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Estimation of genetic parameters for growth traits in Omani sheep
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Summary

The present study aimed to estimate the heritability and genetic correlation for the growth-
related traits in Omani native sheep. Studied traits were birth weight (BW), weaning weight
(WW), six-month weight (W6) and yearling weight (YW). For this study, records of growth-
related traits (i.e. body weight measured at different ages) were obtained from 2174 lambs
reared at Wadi Quraiyat Livestock Research Station (WQLRS) from 2008 to 2016. This
phenotypic data included 2174 records for BW, 2151 records for WW, 1792 records for six
months’ weight and 1442 records for YW. In addition to this phenotype data, pedigree
information, dam age, year of production, sex and birth type were also recorded for each
lamb. Heritability was estimated in a univariate mixed model using restricted maximum
likelihood procedure, and genetic correlations were calculated using a bivariate mixed model.
WOMBAT software was used for the statistical analysis. Direct and maternal heritabilities of
BW, WW, W6 and YW were estimated to be 0.16 and 0.16, 0.20 and 0.20, 0.26 and 0.09, and
0.45 and 0.03 respectively. Genetic correlations among various growth traits were positive
and ranged from 0.28 to 0.94. This study showed that direct heritabilities increased with age.
Selection for improving one trait would improve other traits genetically because of the
positive correlation.
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Introduction

Red meat production in Oman currently stands at around 46,000 tonnes annually, which
represents approximately 50% of overall domestic red meat consumption (MAF 2015).
Consequently, the need to increase domestic red meat production is well recognized by the
Omani government; and there is an increasing emphasis on improving the genetics and
management of native breeds of small ruminants (sheep and goats). Small ruminants are
advantageous because they are adapted to the local desert and mountaineous climate, and are
also able to efficiently convert scarcely available vegetation to edible food (Mahgoub et al.
2010). To this end, the Omani government has setup livestock research stations for
maintaining nucleus herds of native goat and sheep breeds that are subjected to genetic
improvement. Wadi Qurayyat Livestock Research Station (WQLRS), is a key station that is
tasked with maintaining and genetically improving nucleus herds of small ruminant breeds
native to Oman.

There are two distinct breeds of sheep, namely the Northern and Southern breeds,
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which are native to Oman. The southern breed, located in the south of Oman predominantly
in the Dhofar governorate, is poorly characterized. The Northern breed, commonly referred
to as just ‘Omani sheep’, are present in most of the northern governorates of the country
(Shaat and Al-Habsi 2016). In Oman, genetic improvement programmes are primarily
focused on improving ovine meat production because of the higher economic value
associated with ovine red meat and the national significance on increasing domestic red meat
production. However, there is no knowledge about the genetic parameters associated with
growth related traits that are key for improving production. Therefore, the objective of the
current study was to estimate both genetic and maternal parameters associated with growth
traits in Omani Sheep.

Materials and methods

Resource population and Data collection

For this study, records of growth-related traits (i.e. body weight measured at different ages)
of 2174 Omani sheep reared at Wadi Quraiyat Livestock Research Station from 2008 to 2016
were obtained. This phenotypic data included 2174 records for birth weight (BW), 2151
records for weaning weight (WW), 1792 records for six months’ weight (W6) and 1442
records for yearling weight (YW). In addition to this phenotype data, pedigree information,
dam age, year of production, sex and birth type were also recorded to get unbiased estimates
of genetic parameters (Bahreini Behzadi, Shahroudi and Van Vleck 2007). The animals were
fed twice a day with adlib amounts of Rhodes hay cubes and restricted amounts of
concentrate feed (14% crude protein). Concentrate quantity varies according to the animal
physiological stage and the age. The minimum amount of concentrate is about 300g/head/day
during dry period of the animal and the amount can reach up to 750g/head/day during last
stage of pregnancy and growing animals.

Data analysis

To account for variation in age when weights were measured for different animals, data
normalization to defined periods of time was undertaken (e.g. normalizing weaning weight to
90 days, six months weight to 180 days etc.). The adjustment for WW was calculated by
using the formula:

(1)

The other weights were adjusted by using the same formula through changing the trait and
the calculated days in the equation.

Variance components were used to estimate direct and maternal heritability. Variance
components were estimated via a univariate animal model using WOMBAT (Meyer 2007).
Similarly, genetic, maternal and phenotypic correlations were estimated used a bivariate
animal models for all possible combinations of traits.

Results

Direct heritability and maternal heritability estimated by univariate animal model are
presented in Table 1. The direct heritability values ranged from low (BW) to high (YW),
with estimates increasing with age. The maternal heritability associated with growth at



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11. 519

different ages was generally low, with highest estimates at birth and weaning that
progressively decline with age. In the period between birth and weaning, maternal
heritability estimates were relatively equivalent to direct heritability estimates. However,
after weaning, a decline in maternal heritability, and corresponding increase in direct
heritability was observed. Consequently, direct heritability was highest, and maternal
heritability was lowest for yearling weight.

Table 1. Estimates of genetic parameters for body weights from univariate analyses.

Trait Direct heritability Maternal heritability
Birth weight 0.18 ± 0.04 0.18 ± 0.03
Weaning weight 0.20 ± 0.05 0.22 ± 0.03
Six month weight 0.26 ± 0.05 0.09 ± 0.03
Yearling weight 0.45 ± 0.06 0.03 ± 0.02

Table 2. Estimates of genetic correlations1 between various weights from bivariate
analyses.

Trait 1 Trait 2 ra1a21 rm1m22

Birth weight Weaning weight 0.28 ± 0.14 0.22 ± 0.10
Birth weight Six month weight 0.38 ± 0.15 *
Birth weight Yearling weight 0.32 ± 0.15 *
Weaning weight Six month weight 0.75 ± 0.07 0.92 ± 0.07
Weaning weight Yearling weight 0.67 ± 0.08 0.90 ± 0.31
Six month weight Yearling weight 0.94 ± 0.03 0.99 ± 0.23

1ra1a2, genetic correlation between direct effects of traits 1 and 2;
2rm1m2, genetic correlation between maternal effects of traits 1 and 2
* estimate not statistically significant.

Estimates of direct genetic correlations and maternal correlations among various body
weight traits at different ages are presented in Table 2. Direct genetic correlations among all
studied traits were positive and ranged from 0.28 for BW-WW to 0.94 for W6-YW. Birth
weight had moderate genetic correlation with the other traits. Weaning weight had high
genetic correlation with other post weaning weights being 0.75 with six months’ weights and
0.67 with yearling weight. Maternal genetic correlations were negative for BW-W6 and BW-
YW. Other maternal correlations between traits were positive and ranged from 0.22 (BW-
WW) to 0.99 (W6-YW).

Discussion

The overall trends observed in analysis of Omani sheep growth traits indicated relatively
equal direct and maternal heritabilities at birth and weaning, and subsequently a decline in
maternal heritability coupled with a corresponding increase in direct heritability. These trends
are generally in line with expectations as maternal influences are most significant in the
period between birth and weaning when the offspring is dependent upon the mother for
nutrition. After weaning, as maternal influence receeds, the direct additive genetic variance
explains a greater proportion of the overall phenotypic variance, and consequently direct
heritabilities increase (Bahreini Behzadi et al., 2007). These results are also in line with
previously published reports that demonstrate an increase in direct heritabilities with age
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(Baneh et al., 2013; Rashidi., 2013; Gamasaee et al., 2010; Jalil-Sarghale et al., 2014); and
the corresponding decrease in maternal heritabilities (Rashidi, 2013; Gamasaee et al., 2010;
Shokrollahi and Baneh, 2011; Jalil-Sarghale et al., 2014).

The direct heritability for birth weight was relative low in our analyses (0.16), which
was equivalent to maternal heritability and is indicative of significant maternal influences
(e.g. uterine environment, dam’s nutrition status) in the last trimester of gestation (Baneh et
al., 2013, Bahreini et al., 2007, Gamasaee et al., 2010; Shokrollahi & Baneh, 2011).

The maternal heritability for BW was found to be slightly lower than WW in our
analysis. Since maternal influences are most significant at birth, this was unexpected and also
contrary to several previous reports (Bahreini Behzadi et al., 2007); (Rashidi 2013) and
(Shokrollahi and Baneh 2011). A deeper investigation into this revealed that for some years,
birth weight had been rounded off to the nearest 0.5 Kgs, which resulted in partial loss of
data that possibly influenced estimation of genetic parameters associated with birth weight.
However, the overall trend of birth weight being significantly influenced by maternal factors
is in good agreement with previous report in literature. The direct heritability for WW was
lowly moderate (0.20); and was within the range of estimates reported in the literature (0.12
to 0.38) for comparable breeds (Jalil-Sarghale et al., 2014; Rashidi, 2013; Gamasaee et al.,
2010; Shokrollahi & Baneh, 2011).

After weaning, as maternal influences diminish, the maternal heritability also
receeded, coupled with a corresponding increase in direct heritabilities likely due to an
increase in expression of additive genes. These results broadly accord with previous studies
in similar breeds (Baneh et al. 2013, Rashidi 2013, Gamasaee et al. 2010, Shokrollahi and
Baneh 2011, Jalil-Sarghale et al. 2014).

The direct genetic correlations between studied traits were positive and ranged from
0.28 (BW-WW) to 0.94 (W6-YW). These results indicate that growth at different stages is
likely influenced by a common set of underlying genes. From an animal breeding
perspective, this indicates that genetic selection for any of the body weight traits will result in
a corresponding improvement in the other traits. The high genetic correlation between weight
at W6 and YW (0.94) shows that these traits are genetically controlled by the same set of
additive genes. This also means that if selection is targetted at yearling weight, farmers could
cull animals based on their weight at 6 months without having to wait for recording yearling
weight. Such culling could save valuable time and resources at the level of the farm without
negatively influencing the overall genetic progress associated with any selective breeding
programme in place. The high genetic corerlation between WW and YW was in agreement
with previous reports in Kermani sheep (Bahreini Behzadi et al. 2007); Iran Black sheep
(Rashidi 2013) and Baluchi sheep (Jalil-Sarghale et al. 2014). The genetic correlation
between birth weight and other traits was relatively lower, with the lowest estimates found
between birth weight and weaning weight (0.28). These estimates are also in agreement with
previously reports in Mehraban sheep (Gamasaee et al. 2010).

The maternal genetic correlations among the various growth traits were variable and
estimates ranged from 0.22 to 0.99. The correlation between maternal effects for BW-W6
and BW-YW were found to be insignificant. Positive correlation between maternal effects of
birth weight and weaning weight indicates shared maternal influences at these stages of
growth. While the correlation between maternal effects was very high after weaning (>0.9),
the maternal effects themselves at these stages of growth are marginal. These high
correlations are likely attributable to maternal influences prior to weaning e.g. milk
production and mothering ability of the dam.

To conlcude, live body weights of Omani sheep have significant maternal influences
from birth to weaning. YW had the highest heritability at 0.45, which makes it a suitable
target for selective breeding programmes in Oman. Moreover, given the high genetic
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correlation between W6 and YW, animals can be culled based on their 6 months weight when
needed. This could potentially save considerable resources at the farm that would otherwise
have to be used to keep these animals till yearling weight is recorded.
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