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ABSTRACT

The objective of this study was to determine the inbreeding depression on growth traits
in Moghani sheep. Pedigree information of 8836 animals collected during the years of
1987 to 2006 by Moghani Breed Center in Jafar Abad Moghan, were used for analysis.
The base population year was 1988. Analysis of the records was performed by ASReml
software. Inbreeding depression was estimated as the regression of performance on the
individual inbreeding coefficients via fitting an animal model. The mean inbreeding for all
animals, females and males, were 0.500, 0.515 and 0.484 %, respectively. Totally, 24.22 %
of all the animals were inbred. The mean of inbreeding for inbreed animals was 2.062 %.
The rate of increased inbreeding per year for all animals was 0.05%. The inbreeding
depression for body weight traits at birth, 3, 6, 9 and 12 months of age was , respectively, -
0.007, - 0.291, - 0.026, -0.018 and -0.041 kg, per 1% increase in individual coefficient.
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INTRODUCTION

Inbreeding is defined as the probability
that two alleles at any locus are identical by
descent and occur when related individuals
are mated to each other (Falconer and
Mackay, 1996). The initial consequence of
inbreeding is inbreeding depression, which
reduces the performance of growth,
production, health, fertility and survival
traits. This concern has become more serious
in present day animal breeding, in which
selection responses are maximized by the
use of animal model best linear unbiased
predictors (BLUP) of breeding value. The
use of these breeding values alone may
result in more closely related selection
candidates preferred for selection, with
increased levels of inbreeding since they
share most of their familial information
(Fernandez and Toro, 1999).

The rates of inbreeding must be limited to
maintain diversity at an acceptable level so
that genetic variation will ensure that future
animals can respond to changes in
environment (Van Wyk et al., 2009).

Estimates of inbreeding depression on
birth weight and weaning weight reported in
several literature (Alsheikh, 2005; Van wyk
et al., 2009; Swanepoel et al., 2007; Norberg
and Sorenson, 2007; Barkzak et al., 2009).
There have been limited studies on the effect
of inbreeding on body weight traits at 180,
270, and 365 days of age (Akhtar et al.,
2000; Mandal et al 2002). The Moghani
breed is a meat breed. This breed is mainly
raised in Ardebil Province in Iran. For this
sheep, early growth weight has an important
role in profitability of the farms. In recent
years, selection of superior animals in Jafar
Abad station for this breed has caused
increasing possibility of close mating among
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the animals. Thus, the mating of animals
more closely related in this breed has
resulted in higher inbreeding coefficient.
The aims of this study were: (i) to
quantify the increase of inbreeding during
the years of study, and (ii) to estimate the
effect of inbreeding depression on body
weight at the ages of birth(BW), 3 (BW3), 6
(BW6), 9 (BW9) and 12 months ( YBW) in
Moghani sheep breed in Jafar Abad Station.

MATERIALS AND METHODS

Computation of Inbreeding Coefficients

Pedigree of 8836 animals from 402 sires
and 2665 dams, collected in Moghani Breed
Station in Jafar Abad Moghan, during years
of 1987 to 2006, were used to compute
inbreeding coefficients. In the pedigree
22.50 % of the animals had unknown sire,
11.60 % of animals had unknown dam and
for 11.50 % both parents were unknown.
1015 animals (Table 1) were foundation
animals. These animals had unknown
parents and inbreeding coefficients for these
animals were zero. Animals with unknown
parents were also included in the number
with unknown sires and in the number of
unknown dams.

Computation of Pedigree Completeness
Index

As the quality of pedigree information is
of great importance in assessing inbreeding
level and trends in inbreeding, a coefficient
of pedigree completeness (PEC) was

computed and the degree of completeness of
pedigree was detected using the index
proposed by MacCluer et al., (1983):

2C .
P C I _ Cxtre Cdam

animal — C +C

sire dam
Where, C,.. and Cg,, are contributions
from the paternal and maternal lines,
respectively.  The  contributions  are
computed as:

1 d

C=- ;g,

Where, g; is the proportion of ancestors
present in generation i and d is the total
number of generations taken into account. In
this study, 5 ancestor generations were
considered (d = 5). The average pedigree
completeness index for the 5 generations was
calculated according to the birth year. The
EVA software (Berg et al., 2007) was used for
computation of PCI. The modified algorithm
of Colleau was used to estimate individuals
inbreeding  coefficient (CFC  software,
Sargolzaei et al., 2006). Description of
pedigree is presented in Table 1.

Estimation of Inbreeding Depression

Details of data used for estimation of
inbreeding depression are given in Table 2,
where the number of records is shown after
editing i.e. animals with unknown sex and liter
size = 0 and animals with weight > weight at
the same month + 3SD are deleted. The mean
inbreeding for the animals with records is
higher than the mean inbreeding for all the
animals. The low CV for all traits shows that
the traits are not variable. Maximal body

Table 1. Data description of the studied Moghani sheep flock.

n % of total Mean of inbreeding (%)

Total number of animals 8836 100 0.500

Non inbreed 6696 75.78 0.000

Inbreed 2140 24.22 2.062

Number of animals with unknown sires 1988 22.50 -

Number of animals with unknown dam 1025 11.60 -

Number of animals with both parents 1015 11.50 -

unknown (foundation animals)
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Table 2: Number of observations, mean, standard deviation and mean of inbreeding coefficient of traits.

BW BW3
No. records 5329 5071
Mean(kg) 4.58 22.46
SD(kg) 0.78 5.05
CV (%) 17.03 22.48
Min(kg) 1.8 9.5
Max(kg) 7.5 42
Mean F (%) 0.694 0.683

BW6 BW9 YBW
4252 2235 1843
34.63 37.53 38.86
6.31 5.6 6.09
18.22 14.92 15.67
13 18 21.7
56 55.7 71
0.691 0.702 0.755

weight at 9 months was lower than that at 6
months (Table 3). There are fewer records at 9
months than at 6 months, possibly because the
heavier animals at 8 or 9 months of age were
sent to the market. Based on the distribution of
inbreeding coefficients, the animals were
divided into 6 classes of inbreeding (F=0,
0<F<6.25, 6.25<F <12.50, 12.50<F <18.75,
18.75<F<25.00 and F>25.00) (Table 4). The
following model was used for analysis of
inbreeding depression effects on body weight
traits in all animals:

Yijklmnopq =u-+ YSl + S.l + T+ b1 (DWm) +
b2 (DD,) + bs (AF,) +2, + €iimmopq
Where,

Yijkimnopq 18 body weight record of animal p,
YS; = the effect of year- season of birth (24
levels), S; = effect of sex, Ty = type of birth (4
levels), DW,, = days of weighting at various
traits (except of birth weight) in animal p, DD,
= age at lambing (in days) of dam n, AF, =
inbreeding of animal o, a= additive genetic
effect, and e = residual effect. Also by, b,, and
b; were regression coefficient traits of age of
weighting, dam age at lambing and inbreeding
of the animal, respectively. In this model,
fixed effects were lamb's sex, litter size, and
year- season of birth. DW,, DD, and AF,
were fitted as covariates in the model.
ASREML software (Gilmour et al., 2000) was
used for the analysis.

Breeding system in Moghani breed is winter
and summer system. In this station, all animals
used pasture in summer. In winter, handy
feeding was used. In the late summer, male
and female animals were maintained together.
This breed is out of season lambing but
lambing in the middle of winter is more
frequent than in other seasons. All the lambs
were weaned around 90-110 days. In current
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years, synchronization was used in this breed.
The animals were vaccinated against
Enterotoxaemia, Foot and Mouth disease,
Sheep Pox, Pleuro-Pneumonia and
Haemorrhagic Septicaemia. Mating system in
this breed is random mating.

RESULT AND DISCUSSION

The completeness of pedigree was low for
this breed (Figure 1). The PCI value for 5
generations was approximately 0.31.

Average of PCI for 2002- 2006 was 0.53.
The trend of PCI for 2000- 2006 was
increasing. Arnason and Jonmundsson
(2008) reported 0.4 for PCI in Iceland sheep.
Norberg and Sorenson (2007) and Li et al.,
(2009) used animals with PCI values greater
than or equal to 0.9 and 0.6, respectively, for
estimation of inbreeding depression. Low
estimates of inbreeding coefficient for this
breed could be due to low PCI value.

Descriptive ~ statistics for inbreeding
coefficients for the whole population and the
inbred population are shown in Table 5. The
mean of inbreeding coefficient in females
and males was 0.515 and 0484 %,
respectively. Totally, 24.21% of the animals
were inbred with mean inbreeding
coefficient of 2.062%. This illustrated that
some matings of close relatives occurred,
but, the number of these matings was low.
Coefficient of inbreeding in this study is
lower than in other published results
(Rzewuska et al, 2005; Swanepoel et al,
2007; Norberg and Sorenson, 2007). The
estimates were higher than in Baluchi sheep,
another Iranian sheep breed (Mehmannavaz
et al, 2002). This low estimate was due to
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Figure 1. Average pedigree completeness indices (PCI) for each birth year of Moghani Sheep.

Table 5. Descriptive statistics for inbreeding coefficients for the studied population of Moghani

sheep.
all population Inbred population

Female+ male female male Female+ male female Male
Animal, no 8836 4367 4469 2140 1091 1049
Mean (%) 0.500 0.515 0.484 2.062 2.062 2.062
SD (%) 1.950 1.960 1.940 3.540 3.490 3.580
Minimum (%) 0.000 0.000 0.000 0.001 0.003 0.001

Maximum (%)  28.00 27.00 28.00 28.130 26.610 28.130

low accuracy of the data recording in the
station that caused low  pedigree
completeness.

Figure 2 shows an increasing trend of the
mean inbreeding for all animals, females and
males. The maximum inbreeding was
observed in 1998 for male animals. Mean
inbreeding for males was 0 until 1992. The
increasing trend was not regular until 2000,
but, afterwards, inbreeding means showed
regular increase. The mean level of
inbreeding decreased in the year 2000. The
reason for this decrease was the prevention
of closed mating in sheep by the breeder. In
that year, the station began to perform
synchronization of ovulation and some
female and male animals were imported in
the station. This decrease was observed in
all females and males and one could say that
breeders selected non-related animals for
mating. Besides, pedigree completeness
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went down to almost zero, therefore, even if
the animals were related, inbreeding could
not be detected. In 2006, the mean
inbreeding level for all animals was 0.852
%. This percentage was very low, but it
illustrated that the mean of inbreeding had
increased compared to the base year of
1988. Annual inbreeding rate for all animals
was 0.05 % per year during the 18 years of
the study. This estimate of inbreeding rate
was less than 0.40, 1.00 and 1.53 % reported
by Huby et al., (2003), Norberg and
Sorenson, (2007) and Van Wyk et al,
(2009), respectively.

Inbreeding Depression

Table 3 illustrates the distribution of
animals in classes of inbreeding. The
maximum number of animals were in the
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Figure 2. Annual mean of inbreeding for all, female, and male animals.

first class of inbreeding (F=0) and the
minimum number of animals was in the
sixth class, for all the studied weights. There
were no animals in the fifth class i.e
18.75<F<25.00.

The percent of animals in other classes of
inbreeding were between the first and later
classes. Mean of BW, BW3 and BW6 traits
decreased  irregularly by  increasing
inbreeding coefficient, but, in the cases of
BW9 and BW12 traits, decreasing trend was
observed from the first to the third class. In
the latter classes of inbreeding (F>25.00),
the mean of weight was more than that of
the other classes. This could be due to fewer
records in these groups (except for the first
group).

Regression coefficients per 1 % increase
of inbreeding for birth weight, BW in the 3™
, 6™, 9™ and in the 12™ month were -0.007, -
0.291, -0.026, -.019 and -0.042 kg,
respectively (Table 4). These regression
coefficients show negligible (or
insignificant) inbreeding depression.

These estimates were higher than -0.0005
and - 0.006 kg estimated for Baluchi and
dormer sheep (Mehmannavz et al, 2002;
Van Wyk et al., 2009), but, lower than those
in some other reports (Lamberson and
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Thomas, 1984; Analla et al., 1999; Norberg
and Sorensen, 2007; Barkzak et al., 2009).
Reduction of BW3 by 0.291 kg found in this
study was lower than that reported by
Awemu et al., 1999. The estimate for BW3
was larger than that published by other
authors: Lamberson and Thomas reported
inbreeding effect of -0.111 kg and
Ercanbrack and Knight (1991) reported -
0.114, -0.116 and -0.087 kg for Ramboilet,
Targhee, and Colombia breed, respectively.
Inbreeding depression for BW6, BW9 and
BW12 were -0.026, -0.019 and -0.042 kg per
1% increase in inbreeding coefficient,
respectively. Inbreeding depression for body
weight at these ages was much less studied
and fewer studies reported significant effect
of inbreeding (Mandal et al., 2002). Akhtar
et al. (2000) reported that inbreeding
depression was 0.093, -0.013 and -0.019 kg
for BW6, BW9 and BW12, respectively.
Regression coefficients per 1 % increase of
inbreeding for animals with PCI> 35% are
shown in Table 4. Regression coefficients
for BW in the 3™ and 6™ month are less than
those for all the studied animals. Estimates
of inbreeding depression for birth weight
and BW in the 3™ and 6" month are low;
nevertheless these coefficients are for
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animals with higher data quality (PCI> 35
%). Thus, low inbreeding depression does
not originate from missing pedigree
recording, rather, it is due to real lack of
effect of these traits in this breed.
Regression coefficients for BW in the 9"
and 12" month are more than that for all the
studied animals. Estimates of -0.032 and -
0.067 kg per 1% increase in inbreeding
coefficient for BW in 9" month and BW in
12" month are more than the values reported
in other studies; but, these effects are not
significant effect of inbreeding and it could
be said that inbreeding depression for the
two traits is true. In the present study, the
estimated inbreeding depression was very
different from the other studies. The
difference could be due to low level of
inbreeding or low pedigree completeness.
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