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S u m m a r y .  C o r r e l a t e d  r e s p o n s e s  to s e l ec t i on  for  i n c r e a s e d  growth r a t e  were  c o m p a r e d  in two mouse  popula-  
t ions (M16 and H8 ) of d is t inc t  gene t ic  o r i g in .  T ra i t s  s tudied  w e r e  body compos i t ion ,  feed intake,  cons t i tuent  
gains  and e n e r g e t i c  e f f i c i ency .  When c o m p a r e d  with t he i r  r e s p e c t i v e  con t ro l s  (ICR and C2) at 6 and 9 weeks 
of age ,  body weight i n c r e a s e d  m o r e  in M16 (57 ~ and 69 % of the cont ro l  mean)  than in H6 (40 % and 34 ~) .  The 
M16 showed c o r r e l a t e d  r e s p o n s e s  in fat pe rcen t  of 2.6% (P < . 0 5 ) ,  8 . 4 ~  (P < . 0 1 )  and 11 .2~  ( P < . 0 1 )  at 
3, 6 and 9 weeks ,  r e s p e c t i v e l y ,  whe rea s  co r r e sp o n d in g  va lues  in H8 were  - 2 . 4 ~  (P < .05 ) ,  3.3% (P < .05) 
and 2.09 % (P > . 0 5 ) .  The c o r r e l a t e d  r e s p o n s e s  in fat pe rcen t  w e r e  2.7 and 4.7 t i m e s  h igher  in M16 than H8 
at 6 and 9 weeks .  The r e g r e s s i o n  of In fat weight on Zn empty  body weight was l a r g e r  in M16 (P < .05)  c o m -  
pa red  to ICR and l a r g e r  (P < .01) in H8 c o m p a r e d  to C2. Both M16 and Hs exhibi ted pos i t ive  c o r r e l a t e d  r e -  
sponses  f rom 3 to 6 weeks of age in feed intake and gain and e f f i c iency  in fat ,  p ro te in ,  c a l o r i e s  and ash ;  fat 
and c a l o r i c  gain and e f f i c i ency  exhibi ted  h igher  c o r r e l a t e d  r e s p o n s e s  in M16 than He.  During the 6- to 9-week 
i n t e r v a l ,  the M16 populat ion continued to ev ince  pos i t ive  c o r r e l a t e d  r e s p o n s e s  in gains  and e f f i c i enc i e s  of fat ,  
p ro te in  and c a l o r i e s ,  whe reas  H8 did not .  Seve ra l  poss ib le  explanat ions  a r e  p r e s e n t e d  to account  for  the d i f -  
f e r e n c e s  in c o r r e l a t e d  r e s p o n s e s  between the s e l e c t e d  popula t ions .  Pa r t i t i on ing  of c o r r e l a t e d  r e s p o n s e  d i f f e r -  
ences  be tween M16 and H6 into a v e r a g e  d i r e c t  and a v e r a g e  ma te rna l  gene t ic  e f fec t s  indica ted  that a v e r a g e  d i -  
r e c t  gene t ic  e f fec t s ,  f avor ing  M16, were  r e spons ib l e  for  the m a j o r  d i f f e rence  between the s e l e c t e d  popula t ions .  
D i r ec t  h e t e r o s i s  in Fa c r o s s e s  of the s e l e c t e d  populat ions were  gene ra l l y  not s igni f icant ,  although t h e r e  was a 
tendency for  fat pe rcen t  and fat weight to show h e t e r o s i s .  

In t roduct ion  

Se lec t ion  e x p e r i m e n t s  for  growth r a t e  in l a b o r a t o r y  

s p e c i e s  such as mice  and r a t s  have c l e a r l y  demon-  

s t r a t e d  the feas ib i l i ty  of rap id ly  i n c r e a s i n g  pos twean-  

ing body weight by gene t ic  manipula t ion  (Rober t s  1965; 

E i s e n  1974).  F r o m  a quant i ta t ive  genet ic  s tandpoint ,  

the a r c h i t e c t u r e  of body weight has been adequate ly  

d e s c r i b e d  by e s s e n t i a l  gene t ic  p a r a m e t e r s  such as 

m a t e r n a l  and non-add i t ive  gene t ic  v a r i a n c e s  and r e a -  

l i zed  h e r i t a b i l i t i e s .  Recent  r e f i n e m e n t s  have demon-  

s t r a t e d  the i m p o r t a n c e  of cons ide r ing  e f fec t ive  popu- 

la t ion  s i z e ,  gene t ic  dr i f t  and s e l ec t i on  in tens i ty  in a s -  

s e s s i n g  r e s p o n s e  to s e l e c t i o n  for  body weight (H a n ra -  
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han, Eisen and Legates  1973; F a l c o n e r  1973; IEisen 

1975; Bake r ,  Chapman and Wardel l  1975). Compo-  

nents  of growth which may have changed as a c o n s e -  

quence of s e l ec t i on  for  body weight o r  postweaning 

gain have been l e s s  in tense ly  s tudied to date  (Su ther -  

land, Biondini  and Ward 1974; E i s e n  1976). 

The ob jec t ive  of the p r e se n t  paper  is  to c o m p a r e  

c o r r e l a t e d  r e s p o n s e s  to s e l ec t i on  for  i n c r e a s e d  growth 

r a t e  in two mouse  populat ions of d i s t inc t ly  d i f ferent  

gene t ic  o r i g in .  The t r a i t s  a s s e s s e d  a r e  body c o m p o s i -  

t ion at t h r ee  ages  and feed intake,  const i tuent  gains  

and e n e r g e t i c  e f f i c iency  dur ing two age i n t e r v a l s .  The 

d i f fe rence  in c o r r e l a t e d  r e s p o n s e s  be tween the s e l e c t -  

ed populat ions is  pa r t i t ioned  into a v e r a g e  d i rec t  and 

a v e r a g e  ma te rna l  gene t ic  e f f ec t s .  D i r ec t  h e t e r o s i s  is  

e s t i m a t e d  f rom c r o s s e s  of the two s e l e c t e d  populat ions 

and c r o s s e s  of the two cont ro l  popula t ions .  The popula-  

t ions a r e  a lso  c o m p a r e d  on the bas i s  of the a l l o m e t r i c  

r e l a t i onsh ip  be tween weight of the m a j o r  body c o n s t i -  

tuents  and empty  body weight .  

M a t e r i a l s  and Methods 

The eight  mouse  populat ions used  in the p r e s e n t  e x p e r -  
iment  have been d e s c r i b e d  by Bakke r ,  Nagai and E i -  
sen  (1976) and a r e  b r i e f ly  r e v i e w e d  h e r e .  The M16 
populat ion had undergone 37 gene ra t i ons  of s e l ec t i on  
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for  i n c r e a s e d  postweaning gain f r o m  3 to 6 weeks  of 
age at the t i m e  the study was in i t ia ted ,  while the He 
populat ion had been s e l e c t e d  fo r  73 gene ra t ions  for  
l a r g e  6-week body weight .  Deta i l s  of the d i r ec t  r e -  
sponses  to se l ec t ion  have been r e p o r t e d  for  the M16 
population (Hanrahan et a l .  1973; E i s e n  1975) and 
the H8 population (Legates  1969).  The base  popula-  
t ion con t ro l s  for  M16 and He w e r e  ICR and C2, r e -  
spec t i ve ly .  The four  r e c i p r o c a l  F~ c r o s s e s  f o r m e d  
f r o m  these  paren ta l  populat ions  were  M16 • He,  He x 
M16, ICR • C~ and C2 • ICR, where  the ma le  p a r e n -  
tal populat ion is  g iven f i r s t .  Since the two base  popu-  
la t ions  d i f fe red  marked ly  in body s i z e  and gene t ic  o r i -  
gin (ICR was an outbred  populat ion and C2 was de -  
r i ved  f r o m  c r o s s i n g  two F~ s tocks ,  CAF~ and AKD~F~, 
d e r i v e d  f rom inbred  l i n e s ) ,  it was deemed  e s sen t i a l  
to include both cont ro l  populat ions in the p r e sen t  s t u -  
dy to a s s e s s  d i f f e r ences  in c o r r e l a t e d  r e s p o n s e s  be-  
tween the s e l e c t e d  l i n e s .  

L i t t e r s  f rom each  populat ion w e r e  s t anda rd i zed  to 
eight  young at b i r th .  The mice  were  weaned at 3 weeks 
of age and randomly  des ignated  to be k i l led  at 3, 6 o r  
9 weeks of age .  Only f e m a l e  mice  w e r e  u t i l i zed .  All 
mice  w e r e  individual ly  caged  at weaning and fed P u -  
r ina  Labora to ry  Chow ( g r o s s  ene rgy  of 4.06 k c a l / g )  
ad ZibiVum. The number  of  m i c e  a l lo t ted  to each pop-  
u la t ion-age  subc l a s s  in this  c r o s s - s e c t i o n a l  des ign  is  
g iven in Table 1. 

Body weights  (BWT) were  r e c o r d e d  to the n e a r e s t  
0 . 1 g  at 3, 6 and 9 weeks of age .  F e e d  intake ( F E E D ) ,  
weight gain (GAIN) and feed e f f i c i ency  ( E F F  = 100 x 
G A I N / F E E D )  were  obtained in the 3 to 6 and 6-  to 
9- week age i n t e r v a l s .  The f o r m e r  in t e rva l  inc ludes  
the age pe r iod  when postweaning growth is  expec ted  
to be m a x i m u m  (E i sen  1974). Empty  body weight of  
each  mouse  k i l led  was obtained a f te r  r e m o v a l  of  the 
inges ta  f r o m  the g a s t r o - i n t e s t i n a l  t r a c t .  The mice  
were  f rozen  at -18 ~ and subsequent ly  sub jec ted  to 
whole body compos i t ion  ana lys i s  (Eisen and L e a t h e r -  
wood 1976). Af t e r  de t e rmina t ion  of total  wa te r  (WAT), 
fat (FAT) ,  p ro te in  (PRO) and ash (ASH)we igh t s ,  
each component  was ca lcu la ted  as a p e r c e n t a g e  of 
empty  body weight .  P r o t e i n  and ash w e r e  a lso  e x -  
p r e s s e d  on a pe rcen t  f a t - f r e e  b a s i s .  Total body c a l o -  
r i e s  (CAL) were  d e t e r m i n e d  ind i r ec t l y  as (fat weight 
• 9 . 5 k c a l / g )  + (pro te in  weight x 5 . 6 5 k c a l / g ) .  

Gain in body cons t i tuents  (FATG, PROG, ASHG 
and CALG) between 3 and 6 weeks of age for  m i c e  
k i l led  at 6 weeks  was e s t i m a t e d  by the method out -  
l ined by E i s e n  and Leatherwood (1976) .  R e g r e s s i o n  
equat ions  of the natura l  l oga r i thm (ln) of each  body 
const i tuent  on In body weight were  ca l cu la t ed  a c r o s s  
ages  for  each  populat ion.  These r e g r e s s i o n  equat ions  
were  u s e d t o  p red ic t  body cons t i tuent  weight at 3 weeks  
of age for  each  individual  k i l l ed  at 6 weeks within a 
populat ion.  The d i f fe rence  between the individual ' s  
const i tuent  weight at 6 weeks  of age and i ts  p r e d i c t -  
ed const i tuent  weight at 3 weeks  p rov ided  the e s t i -  
mate  of const i tuent  gain.  The e f f ic iency  of const i tuent  
gain (FATE,  PROE and ASHE) and e n e r g e t i c  e f f i c i e n -  
cy (CALE) w e r e  e s t i m a t e d  by dividing cons t i tuent  gain 
by feed intake in the i n t e r v a l .  This p r o c e d u r e  was r e -  
pea ted  for  mice  k i l l ed  at 9 weeks to ca lcu la te  the 
gain and e f f i c iency  of cons t i tuents  in the 6- to 9-week  
i n t e r v a l .  

D i f f e r ences  among populat ions in body cons t i tuen t s  
p e r  unit i n c r e a s e  in empty  body weight also were  e v a l -  
uated,  as  out l ined by Hayes  and McCar thy  (1976) .  The 
r e g r e s s i o n  coe f f i c i en t s  of Sn body const i tuent  (WAT, 
FAT, PRO,  ASH and CAL) on /n empty  body weight 
were  used in th is  a n a l y s i s .  

Table 1. Sample  s i z e  a l loca t ion  for  each  popula t ion-  
age subgroup 

Age(wk)  

Popula t ion  3 6 9 Total 

M16 7 6 7 20 
He 11 12 12 35 
M16 X He 13 11 12 36 
H6 X M16 11 11 11 33 
ICR 12 12 12 36 
C~ 12 12 12 36 
ICR X C~ 12 12 12 36 
C2 X ICR 12 12 12 36 

Total 90 88 90 268 

E a c h  t r a i t  was ana lyzed  by l eas t  s q u a r e s  p r o c e -  
d u r e s .  The ana lys i s  of v a r i a n c e  model  conta ined the 
f ixed e f fec t s  of populat ion,  age,  populat ion by age in -  
t e r a c t i o n  and a random e r r o r  t e r m .  Since most  t r a i t s  
d e m o n s t r a t e d  s igni f icant  populat ion by age i n t e r ac t i ons  
and he t e rogeneous  e r r o r  v a r i a n c e s  a c r o s s  ages ,  the 
data  w e r e  r e - a n a l y z e d  on a within age b a s i s .  T r a n s -  
fo rma t ion  of pe r cen t age  data to a r c s i n  gave e s s e n t i a l -  
ly unchanged r e s u l t s ,  t h e r e f o r e  the t r a n s f o r m a t i o n  
was not used. 

Linear contrasts were developed to determine the 
correlated response to selection for each trait in each 
selected population (MI6-1CR and Hs-C2 ) and the dif- 
ference between the selected populations in correlat- 
ed response [(MI6-1CR) - (H6-C2)]. Differences be- 
tween selected populations (MI6-He) and between 
control populations (ICR-C~) were partitioned into an 
a v e r a g e  m a t e r n a l  gene t ic  ef fec t  [(He X M16) - (M16X 
He) and (C2 X ICR) - (ICR • C~) ]  and a n a v e r a g e  d i -  
r e c t  gene t ic  e f fec t  [ (M16-He)  - (He • M16) + (M16 • Hs) 
and (ICR-C2) - (C~ x ICR) + (ICR x C2)] (Dicke r son  
1969).  The be tween populat ion d i f f e rence  in c o r r e l a t -  
ed r e s p o n s e  [ (M16- ICR)  - (He -C2)  ] was a lso  p a r t i -  
t ioned into an a v e r a g e  m a t e r n a l  gene t ic  ef fec t  and an 
a v e r a g e  d i r e c t  gene t ic  ef fec t  in an analogous m a n n e r .  
D i r ec t  h e t e r o s i s  in the c r o s s e s  of both the s e l e c t e d  
and the con t ro l  populat ions  was e s t i m a t e d  as the d i f -  
f e r e n c e  be tween the means  of the F t r e c i p r o c a l  c r o s -  
s e s  and the pa ren ta l  popula t ions .  F u r t h e r  de ta i l s  on 
these  l i n e a r  c o n t r a s t s  were  g iven by Bakke r  et a l .  
(i976). 

The r e g r e s s i o n  coe f f i c i en t s  of  In const i tuent  weight 
on In empty  body weight  a c r o s s  ages  p rov ided  an e s t i -  
mate  of  change in cons t i tuent  weight pe r  unit change in 
empty  body weight in each  populat ion.  L inear  c o n t r a s t s ,  
analogous  to those  obtained among populat ion means  on 
a constant  age bas i s ,  were  ca l cu la t ed  fo r  these  r e g r e s -  
s ion c o e f f i c i e n t s .  

Resu l t s  

Age t r e n d s  

Populat ion means  plot ted  agains t  age a r e  g iven  in F i g .  1 

fo r  body weight and c a l o r i c  content  and in F i g s .  2 and 

3 for  p e r c e n t  body com pos i t i on .  The means  of feed in -  

take,  gain and e f f i c i ency  for  the 3- to 6 -week  and 

6-  to 9-week age i n t e r v a l s  a r e  p r e s e n t e d  in Table 2. 
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F i g .  3 .  P r o t e i n  and  a s h  p e r c e n t a g e s  f o r  th e  e i g h t  p o p -  
u l a t i o n s  at  3,  6 and 9 w e e k s  o f  a g e .  S t a n d a r d  e r r o r s  
o f  the  m e a n s  f o r  N = 12 at  the  r e s p e c t i v e  a g e s  a r e  
0 . 2 5 ,  0 . 3 0  and  0 . 2 9 ~  f o r  p e r c e n t p r o t e i n  and 0 . 1 1 ,  
0 . 1 3  and 0 . 1 3 %  f o r  p e r c e n t  a s h  

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

a l l  t r a i t s  s t u d i e d .  F e e d  i n t a k e  d e c l i n e d  s l i g h t l y  in the  

s e c o n d  a g e  i n t e r v a l  f o r  a l l  p o p u l a t i o n s  e x c e p t  M16  and 

C 2" The c o m p o n e n t s  o f  g a i n  and the  e f f i c i e n c y  o f  e a c h  

c o n s t i t u e n t  d e c l i n e d  s h a r p l y  ( P  < .  01 ) f o r  a l l  p o p u l a t i o n s  

in the  1 a t t e r  a g e  i n t e r v a l .  The M 16 popul  a t ion  w a s  an e x -  

c e p t i o n ,  s h o w i n g  a r e l a t i v e l y  h igh  F A T G ,  P R O G  and 

CALG f r o m  6 to 9 w e e k s .  C a l o r i c  c o n t e n t  o f  the  b o d y  f o l -  

l o w e d  a p a t t e r n  s i m i l a r  to b o d y  w e i g h t ,  i n c r e a s i n g  to a 

g r e a t e r  d e g r e e  f r o m  3 to 6 w e e k s  than f r o m  6 to 9 

w e e k s .  F a t  p e r c e n t  in  the  c o n t r o l  p o p u l a t i o n s  and  o n e  o f  

th e  F 1 c r o s s e s  ( ICR x C 2)  d e c r e a s e d  s l i g h t l y  f r o m  3 to 

6 w e e k s  and  did  not  c h a n g e  in  th e  r e c i p r o c a l  F 1 (C 2 • 

I C R ) .  A s i m i l a r  d e c r e a s e  in  fat  p e r c e n t  in the  ICR 

p o p u l a t i o n ,  n o t e d  by  E i s e n  and L e a t h e r w o o d  ( 1 9 7 6 ) ,  

w a s  a t t r i b u t e d  to s t a n d a r d i z i n g  l i t t e r s  to e i g h t  m i c e  

w h i c h  m i n i m i z e d  c o m p e t i t i o n  fo r  m i l k  p r i o r  to w e a n -  

i n g .  In c o n t r a s t ,  the  s e l e c t e d  p o p u l a t i o n s  and  t h e i r  

F 1 c r o s s e s  i n c r e a s e d  ( P  < . 0 1 )  in  fat  p e r c e n t  f r o m  

3 to  6 w e e k s  o f  a g e .  F a t  p e r c e n t  in  th e  M 1 6  p o p u l a -  

t i on  and  the  F 1 c r o s s e s  o f  the  s e l e c t e d  p o p u l a t i o n s  i n -  

c r e a s e d  (P  < . 0 1 )  f r o m  6 to  9 w e e k s  but d e c r e a s e d  

s l i g h t l y  in H 6 .  W a t e r  p e r c e n t  w a s  g e n e r a l l y  i n v e r s e l y  

r e l a t e d  to fat  p e r c e n t .  P r o t e i n  and  a s h  p e r c e n t s  i n -  
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T a b l e  2.  P o p u l a t i o n  m e a n s  of  f e e d  i n t a k e ,  g a i n s  a n d  e f f i c i e n c i e s  

Traita, b 

Population FEED(g) GAIN(g) F~TG(g) PROG(g) CALG(kcal) ASHG(g) EFF(%) FATE(%) PROE(%) CALE(%) ASHE(%) 

3 to 6 weeks 

MI6 142.7 22.15 4.16 2.61 54.14 0.63 15.36 2.84 1.82 9.16 0.450 
H 6 132.2 15.49 2.27 2.18 33.36 0.47 11.73 1.71 1.65 6.21 0.353 
MI6 x H 6 144.0 17.33 3.92 2.43 50.62 0.49 12.00 2.70 1.68 8.60 0.340 
H 6 x MI6 138.3 16.02 2.80 2.21 39.39 0.46 11.56 2.00 1.60 6.97 0.337 
ICR 112.7 10.33 0.81 1.52 15.48 0.37 9.13 0.70 1.35 3.35 0.328 
C 2 98.4 9.55 0.68 1.42 14.01 0.25 9.75 0.71 1.45 3.56 0.258 
ICR x C 2 113.8 10.85 0.90 1.66 17.56 0.31 9.56 0.80 1.47 3.82 0.274 
C 2 x ICR 109.9 9.98 1.16 1.64 19.91 0.30 9.03 1.04 1.48 4.42 0.275 

S.E. c 2.5 0.70 0.28 0.12 2.93 0.03 0.46 0.20 0.09 0.51 0.027 

6 to 9 weeks 

MI6 155.9 7.30 3.79 1.47 43.42 0.24 4.60 2.36 0.94 6.68 0.158 
H 6 125.5 2.76 0.34 0.57 5.66 0.18 2.15 0.29 0.45 1.15 0.142 
MI6 x H 6 139.2 4.66 1.58 0.60 17.08 0.18 3.29 i.ii 0.42 2.93 0.130 
H 6 x MI6 130.7 2.60 1.03 0.42 12.60 0.15 2.00 0.76 0.33 2.32 0.114 
ICR 97.6 1.43 0.58 0.29 5.46 0.15 1.32 0.54 0.27 1.26 0.135 
C 2 106.2 2.89 0.29 0.56 4.98 0.13 2.91 0.31 0.57 1.29 0.129 
ICR x C 2 108.5 1.01 0.33 0.21 3.49 0.15 0.95 0.34 0.21 0.05 0.159 
C 2 x ICR 101.4 1.52 0.02 0.05 0.08 0.05 1.35 0.03 0.04 0.90 0.037 

S.E. c 3.3 0.58 0.41 0.ii 3.87 0.04 0.44 0.29 0.09 0.69 0.032 

aEFF, FATE, PROE and ASHE are expressed on a g/g basis and CALE is expressed on a kcal/kcal basis. To express 
FATE on a kcal/kcal basis, multiply by 9.5/4.06, and to express PROE on a kcal/kcal basis, multiply by 5.65/4.06, 
where 9.5 = kcal fat/g, 5.65 = kcal protein/g and 4.06 = kcal feed/g. 

bFEED = feed intake; GAIN, FATG, PROG, CALG and ASHG = gain in body weight, fat, protein, calories and ash, 
respectively; EFF, FATE, PROE, CALE, ASHE = gain of each constituent divided by feed intake. 

Cstandard error of the mean for N = 12. 

c r e a s e d  f r o m  3 to 6 w e e k s  in  a l l  p o p u l a t i o n s .  A s h  

p e r c e n t  in  M16 d e c l i n e d  f r o m  6 to  9 w e e k s  but  c o n -  

t i n u e d  to  i n c r e a s e  in  t h e  o t h e r  p o p u l a t i o n s .  The  c h a n g e  

in  p e r c e n t  p r o t e i n  f r o m  6 to  9 w e e k s  w a s  m o r e  v a r i -  

a b l e ,  w i th  m o s t  p o p u l a t i o n s  c h a n g i n g  r e l a t i v e l y  l i t t l e  

a f t e r  6 w e e k s  

The i n v e r s e  r e l a t i o n s h i p  b e t w e e n  t h e  p e r c e n t a g e s  

of  f a t  a n d  w a t e r  on  a m e a n  b a s i s  w a s  a l s o  o b s e r v e d  on  

a w i t h i n  p o p u l a t i o n - a g e  b a s i s  ( r  = - . 8 6 ,  P < . 0 1 ) .  A 

h i g h  n e g a t i v e  p h e n o t y p i c  c o r r e l a t i o n  b e t w e e n  fa t  p e r -  

c e n t  a n d  w a t e r  p e r c e n t  h a s  b e e n  o b s e r v e d  p r e v i o u s l y  

(Lang  a n d  L e g a t e s  1969 ;  S u t h e r l a n d  e t  a l .  1 9 7 4 ) .  The 

c o e f f i c i e n t  of  v a r i a t i o n  of  w a t e r  p e r c e n t  w a s  c o n s i d e r -  

a b l y  l e s s  t h a n  fa t  p e r c e n t  ( 3 . 1 0  v s  2 0 . 4 3 ,  3 . 4 9  v s  

2 1 . 5 0 ,  a n d  5 . 1 0 v s  2 4 . 9 3  a t  3, 6 a n d  9 w e e k s ,  r e -  

s p e c t i v e l y ) .  T h e r e f o r e ,  f o r  a g i v e n  s a m p l e  s i z e ,  a 

s i g n i f i c a n t  d i f f e r e n c e  in  f a t  p e r c e n t  m i g h t  no t  b e  d e -  

c l a r e d ,  bu t  wou ld  b e  s u g g e s t e d  i n d i r e c t l y  b y  a s i g n i f i -  

c a n t  d i f f e r e n c e  in  w a t e r  p e r c e n t .  

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  a t  a c o n s t a n t  a g e  

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  in  M16 a n d  H6,  

t a k e n  a s  a d e v i a t i o n  f r o m  t h e  a p p r o p r i a t e  c o n t r o l  

( M 1 6 - I C R  a n d  H 6 - C 2 ) ,  a n d  t h e  d i f f e r e n c e  b e t w e e n  

t h e  s e l e c t e d  p o p u l a t i o n s  i n  c o r r e l a t e d  r e s p o n s e  

[ ( M 1 6 - I C R )  - ( H 6 - C 2 ) ]  a r e  d i s p l a y e d  in  T a b l e  3.  

The M16  p o p u l a t i o n  h a d  a h i g h e r  ( P  < . 0 5 )  fa t  p e r -  

c e n t  t h a n  ICR a t  3 w e e k s  of  a g e ,  a n d  H 6 h a d  a l o w e r  

(P  < . 0 5 )  f a t  p e r c e n t  t h a n  C2 ,  r e s u l t i n g  a 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  in  f a t  p e r -  

c e n t .  W a t e r  p e r c e n t  s h o w e d  a t y p i c a l  i n v e r s e  r e l a t i o n -  

s h i p  to p e r c e n t  f a t .  T h e r e  w a s  no  e v i d e n c e  of  c o r r e l a t -  

e d  r e s p o n s e s  f o r  t o t a l  c a l o r i e s  a n d  p e r c e n t a g e s  of  p r o -  

t e i n  a n d  a s h  a t  3 w e e k s .  

At  6 a n d  9 w e e k s  of  a g e ,  M16 h a d  p o s i t i v e  

( P  < . 0 1 )  c o r r e l a t e d  r e s p o n s e s  in  body  w e i g h t ,  c a l o r -  

i c  c o n t e n t  a n d  fa t  p e r c e n t  a n d  n e g a t i v e  c o r r e l a t e d  r e -  

s p o n s e s  in  w a t e r ,  p r o t e i n  a n d  a s h  p e r c e n t s .  On  a f a t -  
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T a b l e  3.  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  in  M I 6  a n d  Hs a n d  t h e  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  [ ( M 1 6 - I C R )  - 
(Hs -C2 ) ] 

Linear Contrast 

Trait a MI6-1CR H6-C2 (MI6-1CR)-(H6-C2) 

3 wk 6 wk 9 wk 3 wk 6 wk 9 wk 3 wk 6 wk 9 wk 

BWT(g) 0.70 13.98"* 19.23"* 2.45** 8.64** 8.13"* -1.74 5.34** 
CAL(kcal) 4.20 47.26** 81.07"* 1.79 22.40** 18.22"* 2.41 24.86** 
WAT(%) -1.58" -6.26** -8.97** 1.94" -3.15"* -1.12 -3.53** -3.11" 
FAT(%) 2.59* 8.37** 11.23"* -2.37* 3.34* 2.09 4.97** 5.02* 
PRO(%) -.72 -2.17"* -1.75"* -.53 -.80 -1.47"* -.18 -1.37" 
ASH(%) -.01 -.32 -1.24" -.28 0.12 0.24 0.27 -.45 
PRO(%ff) -.32 -.73 0.60 -i.I0" -.16 -1.21 0.31 -.57 
ASH(%ff) 0.08 0.01 -.93** -.41" 0.29 0.37 0.78 -.28 

3-6 wk 6-9 wk 3-6 wk 6-9 wk 3-6 wk 6-9 wk 

ii.ii** 
62.85** 
-7.84** 
9.14"* 
-.28 

-1.48"* 
1.82" 

-1.30" 

FEED(g) 29.98** 49.68** 33.73** 27.88** -3.76 21.79"* 
GAIN(g) 11.83"* 5.87** 5.94** -.13 5.88** 5.99** 
FATG(g) 3.36** 3.22** 1.59"* 0.05 1.77"* 3.16"* 
PROG(g) 1.08"* 1.18"* 0.76** 0.01 0.33 1.18"* 
CALG(g) 38.66** 37.97** 19.34"* 0.68 19.32"* 37.28** 
ASHG(g) 0.26** 0.i0 0.21"* 0.06 0.05 0.04 
EFF(%) 6.23** 3.27** 1.99"* -.75 4.25** 4.04** 
FATE(%) 2.14"* 1.82"* 1.00"* -.02 1.14" 1.84"* 
PROE(%) 0.47** 0.67** 0.20 -.12 0.27 0.79** 
CALE(%) 5.81"* 5.42** 2.64** -.14 3.16"* 5.56** 
ASHE(%) 0.12" 0.02 0.09* 0.01 0.03 0.01 

P < .05 , P < .01. 

aBWT = body weight; CAL = calories; WAT, FAT, PRO and ASH = percentages of total body water, fat, protein and 
ash, respectively (%ff = percentage on a fat-free basis); FEED = feed intake; GAIN, FATG, PROG, CALG and ASHG = 
gain in body weight, fat, protein, calories and ash, respectively; EFF, FATE, PROE, CALE, ASHE = gain of each 
constituent divided by feed intake. 

f r e e  b a s i s ,  H 6 a n d  M16 d id  no t  e x h i b i t  s i g n i f i c a n t  

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

c e p t  f o r  a d e c r e a s e  i n  a s h  p e r c e n t  a t  9 w e e k s  in  M 1 6 .  

F e e d  i n t a k e ,  w e i g h t  g a i n  a n d  e f f i c i e n c y  in  t h e  3 to 6 

a n d  6 -  to  9 - w e e k  i n t e r v a l s  w e r e  s i g n i f i c a n t l y  ( P  < 

. 0 1 )  g r e a t e r  in  M16 t h a n  I C R .  T h i s  w a s  r e f l e c t e d  in  

t h e  i n c r e a s e d  g a i n s  a n d  e f f i c i e n c i e s  of  f a t ,  p r o t e i n ,  

c a l o r i c  c o n t e n t  a n d  a s h  in  M 1 6 .  T h e s e  c o r r e l a t e d  r e -  

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

s i m i l a r  a t  6 to  9 w e e k s ,  e x c e p t  f o r  a s h  w h i c h  w a s  

no t  s i g n i f i c a n t .  

The  H 6 p o p u l a t i o n  e x h i b i t e d  p o s i t i v e  ( P  < . 0 1 )  c o r -  

r e l a t e d  r e s p o n s e s  in  b o d y  w e i g h t  ( d i r e c t  r e s p o n s e  a t  

6 w e e k s ) a n d  c a l o r i c  c o n t e n t  a t  6 a n d  9 w e e k s .  The 

s i g n i f i c a n t  ( P  < . 0 5 )  i n c r e a s e  in  f a t  p e r c e n t  a t  6 

w e e k s  was  no t  p r e s e n t  a t  9 w e e k s .  A s  w a s  t h e  c a s e  

f o r  M16 ,  t h e  H 6 p o p u l a t i o n  s h o w e d p o s i t i v e  c o r r e l a t e d  

r e s p o n s e s  f r o m  3 to  6 w e e k s  of  a g e  in  f e e d  i n t a k e ,  g a i n  

e f f i c i e n c y  a n d  c o n s t i t u e n t  g a i n s  a n d  e f f i c i e n c i e s .  H o w -  

e v e r ,  f r o m  6 to 9 w e e k s ,  o n l y f e e d  i n t a k e  w a s  s i g n i f i -  

c a n t l y  i n c r e a s e d  in  H 6 , w h e r e a s  no s i g n i f i c a n t  c o r r e -  

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

n o t e d .  

The  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  b e t w e e n  M16 

a n d  H 6 a r e  r e f l e c t e d  in  t he  c o n t r a s t ,  ( M 1 6 - I C R )  - 

( H 6 - C 2 ) ,  p r e s e n t e d  in  T a b l e  3.  F o r  body  w e i g h t ,  c a -  

l o r i c  c o n t e n t  a n d  fa t  p e r c e n t  a t  6 a n d  9 w e e k s  o f  a g e ,  

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

T h u s ,  fa t  p e r c e n t  d e f i n i t e l y  e x h i b i t e d  a g r e a t e r  p o s i -  

t i v e  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  M16 c o m p a r e d  

to  H 6 .  In g e n e r a l ,  t h e  c o r r e l a t e d  r e s p o n s e s  in  c o n -  

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

in  M16 t h a n  in  H 6 .  The c o m p a r i s o n s  w e r e  p a r t i c u -  

l a r l y  s t r i k i n g  in  t h e  6 -  to  9 - w e e k  i n t e r v a l  s i n c e ,  e x -  

c e p t  f o r  f e e d  i n t a k e ,  n o n e  o f  t h e s e  t r a i t s  r e v e a l e d  s i g -  

n i f i c a n t  r e s p o n s e s  in  H 6.  

W h i l e  t he  p r e s e n t  d e s i g n  d o e s  no t  p e r m i t  a p a r -  

t i t i o n i n g  of  t h e  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  f o r  

M16  o r  H 6 i n to  a v e r a g e  d i r e c t  a n d  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 ,  t he  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  

L ( M 1 6 - I C R )  - ( H 6 - C 2 ) ]  c a n  b e  s o  p a r t i t i o n e d  ( T a b l e  

4 ) .  The r e s u l t s  i n d i c a t e  t h a t  t h e  m a j o r  c a u s e  o f  t h e  
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Table 4. Pa r t i t i on ing  of the d i f fe ren t ia l  c o r r e l a t e d  r e s p o n s e  [ (M16- ICR)  - (Ha-Ca)  ] into a v e r a g e  
d i r ec t  and a v e r a g e  m a t e r n a l  genet ic  e f fec t s  

Trait a 

Averase Direct Genetic Effect 

(MI6-1CR)-(H6-C2) 

Avera~eMaternal Genetic Effect 

(MI6-1CR)-(H6-C2) 

3 wk 6 wk 9 wk 3 wk 6 wk 9 wk 

BWT(g) -2.13 4.48* 16.13"* 0.39 0.86 -5.02" 
CAL(kcal) -.84 32.81"* 78.83** 3.25 -7.95 -15.97 
WAT(%) -1.45 -6.03** -8.03** -2.07 2.92* 0.19 
FAT(%) 3.10 7.69** 9.45** 1.86 -2.66 -.31 
PRO(%) -.74 -1.04 0.09 0.56 -.32 -.38 
ASH(%) 0.18 -.54 -2.11"* 0.09 0.i0 0.63* 
PRO(%ff) -.26 0.42 2.35* 1.03 -.99 -.54 
ASH(%ff) 0.33 -.29 -2.00 0.17 0.01 0.71 

3-6 wk 6-9 wk 3-6 wk 6-9 wk 

FEED(g) -1.97 37.40** -1.79 -15.61" 
GAIN(g) 6.31"* 8.56** -.43 -2.57" 
FATG(g) 3.15"* 3.40** -1.38" -.24 
PROG(g) 0.52 1.20"* -.20 -.03 
CALG(g) 32.89** 38.35** -13.57" -1.06 
ASHG(g) 0.07 -.03 -.02 0.08 
EFF(%) 4.15"* 5.73** 0.i0 -1.69 
FATE(%) 2.08** 1.88" -.94* -.04 
PROE(%) 0.37 0.70* -.i0 0.07 
CALE(%) 5.39** 5.34* -2.22* 0.22 
ASHE(%) 0.03 0.00 0.00 O.11 

P < .05 , P < .01. 

aBWT = body weight; CAL = calories; WAT, FAT, PRO and ASH = percentages of total body water, fat, 
protein and ash, respectively (%ff = percentage on a fat-free basis): FEED = feed intake; GAIN, 
FATG, PROG, CALG and ASHG = gain in body weight, fat, protein, calories and ash, respectively; EFF, 
FATE, PROE, CALE, ASHE = gain of each constituent divided by feed intake. 

differential response between the selected populations 

was due to average direct genetic effects. Significant 

average maternal genetic effects for the differential 

response favored H6, being most frequent at 3 to 6 

weeks, e.g., fat and caloric gain and fat and energet- 

ic efficiency. Nagal, Bakker and Eisen (1976) found 

similar results for postweaning body weights in these 

popula t ions .  

D i f f e r ences  be tween growth s e l e c t e d  and between 

cont ro l  populat ions at a constant  age 

Di rec t  c o m p a r i s o n s  be tween the high growth s e l e c t e d  

populat ions (M16-H 6) and between the con t ro l  popula-  

la t ions  ( ICB-C 2) a r e  given in Table 5. The M16 pop-  

ulat ion was l a r g e r  than H 6 in body weight ,  c a l o r i c  

content  and fat pe rcen t  at al l  t h r e e  ages ,  and the m a g -  

nitude of  these  d i f f e r ences  tended to i n c r e a s e  with age .  

F r o m  3 to 6 weeks  of age,  the M16 populat ion con-  

sumed  m o r e  feed and had l a r g e r  gains and e f f i c i enc i e s  

than H 6. This t r end  cont inued f r o m  6 to 9 weeks .  The 

ICB populat ion had a s ign i f ican t ly  h igher  body weight 

than C 2 at al l  ages .  The ICB populat ion a lso  exh ib-  

i ted a h igher  feed intake and ash  pe r cen t  f r o m  3 to 6 

weeks and l ower  total  e f f i c iency  and p ro te in  e f f i c i ency  

f r o m  6 to 9 weeks .  

Pa r t i t i on ing  the d i f f e rence  be tween the s e l e c t e d  

populat ions  (M16-H 6) into a v e r a g e  d i r e c t  and a v e r -  

age ma te rna l  gene t ic  e f fec t s  (Tables 6 and 7) r e -  

vea l ed  no s igni f icant  e f fec t s  at 3 weeks .  At 6 and 

9 weeks  of  age and in the two age i n t e r v a l s ,  a v e r -  

age d i r ec t  gene t ic  e f fec t s  w e r e  g e n e r a l l y  l a r g e r  in 

absolu te  va lue  than a v e r a g e  m a t e r n a l  gene t ic  e f f e c t s .  

D i f f e r ences  in a v e r a g e  d i r e c t  gene t ic  e f fec t s  fol lowed 

a pa t t e rn  s i m i l a r  to the o v e r a l l  d i f f e r e n c e s  be tween 

the s e l e c t e d  popula t ions .  F o r  e x a m p l e ,  the M16 pop_ 

ulat ion exceeded  H 6 fo r  a v e r a g e  d i r e c t  gene t ic  e l -  

f ec t s  in fat ,  p ro t e in  and c a l o r i c  gain and e f f i c i ency .  

A s i m i l a r  pa t t e rn  was r e p o r t e d  fo r  body weights  in 

these  populat ions (Nagal et a l .  1976). A v e r a g e  m a -  
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Table 5. D i f f e r e n c e s  be tween s e l e c t e d  populat ions  and between con t ro l  populat ions 

27 

Linear Contrast 

Tralt a MI6-H 6 ICR-C 2 

3 wk 6 wk 9 wk 3 wk 6 wk 9 wk 

BWT(g) 1.35 8.62** 15.32"* 3.10"* 3.28** 
CAL(kcal) 5.68* 28.74** 74.14"* 3.28 3.87 
WAT(%) -1.72" -3.15"* -8.75** 1.80" -.04 
FAT(%) 2.99* 4.25** 10.71"* -1.98 -.77 
PRO(%) -.77 -1.69"* -.84 -.59 -.32 
ASH(%) 0.14 0.03 -.72** -.13 0.47* 
PRO(%ff) -.31 -1.08 1.55"* -1.09" -.51 
ASH(%ff) 0.27 0.22 -.34 -.22 0.50* 

3-6 wk 6-9 wk 3-6 wk 6-9 wk 

FEED(g) 10.48" 30.38** 14.24"* 8.59 
GAIN(g) 6.66** 4.53** 0.78 -1.45 
FATG(g) 1.89"* 3.46** 0.12 0.29 
PROG(g) 0.43* 0.91"* 0.ii -.27 
CALG(g) 20.78** 37.77** 1.47 0.49 
ASH(g) 0.17"* 0.06 0.12" 0.01 
EFF(%) 3.63** 2.45** -.61 -.40* 
FATE(%) 1.13"* 2.07** -.01 0.22 
PROE(%) 0.16 0.49** -.i0 -.30* 
CALE(%) 2.95** 5.53** -.22 -.02 
ASH(%) 0.i0" 0.02 0.07 0.01 

4.21" 
11.29 
-.89 
1.57 
-.55 
0.76** 
-.27 
0.96* 

P < .05 , P < .01. 

aBWT = body weight; CAL = calories; WAT, FAT, PRO and ASH = percentages of total body water, 
fat, protein and ash, respectively (%ff = percentage on a fat-free basis); FEED = feed intake; 
GAIN, FATG, PROG, CALG and ASHG = gain in body weight, fat, protein, calories and ash, 
respectively; EFF, FATE, PROE, CALE, ASHE = gain of each constituent divided by feed intake. 

t e rna l  gene t ic  e f fec t s  tended to f avor  H 6 fo r  body 

weight ,  c a l o r i c  content ,  fat and c a l o r i c  gain  and e f -  

f i c i ency  f r o m  3 to 6 weeks .  F e w  s ign i f ican t  d i f f e r -  

ences  be tween the cont ro l  populat ions  w e r e  o b s e r v e d  

for  a v e r a g e  d i r ec t  and a v e r a g e  ma te rna l  gene t ic  e f -  

f e c t s .  The ICR populat ion had s ign i f i can t ly  g r e a t e r  

a v e r a g e  d i r e c t  gene t ic  e f fec t s  than C 2 fo r  body 

weight at 3 and 6 weeks ,  ash p e r c e n t  at 9 weeks  

and 3- to 6 -week  feed in take .  The only s igni f icant  

a v e r a g e  ma te rna l  gene t ic  e f fec t  showed ICR to have 

a l ower  ash  pe r cen t  than C 2. 

D i r ec t  h e t e r o s i s  at a cons tant  age 

E s t i m a t e s  of  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  c r o s s e s  

and in the con t ro l  c r o s s e s  a r e  l i s t ed  in Table 8 for  the 

v a r i o u s  t r a i t s .  P e r c e n t  d i r e c t  h e t e r o s i s  (d i f f e rence  

as  a pe r cen t  of  midparen t  va lues )  fo r  fat pe r cen t  in 

the s e l e c t e d  c r o s s e s  was 6 .0 ,  10.1 and 8 . 2 ~  at 3, 

6 and 9 weeks ,  r e s p e c t i v e l y ,  but s t a t i s t i c a l  s ign i f i -  

cance  was not r e a c h e d .  Water  pe r cen t  showed s ign i f -  

icant  h e t e r o s i s  at 6 weeks of age .  Signif icant  l e v e l s  

of  d i r ec t  h e t e r o s i s  w e r e  absent ,  fo r  the most  pa r t ,  

fo r  the o the r  t r a i t s .  The absence  of  cons i s t en t  p o s i -  

t ive  h e t e r o s i s  fo r  body weight o r  gain c o n t r a s t s  with 

p r ev ious  r e p o r t s  indicat ing s igni f icant  h e t e r o s i s  in 

these  c r o s s e s  (Bakker  et a l .  1976; Nagai  et a l .  1976).  

D i f f e r e n c e s  in body cons t i tuen t s  p e r  unit change in 

empty  body weight 

R e g r e s s i o n  coef f i c i en t s  of Zn body cons t i tuen t s  on ~n 

empty  body weight a c r o s s  ages  a r e  p r e s e n t e d  in Table 

9. All  r e g r e s s i o n  coe f f i c i en t s  w e r e  highly s igni f icant  

(P < .01 ) ,  and no s ign i f ican t  dev ia t ions  f r o m  l i n e a r i -  

ty w e r e  o b s e r v e d .  P r e l i m i n a r y  t e s t s  of  d i f f e r e n c e s  

among the within age r e g r e s s i o n  coef f i c i en t s  fo r  each  

populat ion r e v e a l e d  no s igni f icant  h e t e r o g e n e i t y .  The 
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Table 6. Pa r t i t i on ing  the d i f ference  between M16 and He and between ICB and Cs into a v e r -  
age d i rec t  and average  ma te rna l  genet ic  effects for  body weight, ca lo r ic  content  and percen t  
body composi t ion  

Trait a MI6-H 6 ICR-C 2 

3 wk 6 wk 9 wk 3 wk 6 wk 9 wk 

Average Direct Genetic Effect 

BWT(g) 1.83 9.55** 19.74"* 3.96** 5.08** 3.61 
CAL(kcal) 4.43 37.31"* 92.15"* 5.27 4.49 13.32 
WAT(%) -.39 -5.36** -9.94** 1.06 0.67 -1.90 
FAT(%) 1.69 6.22** 12.51"* -1.41 -1.47 3.05 
PRO(%) -.94 -1.70" -1.06 -.18 -.65 -1.15 
ASH(%) -.02 -.12 -.80** -.21 0.43 1.31" 
PRO(%ff) -.77 -.62 1.75" -.51 -1.04 -.61 
ASH(%ff) 0.03 0.ii -.35 -.29 0.41 1.65"* 

Average Maternal Genetic Effect 

BWT(g) -.47 -.93 -4.42** -.86 -1.79 0.60 
CAL(kcal) 1.26 -8.57 -18.01" -1.99 -.62 -2.03 
WAT(%) -1.33 2.21" 1.20 0.74 -.71 1.00 
FAT(%) 1.30 -1.97 -1.79 -.57 0.69 -1.49 
PRO(%) 0.16 0.01 0.21 -.41 0.33 0.59 
ASH(%) 0.16 0.14 0.08 0.08 0.04 -.54** 
PRO(%ff) 0.46 -.46 -.20 0.37 -.53 0.34 
ASH(%ff) 0.24 0.i0 0.01 -.58 0.09 -.69** 

P < .05 , P < .01. 

aBWT = body weight; CAL = calories; WAT, FAT, PRO and ASH = percentages of total body 
water, fat, protein and ash, respectively (%ff = percentage on a fat-free basis). 

Table 7. Pa r t i t i on ing  the d i f ference  between M16 and H6 and between ICR and C~ into average  d i rec t  and 
average  ma te rna l  genet ic  effects  for  feed intake,  gains  and ef f ic iencies  

AveraBe Direct Genetic Effect Average Maternal Genetic Effect 

Tralt a MI6-H~ ICR-C 2 MI6-H 6 ICR-C 2 

3-6 wk 6-9 wk 3-6 wk 6-9 wk 3-6 wk 6-9 wk 3-6 wk 6-9 wk 

FEED(g) 16.17"* 38.86** 18.14"* 1.46 -5.69 -8.47 -3.90 7.13 

GAIN(g) 7.95** 6.59** 1.65 -1.97 -1.30 -2.06* -.88 0.51 

FATG(g) 3.01"* 4.00** -.14 0.60 -1.12" -.55 0.26 -.31 

PROG(g) 0.66* 1.09"* 0.13 -.ii -.22 -.18 -.03 -.16 

CALG(g) 32.01"* 42.24** -.88 3.90 -11.23" -4.48 2.34 -3.41 

ASHG(g) 0.19" 0.09 0.12 0.12 -.03 -.03 -.01 -.ii 

EFF(%) 4.06** 3.75** -.08 -1.98" -.43 -1.30" -.53 0.39 

FATE(%) 1.82"* 2.41"* -.26 0.54 -.69* -.34 0.24 -.31 

PROE(%) 0.25 0.58** -.12 -.13 -.08 -.09 0.02 -.17 

CALE(%) 4.57** 6.15"* -.81 0.81 -1.63" -.61 0.60 -.84 

ASHE(%) 0.i0 0.03 0.06 0.13 0.00 -.02 0.00 -.i0 

P < .05 , P < .01. 

aFEED = feed intake; GAIN, FATG, PROG, CALG and ASHG = gain in body weight, fat, protein, calories 
and ash, respectively; EFF, FATE, PROE, CALE, ASHE = gain of each constituent divided by feed intake. 
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Table 8. Direc t  h e t e r o s i s  in the se lec ted  c r o s s e s  and in the cont ro l  c r o s s e s  

Selected Crosses Control Crosses 

Trait a 3 wk 6 wk 9 wk 3 wk 6 wk 9 wk 

BWT(g) 1.75"* -1.12 -2.18 0.13 1.68" 0.92 
CAL(kcal) 4.62** 4.45 -1.17 -.56 5.65 1.15 
WAT(%) -.67 -1.66" -1.23 0.90 -.72 -.27 
FAT(%) 0.82 1.72 1.56 -1.27 0.63 0.16 
PRO(%) -.13 0.37 0.17 0.53* 0.40 -.20 
ASH(%) 0.03 -.ii 0.09 -.01 -.15 -.06 
PRO(%ff) -.05 0.85* 0.55 0.33 0.60 -.28 
ASH(%ff) 0.01 -.04 0.20 -.07 -.14 -.08 

3-6 wk 6-9 wk 3-6 wk 6-9 wk 

FEED(g) 3.75 -5.75 6.27* 2.99 
GAIN(g) -2.14" -1.40" 0.49 -.90 
FATG(g) 0.14 -1,53 0.28 -.53 
PROG(g) -.08 -1.02"* 0.18 -.60* 
CALG(g) 1.25 -19.41" 3.98 -6.86 
ASHG(g) -.08 -.i0 0.00 -.07 
EFF(%) -1.75"* -.74 -.14 -.96* 
FATE(%) 0.07 -.79 0.21 -.48 
PROE(%) -.09 -.64** 0.07 -.59** 
CALE(%) 0.19 2.57 0.67 -1.59 
ASHE(%) -.06 -.01 -.02 -.01 

P < .05 , P < .01. 

aBWT = body weight; CAL = calories; WAT, FAT, PRO and ASH = percentages of total body water, 
fat, protein and ash, respectively (%ff = percentage on a fat-free basis); FEED = feed intake; 
GAIN, FATG, PROG, CALG and ASHG = gain in body weight, fat, protein, calories and ash, 
respectively; EFF, FATE, PROE, CALE, ASHE = gain of each constituent divided by feed intake. 

Table 9. B e g r e s s i o n  coeff ic ients  (b) of In body const i tuent  weight on Zn empty body weight and coeff ic ients  of 
d e t e r m i n a t i o n  ( r  2 ) ca lcu la ted  for  each populat ion a 

Trait b 

An WAT An FAT An PRO An CAL An ASH 

Population b r 2 b r 2 b r 2 b r 2 b r 2 

MI6 0.85 0.99 1.38 0.93 1.02 0.99 1.28 0.95 1.03 0.92 

H 6 0.92 0.98 1.26 0.84 1.04 0.98 1.16 0.93 1.30 0.97 

MI6 x H 6 0.81 0.98 1.59 0.90 1.07 0.96 1.41 0.96 1.18 0.94 

H 6 x MI6 0.86 0.98 1.33 0.85 1.07 0.97 1.24 0.93 1.14 0.86 

ICR 0.93 0.98 1.07 0.61 1.16 0.97 1.12 0.85 1.51 0.90 

C 2 0.99 0.99 0.71 0.43 1.12 0.98 0.90 0.84 1.15 0.90 

ICR x C 2 0.95 0.99 0.99 0.69 1.04 0.96 1.02 0.90 1.29 0.87 

C 2 x ICR 0.94 0.99 1.10 0.63 i.ii 0.97 1.09 0.88 1.18 0.90 

aAll regression coefficients are significant at P < .01. 

bs s s s = natural logarithm of water, fat, protein and ash weights, respectively; 

An CAL = natural logarithm of calories. 
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Table 10. L inear  c o n t r a s t s  among the r e g r e s s i o n s  of  In body cons t i tuent  weight on In empty  body weight 

Trait a 

Linear Contrast A__nn WAT A__n FAT A___n PRO An CAL An ASH 

MI6-1CR 

H6-C 2 

(MI6-1CR)-(H6-C2) 

MI6-H 6 

ICR-C 2 

Average 

Average 

Average 

Average 

Average 

direct genetic (MI6-H6) 

direct genetic (ICR-C2) 

direct genetic (sel.-con.) 

maternal genetic (MI6-H6) 

maternal genetic (ICR-C2) 

Average maternal genetic (sel.-con.) 

Direct heterosis (selected) 

Direct heterosls (control) 

Direct heterosis (sel.-con.) 

-.07* 0.31" -.14"* 0.16 -.47** 

-.07* 0.55** -.07 0.26** 0.16 

0.00 -.24 -.07 -.i0 -.63** 

-.07* 0.12 -.02 0.ii -.26** 

-.07* 0.36* 0.04 0.22* 0.36** 

-.01 -.14 -.02 -.05 -.30* 

-.08 0.47 0.i0 0.29* 0.24 

0.07 -.61 -.12 -.34 -.54* 

-.06* 0.26 0.00 0.16 0.04 

0.01 -.ii -.06 -.07 0.12 

-.07 0.37 0.06 0.23 -.08 

-.05* 0.14 0.03 0.ii -.01 

-.02 0.15 -.06 0.05 -.09 

-.03 -.01 0.09 0.06 0.08 

P < .05 , P < .01. 

aA__nnWAT, s , A__nnPRO, s = natural logarithm of water, fat, protein and ash weights, 

respectively; A_nnCAL = natural logarithm of calories. 

l i n e a r i t y  of the r e g r e s s i o n  coef f i c i en t s  a c r o s s  ages  

and the homogene i ty  of the r e g r e s s i o n  coef f ic ien t s  

within ages  a r e  e s sen t i a l  a s sumpt ions  fo r  f u r t he r  s i g -  

n i f icance  t e s t s .  

Se lec ted  l i n e a r  c o n t r a s t s  among the r e g r e s s i o n  

coef f i c i en t s  a c r o s s  ages  a r e  shown in Table 10. Both 

M 16 and H 6 exhibi ted  s igni f icant  pos i t ive  c o r r e l a t e d  

r e s p o n s e s  in r a t e  of fat i n c r e a s e  r e l a t i v e  to empty  

body weight .  The M16 populat ion responded  n e g a t i v e -  

ly in wa te r ,  p ro te in  and ash deposi t ion  pe r  unit in -  

c r e a s e  in empty  body weight,  while c a l o r i c  content  

was not a l t e r e d  s ign i f i can t ly .  The H 6 populat ion 

ev inced  a pos i t ive  c o r r e l a t e d  r e s p o n s e  in c a l o r i c  va lue  

p e r  unit i n c r e a s e  in empty  body weight .  There  was no 

d i f fe ren t ia l  c o r r e l a t e d  r e s p o n s e  except  for  the d i f f e r -  

ence in ash .  

D i r ec t  c o m p a r i s o n s  of M16 and H 6 r e v e a l e d  that 

M16 had a s ign i f ican t ly  lower  i n c r e a s e  in wa te r  and 

ash r e l a t i v e  to empty  body weight .  The ICIR popula-  

t ion had a s ign i f ican t ly  s m a l l e r  r e g r e s s i o n  coef f ic ien t  

fo r  wa te r  than C2, but l a r g e r  r e g r e s s i o n s  for  ash,  fat 

and c a l o r i c  content .  The l a t t e r  c o n t r a s t s  w e r e  g rea t ly  a f -  

fec ted  by the e x t r e m e l y  sma l l  r e g r e s s i o n  of In fat weight 

on Zn empty  body weight in the C 2 populat ion.  P a r t i -  

t ioning the r e g r e s s i o n  c o n t r a s t s  into a v e r a g e  d i r e c t  

and a v e r a g e  ma te rna l  gene t ic  e f fec t s  for  the s e l e c t e d  

populat ions did not r e v e a l  any cons i s t en t  pa t t e rn .  In 

g e n e r a l ,  d i r ec t  h e t e r o s i s  c o n t r a s t s  in the r e g r e s s i o n s  

did not exhibi t  s ign i f i cance .  

D i scus s ion  

Se lec t ion  for  r ap id  growth r a t e  in two populat ions of 

m i c e  (M16, s e l e c t e d  fo r  i n c r e a s e d  postweaning gain 

and H6, s e l e c t e d  fo r  l a r g e  6-week  body weight)  has  

led  to d i s t inc t ly  d i f ferent  growth pa t t e rns  in the c o m -  

ponents  of body weight .  The findings may be s u m m a -  

r i z e d  as fo l lows .  F at pe rcen t  at 3 weeks of age showed 

a pos i t ive  c o r r e l a t e d  r e s p o n s e  in M16 and a nega t ive  

c o r r e l a t e d  r e s p o n s e  in H 6. When c o m p a r e d  to t he i r  

r e s p e c t i v e  con t ro l s  at constant  ages  of 6 and 9 weeks ,  

body weight i n c r e a s e d  much m o r e  d r a m a t i c a l l y  in M16 

(57g and 69g)  than in H 6 (40g and 3 4 g ) .  This was 

r e f l e c t e d  in cons ide rab ly  h igher  i n c r e a s e s  for  M16 in 

body fat,  p ro te in  and ash weight and c a l o r i c  conten t .  

The c o r r e l a t e d  r e s p o n s e s  in fat pe r cen t  w e r e  about 2.7 

and 4.7 t i m e s  g r e a t e r  in M16 than in H 6 at 6 and 9 
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weeks ,  r e s p e c t i v e l y .  In c o n t r a s t ,  d i f f e ren t i a l  c o r r e -  

la ted  r e s p o n s e s  in p ro t e in  and ash p e r c e n t s  were  r e -  

l a t ive ly  s m a l l .  

Another  approach  to eva lua t ing  c o r r e l a t e d  r e s p o n -  

s e s  in body fat invo lves  m e a s u r i n g  the accumula t ion  

of total  body fat r e l a t i v e  to o v e r a l l  body growth (Hayes  

and McCar thy  1976).  When In fat weight was r e g r e s -  

sed  on In empty  body weight a c r o s s  ages ,  both M16 

and I-I 6 ev inced  pos i t ive  c o r r e l a t e d  r e s p o n s e s  in r a t e  

of  fat depos i t ion  r e l a t i v e  to empty  body weight .  How- 

e v e r ,  the be tween populat ion d i f f e r ence  in the c o r r e -  

l a ted  r e s p o n s e  [ (M16- ICR)  - ( H 6 - C 2 ) ]  was not s i g -  

ni f icant  for  this  t r a i t ,  nor  was the d i r e c t  con t r a s t  be -  

tween M16 and H 6. Thus it  would appea r  that s e l e c -  

t ion has changed d e g r e e  of fa tness  r e l a t i v e  to body 

weight to the s a m e  extent  in both s e l e c t e d  popula t ions .  

The M16 populat ion ac tua l ly  d e c r e a s e d  in In p r o -  

te in  and In ash weight  p e r  unit i n c r e a s e  in In empty  

body weight ,  when c o m p a r e d  to the ICR con t ro l .  This 

m a y b e  a man i fes ta t ion  of  the d i sp ropo r t i ona t e ly  l a r g e  

cont r ibu t ion  of  fat to empty  body weight in M16. In 

c o n t r a s t ,  no such c o r r e l a t e d  r e s p o n s e s  w e r e  found 

in H 6. 

The d i f fe ren t ia l  pa t t e rn  in c o r r e l a t e d  r e s p o n s e s  be -  

tween the s e l e c t e d  populat ions a lso  was apparen t  f r o m  

a c o m p a r i s o n  of ga ins  and e f f i c i enc i e s  in the c o m -  

ponents  of growth o v e r  a f ixed age i n t e r v a l .  F r o m  3 

to 6 weeks ,  fat and c a l o r i c  gain and e f f i c i ency  e x -  

hibi ted a h ighe r  c o r r e l a t e d  r e s p o n s e  in M16 than in 

H 6. P r o t e i n  and ash gain w e r e  a lso  h igher  in M16, 

al though not s ign i f i can t ly .  The r e s u l t s  f rom 6 to 9 

weeks  d i s t ingu ished  the growth pa t t e rn  of the l i nes  

m o r e  de f in i t ive ly .  In the H 6 populat ion,  feed  intake 

r e m a i n e d  about the s a m e  as  in the 3- to 6-week  pe -  

r iod  and gains  of body cons t i tuen t s  were  neg l ig ib le .  

The M16 populat ion cont inued to d e m o n s t r a t e  p o s i -  

t ive  c o r r e l a t e d  r e s p o n s e s  in gains  and e f f i c i en c i e s  of 

fat, p ro t e in  and c a l o r i c  va lue .  The absence  of con-  

t inued gain in ash may r e f l ec t  a d iminut ion of ske le ta l  

growth beyond 6 weeks  of  age .  The g r e a t e r  feed in -  

take in M16 than in H 6 dur ing th is  i n t e rva l  may in -  

d ica te  d i f f e r e n c e s  in appet i te  as  well  as  a h ighe r  m a i n -  

t enance  r e q u i r e m e n t  fo r  the l a r g e r  body s i z e  of  M16. 

Repo r t s  f rom e a r l i e r  s e l ec t i on  gene ra t i ons  had 

noted an i n c r e a s e d  fat pe r cen t  in M16 (Timon,  E i s e n  

and Leatherwood 1970) and no a p p r e c i a b l e  change in 

fat pe rcen t  in H 6 (Lang and Legates  1969).  R o m s o s  

and Leve i l l e  (1974) r e p o r t e d  s i m i l a r  r e s u l t s  for  these  

popula t ions .  The pos i t ive  c o r r e l a t e d  r e s p o n s e  o b s e r v e d  

in H 6 fo r  fat pe r cen t  at 6 weeks  of age in the p r e s e n t  

s tudy may have been the r e s u l t  of continued s e l e c t i o n .  

Howeve r ,  a r e c e n t  e x p e r i m e n t  showed no s igni f icant  

fat pe rcen t  i n c r e a s e  in H 6 (E i sen ,  unpubl i shed) ,  s u g -  

ges t ing  that i f  t h e r e  has been any i n c r e a s e  in fat p e r -  

cent ,  it i s  p robably  r e l a t i v e l y  s m a l l .  

There  a r e  s e v e r a l  r e p o r t s  in the l i t e r a t u r e  of s e -  

l ec t ion  for  i n c r e a s e d  body weight o r  postweaning gain 

in m i c e ,  where  c o r r e l a t e d  r e s p o n s e s  in body c o m p o -  

s i t ion  have been m e a s u r e d  ( see  r e v i e w s  by Suther land  

et a l .  1974; E i s e n  1974, 1976).  F o w l e r  (1958) c o m -  

p a r e d  the fat p e r c e n t a g e s  of two l ines  of mice  s e l e c t e d  

fo r  i n c r e a s e d  r a t e  of growth .  There  was a c l e a r  d i f f e r -  

ence  in fat p e r c e n t a g e  between the two l i n e s .  Biondlni ,  

Suther land  and Haver l and  (1968) r e p o r t e d  that of t h r ee  

s t r a i n s  of m i c e  s e l e c t e d  fo r  i n c r e a s e d  growth r a t e ,  

two showed a pos i t ive  change in fat pe r cen t  while a 

th i rd  did not .  Robinson and B r a d f o r d  (1969) found an 

i n c r e a s e d  pe rcen t  fat due to s e l ec t i on  for  rap id  p o s t -  

weaning gain.  Se lec t ion  for  high body weight  in m o r e  

r e c e n t  s tud ies  has  a l so  d e m o n s t r a t e d  i n c r e a s e d  fat 

p e r c e n t a g e s  (Bakker  1974; Hayes  and McCar thy  1976). 

The pos i t ive  c o r r e l a t e d  r e s p o n s e  in total  body fat 

deposi t ion  p e r  unit i n c r e a s e  in empty  body weight 

a g r e e s  with a study by Cla rke  (1969) .  Hayes  and Mc-  

Car thy  (1976) found that a l ine  s e l e c t e d  fo r  i n c r e a s e d  

10-week body weight showed a pos i t ive  c o r r e l a t e d  r e -  

sponse  in this  t r a i t ,  whe reas  the re  was no s ign i f ican t  

i n c r e a s e  in fat in a l ine  s e l e c t e d  fo r  i n c r e a s e d  5-week  

body weight .  

C l e a r l y ,  the m a j o r i t y  of  populat ions s e l e c t e d  fo r  

i n c r e a s e d  body s i z e  have exhib i ted  pos i t ive  c o r r e l a t e d  

r e s p o n s e s  in fat pe r cen t  at a constant  age .  In the p r e s -  

ent e x p e r i m e n t  subs tant ia l  d i f f e r ences  in the c o r r e l a t e d  

r e s p o n s e  for  fat pe rcen t  w e r e  found between M16 and 

H 6. Undoubtedly the p r e s e n c e  of d i f ferent  a l l e l e s  in 

the base  populat ion could have caused  this  ef fec t  ( F o w -  

l e r  1958).  At 6 weeks of age,  the only m a j o r  d i f f e r -  

ences  o b s e r v e d  between the con t ro l s  w e r e  for  body 

weight ,  feed intake and pe rcen t  ash .  D i f f e r e n c e s  in 

phys io log ica l  age at the t i m e  of s e l ec t i on  may account  

fo r  s o m e  of the d i f f e r e n c e s  in fat deposi t ion  ( E i s e n  

1974).  Genet ic  dr i f t  might  a lso  be a f ac to r  ( F a l c o n e r  

1973 ; E i s e n  1976), p a r t i c u l a r l y  if  genes  with d i v e r -  

gent e f fec t s  on fat depos i t ion  at a constant  age  w e r e  
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at a very low frequency. Investigating genetic drift 

as a possible factor would require the examination of 

several replicate selected lines, which were not avail- 

able in the present study. Although replicate differ- 

ences in fat percent due to drift are feasible, they 

have not been investigated extensively. Eisen and 

Bandy (1976) reported no replicate differences in fat 

percent in four selection treatments involving direct 

or correlated responses in body weight. Genotype by 

diet interaction could conceivably result in a differ- 

ential response in fat percent (Eisen 1976). Since H 6 

and MI6 were both selected in the same laboratory 

using an identical postweaning diet, this would not ap- 

pear to be a likely factor, although it obviously cannot 

be eliminated entirely. Fowler (1958) speculated that 

selection for postweaning gain and 6-week weight might 

yield different correlated responses in fat or that 

populations differing in fat may be at different stages 

of selection. The latter factor seems improbable for 

the present study since both lines have undergone 

l o n g - t e r m  se lec t ion  and have e s sen t i a l l y  p la teaued.  

The val idi ty  of the f o r m e r  sugges t ion  depends,  in pa r t ,  

on the genet ic  c o r r e l a t i o n  between 6-week body weight 

and 3- to 6-week postweaning gain,  which is high in 

these  populat ions [ e s t ima te s  of 0 .75 and 1.10 in the 

ICIR (Hanrahan and E i s e n  1973; IRutledge, E i s e n  and 

Legates 1973) and 0.90 in the C 2 (Young and Legates 

1965)]. Assuming  a genet ic  c o r r e l a t i on  of 0 .9 ,  l e s s  

than 20 percen t  of the va r i a t ion  in the two t r a i t s  would 

be opera t ing independent ly  of each o ther .  Although this  

amount  of independence could explain a di f ference in 

c o r r e l a t e d  r e s p o n s e s ,  inspec t ion  of the r e po r t s  in the 

l i t e r a t u r e  does not revea l  any t r end  as to d i f ferent ia l  

fat pe rcen t  r e sponse  in weigh t - se lec ted  compared  with 

postweaning ga in - se l ec t ed  l i n e s .  

Regard le s s  of the f a c t o r ( s )  which have led to the 

genet ic  d i f fe rences  between the se lec ted  populat ions 

in fat deposi t ion and growth pa t t e rn ,  these  populat ions 

a re  of value as models  in  growth s tudies  f rom two 

s tandpoin ts :  1) to de t e r mi ne  d i f fe rences  in phys io lo-  

Table 11. Compar i son  of means  of the se lec ted  populat ions (M16, He ) and 
the i r  r ec ip roca l  c r o s s e s  (F-• for m e a s u r e s  of total body fat 

Population 3 wk 6 wk 
a 

9 wk b 

MI6 15.0 • 1.0 19.3 • 1.3 24.3 ~ 1.5 1.40 • .12 

FIb • .6 18.6 • .7 20.5 • .8 1.46 • .07 14.3 

H 6 12,0 • .8 14.8 • .9 13.6 • 1.2 1.26 • .i0 

% Heterosis c 6.0 i0.i 8.2 9.8 

~n fat wt at 
FAT (g) consta---nt E__n_nbody wt d 

MI6 2.14 • .17 6.60 • .41 10.55 • .55 1.50 • .05(4.48) 

-- b 
F I 2.22 • .i0 5.67 • .21 7.17 • .34 1.46 • .03(4.31) 

H 6 1.61 • .14 3.95 • .28 3.87 • .41 1.21 • .04(3.35) 

% Heterosis c 18.4 7.5 -.6 7.7 

aRegression of ~__n_nfat weight on %__nnempty body weight. 

bMean of MI6 x H 6 and H 6 x MI6. 

CFlminus midparent mean as a percent of midparent mean. 

dconstant ~__nnbody weight = ~__n_n 25 g; means in parentheses are in grams. 
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gical  and metabol ic  p a t t e r n s ,  p a r t i c u l a r l y  in  fat deve l -  

opment  and p ro t e in  syn thes i s  and 2) to u l t ima te ly  

evaluate  the r egu l a to ry  a n d / 0 r  s t r u c t u r a l  genes  that 

may be r e s p o n s i b l e  for  these  d i f f e rences .  

The M16 populat ion exhibi ted hype rg lycemia  and 

an i n c r e a s e d  r a t e  of fatty acid syn thes i s  in the l i v e r  

when compared with ICR, whereas the H 6 and C 2 

populations did not differ in these characteristics 

(Romsos and Leveille 1974). Our yet unpublised find- 

ings indicate considerable differences in adipose tis- 

sue cellularity between the selected populations. 

Whereas M16 had developed greater fat cell volume 

and cell number in gonadal fat pad tissue relative to 

ICR, correlated responses in H 6 were apparent for 

fat cell number only. In addition, the differential cor- 

related responses were greater in MI6 for both of 

these traits. Thus, preliminary data suggest that M16 

and H 6 differ in lipogenic activity and adipose cellu- 

larity. 

The partitioning of correlated response differ- 

ences between MI6 and H 6 into average direct and 

average maternal genetic effects for body composi- 

tion and energetic efficiency traits agrees with pre- 

vious findings regarding body weights and weight 

gains (Bakker et al. 1976; Nagai et al. 1976); i.e., 

that average direct genetic effects favoring M16 pro- 

vided the major difference between the selected pop- 

ulations and that average maternal genetic effects 

were of relatively minor importance. 

The absence of significant direct heterotic effects 

for most postweaning traits is difficult to explain. It 

almost certainly is related to the lack of heterosis 

for body weight and a slight negative heterosis for 

weight gain. However, there was a tendency, although 

nonsignificant, for total body fat content to exhibit het- 

erosis. This trend is summarized in Table 11 for sev- 

eral measures of total body fat. At 3 and 6 weeks of 

age, mean  fat weight and fat pe rcen t  of the r ec ip roca l  

crosses of the selected populations were much closer 

to M16, the population with the higher fat content. Fat 

deposition per unit increase in $n body weight and In 

fat weight at a constant In body weight (Zn 25g) pro- 

vided a similar result. Although more definitive data 

are needed, these r e s u l t s  suggest  that r a t e  of fat de- 

posi t ion  was pa r t i a l l y  con t ro l led  by genes  showing 

d i rec t iona l  dominance .  It i s  well documented  that 

body weight exhibi ts  d i rec t iona l  dominance  in the 

mouse  (Rober t s  1965), so that the ex is tence  of d i -  

rec t iona l  dominance  in fat content ,  a component  of 

body weight, is  not s u r p r i s i n g .  
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