.,.’?’é "AIl humen red blood
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Tobis . Marrieges involving the M, N, aad LN biood
Froups and the types which cannot appesr among thelr

ketters, 0 ohacuring alldomorphism. My reasons for dolng
% we sufficently explained ou pp. 110-11  Consequently
Ihnnxdthnmldtufwthutwphnulthonmn

£°¢, in conformity with ordinary usage, R belng
chosen (with rfermco to rabbit scrum) With an inter
modiate heteroxygoto it s Dot dosirable to employ capital

and agmall letters for the ve -
thesa should Indicate Thus, I have adopted
o fixed letter with a varying suffix,

Table E, and its significasce will be discucsed oa pp. 115-16.
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{¢} The Rh Group (see alro p. 152)

1t hay recently been sbown that the human red sospusdles
usually contain an antigen eslled Rb, which reects with
immune sers prepared by {ojecting rabbits or
with the blood of thesus monkeys (sea Tayke 1043} The
presence of the Ith anbgen s inherited asa simple dominant
It occurs w about 83 per cent of the populstion (caleulated
on white Americans) Racial differences in frequency are,
however now known, ay ir the existence of mere than one
kind of Rb, analogous with the different forms of A,

Antibodies for Rh do not nermally oceur in human plasma.
However when blood contsining the Rh sntigen is givea 1o
»omo of those lacking ik, » slight heemolysis may result.
Rb antibodies are then produced »0 that Rb blood given st
& later transfusion may have grave results,

Sertous reactions aro sometimes ohrerved {n woinen trane
fused for the fArst Ume after the birth of o chid (or # mi>-
carrings} These seem o be dus to unmwuse antbodios formed
in response to antigens present o the foctus but abeeat in
the mother of these, Hb appears to be perticularly important,
Taylor suggests that the pasage through the placenta of
such maternally formed sntibodies may bo the catse of ery
throblastows foetalis: a hasmalytuc disease of the newly bora.

The detection of human Rb antibodies may be difieult of
impossitla, Taylor therefore advises that Rirnegstive bood
should bo used whers posnble, for repeated transfusions, of
even for & first transfusion to a woman recestly pregusut

I¥ PRACTICAL APPLICATIONS
A kpomledge of the O A,Bbloai-ﬁoupmuofmm
oaential in the wide sange of caves
deurable. So it » abo in medico-legnl work, sioce blood
saim can be axsigned to thelr correet blood-groups, Wi
amnsting in thelr entification. Tho geietie sypect of poiy-
marphism, exem by the tasto test snd the two bood
growp serics, is glio of implrtants to practitioners both
Lo its Sogal snd 1ts medioal signaficance,
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pter that it is posddbls

FPOLYMONPHISH

1t has been demonstrated in this chay

blood-groups which can
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is of the particulats or Mendellan type, which depends for
its operution upon the extreme permanence of the

factoes themselves. Were these to change (mutate) in a3 many
as ooe individual in even a few thousand, the system would
break down. A study of such mutstrons threughout the
widest selection of Lving organixms demonsirates that a
mutation rats of 1 in 50,000 ndividuals la extremely high,
and this frequency is hardly ever exceeded. Inhemtance in
man is of the same type, and these conslusions are strstly
applicabls to him. Bat we are no Jonger dependent upon

),
in which it proved to be, when most frequant, of the same
order of ranty as In other arumals (sce Haldane, 1685).

Weo can therefore be coufident that tho error introduced
into blood-groaping by mutation is not grester than 1 in
50 000, and is probably less. Such mimute chances are omt

From the medical point of view the human polymorph-
ixms, as exemplfied by ths taste test and the

1
'
|
%
Efg

gl
e
i
Frp®
]
Biis
§8.5
2 595#5
Ers 838

smistance in checking the validity of a pedigres in

some inherted condition appears ax a ranty or is expresed

in an exteptional way In theso efrcumstances, unglo cascs

tay greatly affect tho {nterpretation, and tha posibili

ol doubtful patermty should be investigated carefully whes-
wuspected.

g

s
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frequencles of the young and the elderly

Wo ean hardly ‘suppose that the blood-groape represent
Instances of transent polymorphism, rather they must be of
the balanced type (p. 101), amsockated with ratos which have

thould vary widely between different races docs not ppoar
1o contradiet this view Thoe genctio coustitntian of the
mare distinet of the human races munst differ rather ooo-



us GEXXTICS YOR MEDICAL BTUDENTS

Thess conslderations of coarss apply not only to the O A
Indeed it

B serles, but alw to the M, N MN groupe. 1
that substances serologically related to thes

establubed
antigens exist {n the chimpanzes, but not in lower monken

or the me of flalds of insuficient tending in the
other direction. Clearly the matter s one which ments
investigetion in the future.

ferred by

within the
small and elusive though the distinctions may be, Is ant
deserving the carefid sttention of practitioncrs and,
peshaps, of campanies.

thet, the lcteror) o clam
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T woald slso strangly recommend an exeellent litthe treatise

the product of the squars roots of those forming the other
two classes. Thus if the number of {ndividuals in the homo-
zygous dominent class (D) is p* and in the
receadve elase (R) is ¢* the three genotypes, D, H, and R,
are distribated fu the proportion.
P i ¢
This {s a condderation of much Importance. If we know
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%0 that the diffcrence in frequency between their two homo-
‘!meh.uhyvtmcrovm It waa pointed cat on pp.
l1lnd37t.h.tﬂwnghmyonhennmndmmatmdtn
:nmduu-ﬂniu‘domimnn thes s & pure assumption
nearly cvery ane of them. It will be evident from the

'ﬁ'u{ncndainvnhu‘]ho'drﬁicultitmﬂyhto
Compare them in therr and heteroxygoas phases,
4od until this fs dane no ooochuon on their dominance ean

2

tear

e have 40 far been roviewing the distibution of agto-
somal gengy fn o n mating at random.

s normal type of scx-linkage (total sex mkago in the
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a at rTandom.
A parr of allel phs Ity rtted can exbst
in three genotypes: the two homoxygotes and the hetrto-

sygous domment class (D) is p* and in the homoxygous
recesslve class (R) i3 ¢* the three genotypes, D H, and B,
aro diatributed in the proparton.

P opqig

This is o ideration of much imyp If wo know

fon of tvea in the population, the fraction
of the dominant phenotype which is composed of hetero-
xygotes is directly calenlable. Suppose & disease doe to 8

concinsion will be duscussed on p. 180,
Suppost, on tho other hand, we consider s gene with



METHODS OY STUDY 1

et Heatatia (a led dociinant’). We

e lodividual in ten thousend

chaniciex, then the heteroaygote is forty thousand tmes com-
et than the dominsnt’ therefore
Ppoun anly in one mdividual in four hindred milhoo. Many
of the nonrecesstys in Man are rarer than this,
% that the difference tn ‘between ther two homo-

37900 classcs i3 yet mare vast It was pointed out an pp.
17md81thutboughmmynlt.bunmcmdlﬂnmtoundln
Max are described as daminants’ this js & pure assumption
& neatly crery ang of them. It will be cvident from the
F*‘ﬁﬂq&-;fh fvotred how difficult #t nomally s to
Campare in thetr and heteroxygoas phascs,
mwwhm?mwm@mmmm
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Consequently the ratio of receaatye males to receseive females
Is¢ g*orl ¢ So thatif one individual in ten thomend jaa
scx-tinked recesmve, affected males are five thousand tmes
commoner than affected females That is to say totally
sex-lnked receastve codditions are immensely more frequent
in males than in females.

Ths exposcs an error which I have severs] times encoun-

tered in medical writings. It 18 sometimnes noticed that &
recesuve defect occurs rather moro often in males than m

ono
Clearly & small excess of ane sex among fndividuals suffering
from a recesare defect must not be atiributed to sex-inkege

Totally sex-linked gencs dominant m expressson appesr o
be very rare. Posmbly true dominants of thu kind do not
exist. The presence of the two X-chromosomes in the female

detectably from aratlo 6f 11 3.
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Tho methods for
f exror Dectasary
cabions of the theory

§

m‘wwqw.mmzmumﬂdw

——
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mrpcucd by cha.nco ey in uppmpdntc cﬁmunsu.nnu, be
Eyror (). Thofnqncncy'ithwhh:h-nrhﬁonu).u-‘a
az the standard errar (or 1ts multipls) may oceur by chanee

ix approximately as foBown:
Standard Horor of reached
(0} Pnhmn;{v o beleg

1xa 1ma
3xe lin2g
Axa lina310

It & & conventlon to consider that statistical aignificance b
attained by a quantity which equals twce its standard emrar
thix may roughly be regarded as odds of 20 1 sgainst the
r:sultbd.nalm-tuilvu:.
derd error of & p tage may be 7 as
v HI00=pi/
Whm is the percentage and n iy the total number Ve
may wish to discaver the sexrutio st a given age n 8
particalar district. Sappose that for this purposs we chtaln
a samplo of 200 individuals, and find that 45 per cent of
thcmmnu]a. The standard error is caleulsted as 852,
and the sex ratio shonid bs expressed a3 4354351 Thatbs o
say ths chances sre approximately 2011 that the tros sex
mtio of the population from which the sample was with-
drawn lics within the range 45.47-0¢ Mareover since the
50 per cent level falls within theso limits, we have obtained
no evidence that the sox-ratio of ths population differn
from equality It may bo noted that if we were actually coa
cerned to test whether the observed frequencies werp com-
patible with an erpected retlo such as 50 per cent, wo shoak!
cakculate the error using that ratio
(L V30 X 50 | 200 =8-53)
‘This examplo shows 1ot only that it is possible to oxtimate
therdnmnotunmplctothnpopuhﬁnn&nmumltln
taken, but that an actusl ratio msy be compared with that
cxpectad to oocar on some hypothesia, Thereforo it is an
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mmﬂbodilnl.pplhbhmnﬁmofmmthlnm
dl.m,thcdgnlﬁmnmnl'hkhmmbcwhymd
the 1* distribution (Fisher 1841). Furthermore, {n human
genctis segregating

C ly the d error fap
Friate test of fts sigoificance, ad sbould be emrployed foc
this porpose. T myhh‘h"mg tz:lﬂino.
(pp. 23-7), that of nommal coat rablat. The
and white fat dominant to yellow fat, In the
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to

explain the procedure for doing so. Ths vahis of such
work will, it s hoped, now be apparent.

An scoomnt of hnkage and croemmg-over was given i
Chapter I, and it was painted ont on pp. 234, that aceunte
information on three generations is normally requred in
order to study thess phenomena. T!ﬂ:hmdy-vnﬂ-hhh
human material, so that it Is important to reatize that fink
age data cen now be obtained from an analysis of two

scope of this book but an admirahle acocunt of the subject
is given by Fimmey (1040-1). A less senative, but usefal, test
for linkage may be obtained from a single gencration. It
requires indeed @ samewhat extensive study of brothers and
dtttu.h:tithhrmﬂpncmhhm;mtmu-thm
belm)gtngtoldnghg&nﬂlﬂlnfurthn

{buthon of two than to do 0 on
nnlﬂaﬂnmbﬂlbdnngfngtoﬂneodilﬁnctgmn‘m
The method of obtaining linkage data from the cxamination
of & xingle generation is due to Penross (1035). I regard it as
an advance of great potential tmportance for human genstics.
The procedurs is not dificult, and may briefly be commdered.

Two children from tha same parents are clasafied for &
given character for instance the presence of agglutinogen A
in the red blood corpuscles. Those alike in cither respect
(both with or both without A) are placed in one class, while
tnliks pairs (cne with and one without A) are placed in another
clasz. ‘Ifbﬂylnchmdmﬂuiydudﬂa:lfcrmyotbuﬂmi‘

fact: This is repeated for as many peirs of
ibs (that ls, children of the same parents irrespective of
sex) as possible.

If the genes contralling the two sets of contrasted charac-
ters are mnhnked, the four classes will appear in dmplo
proparison.  If, however they are linked, the two clames

ting pairs which are alike or unlike In both respects

will be in excess. 'I]:mcx';:u:n:t.n;{m:m:t.h.s-.m::nl"""‘“""g
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Bnhwdﬂ!mtmhobtdnzdbyunmpu—md
c-:hd.-;:utadmhly An example will make the

Presenoo or aheence of agglatinogen A

ks unlke
Prescnce
abesmes | I “© 17 14
:nd (29) (10)
bakr ° s
unfln [4) [$))
0 20 00

8 10 Similardy for the unlike pairs for hair Thess
total 8 and, when distributed in a ratio of 40 10, give an
of 311
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tion (Fisher 1041}, for this test of mgmificence. The
departurs from expectation is of the kind to be antd
pated if Imiage occurs, bat it 1 not mgmficant.  Yet larger
numbers might posyibly demonstrate Linkage between these

genes.
This method j of the widest apploation. By its use,
information on human linkage could readily be amassed.

Attention must be directed to an error which seems to be
rather widespread in tho Interpretaton of linkage, It L
often noticed that two distinct characters aro inberited
together and I have repeatedly found thiv attnbuted to
linkage between the two genes controlling them. It must be
clearly understood that, in the pepulation as & whole, link
age can pever produce such a result. Cromung-over will
usually separate linked genes from ono another rathe
frequently  For the crom-over value is usually over t pa
oent; and even In exceptional instances of very rare cromang
over this process may be expected to occur et a level well
above the mutation rate. In the general population, there-
fore, hnked genes are just as often found dmsocisted as cor-
bined, and lmkage provides no explanation at all for the
inherttance of two characters together Such a result can bo
produced by inkags only tnikin gioen famulies 1t Is then doe

indiention
exeeption, the inbenitance together of two distinct characters
f5 atiributable to the multiple effects of singls genes, & pheno-
menon which has already been duscussed (pp. 70-80)
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0L TWE DETECHON OF INHEXITED CHARACTERS
The valns of correlation 1o the stady of heredity bas
slready been ducmssed (pp. 67-8). It was polnted out
that the eorrelation coeffickent indiostes the degree to

coafikents can of eourse be calenlated, mo
that i can be detormined w the ocomrowe of &
o m ono Individoa Is 1

be correlation stndies must be applied yet mors
widely It s particnlarly to be noticod that they are applic-
able to all ck of of wh
kind. They tharefors provide a test of the Inheritanos of
mental and moral qualitics, in #0 far as those can bo amessed
quantitatively Various other types of numerioal comparison
are aleo svailahle for this purpose.
'Dmmnmrmtdintdl]ammh.clmlmlwd
much difficnlty but the carefully devised Bloot system
seemmy to peovide & Just besls for estinasting inbor alubty
fn chfldres, totally a8 I beliave it to be of appion
tion to normal adults. thnndfwfdwmﬂmmn
are largely excluded,

and temperamental offects 3 to
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A valuablo exampls of its uso in genetics i provided by Frazer
BHoberts (1040 pp. 237-8). A group of 8,400 children of
school age were given mental tests and classified as Bright
(LQ >118), Average (LQ =91—113), and Dull (LQ <91)
Threo clatses wers then selected, comprising the baghtest

she of the brightest children were bright,
oent were dull; whils only 87 per cent of the xibe
dullest children were bnght, and 583 per cent of
were
Soch studics as these have cleardy demomtrated
inheritance plays an fmportant part in the development of
mental characters. Analysis of & number of them suggest
that perhaps 75 per cent of the variaian in fiundamental
intelligence is genetlo, It must of courso be sppreciated that
the uss aay Iadividusl subsequently puakes of his mental
largely 1, and quite cntude the
scopo of such tests. It fs undoubtedly true alto that thers
in

tendency for the more and the less intelligent members of
the community respectively to marry those who spproximate
to their own mental level.
In gencral, there oan be no doubt that ardinary mental
T i b‘;’;ﬁty.ndmuonmmx, b";:
determined jountly by CAVIro) >
Ph’wmﬁg’ So too are such conditions as tendencies
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i than they Statistical stndies on the differences
between mch twing and between nocoal ibe are therefors
of servics in d ining the effect of t varia-

howover

ton belng wholly Thoy are of course subject to
& mare gimiler environment than are normal sibs, but not
more traternal twine, eo that they allow & rather
Fachmm.dmwdmvhmﬁp::
iy "dih’.‘,.tf;! Jl:huwhrplptﬁ
s attribatable to and theso aro
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vell {lnstrated by & usefol compatisan between the genetics
of tuberculosls and pneumonis, drawn by Frazer Roberts

&1:‘?) It o number of twins be studied, caa of whom sulfers

type. ty
fmportant fn determining susceptibility to the basiflox; bat
thnmr(ronmenth:holbdor unce one member of & pair

of identical twins may B e e
other is not. Further in the latter circumstances the prog-
nosis of the disease s since, s Frams

tmﬂﬂﬂ!bﬂndltyhmtmlmpnruntwtfnm

disposing to that disease.
When » syphilitic woman gives birth to fraternal twing, it
i3 sometimes found that one member only of them sffers
trom congemtal syphilis. This b sivong evidence that
susoeptibility to it ts In part due to ths action of genes.

Man, It fs o proposition of gencral applicstion wib
pertizulate intreeding 0 produce homeo-
xyguity Where seit fertllization ocrury, as in the

of tes in actmally halved at each

individoal ls a beteroxygote
cond!tion, the chances that his brother oc sister o 8 hetero-
sygotears 111, they are 1 7 that & first cousin by one als
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1Wh:nn:leninwndmonuﬁmuummd1ﬂdudlnlo.0m.
Pt oent of tha popalation are beterozyyotes (p. 120), snd
ﬂmd&mmrﬁauwpmmmw
bia wife Leing hetarorygous also aro 1 1 49 but thay arp 157
i bo marnes & first cousin. In these clreumstances, the
dlmtlthatthncmdlﬂmnhnﬂnppurmthnuﬂ-pﬂnz
mwmﬁﬂdbynﬁutmndnw If we
ﬂxﬂdutbnwwhﬂmu-wholc.ommdlddmﬂnﬂhy
B & beteroaypole, s0 that 0o marrlags in 2,500 ke

q@mlnmoli.h-dpw‘-ﬁdq‘“m’

t:ncﬂacthunimpmanttorp:':uhﬂﬂll‘dﬂ:
I’WM‘T%W' dusls of success-
 charact Talf

PP obvioas
seoccations will make its method of lnberltance
::gmwnwmmmndh(m“k'ﬂw
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fsw  Thus 1t may unjushfably be doubted if the
11 one of simple unifactorial inheritance. Stattstion] methods,
bowever exist which help to reduos thess sources of erTor
I¥ EXUGCHicE
It was shown in the firet seotion of this chapter that the
genes responsiblo for very rare recesdvo conditiors e

will be recalled that most mutations are disdvantegecus
clfect, and that unfavourable chmacters tend to become
recesmve (Chapter IV) Very lacge nambers of such gepes
must therefore extst i Man, Consequently we can be mmre
that each indivadusl will ba heterozygons for aome of them.
1t {s for this reason that only close inbreeding bs generally
harmful, so that prohiblilons sgainat It exist o the lawy of

‘These facts indicate how dificult must be any extemsive
of cagenia reform. It Is absolutely lmpossibio to

rid a population of » diseass ink d as & simpls recemive
meythhmwtmwbzwml-ﬂwbmﬂ;
it from having children, becauro terosygotes
WMmemzymddhmm
m‘mldhonwlddyiprudtbnmtxwmimﬁm'uﬂd
Y oa of the question. Nor s the situstion at all smpls I8
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{s an instance,
EwmeDuwin(lm)hnd-h't-dM:yﬂm

ugmluuupmvﬂﬁd nm.ld
factocial which actuslly allow of more rapld
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there, when ons of them chances to give taa to fome recognis-
sble additooal character can the umifactorial naturs of &

in which s dang v discass bas app

1ot marry s near relation, To abstain from so doing iy an
evident duty The reason for this will now ba clear and it
will be clear also how greatly linkage studies will help thoss
who are faced with such problems uy these,

We have 2o far been pled with pegath ugenics”
the ination of disad H harecters. There exists
also the question of ‘poaitive cugenics tho disemination of
advantageons Among animals guch & process is quita

causcy the of dissdvantageous recemives bat,
it combined with the elimination of the unfit, purges the tace
of them. By couatant repetition of tha process in two Hoes,

from whuch the best strains can ba scjected and maintained

safel; inhreeding

Sus;hby.r duro is obviauly inspplicabls to Man.
Moreover whvcﬁmtn&hmmwﬁﬁrdﬁh‘
what human types are advantageous. Some of us bave
entontered the conjunetion of & weakly body and grest
‘maln, acd we are all familiar with ity depressing coaverae.
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Left to human jodgmeat, it is certaln that the genlos would
often never bave been born. On & minor acale, & clever man
thould seck in roarriage e partner whose mental powers are
good, for we have scen that, on the average, they will prodace
imtelligent child but an {ve p of positive
cogenics ts one for the distant futore,

The question of eugenlo reform encroaches upon one of
the special preserves of the fanatis, ths problem of Rece

cepty as the British, the Nordic, or the Jewbh races have,
or bave not, reality In thus matter as in many others,
extreme visws appear to be jncorect.

On the 6o band, it Is pot sdmbmible to maintain that such
races are purely artificfal. Thelr characters have some reshty
and wo bave guod evidence that they may bo preserved
when one people Is fmmersed among others. It has already
been mentioned that the blood-group frequenaes of Dutoh
and Buslan Jews are much moro allks than are thoss of the
communities among whom they live (p. 107). On the other
hand particalate inheritance allows the malntenanes within

attainable
lation of genetls diversity It might be reasonable to suggest,
for erample, that Englishmen had half their sncestors o
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fze] that it is worth whils to devote time snd to
obtaining such information. 1t is my bellef that it can be

used for the beefit of
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CYTOLOGY

i s possilie) 0d statwing
s et e e e A Lot e
In looncie a0 the teala, sppermtly 1o fe high water
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obtaining such Informaton. ltumybdk!d:nt can be
used for the benefit of mankind,
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Adnaphcre. The meaphnn is & period dming which very Dtily

change ooours. M is of short durstion. The oneet of
o mwrkod byth-npuwn;ala.ahqﬂndkmmt
ints two parts. These thon repel ooe ancther so thet the two

thelr thickness, It will be remembered that thls ocomrred
doring the provious rating sage. Mitosl s now complets,
& witl grow umtll they

| spocial proos t oooalets of
‘eing the ket which the
Deciington ss ‘two divisions of the muckes
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Bew bricfly be descrihed, ‘Those Seatures, such &3 sphudle forme-
‘hk‘hhhﬁup_—hmm'ﬂhm'ﬂlhw

{8) The first melotls dininion

Propham
The proplass of the fist melota divielon i aboormel and
:ﬁxnhwmwmhmw
stages.
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mmm.mmm thry ate prevented
Solng so completely becauss

pame ‘chiasma (Fig 10). At leset cos chiaura nearly slways
Zormax betwacy a5y palr af and tha sverage nunaber
-

ars each of two chramatids which ery
»ild ualted at tha bery rrprmeniod
narm.-n. It b-mmsth-chhmshm

dferent  bomclogone
-t ant.' mubulwmbm

maytm:beuh!ghuc&bt. HBowerer they do nob aceur vy
Doar together becsum the clromatids are st encagh to resiet
closs twiwling The of ons ehissa therefors porrents

whice the phenomenon 4ntotference {p. 28} Complete
sytodogical proof bas now been obisined thwt the dirocaatids
not merely twit aver obo Another where 8 hissme formos, but
that thay material st that potat (e Derling:
mxw& Unless thiy werw a0,

the bhave formed, the chroenatids shortes sad

chromaiids pess Gver one anciber to form e X) tend 0
amsy fmm the spindle attachment towards Um eods of the
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the poeition of the twist resulting from that Lxterchange.
The prophaso s followod by s falsly normal prometaphass.
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(<} Genard suroey of mlons

i

Buch = view is totally ivoxrect. The reason for this reveals vary
w,mwmmummmm
and s octh befel
mmﬂdhmahndwdmdlvwonhpmdu A mitoss
I a0 ‘equating divison one which cosures thet the ‘danghiter
ells shall cach receive the saoe oumber of geoes wa Lhad pomesssd
b)themﬂ&mvhhhﬁnywmﬂnivd Bzhhh‘nd»dq’

concrroed o efipcting Meondoling segrege-

oy

L\nnuh’\r:;mnn\mxnn Thoa I}y & accond makods, 2%
= mitosls
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CLASSIFIED LIST OF SOME INHERITED
CHARACTERS IN MAN

THIN LinT o Amited to conditions amertalnad on falily good
evidence to bo determined at st peincipally by s singie main
mhhmhwmhmﬂiﬂ.mhwhnﬂ:ﬂu‘

d to be i

the Bibfography). In sddition, multifectociel fnheritance has
buem studied extenstvely in Man, but the resaits cannot o ussfally
bo summarised in tabular form.

The charastors are arranged in dlstinguished by
WHhin each of thow thay are placed b order and
oumbered. This allows to be givon when dmiler
sharacies are

‘domtomnt? n man arv peodooed by geocs

baving kdortical eliects fn the herstoxygows and bomosygous
further information oa those

Abbrevistiona «re caed to give rroguiarttis

charactors which sre pacthalerty sabjost to varions

- followm

— Probably same complioations.
B = O 1
Y = Ocoaslonally not expressed n hotaroryots.
1 = Dominancs Lnoomplets.

— Exprossion markadly varislle

o

u uo
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B

S feundion, schoturia.
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3. mbaorowe oysts, multiple. 41, white forelock
37 splastio paraplegia (F3). 43, whits focelook (rostricted
:-ﬂnﬁwn o males),

tosth, sopernumenry 43, woolly hair (0 Euro-
40. tyloale palmaris et plan-

0 INTERMLD ATE HEBTE OXYQOTES
L omly stralght, wavy hatr £, minor beschydactyly
(i Eqropsans) (). 2. M, N biood-groap-

D SEX LINKAD RRCEESIVES
L enidrotlo cotodermal dyr 5. ‘incomphts albinhow
phda(lh). 6. macals fotes, sbesoce of.
s coloar Windnes, red groen 1 miorophthalmia (1 family).
.
% hasm philia (8 aldo-
9, retinitly pigmentoss, with-
& lehtirynsts vulgaris (B28). ot deafness (B35, Fi).
B SEX LINKRD DOMINAWTE
L misming focisors (1 family) 2 nystagmoe (only about 50
(o por cant heteroaygons ex
prossion) (e}

F FA T AL SEX L WK @X

L ephdermolysls, smvere dys- 5. spastio pamaplegis, Teosacd re

z and palsie O, tots] colour blindoess (ro-
(recwsmsive) (A9} »
& Oguolu's discass (recem! ). T plgmentosum
-~ i {reoessire)
out desfoess (f
morpha, 1 dominant, 1

L X INK OEIN Y

L kehthyosls Lysteix gea for L wabbed toex (1 form).



4APPENDIX 1If
THE Rh GROUP (continued from p. 114)
IMPORTANT INFORMATION on the Rh group has beens obtained
#looe thia book wes firet pubtishnd, As it i nat yet svsllable sevs
in original papers, and a3 essortial trastment way now be besd
upon the genetle Sndings, I bavo dacided to ghvo & brief sumnary
of

necded. This ehoold supply srythrocytes
A" seramm fa taed up, wnd the resalt b highly

Ulapior, G L. (1844) Brithh Ewgehpudia o Mablcel Prois.
Isteie Sapplecent 25, s
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