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INTRODUCTION 
Insulin like growth factor-1 (IGF-1) is a ubiquitous hormone produced in most mammalian 
cells. IGF-1 is involved in many physiological processes and is intimately linked with growth 
hormone and post-natal growth (Gluckman et al, 1987). Given the wide-ranging functions of 
IGF-1, it has been the target of several attempts for genetic manipulation either through 
traditional quantitative breeding techniques (e.g. Blair et al., 1989 ; Davis et al., 1995), or 
through adding IGF-1 genes using molecular genetic techniques (e.g. Damak et al., 1996). 
There have also been attempts to modify plasma concentrations of IGF-1 through either 
injection or infusion (e.g. Cottam et al., 1992). 
Following the demonstration that there was exploitable genetic variation in plasma 
concentrations of IGF-1 in mice (Blair et al., 1989), a selection experiment was established 
using Romney sheep in 1986 (Morel et al., 1991). The sheep selection experiment has now had 
some 5 generations of selection. The objectives of this paper are to report on the direct 
response to selection in IGF-1 and to describe correlated responses in lamb birth weight, 
average daily gain to weaning and weaning weight in the IGF-1 sheep selection lines. 
 
MATERIAL AND METHODS 
Creation and selection of the IGF lines. The IGF-1 sheep lines were established in 1986 from 
a commercial population of Romney sheep. Three lines were generated; for the high (H) line 
replacement rams and ewes were selected for high plasma levels of IGF-1, for the low (L) line 
replacements were selected for low plasma levels of IGF-1 and for the control (C) line, 
replacements were selected at random. Blood samples were taken at about 4 months of age, 
approximately 4 weeks after weaning. Each line is maintained at about 100 mixed age ewes 
with 4 new rams being used each year. 
Data. Data files from 1999 and 2000 were edited to exclude incomplete records. Typical 
reasons for exclusion were unknown sire, unknown sex of lamb or born to blackface sires 
which were used to complete the mating season. After editing, there were 169 lambs in the 
1999 file of which 138 had IGF-1 values and 168 had birth weights. There were 265 records in 
the 2000 file of which 253 had birth weights and 238 IGF-1 concentrations. Note that the 1999 
lambing was very poor due to a severe season for facial eczema at mating time. 
Statistical analyses. Differences between the 3 IGF-1 lines were tested using a model that 
included year (1999 or 2000), sex of lamb (male or female), birth rank (1 or 2), rearing rank (1 
or 2), dam age (2, 3, 4 or 5 years old) and line (H, C or L) as fixed effects and date of birth as a 
covariate. All first-order interactions were fitted. Analyses were performed using the GLM 
procedure in SAS. 
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RESULTS AND DISCUSSION 
Direct response in IGF-1 concentrations. Least squares means for IGF-1 from lambs born in 
1999 and 2000 by selection line are presented in table 1. The differences between the 3 lines in 
IGF-1 concentrations show that selection has been successful in achieving genetic change for 
both higher and lower levels of IGF-1. The magnitude of the differences seems to be dependent 
on year effects. However, the lower IGF-1 levels in 1999 cannot be explained by slower 
growth rates as lambs in all classes grew about 50 g/day faster than lambs in 2000 (results not 
shown). These responses in IGF-1 concentrations are consistent with those of previously 
published selection experiments (Blair et al., 1989 ; Baker et al., 1991 ; Davis et al., 1995) and 
suggest a moderate heritability for plasma IGF-1 levels. 
 
Table 1. Least squares means (± std error) for lamb plasma IGF-1 concentrations (ng/ml) 
in 1999 and 2000 by selection line 
 

 High Control Low 
1999 97.8 ± 4.05 81.5 ± 4.43 63.2 ± 4.24 
2000 133.0 ± 3.21 102.9 ± 3.00 75.2 ± 3.34 

 
Correlated response in birth weight. The least squares means for birth weight by line, year, 
sex and birth rank are given in table 2. It is commonly expected that single-born lambs should 
be heavier than their twin counterparts and that male lambs should be heavier than females. 
While these differences generally occur, it is not always so. 
 
Table 2. Least squares means (± std error) for lamb birth weights (kg) in 1999 and 2000 
by selection line, sex and birth rank 
 

 High Control Low 
 Male Female Male Female Male Female 
Single 
  1999 

 
4.00 ± 0.23 

 
3.30 ± 0.24 

 
4.60 ± 0.24 

 
4.21 ± 0.21 

 
4.76 ± 0.20 

 
4.63 ± 0.25 

  2000 4.10 ± 0.16 3.80 ± 0.18 4.62 ± 0.19 4.65 ± 0.17 5.13 ± 0.19 4.00 ± 0.21 
Twin 
  1999 

 
3.23 ± 0.28 

 
3.47 ± 0.25 

 
3.42 ± 0.26 

 
3.95 ± 0.30 

 
4.20 ± 0.22 

 
3.96 ± 0.26 

  2000 3.36 ± 0.23 3.48 ± 0.23 3.73 ± 0.18 3.70 ± 0.23 3.98 ± 0.21 3.97 ± 0.19 
 
The comparisons of birth weight between lines show there is a general trend for L lambs to be 
heavier than C lambs and for C lambs to be heavier than H lambs. The progression in weight is 
about +0.5kg from H to C and about +0.2kg from C to L. Given the generally accepted theory 
that higher levels of IGF-1 are associated with higher growth rates, this appears to be a 
surprising result. In a similar selection experiment with mice, Kroonsberg et al. (1989) reported 
that H line dams produced foetuses of slightly higher weights than their L line counterparts. 
Similarly, Gluckman et al. (1992) reported that high maternal levels of IGF-1 could alleviate 
maternal constraint. However, Hermesch et al. (2001) showed a negative genetic correlation 
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between juvenile piglet plasma concentrations of IGF-1 and birth weight, which is consistent 
with the result reported here. 
Hermesch et al. (2001) also showed that juvenile IGF-1 levels were positively, genetically, 
correlated with backfat depth. This result being consistent with that of Luxford et al. (1998), 
who also showed that juvenile IGF-1 levels were positively, genetically, correlated with feed 
conversion ratio. As a result of the work with pigs, a patent (WO9635127, AU694025, 
NZ306348 and EP0830607) for “Selection of Livestock using IGF-1 Levels” was filed in 1996 
by Owens and others. 
In selection experiments, there is a confounding of maternal genotype and foetal genotype, i.e. 
both dam and foetus have the same IGF-1 genotypes. Using mice from the selection 
experiment of Blair et al. (1989), Morel et al. (1994) either cross-mated the selection lines 
(giving an F1 foetus) or used embryo transfer to implant either H or L foetuses into Swiss 
dams. In the cross-mating experiment, average foetal weight was the same for both H and L 
dams, however the H dams also produced 2.2 pups more per litter than their L line 
counterparts. In the embryo transfer experiment, H foetuses were significantly heavier than L 
foetuses. 
 
Correlated responses in average daily weight gain from birth to weaning and in weaning 
weight. Average daily gains for ewe and ram lambs in the 3 lines are shown in table 3. There is 
a suggestion of a line by sex interaction, with there being little difference in growth rates 
between ewe lambs from the high, control and low lines, but with H ram lambs growing faster 
than both low and control line ram lambs. 
 
Table 3. Least squares means (± std error) for lamb average daily gain from birth to 
weaning (g/day) by selection line and sex 
 

 High Control Low 
Ewe 178.2 ± 4.44 174.1 ± 4.90 180.1 ± 4.55 
Ram 205.2 ± 4.53 182.5 ± 4.31 188.2 ± 4.19 

 
Weaning weights for ewe and ram lambs in the 3 lines are shown in table 4. Again, there is a 
suggestion of a line by sex interaction.  Low line ewes are somewhat heavier than both the H 
and C ewes, however, H rams tend to be heavier than L rams that are heavier than C rams. 
 
Table 4. Least squares means (± std error) for lamb weaning weight (kg) by selection line 
and sex 
 

 High Control Low 
Ewe 19.16 ± 0.46 19.19 ± 0.51 19.85± 0.47 
Ram 21.92 ± 0.47 19.33 ± 0.45 21.00± 0.44 

 
Average daily gain and weaning weight result from a complex set of interacting factors 
including intra-uterine effects on birth weight, residual intra-uterine effects on post-natal 
growth, post-natal maternal environmental effects (mainly milk production), the lamb’s own 
genes for growth and a myriad of environmental effects. In addition, there is the distinct 
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possibility of some important genes associated with growth processes being imprinted. To 
unravel these effects in the current sheep selection experiment, it will be necessary to repeat the 
mouse work of Morel et al. (1994) and undertake cross-mating and embryo transfer 
experiments. 
 
CONCLUSION 
It is not possible to draw a firm conclusion from the combined information in the literature and 
from the current trial as to the role of plasma levels of IGF-1 in an animal production setting.  
There is strong evidence that low levels of juvenile IGF-1 are associated with higher birth 
weights; this would be important for increasing the survival of young born in litters where 
dystocia is not anticipated. There is also the likelihood that low IGF-1 levels are associated 
with improved feed efficiency and higher lean growth. However, high plasma levels of IGF-1 
at later ages are typically beneficial for higher growth rates and better maternal performance 
(including higher fecundity). Additional work is required to explain whether plasma levels of 
IGF-1 can be a useful selection criterion for multiple objective traits within a strain of stock, or 
whether it will be necessary to use IGF-1 levels as selection criteria in several different strains 
that must then be crossed to optimise animal production efficiency. 
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