
Theor Appl Genet (1987) 75:177-188 

�9 Springer-Verlag 1987 

Selection for components related to body composition in mice: 
correlated responses* 

E. J. Eisen 

Department of Animal Science, Box 7621, North Carolina State University, Raleigh, NC 27695-7621, USA 

Received May 20, 1987; Accepted June 25, 1987 
Communicated by L. D. Van Vleck 

Summary. Correlated responses were estimated in each 
of two replicate lines of mice selected within full-sib 
families for high (HF) or low (LF) 12-week epididymal 
fat pad weight as a percentage of body weight 
(epididymal fat pad percentage), or high (HL) or low 
(LL) 12-week hind carcass weight as a percentage of 
body weight (hind carcass percentage). Two replicate 
control lines (RC) were maintained. Correlated traits 
were measured in each of the 10 generations of  selec- 
tion. Realized (rGR) and offspring-sire genetic corre- 
lations generally were in agreement. In HF and LF, 3-6 
week postweaning gain (rGR= 0.36_ 0.04) and feed in- 
take (rCR=0.50_0.13) had positive correlated re- 
sponses, but feed efficiency and feed intake/metabolic 
body size did not change. Positive correlated responses 
were found for subcutaneous fat pad percentage, body 
weight-adjusted subcutaneous fat pad weight and fat 
percentage in the hind carcass (rOR S were 1.04___0.13, 
0.93 ___0.13 and 0.90+0.08). In the hind carcass, fat-free 
dry (protein + ash) percentage showed a small negative 
correlated response, and fat-free dry weight did not 
change. In HL and LL, the correlated responses for the 
above traits were generally opposite to those observed 
in HF and LF. Litter size, percentage of infertile mat- 
ings, and preweaning mortality showed no consistent 
correlated responses in any of the lines, but an index of 
fitness combining the three traits showed a decrease in 
all four selection treatments. 
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sition - Growth - Fat 

* paper no. 11057 of the Joumal Series oft.he North Carolina 
Agricultural Research Service, Raleigh, 27695-7601. The use of 
trade names in this publication does not imply endorsement by 
the North Carolina Agricultural Research Service of the pro- 
ducts named, nor criticisms of similar ones not mentioned 

Introduction 

Selection experiments for growth rate or feed efficiency 
generally result in correlated responses in body compo- 
sition. The mouse has been used extensively as a model 
for livestock to clarify the complex physiological factors 
controlling body composition changes resulting from se- 
lection for growth rate, feed consumption or feed ef- 
ficiency (Eisen 1974; Roberts 1979; McCarthy 1982; 
Malik 1984). However, only one study in mice has 
examined correlated responses in growth, feed intake 
and feed efficiency following selection for components 
related to body composition (Bishop and Hill 1985). 

Correlated responses in fitness traits are important 
to consider in all selection experiments (Falconer 1981). 
A reduction in fitness, whether the result of lowered re- 
productive performance or decreased survival, has a 
detrimental effect on overall productivity of the selected 
population. Brien et al. (1984) reported negligible cor- 
related responses in reproductive performance of mice 
following single-trait selection for traits associated with 
body composition. 

The objective of the present study was to evaluate 
correlated responses to selection for the following com- 
ponents related to body composition: (1) growth rate, 
feed consumption and feed efficiency; (2) body compo- 
sition traits; and (3) fitness traits. Direct responses to se- 
lection are reported in a companion paper by Eisen 
(1987). 

Materials and methods 

Selected lines 

The base population and selection treatments used in this 
study were described previously (Eisen 1987). Briefly, replicate 
lines were selected as follows: high (HF 1, HF2) or low (LF 1, 
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LF2) right epididymal fat pad weight as a percentage of body 
weight (epididymal fat pad percentage); high (HL 1, HL2) or 
low (LL 1, LL2) hind carcass weight as a percentage of body 
weight (hind carcass percentage); and randomly (RC 1, RC2). 
Omission of the replicate number denotes pooling of replicates. 
Within full-sib family selection was practiced for 10 gener- 
ations, and the correlated traits reported were measured in 
each generation. Replicate lines were maintained with 15 pair- 
matings per generation, litters were standardized to ten mice at 
one day of age, and pups were weaned at three weeks. Mice 
were fed ad libitum Purina Laboratory Chow 5001, Ralston 
Purina Co., St. Louis, MO, from weaning through the mating 
period. Dams were fed ad libitum Purina Mouse Chow from 
the time they were separated from their mates until they 
weaned their litters. 

Correlated traits 

At weaning, two male full sibs from each litter were randomly 
caged together to obtain feed consumption from 3 to 6 weeks 
of age. This procedure was followed because mice caged singly 
grow less rapidly than grouped mice (Bakker et al. 1976), 
which may affect body composition. Following weaning, the 
remaining males and all females were combined, four to a cage 
within sex and replicate line. Body weights at 3 and 6 weeks of 
age were recorded, and 3-6 week weight gain was used as a 
measure of  postweaning growth rate. Feed efficiency from 3 to 
6 weeks was defined as 100 • (weight gain)/(feed con- 
sumption). Feed intake per unit metabolic body size was de- 
fined as (3-6 week feed intake)/(W~3'75+W~,75)/2, where W3 
and W6 are 3- and 6-week body weight means in kilograms of 
the two male sibs. 

Following a 16-day mating period, males were caged in- 
dividually. At 12 weeks of age they were killed by cervical 
dislocation and naso-anal body length and body weight were 
obtained. The right hind-limb subcutaneous fat pad (Smith et 
al. 1983) and right epididymal fat pad (Eisen and Leatherwood 
1978) were dissected and weighed. The hind carcass was also 
dissected and was carefully trimmed of external fat as de- 
scribed by Bhuvanakumar et al. (1985) and weighed. Re- 
sponses in 12-week body weight and epididymal fat pad and 
hind carcass weights and percentages of body weight were de- 
scribed by Eisen (1987). Body length provided an estimate of 
linear growth. The subcutaneous fat pad was measured to de- 
termine the correlated response in a second fat depot. A modi- 
fied lean index (Sharp et al. 1984), 12-week body weight - 
16 • (epididymal fat pad weight), was calculated as a corre- 
lated trait. 

Fifteen male hind carcasses (one from each litter) from 
each replicate line-generation subclass were identified with a 
chick wingband and frozen a t -  18 ~ until they were analyzed. 
When hind carcasses were removed from the freezer, they were 
lyophilized for 48 h and then weighed. Weight of  water was 
calculated as the difference between fresh and dry hind carcass 
weight. Approximately 15 dry hind carcasses were placed in a 
soxhlet extraction tube with a solvent containing 78% chloro- 
form and 22% methanol by volume, and the fat content was ex- 
tracted by heating the tube for 24 h under a fume hood. Re- 
sidual solvent in the carcasses was allowed to evaporate over- 
night under a fume hood, and the hind carcasses were re- 
lyophilized for 3 h to remove any moisture before they were 
weighed. Fat weight was estimated as the difference between 
the dry and fat-free dry hind carcass weights. Traits analyzed 
were fat, water and fat-free dry (protein+ ash) weights as per- 
centages of hind carcass weight, and fat-free dry hind carcass 
weight. Fat-free dry weight as a percentage of hind carcass dry 

weight is not presented because the correlation between it and 
fat weight as a percentage hind carcass weight was essentially 
minus one. 

Fitness traits were defined as percentage of infertile mat- 
ings, first parity litter size at birth, and percentage of prewean- 
ing mortality. Postweaning mortality was negligible and, there- 
fore, was not included although it is recognized to be a fitness 
trait. 

Statistical analysis 

Within each generation, least-squares means were obtained 
from a statistical model which included an overall mean, a fix- 
ed selection criterion effect, a random replicate effect, a selec- 
tion criterion • replicate interaction, a random litter effect for 
traits which included more than one observation per litter, and 
a random residual effect. The model for 3- and 6-week body 
weights and 3-6 week postweaning gain also included a fixed 
effect of sex and interactions with sex. The model for 3-week 
body weight included the number of pups weaned as a covari- 
ate. Subcutaneous fat pad weight was analyzed with and with- 
out the addition of 12-week body weight as a covariate in the 
model. 

Realized correlated responses were estimated from the re- 
gression of generation mean on generation number. Ad- 
justment for environmental effects was obtained by two least- 
squares methods. Method 1 was based on the use of generation 
means for all lines (Richardson et al. 1968), and Method 2 used 
deviations of selected from control line means (Falconer 1981). 
Divergence was estimated as the difference between the high 
and low line slopes. Asymmetry was estimated as the sum of 
the high and low line slopes, both adjusted for environmental 
effects. 

Realized genetic correlations were estimated by the follow- 
ing formula (Rutledge et al. 1973): 

ro~ = bG.. (hi Vp./h~ Vp.) 1/2, 
t j  J j l 

where bGi j is the realized genetic regression of the i th unselected 
trait on the jth selected trait, h~ and h~ are the respective heri- 
tabilities of the selected and unselected traits and Vp and Vp. 

. . . .  ' . . . j l 

are the respectwe phenotyplc vanances. Hentablhtaes of the se- 
lected traits were obtained from the realized heritabilities of  
the present experiment (Eisen 1987), and heritabilities of the 
correlated traits were estimated from twice the regressions of 
offspring on sire in the replicate control lines (Eisen and 
Prasetyo 1988). The phenotypic variances were pooled from 
residual sums of squares within replicate control fine-gener- 
ation subclasses. 

Results 

Control line 

Least-squares  means ,  pheno typ ic  s tandard  deviat ions,  
and coefficients o f  va r ia t ion  es t imated  in the control  
l ines are presented  in Table  1. The means  represen t  a 
base for eva lua t ing  the degree  o f  corre la ted  responses  in 
the selected lines. The  regress ion coefficients o f  cont ro l  
l ine genera t ion  m e a n  on genera t ion  n u m b e r  were  not  
significant (P > 0.05) for any trait  (data  no t  shown),  in- 
dicat ing that  e n v i r o n m e n t a l  t rends a n d / o r  genet ic  drift  
d id  not  have  a ma jo r  effect on  the traits measured .  



Table 1. Least-squares means, phenotypic standard deviations (VVp) and coefficients of variation (CV) for correlated traits ~ 
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Trait Mean V~p c v  (%) DF b 

3-wk body wt (g) c 
6-wk body wt (g) 
3-6 wk postweaning gain (g/d) 
3-6 wk feed intake (g/d)d 
3--6 wk feed intake/metabolic body wt (kg/kg ~ d 
3--6 wk feed efficiency (100 g/g)d 
12-wk body length (cm) 
Subc. fat pad wt/body wt (%) 
Subc. fat pad wt (mg) 
Adj. subc. fat pad wt (mg) ~ 
Lean index (g) 
Fat wt/hind carcass wt (%) 
Water wt/hind carcass wt (%) 
Fat-free dry wt/hind carcass wt (%) 
Fat-free dry hind carcass wt (g) 
Infertile matings (%) 
Litter size at birth (no.) 
Preweaning pup mortality (%) 

12.7 1.62 12.8 3,678 
27.3 3.19 11.7 3,634 
0.69 0.117 16.9 3,634 
5.2 0.56 10.8 357 

95.5 7.85 8.2 357 
15.0 2.17 14.4 357 
10.8 0.33 3.0 996 
0.46 0.111 23.9 996 

170 50.0 29.4 996 
177 39.7 22.4 996 
30.1 2.85 9.5 996 
3.84 1.169 30.46 351 

67.99 0.980 1.44 351 
28.17 0.658 2.34 351 

1.22 0.120 9.90 351 
3.7 0.95 25.6 396 

10.6 3.10 29.2 383 
0.9 0.16 18.3 3,712 

" Estimates were obtained by pooling within generation data from replicate control lines. Three-wk body 
3-6 wk postweaning gain are averaged over males and females; all other traits are measured only in males 
b Residual degrees of freedom 
c Adjusted for number weaned by covariance analysis within generations 
d Experimental unit is the mean of two male litter-mates 
e Adjusted for 12-wk body wt by covariance analysis within generations 

wt, 6-wk body wt and 

Correlated responses in growth, feed intake and efficiency 

Regression coefficients of correlated responses on 
generation number for growth, feed consumption and 
feed efficiency between 3 and 6 weeks of age are pre- 
sented in Tables 2 and 3. In general, the two methods of 
estimating response gave similar slopes, but in these 
and subsequent tables there were some discrepancies. 

Lines selected for high and low epididymal fat pad 
percentage showed divergent correlated responses 
(P<0.01) and no asymmetry (P>0.05)  for weaning 
weight, 6-week body weight, and 3-6 week postweaning 
gain (Table 2). Pooled across replicates, HF responded 
positively (P < 0.01) and LF negatively ( P <  0.01), but 
replicate heterogeneity was apparent in some cases. 
Lines HF and LF also diverged ( P <  0.01) for 3-6 week 
feed consumption. Divergence in feed intake between 
HF and LF may be explained by divergence in body 
weight between the two selection treatments, resulting 
in a change in maintenance requirements. Evidence 
supporting this contention was the nonsignificant diver- 
gence in feed intake per unit metabolic weight. Feed ef- 
ficiency did not show any significant correlated re- 
sponse. Therefore, increased growth rate in HF was off- 
set by increased feed intake, and similarly decreased 
growth rate was offset by decreased feed intake in LF. 

Selection for high and low hind carcass percentage 
led to divergence (P < 0.01) in weaning weight, 6-week 
body weight, postweaning gain, and feed intake 

(Table 3). For each trait, HL decreased (P<0.01) and 
LL increased (P<0.01).  Feed intake/metabolic body 
weight decreased nonsignificantly (P > 0.05) in HL and 
increased significantly ( P <  0.05) in LL, with divergence 
being significant (P<0.01).  Thus, the correlated re- 
sponses in feed consumption in HL and LL could not be 
explained completely by correlated responses in body 
weight, as was the case in HF and LF. Feed efficiency 
exhibited no significant correlated responses in HL and 
LL when averaged across replicates. Asymmetry was 
not important for any of these traits. 

Correlated responses in body composition traits 

Correlated responses in HF and LF are displayed in 
Table 4. Selection in HF and LF resulted in divergence 
(P <0.01) for body length, subcutaneous fat pad per- 
centage and weight, lean index, and fat and water per- 
centages of the hind carcass. Divergence in subcutane- 
ous fat pad weight was reduced after adjustment to a 
constant body weight. Fat-free dry (protein + ash) per- 
centage of the hind carcass showed significant (P < 0.05) 
divergence based on Method 1, but not Method 2. 
Asymmetry (P<0.01) was found for body length and 
subcutaneous fat pad weight (Method 1). 

Body length was also measured to determine if body 
weight/(body length) 2 would respond to selection for 
epididymal fat pad percentage (Eisen and Prasetyo 
1988). In human studies, body weight/height 2 has been 
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used as an index of obesity (Keyes et al. 1972). Body 
weight/(body length) 2 showed no significant divergence 
or asymmetry (data not shown). 

Positive (P<0.01) correlated responses in HF and 
LF were found for adjusted and unadjusted sub- 
cutaneous fat pad weight, subcutaneous fat pad per- 
centage, and fat percentage of the hind carcass and in 
HF for body length. Correlated responses in HF and LF 
were negative (P<  0.01) for lean index, water percent- 
age of the hind carcass and, to a lesser extent, fat-free 
dry percentage of the hind carcass (HF decreased, 
P<0.05 based on Method 2; LF increased, P<0.05 
based on Method 1). Fat-free dry weight of the hind 
carcass showed no consistently significant correlated re- 
sponses. 

Correlated responses in body composition traits of 
HL and LL are listed in Table 5. Divergence (P < 0.01) 
was apparent for all traits except fat-free dry weight and 
percentage of hind carcass weight. The only traits 
exhibiting asymmetry were body length (P<0.01, 
Method 1 and P<0.05,  Method 2) and lean index 
(P < 0.05, Method 1). No divergence or asymmetry was 
found for body weight/(body length) 2 (data not 
shown). 

Selection for increased hind carcass percentage 
yielded negative (P < 0.01) correlated responses for sub- 
cutaneous fat pad percentage, adjusted and unadjusted 
subcutaneous fat pad weights, and fat percentage of the 
hind carcass. Fat-free dry weight and percentage of the 
hind carcass did not show significant correlated re- 
sponses in HL and LL. Lean index failed to respond sig- 
nificantly in HL, but responded negatively in LL, 
although replicate heterogeneity was present. 

Correlated responses in fitness traits 

Correlated changes in the three fitness traits - infertile 
matings, litter size at birth and preweaning mortality - 
were generally inconsistent between selection treat- 
ments, between replicates within selection treatments, 
and between methods of estimation (Table 6). Line HF 
showed an increased frequency of infertile matings. 
Line LF declined in litter size when estimated by 
Method 1, but only one replicate declined. A negative 
correlated response in fitter size was apparent in HL. In- 
fertile matings increased in LL 1, but not in LL2. Pre- 
weaning pup mortality showed no important trends in 
any of the selected lines. 

An index of fitness was defined for each fine as the 
product of litter size, proportion of fertile matings and 
proportion of preweaning survival. Thus, the index pro- 
vides a measure of the combined ability of each line to 
reproduce and survive. The fitness index was calculated 
as 10.1 in the controls. Using this mean fitness index as 
a base, the estimated total declines in fitness index over 

ten generations of selection were 13%, 7%, 11% and 5% 
in HF, LF, HL and LL, respectively. Therefore, negative 
responses in an index of fitness were found, even 
though any one component of fitness did not exhibit 
consistent decreases with selection. 

Realized genetic correlations 

Estimates of realized genetic correlations (rGR) between 
12-week epididymal fat pad percentage and correlated 
traits are presented in Table 7. Estimates were pooled 
within replicates and direction of selection, except 
where estimates for each direction were discrepant. 
Comparisons were made with genetic correlations es- 
timated from offspring-sire covariances (rGs) in the base 
population (Eisen and Prasetyo 1988). 

Estimates of heritabilities of hind carcass body 
composition traits needed to compute rGR have not been 
previously published. These heritabilities, estimated as 
twice the regression of offspring on sire in the control 
replicates (df= 146), were as follows: fat percentage 
(0.49 _ 0.16), water percentage (0.56 + 0.17), fat-free dry 
percentage (0.00+0.16), and fat-free dry weight 
(0.61-t-0.16). 

Only rop, between epididymal fat pad percentage 
and body length appeared to differ between direction of 
selection, being about 0.5 for upward selection and not 
significantly different from zero for downward selection. 
The former correlation agreed with rGs. 

The pooled realized genetic correlations of epididy- 
mal fat pad percentage with 3- and 6-week body weight 
and 3-6 week postweaning gain were positive. The rGR 
with 3-6 week feed intake also was positive, while rGR 
with 3-6 week feed efficiency was close to zero. The re- 
alized genetic correlations with other fat depot measure- 
ments were all approximately one, while rGR between 
epididymal fat percentage and water percentage of the 
hind carcass was about minus one. The genetic corre- 
lation between fat percentage and water percentage of 
the hind carcass, estimated from sire-offspring covari- 
ances in the control replicates, was also approximately 
minus one. The rGR between epididymal fat pad per- 
centage and fat-free dry hind carcass weight was zero. 
No realized genetic correlation could be calculated with 
fat-free dry percentage of the hind carcass because the 
estimated heritability of this trait was zero. Epididymal 
fat pad percentage and litter size had an rOR that was 
not different from zero. 

Estimates of rGR and rGs were in agreement with the 
exception of those involving lean index and body length 
(in LF). The four estimates of rGR between epididymal 
fat pad percentage and lean index were in remarkably 
close agreement. This suggests the possibility that rGS 
between lean index and body length may have been 
underestimated. 
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Table 7. Realized (roR) and sire-offspring (ros) genetic correlations ( •  100) between epididymal fat pad wt/body wt and correlated 
traits 

Epididymal fat pad wt/body wt with: rG R rGSa 

HF1 HF2 LF1 LF2 Pooled 

3-wk body wt 31 120 
6-wk body wt 24 43 
3-6 wk postweaning gain 18 25 
3-6 wk feed intake 13 73 
3-6 wk feed efficiency 27 -26  
Body length 45 58 

Subc. fat pad wt/body wt 108 76 
Subc. fat pad wt 135 90 
Adj. subc. fat pad wt 77 77 
Lean index - 37 - 48 
Fat wt/hind carcass wt 95 70 
Water wt/hind carcass wt -96  -57  
Fat-free dry hind carcass wt 3 6 
Litter size - 2  - 12 

85 116 88_+21 b 98_+ 1 
41 36 36___4 -46_+ 10 
25 15 21_+3 34_+ 10 
66 46 50_+ 13 63_+ 11 
21 - 6  4_+ 12 6_+ 17 
12 -33  52+7  c 54_+ 10 

- 1 1 + 2 2  
96 136 104__+ 13 71 -+ 6 

102 130 114_+ 11 88_+3 
85 133 93_+ 13 61 ~ 

-36  -42  -41 _+3 -1  ___ 15 
86 108 90_+8 85_+ 10 

-124 -129 -101_+17 - 8 9 + 9  
12 -21 0_+7 5_+18 
7 35 7-+10 - 

a From Eisen and Prasetyo (1988) or the present paper 
b Standard errors calculated from variation among lines 

Calculated separately for HF (upper value) and LF (lower value) because of asymmetric correlated responses 
d Based on formulas of Osborne (1957) 

Table 8. Realized (rOR) and sire-offspring (ros) genetic correlations ( x  100) between hind carcass wt/body wt and correlated traits 

Hind carcass wt/body wt with: rG R rGSa 

HL 1 HL2 LL l LL2 Pooled 

3-wk body wt -115 2 -17  -28  - 4 0 + 2 6  b -119 
6-wk body wt -46  -23  -39  -41 - 3 7 +  5 - 4 6 +  11 
3-6 wk postweaning gain - 19 -24  -37  -28  - 2 7 + 4  - 2 9 +  11 
3-6 wk feed intake -59  -38  -79  -115 -73_+16 -53___13 
3-6 wk feed efficiency 1 -26  -20  23 -6_+ 11 12+ 16 
BodY length - 9  - 18 -62  -73 - 14+5 c - 4 3 +  12 

- 6 8 + 6  
Subc. fat pad wt/body wt -72  -36  -66  -48  - 5 6 +  8 -53_+ 10 
Subc. fat pad wt -83  -42  -83 -83 - 7 3 +  10 - 6 7 + 8  
Adj. subc. fat pad wt -48  -20  -53 - 19 - 3 5 + 9  -45  d 
Lean index - 1 -24  - 10 -51 -22___ 11 - 10+ 15 
Fat wt/hind carcass wt -90  -46  -54  -64  - 6 4 +  10 - 7 9 +  10 
Water wt/hind carcass wt 110 53 49 45 64_+ 15 58 _+ 12 
Fat-free dry hind carcass wt - 10 6 4 -5  - 1 + 4  31 ___ 15 
Litter size -31 -36  -06  39 - 9 +  17 - 

a From Eisen and Prasetyo (1988) or the present paper 
b Standard errors calculated from variation among lines 
~ Calculated separately for HF (upper value) and LF (lower value) because of asymmetric correlated responses 
d Based on formulas of Osborne (1957) 

Rea l i zed  genet ic  corre la t ions  be tween  h ind  carcass 

pe rcen tage  and cor re la ted  traits are g iven in Table  8. 
The  rGR o f  h ind  carcass pe rcen tage  with  3- and  6-week 
body  weight  and pos twean ing  gain  were  negat ive ,  and  
roR with feed efficiency was close to zero. All  measures  

o f  fat were  nega t ive ly  cor re la ted  with  h ind  carcass per-  
centage,  bu t  wa te r  pe rcen tage  o f  the h ind  carcass and  
h ind  carcass pe rcen tage  were  posi t ively correlated.  The 

rGR be tween  h ind  carcass pe rcen tage  and  fat-free dry 
h ind  carcass weight  was essential ly zero. A small  nega-  
tive real ized genet ic  cor re la t ion  was found  be tween  

h ind  carcass pe rcen tage  and lean index.  Again,  the rGR 
invo lv ing  body  length  appea red  to d e p e n d  on  the direc-  
tion o f  selection, be ing  a large negat ive  in LL and a 

small  negat ive  in HL. In  general ,  rGR and ros were  in 
good agreement .  
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Discussion 

HF and LF lines 

Selection for 12-week epididymal fat pad percentage led 
to positive correlated responses in 3- and 6-week body 
weight and 3-6 week postweaning gain. The rGR with 
6-week body weight (0.36 + 0.04) was lower than that 
with 12-week body weight (0.57+0.05; Eisen 1987). 
Ordinarily, higher genetic correlations are expected be- 
tween physical measurements taken at the same age 
than at different ages. The exceptionally high rGR with 
3-week body weight (0.88 +0.21) may be the result of an 
additional positive correlation associated with maternal 
effects. Bishop and Hill (1985) also reported high-low 
positive divergence in body weight as a correlated re- 
sponse to selection for epididymal fat pad percentage, 
although an earlier report on the same lines did not re- 
veal significant differences (Sharp et al. 1984). The re- 
sults from both studies agree with earlier reports of 
positive correlated responses in body fat content in the 
majority of lines of mice selected for postweaning body 
weight or weight gain (Malik 1984). 

The HF and LF lines showed distinct changes in 3-6 
week feed consumption (roR= 0.50 + 0.13), but 3-6 
week feed consumption/metabolic body size did not 
change. The correlated responses in feed consumption 
were probably the result of a change in maintenance re- 
quirements acting through changes in body weight. In 
contrast to the present results, high-low divergence in 
4-6 week feed intake and feed intake adjusted for meta- 
bolic body size were similar for lines selected for 
epididymal fat pad percentage (Bishop and Hill 1985). 
The basis for the discrepancy is not clear, but may be re- 
lated to genetic differences in the lines or differences in 
feed composition between the two experiments. Anoth- 
er difference between the two studies occurred for feed 
efficiency. The present results showed that rCR between 
feed efficiency and epididymal fat pad percentage was 
essentially zero, whereas Bishop and Hill (1985) report- 
ed a moderately positive correlated response. 

One goal of this experiment was to determine the 
extent of correlated responses in other fat depots as a 
consequence of selection for epididymal fat pad per- 
centage. The high-low differences as a percentage of 
the control line mean were 76%, 61% and 90% for sub- 
cutaneous fat pad percentage, body weight-adjusted 
subcutaneous fat pad weight, and fat percentage in the 
hind carcass, respectively. Each of these differences was 
smaller than the 143% difference found for epididymal 
fat pad percentage (Eisen 1987). However, the respec- 
tive rGRs were 1.04+--0.13, 0.93+-0.13 and 0.90+-0.08. 
These high realized genetic correlations indicate that 
the loci determining additive genetic effects of fat 
content in the three sites are highly pleiotropic. In the 

only other study involving selection for epididymal fat 
pad percentage in mice, the high-low difference of total 
body fat content as a percent of the mean was 36%, 
compared with a difference of epididymal fat pad per- 
centage of 64% (Sharp et al. 1984); however, the authors 
did not calculate a realized genetic correlation. 

Correlated responses in the lean index were negative 
(rc, R=-0.41 +__ 0.03), which contrasts markedly with the 
positive rGR of 0.12 between epididymal fat pad per- 
centage and lean index reported by Sharp et al. (1984). 
Both experiments were replicated, so the discrepancy is 
unlikely to be a result of genetic drift, although this can- 
not be ruled out completely. 

In the hind carcass, water percentage mirrored the 
response in fat percentage (rGR=-1.01 +0.17) whereas 
fat-free dry (protein + ash) percentage increased slightly 
in LF and decreased in HF. Fat-free dry hind carcass 
weight had no important correlated changes. Thus, the 
response in the hind carcass was primarily caused by re- 
sponses in opposite directions for fat and water. Bishop 
and Hill (1985) reported similar findings for carcass 
composition in lines selected for epididymal fat pad 
percentage. 

Litter size was not consistently affected by selection 
in HF or LF, in agreement with results in similarly se- 
lected lines (Brien et al. 1984). However, selection did 
result in a reduced index of fitness in HF and LF. Fal- 
coner (1981) pointed out that fitness must be reduced as 
a correlated response, unless the character selected is 
controlled entirely by genes with no effects on fitness. 
Inbreeding also may have contributed to the decrease in 
fitness. The decrease in fitness was not serious enough 
to interfere with selection because weighted and un- 
weighted selection differentials were similar (Eisen 
1987). 

HL and LL lines 

Negative realized genetic correlations were found be- 
tween hind carcass percentage and 3- and 6-week body 
weight and 3-6 week postweaning gain. The large nega- 
tive rrR between 3-6 week feed intake and hind carcass 
percentage was associated with the negative correlated 
response in body weight. However, the negative cor- 
related responses in postweaning gain and feed intake 
had similar changes so that feed efficiency had a negli- 
gible correlated response. The parallel relations with the 
HF and LF lines are apparent, and an explanation for 
this is discussed below. 

In general, selection for hind carcass percentage 
compared with epididymal fat pad percentage resulted 
in high-low correlated responses that were of opposite 
sign and smaller magnitude. Divergence in subcutane- 
ous fat pad percentage, body weight-adjusted sub- 
cutaneous fat pad weight and fat percentage in the hind 
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carcass were -39%, -22% and -61%, respectively, of  the 
control line mean, and corresponding rcR's were 
-0 .56•  - 0 . 3 5 •  a n d - 0 . 6 4 + 0 . 1 0 .  Also, fat- 
free dry percentage and weight o f  the hind carcass had 
negligible correlated responses. These results are not 
surprising, since the realized genetic correlation be- 
tween epididymal fat pad percentage and hind carcass 
percentage was high (-0.67 • 0.04; Eisen 1987). 

The mechanism by which selection for hind carcass 
percentage changed fat percentage may be associated 
with the negative genetic correlation between hind car- 
cass percentage and body weight ( rGR=-0.61•  
Eisen 1987). Thus, because o f  this negative part-whole 
correlation, selection for larger proportional hind car- 
casses produced mice with smaller body weights. These 
mice also had less fat because of  the positive genetic 
correlation between body weight and fat content; 
r c g = 0 . 5 7 •  between 12-week body weight and 
epididymal fat pad percentage (Eisen 1987). The op- 
posite result was true when selection was for small hind 
carcass percentage. 

Litter size decreased in HL, concomitant with a de- 
crease in body weight, but litter size did not change in 
LL where there was a sizable positive change in body 
weight. However, both HL and LL exhibited a de- 
creased fitness index. As noted for the HF and LF lines, 
the negative correlated response in fitness was not unex- 
pected (Falconer 1981). 

General 

Correlated responses in growth rate, feed intake, and 
feed efficiency were similar in HF and LL and of  op- 
posite sign to those in LF and H U  which can be ex- 
plained by the high negative genetic correlation be- 
tween epididymal fat pad percentage and hind carcass 
percentage. Selection for increased (decreased) 
epididymal fat pad percentage or decreased (increased) 
hind carcass percentage at 12 weeks o f  age resulted in 
faster (slower) growth rate and greater (smaller) appe- 
tite from 3 to 6 weeks of  age but no change in gross feed 
efficiency when compared with controls. The lack of  re- 
sponse in gross feed efficiency differs from the positive 
correlated response when selecting for body weight or 
postweaning gain (Malik 1984). Correlated responses in 
energetic efficiency have not been examined. 

Selection for epididymal fat pad weight as a pro- 
portion of  body weight gave high realized genetic corre- 
lations with the hind limb subcutaneous fat pad /body  
weight and fat in the hind carcass as a proportion of  
hind carcass weight. Thus, many of  the same loci con- 
trol lipogenesis in at least two fat depots and in a major 
component  of  the carcass. It will be important to de- 

termine if the genetic change in fat content is a result 
primarily of  change in cell number, cell size, or both, 
and whether the different fat depots develop at different 
rates. 
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