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Abstract

Bone morphogenetic protein 15 (BMP15/FecX) gene is one of the candidate genes for the reproduction 
in farm animals, especially sheep. The present study aimed to detect the genetic polymorphism in 
three different regions of BMP15 gene in sheep from the Bulgarian Dairy Synthetic Population (BDSP) 
using PCR-RFLP technique. For the purpose of the experiment were used 163 ewes from the herd of 
the Agricultural Institute-Shumen with records of the number of lambs born from a minimum of two 
consecutive lambing. The average number lambing of ewe is 4.07. DNA was extracted from blood 
samples of all ewes, subjected to PCR amplification. The PCR products of 141 bp (FecXG), 153 bp 
(FecXB), and 240 bp (FecXH) were cut with HinƒI, DdeI, and SpeI restriction enzymes, respectively. 
In FecXG region were visualized two fragments with length 112 bp and 29 bp (wild genotype ++) 
in all tested ewes. For FecXB in all animals were obtained two fragments of 122 bp and 31 bp which 
corresponded to homozygous wild genotype AA. For FecXH all animals were homozygous with CC 
genotype and only one determined fragment of 240 bp. In conclusion, the findings in present study 
did not detect any polymorphisms in BMP-15 gene in sheep, regardless their good prolificacy.
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Introduction

FecX (BMP-15) is a member of the trans-
forming growth factor beta (TGFβ) superfam-
ily that is expressed specifically in oocyte of the 
developing follicle. Sheep Bone morphogenetic 
protein 15 (BMP-15, FecX) has been mapped 
on the X chromosome of Ovis Aries L. genome. 
The full coding sequence length is 1179 bp and 

it is consisted of two exons separated by one in-
tron. BMP-15 is a protein that blocks FSH recep-
tor expression in the ovaries. According this fact 
heterozygous individuals have multiple ovula-
tions and therefor increased ovulation rate. The 
mutation in only one copy of BMP-15 leads to 
increased ovulation rate (Kumar et al., 2016; 
Nagdy et al., 2018). 
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Eight different mutations have been identified 
in this locus – Inverdale-FecXI, Hanna-FecXH, 
Belclare-FecXB, Galway-FecXG, Lacaune-FecXL, 
RasaAragonesa-FecXR, Grivette-FecXGr, Olkus-
ka-FecXO (Galloway et al., 2004; Davis, 2005; 
Bodin et al., 2007; Demars et al., 2013; Mon-
teagudo et al., 2019). FecXB locus covers a se-
quence containing the missense mutation 1100 G 
< T(S99I) in exon 2 causing a non-synonymous 
substitution of serine with isoleucine. The non-
sense mutation C < T in FecXG causes the substi-
tution of glutamine with a stop codon (Q239*) re-
sulting in premature termination of translation. 
The point mutation C < T in the FecXH locus 
causes the substitution of glutamine with a stop 
codon (Mohamed et al., 2020).

Twinning in sheep is a crucial economic fac-
tor. The slow and uncertain process of improving 
reproduction traits by traditional selection is due 
to the low heritability rate. Hence, the applica-
tion of marker-assisted selection (MAS) is essen-
tial in enhancing fecundity in sheep. Therefore, 
the development of different fecundity genes and 
the study of their genetic diversity would lead to 
a rapid and efficient improvement of fertility in 
sheep (Rahman et al., 2021).

Dairy sheep constitute 75% of the sheep pop-
ulation in Bulgaria, most numerous being the 
representatives of the Bulgarian Dairy Synthetic 
Population (BDSP), registered in 2005. The ap-
plied methods of creation, with the participation 
of the East Friesian (EF) and Awassi (Aw) breeds 

(Hinkovski et al., 1984, 2008; Stancheva, 2003; 
Stancheva et al., 2014ab, 2016), classify sheep 
from the Synthetic population as a composite 
commercial breed for milk, according to inter-
national standards (Rasali et al., 2006). At the 
same time, sheep from the Bulgarian Dairy Syn-
thetic Population have good adaptability and po-
tential for good fecundity – 150 lambs from 100 
ewes (Stancheva et al., 2014b).

The available literature on the genetic di-
versity of genes related to fecundity in Bulgar-
ian sheep breeds is very limited. For the BMP 
15 gene, only two studies have been performed 
(Bozhilova-Sakova and Dimitrova, 2021; Bo-
zhilova-Sakova and Stoykova-Grigorova, 2022).

The aim of present experiment was to study 
the genetic diversity of three different regions in 
BMP 15 gene in 163 ewes from the Bulgarian 
Dairy Synthetic population from the flock of the 
Agricultural Institute – Shumen.

Materials and methods

Animals and blood sampling
A total of 163 ewes with records of the num-

ber of lambs born from a minimum of two con-
secutive lambing’s were tested in this study. The 
average number lambing of ewe is 4.07. The 
ewes were part of the nucleus flock of the Bul-
garian Dairy Synthetic Population, raised at the 
Agricultural Institute-Shumen. (Figure 1). Blood 

 
Fig. 1. Ewes from the flock of the Bulgarian Dairy Synthetic population,  

raised in Agricultural Institute-Shumen, Bulgaria 
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samples (5 mL) were collected from each animal 
through vena jugularis into EDTA containing 
tubes and were stored at -20 °C until DNA ex-
traction. All animals were kept under the same 
nutritional and environmental condition.

DNA extraction
DNA was extracted from whole blood using 

DNA preparation kit QIAamp DNA Blood Mini 
Kit (Qiagen), the concentration and purity of ex-
tracted genomic DNA were determined by spec-
trophotometer and agarose electrophoresis on 
1% agarose gel.

DNA amplification by polymerase chain re-
action

The DNA samples were amplified through 
polymerase chain reaction technique developed 
by Mullis et al. (1986) in thermal cycler B-96 
(Quanta Biotech). The following components 
were used for preparation of one reaction mix-
ture with 20 μL final volume: 40 ng DNA tem-
plate, 20 pM of each primer and 2 × (1.5 mM 
MgCl2) Red Taq DNA Polymerase Master mix 
(VWR, Int., Belgium). The primers sequences 
and annealing T was presented in Table 1. The 
reactions were amplified at 94 °C for 1 min (ini-
tial denaturation), then 30 cycles of denaturation 
at 94 °C for 45 s, annealing, extension at 72 °C 
for 45 s, and a final extension at 72 °C for 5 min. 
PCR products were subjected to electrophoresis 
in 2.5% agarose gel stained by Red Gel Nucleic 
Acid Stain (Biotium), 1 × TBE buffer with, at 
90 V for 30–40 min. The bands were visualized 
under ultraviolet trans illumination and pho-

tographed in Hi-UVTM Duo Capture (HIME-
DIA). 

Restriction fragment length polymorphism 
(RFLP)

The PCR products of 141 bp (FecXG), 153 bp 
(FecXB), and 240 bp (FecXH) were digested with 
HinƒI (G/ACT), DdeI (C/TTAG), and SpeI (A/
CTAGT) restriction enzymes (Thermo Fisher 
Scientific, UK), respectively. All reactions were 
prepared in a total volume of 10 μL (6 μL PCR 
product, 1 μL enzyme buffers, 0,5 μL digestion 
enzymes and 2,5 μL water) and incubated at 37 
°C for 1 h. After digestion, the results were vi-
sualized by electrophoresis at a concentration of 
3% agarose gel. 

Results

After DNA extraction were received 163 sam-
ples with concentration approximately 15–20 ng/
μl. A 141 bp product of FecXG gene was ampli-
fied using PCR-RFLP technique in all sheep un-
der the study. The PCR products were cut with 
HinƒI restriction enzyme into two digested frag-
ments of 29 bp and 112 bp in all sheep, which 
determined the homozygous wild genotype ++ 
(Figure 2). 

After RFLP analysis of FecXH gene with re-
striction enzyme SpeI all PCR products of 240 
bp remained uncut, which revealed the homozy-
gous wild genotype CC (Figure 3).

The PCR products of FecXB with length of 
153 bp were cut with restriction enzyme DdeI 

Table 1. Primer sequences, length of PCR products, and annealing temperature of the three investigated 
regions of BMP-15 gene

Region Primer sequence Length of  
PCR product Annealing T References

FecXG F F:5’-CACTGTCTTCTTGTTACTGTATTTCAATGAGAC-3
R: 5’GATGCAATACTGCCTGCTTG-3’ 141 bp 60 °C Hanrahan et 

al. (2004)

FecXB F: 5’GCCTTCCTGTGTCCCTTATAAGTATGTTCCCCTTA-3’R: 5’- 
TTCTTGGGAAACCTGAGCTAGC -3’ 153 bp 60 °C Barakat et al. 

(2017)

FecXH F: TATTTCAATGACACTCAGAG
R: GAGCAATGATCCAAGTGATCCCA 240 bp 55 °C Hua et al.,

(2008)
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into two digested fragments of 31 bp and 122 bp, 
which identified the homozygous wild genotype 
AA in all tested animals (Figure 4).

The mean values and results of the analysis of 
variance for the litter size of the animals studied 
are reflected in Table 2. Ewes have a good fecun-

dity potential (1.65 lambs born per ewe), despite 
the fact that no polymorphisms were detected in 
the three regions of the BMP 15 gene. Litter size 
was significantly affected by parity (P ≤ 0.01) 
and ranged from 1.52 number of lambs born at 
2nd lambing to 1.77 number of lambs born at 4th 

 

Fig. 2. Restriction fragments after digestion with HinfI 

 

Fig. 3. Restriction profile of FecXH in sheep  from the Bulgarian Dairy Synthetic population 

 

Fig. 4. Restriction profile of FecXB in sheep from the Bulgarian Dairy Synthetic population 
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lambing. Possibly, the good fecundity of ewes 
from the studied flock may be based on a dif-
ferent region of the BMP15 gene or a different 
major gene.

Discussion

According to many authors, these three re-
gions are highly conservative in various sheep 
breeds worldwide. 

In different study in Bulgaria were tested 50 
ewes of Ile de France sheep breed and the genet-
ic status of FecXB was determined by means of 
PCR-RFLP method. Similar to the results in this 
experiment it was found the presence only of ho-
mozygous wild genotype AA (Bozhilova-Sakova 
and Stoykova-Grigorova, 2022). 

In a study of Ali et al. (2020) were investi-
gated FecXH and FecXG mutation in Karadi 
sheep. After the PCR amplification, the research 
team received products of 240 bp and 141 bp for 
FecXH and FecXG gene, respectively. When PCR 
products were digested with SpeI and HinfI re-
striction enzymes, was revealed the absence of 
restriction sites for both genes in all tested ani-
mals.

Mohamed et al. (2020) investigated the same 
three regions of BMP-15 gene in 156 Watish 
ewes of 2–6 years of age. Their results confirm 
the results obtained in the present experiment. 
The BMP15 (FecXB) locus was analyzed, target-
ing a 153 bp PCR fragment. The PCR reaction 
was carried out with the restriction endonuclease 

enzyme DdeI. It resulted in one type of restric-
tion pattern that produced two fragments in all 
animals under study and was assigned as ho-
mozygous genotype (wild type) (122-31 bp). The 
PCR product of FecXG was 141 bp and it was di-
gested by Hinf1I endonuclease enzyme, generat-
ing two types of restriction patterns (112 bp + 
29 bp) and (141 bp + 112 bp + 29 bp) represent-
ing ++ and G + genotypes, respectively. The 
wild type (++) was the more frequent type in 
the population, but none of the animals carried 
the homozygous mutant genotype GG (141 bp), 
which was not sensitive to the enzyme at the site 
of cutting. The point mutation polymorphism C 
< T in the causes the substitution of glutamine 
with a stop codon. The PCR products (240 bp) of 
FecXH gene were digested by SpeI endonuclease 
enzyme. The uncut pattern (240 bp) resulted in 
one type of restriction fragment pattern, which 
was assigned as wild type genotype ++ in all 
animals under study.

The BMP15 genotypes of 77 fertile Chios 
sheep were investigated by PCR-RFLP method. 
Monomorphism was established in all studied 
individuals who showed a wild type genotype 
and did not carry the FecXB mutation. In conclu-
sion, it is believed that the high fertility of Chios 
sheep may be based on a different region of the 
BMP15 gene or a different major gene (Dinçel et 
al., 2018). Their results correspond with those in 
the present study.

Differ from the results in this study, in a pre-
vious study of FecXB gene in Bulgaria, it was in-
vestigated the genetic diversity of 60 ewes from 

Table 2. Оverall mean and analysis of variance for litter size by ewes parity
Variable Number Average C.V. %

P-value
Total litter size 163 1.65 39.48
Liter size by parity
1-st lambing 163 1.61 41.14%

0.021615

2-nd lambing 163 1.52 32.52%
3-rd lambing 143 1.70 40.89%
4-th lambing 103 1.77 47.46%
5-th lambing 62 1.74 32.58%
6-th lambing 29 1.66 37.68%

*P ≤ 0.01
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the Northeast Bulgarian Merino sheep breed. It 
was revealed the presence of heterozygous geno-
type G+ with frequency 0.12 (Bozhilova-Sakova 
and Dimitrova, 2021). 

Conclusions

As a result, in the present investigation it could 
be concluded that the three investigated sites 
from the FecX gene were highly conservative in 
all 163 ewes from the Bulgarian Dairy Synthetic 
population. In FecXG was produced only allele + 
and only genotype ++, respectively. After RFLP 
analysis of FecXH was determined only allele C 
and only genotype CC, respectively. In FecXB 
was identified only the homozygous wild geno-
type AA in all tested animals. However, world-
wide (including in Bulgaria) there were differ-
ent breeds and studies with genetic diversity of 
FecX gene. Тhe good fecundity of ewes from the 
Bulgarian Dairy Synthetic population may be 
based on a different region of the BMP15 gene 
or a different major gene. Thus the effect of other 
major genes or regions should be investigated in 
future studies.
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