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Genetic parameters for in vivo body measurements in Suffolk sheep 

M.J. YOUNG’ AND G. SIMM 

East of Scotland College of Agriculture, Edinburgh, El326 OQE, Scotland. 

ABSTRACT 

403 

Performance test data for ram lambs from a selection programme in a Suffolk flock were used to estimate heritabilities for and correlations 
(genetic and phenotypic) between three variables (liveweight, ultrasonic fat depth (FD) and ultrasonic muscle depth in the live animal). Close 

agreement was found with previously published values with the exception of the heritability for FD for which a high value was estimated 
(0.55rf: 0.11). The latter result may reflect the favourable nutritional conditions of the performance test allowing animals to express their tme 
genetic potential for fat growth. 

Keywords Selection: heritability; genetic correlation; body composition; in vivo; leanness; fat depth; muscle depth; ultrasound. 

INTRODUCTION 

Increasing demand for lean meat has led to the adoption 
of selection indices in programmes aiming to produce 
sheep that can grow fast but have low carcass fat levels 
(Simm et al., 1987; Simm and Dingwall, 1989). These 
approaches have highlighted the dearth of information 
in the literature on the genetic parameters needed to 
derive such indices. In the programmes proposed by 
Simm and co-workers, average literature values were 
used for he&abilities and correlations needed in deriva- 
tion of the indices they present (Table 1). 

TABLE 1 Parameters used to derive the index by Simm and 

Dingwall (1989). Genetic correlations between these variables were 
not needed to derive the index. 

Heritabilities (on diagonal) and phenotypic correlations (above di- 
agonal). 

LW FD MD 

LW 0.24 0.40 0.47 

FD 0.23 0.30 

MD 0.22 

The study reported here describes genetic pa- 
rameters for in viva measurements of body composition 

from analysis of the East of Scotland College of Agri- 
culture breeding programme for Suffolk sheep. 

MATERIALS AND METHODS 

A selection programme to improve the ability of Suf- 
folk sheep to sire lambs with large, lean carcasses was 
set up at the East of Scotland College of Agriculture in 
1980. Work during the early years of the programme 
was directed at developing methods to assess body 
composition in vivo and to obtain a flock representative 
of industry animals in the United Kingdom. In 1985 
separate selection lines were established on the basis of 
performance test data for ram lambs from the base 
population. One line was selected for high index values 
(selected, S) while theother line was selected so that the 
net change in the index for that line was negligible 
(control, C). 

Ewe numbers within the lines increased be- 
tween 1985and 1987(S= lOOto 14O;C=4Oto60). For 
the S line, rams with high index values wereselected for 
breeding. For the C line, there were six “family” 
groups. Within each group the ram whose performance 
was nearest to that of the mean for his family was 
selected and mated to ewes from the next family in 
rotation. This latter strategy aimed to minimise the rate 
of inbreeding in the smaller C line. The number of rams 
on testandthenumberselectedforeachlinearedetailed 
in Table 2. Ewe lambs were not selected on the basis of 
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TABLE 2 Number of ram lambs per line on performance test and 

the number selected in each year. 

1985 
Year 

1986 1987 1988 1989 

Clineontest 72 24 24 25 38 
selected 6 6 6 6 - 

Slineontest 72 53 67 59 70 
selected 8 6 6 9 - 

the index. 
Development of the index used in this project 

has been described by Simm and Dingwall (1989). 
Briefly, the aggregate breeding value comprised lean 
weight (relative economic value (REV) = +3) with a 
discount for fat weight (RBV = -1) in the carcass. In viva 
body measurements of liveweight (LW), fat depth (ID) 
and muscle depth (MD) were combined into the index 
with respective weights of O.l03/kg deviation, -0.406/ 
mm deviation and +0.257/mm deviation. Individual 
trait deviations for each animal were calculated from 
adjusted data (Table 3). 

Ewes were lambed indoors and fed a high qual- 
ity diet. All lambs were reared as twins or singles. High 
quality creep feed was available to lambs from an early 
age. At weaning (56d of age) ram lambs entered a 
performance test until 150d of age. These animals were 
individually penned and offered a high quality diet ad 
libitum. Liveweight (LW) was measured at 150d. In 

vivo measurements of fat depth (ID) and muscle depth 
(MD) were made by ultrasound scanning three times in 
a seven day period near to 150d of age. At each scan- 
ning, tissue depths were measured by ultrasound 
(Vetscan) at two sites, the 13th rib and the 3rd lumbar 
vertebra. At each site fat depth was measured at four 
equally spaced points across the dorsal surface of the m. 
longissimusdorsicross-section whilemuscledepth was 
taken as the greatest linear dimension parallel to these 
fat depths. Mean adjusted (Table 3) tissue depths were 
used in subsequent calculations. 

Genetic parameters were estimated (Table 4) 
using a multi-variate analysis with individual animal 
model (IAM) being fitted by restricted maximum like- 
lihood (REML) methods using the REMLPK software 
developed by Dr K. Meyer (Edinburgh University). 
Year was the only fixed effect fitted. The IAM makes 
use of genetic relationships between all animals, both 
within and across years of the study. Performance test 
records were available for 432 mm lambs from the first 
five years of the project (1985 to 1989 inclusive). 
Pedigree records for 7 15 animals were used to describe 
the IAM. Only adjusted data for LW, PD and MD were 
fitted in the multivariate analysis. Parameters pre- 
sented for the index (Table 4) were derived algebrai- 
cally from data resulting from this analysis. 

RESULTS AND DISCUSSIONS 

Preliminary results describing the response to selection 
have been reported elsewhere (Young and Simm, 1990; 
Simm et al., 1990). These show that over the first four 
years of the project selected sheep have shown signifi- 

TABLE 3 Adjustment factors for raw data. 

Age at scanning adjusted to 15Od by regression per day 

Dam age: 2 year old ewes 

Birth rank: single 
triplet 

* LW_measured at 15Od 

W MD 

(kg) (mm) 

0’ 0.0587 0.0980 

+1.75 0 0 

-4.021 -0.587 -0.248 
+2.477 +0.266 +1.188 
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cant improvements in FD (decrease) and MD (increase) 
with a non-significant trend for LW (Young and Simm, 
1990). Comparison of cross-bred progeny from high 
and low index rams showed that lambs sired by high 
index rams had a higher lean percentage (+l %) and a 
lower fat percentage (-1%) in their carcasses (Simm et 
al., 1990). 

TABLE 4 Phenotypic variances (last row), heritabilities (on 

diagonal), phenotypic correlations (above diagonal) and genetic 
correlations (below diagonal) with standard errors from REh4L 
analysis of adjusted data for liveweight (LW), fat depth (PD) and 
muscle depth (MD). 

LW 

(kg) 

PD 

(mm) (E) 

index 

LW 

PD 

MD 

index 

0.26 0.40 0.43 0.67 
M.10 HI.05 M.04 - 

0.02 0.55 0.26 -0.17 
k0.23 ti.11 m.o.5 - 

0.61 0.19 0.29 0.74 
fo.20 M.21 HI.11 - 

0.76 -0.53 0.65 0.49 

VP 32.34 1.764 4.802 0.823 
f2.34 M.139 M.352 - 

There is close agreement between most of the 
parameter estimates used to derive the index (Table 1) 
and those obtained from this analysis (Table 4) indicat- 
ing that the preliminary search of the literature was 
successful in producing valid estimates of the genetic 
parameters for growth traits on a constant age basis. A 
notable exception is the estimate of heritability for FD 
derived from this study (0.55) which differs markedly 
from the preliminary estimate. Young (1989) reviewed 
the literature for estimates of heritability of body 
composition traits for sheep at a constant “time” and 
found a average of 0.24 for ED. The highest value of 
0.45 was reported by McEwan er al., (1984). 

This disparity between the preliminary estimate 
and that derived from this study could be due to a 

combination of three factors. Firstly it might reflect the 
conditions of the performance test whereby all animals 
were tested over the same range of age. Young (1989) 
found that most literature estimates of genetic param- 
eters for body composition at constant “time” were 
based on comparison not at a common age but rather a 
common date, where it may not be possible to correct 
fully for age effects. Secondly, the nutritional regime 
gave them considerable scope to express their genetic 
potentialforgrowthoffatandlean. Emmans(1987) has 
suggested that removal of non-limiting conditions, both 
qualitative and quantitative, will enable an animal to 
express its true potential for growth of fat relative to 
lean. Beatson (1987) has reported change in estimates 
of heritability with time of the year, perhaps reflecting 
changes in the nutritional environment. Animals in this 
study were near to non-limiting nutritional conditions 
as evidenced by high growth rates between birth and 
150d of age (>4OOg/d). The average LW at 150d of age 
was 67kg. Thirdly, the FD value used was a mean of 
twenty-four measurements which would be expected to 
give a higher estimate of heritability than if a single 
measurement had been used. It is possible that constant 
age, favourable nutritional conditions during the per- 
formance test and multiple measurements of FD to- 
gether led to an estimate of heritability for FD that more 
truly reflected genetic variation in the propensity of 
these sheep to fatten. However this figure must be 
treated with caution until validated by similar studies. 

A further cautionary note should be added. If the 
high figure ~for heritability of fat growth found in this 
study is real, the possibility of a genotype x environ- 
ment interaction should be considered. While highly 
favourable nutritional conditions may lead to more 
accurate assessment of the breeding value for “lean” 
tissue growth, such improvements in accuracy are of 
little value if animal rankings are affected by the nutri- 
tional environment. 

CONCLUSION 

Genetic parameters derived from this study will be 
useful to programmes aiming to manipulate sheep car- 
cass composition through selection. The data suggest 
that the propensity to fatten is more highly heritable 
than the literature would indicate if animals are grown 
under favourable nutritional conditions. 
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