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+ INTRODUCTION

During the.last fifty years many reports and essays have
appeared conéerning the inheriﬁgéce of body size in mammals and
seVezﬁi 'feviews'of these studies are now available (Venge 1950,

‘ Gruneberg 1952) An examinatzon ‘of these and of the detailed

raports on whlch they are, based shows that the inheritance of body‘?.,'.f

sige has been exammed in three ma:.n ways, 1.e. _

1. The inbreedxng and crossbreedlng of anlmals of diverse
size. |

2. The continued selectlon of. animals .of large and small
size from a common-parent stock.

3. The analysis of pedigree records to establish the "
genetic and env1ronmental components of the phenotyplc
variations .. ... ’ '

‘Each of these techniques has produced data leading to the
conclusion that body size is determined by many genes in ﬁhe‘
manner common to many quantitative characters, Following upon

this general conclusion many studies of‘body size have been
concerned with the development of a reasonable theory of
quantitative inheritance; and fo this end they have beenAdirected
towards a ‘comparison of observed experimental results with
expectation as deterwmined by theory, By ‘such means»the firét
concept of a simple additive nature of-gene effects was extended
to one in which'dbminanbe relationé were added, thus allowing of

an/
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an explanation of heterosis and 1nbreeding depression in terms
of homozygous and heterozygous allelic paxra.

But in spite of these advances many compllcatlons.remalu ’
| in.the ;ote;pretatiop of e;perlmental data,on body 31ze. ;So?ehe
of these such as ecale effects and changes in the oegree of B
dominanCe with selectlon have been dlscussed in. detall (Mather
l9h9, Fisher 1930) The imgortence'ofﬂmaoy:otheyghlg 5?1;1’>J"
obscure, For example, in the treatment of the data recorded )
in many exper;msnte a number of simplifyiug a3sumptions have had
to be made. Those commonly encountered 1uclude the absence‘ »
of cytoplasmic end'perhepo matemal effects; lack of iote;ecﬁioos
between the genofype'aﬁd environment, the stability of environ-
mental conditions for suoeeeeive generations and the lack of a
correlation between the gepotype_end‘environment,'__

-Of the factors known to be aseociateo with mgmmelien growth
maternal effects appear to- be of wldespread 1mportance. They’
have been reported to influence the growth of horses (Walton
and Hafmiond1338), cattle (Ring and Donald 1955, Brumby and
| Hancock '1956), sheep (Hunter 1956), rabbits (Venge 1953) and
oice (ﬁaﬁemao 155&)9, Although of widespread occurrence the
manner in which the maternal effect influences growth is far
from clear. The possible mechanisms that have been suggested
to explain the effect include cytoplaemic inheritence, nutrition
and endocrine factors (for review, see Hunter 1956).

The/




The importance of maternal effects .to mammalian growth
émphasiZes a particular problem ehc'ountered when selection

' -experime‘nté are undertaken, namely .that when a selection response

is obaerved. there is a probable conseq_uent change in the matemal

env.;ironment- ptovzded for tl.ze.;next generati_.on-.. - It may be- argued R
that by selecting:wj.t’hin the littgré of multiparous animals. it is"
possibie to avoid éifectly selecting for maternal environment but
t_he--émblem of a possible genetic correlation between. the. characte
selected and the subsequent maternal performance then. arises, -
Similarly it is apparent that an examination of. mbreeding de= o
pression, and heterosis in mammals :.s greatly complicated by
differences in the matemal env:.ronment provided for d:.fferent
crosses_,— ' _

The experiments discussed here were intended to clarify the |
importance of the maternal e‘pvironnhhﬁ to .t_hevgr'oélth of a la'-rge"'r_ 1
and small strain of "mi_ce«.selected-by Falconer from a common ‘bas‘e-
population, and further, to endeavour to clarify the nature of
the maternal influsnce operating. A |

- The expezimental programme plannéd wag made poséible by the
"recent successful development of techniques of egg. transplantat:.on "
in mice (for review, see McLaren.and Michie 1956)s  The use of
this technique enabled the prenatal and postnatal maternal
environment to be varied at will,

In brief, an attempt was made to answer the q_uest:.ons:

1, Are maternal effects of importance in explaining the
' asymmetrlcal select:mn response. in body weight
"recorded by Falconer (1955)%

2/




7.
-2, in'what matiner are these matérnal effects’ related to,
3. What is. the possible nature of' time maternal mechani&n

’ involved?
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The large and small strams of' mce used m thzs work

originated from the aame base populat:.on fomed by crosemg four

highly inbred strains (CBA, RIII, A and. 05720) , Selection for o

body we:.ght at six .weeks of age was made: mthin litters for
some- 40. generations 4in the up direction and thirty generat:.ons

ﬂin the d;o,w;’za_..-ﬂ;.zxtecf;:;gn, At generation 51 in the up l:me and

generaticn 20 in the dovm lzne reverse seleetion 1ines were

| started.. . In. the emall line ,this resulted :m an mmediate
response and was accompanied by an increase in fecundity and a .
decline in the variability of body weight (Falconer 1955). ~In : _
the ]:erge,l;ix.xe the resppnee to re?eree selection was slower

(Falconer, unpublished) . The parentalhnes chosen were the

large etra:.n -enimals from generations 3'7 and 58, and the reverse

suall strain animsls from generations 30 and 31,  The ;fever_ﬁ_??- .
selocted emsll line enimals wero: chosen rather than the small
line animals because of their greater fecundity and lower |
varisbility, - a |
he/




The Slmsele_k:téﬂ. stock origi_nated from a.cross: of seve‘;‘a_'_i,
‘hetemgeneogé_jsgp'c‘ks‘, \-_A:_r}ghj_rs_c?qsﬁ.. had been maintained for.
‘eighteen generations with minimum »i'j?'.ibi?e;a mg and without. -
‘conscious .f, selection for.any. character, -. The: three stocks will
be reforred to as the L Si and U strains ‘respectively, A

litters were weaned at 21 days after birth, -

b.gg sfers o
; ;: Imnature female mce aged 22-25 daYs ‘were used as donors. *
Ovulatiou was - :mduced by combined treatment with f‘ollicle R
stimulating 4nd luteinising hormoné, © Three’ I.u. of F.S.H. a

(Sermn Gonadotrophm B.P. Organon) were used as the prim:.ng dose
'fonowea by 3 Ll of Loi’ (Chorionic Gonadotrophin B.P. Organon)
-AB hours latér, Ovulatlon is bel:.eved to occur some 12 hours -
later (Runner and Palm 1955) Tbe Godurrétice of mating was o
detected by the presence of a vaginal plug on the following '
moming.. Three days later the plugged donors were killea, '

the uterine horns dissected out and’ washed through with a small '

. volume of Ringer phosphate salme (Pannett and Compton 1924)

The eggs, usually 1n the early blastocyst stage, were oolleoted
in a watchglaes and 1dentified under a bi.nocular. -
Reoipient mice of the large and small stra:.n were primed

| mth F.S.H. and L.H. in exactly the Same manner as the donor N
mice, then mated to a vasectomi.sed male. : ge:cipient;s of the, A

unsele cted/
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' |unselected strain, owing to. the much larger number of femé'lea'
’fiugs- on any gi‘v’eh'; day used as recipients, All e‘gg trane'fer'e

»'were made into recipients 2k da.ys after mating, for McLaren and

. e
x \.4.414” Cg

recipients rather than fully synchronieed donors and recip:.ent

Recipient animals were anaesthetised mth ether and a’dorsal b

A * 'J». V < ¢ v . ’ &

skin inczs:.on made over the region of’ the \r1ght ovary. The

| abdmnal wall was then opened and the OVar‘ian fat pad, evazy
Junction an incision was made in the uterus with a needle and
through this the\end of & a fine: pipette carrying the eggs was

. ineerted. | In thie manner approxmately 10-15 eggs Were inserted
mto the right. uterine hom of each recipient. The-ovary and

:- fat pad were then returned to the abdom:.nal cave.ty and the skin

{
mcision closed w:.th a cotton euture.

.. Analysis of growth data . B ,ﬁ !’ |
' The variation in weight of md:.vidual animals at a given
age was mfluenced by a nu'mber 'of 'cempo’nente‘ of which genotype,
meternal effect and lztter s:.ze were the moet 1mportant. of
these three wajor sources of vamat:.on;- litter szze was of 1ittleA
intereet and added an unnecessary compl:.catlon to the interpretation
of results. From an experimental v:.ewpoint 1t .Was 1mpoesible ,

to completely standardize the -size- of 11tters, but by statistzcel

manipula t:,on/

available, were-mated to vasectomised males and. those found with .

Michie (1956) reported ‘a better conception rate using 2% \day

and Fallopian tubee exteriorieed. Sl:.ghtly below the tubo-uteralv

— .
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vanipulation the :same end was achieved, Each mean weight and
variance was adjusted to that ‘equivalent to'a litter aize q’f 5
-animals,’ | -
Deta:.ls of the analysss are as followsv ]

Analyses of the variances, and of’ the covariance of the meéan
woight of litters and litter size," were made on birth weights, ..
then weekly weights to six weeks of 'age; thereafter-at 8, 10 and .
|12 weeks of age. Separate analyses were perfozmed for male. and
female mice af’tef three weeks of age, . .In each .analysis t.he :
error var;.ance and group mean was adjustsd to a mean: litter
|size of 5, . Then the mean of the separate male-'at.ld female mice
was €stimated.and the male and female error variance combined,

From this combined error variance for egch‘séparﬁte experimentéal.» e
group of mice a pooled erz;ox;vxr.aﬁa;nce and anaverage fs;tandard" ‘
error far the group means was computed, PFrom this the approximate
| difference 'required for signifidance,« between any two groups was
estimated, | ‘

Approximately 10 litte:_r_s._w,er'e produced in each expeﬁmentai :
group for it was argued th'at' ﬁiﬁh .anr évéra[gé 'l'itite'r' Asi.v‘.e- of 5.
and a coefficient .of variation of the bddy weights of the order
of 157, group sizes of thig !ﬁagnitnd.e would provide :saft‘iciént
material to detect, with a probabnity of 75%, differences of
the order of 10% or more in mean body weight (Snedecor 1956),

‘

de Expenments perfomed and notation used

as/
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As already pointed out, the letters L, S and U were used

to denote the 1arge, small . and unselected strams respect:.vely.i

waeused,__g. S/L/U.‘_ .
The first letter 1ud:.cates the etram of the embxyo N
:.mplanted :m the f’emale, the second letter mdlcates the strain
of .the female in which the embzyos ‘were. reared to partuntion,

and the third letter indicates the stra:m of the female which
suckled the embryos after birth, VWhen a traneplantatn.on or
example, the above three ietters indicate that small strain eggs .
were implanted 1n large etrain females and the resulting young
were fostered onto U etrazn femalee which reared them. . Where
crosses were made the female member is noted f'u'st

- Fifteen groups in all were‘cbmpared in’ the course, of’.‘6 ‘-
separate expe'riments. .For conven:.ence to the reader each B v
experiment is tabulated below. w1th a. symbollsed representation .  '
of the groups compared. . = . - A
L. The influence of transplantation of fertilized eggs upon
the subsequent growth of the resulting mice, |

| U/U/‘U _'ane u/u/n _ e

2. The mfluence of fostering within strains upon the weanin.g

weight, ' ‘
& . 8/s/s amd 8/5/s
b, .  L/L/L ad  L/L/L

3./

To deecribe each experzmental group a minimum of thme letters,;_ L

fostering tock place the appropriate letter is underlined. For |




Je: - The Telative importance.of maternal effects in.the large .

and-small strains;-
as u/L/1L
B 8/L/L

-~

12

and N u/s8/s

and" .,.Syzi?zfﬁ-Ak

‘Ce E/s /S - and "L-/-!L;/”L“’

Li* ‘The relationghip of the matemal perfomance to body size, .

e . 8/.U/ U

B/V/L 8/ 8/s 0 e

and. - L/L /L. -
and. -8/8/8 .. . .-

5. The partitioning of the prenatal and postnatal maternal

envirenmen:tb‘. - , _

e 8xL/.8/8,

b S/8/L -

L/L/S
s/8/8

w/v/s

? 8 b

L SxL/S/U  ed 5x1/U/Y
xaﬂﬁ~3/&164 ,
and ©5/S/s .
Cand U/ U/T.

6. - The role of cytoplasmic inheritange and sex linkage in-the

determination of body size,

&, 8 xL/U /U

b, SxL/S/8

and } Lxs / . / U .

‘and LxS/L/L

RESULTS/
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|the subse ‘uent rowth.of the z'esult1

Ve L

fe: ~The;,i‘nf1uence 'of’ ti‘ahsi:lﬁ!xta#iori of '-fe'r;_t’i]v.ized.eggs upon -

mice

The work of Gates (1956) restablished that fertilized.
eggs.obtained from -mtqre:moe as a result ‘of" tmatmqntﬁﬁ-th' :
gonadotrophins were vi'gple »arvlldi capable ‘of .noma;l‘-d.e;velopment.s 4
It was .als_b; ﬁbserVe_d- thatthe tranépl'atxtatj,op_ qf‘}-}_;,dgy‘ mouse
eggs did not appreciably effect their eémbryonic weight at 18
days: This s'tlidy did-not;. however; include the Epstpatal growth |
phase of - the young.-resulting'frmn, tmn'sfgrmd eggs, nor was |
anything know of the impact of the tran'_’splant&ti_o’n procedure .
upon the postnatal- maternal performance of the ‘host female, -

For these reasons it was considered desirable to.compare the .
postnatal growth of embryos resulting from egg. transplants. wzth :
that of. normal native embryos, -Pertilized eggs ,frpm.i immature
U strain mice.were transplanted to mature 2% day pseudo-pregnant
females of the same strain and .t_'h_e"codéequtive_we_;ghté-qf the .

resulting embryos coupared with. those of embryos of.the U strain

‘ conceived and born in the normal manner. . The relevant growth =

data for this comparison are presented in lines 1 and 2 of
Table L E

No difference between the two groups was apparent-at eny .
stage of growth, A;Lthough th:.s comparison was made, in the U _

strai_n/
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strain only; the conclusion that transplantation per is

L

without ef’fect on. the subsequent gro-vth potential of the embryo,

has been. extended to the large and small strazns as well

) C . ) . X ;




TARLE T

Sumary of Body Wenghts (in Gins, ) Ad;]usted to & Mean Litter Size of 5 Young_

Mean - No. of - ‘ vWeek

(2]
;
b
&'
H

o 1. 2 3 w5 6 8 . 10

duals

59 1.69 LB 747 10463 - 16,99 - 22,29 2462 27,32 . 28,92

46 1,79 4,88 7.53 10,53 @ 16,02 .46 - 2.0 27,11 - 28.79

49 1,43 3,78 . 6;16; 8..86 14::96 . 19436 2,73 24,20 - 25,34

40 1..70: 4.75. 763 10,73 17,1 02037 2428 - 27,32 28.89 r

W, 1016 ’ '36 2} - 50101 6070 : 90 28 L '12.00 . «130 2&5 ' 150010- ‘ 150 . 10,6

37 . 1 31 5. 65 ‘ 5, 81 7.1.2 10‘ 05 [ 12002 15. 81&- 15.85 17036 ”
6.1 5. 1,58 k476 7,34 973 16,67 22 - 27,61 29,98 32,02 333,

58

31

13

63

48

60

52

~
3

1.36 346  5.48 755 1437 2200 289 28,75 30,82 32
L4353  L.32 6,88 &.76 13.05 15,55 - “16:72 1894  20.57
L7 528 833 . 1Lh2 . 20,69 26;1y 2870 31,68 33,76
1,66 . 4.65 7.71. %92 16,29  2L.36 - 2357 26, 2 27. 7%
1, 58 1297 6,99 9.70 MW 97 - 19:57 0 279 . 2400 25, 68
C1g2, 3650 6,227 9,07 B0 - A%45 . 2kul  23.62 25,33
C U150 3,76 6.5L 7 896 13420 LU X&KL 20:9h 23,83 25:7% .
129 . 466 8.10 "+ 10458 “16.27 20,94 . 22,52 21,62 26,62

ANRONANNSNNN

St e Rl g
ccmﬁﬁﬁrmdc
fn
)

]
iFoit Hiun ulalala o

-
e
(7
X
|
-
\

1.8
12;L 5.25,
A3S

Ahe L % 6. 67
.15.SxL/s/U 520

x.
o [4]
\

23
271)€

xl
N
t"wﬁa

\

-Pooled Regreasion of Weigzt PR Lo ‘ ' DR : : , oy
on Litter size Within Groups - : o o .9, only =0y 6975 =0; SL69 -_-0.}5226‘ -.05;5975 =0, 5062 04 1,95

-G.0388 -0.151»3 - -0.4012 =04 6066

§ouly -0.6203 <-0.6516 -0.6592 06259 . ~0i631 ~0.693

‘Pooled Error Mean Square
Within Groups: Corrected

- for Littor Size . o283 02979 136k 26687  7.0338  BJ6W 6,636,  7.1386  8.2224 - 8,800

Approximate Diffemnce
Required for Significance
‘Between any Two Groups - o _ ; . ' o
~ (P.0..05) : 013 641 0. 87 .23 .97 215 1L 85 1.99 213 2,2
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b, ,The,ihfiizefxée'of‘_, fostezjﬂgﬁgi{thih'strain L-igo'ﬁ‘,.the ieahing SRS R

we,_@g MEEEFE . SN T
T .At bn‘th mamf 'li‘.t"'-'t'ers were cmss-t’ostered tof'emales of
kanother straln, the rationale for which rested on the hypothesi.s :
that cross-fostering is m.thout detrimental effects to’ sub-
.seqment growth rates. The ev:.dence ava:.lable concemiug this
quest:.on appeared to be’ coni’:.ned to two reports. ) 'In 1959 |
-Butler- and-Metrakos 'producedv'data suggestmg that. fo:stéx‘ing '
had a detrimentsal’ éffect on’ pre—weanmg growth, thou.gh the' data -
available was limxted. ' COnVersely, Bateman (1954) reported
that fostering pix_'____ had no influence upon the 12 day we:.ght
of suckling m:l.ce. S RS . ) ' A

" In view of the discrepancy between 'the ébnél@iohs of tﬁese
two reports it Was cons:xdered adv:.sable to investlgate the’
problem in the stocks used :‘m thzs work.

Tables 2 and 3 lz.st the weam.ng weights of control and

fostered litters, these bemg subdivided :Lnto litter sizes.
A8 no systemat:.c dlfference ensted between the means or variance
1of htters of’ the same sige within’ the two groups, it was
conc¢luded that the' 1nf1uenoe of fostermg EE._SE is not an
apprec:.able source of Variation when cons:.denng the weight
mcrements of the large and small ‘strains of mice,

Two other cbhclusifo’ne nay be drawn frou these tables:

1./ o
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L::.tter size. does not appear to influence the amount

: of variaticn withm the 11tters. .

| t’i‘he within litter variation and coeft"xcxent of vanatinn
- 1s greater in the large stram than in the small.

' Fxpressed as a percentage of the total var:ation,
'however, the m.thin litter variation of the large

~ .strain accounts f‘or only 10%' of’ t;he total vanat:.on

whereas the within l:.tter Vanation of the suall ‘strain |

accounts for 2'7}‘5 of the total vmation.




i

TARLE 2

A comparison of weaning weights of norual and fostered litters of: the small strain

1
3 ol
P *

Controlf g C ',.‘ : "chsfté‘iva ‘

‘Ldster | 0 . Total Neg = . . . VWD fotal No, @ -7 ' §ithin”
T T S Y 2 R
2 oa7rz a8 T L an o o8

o300 {3.52»' 0562 S a L aTn - G160
oM - T93 o120 - - 28 783 . 0,228

50 . m.  am . 45 76 0.2%3
60 . 770 ~ 6.283 2 m2e 0. 138

- N I CR

7 S 70 om0 am;2 . %6 686 0,537

cOnpcrients of variances . o
Between size s S ‘ 0.&25 . ' S 0‘."1}3;6
Between litters ) , : 0.429 : o - Y A
Within utt'é';-s? : - @320 S 6393




TABLE 3 .-

A comparison of weahing weights of norval and fostéred litters of the large strain.

Cpnsfol'b. ' . v Fostered

' Variance .- - Yar .
., Tyithin~ Total Now. =~ ;- CYaIthim

Mean - Litters © - Animels’ Mean Litters

3 30 L5 LA .. 0 U6 1332 0 02631

4 w120 o7z 20 12.37 .26

5, . . 50 109 0.5 30 10,82 .55

; .

7

8

T4tter . ¢ ‘Total No,
“Sise . Apimals

60  10.28 " 0.680 oz 10, 26 1,192 | |
. . . N . P . R . A ) . ) \

70 9.’49'54 L0 28 . 1117 - 0, 699

8o - .8.88 0.628 32 901 0,569

Components of variance: - - o
Between size 0. 861, | 0,979
Between litters . 3,222 SR 2,048 "

Within litters | 4728 5,552




¢, The relative importance of maternal effects in_the large

ahd uall stratns

As gl'ready’ pointed out in the introduction, Falconer
seiect'ed these large and small strains of mice using P within
litter selection technique, the criteria of selection being
the deviation of éach individu'al f‘rom ;he ;nean value .of’ the
family to which it belonged, Assuming random drift to be . .
small, it follows that any difference in the maternal environment
provided by the.two selected lines must be a consequence of a
correlation betweér_x body size and maternal environment,

An appraisal of the difference in the maternal environment-
of the two lines was made in two Wa'ys... In the first experiment
fertilized eggs of the-U strain were implanted in both large.
and' small strain females, and the resulting embryos compared
in growth rate. In the second experiment fertilized eggs of
the small strain were implanted in large strain mothers, whiie
fertilized eggs of the large strain were implanted in small
strain mothers, 'i‘he subsequent growth of" the embryos was
compared with tbat»Gf’ nOImaliy born largé and small strain mice,
|The results of the first experiment are presented in lines 3 and
i of Table I, and in figure.l, The results of the second .
expérimént are presented in lines 5 and 6,and 7 and 8 of ‘fablé I,
and figures 2 and 3, . .. S

The/




The. results of the first experiment (figure 1) indicate
beyond all doubt that a substantmal difference existed oetween
the maternal envirnnment prov:ded by the two strazns. A 1arge

d1fference 1n we:ght was already apparent at blrth, a difference“

: whlch steadzly 1ncreased up to eight weeks of age at wh;ch stagej;'i”

e,

it appeaxed relatively stable.c' o ‘ ‘ o
The reaults of ‘the second expeznmant (figuxee 2 and 5)
'-substantiate thoae of the first and 1nd1cate that at least
part of the difference in body weight observed between the large
and small straln lines was due to a d1fference in the maternal
env;ronmep? proyiﬁed by the two strains. Because of the nature
of the Selectiqq_progremme usedvin'developing_these stocks it
would appear that this difference in maternal environment
originated because of a change in the body weight of the

selected parental stocks.
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d, The relationship of the maternal influence-to body: size-

.u. o The -experiments described in the previous section ig.él_iﬂcét,e,d
that a "éubstanfiél difference- existed in the @;é@ émimﬁtne‘nt.'
provided’ for: the two strains;’ '_i.rr:hig‘ difference was attributed
|to the change of body size produced by selection,  The question. .
remains. whge.th.exi-xgr mnot this éifi:ei'ens:"e.'in thé ;na?ex:nal environ-
ment is simply ‘related to b’o%iy :.:s.i.v';z_é;:":ffbr~i‘i_‘g,"l'mi’g’ht.fbe' su'ppoaa‘d. |
that ‘while -the .s’mfa_],.l,'étré,ip :at;iﬁaais provide a ‘poorer environment
[then the large straim, the large strain animals might provide -

no ﬁétte’;} _env’i_ronmént-than that provided by mce unselected .
f_'s:)r‘55’5:’4.23.’:_~ . i
Some ‘evidence -for gn‘asymetﬁéal matéinal effect was
provided by a comparfi’.s_,oﬁi of large and small strain fema]’.es as

host mothers of U, st;aiv,n‘- young (Table I, lines 2, 3 and 4,and
figure 4).. :,»Rearea in large strain hos,j mothers these U étrain ' _
young grew at the same rate as those reared in their own

03 strain. mothqrs;. but. reared ‘in_' snall strain host mothers

they gl,'ew: much more slowly, In other words, large strain
females used as host mothers were equal in maternal performance

to the U strain females; but small strain females used as host
mothers recorded a much poorer performance. . |
Further evidence was obtained by implanting both large and
small strain eggs in U strain females and comparing me.gmwfh

of the resultant embryos with .the control stocks of the 1é_rge ‘

and/
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and small strains; The results of this comparison are presented
in Table I (lines 5 and 9; and 7 and 10) and figure 5,

‘ Rather surprisingly perhaps\both"the large _s,tram and‘ the
.'-small strain animals were found to be greatly increased in size
when implanted in U strain females, even though the U stmn '

females were smaller-in sige than ,t_h_,e large strain females‘a ;It' N
when rearing large and small strain embryos. © On the other hand,
was equivalent! to that of the U strain females when both were

rearing U stx‘é‘“n embryos; In other words, an interaction exists

between the genotype of the embryo and the maternal environment.

| ) pz_'ovided«.; Two other concliusions emerge from these zfe‘sqltfsi: B
1, The difference in matemal environment prodiced by
_changes in body weight is asymmetricali L
'2; -Though body size and maternal effect are related the
fact that ﬁhe maternal environment provided by the
Usstrain stock is superior tc; that provided by "the
large strain atock :.ndicates that there are factors
associated with a good maternal envircnment that are

unrelated to bcdy size,

follows that the maternal environment provided by the large st'z'-aihi_i,"?_;ft‘-'-.' :

.females must be inferior to that provided by the U strain- females’ Ber

it was shown that the maternal performance of large strain females o
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| The partitioning of the prenatal and postnatal maternal

environment . .

The maternal environment . provided by the female may be
split. :mto two ma;or phases, i.e. the pnenatal (the period from
ovulat:.on to partur:.t:.on) and the postnatal (the per:.od f‘rom

partuntz.on to Weaning). : A separation of the total maternal

interest for though the Drenatal phase is relat:.vely dlff':Lcult |
to influence save by severe changes in nutrition (Wallace 1948)
the postnatal | pér-i_o& ‘read‘.illbty ‘lends 'i‘,t‘sé]..f-.; to environmental
modification,

A partitioning of the maternal environment into.the two
Phases was achieved. ip two §epaxfat‘e e#pgz:ixpen@s. o .
In the first experiment Py ?ybrid,s‘ of small strain female,
large strain male crossés were nomally reared and com_pared .
to the same Crosses f‘ostemd to U strain females. They were
also compared to the same crosses 1mp1anted 1n and reared by

U stra;p femgles; , ‘I‘hreg _s'epamtef e_nvi_mnmen‘t_:s w_ez_;e thereby _
achie._ved, _1_.3:_ the normq]f, an lalAien pOSj;natgl, and an glien .
pre= and pdstpa_tal.pomp::m‘eq,_. ‘.Rgsul.t‘s for the g!fo’svth of the
three groups are tabulated :Ln :'I"ablgA I '(;.ines '11,‘ 13, 15) and
in figure 6, ... . , N o

As expeqteal a diff_emnce'in blrth weight betyvegn _t'he normal
cross and those reared in U strain females was apparent, In

the/

environment 1nto these two phases is of consn.derable pract:x.cal ST IR
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.the ‘groups burn of small strazn females but reared by the 1]
'straln females thls*dlfference was quickly ellmlnated and aid
‘not again appear until the animals were 6 weeks of age. At

:thls stage the welght of the animals 1mp1anted in § etraln

females surpassed that of those merely reared by U etrain females.}.f,

N Throughout, the young mice born’ and reared by small strain
females grew at a slcmer rate. From six to: twelve weeks of" '
age the relative d:n.fference between the three groups dn.d not
| change appreciably,; the positlon of the three groups suggest:mg
that for tha.s part:.cular smtuatlon the postnatal environment
_accounted for- about one- half of the total measureable mete:nal
d:.fferen_ce;, ),"p“‘.»,';_ l;.. - LT . . . %l
In the eﬁeeoud series of exper;iinetzts small and lérge strain

embryos were ’mu‘tualiy eresséfes'te'red ; as were sum_ll ‘strain and N

U strain embryos, and weaning weights reeorded-. Limitations . %."z‘t.;
in ‘the cage space avallable d1d not allow these enimals to be .

retained beyond } weeks of age. . ‘I'he relevant weaning we:.ghte 2

are tabulated in Tables 4a, Lb énd Lo, N
The per{'omance of anall stra;n young mared by large

strain’ femalesproved no better than that ef’ emall stram young

reared by small sh@rf‘emales, '- E’“ ".' b

reared by U strain females were apprec:.ably heavler at weaning.

This observation suggested thet the large strain females do

not/
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_TABLE ka

.Thei ’inﬂuencé of cross fostering of iaman; large and unselected sti‘ains on ‘body*rweflghtz. at 21 days

t

Suell Stratn - -

| dwda by petan ket by U streln

. o of TWe . § No. of el & M Weight
% &% . 9 . & 03 9.0

L w o omes - = mse 8 91y
.50 7.76. 10 '{.,51.- L 0 ‘asz

Control

Litter size

S mm L a2 mgL T 36 A

< A W &N

700 706 - . 35 69 A am,

.Cqmponentsnof var:ljanéa.‘x; ’
Betweén litters 0.3 - 0, 20 - 0,77

Withinn litters 0. 35 . 0. 51 0y 67
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The influence of cross fostering -,_of smali,’ large and unselected strains on body weig)_xf at.

(SR I

U Strain. .

. Control . Suckled by § strain
CLitter size SR Loy T

No..of . Weight Nos_of. .
c'indive- {gma]) - fe0 0 dnddve

A

12 wm . 12, 1L00
30 10,40 . 1em

Components K ‘
Between 'fifters ' ‘_ l..}} : T N 1,06
. Within ‘L%ﬂ;etg o S - 0,68 . o G L3 |

2,1;6‘3_‘[_3. '
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not ma_rl?eﬂily diffé,r. from-the small strain m lactational. gapac,ity,
from which it follows that the difference in maternal performance |

observea between the large and small stram must largely ongmate

4

3 I -A"r“‘;; '_“».',»..'

PR R

v m the prenatal environment.

In contrast large stra:m young reared by small strai.n females o

vere somewhat smaller at weam.ng than the large strain . controls,
an’ observation that suggested the small strain were actually
,infenor to the»large straln in ‘lactational capacity, . Yet, .
thn.s conclusion 1s dif’fioult to Jost:.f‘y when the performanoe of U
strain young reamd by small strain femles is cons:.dened f'or .-'
the weaning. weights oi‘ these U strain young were apparently |
normal, -

From this apparent anomaly in the results obtained it appears
: that an interaction exists betweeu the: lactat:.onal performs.nce
of the- female and the type of young bemg reamd }B.ut vhatever
the nature of guct;, an ;nggmct,mn--ig. may be concluded that the
inferiority of vthe& m;;temal .pei‘fomanoe of the small strain,
for large strain erobryos, appears to bo det:onﬂine‘d in part by
postnatal faotors whereas the superiority of the laxfge strain
maternal perf ormance for small strain. animals appears to be
almost ‘solely determ:med by prenatal factors.

In general then it may be said that in‘each_ of :the
situations emed the. prenatal maternal i_.;iflue‘hce was of
warked importance, whilst the postnatal toonﬁribotion to the
maternal/ | S




30, .

maternal performance.. varied according to the genotype of both -

the. female and-the young be:m.g suckled. This general conclus:.on c

is in agreement with that of Bateman (1951;) who analyeed ‘the
-causes of - vanatmn in the 12 day weight of mce. _ He found

that ths prenatal 1nf'1uence was greater than- the postnatal o
influence wh:.le the combmed total maternal influence (m litters.

of eight) amounted to’ 73,(5 of: the total variat:.on present.
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£ii- The .role -of -the cytoplasm and- sex'iinkage,- in- the ‘de termination

of bod;,{ size. . .. et N A S
coo It disa fairly comnon. obsezvatlon« that- rec:.procal crosses
between animals of: diff‘erent s:.zeslead to Fl progeny . that: differ

|in: size.—,u ‘the. hybrid “tending :t;o- resemble 'ﬁhe -size. of the female - -
rather than the male. : There‘-.a'ne\‘thre'e-ap‘dssibleucatisesfor.—f'the;. )
reciprocal dn.fference' maternal effects; sex 1mkage and -
cytoplasmc :.nheritance. o I - o o B L
t, .. The- analyszs oi’ the role of ‘gex linkage does not. nonnally

prov:.de a part:.cularly d:.f'f’:.cult pmblem. The first. ‘step- '

of‘ such; an. analys:.s involves a comparison: of' the rec:.procals

: -ip;the. .hgtemgame;txc::seg, 1f these- do not differ szgnifzcantly
then '-a-. sgx»-linked»zdi:ff‘ferginceb is. unlikely. * -The d:.stlnction
be‘tweeni "thé‘? maten}aleffect and- the' cyﬁép]{asmic infludhice is
more difficult ‘to make; e_sﬁecially in mammals; - The e_'a_i.tfuatidn
is fux;thér fcomxélicat'ed' by possible differences in the cytoplasmic. .| ..
specificity, three t_:}%pes of which have beén distinguished, _i_._e_._
specificity tlﬁ‘ough ances'l’;r'al continuity," th’x"éﬂghgenetid |
conditioning in the egg stage, and through exper:unental change,
ise dauermodification (Goldschlm.dt 1955). . Of these only the
first may be gong:.qere}i as cytoplasmic hgﬁed:i»ty._'-

A distinction bef‘tt?éen._ the c‘ontri‘bt_xﬁign-‘.of- #};_e.,qoneqtiim;
cytoplasmic: ingTQenée and the matemal eny’ironméAn_t- may be made
by .standardiz;}'ng: the ‘znaternal. e':nviromnent fpx) e_,ac':hxof the
reciprocal crqﬁ‘isfesgg-, ~ This possible approach to the problén:1 was

used/
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lused here.

Recéiprocal ¢rosses were made bet\veen the large and small
strains.;ar;d the resulting fertilized eggs transplanted to U
strain females, The weights of the resulting young are presented
lin Table I (1ines 11, 12) and 4n ifigure 7

; At birth a significant d:.ff‘erence in weight was apparent,

in favour of the young resulting from the small females and ‘
large malesé This @iffezfence persisted throughout the 12 Weeks'_-';
body weights wei‘e~recorded, f;éul'tin.g 4in a aifference of weight

of the order of 8% at 12 weeks of age.

Table 5 présents data for the body weights of the hybrid . "
male and female mice computed separate_ly and shows that the ‘:' -
difference observed between the. two reciprocal hybrids ex:i;sted'

in the female mice as well as the males. Thus sex linkage does
not appear tb be tlheA cause in the difference observed, Rather

ilp appears that the cytoplasm of .fh'e small strain animals enhanges _
'lb'ody size to a greater degree than does the cytopl_astﬂ of the: o
large s,t;réin.'--

As a consequence o’f. this result Arecipro_cal crosses were made

between the large and small strains and allowed to develop and

Suckle normally., Growth data for these are tabulated in Table 1
(1ines 13, 14). A difference in birth weight reflecting di,_f‘f"ér@
ences in prenatal enyiroﬁment was apparent but on weaning at 21
days this dif‘t‘e,rence‘ was negligible, Thereafter no apparent

ifference existed between the two crosses, The previous

experiments/
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exporiments recorded here ostablished that the difference in~

 maternal environment in the two strains would lead 'to the = 7 | i

| expectation that the laige female, suall male cross wowld @ |t

| a¢tually be larger than its reciprocal; bit this was fiot the ' 7

case. ~ This appatent andmaly may be éxplained in terms of ‘tHe

counter-bilancing of thee "poorer maternal énvirtnment of the small.| -

strain by a greater cytoplasmic’ contribution of the small strdin | -
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Body weights of reciprocal P} hybrids of the large and small strains (grams)

Cross T sge in weeks - |

L . | Q 5. 6 . 8 i 10 12,

15.0. 19,89 2451 23.86 24,73 25,78
Wt 178 1970 2455 - 276 289
17.57 22,82 - 25.62 28,62 30,68 32,96
15,97 225 23,87 6.5 286 302

s;p/u/uf
Lxs/u/0

O O W O
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356 .
DISCUSSION IR

ao Anallsis of data

In the treatment of the data presented several simphfying

assumptions were made without prior discussz.on of their valid:.ty. ’ '

Some comment on. these points is called for, .

In. the first place thé re;agionship of b§dy weight and’
litter Igiz.e was.treat'ed.;.as a 1iu§=a,r one, Thoi.xgh this, c_onditibn.
is not strictly frue the actual departure from linéarity over the
range of mean litter sizes qonsi-dereﬁ,. as indicated in Tablés
2 and 3, is so small as.to make this criticism of inoy signifi-
caﬁces | S

In the seé‘ond place littér size has beeh taken as the number

of living young -the .female reared beyond 21,\ hours,, but becauss -

: apprec:.able mortality occurred at the time of parturition thls_i v

measure of litter size actually underestimates ‘the true h.tter' "
size, - T}t.u.s approximatlon was made for t,w_o re,asor}sg ;

1, The weight of young at any weigbihg p'r;i.ox; to weaning '

~ was largely dependent upon the number of young being
reared by the female at that period of time, rather
than on the number of young bom .in' tixe iittér_.

2. As “th‘ere was ho-reason to believe @uked differences
occurred .iq'the percentage loss c;f yé,ung <,with:,in Jéitte,;'s,
in the vario,gs ’gfoups it was considered unlikely that
any serious bias would be intr_oduced by using the 214. |
hpu.r post partum number of young,

ihe/
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The procedure of us;ng the szze of. litter at, 2h hours thus
fappeared a neasonable compromise between - the two conflict:mg
:alternatiVes of number born and number reared.

) The third query that may be raised concems the validity

: éof poollng regresszons and variances -within groups when there
;was ‘prior: evidence, 111ustrated in Table 2, suggestlng that

4 the vanances oi‘ the large and small strams ‘were d:.i’ferent ‘:'V" -
~:The alternat:.ve to pooling the w:Lthin group est:unates ‘was to

- use eaeh eeparatel—y in 'ad;justing the group mean and its variance

. for: e' standard litter size. of" 5 ~yo‘ung.‘ : -~ﬁs~each groupe»cOInprised' |

iapproxlmately 10. litters, a considerable amount of sampling
'variat:.on entered mto ind:.vidual withm group estimates. ' Thue
it wes argued that the poaling of the data would be less 11kely
to bzas the adausted means and variances than by us:mg 1ndiv1dual
group estimates, In i‘act the correctmns applied to final o
body we:.ghts in each group were very emall (about 0.5 grap).
while the conq;aru.sons of interest between the varzous groups were
e

usually sui‘f:.c:.ently clear cut to g:.ve a definn.te answer to

-the problem posed.
B
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b, RBeproductive physiology

An examination of various aspects of the reproductive

physiology of the strains of mice used which becais apparent

mention; in particular, the recovery of fertilized.ova, and the
success achieved in 'cau's'ing“tt{eseftzo unplant.

The number ef ‘ova recovered from immature females following
superovulétie_n' showed a marked difference between stra:.ns,small
strain and U strain females providing many more eggs per female 1
‘than large strain females, - .There was also an .appreciable o
difference in the uniformity of giéye]iopm_eﬁzt of these eggs a'ﬁ
|the fime»of"recovery. ‘Eégs froz‘ri-‘th'e smaill and U‘st'r‘ains were
usually in the blastocyst stage, w’neneas many large stra:m egge
were :m the late morulla stage and many others appeared to be
f’ragmenting—.' _ Coupled‘ mth this problem .of a lower available -
number of v:.able eggs from f‘ertlle mat:mgs .of the 1arge strain, A
males of th:.s stra:m showed marked Variabihty in their matmg
perf’ormance, many exhlbiting htt].e desire to mate w1th innnatnre R
superovulateé females. -No treubleé in thle. ;fe_s_pec‘t. :w?,s .
emenenced with U or small strain malee. .

‘l‘he percentage of‘ successful pregnanc:.ee result:.ng from
egé t_ransplantatmn was high when using U strain rec;p}epts{; ‘
|about 80% of operaticns resultingin preguancy, .On the other
hand small strain females proved refractory in this ‘regard, for’

only/

|in the course of this work is not 'stFictly relevant to the object| -

of this study, = Nevertheless, several points aPpee‘x-"wﬁorthy.;ef;‘f-}”"" o
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Qﬁlygaq%;gffﬁrangfgy'ppgygg;ons'ré;ulted in successful implantas
iions. ;:With.bqthydf,these;stréiﬁs»preénahqyxwas:normallyu

| accompsniea by ssccessful parturition asd lactation performance, | =
This was not the: case with'the‘large;stiain.recipients.,}“Tﬁbﬁgh;gfng
the percentage of transplantsgrqsultingiinwp;egnancy'appeagéa;fv, =
satisfactory; ise..about 605 of operations, the. incidends of .
death.at»partﬁrit16QVWas;Vet¥ high, .. Many;young-appea;gd t?_b?
suffocated-durihg.fhe birﬁh,process'apd;many.othErs,:botbpdégdﬁ‘,< o
and alive, were eaten by the recipient -.fem;ie; Evenamongst
large‘str?ig females‘gucéesstIIy Iittefing,lainumbe? of‘littéré-v
{up to a week of age wéze suddenlz'kil}éd and eaten by the. female
|for no obvioﬁs reaéén.§z-Th;g.probiemgoqqurred to-a lesser degree
in the lgrge,strain‘parentalbstocksfana enféileq keeping‘érmuch"

larger parént§1 étock than was envisaged in the ofiginaludésign~

|of theiexpériment..'
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e. The Vanation in matemal performance

e ; - .

From the results of the egg transplants between the

v v “ya

| ;rarious stra:ms four main conclusions emerge: | |

| 1. There is a difference in the matemel envzmnment h
prOVided by the large and small strain which has

.resulted from changes :m body size. ' ,

2. 'fhis d:.ff‘erence m matemal env:.ronment between the

.
I

two strams comes about mainly by a reduct:.on :m
the matemal perfor‘malnce of the small strain. |
| 3. ;The genetic make—up of the embryo mﬂuences the ‘
o maternal performance rating of the female, 1.e.
| :.the embryo creates a spec;fxc demand both prenatally
and pOStnatally. '

L.. ‘A maaor port:.on of the zne.temal 1nf1uence-of the o
ﬁf’emale on the postnatal gmwth of her young oecurs
—dur:l.ng the prenatal period. _ |

The preb];emf remsins of examining the possible mechanisms h

underlying these observations. | . ‘

Perhaps the most surprismg feature of the result of these
experiments is the asyumetry of the change in maternal performance
result.;‘,ng from selection for body sige and it is of-conslderable
interesf ’i’:o’enquire how it is that an inereaSe in body size. fails
to increase matemal perf‘omance to the same degree as an
equ:.valent dechne 1n size decreases i.t

Falcerier/




. .. -Palconer. (1955) sought to explam .an asymmetry of the
Lpostnatal matemal performance in the follow:mg Way. He suégested
-that there ‘were two components in matemal performnce, one ,
‘related fo anatom:.cal development (i.e. size of maumary glands), ‘ 3
the other to p’nysiolog:.cal efflciency. The anatomical component
‘would be expected to be directly related to. body size, vhereas -
the physiological component would not, : Ra.ther, as this R |
plxvs:i.olog:.cal component 1s in tum a component of natural. fltness, '
it would show overdominance as postulated by Lemer (1954}

An inemase in homozygoslsr brought about by changes in. gene '
frequency as.a’ result of selection would then proﬂuce a decline
of the physiological -compone'nt in:both lines‘ : The result in
‘the large line of.the s:tmultaneous changes in the anatom:.cal
' and physmlogical components would be a counterbalancmg of |
inc_z‘eased s;ze and;decrevased lactational eff‘iczepncy,f - In'the }
small l:'.ne t’heie w'oum -bé a decline.in both size and lactational
of:f’iciency’,resulting in the large.‘ net declioo'of t‘na"t'e'm'al: -
pcxffomanco» observed, |

" As ‘it stands this attractive. oxplanation co.nnot rbe

: reconciled with .the pnesent s:.tuation for 1t was shown that the
pmnatal maternal effect was at least of' equal mportance to the
‘postnatal. However, it seems poss:.ble that an analogous situation
applies during. the pmnatal embzyonic period, It may be argu.ed
| that the. anatomical component is represented by, the size of the
fcotal/




‘ foetal placen"ta,: and the physio,jlpgica;:'cqr‘npomnt. is -_represexited
by the ie'ff‘iciency' of the’placenta'ae an organ-'of intei’chéng'e; |
If this wene the case & close parallel of Falconer's explanation
would be expected. _ C P,
. This hypothesis rests largely on two basxc premises,
(a) that embzyo size and placenta size are- related, (b) that a
variation occurs in the funct:.ona,l ef’f‘icuency of, the cOmb:med
matemal and: foetal placenta as-an organ of interchange. .
Hanmond (1935) 1nvestigated the relat:.onsh;.p between the "
v:eight of the foetal plac:enta and the individual foetus in rabb:.ts.
He found that there was no relatlonship between the Wo in the.
early stages of pregnancy, -but art later stages the .-,we:x-.ght..-of the
foetus and the weight of its placenta became closely correlated,
A similar observation was made by Ibsen (1928) in guinea pigs, Y
while McKenzie and Bogart (1931..) found that the number of
cotyledons on the foetal placenta of .the pregnant ewe was closely
correlated with the weight and thrift of the new born lamb,

It is in the latter stage of pregnancy that the foetus makes
the greatest 'groﬁth end it is only then that 'diff‘eren'ces inA .
weight due to varying litter size become apparent (Hammond' 1935,
‘Winters: and-Feuf’fel 1936), - Of particular mtez‘eet is the.:
observation that prior to the establishment of differences in .
foetal we‘ighb? it is the weight of the foetal placenta 'thet is -
first .'ipcreased ‘by a decreéase 1n the number of ova fatilized
(~Hammopd 1935), From this observation it is reasonable to imply
that/




'grow rapidly (Hammond 1935). The welght of the matemal :

L2,

that because changes of' placental weight precede changes of’

foetal weight, the we:.ght of the placenta is a causal factor in’ b

Ri

determmng foetal wez.ght. The ratio of the weight of‘ the foeta:

: to the matemal placenta Var:l.es vnth the stage of pregnancy,

vv."_ ¢

for the\ growth of the matemal placenta ﬂecl:mes m the latter

sta,ge of pregnancy Whereas the foetal placenta ccntmues to o

e e !il

placenta bears ne relat:.cn to the weight of the young bom
(Hanmond 193)). Thus it appears that the foe tal rather than |
the maternal placenta 1s the ma:.n ccntrolling factor in the

nutritlcn of‘ the embryc, and further, that 1t is the slze to

Vi

whmh the foetal placenta grows :m the early stages of‘ pregnancy’-’__ﬂ"(:"“

that detemnes the ava:.lability ot" t.he nutrlent supply to the S

foetus durmg the latter stages ot‘ pregnanoy.
" The second premise that req_u:.res examnation is that

conceming var:.atzon in the mterchange ef'f:.c:.ency of' placenta

of d:.ffexvent stran.ns of mice. Unf'ortunately there 13 little

di.rect ev:.dence on this po:.nt '

‘ The transmlss:.on of material across the placental bamer
is known to aepend on (a) the substance transmtted, (b) the .
placental structure of the an.unal, (c) the stage ot‘ pregnancy. ‘
A marked Variatlcn between spec:.es in the momhogenesis of the |

foetal membmne was established bry Mossman (193!7) who was able

to/"
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to classify placentae according to (a) the number and type of’
tissue betwéen the maternal and foetal blood circulations and

(b) the diminution in layers as prognancy a&vances.A A difference

. Flexner and Gellhom (1942) labelled sodium chlomde with
Nam* and used this as a marker to measure the relat:wnship of ﬁxe
permeabil:.ty of the placental barrier to the type of structum
of the placenta, They succeeded in demonstrating a marked
vax"iation betweeh 'spec'iesv'in the amount of R’am* tmnsferxed per
‘gram of placental t:.ssue.

These reports refer to differences between species rether
than to differeneee between 's'crains ‘within species but it is not
unreasonable to envisage various strains of mice establishing

minor changes in placental structure affecting permeability or

already established, It seems reasonable therefore to accept ‘.
with reservation this second -premise, in which case it follows
that the above ez;plahation of the nature of the prenatal maternmal
effect offers a reasonable working hypothesis upon which f‘urther
expenmental work might be based ‘

Granted that the suggested explanation of the nature of. the
asyimnetricel maternal response is reasonable, it then becomes -
easier to visualize a -possibl‘e nlechfaniem'underlying the interactiorn
that was demonstrated between the strain of the embryo and the

strain/

in permeability between these _placental types has been demonstrated.

or altematively of changmg the permeability of the cell barriers

3




t| embryo. to. use: these nutrients depends \upon ‘the -type and size of'

| If, as.'seems likely, the. f‘unctmoal effic:ency of the Placenta

differs between strains of mice.then it 1s reasonable to expect.
-available -than .embryos of a - d:.ffenent straln.

' hypothegis concerning the mechanism of the asymmetricel response

| function is. first required, . . Lo

strain of .the host. female. ‘The. mitrient eupply'the embryo draws

‘upon . is provided -s0lely by the t‘emale, wheéreas:the capacity.of the

embryos of' .one stram to make :greater ‘use.: of .the nutrients .
- As discussed above, Falconer has. provided' an-attractive. .

in the postnatal. maternal. period, and it only remains to commant
upon the. interaction. observed in .the postnatal mtem&l perf‘ormano

To do:this- aatxsfactorar:.ly & brief: outline of: the. physiolt)gy of pi

. Much recent 'exberimentali.‘wozk. in enao'_oxinolOQ. hae.iieought. .
to'clarify. the 'relationshii) of the :nervous system to -the .endocrine
systems: .: The problem.of . .finding the mechanism of integration -
of the two-rcontro;l. gystems has. largely -centred- about .the onterioig“.
piﬁuiitgryegla'nd .vfor this is.an ‘endocrine: organ of paramotmt L -
importance subject in part to neural contral but without the
direct'-involveme'nt of nerve 'f‘ibzes'.' . The -key to the explanation

of this: anomaly appears to lie in the posterior lobe of the..

gland composed mainly of neural -tissue:and serves as-a storage

organ/’

.Placenta 1t is able to t‘orm during the early stage of. pmgnancy. wodes

pituitary gland (Benson and. Cowie 1957), . This is an endocrime. .| |

-

tuitary -’



: ‘-the passage ‘of these active peptides through the" anterior

’ the anter:.or lobe én route to ‘the systemic cnrculatmn. It 1s

: pittutary that’ 1s now beliemd to trigger the release of the

453
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g organ for the products of’ syntheeis of the paraventmolnar and

-

: supraoptic nuclei contained in the. hypothalame. Heura.l

stimulation of certain ‘types initistes’ the release ,of" the active ’

peptides of the postemor pituitary which in tu.rn pass through

enﬂocrine factors chamctemtic of' the anterior lobe.
a0 underetandmg of this meohenism provides a baeis for -

understanding the ‘nature: of ‘the interaction ‘observed between the i

strain’ of embryo and’ strain of euckling ‘femile.  The demnd;“
the- embryo is reflected in the transmission of ‘neural’ stimul‘_

. vfmm ‘the nipples of ‘the female to the posterior pﬁ.tm.tary. :'rpﬁé?' g
"end result of such a st:.mulus is twofo],d- ‘ (a) posterlor 1obe
factors are released w}ucb in:tt:.ate contraction of the ~ SN

fn'groepitheii'al 'Gells about the alveoli of .jt’ne mnmary tissue and

result in milk ejection; (b) the passage ‘of ‘thése posterior Yobe |

faoto_x‘sf'thro'iz'gh"'the-'énterior"bitui‘tari' 1nitiates ‘the releass

.of anteri.or lobe.factors ‘such as’ prola tin and growth homone

which are known to influence the activ:l.ty of the’ memazy tissue
in synthesising m1lk. In such a mnner the greater demand of
one type of young mouse compared to that of another way bé o
translatéa ioto dxfferenoes in the functional act:.v:.ty of the

maumzary "tissue of' the f‘emales suokling them.

.*

A
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d, 'Ehev'-cytoplasmic influence
The difference that was .established betwsea the .reciérecal

crosses reared in the same environment provides, apparently, the

-| first clear case in which cytoplasmic factors have been shown to

influence growth, - ' How unique this observation is likely to be
is yet unknown but the demonstration of an appmc‘ia'ble"cytopl‘a',suﬁc
influence on growth is of considerable interest, The nature of

the influence operating is obscure, but it seems unlikely that

't actual cyfoblasﬁic inheritance is involved, The wost favourable

cytoplasm for growth was provided by the small strairi. If -ih‘e o
inheritance of parficuiar cytopiéanié agents increasing body size
were involved it would -bg'difficult to coixipréktetid’ their accumula-
tion in greater quantity in the small ‘strain than -in the large,

Rather, it appears more likely that this cytoplasmic difference

originates as a modification of the cytoplasm determined by the

nuclear genetic struc'tuhé of the small strain, and is 'dependent

upon’ the 'c.outinued genetic identity of the ‘swall strain
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'B:»;Maternal effects §n§Vchanges‘in;gens f}equgnqz'

.The final problem to be coﬁsideréd is the,relevancé of the
maternal influence to the interpretation of genétical studies
in mammals for just as cytoplasmlc influences may be confounded
with maternal effects, so too may changes in gens freqpency
accompanying ‘selection and inbreeding,

For convenience in discussion the problem may be thought
of in two stages: _ .

1. ~the coigelation of the maternal effects with the

: cﬁaxhbtéf‘sélectéd;‘ S ..""l']"
2 ”the~impdptahcé of thiS”chahgeé-mate?néi*pérformaﬁce'
7 o the ‘offs$pring of the seélected animal,

ks already pointed out the ‘sélection carried out by Falcdner

for bday‘size"in'%hé‘iérgé'and small’ straibs wes made within

litférs“ahd‘eqﬁ§13nuﬁbérs’of indiﬁiddhié1weié&§éleétéd frdm all f
available families: By the use 'of such o technique the |
environmental component ‘of varlation conmon only’ to members of
one’littér, i;g. maternal effect;rwas subject &oind diregt‘
selection at all, since, it ‘is’'a character of the mother and' rio* .
seiééﬁiéﬁA5§€wéen fadiliésiﬁasApfgétiée@{' “Thus, heglecting '
random drift, the change in maternal performance was a correlated

response resulting from the genetic ¢orrelation between body:

weight and mothering ability. '
An éipéctatiénf@f a general asymeétrical correlation between

body/
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body size and maternal effect such as- demonstrated in this

exper1ment would be a departure from symmetry in the response to
: selection for body s1ze, selectlon for large slze bezng 1ess 3
effectlve than selectlon for smsll size. Such an asymmetry Was

observed by Falconer (1955): the reallzed herltabilltles bezng

L

17.5+1.6% in the laxge line and 51.8+2.3% in the small line.

Though rather elaborate genetlcal 1nterpretations may be evoked

Pofeet

to explain such an asymmetrical selectlon response, a reallzation :

¢

of the nature and magnitude of the role of the maternal environ-

1 Ty

ment and of the manner in which it varies as eelectlon proceeds
appears to obviate the need for euch complicated hypotheses.

In a like manner the correlatlon of maternal effect and body

'size ralses a further 1nteresting point in relation to selection

11mits. Thus 1t 1s belleved that genetic variation stlll existsi

L,

1n both the large and small selected llnes yet response to selectio

+ .'.' P, ‘ l .

has virtually ceased. In suoh a s1tuat10n one might envisaée ;'.
the upper selectlon llmit being impoeed, not by the exhaustlon of
genetlc varuatlon for body size pg , but rather by a 1imitat10n j
.of eize impOsed by the maternal performance of the female. _ |
However; thls point is epeculative and requzres further 1nrestiga-
tlon. . .A_ L - : .

A somewhat szmilar problem of 1nterpretat10n was reported

v/




. by Falconer (1955),. who. ndted-'a rathér more indirect corxe_lation

- betweer body weight and litter size, ~* He observed that females
'v resulting from large litters were smaller at. mating’ than‘.femal'cs
from small litters. 4s'a correlation- bétween the number of -

aggs shed .and body gigze Was also apparent the prelim:mary stages
of‘ selection for- mcreased 11tter s:.ze actually resulted in -

: smaller litters than th03e resulting from mat:mgs in the l:me, y
selected for. small litter s:.ze. Thus in this case the correlated_'_
4*hange in. matemal perfonnance completely masked the genetic ’
c»hanges result:mg from selectlon. ‘ L o T
‘A f‘urth'er a@ec-t» of the"problem of the‘ correlated maternal
response is the relat:.onship between matemal eff'ect and f‘:.tness.-‘
: patemn (see Falconer 1955) selected for lactational pert‘ormance '
dn m:.ce but real:.zed slow prOgress in both the upward and downward '
"iv’cllmctlon, yet reverse selectlon :m each lme made at each -

ot

| successive generatn.on yiel*ded & marked response. Preliminazy

I3

'lz esults of relaxmg seleetica at each generatlon showed a

regression of the means of both hlgh and low lznes to. an J.nter-

'

mdlate level.x Results such as these would be expected 1f an

A

-':lntermediate genotype were optimal for f‘:.tness and natural

| select:.on was, opposing change in either dn.rect:xon. ’ Wkw 1t

should be - that 1ncreased lactatlonal perfomance apparently lowers
flz.t_ness remaips»obscqre.,. The‘mportant po'a._nt-‘;so -far as. t}_ns :
discussion is 'coneemed is that a ‘correl‘ate_d change ,in_ ma ternal
performance accompanying ‘selection .f‘o'r-a character may result 1n
a change of fitness of  the selected pop'ulation quite apart from

that/

_~_~- Ry
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.that due to a direct correlation of the character selected with

. fltness.

,,,,,

, above the 1nterpretatzon of 1nbreed1ng and crossbreedlng exoerz- ’.
. ments has been complicated.4f The increas:ng homozygos;ty of .JA~‘
Avthe embryo which accompanzes inbreedzng is inev1tably acccmpanied
by 1ncreaszng homozygosity of the female bearlng the embnyo.. This
1ncreased homozygos1ty of the female undoubtedly 1nf1uences her
maternal performance whlch in turn affects the development of
-the emb:yo to a variable degree. Thus the separatlon of the';
~inf1uence of- inbreedlng upon the emb:yo compared to the female )
is confounded, | |

: In thls situation as w1th those previously commented upon
- the technique of egg transplantation appears to offer the most
sultable praotical technique for dlsentangl1ng the effects of
otherwise confounded varxables and of studying their 1nteract10n

with each other;




}._,._.,

5.

"investigation of the :unportance and nature of the matemal
vmice. ' ‘l‘he stralns of mice used had been establ:.shed by
| 35 generat:.ons. e

'transplantatlon nor f‘ostermg of young vn.thin strains
:mfluenced the growth potent1al of the embryos. -

- envirenment prov:.ded by the large and small stra:m females

’and small stra:m females pmvea 1nfenor in matemal perfor-

. of ‘the female and the genotype of ‘the embryo implanted was

. prenatal and postnatal phases, \demonstratedwthe marked -

51, .

The technique of ova transplantation was used 1n a.n ‘
1nf‘luence upon the growth of a large and small strain of
Falconer using mthm 11tter selectlon f'or approx:.mately

Preliminary exPerlments establxshed that nelther |

N ‘ -
A marked d:.fference was demonstrated in the matemal

to emnyOS of a non-releted unseleoted stra:.n.

Compared to an ’unselected outbred stram both the large

mnoe, but the main dlffenence between the matemal performanc“
of the 1arge and small strams ‘came - about by a reduction in -'|:
the matema.l. ‘performance of t-_he small stra:.n'.

‘An interaction between the ‘prenatal maternal . environment

apparent,

‘ ) : i

The partitioning of the total maternal »e_uvi_r.'onment-into

importance of  the prenatal phase to.growth.. The postnatal
contribution varied according to the genotype of both the

female/
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female and the young bemg suckled An mteract:.on between B

7e .

av

the lactatlonal perf'omance of‘ the female and the genotype
of‘ the young was apparent. ,' . _ , |
| Sex linked genes were ;mt zespons:.ble for any mazked
et‘fect on Body s:.ze, but evi.dence was found shomng that
the cytoplasnlc influence on gro\vth was greater m the small st
than in the large.stram. ‘ _

A poss:.ble explanatio.n of the asyumetry and mteraction

of maternal effects is provided, and the results are d:xscussed

K

in relatlon to the interpretatlon of select:.on and 1nbreed:.ng

t

_exper.unents in mammal,s.

rain
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