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Our purpose here is to describe a project aimed at deter-

mining the magnitude of the mutagenic effect of ionizing radiation 

in mammals, such as mice. For the purposes of this proj ect, we 

mus t distinguish between mutations which have been inhe rited by 

a given generation of a population, and mutations which have been 

acquired by that generationo The acquired mutations may have 

spontaneously arisen in the animal during its embryonic de velop-

~ent or after birth, and they may have been induce d by exposing 

the animal to ionizing radiation, either during its embryonic 

development or after birtho 

The proposed project is limited to the study of recessive 

lethal mutations which are carried by an X chromosome, i. e ., it 

is limited to the so-called sex linked recessive l ethals. 

Both the acquired and the inhe rited sex linked recessive 

lethals should manifest themselves in a reduction of the propor-

tion of male s in the brood, at birth. This effect may be 

e xpected, however, to be very small~ Thus, for example, if 
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~% of the X chromosome s in the ova carry an inhe rit e d or acquired 

sex linke d r e c e ssive l e thal, the n the proportion of the male s in 

t heFF brood would the r e by b e r e duc e d only by 1 ~0~ . Rathe r than 

t o r ely on this e ff ect, we shall adopt a me thod of study which 

app e ars to b e more promising. Our me thod can provide us with 

r e l i.able information conce rning the abundance of the s e x linke d 

rec essive l e thals that have b een inhe rite d by the f emal e popula-

tiono This may b e s een as follows: 

Le t us conside r a population of 10,000 f e male mice and 

assume , f or the sake of argume nt, that a small proportion o f those 

f emale s, say 1%, have inhe rite d a s e x linke d r e c essive l e thal. 

ln a sample of 10 , 000 f emale mice the r e would, the n) b e about 

100 f emale s who have inherite d a s e x linke d r e c e ssive l e thal. 

A f e male mouse which has inhe rite d a s e x linke d r e c e ss ive 

l e thal will, on the ave rage , have 33 nale s in a brood of 100. 

Accordingly, we should e xpe ct to find in our sample of 10 , 00 0 

female s, about 50 femal e s who have 33, or l e ss than 33, male s in 

a brood of 100. 

The r e st of the f emale mice which have not inhe rited a 

sex linke d r e c e ssive lethal will, on the ave rage , have 50 male s 

i n a brood of lOOa In our sample of 10,000 f emal e s, the r e will 

b e about 9,900 f emale s who have not inhe rite d a s e x linke d 

rec e ssive l e thal and, on the basis of simple statistical 
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consi derations, we s hould e xpe ct to find among the~ about 7 fc~al ~~ 

who hav e 33 , o r l ess than 33 1 nal e s in a brood of 100 . 

If we have a suffi cie ntly large sample of f emale Qice 

available , we may de t e rmine what proportion of the s e mice have 

i nhe rite d a s e x linke d r e c e ssive l e thal, by proceeding a s foll ows : 

We breed e ach f e male oouse until its brood tota ls 100. Th0 

sex of e ach ne w born mouse is de t e rmine d and, with the e xc eptions 

sta t e d be low, that mous e is the n kille do 

In e ach case whe n we find that a f emale ha s a low propo r 

tion o f male s in its brood, we may suspe ct that an inhe rite d s ex 

l inke d r e c e ssive l e thal is r e sponsibl e . In orde r to de t e rmine 

whe t he r this is, in fact, the case, we pre s e rve 5 or 6 f e male s 

out of the last litte~ and e ach of the s e we breed until it has a 

b rood of 100 . If any one of the s e 5 or 6 f e male s has a low pro

port ion of male s in its brood, the n this would confirm that a n 

inhe rite d s e x linke d r e c e ssive l e thal was, in fact, r e sponsiblee 

Mutation Rate and the Inhe rite d Lo a d of Mut a tions 

We may study the spontane ous mut a tions which r e sult in s x 

linke d r e c e ssive l c thals by applying to a natural mouse population 

our me thod of counting the numbe r of f emal e s who have inhe rit d 

a s e x linke d r e c e ssive l e thal. A sample of 10, 000 f e ma l e s should 

be suffic i e nt for this purpose . 
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By counting the f enal e s who have inhe rite d a s e x linke d 

:recessiv e l e tha l we de t e rmine the inhe rite d load of s e x linke d 

rec ess i v e l e thal mutations. The r e exists a simple r e lationship 

bet ween this load and the rate p e r ge ne ration at which an X 

chromosome acquire s a r e c e ssive lethal through spontane ous 

mut ation. 

Le t us de signate with AL the probability that such a 
r;, 

muta tion should occur in one ge ne ration during the passage of an 

X chromosome through the male , and de signate with ~ the 

probability that it should occur in one ge ne ration during the 

p a ssage of an X chromosome through the f emale ~ Since a male who 

had inhe rite d an X chromosome carrying a r e c e ssive l e thal would 

not b e viabl e , the probability that an X chromosome in the spe rm 

o f t he adult male of ave rage age carrie s a r e c e ssive l e thal is 

give n by~·-~ o If £ de signate s the probability that a f emale , 

bo rn to adult pare nts of ave rage age , inhe rits a s e x linke d r eces-

siv e l e thal, then the probability that an ovum of an adult f ema J. e 

of ave rage age contains an X chromosome which carrie s a r e c e ssive 

le thal is give n by E. -r;_* 4t·-· 
It follows that if we mate an adult f emale of ave rage age 

W]. th an adult mal e of ave rage age , we may write for € ' 
the 

probability that a f e male offspring will inherit a s e x linke d 

~ecessive l e thal, 
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or 
!2. ( :.,{_ _;_.;~ ' '·. If--' -- )V\ J 

a nd this may also be writte n in t he form 

Thus, in the case of s e x linke d r e c e ssive l e thals, there 

exists a simple r e lationship b e tween the inhe rite d lo a d of muta-

t1o ns a nd the rate p e r ge ne ration at which such mutations ariseo 

We have such a cle ar r e lationship be tween the inherite d 

load of r e c e ssive l e thal mutations and the rate p e r ge n e r a tion 

~t which such mutations arise only for the class of the s e x li nk ed 

recessive l e thalso Once we go outside of this class we c a nnot 

de rive such a r e lationship b e c a use , outside of this class, i t i s 

not known how long the r e c e ssive l e thal mutations p e rsist. 

Ra diation Induced Mutations 

We now turn to the inducti on of s e x linke d r e c e ssive J.e thal 

mu t ations by ionizing radia t iono Le t us first conside r, for t he 

sak e of argume nt, an experiment in which we start out with a 

natural population of 10,000 f emale s and an e qual numbe r of male s . 

Le t us e xpose the f e mal e s to a c e rta in X-ray dose Jf and de signate 

wi th the probabi l ity tbat an X chromosome containe d in an 

ovum carrie s a radiatio n- i n duced r e c e ssive l e thal mutation., 

Si milarly, l e t us expose the male s to a c e rtain, e ithe r e qual or 
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different , X-ra y dose J'm and l e t us de signate by X )4't_ the 

prob a b i l i ty that an X chromosome containe d in a spe rmatozoa 

c a rri e s a radiation-induce d r e c essive l e thal. 

Le t us now mate adult f e mal e s of an ave rage age with 

adult ma l e s of an ave rage age and k eep one f emal e from the first 

l itte r i •£ e ac 1! femal w, whil e the r e st of the brood is kille do 

We would thus e nd up with 10,000 f e male mice in the s e cond ge ne r a -

t i on s The probability that a f emale mouse of this s e cond ge ne ra-

t ion has inhe rit e d a s e x linke d r e cessive l e thal is the n give n by 

Th is numbe r f; 
P, -; X W7 -r .xf· -+- E 

can be e xperime ntally de t e rmined by breeding e ach 

fema l e until it has a brood of 100 and de t e rmining the proportion 

of the males in the brood of e ach mouse in the manne r de scribe d . 
a bove . 

If £ has b e en determine d for a natural mouse population, 

t:hen fl! will now de termine ( x. m -r x~., This sum is the probabili t y 

t hat e xposure of the mouse population to ionizing radiation pro-

duce s a s e x linke d r e c e ssive l e thal mutation in an X chromosome 
tk 

which will be passe d on to /\offspring. 
~<-The same result eewld . be obtaine d at l e sser cost if we 

start out in the first ge n e ration with a smalle r sample of a 

n a tural population, say 1,000 f e male s and 1 1 000 male so Afte r 

e xposure of the male and femal e population, we mate adult f emales 
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of average age with adult males of average age and obtain one or 

two litters from each femaleo From the litte rs of each female 

we keep 10 females and kill the rest of the broodo In this 

manner we end up with lOgOOO female mice in the second generation~ 

Each of these second generation females we now breed until it has 

a brood of 100 and, we pick out the females who have a low propor

tion of males in their broodo This permits us to determine, in 

the manner described above, which of the females of the second 

generation have inherited a sex linked recessive lethalo 

Because we are using here a small sample of females in the 

first generation 1 the spontaneous sex linked lethals inherited 

by the se females would introduce a sampling error into our result. 

In order to avoid such a sampling error~ we eliminate from the 

tabulation of our data any second generation female who has 

inherited a sex linked recessive lethal, if any of her 9 sisters 

have also inherited a recessive sex linked lethal. The r emai ning 

females of the second generation who have inherited a sex linked 

recessive lethal (and whose sisters have not) must have inhe rited 

a sex linlted recessive lethal which either has spontaneously 

ar isen in one of her parents or was induced in one of her parents 

by the exposure to the ionizing radiationo Therefore, the 

probability that a female mous e retained in the tabulation of our 

data has inherited a sex linked recessive lethal is given by 
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fo r which we may also write 

* * * * * * 

Le t us, now, assume that we e xpo s e both the male and 

female p opulation t o the same dose of ionizing radiatio n, d., 

We may the n e xpe rime ntally de t e rmine by the me thods de scribe d abo ve 

the do s e d = D, for which we have 

c ·--

This dose , D, would induce as many s e x linked r e c e ssive l e thal 

mutati o ns as would spontaneously arise in one ge ne ration and we 

ma y, the r e for e , refe r to it as the "doubling dose .," 

The same dose , D, would also induce as many r e c e ssive 

l8 thal mutations carrie d by some othe r chromosome than the X 

chromosome as would spontaneously arise in one ge ne ration on that 

o the r chromosome o It f o llows that if a population we r e e xpose d, 

ge ne ration afte r ge n e ration, to the doubling dos e , D, in the 

mu tational e quilibrium, which would be gradually approache d;. 

the load of inhe rite d mutations wo uld b e twi c e as gre at as the 

l o ad o f inhe rite d spontane ous mutationso If we know how big the 
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d oubling dose is, we may the n assess the ge neric damage suffe r e d 

by a population which, generation after generation, is e xpos ed to 

some dose d of ionizing radiationo 

Naturally, our primary interes t would b e to find the 

doubling dose, D, not for mice, but for man. The question in 

what manner one might attempt to deduce the doubling dose for man 

f rom e xperimental results obtained with mice goes beyond the 

scope of this presentationo 

The author wrote this pape r while serving as Consultant t o 
the Basic Re search Program, Nat :l. onal l nsti tute of Mental Health, 
Nat ional Institutes of Health, U.S oPublic Health Service , De pto of 
Health, Education, and Welfareo 

March 10, 1961 
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Our purpose here is to describe a project aimed at deter-

mining the magnitude of the mutagenic effect of ionizing radiation 

in mamals, such as mice. For the purposes of this project, we 

must distinguish between mutations which have been inherited by a 

given generation of a population, and mutations which have been 

~X%Xkx The acquired mutations may have spontaneously arisen 

in the animal during its embryonic development or after birth, and 

they may have been induced by exposing the animal to ionizing radia-

tion, either during its embryonic development or after birth. 

The proposed project is ttmX• limited to the study of re-

cessive lethal mutations which are carreed by an X chromosome, i.e., 

it is limited to the so-called sex linked recessive lethals. 

Both the acquired and the inherited sex linked recessive 

lethals should manifest themselves in a reduction of the proportion 

of male s in the brood1 at~ birth. This effect may be expected, how-

ever, to be very s~, 'T"hns, for example, if ~-% of the X chromosomes 
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sex linked recessive lethal, then the proportion of the males in 

their brood would thereby be reduced only by 160b Rather than 

to rely on this effect, we shall adopt a method of study which 

appears to be more promising. Our method can provide us with reliable 
{r 

information concerning the a»xK abundance of the sex linked lethals 

that have been inherited by the female population 
I 

1 n 

This may be seen as follows: 

Let us con&ider a population of 10,000 female mice and 

assume, for the sake of argument, that a small proportion of these 

females, say 1%, have inherited a sex linked recessive lethal. In 

a sample of 10,000 female mice there would, then, be about 100 ~--

who have inherited a sex linked recessive lethal. 

A female mouse which has inherited a sex linked recessive 
Jtn' j{., c. I 

will have 33 ma~es in a brood of 100. Accord-

ingly, we should expect to find in our sample of 10,900 femal~1 M4ee, 

about 50 females who have 33, or less than 33, males in a brood of 

100. 

The rest of the female mice which have not inherited a 

sex linked recessive lethal will, on the average, have 50 males in 

a brood of 100. In our sample of 10,000 m1Ea females, there will be 

about 9,900 females who have not inherited a sex linked recessive 

lethal and, on the basis of simple statistical considerations, we 
~ t1 ,, +I 

should expect to find about 7 females who have 33, or less than 33, 
;'\ 

males in a brood of 100. 
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If we have a sufficiently large sample of female mice available, 

we may determine what proportion of these mice have inherited a sex 

linked recessive lethal, by proceeding as follows: 

We breed each female mouse until its brood totals 100. 

The sex of each new born mouse is determined and, with the exceptions 

stated below, that mouse is then killed. 

In each case when we find that a female has a low propor

tion of males in its brood, 'lie may suspect that an inherited sex 

linked recessive lethal is responsible. In order to determine whether 

this is, in fact, the case, we preserve 5 or 6 females out of the 

last litter and each of these we breed until it has a brood of 100. 

If any one of these 5 or 6 females has a low proportion of males in 

its brood, then this would confirm that an inherited sex linked 

recessive lethal was, in fact, responsible. 

Mutation Rate and the Inherited Load of Mutations 

We may study the spontaneous mutations which result in 

sex linked recessive lethals by applying to a natural mouse popula

tion our method of counting the 



I). 
in 

number or females who have inherited a sex linked recessive lethal• 

A sample of 10,000 females should 

be sufficient for this purpose. 

By counting the females who have inherited a sex linked 

recessive lethal we determine the inherited load of sex linked reces-

siva lethal mutations. There exists a simple relationship between 
~} d .. ~('t.c_ C<-{ I C-t..<.. 

this load and the rate~ t which an X chromosome acquires a recessive 

lethat through spontaneous mutation. 

Let us designate with}L~, the probability that such a 

mutation should ~d~ing the passage of an X chromosome through 

the male, ~ one generation~ and designate with)-<- f the probability 

that it should o~during the passage of an X chromosome through 

the female,~ generat~'• Since a male who had inherited an 

X chromosome carrying a recessive lethal would not be viable, the 

probability that an X chromosome in the sperm of the adult male of 

average age carries a recessive lethal is given by }- ~1 • If E.. 

designates the probability that a female
1
born to adult parents of 

average age
7
1nherits a sex linked recessive lethal, then the proba

bility that an ovum of an adult female of average age contains an 
trt... t L.. tv,'t.'z...,·..,"' -~ -r 2_ f.-cf , 

X chromosome ea~rying a recessive lethal is given by ~ 

It follows that if we mate an adult female of average age 

with an adult male of average age, we may write for ~ , the proba-

bility that a female offspring will inherit a sex linked recessive 
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and this may also be written in the form 

Thus, in the case of sex linked recessive lethals, there 

exists a simple relationship between the inherited load of mutations 

and the rate per generation at which such mutations arise. 

We have such a clear relationship between the inherited 

load of recessive lethal mutations and the rate per generation at 

which such mutations arise only for the class of the sex linked 

recessive lethals. Once we go outside of this class we cannot 

derive such a relationship because 1 outside of this class, it is 

not known how long the recessive lethal mutations persist. 

Radiation Induced Mutations 

We now turn to the induction of sex linked recessive lethal 

mutations by ionizing radiation. Let us first consider, for the 

sake of argument, an experiment in which we start out with a natural 

population of 10 1 000 femal~and an equal number of mal~m1ee. Let 

us expose the females to a certain X-ray dose Clf and designate with 

~ f the probability that an X chromosome contained in an ovum car

ries a radiation-induced recessive lethal mutation. Similarly, let 
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us expose the males to a certain, either equal or different, X-ray 

dose (1( 111 and let us designate by v ..t.c the probability that an X chromo

some contained in a spermatozoa carries a radiation-induced reces-

sive lethal. 

Let us now mate adult females of an average age with adult 
~( tb.ILfJ 

males of an average age ; Pne emale from the first litter of each 

female
1

aouse 1& thet:rkept:, while the rest of the brood is killed. 

We would thus end up with 10,000 female mice in the second genera-

tion. IS The probability that a female mouse of the second generation 

has inherited a sex linked recessive lethal is then given by 

This 

r, 
'i) 

number i 1 can be experimen ally determined ~3-

~r1Qed=ahsve 1 by breeding each female until it has a brood of 100 

and determining the proportion of the males in the brood of each 

mouse" 

If 2: has been determined for a natural mouse population, 

then ?1 will now determine (!""-< -1--1 , This sum is the probability 

that exposure of the mouse population to ionizing radiation produces 

a sex linked recessive lethal mutation 1n an X chromosome which will 

be passed on to offspring. 
u {._-c.-(N c:. 

The same result ca& be obtained at lesser cost if we start 

out in the first generation with a smaller sample of a natural popu-

lation, say 11 000 female~ and 1,000 mal~~ . After exposure of 

the male and female population, we mate adult females of average age 
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with adult males of average age and obtain one or two litters from 

each female. From the litters of each female ~~~we keep 10 

females and kill the rest of the brood. In this manner we end up 

with 10,000 female mice in the second generation. Each of these 
A,._({..,..._ 

seco~~ generation females we~breed until it has a brood of 100 and, 
1 e k (vv/- ~ M (..(_<--((_ &.-v Lf(4 

we -oek ~ ~1dual-=bro~-e1'l{ have a low proportion of 
.{,.<.-\. fku, &~· 

males This permits us to determine, 1n the manner described above, 

which~f~l€6· of the second generation have inherited a sex 

linked recessive lethal. 

Because we are using here a small sample of femaleSMiea 

in the first generation, the spontaneous sex linked lethals inherited 
1v CJM-.Cd_ 

by th~temalesm~ er ~he first geReratieR-will introduce a sampling 
't:.... ~d.--1,_ 

error into our ·-researeh. In order to avoid such a sampling error, 
-t-iu.- Ut~'l cla4q_ 

we eliminate from tabulation of tbg •e••l•e any second genera-

t1on female who has inherited a sex linked recessive lethal, ·aftd all 

4Jhe elate~, if any of her 9 sisters have also inherited a recessive 
~'~AA,,·~~ 

s!x linked lethal. The~females~e of the second generation wh _ 
_\l Q.._ ,,( 1.1{,_ "~ - ' fi H "- :- -4_ - -~ ,_ c L J 

have inherited a sex linked recessive letha~~~~~~~o-P&~~S
.4~-u-tst 

-iR our tabul--&tion---wi:il:l p-~ea;~ have inherited a sex linked recessive 

lethal which either has spontaneously arisen in one~~ iRe etae~ of 

her parents or was induced in one &!"' the &tther of her parents by the 

exposure to the ionizing radiation. Therefore, the probability 
'-- Q t-v't '-L~ lc 

that a female mouse retained in the tabulatio has inherited a sex 

linked recessive lethal is given by 
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let us, ~ .. assume that we expose both the male and 

female population to the same dose of ionizing radiation, d. We 
~ ~ t,,_~. {_~'-'-·a._~ 

may then~determine by the methods described above the dose d = D, 

for which \·re have 

/(;(... L. v h ~ 
U + • f = k + I (.,(.! - -

/ 

This dose, D, would induce as many sex linked recessive lethal muta-

tiona as would spontaneously arise in one generation and we may, 

therefore, refer to it as the "doubling dose". ~he same dose, D, 
{,./'-(/. ·t-t-t.tJL 
~ also induce as many recessive lethal mutations carried by some 

other chromosome than the X chromosome as would spontaneously arise 

~ on that other chromosom~~ one generation • It follows that if a 
ffu__ 

population were exposed, generation after generation, to ~ doubling 
~ k 

dose, D, in the mutatio~ equilibrium, which ~wouldAgradually approach {/ 

the load of inherited mutations would be twice as great as the load of 

inherited spontaneous mutations. If we know how big the doubling 
,I.A-~4. '( 

dose is, we ~ then assess the genebic damage suffered by a popu-

of ionizing radiation. 
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Naturally , our primary interest would be to find the 

doubling dose, D, not for mice, but for man . ~ he question in 
w... (,1 ~--<. f r- cc 

what manner one might~deauce the doubling dose for man from experi-

mental results obtained with mice goes beyond the scope of ~Ae ppo-

tl. ~--v r't.PZCL 

~)/./~-, .. _ _,__, ,} 

) 
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FIRST DRAFl' 

INDUCTION OF MUTATIONS IN MAMALS BY IONIZING RADIATION 

I£ a population is exposed, generation after generation1 

to the same dose of ionizing radiation, a new mutation equilibrium 

will gradually establish itself. 

given each generation induces as 

ously arise per generation, then 

If the dose of ionizing radiation 

many mutations as would spontane

in the mutat1o~u111brium the 

mutation load of the exposed population would be twice as high as ~~ 
~~--;--

the mutation load of the unexposed parental population. WII eaf gre, 

we =. designate this particular dose as the "doubling dos4 1'. If 

we knew the "doubling doss 11
, we would be in a much better position 

to assess the genetic damage that a population would suffer if 

exposed 1 generation after generation, to a given dose of ionizing 

radiation. 

The mut~genic effect of ionizing radiation in mice has 

been extensively studied by observing the number of mutations which 

a given dose of ionizing radiation may produce at a number of non-

genetic loci. It is not possible, however, to conclude from such 
Jl 0 (j)~ ~ 

observation the doubling dose for mice, even though ~"'~'-'~.;rcmi~~ 

~ vvS. ~--determine the mutatio load carried JW' these loci ~~ unexposed 
" ' lrt>~~ ~ 
~pulatlon. ...... persistence of mutations at such genetic loci 

is not known ~ it is not possible to deduce the muta-

tion load from the mutation rate, or vice versa. There exists one 

class of mutations, however 1 where the mutation load can be computed 

from the mutation rate: the class of the sex linked lethal mutations. 
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as the average probability 

1. that a s~~ chromosome acquires a recessive lethal in one generation. 
v '\ ""JA-"vf/YL. . i- E L I ) 
The term "average" is used here because the probability that a sex 

chromosome acquires a recessive lethal may be different if the sex 

chromosome passes through a male and if the sex chromosome passes 

through a female·.,_ ~lJ:_, ~/vase o~reXl:ve sex linked 

lethals, we may say at e probabil tR8t ~~chromosome car

ries a recessive lethal -a.t-c:t-he--t1rne &f eotro~ign of shs fawa:t& 

(i.e., th~ recessive letha~s ~.~ chromosome at the time 

of conception) is twice as high as the average probability that a fl4 ~ 
~ chromosome acquires a recessive lethal in one generation. There

fore, we may determine the doubling dose by counting the number of 

sex linked recessive mutations induced by a given dose of ionizing 

radiation and comparing this number with the load of recessive sex 

linked mutations carried by the unexposed parental population. 

In the following we describe an experiment that is designed 

to determine quantitlvely the mutagenic effect of ionizing radiation 

in mice by counting the number of sex linked recessive lethal muta-

tiona induced by a given dose of radiation. This may be done as 

follows: 
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We expose a population of, say, twenty thousand mice to 

ionizing radiation (generation No. 1). We then breed the ten thou-

sand females contained in this population and obt in from each one 

litter. This litter is destroyed, with the exception of one female 

mouse. We thus obtain ten thousand female mice (2nd generation} 

and each of these we breed for about one year, breeding each mouse 

until it has a brood of one hundred. Let us assume now, for the 

sake of argument, that one per cent of the female mice of the second 

generation (about one hundred mice} carried a sex linked recessive 

lethal immediately following conception. Among the offspring of 

these mice, the male to female ratio will be one to two and, accord-

ingly, about fifty will have about thirty-three,or less than thirty-

three, male offspring 1n a brood of one hundred. The remaining 

females of the second generation, close to ten thousand, will have 

a male to female ratio 1n their offspring of one to one, and simple 

statistical considerations show that only about seven out of ten 

thousand will have thirty-three, or less than thirty-three, males 

in a brood of on e hundred. 

It may be seen from this that by counting the female mice 

of the second generation who have an abnormally low male to female 

ratio in their broods, it is possible to assess the number of rem lea 

of the second generation who carry a sex linked recessive lethal 

immediately after their conception. In order to make the determina-
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tion more precise, it is necessary to teat, in the case- of each 

female mouse which has an abnormally low ratio of mal~ to female 

in its brood, whether this abnormality-~e, in fact, due' to a sex 

link~d rec~ssive lethal inherited b the· female. For the sake of 

oar~ i out such a test, it is necessary to preserve, out of the 

broods which bow an abnormally low male to female ratio, t1ve ·~r 

six females taken from the last few litters. If the abnormally low 

male to _f~ma~ ratio in~ br~od Qf the third generation was due to 

a sex linked recessive lethal inherited by a female o~ the second 
. 

generation, tnert e may Xp~ct that at leas one of the five or six 
LJ 

femal s preserved will show a similar low male to female ratio in 

her brood. C 

I, 
I 

I I 
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