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SUMMARY
Divergent selection was conducted over eight generations in mice for one of 

two criteria: epididymal fat pad weight or hind carcass weight, each taken as a 
percentage of body weight. Two replicate lines were designated for each 
selection treatment including randomly selected controls. Selection within full 
sib families was based on performance of 12-week-old males after they had sired 
a litter. Realized heritabilities were estimated from the regression of 
response on cumulative selection differential. Responses were corrected for 
environmental effects by two methods. Method 1 used generation means from all 
lines and method 2 used deviations of selected from control line means. 
Realized heritabilities, adjusted to an individual basis and pooled across 
replicates, were as follows (method 1, method 2): for epididymal fat pad 
percent, high, 0.58 + 0.06, 0.60 + 0.09; low, 0.76 + 0.08, 0.83 + 0.23; for hind 
carcass percent, high 0.46 + 0.05, 0.53 + 0.04; low, 0.34 + 0.20, 0.28 + 0.21. 
Realized genetic correlation between epididymal fat pad percent and hind carcass 
percent was similar for different methods of estimation and showed no evidence 
of asymmetry; pooled estimates were -0.65 + 0.13 from high lines and -0.75 + 20 
from low lines.

INTRODUCTION
Consumer demand for lean meat free of excessive fat has led animal breeders 

to emphasize selection for increased lean tissue growth rate and(or) reduced fat 
deposition in livestock and poultry. More detailed information is needed on the 
dynamics of genetic change in protein synthesis, lipogenesis, feed efficiency, 
appetite control, maintenance requirements and reproductive performance when 
selection is applied either to increase lean tissue growth rate or to decrease 
fat deposition. The mouse is a useful laboratory animal model for studying 
correlated responses to selection for growth rate and should prove useful for 
evaluating selection for components related to body composition.

The objective of the present experiment was to use replicated single-trait 
divergent selection to estimate 1) realized heritabilities of components of fat 
and lean tissue growth and 2) realized genetic correlation between the two 
components.

MATERIALS AND METHODS
Divergent single-trait selection for epididymal fat pad percent (100 x 

epididymal fat pad weight/body weight) and hind carcass percent (100 x hind 
carcass weight/body weight) was conducted in two replicates over eight 
generations. The high and low epididymal fat pad percent lines were designated 
HF1, HF2 and LF1, LF2 respectively. The high and low hind carcass percent lines 
were identified as HL1, HL2 and LL1, LL2 respectively. Replicate unselected 
control lines (RC1, RC2) were maintained.
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The base population was formed by crossing two lines of diverse origin; a 
line selected for large body weight that was moderately obese (M16) and a line 
selected for small body weight that had no major body composition changes (Lg). 
Selection was initiated in the generation following the initial cross. Each 
line was maintained with 15 pair matings. Selection was conducted within full 
sib families to minimize inbreeding and maternal effects, and sib matings were 
avoided. The expected effective population size was 60.

Sixty male-female pairs were cohabited for 16 days. The males were from 15 
full sib families with a mean of four full brothers per family. Following the 
mating period, males were killed at 12 weeks of age to obtain carcass 
measurements. One male was selected from each of the 15 full sib families based 
on the selection criterion of the line. Selection was based on males only. 
Selection differentials were calculated by averaging the selected male's 
performance minus his full sib family mean and dividing by two.

Litters sired by selected males were standardized to ten pups. Foster pups 
from augmented litters were discarded at weaning (21 days of age).

Epididymal fat pad percent was used as an indirect measure of fat tissue 
growth because it has a high phenotypic correlation of 0.84 with total body fat 
percent (Eisen and Leatherwood, 1981). Hind carcass percent was used as an 
indirect measure of lean tissue growth because in a preliminary study it had a 
negative phenotypic correlation with epididymal fat pad percent (-0.57). The 
hind carcass was defined as the skinned and eviscerated tissue mass posterior to 
the lumbo-sacral joint and anterior to the first coccigial vertebra, less the 
tissue dorsal to the tibio-tarsal joints.

Realized heritabilities were estimated from the regression of response on 
cumulative selection differential. Responses were corrected for environmental 
effects by two methods. Method 1 used generation means from all lines 
(Richardson et al., 1968), and method 2 used deviations of selected from control 
line means (Falconer, 1981). Realized genetic correlations were based on these 
methods and formulas given by Falconer (1981).

RESULTS
Epididymal fat pad percent.

Divergent response to selection was observed for high and low epididymal fat 
pad percent (Figure 1). The linear regressions of response on generations of 
selection, corrected for environmental trends (Richardson et al., 1Q68), were
0.0717 + 0.0076 and 0.0915 + 0.0076$ in HF1 and HF2 and -0.0760 + 0.0076 and 
-0.0544 + 0.0076$ in LF1 and LF2. Standard errors of regressions were biased 
downward because of genetic drift but replicate responses were in good 
agreement. The responses over eight generations were 65 and 52$ of the control 
line mean (1.0$) in the high and low lines respectively.
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Figure 1. Response to selection for high and low epididymal fat pad percent as a 
deviation from control.

Cumulative selection differentials were higher in HF than in LF (Table 1) 
which may be explained by the positive correlation between mean and variance of 
epididymal fat pad percent across generations of selection; regressions of 
phenotypic variance on generations of selection, pooled over replicates, were
0.010 + 0.004K2 in HF and -0.010 + 0.004K2 in LF.

Table 1. Cumulative selection differentials (CSD)
Line Rep.

Epididymal fat pad percent
HF 1 HF2 LF 1 LF2

CSD 1 .47 1.39 1 o 00 o -0.75

Line Rep.
Hind carcass percent

HL 1 HL2 LL1 LL2
CSD 2.58 2.28 -2.58 -2.42

Realized heritability estimates for epididymal fat pad percent were in good 
agreement between replicates and between methods of estimation except for method 
2 in LF1 which was somewhat high (Table 2). Realized heritability was higher 
for downward than for upward selection, but not significantly so. Realized 
heritability was high when converted to an individual basis, averaging 0.59 for 
high epididymal fat pad percent, 0.79 for low and 0.68 for divergence.
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Table 2. Realized heritability estimates (?) for epididymal 
_______________________fat pad percent_______________________

Line Method3 Rep. 1 Rep. 2 Pooled + S.E.*5 Individual0
HF 1 " MV " 51 46 + H H8 + 6

2 42 55 4 8 + 7 60 + 0
LF 1 65 58 60 + 6 76 7 8

2 82 47 66 + 18 88 + 2R
Divergence 2 H6 52 5 4 + 2 6 8 + 8

a1 = method of Richardson et al. (1968), 2 = deviation from
control (Falconer, 1981).
“Standard error calculated from replicate differences, 
individual heritability = h|(1-t)/( 1 -r) where hi = realized 
heritability based on within full sib family selection, t = 
phenotypic correlation between full sibs and r = Wright’s 
relationship between full sibs.

Hind carcass percent.
Response to selection for hind carcass percent was found for all lines 

except LL2 (Figure 2). The linear regressions of response on generations of 
selection, corrected for environmental trends, were 0.140 + 0.019 and 0.099 +
0.019? in HL1 and HL2, -0.142 + 0.019 and -0.02Q + 0.019? in LL1 and LL2. The 
responses over eight generations were 8 and 7? of the control line mean (12.0?) 
in the high and low lines respectively. Cumulative selection differentials were 
similar for each line-replicate (Table 1).
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Figure 2. Response tp selection for high and low hind carcass percent as a deviation from control.
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Realized heritabilities for hind carcass percent estimated by the two 
methods were similar (Table 3). Replicate estimates of realized heritability in 
the lines selected for high hind carcass percent were in good agreement. 
However, replicate estimates of realized heritability differed in the lines 
selected for low hind carcass percent. Although realized heritability was 
higher for upward than for downward selection, the disparity between replicates 
in the downward line prevents drawing any definitive conclusion regarding 
asymmetry. Realized individual heritability averaged 0.49 for high hind carcass 
percent, 0.31 for low and 0.40 for divergence.

Table 3. Realized heritability estimates (?) 
for hind carcass percent

Line Method3 Rep. 1 Rep. 2 Pooled + S.F.b Individual0

HL 1 41 33 37 + 4 4 6 + 5
2 40 45 42 + 3 5 3 + 4

LL 1 42 9 27 + 16 34 + 20
2 R8 4 22 + 17 28 + 21

Divergence 2 39 23 32 ± 8 40 ± 10
a,b,cSee footnotes in Table 2.

Realized genetic correlation.
Pooled realized genetic correlation estimates between epididymal fat pad 

percent and hind carcass percent were in good agreement with no indication of 
asymmetry (Table 4). Mean estimates based on high, low and divergent selection 
were -0.65, -0.75 and -0.73 respectively.
Table 4. Realized genetic correlation estimates (x100) between 

epididymal fat pad percent and hind carcass percent

Line Method3 Rep. 1 Pep. 2 Pooled + S.E.b

HF, HL B1 ^T2 -57 — f> 9 + 13
A2 -79 -50 -63 + 15
B2 -75 -52 -64 + 12

LF, LL B1 -61 -111 -73 + 25
A2 -78 -71 -72 + 4
B2 -76 -32 -81 + 31

Divergence A2 -74 -61 -72 + 7
B2 -101 -48 -73 + 27

a1 = method of Richardson et al. (1968); 2 = deviation from
control; A = Tq = vt)̂  j b B = r^ =/ (A G j j ) ( AG.-i )/( ) ( AG j j).
where bij = regressiomofoorrelated on selected trait and A0̂ _j = 
correlated response in trait i based on selection for trait j.
^Standard error calculated from replicate differences.
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DISCUSSION
Response to eight generations of selection within full sib families for high 

and low epididymal fat percent resulted in a divergence of 117/5 of the control 
line mean. Epididymal fat pad percent had a high proportion of additive genetic 
variance. Sharp et al. (1984) obtained similar results for the same trait, 
although hn was slightly lower in their study. Selection for decreased 
percentage body fat over six generations gave h| estimates of 0.50 + 0.17 and
0.13 +0.11 in two replicates, indicating considerable heterogeneity of response 
(Horstgen, 1978).

Selection for hind carcass percent yielded slightly lower heritabilities 
compared with epididymal fat pad percent. One of the low line replicates failed 
to respond to selection. Divergence amounted to 15? of the control line mean. 
Sharp et al. (1984) reported similar h| estimates for an index of lean; the 
divergence was 40? of the control line mean after 11 generations. Selection for 
high and low protein weight at 60 days led to a divergence of 29? of the control 
line mean after 12 generations (Horst et al., 1979). In rats, replicated 
selection among full sib families for high protein gain and high protein 
efficiency yielded responses of 0.19 + 0.10 and 0.18 + 0.16 per unit selection 
differential (Hotter et al., 1976).

The high negative genetic correlation between the indirect measures of fat 
and lean tissue percent indicates a negative pleiotropic relationship between 
fat and protein deposition when expressed as a proportion of body weight.

In conclusion, the indirect measures of fat and lean percentage studied in 
mice were moderately to highly heritable. The negative sign of the genetic 
correlation between the fat and lean percentages was compatible with present 
goals of selection in livestock and poultry.
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