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      Genetic Parameters Estimation of Prolificacy Traits under the 

         FecB Introgression Pressure in Afshari Sheep Breed 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  INTRODUCTION 
Indigenous breeds of any country are considered as national 
capital and strategic reserves in the economy and prosperity 
of that country (Esmaeili Fard et al. 2019). There are more 
than 50 million sheep in Iran, including 27 breeds that have 
adapted to different regions (Zamani et al. 2015; 
Mohammadabadi, 2017).  

The Afshari sheep breed is one of the most crucial sheep 
breeds in Iran for meat production, also well performed in 
milk production (Karamiyanfili, 2014). The numerous 
population and distribution area of Afshari sheep is located 
in Zanjan province. This breed has a high prolificacy be-
tween other indigenous sheep breed. Lambing is an essen-
tial source of income in all flocks so increasing the fecun-
dity of the Afshari sheep has always been a vital breeding  
 

 

The aim of present research was to estimate genetic parameters and trends of prolificacy traits in Afshari 
sheep breed under the FecB gene introgression breeding program. In this research, phenotypic data were 
collected from 2000 to 2015 at the Research Station of University of Zanjan. The reproductive traits include 
the total number of lambs born (NLB) and number of lambs at weaning (NLW), and composite traits as 
total litter weight at birth (TLWB) and total ltter weight at weaning (TLWW). The data were analysed using 
ASReml software according to restricted maximum likelihood (REML) procedure. The fixed model effects 
parameters were: year, season, age of ewe. Results showed genetic group and number of parturition in the 
model were significant (P<0.05). The direct heritability estimates for NLB, NLW, TLWB and TLWW were 
0.08, 0.08, 0.12 and 0.12, before gene introgression and 0.07, 0.10, 0.08 and 0.12 after gene introgression, 
respectively. The genetic trend of NLB, TLWB, TLWW and NLW from 2000 to 2006 (before gene intro-
gression) were 0.003 ± 0.002 lambs/year, 0.0005 ± 0.003 g/year, 0.010 ± 0.002 g /year and 0.0003 ± 0.003 
lambs/year, respectively and 0.055 ± 0.003 lambs/year, 0.04 ± 0.002 g/year, 0.026 ± 0.004 g/year and 0.005 
± 0.005 lambs/year, respectively from 2007 to 2015 (after gene introgressions cheme). Because of gene 
introgression breeding scheme implementation and parturition of gene carrying ewes in this research station 
from 2007 to 2015, the genetic trend was positive with a few fluctuations. The results showed that the 
insertion and stabilization of the FecB gene caused a significant different in the genetic trend of the 
prolificacy traits.These results suggest that breeding strategy based on transfer major genes such as FecB 
and cross breeding for genetic improvement of reproduction efficiency is more effective than the classic 
phenotypic selection. 
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goal (Pourtahmasebian Ahrabi et al. 2020). 
A crucial biological component in meat production is the 

reproductive traits (Esmailizadeh et al. 2009) so improving 
reproduction in ewes is a great objective in the sheep indus-
try, partly because of the increased number of lambs or the 
weight of lambs to be weaning per ewes (Maxa et al. 2007; 
Afolayan et al. 2008). The highest income from sheep 
breeding is generated by lamb production, and its efficiency 
is possible through reproductive and maternal capacities 
and lactation production (Latifi et al. 2019). Selection pro-
gram is being implemented to progress meat production in 
the Afshari sheep breed. Increasing the litter size per ewe is 
the main objective, but the possible response to the weight 
of lambs should be considered (Mohammadi et al. 2013). 

Genetic variance in traits (known traits but also unknown 
traits of possible future use) should be conserved (Abdoli et 
al. 2019). Therefore, one way to conservation of genetic 
resources is to focus on reproductive traits improvement of 
local sheep breed until their breeding would be economi-
cally affordable. Thus, reproductive efficiency is an essen-
tial factor in the sheep breeds and reproductive traits are 
one of the most important traits affecting the profitability of 
Afshari sheep breeding systems because this breed has a 
good maternal genetic potential to introgression and stabi-
lize the FecB gene (Heidari, 2007). Due to the low herita-
bility of reproductive traits based on research in different 
breeds are affected not only by additive genetic effects, but 
also affected by the combination of maternal additive and 
permanent environmental effects, therefore genetic im-
provement for these traits is difficult and achievement to 
genetic progress is slow (Gholizadeh and Ghafouri Kesbi, 
2015).  

Gene transfer can be a good strategy to introduce new al-
leles and increase genetic progression (Hospital et al. 1992; 
Latifi et al. 2018). Gene transfer involves a set of back 
crosses between a breed containing the desired alleles and a 
native breed which leads to an increase in heterozygous 
sheeps and ultimately a cross between heterozygous indi-
viduals leads to the creation of homozygous sheeps to es-
tablish desirable alleles (Koudande et al. 2000; Valipour-
koutanaee et al. 2019).  

One of the most important factors for the efficiency of 
the breeding program in improving prolificacy traits is se-
lection whithin population and cross breeding (Latifi et al. 
2019). Cross breeding includes breed synthesis and gene 
transfer. Crossbreeding between two or more breeds and 
interbreeding is called breed synthesis. In general, the goals 
of breed synthesis include creating high longevity breeds, 
increasing lambing, increasing growth rate and improving 
carcass quality (Petrovic et al. 2013; Mirzamohammadi et 
al. 2014). 
 

In this regard, the first gene itrogression project in Afshari 
sheep breed was started parturition of carrying ewes in 
2007 at the University of Zanjan with the collaboration of 
Jihad-e-Agriculture Organization of Zanjan province 
(Sepehri, 2016). The breeding scheme began with the im-
port of Booroola merino semen from New Zealand. This 
breed is a combination of 75% Romney and 25% Merino 
that contains the FecB gene associated with the litter size 
and is located on chromosome 6 in sheep (Karamiyanfili, 
2014).  

The low heritability of reproductive traits and the desire 
to produce more lambs per ewe for meat have led to many 
crossbreeding programs seeking to obtain the benefits of 
the Booroola gene (Fogarty, 2009; Sepehri, 2016). 
Booroola Merino sheep carry a major autosomal mutation 
of the FecB gene which has a significant effect on litter size 
(Ekiz et al. 2005).  

It is an additive effect, so one copy of the gene causes an 
additional lamb born per ewes and two copies inherited 
from both parents means an extra 1.5 lambs born per ewes 
(Abdoli et al. 2016; Falconer, 1989). Genetic strategies 
based on improving the profitability of Afshari sheep breed 
have generally focused on reproduction traits (Ghaffari et 
al. 2009).   

Determining the genetic parameters is essential not only 
to conserve the indigenous breeds, but also to determine the 
breeding goals and design of genetic breeding programs 
and well understanding the genetic mechanisms of traits. 
Estimating the genetic parameters and genetic trends also 
enables the selection of methods and reveals the roles of 
genetic and environmental factors such as nutrition, health 
and reproduction (Mahdavi et al. 2014). Genetic improve-
ment of the total number of lambs born (NLB) and number 
of lambs at weaning (NLW), and composite traits as total 
litter weight at birth (TLWB) and total ltter weight at wean-
ing (TLWW) traits via selection of best animals as a next 
generation parents requires the genetic parameters estima-
tion of the traits, so the aim of this study was to estimate the 
(co)variance components, genetic parameters and genetic 
trends of basic and composite reproductive traits of Afshari 
sheep breed with the FecB gene introgression at the univer-
sity of Zanjan research station. 

 

  MATERIALS AND METHODS 
In this study, phenotypic data were collected from 2000 to 
2015 at the University of Zanjan research station. The 
number of data for the analyses included 3314 observations. 
Traits were including the basic traits as NLB and NLW, and 
TLWB and TLWW and the number of records per traits 
were 1750, 1669, 929, and 728, respectively.   
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The variance components of the traits were estimated by 
restricted maximum likelihood method via ASReml soft-
ware (Gilmour et al. 2000) with the six different animal 
model as Table 1 and Pedigree was checked with CFC 1.0 
software (Sargolzaei and et al. 2005). Threshold model was 
used to analysis the NLB and NLW traits. To perform test 
of significance (P<0.05) between fixed effects using the 
generilized linear model (GLM) via SAS software (SAS, 
2005).  

The averages of these traits between the two periods (be-
fore the FecB gene introgression and after the FecB gene 
introgression) were compared by GLM procedure of SAS 
software. The weaning age was considered as three months 
at age. 

Akaike information criterion (AIC) was used to select the 
appropriate model by using the following equation: 
 
AIC= -2Log L+ 2p  
 
Where:  
Log L: logarithms of the correct function of each model. 
p: number of parameters in each model (Dobson, 1991).  
 
Repeatability (r) was calculated as: 
 
r= (σ2

a+σ
2

pe) / σ
2

p 
 

The parameters for analysis were also estimated by the 
convergence criterion of 10-8. Annual genetic progress for 
each trait was calculated by the regression coefficient of 
ewes breeding values on their birth year. The genetic trend 
of these traits between the two periods (before the FecB 
gene introgression and after the FecB gene introgression) 
were compared by generalized linear model (GLM) proce-
dure of SAS software. 

 

  RESULTS AND DISCUSSION 
The structure of the data is showed in Table 2. The mean 
and standard deviation of NLB, TLWB, TLWW and NLW 
were 1.35 ± 0.57, 4.74 ± 0.75, 36.4 ± 7.10 and 1.36 ± 0.54, 
respectively before gene intogression and 1.59 ± 0.57, 4.91 
± 0.75, 36.9 ± 7.10 and 1.42 ± 0.54, respectively after gene 
intogression. 

Fixed effecte were the year at 16 levels (2000 to 2015), 
season at 4 levels, age of ewe at lambing with 5 levels (2, 3, 
4, 5 and more than 6 years), genetic group at 5 levels (Pure 
Afshari, 50% Afshari (F1), 75% Afshari (F2), 87.5% Af-
shari (F3) and 93.75% Afshari (F4)) and number of parturi-
tion at 6 levels were significant (P<0.05) for all traits. The 
effect of interactions between the fixed effects was not sig-
nificant (P>0.05) and it was excluded from the model 

which corresponded to the results of other studies (Heidari, 
2007; Karamiyanfili, 2014).  

The estimated of AIC for all traits were presented in Ta-
ble 3. The lowest AIC value between models as result as 
best model selection, the models number 6, 2, 6 and 2 were 
selected as best model for the NLB, TLWW, TLWB and 
NLW traits, respectively. The estimation of genetic parame-
ters is presented in Table 4. Based on the fitting model, the 
genetic parameters estimated for NLB, TLWB, TLWW, 
and NLW traits with model number 6, 2, 6 and 2, respec-
tively. The direct genetic and maternal heritability and per-
manent ratio for the traits were low to moderate. 

Genetic trends have been evaluated annual genetic 
change in each reproductive trait during the period of 16 
years and presented in Table 5 and Figures 1 to 4. Figure 5 
showed the phenotypic trend for NLB trait. These figures 
showed the genetic and phenotypic trends at two periods 
including before the FecB gene introgression (a, between 
years from 2000 to 2006) and after the FecB gene intro-
gression (b, between years from 2007 to 2015). 

The mean and standard deviation of NLB, TLWB, 
TLWW and NLW were 1.35 ± 0.57, 4.74 ± 0.75, 36.4 ± 
7.10 and 1.36 ± 0.54, respectively before gene intogression 
and 1.59 ± 0.57, 4.91 ± 0.75, 36.9 ± 7.10 and 1.42 ± 0.54, 
respectively after gene intogression. Which these parame-
ters are more than the reported result by Mohammadi et al. 
(2012) in Shal sheep and they estimate 1.26 ± 0.36, 1.05 ± 
0.48, 5.6 ± 1.73 and 30.51 ± 8.40, respectively. In Baluchi 
sheep, Jafaroghli et al. (2019) reported 1.27 ± 0.44, 5.6 ± 
1.66, 28.4 ± 9.22 and 1.28 ± 0.46 for the mean and standard 
deviation of NLB, TLWB, TLWW and NLW, respectively. 

The introgression of FecB gene in Afshari sheep breed 
increased the average litter size. As shown in Table 2, the 
average of traits for both scheme including first period (a) 
and the second period (b) are significantly different 
(P<0.05). Significant mean comparisons between two peri-
ods showed that FecB gene transfer and its fixation had a 
great role to increase the average of all traits.  

The coefficients of variation of traits were from 15.56 to 
41.13. The coefficient of variation for NLB was 41.13%, 
shows that NLB was more diverse than the other traits, and 
indicates the high impact of environmental factors on this 
trait. The small variation was in TLWB, which is probably 
due to the small impact of environmental effects on this 
trait. The reported coefficients of variation of NLB, TLWB 
and TLWW in Moghani sheep were 29.49, 28.55 and 
28.76, respectively (Nayeri, 2013) and it is more divers 
from this study.  

The effects of the year based on climate change, postures 
of rangelands, breeding management, ewe’s breed and feed-
ing lambs has an effect on sheep reproduction performance 
(Rashidi et al. 2008).  
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Table 1 Details of six different fitted models with or without the covariances

1 y= Xb + Z1a + e Cov(a, 
2 y= Xb + Z1a + Z3c + e Cov(a, 

3 y= Xb + Z1a + Z2m + e Cov(a,m)=0 

4 y= Xb + Z1a + Z2m + e Cov(a,m)=Aσam 

5 y= Xb + Z1a + Z2m + Z3c + e Cov(a,m)=0 

6 y= Xb + Z1a + Z2m + Z3c + e Cov(a,m)=Aσam  
y: vectors of observations; b: fixed effects; a: direct additive genetic effects; m: maternal additive genetic effect; c: permanent environmental effects of ewes and e: residual 
random effects, respectively.  
X, Z1,  Z2 and Z3: design matrices relating the corresponding effects to observations and A: numerator relationship matrix. 

Table 2 The descriptive statistics for reproductive traits in Afshari sheep breed in two period of FecB introression program 

Average 
CV (%) Range Standard error P-value 

After Before 
Number of records Traits 

41.13 1-4 0.57 0.004 1.59a 1.35b 1750 NLB (lambs/year) 

15.56 2.5-17.5 0.75 0.005 4.91a 4.74b 929 TLWB (g/year) 

19.39 8.55-99.3 7.10 0.03 36.9a 36.4b 728 TLWW (g/year) 

38.84 0-4 0.54 0.02 1.42a 1.36b 1669 NLW (lambs/year) 
NLB: number of lambs born; TLWB: total litter weight at birth; TLWW: total litter weight at weaning and NLW: number of lambs at weaning. 
CV: coefficient of variation. 

Table 3 Estimates the akaike information criterion (AIC) in 6 different models

Traits 

NLW (lambs/year) TLWW (g/year) TLWB (g/year) NLB (lambs/year) 
Model 

-965.44 10891.44 -365.366 -570.658 Model 1 

-970.32* 10843* -443.458 28.9858 Model 2 

-968.11 10862.34 -445.366 -596.668 Model 3 

-966.34 10862.2 -443.696 -601.240 Model 4 

965.24 10844.63 -449.402 -605.72 Model 5 

969.01 10846.63 -468.794* -606.75* Model 6 
NLB: number of lambs born; TLWB: total litter weight at birth; TLWW: total litter weight at weaning and NLW: number of lambs at weaning. 
* (P<0.05). 

Table 4 Variance components, genetic and phenotypic parameters estiamtion of reproductive traits in Afshari sheep breed 
Traits NLB TLWB TLWW NLW 

Model 6 6 2 2 

σ2
a 0.021 1.74 1.93 0.06 

σ2
m 0.017 1.47 - - 

σ2
pe 0.026 1.70 1.07 0.02 

σ2
e 0.224 17.51 13.21 0.49 

σ2
p 0.29 22.42 16.21 0.57 

h2 0.07±0.04 0.08±0.02 0.12±0.02 0.10±0.04 

m2 0.06±0.04 0.06±0.01 - - 

c2 0.09±0.03 0.07±0.03 0.07±0.03 0.03±0.04 

r 0.16 0.15 0.18 0.14 
NLB: number of lambs born; TLWB: total litter weight at birth; TLWW: total litter weight at weaning and NLW: number of lambs at weaning. 
σ2

a: additive genetic variance; σ2
m: maternal additive genetic variance; σ2

pe: permanent environmental variance; σ2
e: residual variance; σ2

p: phenotypic variance; h2: direct
heritability; m

 
2: maternal heritability; c2: ratio of permanent environmental variance on phenotypic variance and r: repeatability. 

Table 5 Genetic trend1 of reproductive traits in Afshari sheep breed

Genetic trend ± SE 
Trait 

Before after 
P-value 

NLB (lambs/year) 0.003±0.002b 0.055±0.003a  0.003 

TLWB (g/year) 0.0005±0.003b 0.04±0.002a 0.004 

TLWW (g/year) 0.010±0.002b 0.026±0.004a 0.03 

NLW (lambs/year) 0.0003±0.003b 0.005±0.005a 0.02 
1 Genetic trend: before the FecB introression program and after the FecB introression program. 
NLB: number of lambs born; TLWB: total litter weight at birth; TLWW: total litter weight at weaning and NLW: number of lambs at weaning. 
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Age of ewe is effective on pre-weaning traits. Lambs 
born of young ewes are less likely to be weaned than those 
born of older dams. The significant impact of age of dam 
effect is probably related to the degree of physical growth, 
body weight, reproductive system and milk production by 
the dam for older ewes (Fogarty, 1995). Furthermore, lamb 
production in dams usually increases until 4 to 5 years of 
age which it decreases significantly. Thus, lambs from 
these ewes show a higher growth rate due to adequate nutri-
tion than lambs born of two-year-old dams. Therefore, en-
vironmental factors explain a significant part of the diver-
sity in this study.  
In general, increased age of the ewe, especially after of four 
years, improved the TLWB and TLWW traits. Part of these 
differences is due to maternal effects, lactation and dam 
behaviour at different ages due to the significant effects of 
ewes (Zhang et al. 2009; Mohammadi et al. 2012; Abdoli et 
al. 2019). The heritability for NLB was estimated with 6 
different models and estimates 0.02 to 0.11, which model 
number six was selected as the best model with the lowest 
AIC. The direct genetic heritability and maternal heritabil-
ity for this trait were estimated 0.07 and 0.06, respectively, 
which corresponds to different reported diverse breeds in 
the range from 0.04 to 0.09 (Rao and Notter, 2000; Nayeri, 
2013). Genetic parameters estimation of reproduction traits 
in different sheep populations has different results and its 
heritability has been reported in various studies (Safari et 
al. 2005; Hanford et al. 2006; Rashidi et al. 2011). Herita-
bility for NLB, TLWB, TLWW in Lori Bakhtiari sheep 
breed were reported 0.10, 0.12 and 0.10, respectively 
(Vatankhah et al. 2008) whereas it was 0.07, 0.08 and 0.12 
in this study, also the permanent maternal environments for 
NLB was estimated was 0.026, which is consistent with the 
reported parameters in Chaious (0.028), Merino (0.025), 
Romanov (0.05) and 0.026 in Moghani sheep breeds (Rao 
and Notter, 2000; Bromley et al. 2001; Van wyk et al. 
2003; Nayeri, 2013).  

The estimated heritability of NLB and NLW, and TLWB 
and TLWW were 0.01, 0.03, 0.06 and 0.18, respectively in 
Kermani sheep breed (Mokhtari et al. 2010). Mohammadi 
et al. (2012) reported the heritability of NLB 0.13 in Shall 
sheep and Karamiyanfili (2014) reported 0.15 in Afshari 
sheep. Van wyk et al. (2003) estimated the heritability 
0.059 for NLB, which is consistent with the results of this 
study. In Balochi sheep breed, the heritability for the NLB 
was 0.2 (Mokhtari et al. 2010), which is higher than the 
result of the present study. These differences can be attrib-
uted to differences in the various breeds and population 
sample size as well as applied models for genetic parameter 
estimations. The heritability for NLW in this study was 
0.10. The range of estimated heritability regarding NLB 
and NLW in the various studies were reported from 0.01 to 

0.18 and 0.10 to 0.18, respectively (Rao and Notter, 2000; 
Hanford et al. 2003; Vanimisetti et al. 2007; Rashidi et al. 
2008). 

Hanford et al. (2003) reported the direct heritability for 
NLW in Targhee sheep 0.07, which is less than result of the 
present study. The heritabilty of NLW was 0.02 for Polypay 
sheep breed (Rao and Notter, 2000) and 0.133 for Dormer 
sheep breed of south Africa (Van wyk et al. 2003), and 0.09 
for Moghani sheep breed (Mohammadi et al. 2012). 

The TLWB is a combination of number of lambs born 
and weight of lambs in each parity and represents ewe ca-
pacity to produce weight of lambs regardless of the number 
of lambs (Vatankhah et al. 2008; Mirzamohammadi et al. 
2014).  

The estimated direct and maternal heritability of TLWB 
were 0.08 and 0.06, respectively. The range of heritability 
for this trait was 0.046 to 0.4 and it has been reported in 
various studies (Van wyk et al. 2003; Mokhtari et al. 2010; 
Mohammadi et al. 2012). Mokhtari et al. (2010), Nayeri 
(2013), Vatankhah et al. (2008) and Karamiyanfili (2014) 
reported the heritability for TLWB was 0.06, 0.07, 0.10 and 
0.14 respectively for Kermani, Moghani, Lori Bakhtiari and 
Afsharisheep breeds. The permanent maternal environ-
ments for TLWB estimated was 0.07, which is consistent 
with the reported value 0.08 in Shall sheep breed 
(Mohammadi et al. 2012). 

The estimated heritability for TLWW was 0.12. In the 
present study, a higher heritability was estimated for 
TLWW than the TLWB, which indicates that selection 
based on total litter weight at weaning rather than total litter 
weight at birth is more effective. The heritability range of 
this trait has been reported from 0.025 to 0.17 (Mokhtari et 
al. 2010; Vatankhah et al. 2008; Rashidi et al. 2011). 

The TLWW can be the basis for selection, since this trait 
represents the total production of an ewe per weight of 
lamb produced per parity and the estimated heritabilty was 
0.12. Matika et al. (2003) reported heritability for TLWW 
equal to the present study (0.12). Mokhtari et al. (2010), 
Vatankhah et al. (2008), Mohammadi et al. (2012) and 
Nayeri (2013) reported the heritability for this trait invari-
ous range 0.18, 0.12, 0.11 and 0.14, respectively in ker-
mani, Lori Bakhtiari, Shal and Moghani sheep breeds. The 
permanent maternal environments (c2) for TLWW esti-
mated 0.07, which is consistent with the reported value of 
0.06 and 0.04 in Shall and Dorset sheep breeds, respec-
tively (Mohammadi et al. 2012; Petrovic et al. 2013). In-
creasing lamb production will not be adequate by lamb 
numbers alone, because the weight of each lamb is not 
taken into account of lambs, so the weight of lambs weaned 
per ewe is a complete trait that affected by the fertility of 
the ewe, the number of lambs born and the performance of 
the lambs from birth to weaning.  
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Figure 1 Genetic trend for number of lambs born (NLB) trait before the FecB gene introgression (a) to after the FecB gene introgression (b) 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Genetic trend for total litter weight at weaning (TLWW) trait before the FecB gene introgression (a) to after the FecB gene intro-
gression (b) 

 
 
 
 
 
 
 
 
 
 

Figure 3 Genetic trend for number of lambs at weaning (NLW) trait before the FecB gene introgression (a) to after the FecB gene introgres-
sion (b) 

 
 
 
 
 
 
 
 
 
 

Figure 4 Genetic trend for total litter weight at birth (TLWB) trait before the FecB gene introgression (a) to after the FecB gene introgression 
(b) 

 
 
 
 
 
 
 
 

Figure 5 Phenotypic trend for number of lambs born (NLB) trait before the FecB gene introgression (a) to after the FecB gene introgression 
(b) 
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Therefore, this trait is the most important factor in spec-
ify the production of ewes and also in the economic effi-
ciency of lambs (Abdoli et al. 2016). 

The repeatability of reproductive traits is low to moderate 
because of their genetic backgrounds and the nature of 
these traits. Therefore, in order to increase herd perform-
ance, the decision to remove ewes based on a record of re-
productive traits had a little accuracy (Mohammadi et al. 
2013; Pourtahmasebian Ahrabi et al. 2020). Estimated re-
peatability were 0.16, 0.15, 0.18, and 0.14 for NLB, 
TLWB, TLWW, and NLW respectively. Estimated repeat-
ability of TLWW and NLB were higher than other traits, 
thus the selection accuracy for these traits would be high 
via the first NLB record and measures as correlation be-
tween performance records in repeated parturition of the 
ewe, which is agreement with previous studies. 
Mohammadi et al. (2012) reported the repeatability values 
for NLB, TLWB, TLWW and NLW was 0.17, 0.15, 0.17 
and 0.13, respectively in Shall sheep breed. Nayeri (2013) 
reported the repeatability for NLB, TLWB, TLWW and 
NLW was 0.13, 0.16, 0.14 and 0.14, respectively in 
Moghani sheep. Amou Poshte Masari et al. (2013) reported 
0.02. 0.01, 0.27 and 0.03 in Shall sheep for repeatability of 
NLB, NLW, TLWB and TLWW, respectively. 
Karamiyanfili (2014) reported the 0.21, 0.19 and 0.22 for 
repeatability of TLWB, TLWW and NLW traits respec-
tively. Ekiz et al. (2005) estimated 0.124, 0.079, 0.077 and 
0.088 for repeatability of NLB, NLW, TLWB and TLWW 
respectively in Turkish Merino sheep, which is less than the 
results of the present research. The slight effect of perma-
nent environment can be explained by the negative correla-
tion between litter size and reproduction during reproduc-
tive years (Mortazavi et al. 2014). If an ewe has a higher 
number of lambs born per year, stress during pregnancy and 
lactation lead to decreased litter sizes over the years then 
the impact of animal permanent environment (Heidari, 
2007; Jafaroghli et al. 2019). 

Genetic trends need to be studied when the goal of meas-
uring breeding programs applied to sheep breeding system 
over a given period of time (Rashidi et al. 2011). The aver-
age of estimated breeding values (BV) for NLB, TLWB, 
TLWW and NLW showed a slightly positive trend (Figures 
1 to 4), and demonstrate that those traits had been taken 
into consideration in the breeding objectives for Afshari 
sheep breed. The genetic trend of the NLB trait shows that 
this trait has been improved since the year 2001. Since the 
introgression of FecB gene scheme in the ewes of univer-
sity of Zanjan herd in 2007, the trend has been increased. In 
the year 2009, due to the abortions some of F1 ewes be-
cause of intolerance to the injection of the brucellosis vac-
cine, strong heat stress in Zanjan province in August 2009 
and their displayed sensitivity to Agalaxia caused a less 

genetic trend in this year, although due to the birth of F2 
and F3 lambs in 2012 the trend was improved but with the 
selling of some carrier gene ewes in this herd after 2012, 
the genetic trend has been declined. Mortazavi et al. (2014) 
reported a genetic trend of NLB trait with 0.016 lambs per 
year till to 1996 then after this time they reported a negative 
genetic trend of -0.012 lambs per year for Iranian Black 
sheep breed. These researchers stated that considerable 
changes in genetic trends before and after 1996 with lack of 
a specified breeding strategy for these sheep at Abbas Abad 
station. Aguirre et al. (2017) reported a negative genetic 
trend for NLB, TLWB and NLW in Brazilian Santaines 
sheep breed because these traits were not included in the 
their farm breeding objectives. The genetic trend of NLB, 
TLWB, TLWW and NLW from 2000 to 2006 (before gene 
introgression) were 0.003 ± 0.002 lambs/year, 0.0005 ± 
0.003 g/year, 0.010 ± 0.002 g/year and 0.0003 ± 0.003 
lambs/year, respectively and 0.055 ± 0.003 lambs/year, 
0.04 ± 0.002 g/year, 0.026 ± 0.004 g/year and 0.005 ± 
0.005 lambs/year, respectively from 2007 to 2015 (after 
gene introgression scheme). The phenotypic trend from 
2000 to 2006 (before gene introgression) for NLB was 1.32 
and 1.66 lambs/year from 2007 to 2015 (after gene intro-
gression). Baneh et al. (2020) by doing research in Iran-
black sheep during 1980 to 2004, reported the genetic 
trends for NLB, TLWB, TLWW and NLW were 0.010 ± 
0.001 (lambs/year), 0.027 ± 0.002 (g/year), -0.004 ± 0.002 
(g/year) and 0.010 ± 0.001 (lambs/year), respectively. The 
genetic trends values of the present research due to the in-
trogression of the FecB gene are higher than the values of 
recent study. Research has shown that if the goal is to in-
troduce a major gene into native breeds used of traditional 
gene assisted selection can increase the abundance of the 
major genes as much as gene assisted genomic selection 
(Latifi et al. 2019). As shown in Table 5, the genetic trend 
of studied traits for both scheme including first period (a) 
and the second period (b) are significantly different 
(P<0.05). Significant mean comparisons between two peri-
ods showed that FecB gene transfer and its fixation had a 
great role to increase the genetic trend of all traits. Due to 
conducted a gene introgression scheme on the Afshari 
sheep breed of this herd, semen transfers from the foreign 
country, various management, different recording proce-
dure, elimination and select for commercialization the 
ewe’s carrier FecB gene in 2012 and also because of F1 
ewe’s abortion in 2009, the genetic trend had a positive 
value with some fluctuation. 

 

  CONCLUSION 

Small estimated vluse of heritability and repeatability pa-
rameters for NLB, TLWB and NLW indicate that phenolty- 
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pic selection for these traits doesn’t led the significant ge-
netic improvement of reproductive efficiency in Afshari 
sheep breed. Therefore, in order to improve these traits, the 
use of molecular genetics and marker assisted selection 
such as major genes (FecB) and back crosses between cross 
breeds of Afshari booroola and Afshari ewes for introre-
gression and stabilization the FecB gene is essential to en-
hancing genetic progression. Of course, consideration of 
environmental factors is really necessary. However, the 
high heritability estimates for TLWW compared to other 
traits studied showed that direct selection based on this trait 
could be more effective. Nevertheless, the strategy selection 
based on FecB gene itrogression along with the other traits 
such as NLB and TLWW can lead more lambs production 
and it was welcomed by sheep farmers to increase the litter 
size in their herds. 
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