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Summary. The cross-nursing technique was used to assess the relative importance of prenatal and postnatal
maternal influences on growth in mice from an unselected population originated from a cross of four highly
inbred strains. Body weights were studied at birth, 7-, 14-, 21- and 42-days, in addition to the weight gains
between these ages and tail length at 21 and 42 days of age. At littering, each dam in each nursing set re-
tained two of her own offspring and two were transfereed to each of the other dams in the set, so that each
nursed litter contained six young representing three mothers. Prenatal influences accounted for 37, 15, 10,
11 and 13 % of the total variation in the respective body weights, while postnatal influences accounted for 0,
64, 65, 49 and 14 % at the respective ages. In the case of weight gains, prenatal influences were responsible
for 16, 4, 6 and 30%, while postnatal influences were responsible for 66, 66, 31 and 7% of the total varia-
tion in gain during the respective four periods examined. Apparently the individual weight gain from 7 to 14

days was a better measure of the lactational performance of the dam than individual 14-day weight. For tail
length, prenatal influences accounted for 6% and 4% of the total variation in tail length at 21 and 42 days,
respectively, while postnatal influences accounted for 60 % and 24 % at the respective ages. Generally, there
was no indication of an important interaction between the nurse and the nursed young at any stage studied.
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Introduction

Maternal influences are an important source of varia-
tion in mammalian species. The maternal environ-
ment provided by the female may be split into two ma-
jor, phases, i.e. the prenatal (the period from ovula-
tion to parturition) and the postnatal (the periodfrom
parturition to weaning). Cox and Willham (1962) re-
ported that experimental designs utilizing planned
nursing schemes provide one approach to problems
concerning maternal influences on quantitative traits.
Legates (1972) reviewed generally the role of labora-
tory animals in the study of maternal influences, and
the usefulness of the cross-nursing technique to se-
parate experimentally prenatal and postnatal mater-
nal influences and to assess their relative importance
on growth. Many workers reported experiments with
mice where cross-nursing technique was used to study
the role of maternal influences on growth traits (e.g.
Bateman 1954; Cox et al. 1959; Young et al. 1965;
El-Oksh et al. 1967; Nagai 1971; Rutledge et al.
19723 La salle and White 1975; Nagai et al. 1975).

However, the need persists for further examination

of relative changes with age of prenatal and postnatal
maternal influences on growth in mice since many of
the previously cited studies used similar genetic
stocks.

The present study was undertaken to assess the re-
lative importance of prenatal and postnatal maternal
influences upon body weight and weight gains from
birth to six weeks of age and on tail length measured

at 21 and 42 days of age in mice.

Material and Methods

Source of data and laboratory procedures:

The mice used in the present study came from an un-
selected base population. This population was formed
by crossing four highly inbred strains of mice, name-
ly: AKR/Bln.; AB/Jena; A/J Han Jena and H/ADW
which were maintained by brother -sister mating for
about 50 to 150 generations at LVS Probstheida,
Karl-Marx-University, Leipzig), followed by 5 gener-
ations of random mating using approximately 20 sires
and 40 dams per generation. Fifty one males (7 to 8
weeks old) and 153 contemporary females were ran-
domly chosen from the base population and matings
made among them. The mating ratio was one male to
three females, avoiding full and half sibbing, and no
two sisters or half sisters were mated to the same
sire. Pregnant females were placed in separate
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cages approximately 17 days post mating and checked
twice daily for newborn litters. Only first parity lit-
ters were used. At parturition the young mice were
arranged in cross-nursing sets of three litters each
according to the following restrictions: a.) The three
litters should be born within the same 12 hour peri-
od; b.) Each litter should contain at least six mice
(litters having fewer than six mice were excluded) ;
c.) Each sire should be represented by only one lit-
ter in a given cross-nursing set; d.) No two sisters
or half sisters should have their litters in the same
cross-nursing set; e.) The sires of the three litters
should not be related to one another or to either of
the three dams. Newborn litters were sexed as ac-
curately as possible, standardized to six, and each
mouse was permanently identified by toe clipping. The
remainder of the young were discarded. Individual
birth weights were taken while sets were being estab-
lished, within approximately 12 hours after the lit-
ters were born. Each dam was then given randomly
two of her own young and two from each of the other
two dams in her set. An attempt was made to ensure
that both sexes were represented in each pair. Indi-
vidual weights were taken again at 7~-, 14- and 21-
days of age to the nearest 0.1 gram. At 21 days the
young were weaned and segregated by sex into sepa-
rate cages, with postnatal litter mates occupying the
same cage. The final weighing was made at 42 days
of age. Tail lengths were measured to the nearest
O.1cm. at 21 and 42 days of age. In addition, the
amount of gain made during the respective periods,
namely from birth to 7 days, from 7 to 14 days,
from 14 to 21 days and from 21 to 42 days of age,
were obtained. Tap water and a standard commercial-
ly prepared pelleted ration (Miuse- und Rattenfutter,
R 09) were supplied ad libitum. The laboratory was
maintained at approximately 22°C and 60% relative
humidity with a continuous light to darkness ratio of
12 hr. light to 12 hr. darkness.

Statistical Procedures

Prior to analysis the data were adjusted for sex dif-
ferences by using a multiplicative correction factor
similar to that described by Falconer (1953).

The mathematical model used in the statistical ana-
lysis of the data was identical to the one used by Cox
et al. (1959) and described by Legates (1972) as fol-
lows:

Yim = B +ak + py + (@p)a + exmj where yun is
the measured trait taken on the m*® young belonging
to the 1'" litter as reared and k® litter as born, pis
the general mean of the set, a, and p, are the effect
of the k* actual (prenatal) and 1" nurse (postnatal)
mothers, respectively, (ap)ﬂ is the interaction of the
prenatal and postnatal effects and exn is the effect of
differences among litter mates (full sibs) born and
reared alike. Assumptions were made that the ax, py,
(ap)x and ew. are independent random variables, each
with mean zero, and with variances o, , c?, cf‘p and
o2, respectively. Genetic interpretation of the various
effects have been given by Cox et al. (1959), Rutledge
et al. (1972) and Legates (1972).

Results and Discussion

Body Weights

Table 1 shows the mean squares, components of vari-

ance and the percentages they represent of the total
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variance in body weights studied. Prenatal influences
were highly significant (P <0.01) for all weights
examined. They were important for birth weight ac-
counting for 37 % of the variance in this trait, but they
were responsible for only 15%, 10% and 11% of the
variance in weight at 7-, 14- and 21-days of age, re-
spectively, At 42 days, the prenatal effects account-
ed for 13% of the total variance in individual body
weights at this age. The prenatal component of vari-
ance includes the genetic and uterine effects that
cause litter mates to be more alike than mice from
different litters. Therefore, it was expected that this
component and the error component would include al-
most all the variation in birth weight. Thereafter, in
spite of the observed decline, prenatal influences were
still highly significant (P < 0.01) until 42 days of age
(Table 1). Similar results were reported by Cox et
al. (1959) and Young et al. (1965), They found that
prenatal effects accounted for 38 %, 6 to 12% and 18%
of the total variance in birth weight, 21- and 42-day
weight, respectively. El-Oksh et al. (1967), Nagai
(1971) and Rutledge et al. (1972) reported that pre-
natal influences were responsible for 61%, 52 % and
50 %, respectively, of the variance in birth weight. The
descrepancy between these estimates and the present
one may be explained by strain differences, since the
prenatal component of variance represents one half
the additive genetic variance in body weight plus frac-
tions of the dominance and epistatic variance as well
as the effects of intrauterine environment. However,
for later weights they reported results that corrobo-

rate the findings of the present experiment.

Rxcept for birth weight, postnatal influence was
statistically mighly significant (P < 0.01) for every
stage studied (Table 1). The postnatal component
contains the variances due to maternal influences.
Presumbly this would be mainly through lactation (But-
ler and Metrakos 1950). However, this component al-
so would contain any common environment or cage ef-
fects (Hafez 1963; Rosenberg et al. 1970). The post-
natal component of variance for birth weight was a
small negative value and it was assumed to be zero.
The expectation of this component for birth weight is
zero, since postnatal influences have not been ex-
perienced at this point by the young mice. This sup-
ports the previous reports (Cox et al. 1959; Young
et al. 1965; E1-Oksh et al, 1967; Nagai 1971; Rut-
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Table 1. Analysis of variance for individual weights at birth (W,), 7 days (W-), 14 days (W14 ), 21 days

(Wz1) and 42 days (Waz2)

Source of variation d.f. W0 W7 W14 W21 W42
Mean Squares

Prenatal 76 0.0475""  0.409877  0.509477  1.5347.7  4.842077
Postnatal 76: 0.0083 1.4887 2.4817 4.8185% 4.8539
Prenatal X Postnatal 152 0.0095 0.0833 0.1579 0.6233 2.2740
within 342° 0.0109 0.0682 0.1331 0.5093 2.2906
Components of variance

Prenatal (ci) 0.0063 0.0544 0.0586 0.1519 0.4280
Postnatal (cﬁ) -0.0002 0.2342 0.3873 0.6992 0.4300
Prenatal X Postnatal (cip) -0.0007 0.0075 0.0124 0.0510 -0.0083
within (cz) 0.0109 0.0682 0.1331 0.5093 2.2906
Components of variance as percent of total®

Prenatal (c2) 37 15 10 11 13
Postnatal (cf) ) 0 64 65 49 14
Prenatal X Postnatal (cip) 0 2 2 4 0
within (c2) 63 19 23 36 73

* 66 for W7, 54 for W14 and W21, 24 for W42 d Negative estimates of these components assumed
® 132 for W7, 108 for W14 and W21, 48 for W42 as zero

¢ 297 for W7, 243 for W14 and W21, 108 for W42 ++ Statistically significant (P < .01)

lege et al. 1972). The immediate and large influence
of the postnatal environment is shown by the results
for the weight at 7-, 14- and 21-days, where postna-
tal influences account for 64 %, 65% and 49 % of the
total variance, respectively. These results indicate
the importance of the postnatal maternal performance
of the dam (milk producing ability plus any maternal
ability associated with behaviour) in determining the
growth of the young during the suckling period. Further-
more, the results indicate also (as expected) that the
maximum influence of the postnatal environment was
at 14 days of age. Jara-Almonte and White (1972)
determined the lactation curve in laboratory mice by
utilizing the difference in body weight of a litter be-
fore and after a 1.5 hour nursing period to obtain milk

weights. The lactation curve reached a maximum be-

tween days 13 and 14 post partum. On the other hand,

the young mice begin to consume solid food at around

14 days of age as soon as their eyes open. After this

time the differences in genic values for growth would
be expected to exert an influence on the animals
growth response. However, the variance in the weight
at 21 daysis still largely influenced by the postnatal ma-
ternal environment (Table 1) . This suggests that growth
inmiceuntil about 21 days ofageisinfluenced more by
postnatal maternal differences than by direct genetic
differences. At 42 days of age, the postnatal compo-
nent represents only 14 % of the variance in individual
weights. However, this indicates that the postnatal
maternal influence of the nurse was nearly as impor-
tant a source of variability in the weights of the young
as were the hereditary and uterine factors which cause
members of a litter to be more alike than individuals
from unrelated litters (prenatal), until sexual maturi-
ty. The present results agree fairly well with those in
the literature. Cox et al. (1959), Young et al. (1965)
and E1-Oksh et al. (1967) reported that postnatal ef-

fects account for over 60% of the total variance in
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Table 2. Analysis of variance for individual weight gains from birth to 7 days (W, - W,), from 7 to 14 days
(Wis - Wo), from 14 to 21 days (Wzz - W14 ) and from 21 to 42 days (W2 - Wa1)

Source of variation d.f. W7 - W0 W14 - W7 W21 - W14 W42 - W21

Mean Squares

Prenatal 66 o.4152:: 0.0929** 0.5354** 1.2777%
Postnatal 66° 1,5058 0.7176*" 1.2668" 0.6160%"
Prenatal X Postnatal 132 0.0675 0.0526 0.3562% 0.3893"
within 297 0.0646 0.0491 0.2570 0.2386
Components of variance

Prenatal (c:) 0.0580 0.0067 0.0299 0.1481
Postnatal (cg) 0.2397 0.1108 0.1518 0.0378
Prenatal X Postnatal (cr:p) 0.0014 0.0017 0.0496 0.0754
within (oi) 0.0646 0.0491 0.2570 0.2386

Components of variance as percent of total

Prenatal (cz) 16 4 6 30
Postnatal (of;) 66 66 31 7
Prenatal X Postnatal (cip) 0,4 1 10 15
within (%) 17 29 53 48
: 54 for W, , - W, and W, - W, ,, 24 for W,, - Wy, + statistically significant (P < .05)

108 for W14 - W7 and W‘21 - W14, 48 for W42 - W21 ++ statistically significant (P < .01)
c

243 for W14 - W7 and W21 - W14, 108 for W42 - W21
7-, 14- and 21-day weight, while at 42 days of age of another mother is unimportant. The finding sup-
this influence has declined by approximately 50%. ports the previous reports {Cox et al. 1959; Young
Rutledge et al. (1972) indicate that the percent vari- et al. 1965; E1-Oksh et al. 1967; Nagai et al. 19713
ance due to postnatal nurses had a maximum at 12 Nagai 1971; Rutledge et al. 1972).
days, accounting for 68% of the varianceinindividual The error component of variance which also con-
weights at this age. Thereafter, a decline was ob- tains the remaining genotypic variance in weight and
served, yet significant postnatal maternal effects the random environmental influences, represented
were present to day 49. 63%, 19%, 23 %, 36% and 73 % of the total variance in

None of the prenatal by postnatal interactions was the various body weights examined (Table 1).
statistically significant (Table 1). The prenatal by
postnatal interaction could arise through incompati-
bilities between the genotype of the mouse and the Weight Gains

nutritional (milk) or cage environment provided by

the nurse. The interaction component was positive Estimates of mean squares and variance components
(except for birth- and 42-day weight), but generally derived from analysis of variance of weight gains
accounted for less than 4% of the variance in individ- examined are shown in Table 2. The components of
ual weights at different ages. These results suggest variance expressed as a percentage of the total vari-
that the effect of transferring young from prenatal en- ance are also given. The prenatal component of vari-

vironments of one mother to postnatal environments ance represented a highly significant (P < 0.01). 16 3%,
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4%, 6% and 30% of the total variance in gain during
the period from birth to 7 days, 7 to 14 days, 14 to
21 days and 21 to 42 days, respectively. The maxi-
mum influence of the prenatal environment was thus
during the postweaning gain period (21 to 42 days).
This indicates that individual genetic factors influenc-
ing growth become relatively more important after
weaning. In contrast, Young et al. {(1965), El-Oks
et al. (1967) and Rutledge et al. (1972) found that
preratal influences accounted for only 13%, 2% and

6 %, respectively, of the total variance in gain from
21 to 42 days. The percent variance due to prenatal
influences obtained in gain from birth to 7 days
(Table 2) suggest that either the direct genetic ef-
fect and/or a carryover intrauterine effect of the
prenatal dam may have real influence upon gain made
immediately subsequent to birth. This result is in
agreement with that of E1-Oksh et al. (1967). They
reported that prenatal influences accounted for 24 %
of the total variation in gain during the first week of
age. In case of weight gain from 7 to 14 days and
from 14 to 21 days, the influence of the prenatal ef-
fects clearly decreased (Table 2). This may reflect
the fact that prenatal influences have less effect upon
gains made during periods mostly influenced by the
milk supply provided by the nurse. These results are
inpartial agreement with those of E1-Oksh etal. (1967)
who reported that prenatal effects accounted for 22 3%
and 6% of the variance in gain during the same two

periods, respecitvely.

A highly significant (P < 0.01) postnatal influence
was observed in all gain periods studied (Table 2).
Postnatal maternal influences accounted for 66 % of
the total variance inthe first and second week's growth,
respectively, then began a steady decline during the
third week (31%) and finally were responsible for on-
ly 7% of the variance in gain from 21 to 42 days of
age (Table 2)., These figures are similar to those of
58%, 60%, 44% and 11 % reported by E1-Oksh et al.
(1967) in the same gain periods, respectively. In
general, the data of Cox et al. (1959), Young et al.
(1965) and Rutledge et al. (1972) showed similar
trends. In the case of preweaning gain, the present
results suggest that the postnatal effect of the nurse
has an important influence on growth of the young
from birth to 14 days of age. This period is largely

characterized by the lactational performance of the

dam (Jara-Almonte and White 1972). Apparently the
individual weight gain from 7 to 14 days is a better
measure of milk production than the individual 14-day
weight. Postnatal influences during this period of
growth were more important than prenatal influences
(66% vs. 4%), while in individual 14-day weight the
percent variance was (65% vs. 10 %) for postnatal
and prenatal influences, respectively. Similar re-
sults were reported by Nagai (1971). In contrast,
E1-Oksh et al. (1967) reported that the absolute 14-
day weight could be more sensitive to measure dif-
ferences in milk production than the individual weight
gain from 7 to 14 days of age.

The prenatal by postnatal interactions were not
significant (P > 0.05) during the first two gainperiods
(birth to 7 days and 7 to 14 days), but were signifi-
cant (P < 0.05) during the third and fourth periods
(14 to 21 days and 21 to 42 days), Table 2. During
the first two gain periods the interaction between
prenatal and postnatal factors was apparently unim-
portant, as the component of variance accounted for
less than 1 % of the total variance in weight gains. The
finding supports the previous reports {Young et al.
19655 E1-Oksh et al. 1967; Rutledge et al. 1972). The
interaction component of variance, on the other hand,
accounted for 10% and 15% of the total variance in
weight gain from 14 to 21 days and from 21 to 42
days of age, respectively (Table 2). These figures are
in close agreement with those reported by El-Oksh et
al. (1967), but are larger than those reported by
Young et al. (1965) and Rutledge et al. (1972).

However, the present results indicate that geno-
type-environment interaction does not become impor-
tant until late in the growing period when the genetic
differences in the growing mice become more impor-
tant and the postnatal influences of the nurse ceased
to act.

The error component of variance represented 17 %,
29%, 53% and 487% of the total variance during the four
gain periods, respectively (Table 2).

Tail Lengths

Table 3 shows the mean squares, components of vari-
ance and the percentages they represent of the total
variance in tail length at 21 and 42 days of age. This

trait was included because even though it is genetical-
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Table 3. Analysis of variance for tail length measured at 21 days (T21) and 42 days

(Taz)
Source of variation 1.
of variatia: d.f T21 T 42
Mean Squares
Prenatal 54 0.13497" 0.1784""
Postnatal 54* 0.7767"" 0.3789%*
P'rer.latal X Postnatal 108° 0.0622 0. 1413+
within 243° 0.0657 0.0924
Components of variance
Prenatal (%) 0.0121 0.0062
Postnatal (cri) 0.1191 0.0396
Prenatal X Postnatal (cip) -0.0017 0.0244
A 2

within (ce) 0.0657 0.0924
Components of variance as percent of total?
Prenatal (02) 6 4
Postnatal (cz) 60

P 24
Prenatal X Postnatal (czzap) 0 15

cires 2

within (ce) 34 57

& 24 for Ts=
48 for Taz

° 108 for Taz

* Negative estimate for this component
assumed as zero

ly correlated (r = 0.59) with body weight (Falconer
1954), it may be related to skeletal size (Griineberg
1957). The prenatal and postnatal components of vari-
ance accounted for 6% and 60% of the total variance
in 21-day tail length, respectively, while a small ne-
gative value, assumed to be zero, was obtained for
the interaction component. In the case of tail length
at 42 days of age, the prenatal, postnatal and inter-
action components of variance accounted for 4%, 247%
and 15 % of the total variance, respectively (Table 3).
The literature, except the study of Rutledge et al.
(1972) seems devoid of any information concerning
the prenatal and postnatal influences on tail length at
different ages. Rutledge et al. (1972) reported slight-
ly higher figures of 12 % and 29 % for the percent of
variance due to prenatal and postnatal influences, re-
spectively, in tail length at 42 days of age. The ratio

of postnatal to prenatal components of variance allows

+ Statistically significant (P < .05)
++ Statistically significant (P < .01)

an assessement of the relative importance of the two
sources of variance. This ratio was 9.8 and 6.8 for
21- and 42-day tail length, respectively. Furthermore,
the two ratios were larger for tail length than for body
weight at the same age, where at 21 days of age the
ratiowas 9.8 vs. 4.6 and at 42 daysof agewas 6.4vs.
1.0 for tail length and body weight, respectively.
These results suggest that the maternal influences on
traits may differ even when both traits are measured
at the same age. The data of Rutledge et al. (1972)

showed similar trends.
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