
T h e o r .  A p p l .  G e n e t .  51 ,  2 4 9 - 2 6 0  ( 1 9 7 8 )  

�9 by Sp r inge r -Ver l ag  1978 

Direct and Matemal Genetic Effects on Body Weight 
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Summary. Direct and maternal genetic effects were evaluated for maturing patterns of body weight in mice using 
a crossfostering design. Cressfostering was performed in one group using dams from populations selected for 
rapid growth rate (MI6 and He ) and their reciprocal F~ crosses. A second crossfostering group consisted of 
dams from the respective control populations (ICR and C2 ) and their reciprocal Fi 's. Population differences 
were partitioned into direct and maternal effects due to genetic origin, correlated selection responses, heter- 
osis and cytoplasmic or sex-linked effects. Degree of maturity was calculated at birth, 12, 21, 31 and 42 days 
of age by dividing body weight at each age by 63 -day weight. Absolute and relative maturing rates were calcu- 
lated in adjacent age intervals between birth and 63 days. Genetic origin effects (ICR vs. C 2 ; Ml6__vs. H6) were 
significant for many maturity traits, with average direct being more important than average maternal genetic 
effects. In general, correlated responses to selection for maturity traits were larger in the M16 population (M16 
vs. ICR) than in the He population (H6 vs. C 2 ) and correlated responses in average direct effects were larger 
t-~an average maternal effects. Positive~orrelated responses in average direct effects were found for relative 
maturing rates at all ages and for absolute maturing rates from 31 to 63 days. Apparent correlated responses 
in degree of maturity were negative for M16 and H8. However, further analysis suggested that the correlated 
response for degree of maturity in H~ may be positive at later ages and negative at earlier ages. Direct and 
maternal heterosis for degree of maturity was positive in the selected and control crosses. Absolute and rela- 
tive maturing rates showed positive heterosis initially, followed by negative heterosis. Reciprocal differences 
due to the cytoplasm or sex-linkage were not important for patterns of maturity. 
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Introduction 

B o d y  w e i g h t s  and  w e i g h t  g a i n s  c o m m o n l y  h a v e  b e e n  

u s e d  to c o m p a r e  g r o w t h  in  d i f f e r e n t  i n d i v i d u a l s  m e a s -  

u r e d  a t  a c o n s t a n t  a g e .  T h e s e  m e a s u r e m e n t s  f a i l  to 

d i s t i n g u i s h  the  d e g r e e  of  d e v e l o p m e n t  o r  p r o p o r t i o n  

of m a t u r e  w e i g h t  a t t a i n e d  a t  a s p e c i f i c  a g e .  B a s e d  on  

a n  o b s e r v a t i o n  by  B r o d y  ( 1 9 4 5 )  t h a t  body  w e i g h t  a t  a n  

i m m a t u r e  a g e  c a n  b e  e x p r e s s e d  a s  a p r o p o r t i o n  of  

m a t u r e  s i z e ,  F i t z h u g h  and  T a y l o r  ( 1 9 7 1 )  d e f i n e d  d e -  

g r e e  of  m a t u r i t y ,  a b s o l u t e  m a t u r i n g  r a t e  a n d  r e l a t i v e  
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~ On leave frona the Animal Research Institute, Agri- 
culture C a n a d a  a t  O t t a w a ,  O n t a r i o  

~ e e  On l e a v e  f r o m  the  D e p a r t m e n t  of  A n i m a l  H u s b a n d r y ,  
A g r  i cu l  t u r a l  U n i v e r s i t y  a t  W a g e n i n g e n ,  t h e  N e t h e r -  
l a n d s  

m a t u r i n g  r a t e .  T h e s e  t r a i t s  p r o v i d e  a n o v e l  d e s c r i p -  

t i on  of  g r o w t h ,  w h i c h  c a n  b e  u s e d  to d i s t i n g u i s h  d i f -  

f e r e n c e s  in  g r o w t h  p a t t e r n s  a m o n g  i n d i v i d u a l s  t h a t  

v a r y  in t h e i r  m a t u r e  s i z e .  

The o b j e c t i v e  of t he  p r e s e n t  s t u d y  was  to u s e  d e g r e e  

of  m a t u r i t y ,  a b s o l u t e  m a t u r i n g  r a t e  a n d  r e l a t i v e  m a -  

t u r i n g  r a t e  to  e v a l u a t e  g r o w t h  p a t t e r n s  in  g r o w t h - s e -  

l e c t e d ,  c o n t r o l  and  c r o s s b r e d  m i c e .  A m u l t i p l e - g r o u p  

c r o s s f o s t e r i n g  d e s i g n  ( N a g a i ,  B a k k e r  and  E i s e n  1976a ,  

b)  was  u s e d  to p a r t i t i o n  a v e r a g e  d i r e c t  and  a v e r a g e  

m a t e r n a l  g e n e t i c  e f f e c t s  a m o n g  p o p u l a t i o n s .  R e c i p r o -  

c a l  c r o s s e s  b e t w e e n  p o p u l a t i o n s  w e r e  u s e d  to d e t e r -  

m i n e  t he  i m p o r t a n c e  of  d i r e c t  and  m a t e r n a l  h e t e r o t i c  

and  n o n - c h r o m o s o m a l  e f f e c t s  on  the  m a t u r i n g  t r a i t s .  

Th i s  s t u d y  was  p a r t  of a n  e x p e r i m e n t  d e s i g n e d  to e v a l -  

u a t e  d i r e c t  a n d  m a t e r n a l  g e n e t i c  e f f e c t s  of c o r r e l a t e d  

t r a i t s  in  g r o w t h - s e l e c t e d  p o p u l a t i o n s  of  m i c e  ( N a g a i  

e t  a l .  1976a ,b~  B a k k e r ,  N a g a i  and  E i s e n  1976~ E i s e n ,  

B a k k e r  a n d  N a g a i  1 9 7 7 ) .  
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M a t e r i a l s  and Methods  

S o u r c e  of  D a t a  

The mouse populations, mating scheme and crossfos- 
tering design have been described by Nagai et al. 
(1976a). Briefly, the He and M16 populations were 
developed by selection for large 6-week body weight 
and increased 3- to 6-week postweaning gain for 73 
and 36 generations, respectively. The C 2 and ICR pop- 
ulations represent the respective controls. Both se- 
lected strains appear to have plateaued in their res- 
ponse to selection at the time this study was initiated. 
Direct responses to selection have been described by 
Legates (1969) for the He population and by Eisen 
(1975) for the MI6 population. 

Matings between the He and M16 populations and 
between the C2 and ICR populations provided four re- 
ciprocal Fr crosses (He• MI6, MI6 • C2• 
ICR • C2 ; male parent written first). Individuals 
within each of the 8 populations were randomly mated 
at about 9 weeks of age, avoiding sib matings, to pro- 
duce 8 progeny groups. The selected crossfostering 
group consisted of dams from the He, MI6, He>< MI6 
and MI6 • He populations. Similarly, the control cross- 
fostering group included the C2, ICR, C2• ICR and 
ICR • C2 populations. Within each crossfostering 
group, replicate crossfostering sets were formed. 
Litters were standardized to 8 pups of 4 males and 4 
females, when possible, and each dam nursed 2 of 
her own progeny and 2 from each of the other 3 dams. 
An attempt was made to allot a male and female from 
a litter to each nurse dam. Toe-clipping was performed 
at birth to distinguish line genotypes and again at 7 
days to provide individual mouse identification. Pro- 
geny were weaned at 21 days of age, and 4 mice of the 
same sex and population were randomly caged together. 
Body weights were recorded at birth, 12, 21, 31, 42 
and 63 days of age on all progeny. Body weights at 21 
days and thereafter were adjusted for sex (Falconer 
and King 1953). 

D e f i n i t i o n  of  T r a i t s  

F i t z h u g h  and T a y l o r  ( 1971) de f i ned  the  fo l lowing  t r a i t s  : 
D e g r e e  of  m a t u r i t y  i s  the  p r o p o r t i o n  of  m a t u r e  s i z e  
(A) a t t a ined  f o r  body weigh t  ( Y t )  m e a s u r e d  at  a g i v e n  
s t a g e  ( t )  of d e v e l o p m e n t ,  MATt = Y t / A .  A b s o l u t e  m a -  
t u r i n g  r a t e  i s  the  c h a n g e  in d e g r e e  of  m a t u r i t y  o v e r  a 

t i m e  i n t e r v a l ,  A MRAt = ~ - "  (MATt2-MATt~)/( t2-t~ ) ,  

w h e r e  t~ and t2 r e p r e s e n t  d i f f e r e n t  a g e s .  R e l a t i v e  m a -  
t u r i n g  r a t e  i s  the m a t u r i n g  r a t e  r e l a t i v e  to the  c u r r e n t  

1 dMAWt . I eny+2_~ny+ ) ~ ~ degree of maturity, RMRAt = ~ ~ = 

/ ( t 2 - t l  ), which is equivalent to relative growth rate.  
To transform the data to measures of degree of matur- 
ity, individual weights at each age were divided by 
weight at 63 days, which was used as an approximate 
measure of mature size. These t ra i ts  are denoted by 
MAT1, MAT2, MAT3, MAT4 and MAT5, respectively. 
Absolute and relative maturing rates were calculated 
between successive ages from birth to 63 days using 
the above formulas. Absolute maturing rates are de- 
noted as A MRI (birth to 12 days), A MR2 ( 12 to 21 days), 
A MR3 (21 to 31 days) , A MR4 (31 to 42 days) and A MR5 
(42 to 63 days). Relative maturing rates  are written 

a n a l o g o u s l y  a s  R M R 1 ,  R M R 2 ,  e t c .  with the  n u m e r i c  
p r e f i x  r e f e r r i n g  to the  s u c c e s s i v e  t i m e  i n t e r v a l .  

Statistical Analysis 

The statistical model used was Yijk~m : ~ § Gi + Sj(i)+ 

Ak(i) + N~(i) + (AN)ke(i) + (SA)jR(i) + (SN)j~(i) + 

(SAN) . . . . . .  + e . . . . .  where Y . . . .  is an observation 
JK~ ~1) 1JK~m 1JK~m 

on the  m th ind iv idua l  of  the  k thgene t ie  popu la t ion  n u r s e d  
by a d a m  of the  e th g e n e t i c  popu la t ion  in c r o s s f o s t e r -  
ing s e t  j of  the  s e l e c t e d  o r  c o n t r o l  g r o u p  ( i ) ,  ~ = g e n -  
e r a l  m e a n ;  G. = e f f e c t  of the  s e l e c t e d  ( i=1) o r  c o n t r o l  

1 

( i=2)  g r o u p ;  S j ( i )  = e f f e c t  of  the j ( i )  th c r o s s f o s t e r i n g  

set (j(1) = 1,2 . . . . .  28; j(2) = 1,2 . . . . .  48; Ak(i) = 

effect of the k(i) th population of genetic dam (k( 1), 
k(2) = I . . . . .  4); N~(i) = effect of the ~(i) th popula- 

tion of nurse dam (8( I ) ,~ (2)  = 1 . . . . .  4); (AN)k~(i) , 

( S A ) j k ( i ) ,  ( S N ) j ~ ( i ) ,  ( S A N ) j k ~ ( i )  r e p r e s e n t  i n t e r -  

a c t i o n  e f f e c t s ;  e i jke  m = r e s i d u a l  e f f e c t  a s s o c i a t e d  with 

the  m th m o u s e  of the ( i jk~)  th s u b c l a s s .  The Gi ,  A k ( i )  , 

and N ~ ( i )  a r e  c o n s i d e r e d  f ixed  e f f e c t s  whi le  S j ( i )  i s  

a r a n d o m  e f f e c t .  The r e s i d u a l  t e r m ,  e i j k e m ,  i s  a s -  

s u m e d  to be  n o r m a l l y  and i n d e p e n d e n t l y  d i s t r i b u t e d  
with z e r o  m e a n  and v a r i a n c e  ~ .  

The a p p r o p r i a t e  e r r o r  t e r m s  to t e s t  p r e n a t a l ,  p o s t -  
na ta l  and c r o s s f o s t e r i n g  g r o u p  d i f f e r e n c e s  a r e  the 
c r o s s f o s t e r i n g  s e t  • p r e n a t a l ,  c r o s s f o s t e r i n g  se t  • 
p o s t n a t a l  and c r o s s f o s t e r i n g  s e t  • p r e n a t a l  • p o s t n a t a l  
i n t e r a c t i o n  m e a n  s q u a r e s ,  r e s p e c t i v e l y .  These  i n t e r -  
a c t i o n  s u m s  of s q u a r e s  w e r e  poo led  to p r o v i d e  an e x -  
p e r i m e n t a l  e r r o r  to t e s t  p r e n a t a l ,  p o s t n a t a l ,  p r e n a -  
ta l  • p o s t n a t a l  and c r o s s f o s t e r i n g  g roup  s o u r c e s  of  
v a r i a t i o n .  The p r e n a t a l  and p o s t n a t a l  e f f e c t s  w e r e  p a r -  
t i t i oned  into a p r i o r i  o r t h o g o n a l  and n o n o r t h o g o n a l  l i n -  
e a r  c o n t r a s t s .  The c o n t r a s t s  fo r  d i r e c t  g e n e t i c  e f f e c t s  
a r e  l i s t e d  in Tab le  1. C o n t r a s t s  fo r  m a t e r n a l  g e n e t i c  
e f f e c t s  a r e  s i m i l a r ,  e x c e p t  that  the e f f e c t  of the s e -  
l e c t e d  g e n e t i c  g r o u p  m u s t  be  d e l e t e d  in the  c o n t r a s t s  
e v a l u a t i n g  r e s p o n s e  to s e l e c t i o n .  The g e n e t i c  i n t e r -  
p r e t a t i o n  of  t h e s e  c o n t r a s t s  ( D i c k e r s o n  1969; E i s e n  
1973; Naga i  e t  a l .  1976b) i s  p r e s e n t e d  b e l o w .  

Prenatal ( G e n e t i c  D a m )  C o m p a r i s o n s  

The prenatal marginal means are means of full sib 
progeny of the same genetic population averaged a- 
cross different postnatal maternal environments. 
Excluding genetic by nurse dam interactions, the en- 
vironmental influence provided by the 4 nurse dams 
within a selected or control crossfostering set are 
expected to influence each genotype in a similar man- 
ner. Thus, prenatal mean comparisons should des- 
cribe average direct genetic differences within the 
select or control groups, e.g. Hs - MI6, c 2 - ICR. 
Comparisons of prenatal means across select and con- 
trol groups involve different maternal environments 
influencing select genotypes in one case and the con- 
trol genotypes in the other. Thus, valid prenatal com- 
parisons between the selected and control populations 
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T a b l e  1. L i n e a r  c o n t r a s t s  d e v e l o p e d  to t e s t  d i f f e r e n c e s  in  a v e r a g e  d i r e c t  and  a v e r a g e  m a t e r n a l  g e n e t i c  
e f f e c t s  r e s u l t i n g  f r o m  g e n e t i c  o r i g i n ,  c o r r e l a t e d  s e l e c t i o n  r e s p o n s e ,  h e t e r o s i s  a n d  r e c i p r o c a l  e f f e c t s  

Nature of 
contrast Contrast 

Selected line e f f e c t s  C o n t r o l  l i n e  e f f e c t s  

H 6 M16 H 6 x M16 M16 x H 6 C 2 ICR C 2 x ICR ICR x C 2 

Genetic 1 1 - 1 
origin 2 

3 1 
Selection 4 1 
response 5 I - I 

6 -1  -1  
H e t e r o s i s  7 

8 -I -I 

Reciprocal 9 
effects 10 

1 1 

1 1 

1 - 1  

1 -1 

-1 
-1 

-1 1 

- 1  - 1  1 1 
1 1 - 1  - 1  

1 -1 

require the assumption that the expected phenotype 
averaged across different postnatal maternal environ- 
ments will reflect the genotype of the population. 

P o s t n a t a l  ( N u r s e  D a m )  C o m p a r i s o n s  

W i t h i n  a s e l e c t  o r  c o n t r o l  c r o s s f o s t e r i n g  s e t ,  e a c h  of 
4 n u r s e  d a m s  s u c k l e d  2 fu l l  s i b s  of h e r  own  a n d  2 fu l l  
s i b s  f r o m  e a c h  of 3 o t h e r  g e n e t i c  p o p u l a t i o n s .  T h e r e -  
f o r e ,  t he  e x p e c t e d  p o s t n a t a l  m a r g i n a l  m e a n  r e p r e s -  
e n t s  the  a v e r a g e  m a t e r n a l  p e r f o r m a n c e  f o r  the  p a r -  
t i c u l a r  n u r s e  d a m  p o p u l a t i o n  b e c a u s e  t he  m e a n g r o w t h  
p o t e n t i a l  of  p r o g e n y  f r o m  the  4 s e l e c t e d  ( o r  c o n t r o l )  
p o p u l a t i o n s  i s  e x p e c t e d  to b e  e q u a l  a m o n g  t h e  4 n u r s e  
d a m  p o p u l a t i o n s  of c o n c e r n .  F o r  the  c o m p a r i s o n  of  
p o s t n a t a l  m a t e r n a l  p e r f o r m a n c e  w i t h i n  s e l e c t  o r  c o n -  
t r o l  g r o u p s ,  p o s t n a t a l  m a r g i n a l  m e a n s  c a n  t h u s  b e  
u s e d  to e s t i m a t e  t h e  d i f f e r e n c e  in  a v e r a g e  m a t e r n a l  
g e n e t i c  e f f e c t s .  H o w e v e r ,  f o r  the  c o m p a r i s o n  of  p o s t -  
n a t a l  m a t e r n a l  p e r f o r m a n c e  b e t w e e n  s e l e c t e d  and  c o n -  
t r o l  g r o u p s ,  t he  d i f f e r e n t  g r o w t h  p o t e n t i a l  of p r o g e n y  
b e t w e e n  t he  two g r o u p s  m u s t  b e  t a k e n  i n to  c o n s i d e r a -  
t i o n .  In  t e r m s  of t h e  m o d e l  e m p l o y e d ,  p o s t n a t a l  m a r -  
g i n a l  m e a n s  c a n  b e  w r i t t e n  a s  ~ + G i + N ~ ( i ) ,  w h e r e  

G i s  t he  e f f e c t  of  t he  s e l e c t  ( i = l )  o r  c o n t r o l  ( i=2 )  
1 

g r o u p  and  N e ( i )  i s  t he  e f f e c t  of  t he  ~ ( i )  th p o p u l a t i o n  

of n u r s e  d a m .  The  c o n t r a s t  f o r  t he  d i f f e r e n c e  in  p o s t -  
n a t a l  m a r g i n a l  m e a n s  i s  

~ + G I + N ~ ( 1 ) - ~  - G 2 - N ~ ( 2 ) =  G 1 -  G2+ N ~ ( 1 ) -  N ~ ( 2 )  �9 

The  d i f f e r e n c e  in  p o s t n a t a l  m a r g i n a l  m e a n s  b e t w e e n  
a s e l e c t e d  an d  a c o n t r o l  d a m  p o p u l a t i o n  p r o v i d e s  the  
d i f f e r e n c e  in  a v e r a g e  m a t e r n a l  g e n e t i c  e f f e c t s  b e t w e e n  
t h e  two p o p u l a t i o n s  p l u s  t he  m e a n  d i f f e r e n c e  b e t w e e n  
the  s e l e c t e d  a n d  c o n t r o l  g r o u p s .  T h i s  c a s e  i s  d i f f e r e n t  
f r o m  t h e  c o m p a r i s o n  of  p r e n a t a l  m e a n s  of  a s e l e c t e d  
p o p u l a t i o n  wi th  t h a t  of  a c o n t r o l  p o p u l a t i o n ,  w h e r e  two 
p r e n a t a l  m a r g i n a l  m e a n s  r e f l e c t  s o l e l y  a v e r a g e  d i -  
r e c t  g e n e t i c  e f f e c t s .  

Correlations 

The phenotypic correlations among the traits were ap- 
proximated from the covariance within full-sib families, 

pooled within populations. These full sibs were nursed 
by either their genetic dam or a foster dam. The ex- 
pectation of the covarianee within full-sib families is 

+ 3/4 ~ + ~ , where ~ , ~ and 1/2 ~Aij Dij Ei~ Aij Dij Ei~ 
represent the additive, dominance and environmental 
covariances (i / j) or variances (i = j) for traits i 
and j. 

Results 

The effects of selection and crossing the selected pop- 

ulations on body weights are shown in Fig. l. The means 

plotted are based on progeny reared by their own ge- 

netic mother. The results show that selection in the MI6 

495 M16 
F2(M16.H6) 

40 F2(Hs'MI6) 

35 H5 

ICR 
30 F2(ICR.Cz) 

~(C 2 .ICR} 
~25 Cz 

gzo 
15 

10 

5 

I I I I I 

12 21 31 42 days 63 
Age 

Fig. I. Growth curves for the eight populations ( means 
based on progeny reared by their own genetic mother) 
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F i g . 2 .  P lo t  of p rena ta l  l e a s t - s q u a r e s  means  for de -  
g r e e  of ma tu r i ty  v e r s u s  age for  the cont ro l  and s e -  
lec ted  populat ions 

and H 6 populat ions has  e f fec t ive ly  i n c r e a s e d  growth 

r a t e  compared  with ICR and C2, r e s p e c t i v e l y ,  and 

that the s e l ec t ed  and cont ro l  c r o s s e s  exhibi ted h e t e r -  

o s i s  for  body weight (Nagai  et a l .  1976b). 

The magnitude of genet ic  d i v e r s i t y  in ma tu r ing  pa t -  

t e rn s  is  i l l u s t r a t ed  by the prena ta l  l e a s t - s q u a r e  means  

for  d e g r e e  of ma tu r i ty  plotted aga ins t  age fo r  the con-  

t rol  and se l ec t ed  populat ions ( F i g .  2 ) .  L e a s t - s q u a r e s  

means ,  c l a s s i f i ed  by population of gene t ic  and nu r se  

dams ,  a r e  l i s ted  in Tables  2 to 4 for  each  matur ing  

t r a i t .  

The ana lyses  of v a r i a n c e  for  d e g r e e  of ma tu r i t y ,  

absolute  ma tu r ing  r a t e ,  and r e l a t i v e  matur ing  r a t e  

t r a i t s  a r e  found in Wi l l i ams  (1976) .  Mean s q u a r e s  

for  c r o s s f o s t e r i n g  groups  ( s e l e c t e d  vs .  con t ro l ,  c r o s s -  

fo s t e r ing  s e t s ,  p rena ta l  populat ions ( d i r e c t  g e n e t i c ) ,  

and postnatal  populat ions ( m a t e r n a l  g e n e t i c ) ,  for  the 

most  pa r t ,  were  s igni f icant  (P < . 0 1 ) .  The s ign i f i -  

cant (P < .01) postnata l  dam effec t  for  d e g r e e  of m a -  

t u r i t y a t b i r t h  r e f l e c t s  the subs ta ined ma te rna l  inf lu-  

ence on 63-day body weight s ince  b i r th  weights  were  

s i m i l a r  among all  postnatal  dam populat ions within 

c r o s s f o s t e r i n g  g roups  (Nagai  et a l .  1976b). P r e n a t a l  

by postnatal  i n t e r ac t ions  were  found to be nons ign i f i -  

cant ,  so that l i n e a r  c o n t r a s t s  involving this i n t e r a c -  

tion were  not conducted.  The absence  of s ignif icant  

p rena ta l  by postnata l  i n t e r ac t ions  a r e  e s sen t i a l  a s -  

sumpt ions  for  val id  i n t e r p r e t a t i o n  of the prena ta l  and 

Table 2. L e a s t - s q u a r e s  means  for  d e g r e e  of ma tu r i ty  
t r a i t s  c l a s s i f i ed  by population of genet ic  dam and 
nu r se  dam a 

Populat ion MAT1 MAT2 MAT3 MAT4 MAT5 

Genet ic  dam 

He 4.72 27.64 42.96 69.38 86.74 
M16 3.63 21.45 36.28 64.35 85.15 
H6XM16 4.23 25.15 41.44 71.20 87.93 
M 1 6 x H 6  4.20 25.01 41.09 70.21 87.59 

C2 5.50 30.99 44.37 70.27 86.43 
ICR 5.35 29.26 48.02 77.65 89.98 
C 2 x I C R  5.29 29.85 45.85 76.21 88.87 
ICR •  5 .48 30.32 46.26 76.25 89.11 

N u r s e  dam 

He 4.33 23.12 38.49 67.47 86.02 
M16 4.29 24.27 40.11 68.56 86.82 
HeX M16 4.07 25.63 41.00 69.16 87.07 
M16 •  4.10 26.23 42.17 69.95 87.50 

C2 5.60 27.42 44.07 73.96 88.11 
ICR 5.34 30.60 46.06 75.00 88.78 
C 2 x I C R  5.31 31.21 47.35 76.19 88.77 
I C R •  5.35 31.19 47.02 75.22 88.74 

C r o s s f o s t e r i n g  Standard e r r o r s  
group 

Se lec t  .04 .21 .30 .46 .34 
Contro l  .03 .16 .23 .36 .26 

Each  mean and s tandard  e r r o r  has been mul t ip l ied  
by 100. Number  of obse rva t i ons  for  the r e s p e c t i v e  
populat ions of genet ic  dam a r e  216, 200, 222, 223, 
359, 370, 368, 373 and for  populat ions of nu r se  
d a m s  a r e  215, 197, 226, 223, 355, 375, 362, 378 

postnatal  mean c o m p a r i s o n s .  P r e v i o u s  inves t iga t ions  

with mice  have g e n e r a l l y  shown that p rena ta l  l ine by 

postnatal  l ine i n t e r ac t ions  a r e  negl ig ib le  for  body 

weights  and weight gains (White ,  Legates  and E i s e n  

1968; LaSalle and White 1975; Nagai et a l .  1976b). 

D i f f e r e n c e s  Due to Genet ic  Or ig in ,  Se lec t ion  P r o c e -  
du res  and Dr i f t  

The base  populat ions ,  de r ived  f rom di f ferent  founda- 

t ions s tocks ,  l ike ly  contain ini t ia l  gene f requency  d i f -  

f e r e n c e s  at a number  of loci  inf luencing growth.  Thus, 

the na ture  and magni tude of gene t ic  va r i a t ion  among 

the two foundation populat ion,  ICR and C2,  could be 

quite d i s t inc t .  Di f fe ren t  s e l ec t ion  c r i t e r i a  and h e r i -  

t ab i l i t i e s  in the M16 and H 6 populat ions (Legates  

1969; E i s e n  1975) a r e  a lso  expec ted  to i n c r e a s e  the 

genet ic  d i s tance  between them.  F u r t h e r m o r e ,  many 

gene ra t i ons  of s e l ec t ion  in f ini te  populat ions may r e -  
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T a b l e  3.  L e a s t - s q u a r e s  m e a n s  f o r  a b s o l u t e  m a t u r i n g  
r a t e  t r a i t s  c l a s s i f i e d  by  p o p u l a t i o n  of g e n e t i c  d a m  a n d  
nurse d a m  a 

Population AMRI AMR2 AMR3 AMR4 AMR5 

Genetic dam 

He 1 . 9 1  1 . 7 0  2 . 6 4  1 . 5 8  0 . 6 3  
M16 1 . 4 8  1 . 6 5  2 . 8 1  1 . 8 9  0 . 7 1  
H 6 •  1 . 7 4  1 . 8 1  2 . 9 8  1 . 5 2  0 . 5 7  
M16 •  1 . 7 3  1 . 7 9  2 . 9 1  1 . 5 8  0 . 5 9  

C2 2 . 1 2  1 . 4 9  2 . 5 9  1 . 4 7  0 . 6 5  
ICR 1 . 9 9  2 . 0 8  2 . 9 6  1 . 1 2  0 . 4 8  
C2•  ICR 2 . 0 5  1 . 7 8  3 . 0 4  1 . 1 5  0 . 5 3  
ICR • C~ 2 . 0 7  1 .77  3 . 0 0  1 . 1 7  0 . 5 2  

N u r s e  d a m  

He 1 . 5 7  1 . 7 1  2 . 9 0  1 . 6 9  0 . 6 7  
M16 1 . 6 6  1 . 7 6  2 . 8 4  1 . 6 6  0 . 6 3  
H ~ •  1 . 8 0  1 .71  2 . 8 2  1 , 6 3  0 . 6 2  
M16 • He 1 . 8 4  1 . 7 7  2 . 7 8  1 . 6 0  0 . 6 0  

C2 1 . 8 2  1 . 8 5  2 . 9 9  1 . 2 9  0 . 5 7  
ICR 2 . 1 1  1 . 7 2  2 . 8 9  1 . 2 5  0 . 5 3  
C 2 •  ICR 2 . 1 6  1 . 7 9  2 . 8 8  1 . 1 4  0 . 5 3  
ICR •  2 . 1 5  1 . 7 6  2 . 8 2  1 .23  0 . 5 4  

C r o s s f o s t e r i n g  S t a n d a r d  e r r o r s  
g r o u p  

S e l e c t  0 . 0 1 6  0 . 0 1 9  0 . 0 3 4  0 . 0 3 3  0 . 0 1 6  
C o n t r o l  0 . 0 1 2  0 . 0 1 5  0 . 0 2 6  0 . 0 2 5  0 . 0 1 2  

a Each mean and standard error has been multiplied 
by 100 

Table 4. Least-squares means for relative maturing 
rate traits classified by population of genetic dam 
and nurse dam a 

Population RMR1 RMR2 RMR3 RMR4 RMR5 

Genetic dam 

Ha 1 4 . 7 3  4 . 9 1  4 . 8 0  2 . 0 5  0 . 6 8  
M16 1 4 . 8 1  5 . 8 4  5 . 7 5  2 . 5 8  0 . 7 8  
H ~ •  1 4 . 8 5  5 . 5 7  5 . 4 3  1 . 9 4  0 . 6 2  
M16 •  1 4 . 8 8  5 . 5 4  5 . 3 7  2 . 0 4  0 . 6 4  

C2 1 4 . 4 1  4 . 0 1  4 . 5 9  1 . 9 1  0 , 7 0  
ICR 1 4 . 1 7  5 . 5 3  4 . 8 0  1 . 4 0  0 . 5 1  
C 2 •  1 4 . 4 2  4 . 7 9  5 . 1 0  1 . 4 3  0 . 5 7  
ICR • C2 1 4 . 2 7  4 . 7 2  5 . 0 2  1 . 4 4  0 . 5 6  

N u r s e  d a m  

H6 1 3 . 9 6  5 . 6 8  5 , 6 4  2 . 2 4  0 . 7 3  
M16 1 4 . 4 4  5 . 6 2  5 . 3 8  2 . 1 8  0 . 6 8  
I - Ie •  1 5 . 3 7  5 . 2 4  5 . 2 4  2 . 1 3  0 . 6 7  
M16 •  1 5 . 5 0  5 . 3 2  5 . 0 9  2 . 0 6  0 . 6 4  

C 2 1 3 . 2 4  5 . 3 0  5 . 1 7  1 . 6 4  0 , 6 1  
ICR 1 4 . 5 6  4 . 5 5  4 . 8 7  1 . 5 8  0 . 5 7  
C 2 •  1 4 . 7 7  4 . 6 5  4 . 7 7  1 , 4 2  0 . 5 7  
I C R •  1 4 . 7 0  4 . 5 6  4 . 7 0  1 . 5 4  0 . 5 8  

Crossfostering Standard errors 
group 

Select 0.062 0.048 0.055 0.046 0.018 
Control 0.048 0.037 0.042 0.036 0.014 

a Each mean and standard error has been multiplied 
by I00 

sult in mean changes due to genetic drift. Contrasts 

1 and 2 (Table 1) were developed to evaluate average 

direct or average maternal genetic differences be- 

tween the two selected populations and between the 

two control populations, respectively. 

Average direct genetic effects for degree of ma- 

turity were greater (P < .01) in the H 6 population 

than in M16 at all ages (Table 5). Average direct 

genetic effects in H 6 were larger (P < .01) than in 

MI6 for initial absolute maturing rate, followed by 

lower (P < .01) absolute maturing rates from 21 days 

onward. Relative maturing rates were smaller ( P <. 01 ) 

in the H 6 population from 12 to 63 days. Average di- 

rect genetic effects between the two control popula- 

tions were quite distinct from those in the two se- 

lected populations. The C 2 population was more 

(P ~ .01) mature at birth and 12 days than ICR and 

less (P < .01) mature thereafter. Absolute and re- 

lative maturing rates in the C 2 population were great- 

er (P < .01) between birth and 12 days, smaller 

(P < .01) between 12 and 31 days, and greater (P < .01) 

between 31 days and maturity, as compared with ICR. 

A v e r a g e  m a t e r n a l  g e n e t i c  d i f f e r e n c e s  w e r e  g e n -  

e r a l l y  s m a l l e r  t h a n  a v e r a g e  d i r e c t  g e n e t i c  d i f f e r e n c e s  

and  w e r e  s i g n i f i c a n t  f o r  f e w e r  t r a i t s .  A m o n g  t he  s e -  

l e c t e d  p o p u l a t i o n s ,  a v e r a g e  m a t e r n a l  g e n e t i c  e f f e c t s  

f o r  d e g r e e  of  m a t u r i t y  a t  12 a n d  21 d a y s  w e r e  l o w e r  

( P  < . 0 1 )  f o r  H 6 .  A b s o l u t e  m a t u r i n g  r a t e s  r e v e a l e d  

no  s i g n i f i c a n t  d i f f e r e n c e s ,  w h i l e  r e l a t i v e  m a t u r i n g  

r a t e s  w e r e  g r e a t e r  ( P  < . 0 1 )  b e t w e e n  b i r t h  and  12 

days for offspring suckling MI6 dams and greater 

(P < .01) between 21 and 31 days for H 6 dams. Aver- 

age maternal genetic effects showed similar trends 

in the controls. Average maternal genetic effects in 

the C 2 population increased (P < .01) degree of ma- 

turity at birth and decreased (P < .01) degree of ma- 

turityat 12 and 21 days, relative to ICR. The nursing 

influence of the ICR dams increased (P < .01) both 

absolute and relative maturing rates in the progeny 

they suckled between birth and 12 days, while the C 2 

maternal effects increased (P < .01) relative ma- 

turing rates between 12 and 21 days and both absolute 

and relative maturing rates between 21 and 31 days 

of age. 
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T a b l e  5.  A v e r a g e  d i r e c t  and  a v e r a g e  m a t e r n a l  g e n e t i c  
d i f f e r e n c e s  b e t w e e n  He and  M16 and  b e t w e e n  C~ a n d  
ICR in  d e g r e e  of  m a t u r i t y ,  a b s o l u t e  m a t u r i n g  r a t e ,  
and  r e l a t i v e  m a t u r i n g  r a t e  t r a i t s "  

H 6 - M16 C 2 - ICR 

Average Average Average Average 
Trait direct maternal direct maternal 

MAT1 1 . 0 9 ~  0 . 0 4  0 . 1 5 " ~  0 . 2 6 ~  
MAT2 6 . 1 9 ~  - 1 . 1 5 ~  1 . 7 3 ~  - 3 . 1 8 ~ *  
MAT3 6 . 6 8 ~  - 1 . 6 2  ~ - 3 . 6 5 ~  - 1 . 9 9 ~  
MAT4 5 . 0 3 ~ t  - 1 . 0 9  - 7 . 3 8 ~ *  - 1 . 0 4  
MAT5 1 . 5 9 ~ *  - . 8 1  - 3 . 5 5  ~*~ - . 6 6  

AMR1 0 . 4 3 ~  - . 1 0  0.13~"~ - .  2 9 ~  
AMR2 0 . 0 5  - . 0 5  -.60~*~ 0 . 1 3  
A M R 3  - .  1 6 ~  0 . 0 5  - .  3 7 ~  0 . I 0 ~  
A M R 4  - . 3 1  ~ 0 . 0 3  O. 3 5 ~  0 . 0 3  
AMR5 - . 0 8  ~ 0 . 0 4  0 . 1 7 ~  0 . 0 3  

RMRI -.08 -. 48~ 0.25~ -I. 32~ 
RMR2 - .  9 3 ~  0 . 0 6  - 1 . 5 2 ~  O. 7 5 ~  
RMR3 -. 95~ 0.26~ - .  2 1 ~  0 . 2 9 ~ *  
RMR4 - .  5 3 ~  0 . 0 6  0.52~ 0 . 0 6  
R M R 5  - . I 0 ~  0.05 0.19 0.04 

C o n t r a s t s  1 and  2 h a v e  b e e n  m u l t i p l i e d  by  100 
~ * P < . 0 5 ,  ~ p < . 0 1  

T a b l e  6.  A v e r a g e  d i r e c t  g e n e t i c  d i f f e r e n c e s  in  d e g r e e  
of  m a t u r i t y ,  a b s o l u t e  m a t u r i n g  r a t e ,  and  r e l a t i v e  m a t -  
u r i n g  r a t e  t r a i t s  r e s u l t i n g  f r o m  c o r r e l a t e d  r e s p o n s e s  
and  d i f f e r e n t i a l  c o r r e l a t e d  r e s p o n s e s  to  s e l e c t i o n  ~ 

Trait H6-C 2 SD b M16-1CR SD b (H6-C2)- 

(MI6-1CR) 

MAT1 - . 7 7 ~  - 1 . 3 2  - 1 . 7 1 ~ *  - 2 . 9 3  0 . 9 4 ~  
MAT2 -3.35~*~ - 1 . 1 0  - 7 . 8 2 ~  - 2 . 5 8  4 . 4 7 ~ *  
MAT3 - 1 . 4 1  ~* - . 3 2  - 1 1 . 7 4 ~  - 2 . 6 6  1 0 . 3 3 ~  
MAT4 -.89~*~ - . 1 3  - 1 3 . 3 0 ~  - 1 . 9 7  1 2 . 4 1 ~  
MAT5 0 . 3 1  0 . 0 6  -4 .83~ t~  - . 9 8  5 . 1 4 ~  

AMR1 - . 2 1 ~  - . 9 1  - . 5 1 ~  - 2 . 2 2  0 . 2 9 ~  
AMR2 0 . 2 1 ~  0 . 7 2  - . 4 4 ~  - 1 . 5 2  0 . 6 5 ~  
AMR3 0 . 0 5  0 . 1 0  - .  1 6 ~  - . 3 2  0 . 2 1 ~  
A M R 4  0 . 1 1 ~  0 . 2 3  0 . 7 7 ~  1 . 6 2  - .  66~e  
AMR5 -.01 -.04 0.23~ 0 . 9 9  -. 24~ 

RMR1 0.32~ 0.35 0.64~ 0.70 -. 32~ 
RMR2 0 . 9 0  ~ 1 .29  0 . 3 1  ~ 0 . 4 4  0 . 5 9 ~  
RMR3 0.21~ 0.26 0.95~ 1.17 -.74~ 
R M R 4  0 . 1 4 ~  0 . 2 1  1 . 1 9 ~  1 . 7 4  - 1 . 0 4 ~  
RMR5 - . 0 2  - . 0 7  O. 2 7 ~  1 .01  - . 2 9  ~ 

C o n t r a s t s  3 ,  4 and  5 h a v e  b e e n  m u l t i p l i e d  by  100 
b The c o r r e l a t e d  r e s p o n s e  in  s t a n d a r d  d e v i a t i o n  u n i t s  
~ P < .05, ~ P <.01 

C o r r e l a t e d  r e s p o n s e  to s e l e c t i o n  in  m a t u r i n g  p a t t e r n s  

C o r r e l a t e d  r e s p o n s e s  in  m a t u r i n g  t r a i t s  w e r e  e v a l u -  

a t e d  by  c o n t r a s t s  3 a n d  4,  w h i l e  c o n t r a s t  5 p r o v i d e s  

a t e s t  of  h o m o g e n e o u s  r e s p o n s e  to s e l e c t i o n  b e t w e e n  

the  two s e l e c t i o n  r e g i m e s  ( H 6 - C  2 and  M 1 6 - I C R ) .  The 

d e v i a t i o n s  of  t he  s e l e c t e d  p o p u l a t i o n s  f r o m  t h e i r  r e -  

s p e c t i v e  c o n t r o l s  w e r e  a l s o  e x p r e s s e d  in s t a n d a r d  d e -  

v i a t i o n  u n i t s .  R e s u l t s  of  t h e s e  c o n t r a s t s  f o r  a v e r a g e  

d i r e c t  and  m a t e r n a l  g e n e t i c  e f f e c t s  a r e  l i s t e d  in T a b l e s  

6 and  7 ,  r e s p e c t i v e l y .  

The p o r t i o n  of  t h e  c o r r e l a t e d  r e s p o n s e  d u e  to a v e r -  

age  d i r e c t  g e n e t i c  e f f e c t s ,  b a s e d  on the  H 6 - C  2 c o n -  

t r a s t ,  r e v e a l s  t h a t  s e l e c t i o n  f o r  6 - w e e k  body  w e i g h t  

d e c r e a s e d  ( P  < . 0 1 )  d e g r e e  of m a t u r i t y  a t  b i r t h ,  12,  

21 and  31 d a y s .  A b s o l u t e  m a t u r i n g  r a t e  f o r  t h e  H 6 p o p -  

u l a t i o n  was  s m a l l e r  f r o m  b i r t h  to 12 d a y s  ( P  < . 0 1 )  

bu t  l a r g e r  in  t h e  12-  to  2 1 - d a y  ( P  < . 0 1 )  a n d  3 1 -  to  

4 2 - d a y  ( P  < . 0 5 )  age  i n t e r v a l s .  R e l a t i v e  m a t u r i n g  

r a t e s  w e r e  g r e a t e r  ( P  < . 0 1 )  in  t he  H 6 p o p u l a t i o n  b e -  

t w e e n  b i r t h  and  42 d a y s .  In  s t a n d a r d  d e v i a t i o n  u n i t s ,  

a l l  of t h e s e  t r a i t s  e x h i b i t e d  g r e a t e r  c o r r e l a t e d  r e s -  

p o n s e s  in  t he  e a r l i e r  s t a g e s  of  p o s t n a t a l  g r o w t h .  The  

M 1 6 - I C R  c o n t r a s t  f o r  a v e r a g e  d i r e c t  g e n e t i c  e f f e c t s  

i n d i c a t e d  a d e c r e a s e d  ( P  < . 0 1 )  d e g r e e  of m a t u r i t y  

a t  e a c h  a g e  due  to s e l e c t i o n  f o r  p o s t w e a n i n g  g a i n .  A b -  

s o l u t e  m a t u r i n g  r a t e s  w e r e  l o w e r  in  M16 b e t w e e n  b i r t h  

and  31 d a y s  ( P  <: . 0 1 )  and  h i g h e r  ( P  < . 0 1 )  b e y o n d  31 

d a y s .  R e l a t i v e  m a t u r i n g  r a t e s  w e r e  h i g h e r  ( P  < . 0 1 )  

in  M16 t h r o u g h o u t  the  g r o w t h  p e r i o d .  The c o r r e l a t e d  

r e s p o n s e s ,  e x p r e s s e d  in  s t a n d a r d  d e v i a t i o n  u n i t s ,  w e r e  

l a r g e r  in  M16 t h a n  in H 6 t h r o u g h o u t  the  m a t u r i n g  c y c l e .  

C o r r e l a t e d  r e s p o n s e s  in  a v e r a g e  d i r e c t  g e n e t i c  

e f f e c t s  d i f f e r e d  fo r  the  two s e l e c t e d  p o p u l a t i o n s ,  a s  

m e a s u r e d  by  t he  ( H 6 - C 2 )  - ( M 1 6 - I C R )  c o n t r a s t .  H 6 

e x h i b i t e d  a l o w e r  ( P  < . 0 1 )  c o r r e l a t e d  r e s p o n s e  t h a n  

M16 in  the  d e c r e a s e  in  d e g r e e  of  m a t u r i t y .  T h e r e  

w e r e  a l s o  s i g n i f i c a n t  ( P  < . 0 1 )  d i f f e r e n t i a l  c o r r e -  

l a t e d  r e s p o n s e s  in  a b s o l u t e  and  r e l a t i v e  m a t u r i n g  

r a t e s  d u r i n g  e a c h  a g e  i n t e r v a l .  F o r  e x a m p l e ,  A M R 2  

i n c r e a s e d  ( P  < . 0 1 )  in  H 6 and  d e c r e a s e d  ( P  < . 0 1 )  

in  M16 ,  w h i l e  RMR2 i n c r e a s e d  ( P  < . 0 1 )  to  a g r e a t e r  

d e g r e e  in  H 6 t h a n  M16 .  

C o r r e l a t e d  r e s p o n s e s  in  t he  m a t u r i t y  t r a i t s  due  to 

a v e r a g e  m a t e r n a l  g e n e t i c  e f f e c t s  w e r e  g e n e r a l l y  s m a l l -  

e r  t h a n  t h o s e  due  to a v e r a g e  d i r e c t  g e n e t i c  e f f e c t s ,  

and  w e r e  m a n i f e s t e d  p r i m a r i l y  d u r i n g  the  p r e w e a n i n g  

and  e a r l y  w e a n i n g  p e r i o d s  ( b i r t h  to 21 d a y s )  in  t h e  

H 6 and  M16 p o p u l a t i o n s .  The  a v e r a g e  m a t e r n a l  g e n -  

e t i c  e f f e c t s  in  H 6 i n c r e a s e d  ( P  < . 0 1 )  d e g r e e  of  m a -  
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Table  7 .  A v e r a g e  m a t e r n a l  g e n e t i c  d i f f e r e n c e s  in  d e -  
g r e e  of  m a t u r i t y ,  a b s o l u t e  m a t u r i n g  r a t e ,  and  r e l a -  
t ive  m a t u r i n g  r a t e  t r a i t s  r e s u l t i n g  f r o m  c o r r e l a t e d  
r e s p o n s e s  and d i f f e r e n t i a l  c o r r e l a t e d  r e s p o n s e s  to 
s e l e c t i o n  S 

T r a i t  H 6 - C  2 SD b M 1 6 - I C R  SD b ( H 6 - C 2 )  - 

(M16- ICR) 

MAT1 - . 0 7  - . 1 2  O. 16"~ 0 . 2 7  - .  22"~ 
MAT2 0 . 9 9 " ~  0 . 3 3  - 1 . 0 4 " *  - . 3 4  2 . 0 3 ~  
MAT3 0 . 1 1  0 . 0 2  - . 2 7  - . 0 6  O.37 
MAT4 - . 1 8  - . 0 3  - . 1 3  - . 0 2  - . 0 4  
MAT5 - . 3 5  - . 0 7  - . 2 1  - . 0 4  - . 1 5  

A M R 1 0 . 0 9 ~ *  0 . 3 9  - . I 0  ~ - . 4 3  0 . 1 9  ~ 
AMR2 - .  10-*  - . 3 4  0 . 0 9 " ~  0 . 3 1  - .  18"* 
AMR3 - . 0 3  - . 0 6  0 . 0 1  0 . 0 2  - . 0 4  
AMR4 - . 0 2  - . 0 4  - . 0 1  - . 0 2  - . 0 1  
AMR5 0 . 0 2  0 . 0 9  0 . 0 1  0 . 0 4  0 . 0 1  

RMR1 0 . 2 2 ~  0 . 2 4  - .  62"*  - . 6 8  0 . 8 4 ~ *  
RMR2 - .  31"*  - .  44 0 �9 37** 0 . 5 3  - .  68~* 
RMR3 0 . 0 1  0 . 0 1  0 . 0 5  0 . 0 6  - . 0 3  
RMR4 - . 0 1  - . 0 1  - . 0 1  - . 0 1  0 . 0 0  
RMR5 0 . 0 2  0 . 0 7  0 . 0 1  0 . 0 4  0 . 0 1  

C o n t r a s t s  3,  4 and 5 h a v e  b e e n  m u l t i p l i e d  by 100 
b The c o r r e l a t e d  r e s p o n s e  in s t a n d a r d  d e v i a t i o n  u n i t s  
* P  < . 0 5 ,  * *  P < . 0 1  

t u r i t y  at  12 d a y s ,  i n c r e a s e d  a b s o l u t e  ( P  < . 0 1 )  and 

r e l a t i v e  ( P  < . 05 )  m a t u r i n g  r a t e s  b e t w e e n  b i r t h  and  

12 d a y s ,  and d e c r e a s e d  ( P  < .01)  a b s o l u t e  and r e l a -  

t ive  m a t u r i n g  r a t e s  b e t w e e n  12 and  21 d a y s .  The a v e r -  

age  m a t e r n a l  g e n e t i c  e f f e c t s  o f  the  M16 p o p u l a t i o n  i n -  

c r e a s e d  ( P  < .01)  d e g r e e  of  m a t u r i t y  a t  b i r t h ,  d e -  

c r e a s e d  ( P  < . 01 )  d e g r e e  of  m a t u r i t y  a t  12 d a y s ,  d e -  

c r e a s e d  ( P  < .  01) a b s o l u t e  and r e l a t i v e  m a t u r i n g  r a t e s  

b e t w e e n  b i r t h  and 12 d a y s ,  and i n c r e a s e d  ( P  < . 01 )  

a b s o l u t e  and r e l a t i v e  m a t u r i n g  r a t e s  b e t w e e n  12 and 

21 d a y s .  The p a t t e r n  o f  c o r r e l a t e d  r e s p o n s e s  in  m a -  

t u r i n g  t r a i t s  w a s  d i f f e r e n t  b e t w e e n  the  two s e l e c t i o n  

r e g i m e s .  C o r r e l a t e d  r e s p o n s e s  w e r e  p o s i t i v e  f o r  

MAT2, A MR1 and RMR1 and n e g a t i v e  fo r  MAT1, A MR2 

and  RMR2 in the  H 6 r e g i m e ,  whi le  c o m p l e t e l y  o p p o -  

s i t e  c o r r e l a t e d  r e s p o n s e s  w e r e  e l i c i t e d  by s e l e c t i o n  

in M16.  

D i r e c t  and M a t e r n a l  H e t e r o t i c  E f f e c t s  

D i r e c t  and  m a t e r n a l  h e t e r o t i c  e f f e c t s  w e r e  e v a l u a t e d  

wi th in  t he  s e l e c t e d  and  c o n t r o l  c r o s s e s .  D i r e c t  h e t e r -  

o s i s  in the  s e l e c t e d  and  c o n t r o l  g r o u p s  was  d e f i n e d  a s :  

2 E 1 / 2 [ ( H  6 • M16) + (M16 X H  6) - (H 6 + M 1 6 ) ] ]  and 

2 1 1 / 2 [ ( C  2 x I C R )  + ( I C R X C 2 )  - (C 2 . I C R ) ] ] ,  r e -  

s p e c t i v e l y .  The c o e f f i c i e n t  of 2 p r o v i d e d  the  m a x i m u m  

e x p e c t e d  d i r e c t  h e t e r o s i s  s i n c e  o f f s p r i n g  w e r e  F 2 

p r o g e n y .  M a t e r n a l  h e t e r o s i s  was  d e f i n e d  s i m i l a r l y  

but  wi thout  m u l t i p l i c a t i o n  by 2,  s i n c e  d a m s  w e r e  F 1 

i n d i v i d u a l s .  R e s u l t s  a l s o  w e r e  e x p r e s s e d  in t e r m s  of 

p e r c e n t  h e t e r o s i s  wh ich  i s  the  a v e r a g e  h e t e r o s i s  e x -  

p r e s s e d  a s  a p r o p o r t i o n  of  the  m i d p a r e n t a l  m e a n .  

L i n e a r  c o n t r a s t s  6 and 7 a c c o m m o d a t e d  a t e s t  o f  h e -  

Table  8. D i r e c t  and m a t e r n a l  h e t e r o s i s  e x h i b i t e d  on m a t u r i t y  t r a i t s  ~ 

Select C o n t r o l  

Direct Maternal Direct Maternal 
Trait heterosis % b heterosis g b heterosis ~ b heterosis 

S e l e c t - c o n t r o l  

Direct Maternal 
%b heterosis heterosis 

MAT1 0 . 0 7  2 - . 2 3 ~ *  -5 - . 0 8  -1  - . 1 4 " ~  
MAT2 1 . 0 6 -  4 2 . 2 4 ~ *  9 - . 0 8  0 2 . 1 9 " *  
MAT3 3 . 3 0 - ~  8 2 . 2 8 ~ *  6 - . 2 7  -1 2 . 1 2 - *  
MAT4 7 . 6 8 * *  11 1 . 5 4 - *  2 4 . 5 5 ~  6 1 . 2 2 - ~  
MAT5 3 . 6 3 - ~  4 0 . 8 7 ~  1 1 . 5 8 " ~  2 0 . 3 1  

AMR1 0 . 0 8  ~ 5 0 . 2 1 - *  13 0 . 0 0  0 0 . 1 9 " ~  
AMR2 0 . 2 5 ~ *  15 0 . 0 1  1 - . 0 2  -1  - . 0 1  
AMR3 0 . 4 4 ~ *  16 - . 0 7 -  -2  0 . 4 8  ~ 17 - . 0 9 ~ *  
AMR4 - . 3 7 " ~  -21 - .06 -4  - . 2 7 " *  -21 - . 0 8 " ~  
AMR5 - . 1 7 " *  -25  - . 0 4 -  -6  - . 0 8 ~  -14  - . 0 1  

RMR1 0 . 1 9  1 1 .23~*  9 0 . 1 1  1 0 . 8 4 " ~  
RMR2 0 . 3 5 " ~  7 - . 3 7 ~  -7 - . 0 4  -1 - . 3 2 " *  
RMR3 0 . 2 4 "  5 - . 3 5 - *  -6  0 . 7 2 - ~  15 - . 2 9 " *  
RMR4 - . 6 6 " ~  -29 - . 1 2 ~  -5  - . 4 4 ~ *  -27 - . 1 3 ~ *  
RMR5 - . 2 1 " *  -29 - . 0 5 -  -7  - . 0 9 " *  -15 - . 0 2  

-3  0 . 1 5  
8 1 .14  
5 3 . 5 7 * *  
2 3 . 1 3 "  
0 2 . 0 5 *  

10 0 . 0 8  
-1  0 . 2 7 * *  
-3 - . 0 4  
-6  - .  10 
-2  - .  10~ 

6 0 . 0 8  
-6  0 . 3 9 ~ *  
-6 - . 4 8 " ~  
-8  - . 2 1  
-3 -. 12~ 

- . 0 9  
0 . 0 5  
0 . 1 6  
0 . 3 1  
0 . 5 6  

0 . 0 1  
0 . 0 1  
0 . 0 2  
0 . 0 2  
- . 0 3  

0 . 3 9 ~  
- . 0 5  
- . 0 6  
0.01 

-.03 

C o n t r a s t s  6 ,  7 and 8 h a v e  b e e n  m u l t i p l i e d  
b P e r c e n t  h e t e r o s i s  
* P < . 0 5 ,  **  P < . 0 1  

by  100 f o r  e a c h  t r a i t  
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Table 9. Correlations among body weight and degree 
of maturity traits ~ ' b, c 

Trait MAT1 MAT2 MAT3 MAT4 MAT5 

WTB . 6 0  . 20  . 1 9  .11  .03  
WT12 . 1 8  . 36  .23  . 1 5  . 0 4  
WT21 . 0 5  . 0 8  . 3 8  . 25  . 12  
WT31 - . 1 8  - . 1 9  - . 0 1  .53  . 21  
WT42 - . 4 1  - . 4 8  - . 3 4  . 02  .23  
WT63 - . 5 8  - . 6 9  - . 6 3  - . 4 2  - . 4 4  

C o r r e l a t i o n  >11 -0581 i s  s i g n i f i c a n t l y  
z e r o  a t  P < . 05  

b C o r r e l a t i o n  1>1.0771 i s  s i g n i f i c a n t l y  
z e r o  a t  P < .01  

r 1124 d e g r e e s  of f r e e d o m  

different f r o m  

different f r o m  

terotic effects, while contrast 8 was used to determine 

whether selection had altered the degree of heterosis. 

Results are presented in Table 8. 

Direct heterotic effects increased degree of ma- 

turity from 12 to 42 days in crosses of the selected 

populations. The selected crosses had higher absolute 

and relative maturing rates than the selected parent 

populations between birth and 31 days, while the pure- 

bred progeny matured at greater rates from 31 to 63 

days. Direct heterotic effects increased degree of 

maturity at 31 (P < .05) and 42 (P < .01) days among 

control crosses. Direct heterosis for absolute and 

relative maturing rates between birth and 21 days was 

not evident, while between 21 and 31 days crossbreds 

matured more (P < .01) rapidly. From 31 days to 

maturity, direct heterotic effects decreased absolute 

and relative maturity rates in control crosses. Direct 

heterotic effects had a similar directional influence 

among selected crosses compared with the controls. 

However, the magnitude of direct heterosis was signif- 

icantly greater forMAT3, MAT4, MAT5,AMR2,AMRS, 

RMR2 and RMR5 in selected crosses. 

Maternal heterosis was evident in both the selected 

and control crosses. When compared with purebred 

dams, mice nursed by the selected and control cross- 

bred dams were less (P < .01) mature at birth and 

more (P <.01) mature at 12, 21 and 31 days of age. 

By 42 days, maternal heterosis was only exhibited in 

the selected group, with the crossbred maternal in- 

fluence increasing degree of maturity. Maternal heter- 

osis for maturing rate traits was similar for the se- 

lected and control crosses. Absolute and relative ma- 

turing rates were greater (P < . 01) among progeny 

nursed by crossbred dams birth to 12 days. Maternal 

heterosis decreased absolute maturing rates from 21 

to 63 days as well as relative maturing rates between 

12 and 63 days in the selected group. Maternal heter- 

osis among control dams decreased (P < .01) absolute 

maturing rates between 12 and 31 days and relative 

maturing rates between 12 and 42 days. Selection had 

very little effect on changing maternal heterosis. The 

only significance was found for relative maturing rates 

between birth and twelve days (P < .01), with greater 

heterosis shown by the selected dams. For all matur- 

ing rate measures in both the selected and control 

crosses, the magnitude of maternal heterosis decreased 

with age. 

Reciprocal Crosses 

The reciprocal crossbreds should have received simi- 

lar autosomal chromosomal contributions from either 

male or female parents. Cytoplasmic differences pe- 

culiar to the egg and sex-linked effects, as well as 

sampling of dams, are sources of reciprocal differ- 

ences. Contrasts 9 and 10 were designed to test aver- 

age direct and average maternal reciprocal differences 

between selected crossbreds and between control cross- 

breds, respectively. Only a small number of signifi- 

cant differences was observed, indicating that the con- 

tributions of cytoplasmic or sex-linked effects are of 

little relative influence on maturing traits. 

Correlation Analysis 

Approximate phenotypic correlations between body 

weights and degrees of maturity measured at the same 

age were positive (Table 9). Larger mice at earlier 

preweaning ages tended to be more mature at all ages, 

although the correlations decreased with age. Heavier 

individuals in the postweaning stages were less mature 

during the early growth periods. Correlations between 

63-day body weight and degree of maturity at each age 

were negative. 

Phenotypic correlations among degrees of maturity 

and abolsute and relative maturing rates are given in 

Table I0. Correlations among degrees of maturity at 

different ages were positive, decreasing as the age 



W . R .  W i l l i a m s  e t  a l .  : M a t e r n a l  G e n e t i c  E f f e c t  on  B o d y  W e i g h t  in  M i c e  257 

T a b l e  10.  C o r r e l a t i o n s  a m o n g  d e g r e e  of  m a t u r i t y ,  a b s o l u t e  m a t u r i n g  r a t e ,  and  r e l a t i v e  m a t u r i n g  r a t e  
t r a i t s "  ' b, c 

MAT2 MAT3 MAT4 MAT5 AMRI AMR2 AMR3 AMR4 AMR5 RMRI RMR2 RMR3 RMR4 RMR5 

MAT1 .75  . 6 8  .41  . 33  . 6 3  . 30  . 0 2  - . 2 1  - . 3 3  - . 5 6  - . 1 6  - . 2 8  - . 2 4  - . 3 2  
MAT2 . 81  .51  .41  . 9 9  . 26  . 04  - . 2 6  - . 4 1  .10  - . 3 5  - . 3 2  - . 3 1  - . 3 9  
MAT3 . 63  . 50  . 7 9  . 78  . 06  - . 3 2  - . 5 0  - . 0 1  . 25  - . 3 7  - . 4 0  - . 4 9  
MAT4 .64  . 4 9  . 50  .81  - . 6 6  - . 6 4  .01  . 17  . 4 8  - . 7 8  - . 6 3  
MAT5 . 3 9  . 39  .44  . 16  -1  a 0 . 12  . 1 8  - . 0 3  -1 a 
A M R 1  .23  . 04  - . 2 5  - . 3 9  . 26  - . 3 7  - . 3 0  - . 3 1  - . 3 8  
AMR2 .05  - . 2 5  - . 3 9  - . 1 2  . 79  - . 2 7  - . 3 2  - . 3 9  
AMR3 - . 6 1  - . 4 4  . 03  .03  . 89  - . 7 0  - . 4 4  
A M R 4  - . 1 6  - . 0 2  - . 1 0  - . 4 3  . 97  - . 1 6  
AMB5 0 -.12 -.18 .03 I d 
RMRI -. 19 .04 -.05 .01 
RMR2 -.06 -.13 -.13 
RMR3 -.50 -.19 
RMR4 .23 

C o r r e l a t i o n / > 1 . 0 5 8 1  i s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o  a t  P < . 0 5  
b C o r r e l a t i o n  >11 -0771 i s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o  a t  P < .01  
c 1124 degrees of f r e e d o m  
d Expected values of plus or minus 1 

d i f f e r e n c e s  i n c r e a s e d .  C o r r e l a t i o n s  a m o n g  a b s o l u t e  

m a t u r i n g  r a t e s  in  d i f f e r e n t  a g e  i n t e r v a l s  i n d i c a t e d  t h a t  

m o r e  r a p i d l y  m a t u r i n g  a n i m a l s  i n  e a r l y  s t a g e s  of  

g r o w t h  m a t u r e d  l e s s  r a p i d l y  in  l a t e r  s t a g e s .  To s o m e  

e x t e n t ,  t h i s  p a t t e r n  w as  a l s o  t r u e  f o r  r e l a t i v e  m a t u r -  

ing r a t e s .  G r e a t e r  a b s o l u t e  m a t u r i n g  r a t e s  in  a n  a g e  

i n t e r v a l  w e r e  a s s o c i a t e d  w i th  i n c r e a s e d  r e l a t i v e  m a -  

t u r i n g  r a t e s  d u r i n g  t h e  s a m e  p e r i o d ,  w h i l e  the  a s s o -  

c i a t i o n  was  n e g a t i v e  f o r  d i f f e r e n t  a g e  p e r i o d s .  The  

c o r r e l a t i o n s  b e t w e e n  d e g r e e  of  m a t u r i t y  a n d  a b s o l u t e  

m a t u r i n g  r a t e s  s u g g e s t e d  t h a t  i n d i v i d u a l s  m a t u r i n g  

m o r e  r a p i d l y  a t  y o u n g e r  a g e s  w e r e  m o r e  m a t u r e  a t  

e v e r y  a g e ,  w h i l e  t h o s e  i n d i v i d u a l s  m a t u r i n g  m o r e  

q u i c k l y  a f t e r  31 d a y s  w e r e  l e s s  m a t u r e  a t  y o u n g e r  

a g e s .  D e g r e e  of  m a t u r i t y  a t  e a c h  a g e  was  n e g a t i v e l y  

c o r r e l a t e d  wi th  r e l a t i v e  m a t u r i n g  r a t e s  d u r i n g  t he  

l a t e r  g r o w t h  i n t e r v a l s .  

Discussion 

Substantial differences among 8 mouse populations due 

to direct and maternal genetic effects were found for 

degree of maturity and absolute and relative maturing 

rates measured at several intervals from birth to 63 

days of age. These maturity traits, aside from their 

intrinsic value in interpreting growth relative to ma- 

ture size, have application to animal breeding situa- 

tions where specific growth patterns are desirable for 

specialized breeding systems (Fitzhugh 1976). Con- 

siderable genetic variation in maturity traits exists 

among and within lines of beef cattle (Fitzhugh and 

Taylor 1971; Smith et al. 1976a,b) and Fitzhugh (1976) 

has emphasized the value of incorporating several ma- 

turity traits into selection indexes. 

Selection for rapid growth rate in the H 6 and MI6 

populations has led to significant correlated responses 

in the maturity traits. Two points are worthy of em- 

phasis. Average direct genetic correlated responses 

in these maturing traits generally were greater than 

average maternal genetic correlated responses and 

the magnitude of the correlated responses were much 

larger in M16 compared to H 6. These populations ex- 

hibited similar trends in comparisons of correlated 

responses for body weight, feed efficiency and body 

c o m p o s i t i o n  ( N a g a i  e t  a l .  1976b;  E i s e n  e t  a l .  1 9 7 7 ) .  

S e l e c t i o n  f o r  r a p i d  g r o w t h  r a t e  y i e l d e d  p o s i t i v e  

a v e r a g e  d i r e c t  c o r r e l a t e d  r e s p o n s e s  in  r e l a t i v e  m a -  

t u r i n g  ( g r o w t h )  r a t e s .  T h i s  r e s u l t  a g r e e s  wi th  p o s i t i v e  

g e n e t i c  c o r r e l a t i o n s  found  b e t w e e n  3 - t o - 6 - w e e k  r e l a -  

t i v e  g r o w t h  r a t e  and  6 - w e e k  body  w e i g h t  a n d  3 - t o - 6 -  

w e e k  p o s t w e a n i n g  g a i n ,  r e s p e c t i v e l y ,  in  the  ICR p o p -  

u l a t i o n  ( E i s e n  1 9 7 7 ) .  In  b e e f  c a t t l e ,  r e l a t i v e  g r o w t h  

r a t e  e x h i b i t e d  p o s i t i v e  g e n e t i c  c o r r e l a t i o n s  wi th  a b -  

s o l u t e  g r o w t h  r a t e s  and  m e a n  body  w e i g h t s  in  t h e  s a m e  

age  i n t e r v a l  ( S m i t h  e t  a l .  1 9 7 6 a ) .  
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Fig .  3. D e g r e e  of ma tu r i ty  plotted agains t  a g e / A "  27 
for  the cont ro l  and s e l ec t ed  populat ions (A = ma tu re  
weight e s t i m a t e d  by 63-day body weight) 

A v e r a g e  d i r e c t  c o r r e l a t e d  r e s p o n s e s  for  absolute  

matur ing  r a t e  in M16 were  negat ive  at e a r l y  ages  and 

pos i t ive  f rom 31 to 63 days .  In gene ra l  t e r m s ,  a s i -  

m i l a r  but l e s s  pronounced pa t te rn  was o b s e r v e d  in 

H 6. The c o r r e l a t e d  r e s p o n s e  in absolute  matur ing  r a t e  

in the age in t e rva l  n e a r e s t  to the c r i t e r i o n  of se lec t ion  

in each population (AMR4) was pos i t ive .  While no gen-  

e t ic  c o r r e l a t i o n  was ava i l ab le  f r o m  the base  popula-  

tion for  c o m p a r i s o n ,  genet ic  c o r r e l a t i o n s  obse rved  in 

beef  ca t t le  between body weight or  absolute  growth r a t e  

and r e l a t i v e  growth r a t e  in the s a m e  age in t e rva l  tend-  

ed to be pos i t ive  (F i tzhugh  and Taylor  1971; Smith et 

a l .  1976a).  

C o r r e l a t e d  r e s p o n s e s  involving a v e r a g e  d i r e c t  gen-  

e t ic  e f fec t s  for  d e g r e e  of matur i ty  were  pos i t ive .  Again ,  

no gene t ic  c o r r e l a t i o n s  among d e g r e e  of ma tu r i ty  and 

the se l ec t ion  c r i t e r i a  of 6 -week  body weight and 3 - t o -  

6 -week  postweaning gain a r e  p r e s e n t l y  ava i lab le  in 

m i c e .  Genet ic  c o r r e l a t i o n s  e s t i m a t e d  f rom beef  ca t t le  

would sugges t  that gene t i ca l ly  h e a v i e r  individuals  tend-  

ed to be m o r e  ma tu re  dur ing that phase  of growth 

(F i tzhugh  and Taylor  1971; Smith et a l .  1976a).  How- 

e v e r ,  when s e v e r a l  s t r a i gh tb r ed  and c r o s s b r e d  ca t t le  

populat ions were  ranked for means  of body weight and 

d e g r e e  of ma tu r i ty  at a f ixed age ,  the r e l a t i onsh ip  was 

quite v a r i a b l e ,  p a r t i c u l a r l y  at e a r l i e r  ages  (Smith  et 

a l .  1976b). 

The obse rved  reduc t ion  in d e g r e e  of ma tu r i ty  at a 

g iven age as a r e s u l t  of s e l ec t i on  for  rap id  growth r a t e  

may be r e l a t e d  to the fact  that 63-day body weight  was 

used as a m e a s u r e  of ma tu re  s i z e ,  although growth is  

expected  to continue beyond this  age ( F i g .  1) .  F o r  a 

g iven  populat ion,  this  will o v e r e s t i m a t e  d e g r e e  of m a -  

tur i ty  and absolute  matur ing  r a t e ,  but have no ef fec t  on 

r e l a t i v e  ma tu r ing  r a t e .  Compar ing  two populat ions 

that d i f fer  in d e g r e e  of ma tu r i ty  at a given age using 

the downwardly b iased  e s t i m a t e s  of m a t u r e  s ize  may,  

t h e r e f o r e ,  lead to b iased e s t i m t e s  of populat ion d i f -  

f e r e n c e s .  In o r d e r  to adjust  for this b ias ,  Hayes  (1974) 

applied T a y l o r ' s  (1965) r e s u l t  that d e g r e e  of ma tu r i ty  

is  p ropor t iona l  to age a t  an i m m a t u r e  s tage  divided 

by m a t u r e  weight to the . 27 th power .  Applying this  

p r o c e d u r e  to the p r e s e n t  data ( F i g .  3) sugges t s  that 

the c o r r e l a t e d  r e s p o n s e  in d e g r e e  of ma tu r i ty  is  neg-  

a t ive  in M16, in a g r e e m e n t  with the p rev ious  ana ly-  

s i s .  Howeve r ,  H 6 showed a pos i t ive  c o r r e l a t e d  r e -  

sponse  in d e g r e e  of ma tu r i t y ,  except  during ea r ly  growth.  

Two unpublished se t s  of data  were  ava i lab le  for  c o m -  

pa r i son  with the p re sen t  r e s u l t s .  In one s tudy,  body 

weights were  r e c o r d e d  at 4, 6, 10 and 14 weeks on 30 ICR 

and 36 M16 male  m i c e .  Using 10-weekbody weights as  

e s t i m a t e s  of d e g r e e  of ma tu r i ty  yie lded means  of 59.1 

and 46.2 ( P < .  01 ) and 88.6 and 80.3 (P < .  01 ) for  d e g r e e  

of ma tu r i ty  at 6 and 10 weeks of age in ICR and M16, r e -  

spec t ive ly .  Using i 4 - w e e k  body weights  as  e s t i m a t e s  

of d e g r e e  of ma tu r i ty  yie lded r e s p e c t i v e  means  of 

55.7 and 44.7 (P < .01) and 83.1 and 77.7  (P < . 0 1 ) .  

These r e s u l t s  ve r i fy  the f indings that M16 had a de -  

c r e a s e d  d e g r e e  of ma tu r i ty  as a r e s u l t  of s e l ec t ion  for 

i n c r e a s e d  postweaning gain.  In the second study,  65 C 2 

and 47 H 6 male  mice  were  weighed at 3, 6, 9 and 12 

weeks of age .  Using 9-week  body weight as  the e s t i -  

mated d e g r e e  of ma tu r i ty  yie lded means  of 41.8  and 

39.0 (P < .01) and 86.0 and 86.8 (P > .05) for  d e g r e e  

of ma tu r i ty  at 3 and 6 weeks of age in C 2 and H6, r e -  

spec t i ve ly .  When 12-week weight was used for  d e g r e e  

of m a t u r i t y ,  the r e s p e c t i v e  means  were  38.3 and 36.3 

(P < .01) and 78.8  and 80.9 (P  < . 0 1 )  . Thus, these  

data sugges t  that d e g r e e  of ma tu r i ty  was reduced  at 

e a r l y  ages  in H6, as  noted in the p r e v i o u s  ana lys i s .  

However ,  at 6 weeks of age ,  d e g r e e  of ma tu r i ty  was 

i n c r e a s e d  in H 6. This r e s u l t  a g r e e s  with the adjus ted  

d e g r e e  of ma tu r i ty  va lues  in the p rev ious  a n a l y s i s ,  

but not with the o r ig ina l  a n a l y s i s .  Thus, i n t e r p r e t a -  
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F ig .4 .  Degree of matur i ty  plotted against age/A "27 
for the straightbred and crossbred populations (A = 
mature weight estimated by 63-day body weight) 

tion of degree of maturity date must be made with cau- 

tion when unbiased estimates of mature size are not 

available. 

Non-additive genetic effects on maturing patterns 

were evident, based on the magnitude of direct and 

maternal heterosis in the selected and control cross- 

breds. Direct and maternal heterosis for degree of 

maturity was primarily positive and the former tend- 

ed to be larger in the postweaning growth period. Be- 

cause of the precautionary note on biases in degree of 

maturity mentioned above, the data were plotted against 

age/A "27 (Taylor 1965), as indicated previously. The 

results, presented in Fig. 4, verify the positive heter- 

osis for degree of maturity in the control and selected 

crosses. Similar patterns of direct and maternal he- 

terosis were observed for body weights and gains in 

these crosses (Nagai et al. 1976b). Positive direct 

heterosis for body weight and degree of maturity also 

has been reported in beef cattle (Smith et al. 1976b). 

Reciprocal effects due to either cytoplasmic or sex- 

linked effects were negligible tot" maturity patterns, 

which was also the case for body weights and gains 

(Nagai et al. 1976b). 

The results of the correlation analysis are remark- 

ably similar to those given by Fitzhugh and Taylor 

(1971) and Smith et a l .  (1976a) for  beef  c a t t l e .  This 

is  not s u r p r i s i n g  s ince  ma tu r i ty  t r a i t s  involve a number  

of pa r t -w ho le  r e l a t i onsh ips  which will lead to p r e d i c t -  

able  c o r r e l a t i o n s  based  on the c o r r e l a t i o n s  among body 

weights  at d i f fe ren t  ages  and the coef f i c i en t s  of v a r i a -  

t ion for  body weights  (Suther land 1965; E i s e n  1966). 

The main point i s  that the pa t t e rn  of c o r r e l a t i o n s  a r e  

dependent  on the o r ig ina l  weights  r e c o r d e d .  T h e r e -  

f o r e ,  i t  should be poss ib le  t heo re t i c a l l y  to dev i se  s e -  

lec t ion  indexes  using body weights  pe r  se  which would 

at tain goals  s i m i l a r  to indexes  using d e g r e e  of m a -  

tu r i ty  and absolute  and r e l a t i v e  ma tu r ing  r a t e s .  The 

advantages  in favor  of ma tu r i ty  t r a i t s  have been r e -  

v iewed by Fi tzhugh ( 1976).  
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