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 Booroola gene is one of the major genes in the enhancement of ovulation rate 
and could be an attractive candidate gene for ovulation rate in sheep. 
Molecular technologies have been widely used for discovery of mutations in 
animal species. These mutations have major effects on the important 
economic traits of sheep and goats. This study was conducted to identify the 
mutation in FecXG region of exon 2 of BMP15 gene which is associated with 
twining using polymerase chain reaction-restriction fragment length 
polymorphism method in Hisari Sheep. For this purpose, blood samples were 
obtained from 110 sheep. DNA was extracted using the salting out method 
and quantity and quality properties of DNA were determined using 
electrophoresis gel. Afterward, a 141 bp fragment, which contains the given 
polymorphic site of BMP15 gene, was amplified by the specific primers. 
Restriction enzyme (HinfI G/ANTC) cuts the "wild-type" allele and as a result 
of digestion, 112 and 29 bp fragments produced. Mutant type allele is not cut 
because of the removal of the intended cutting site. All the samples showed 
the similar monomorphic of genotype (+/+) (wild genotype). Results of this 
study indicate that the investigated polymorphism is not present in the Hisari 
sheep. 
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Introduction 

Sheep breeding is one of the major activities in 
the Tajiki animal production and has an 
important impact on the rural economy. One of 
the most important traits that influences the 
profitability of sheep production is litter size. 
Litter size of almost all Tajiki sheep breeds is 
low, except the Chios breed. 
Hisari sheep is known as a lightweight fat-tailed 
Tajik breed and also because of its meat, has 
high economic importance. Variation of the 
genetic profile in ovulation rate (number of 
mature oocytes released in a reproductive cycle) 
has been extensively investigated in sheep. In 
this regards, substantial differences exist among 

breeds and in addition, some cases have shown 
exceptional variations within breeds/strains 
(Galloway et al., 2000).  
In recent years, ability to improve the 
reproductive traits of livestock species has 
captured increasing attention. Traditional 
methods of genetic improvement in reproductive 
traits suffer from limitations such as restricted 
employment of quantitative genetic approaches 
and limited gain. Furthermore, improvement of 
molecular genetics suggests that reproduction 
associated genes can be utilized in breeding 
approaches and marker-assisted selection 
(MAS). In MAS, primary targets often are 
reproductive traits since the trait can be 
measured only in one sex and has low 
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heritability. In mammals, ovulation rate is 
determined through a localized exchange in 
ovarian follicle hormones between the oocyte 
and adjacent somatic cells and via an exchange 
in hormone signals between the pituitary gland 
and the ovary (Bahrami and Chekaniazar, 2013; 
Eppig, 2001; Galloway et al., 2000).  
Ovulation rate of many mammals is one or 
sometimes two including primates, possums, 
cattle, goats and, deer, whereas in other 
mammals ovulation rate differs between four and 
15 including hamsters, rats, mice, dogs, cats and 
pigs (McNatty et al., 2005). Extensive studies on 
the genetic variation of ovulation rate in sheep 
show substantial differences among breeds and 
sometimes exceptional variations within 
breeds/strains, as noted previously (Bindon et 
al., 1996). Explanation of these exceptional 
variations is that segregation of a major gene 
may cause these situations with a large effect on 
ovarian function. It is postulated that this 
phenomenon provides an explanation for 
reported high prolificacy of Booroola sheep 
(Davis et al., 1982; Piper and Bindon, 1982). In 
addition, the major genes were identified to 
provide an explanation for increased ovulation 
rate and/or litter size in various sheep 
breeds/strains, including Inverdale (Davis et al., 
1991), Cambridge (Hanrahan et al., 2004), 
Thoka (Jonmundsson and Adalsteinsson, 1985), 
Javanese (Bradford et al., 1986), Olkuska 
(Radomska et al., 1988), Belclare (Hanrahan 
1991), Lacaune (Bodin et al., 1998) and 
Woodlands (Davis et al., 2001). 
It is reported that there are three prolificacy loci 
in ruminant. FecB (Booroola) gene is one of the 
major genes in the enhancement of ovulation rate 
(Souza et al., 2001). GDF-9 (growth and 
differentiation factor 9) and BMP-15 (Bone 
Morphogenetic Protein 15) genes make their 
sources in oocytes (Bahrami et al., 2014; Eckery 
et al., 2002; Pennetier et al., 2004). BMP15 gene 
which is located on chromosome X contains 2 
exons (Galloway et al., 2000). Six mutations 
have been detected within this gene including 
FecXR (Rasa) (Monteagudo et al., 2009), FecXH 
(Hanna) and FecXI (Inverdale) (Galloway et al., 
2000), FecXL (Lacaune) (Bodin et al., 2007), 
FecXG (Galway) and FecXB (Belclare) 
(Hanrahan et al., 2004). FecXL corresponds to a 
T/A transition at position 896 in the cDNA 

coding for the BMP-15. Homozygous females 
have small non-functional ovaries and are 
infertile. The second mutation in the BMP15 is 
FecXH mutation. Ovulation rate and litter sizes in 
heterozygous carriers and homozygous females 
are identical in owner Inverdale (FecXI) and 
Hanna (FecXH) families. Hanna allele (FecXH) 
corresponds to a C/T transition at position 871. 
The Hanna mutation introduces a premature stop 
at the amino acid position 291 of the 
unprocessed peptide (amino acid 23 in mature 
protein, Q23stop) leading likely to a loss of 
bioactivity of the BMP-15 protein produced by 
the FecXH allele. The other two mutations in 
BMP-15 are FecXG (Galway) and FecXB 
(Belclare) mutations. Galway allele corresponds 
to a C/T transition at nucleotide 718. FecXG 
mutation leads up to a premature stop codon at 
amino acid 239 of unprocessed protein thus no 
mature protein is produced. Belclare allele 
corresponds to a G/T transition at nucleotide 
1100. Serine to isoleucine change occurs at 
amino acid 99 of the mature protein (S99I) in 
FecXB mutation (Bodin et al., 2007; Davis et al., 
2001; Galloway et al., 2000; Hanrahan et al., 
2004). BMP-15 is essential for female sheep 
fertility and folliculogenesis. In addition, BMP-
15 gene has an important role in mammalian 
fertility because it expresses in the oocyte of 
developing follicle as a transforming growth 
factor beta (TGFβ). So, BMP-15 gene acts as 
granulose cell proliferation and differentiation 
regulator via follicle-stimulating hormone 
receptor expression and promotion of granulose 
cell mitosis. Aside from its essential role in 
follicular development in sheep and 
collaboration in granulose cells function 
regulation, biological functions of BMP15 gene 
is not exactly appreciated or understood (Bodin 
et al., 2007; McNatty et al., 2005). In regard to 
its role in sheep folliculogenesis, two copies of 
naturally occurring inactivating BMP15 
mutations in the same gene cause infertility and 
blockage of the follicular development at the 
primary stage. It is postulated that BMP15 role 
in fertility of small ruminants is based on the 
non-covalently bond heterodimers and 
homodimers of the BMP15 proteins (Hanrahan 
et al., 2004). The aim of this research is 
determining FecXG polymorphism in exon 2 of 
gene BMP15 by polymerase chain reaction-
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restriction fragment length polymorphism (PCR-
RFLP) technique in Hisari sheep which is an 
endogenous Tajiki breed, with high production 
potential.  

Material and Methods 

For this study, 110 blood samples (34 female and 
56 male animals varying from 6 months to 2 
years of age) were randomly obtained from 320 
Hisari breed sheep reared at Dushanbe. Then, 
blood samples were obtained from the jugular 
vein using 10 ml vacuum tube containing EDTA. 
Samples were transported on ice to the 

Laboratory of Biotechnology Yashour located in 
Dushanbe. Afterward, DNA extraction was 
performed on white blood cells (WBC) using 
extracting salt and DNA extraction method of 
Miller et al., (1988). To determine the quality 
and quantity of DNA, the extracted DNA were 
analyzed by electrophoresis on a 0.7 % agarose 
gel. Polymerase chain reaction was carried out 
by using following sequences for amplification 
of the FecXG region exon 2 of BMP-15 gene in 
Hisari sheep (Table 1). The total volume of PCR 
reaction was 25 μl. 

 

Table 1. Primer sequences used for FecXG Region Exon 2 of BMP15 gene (Feraye et al., 2011) 
Primer Sequence (5′→3′) Product length (bp) 

Forward (F) CACTGTCTTCTTGTTACTGTATTTCAATGAGAC 
141 

Reverse (R) GATGCAATACTGCCTGCTTG 

 
In this study, the amplification reaction 
conditions were carried out using 35 cycles. The 
thermal cycling conditions included at the first 
step initial denaturing temperature in 94°C for 4 
min, 35 cycles of denaturation at 94°C for 45 
seconds, annealing temperature 63°C for 30 
seconds, multiply temperature of 72°C for 30 
seconds and final extension temperature was 
72°C for 4 min. PCR products placed on 12% 
polyacrylamide gel electrophoresis and in 
marker size was confirmed accuracy of desired 
fragment. 141bp desired fragment after the 
amplification were introduced under restriction 
enzyme treatment (G↓ANTC) HinfI. Afterward, 
products of electrophoresis were demonstrated 
on 12% polyacrylamide gel (and 2% buffer 
TBE). Then, photos were prepared using Gel 
documentation system.  

Results  

DNA extraction from Hisari sheep blood 
samples was performed using Miller et al (1988) 
with a few changes, as noted in previous section 
(Miller et al., 1988). Determination of 
concentration and quality of DNA was done in 
each sample compared with standard 
concentration of lambda phage DNA that cut 
with EcoRI and HindIII shear enzymes. 
Extracted DNA did not generate any 
abnormalities samples on the agarose gel that it 
indicates that DNA molecules are not broken. 

Also, in this experiment, the contamination 
effects were found by salt in the extracted 
solution that signifies on the purity of the 
extracted DNA. It should be noted that 
ammonium chloride in this method has a role in 
cell lysis. 
After the optimization of reaction conditions of 
PCR for the amplification of FecXG locus in 
exon2 of BMP15 gene of sheep breed, for 
observation banding patterns, the PCR product 
were electrophoresed in the polyacrylamide gel 
(Fig. 1). As expected, 141 bp fragment of exon 2 
of this gene in the studied breed was proliferated 
without any non-specific band and unwanted 
products and it was used to confirm the veracity 
of fragment size obtained from the 100 bp 
ladders. It should be noted that PCR products of 
all samples were similar and there was no 
difference in terms of the length of the 
proliferated string. it confirms only a target 
fragment for the used primers on the DNA 
strand. 
The 112 bp fragment was resulted from the 
amplification of BMP-15 gene by the restriction 
endonucleases of HinfI G/ANTC enzyme, and 
the digestion products in the presence of the size 
markers were electrophoresed on 12% 
polyacrylamide gels (like the electrophoresis of 
PCR products on BMP-15genes). Restriction 
enzyme cuts the "wild type" allele and as a result 
of digestion, 112 and 29 bp fragments produced. 
In figure2, 29 bp fragment is not observable due 
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to small size and mutant type allele is not cut 
because of the removal of the intended cutting 
site. After the electrophoresis of digested 
products, all samples showed the same genotype 
(+/+) i.e. wild genotype. The data obtained from 
this trial indicate that the BMP-15 gene in Hesari 
sheep breed is monomorphic or wild (Fig. 2). 
 

 
 

 

Fig. 1.  Pattern of amplification of exon 2 of BMP15 gene 
in polyacrylamide gel electrophoresis (before digestion) of 
different samples (columns 1-10) 
 

 

Fig. 2.  Results of enzymatic digestion of exon 2 of 
BMP15 gene in polyacrylamide gel electrophoresis. 

Discussion 

According to the phenotypic observations and 
molecular analysis, it seems that the existence of 
the examined mutations in this breed is rejected. 
If the mutation has happened spontaneously, 
since there is no selective planning, mutation 
removal can be possible. Also, due to the closure 
of the breeding environment of this breed and 
being away from the global and regional trading 
routes, the possibility of the transfer of these 
mutations from the foreign breeds to these 
breeds and their proliferation is far from 
expectation. The other reason is the 
environmental breeding conditions of this breed 

which is different from mutation carrying breeds 
because Tajikistan Hisari sheep breed grows in a 
mountainous region and bad weather conditions 
and the environmental conditions always act a 
barrier against high fertility and twinning. 
Furthermore, natural selection has also prevented 
the occurrence of such traits in this sheep. On the 
other hand, since this study has been conducted 
in a small population, the intended mutations 
may not exist in selected blood samples. Since 
other mutations have also been identified that are 
associated with twinning, so it is recommended 
to study the existence of them in this breed. One 
of the most important applications of molecular 
genetics in animal science is to identify animals 
with high fertility. The BMP-15 gene is very 
important in fertility and efficiency of the 
breeding of sheep; ovulation rate increases in the 
sheep with one copy of the BMP-15 gene. For 
the first time Hanrahan et al., (2004) have 
reported some mutations in BMP-15 gene by 
molecular analysis of this gene in Belclare and 
Cambridge breed of sheep that was associated 
with twining of mentioned breeds (Hanrahan et 
al., 2004). After that, other studies were 
conducted to find these mutations in other breeds 
(Chu et al., 2004) and in goat (Hua et al., 2007). 
Following these issues, our study showed 
infertility phenotype in the homozygous state. 
 A study was conducted in order to evaluate the 
polymorphism of BMP-15 and its impact on 
twinning rate and growth traits from birth to 15 
months in Sanjabi sheep breed. According to 
their study, 80% of animals showed MM 
genotype and 20 % showed the NN genotype. 
Also, it was shown that BMP-15 gene had a 
significant effect on twinning. Fixed effects of 
season and parous (different parities) had no 
significant effect on twinning. The average of 
twinning of NN genotype was more than MM 
genotype. Infertility was not seen in Sanjabi 
sheep breed since the observed genotype in this 
breed was only in the form of homozygous, so, 
the hypothesis of infertility in homozygous 
animals with BMP-15 gene is rejected 
(Soleimani et al., 2011).  
According to phenotypic studies in our herd and 
its comparison with the famous twin-bearing 
sheep, lambing rate of this sheep is lower than 
the studied twin-bearing sheep (not stated), 
probably due to adverse environmental 
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conditions and breeding area of Hisari sheep 
breed. Furthermore, obtained results from the 
analysis of Hisari sheep breed is in contrast with 
the results of the Sanjabi sheep breed.  
Since the environment acts against fertility 
genes, a suitable environment should be 
provided to improve reproduction and fertility 
conditions, because Tajikistan sheep do not have 
the fertility genes that possess BMP-15 effect in 
polymorphic form. In order to specific 
determination of the mutations, sequencing test 
should be performed. Finally, it can be stated 
that this gene is monomorphic in Tajikistan 
breeds and its different phenotypes probably 
cause infertility. Considering the effect of 
increased number of born lambs or twinning on 
the amount of produced meat per head of ewe 
per year, reduction in the number of breeding 
ewes on pastures and prevention of the 
degradation of pastures, conducting studies 
seems to be necessary for finding genes that 
have major twinning effect on various breeds in 
Tajikistan. In addition, by entering the twining 
genes and planning for proliferation and 
stabilization of mutations associated with 
fertility genes, a substantial contribution can be 
made to increase production and income of dairy 
farmers of the country. Results showed no 
polymorphic BMP-15 gene, so no relationship of 
genotypes with the percentage of twining can 
also be examined. The frequencies of wild 
genotype (+/+) for exon 2 of BMP-15 gene is 
equal to one and it is zero for heterozygous and 
mutant genotypes because all the animals had the 
same genotype. The frequency of wild allele was 
one and the mutant allele for both positions was 
zero. Thus, no relationship can be examined in 
this context.  
Therefore, in the case of the Tajik sheep may be 
argued that nature acts in favor of the 
competence of animal for survival. And in 
regard to the fact that Tajikistan is located in 
mountainous geographical conditions and 
pastures are in relatively poor conditions and 
traditional sheep farming, probably, nature also 
acts against the twinning gene. So, mutations 
that affect the reproduction have not remained or 
they have been removed over the time. Twin-
bearing animal needs better nutrition as 
compared to monotocous animal and on the 
other hand, Tajik sheep produce lesser milk. 

Therefore the absence of this gene in Hisari 
sheep breed is a big disadvantage because the 
maximum efficiency of this animal can be 
exploited with this gene and also this gene can 
be transferred to other livestock that lacks this 
gene. Of course, all these issues do not mean that 
in Tajik sheep there is no gene with a major 
effect on twining, but there may be a gene or 
genes that have not been identified yet.  

Conclusion 

Although absence of this gene in Hisari sheep 
breed is a big disadvantage, but considering the 
fact that sheep farming in Tajikistan is moving 
towards industrialization, animals with low 
breeding rate would not be cost effective. So we 
can increase the number of born lambs using 
different methods of hybridization with foreign 
breeds, gene transfer, etc., in order to make it 
affordable in intensive and industrial system of 
sheep farming and to preserve the genetic 
diversity. 
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