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Abstract 

 
The present research was carried out to investigate the genetic polymorphism in BMPRIB (FecB) gene and to test whether 
this polymorphism is associated with improving twin production in Egyptian domestic sheep and goats. Blood samples were 
collected from 139 animals including 95 of sheep and 44 of goats. These animals involved 113 mothers (83 of sheep and 30 
of goats) at the first, second, third and fourth parity. The other remaining 26 females (12 of sheep and 14 of goats) were at 
sexual maturity age to detect and select the females that carry desirable gene markers for their using in successful breeding 
program. Genomic DNA was extracted from whole blood samples. PCR was carried out for amplification of a fragment with 
140 bp of FecB locus. PCR-RFLP, PCR-SSCP and nucleotide sequence analysis were performed to detect and identify the 
genetic polymorphism of the candidate gene. Results of PCR-RFLP analysis observed no genetic polymorphism in FecB locus. 
However, PCR-SSCP analysis clarified genetic polymorphism with two patterns (P1 and P2) in sheep. Pattern 1 was detected 
in 12 animals including 11 mothers and one female at age of sexual maturity. Pattern 2 was observed in 83 animals involving 
72 mothers and 11 females at age of sexual maturity. All goat animals were monomorphic and they were identical with P2 of 
sheep. The mothers with P1 had more percentage of twin production and increase the mean number of lambing than 
mothers with P2 and statistical analysis showed that there were significant differences between the two patterns. Sequence 
analysis determined two types of alleles, mutant allele A and wild type allele T with two genotypes AT and TT. Genotype AT 
was noted to be associated with improving twin production and increase the mean number of lambing in comparison with  
TT genotype. In conclusion, the present research clarified that polymorphism in FecB locus of BMPRIB gene is a favorable 
genetic marker that influences the fecundity of Egyptian small ruminant especially in sheep. 
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INTRODUCTION 

 
Sheep and goats that have trait of twin production were emphasized to give and contribute more than 1.5 to 2.0 times towards meat, milk, wool, hair and skin 

than animals that produce single offspring per lambing or kidding (Ahlawat et al., 2015). For some previous years, the amelioration of this reproductive trait (twin 
production) has been established by identifying fecundity genes and selecting the desirable alleles (mutant alleles) responsible for more lambs or kids per 

conception and also in the life time of the animal (Feng et al., 2006; Hua and Yang, 2009; Ahlawat et al., 2015). The FecB site of Bone Morphogenetic Protein 
Receptor type IB (BMPRIB) gene has been revealed to be a major fecundity gene mutation responsible for prolificacy in different sheep breeds such Booroola 
Merino, Huyang (Hu) and Small Tail Han (STH) (Feng et al., 2006; Hua and Yang, 2009). The BMPRIB gene is a member of superfamily of transforming growth 

factor B (TGFB) and it has an important role in regulation of folliculogenesis (Davis et al., 2005). This gene is autosomal which is found on ovine chromosome 6 
with codominant expression that was revealed to cause the additive for ovulation in fecundity sheep especially Booroola sheep (Davis et al., 2004; Davis et al., 
2005). The carriers or the mutant sheep had been characterized by ‟precociousˮ differentiation of ovarian follicles causing large number production of ovulatory 

follicles than non-carriers or wild type (Souza et al., 1997; Feng et al., 2006). The FecB mutation was found to be a Q249R mutation in the highly conserved 
kinase domain of BMPRIB that cause increases the litter size and improve the fertility in sheep (Souza et al., 2001; Wilson et al., 2001; Davis et al., 2002, 2006). 
The nucleotide transition from ‟Aˮ to ‟Gˮ of the cDNA sequence at position 746 of FecB locus, causes a non-synonymous substitution of glutamine with an 

arginine corresponding to 249 (Q249R) of the mature protein (Davis et al., 2006). Several studies showed in physiological states some evidences on the effect of 

FecB mutation in the expression of reproductive-related genes: the mRNA levels of each of stimulating hormone receptor (FSHR), luteinizing hormone receptor 
(LHR), estrogen receptor α (ERα) and progestin receptor (PR) were higher in STH ewes that carry FecB mutation than those of non-carriers (wild type) (1.14, 

0.42, 0.48 and 0.82 Vs 0.44, 0.23, 0.27 and 0.37, respectively) (Jia et al., 2005a,b; Yao et al., 2006; Hua and Yang, 2009).  
Furthermore, it was observed that Huyang (Hu) and STH sheep that carry FecB mutation had been utilized for improving the fecundity of non prolific breeds 

by using crossbreeding system: for example, in Droper X Huyang (DH) sheep and Droper X STH (DS) sheep, the frequencies of carriers and wild type of offspring 
were 0.875 and 0.125, respectively, and 0.786 and 0.124, respectively, while in Droper sheep one only genotype was observed (Wang et al., 2007). Also, in 
previous study by Yang and Zhang (2002), the lambing rate in the offspring of Tan X STH sheep was found to be increased by 121.1% as compared to Tan ewes. 
Wang et al. (2005) noted that the lambing rate in the F2 generation of Charolais XSTH sheep had been increased by 193.7%. Zhang et al., (2004) revealed that the 
introducing FecB mutation of Chinese Merino prolific sheep into non prolific Romilly Hills sheep by crossing process had improved the lambing rate in F1 
generation by 37.14% .  

In Egypt, sheep and goats are among the farm animals species that have been domesticated. These animals are economically important due to their 
production of meat, milk, wool, hair and skin. However, information on genes affecting fertility of Egyptian small ruminants is scarce. So, the present work aimed 
to examine the genetic polymorphism and SNPs (gene markers) in BMPRIB gene and to elevate the association of these gene markers with improving twin  
 
Research Journal of Animal and Veterinary Sciences  
ISSN: 1819-5458  



 

 

2  
Citation: Ibrahim M. Farag, Hassan R. Darwish, Dalia M. Aboelhassan, Mohamed M. Aboelenin and  Shakweer W.M.E. 2018. Study of genetic polymorphism in 
BMPRIB gene and its association with improving twin production in Egyptian sheep and goats. Res. J. Anim. & Vet. Sci., 10(1): 1-5  
 
production in different breeds or strains of Egyptian sheep and goats. The individuals of animals that carry desirable gene marker could select and utilize in 
successful breeding program that contribute in development of new strains or breeds of prolific small ruminant species. 

 
MATERIALS AND METHODS 

 
Experimental sheep and goat flocks:  

One hundred and thirty-nine females of sheep and goats were utilized in this study. 95 females of them were sheep and belonging to five breeds, Barki (25), 
Osseimi (18), Rahmani (11), Saudanez (38) and Awase (3). The remaining, 44 females were goats and were obtained from five breeds including Zaraibi (20), 
Damascus (12), Boer (6), Sanan (4) and Barki goats (2). 113 mothers (83 of sheep and 30 of goats) were used for association of identified genotypes in BMPRIB 
and BMP15 genes with the twin production or with the litter size. These mothers were at first, second, third and fourth parity. For the same reproductive trait, the 
remaining 26 animals (12 of sheep and 14 of goats) were at age of sexual maturity. These young females were tested to select the animals that carry favorable gene 
markers (alleles) for successful breeding program. The breed samples of small ruminant species were sourced from Animal Production Farms belonging to Faculty 
of Agriculture (75 animals including 46 sheep and 29 goats), Cairo University; New Nubaria Farm (33 animals involving 18 sheep and 15 goats) and 
Governmental Halayieb farm (31 animals of sheep), Egypt. 

 
Blood sample collection and DNA extraction:  

Approximately 6 ml of blood per animal were collected aseptically from the jugular vein in EDTA containing vacutainer tubes. All samples were delivered 
back to the laboratory in an ice box. Genomic DNA was extracted from white blood cells using standard phenol-chloroform extraction protocol (Sambrook and 
Russell, 2001). An Eppendorf biophotometer was used to assess DNA concentration and quality on the basis of absorbance of UV light at 260 and 280 nm and 
stored at -20oC before use. 

 
PCR and PCR-RFLP reaction:  

Polymerase Chain Reaction-Restriction Fragment Length Polymerase (PCR-RFLP) was employed for the FecB site of BMPRIB gene. Primers for PCR-
RFLP are shown in table 1. The primers for detecting mutation of BMPRIB gene were cited by Wang et al., (2003) and Shi et al., (2010). The reverse primer 
deliberately introduced by a point mutation would create an Ava11 restriction site (GGACC) in PCR products from FecB carrier animal (sheep or goat), whereas 
PCR products from the no carriers lacked this site. 

  
Table 1: Primer sequences for candidate gene BMPRIB 

Gene Mutation Forward (5ʼ-----3ʼ) Reverse (5ʼ-----3ʼ) 

BMPRIB FecB gtcgctatggggaagtttggatg caagatgttttcatgcctcatcaacacggtc 

  
The expected size of PCR production will be 140 bp. After digesting with restriction endonuclease (Ava11), the band of wild type is 140 bp, while the band 

of heterozygote will be 108 and 32 bp, respectively. 

 
PCR reactions:  

PCR reactions were carried out in a total volume of 25ul solution. PCR cocktail consisted of 50-100 ng of genomic DNA, 200 uM of each dNTPs, 50 pM of 
each primer, 0.5 units of Taq DNA buffer having 1.5 mM MgCL2 for each reaction. PCR amplification was accomplished by denaturation for 1 min at 94oC; 30 
cycles of denaturation at 94oC for 45s, annealing at specific temperature 60oC for 45s, extension step at 72oC for 45s with a final extension at 72oC for 5 min. The 
PCR products were visualized following electrophoresis through a 1.8% ethidium bromide stained agarose gel. 

 
Pcr-RFLP:  

Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) genotyping protocol was performed with Ava11, on PCR products 
corresponding to mutations FecB, as per manufacturer's instructions (Ferments International, Inc) by mixing 5 ul of the PCR product with enzyme buffer and one 

unit of respective enzyme in a final volume of 15 ul. Digested fragments were separated by electrophoresis on 3% agarose gel stained with Ethidium bromide (2 
ul/100 ml). The fragments were photographed under Gel Documentation system and their sites were estimated using a 25, 50 or 100 bp DNA ladder (Ferments 
International. Inc) and then genotypes were recorded. 

 
Single-strand conformational polymorphism (SSCP):  

PCR products were resolved through SSCP analysis. Amount of PCR product (5- 10 ul) was diluted in denaturing solution (A: 95% of Formamide, 10 mM 
NaOH, 0.05% Xylene-Cyanol and 0.05% bromophenol blue; B: same as A, plus 20 mM of EDTA (pH 8.0). A 10% SSCP gel mixture (30 ml) was prepared 
through acrylamide- -bisacrylamide (37.5: 1), TEMED (30 ul) and 10% ammonium persulfate (0.8 ml) in a 1x TBE (90 mM Tris-borate at pH 8.3, 4 mM EDTA), 
and a voltage of 300 V, running time (6- 8 h) and running temperature at 4oC. Each PCR reaction was diluted in denaturing solution, denatured at 95oC for 5 min, 
chilled on ice and resolved on non-denaturing polyacrylamide gel. Electrophoresis was carried out in a vertical unit (Hoefer Scientist SE600, 160 x 140 x 1 mm) in 
a 1x TBE buffer. The gels were stained with 0.1% silver nitrate and visualized through 2% NaOH solution (containing 0.1% formaldehyde). Homozygous and 
Heterozygous genotypes from different SSCP patterns in different breeds were photographed and analyzed using Gel Documentation system. 

 
Sequence analysis:  

PCR products representing different SSCP patterns of FecB site in BMPRIB gene were purified and sequenced by GLC Company, Germany. The nucleotide 
sequences were compared against the corresponding sheep gene sequence (GenBank Accession Number: AF357007) for FecB site in BMPRIB gene and analyzed 
by cluster wide analysis using CodonCode Aligner software, Codon-Code Corporation, USA . 

 
Statistical Analysis:  

Statistical analyses for PCR-SSCP patterns were performed by one way ANOVA followed by two-way ANOVA. The significance of the differences among 

pattern groups was determined according to the method of Waller and Duncan (1969). The values are expressed as mean±SE. All statements of significance were 
based on probability of (P≤ 0.05). 

 
RESULTS AND DISCUSSIONS 

 
1. Results of PCR-RFLP electrophoresis:  

The present results revealed that the size of PCR product as expected of BMPRIB gene was 140 bp (Figure 1). In this PCR-product after digesting with 
restriction endonuclease (Ava11), the findings showed that all genotyped sheep and goats had the wild type alleles, where the band of wild type was 140 bp 
(Figure 2).  
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Fig. 1: PCR products of mutation site FecB of BMPR-IB gene at product size 140 bp.  
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: RFLP analysis of FecB mutation of BMPR-IB gene. L: Lane 1: Control positive DNA containing AvaII restriction site. 

 
2- Results of PCR-SSCP analysis:  

PCR- SSCP technique was performed on FecB locus of BMPRIB gene. PCR-SSCP of the 140 bp PCR product size of such gene was shown in Figure 3. The 
results identified two bending patterns (genotypes), pattern 1 (P1) and pattern 2 (P2). These polymorphisms were only shown in sheep animals (Table 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3: PCR-SSCP of the 140 bp PCR product size of FecB mutation of BMPR-IB gene showed the two patterns P1 and P2. 

 
Table 2: Shows genetic polymorphisms in FecB locus of BMPIB gene and their effects on litter size (twin production) of Egyptians domestic sheep and goats. 

BMPRIB 

FecB 
 No. of mothers 

No. of 

T. births 

No. of 

S. births 
% of Twin births % of Single births 

Mean no. 

lambing 

Mean litter size 

(Twin production) 

Sheep 
P1 11 15 9 1.36±0.15c 0.82±0.22a 3.55±0.25b 2.18±0.18b 

P2 72 34 77 0.47±0.1a 1.07±0.06a 1.96±0.16a 1.54±0.1a 

Goats P2 30 35 29 1.17±0.25bc 0.97±0.16a 3.3±0.16b 2.14±0.19b 

Data expressed as mean±SE. Values followed by different superscript letters are significantly different from one another within the same columns (p≤0.05). 

 
However, in goat breeds the basic findings of the current study was the absence of polymorphism at BMPRIB gene. All genotyped goats were monomorphic 

in FecB locus and subjected to pattern 2 as found in the sheep breeds. Pattern 1 (P1) was found in 12 animals of sheep including 11 mothers and one lamb at age of 
sexual maturity, whereas, pattern 2 (P2) was observed in 83 animals of sheep involving 72 mothers and 11 lambs at age of sexual maturity. The mothers of P1 

were observed to have high rates of litter size or twin production and increase the mean number of lambing compared to mothers of P2. So, this genotype (P1) is 
considered to be as a prolificacy gene marker. 

 
Sequence analysis:  

Sequence analysis in FecB locus of BMPRIB gene: sequence analysis in FecB locus of BMPRIB (Figure 4 and table 3) showed two types of alleles, mutant 
allele A and wild type allele T with two genotypes TT and TA. Genotype TA was observed to affect litter size, where the mothers with TA genotype had high rates 
of mean litter size and increase of mean number of lambing as compared to TT genotype.                                            
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Fig. 4: Sequence analysis in FecB locus of BMPRIB gene showed two types of alleles, mutant allele A and wild type allele T with two genotypes TT and TA. 

 
Table 3: Sequence analysis of of BMPRIB gene in Egyptian domestic sheep and goats shows genotype and allele frequencies of FecB site. 

Species T. No of Animals 
Types of pattern 

(SSCP) 
Genotype 

No of Animals with 
SSCP Pattern 

Genotype 
frequencies 

Allele 
frequencies 

  A T 

Sheep 95 
P1 AT 12 12.6 

6.3 93.7 
P2 TT 83 87.4 

Goats 44 P2 TT 44 100 0.0 100 

 
Discussion:  

In the present study, no polymorphism was found by using PCR-RFLP in BMPRIB gene, all genotyped sheep and goats had the wild type alleles. Our 
findings are similar with that revealed by Amiri et al. (2007) who did not confirm by using PCR-RFLP the incidence of mutant alleles in FecB gene of Lori-
Bakhtiarin sheep since all samples showed monomorphic genotypes. In coincidence, Kumar et al. (2006) in Marwari and Bharat Merino ewes and Ghaffari et al 
(2009) in Shal sheep observed no genetic polymorphisms in BMPRIB gene by using PCR-RFLP technique. Moreover, Hua et al. (2008) studied the genetic 
polymorphism of Q249R mutation in FecB locus using PCR-RFLP on 550 fecundity Chinese goats such as Boer of different breeds. None of polymorphism was 
observed in these animals and the authors suggested that prolificacy of such goat breeds in not related to the same locus in FecB as sheep. In some prolific Chinese 
goat breeds, Chu et al. (2010) and He et al. (2010) found genetic monomorphism in locus of Fec gene. Furthermore, in Thai multi-breed meat goats, Supakorn and 
Pralomkarn (2010) reported absence of genetic polymorphism of FecB gene. Mohammadi and Alimahmoudi (2011) also found absence of polymorphism for FecB 
locus in some Iranian goat breeds using PCR-RFLP. 

 
PCR-SSCP and sequence analyses:  

The present study used single strand conformational polymorphism (PCR-SSCP) analysis for screening or detecting genetic polymorphisms in the fecundity 

BMPRIB gene. PCR-SSCP has been used as a one of the preferred methods for screening the genetic polymorphisms (gene markers) in the fecundity genes (Chu et 
al., 2007; Wang et al., 2011 and Feng et al., 2012). In this procedure, the regions of the gene of interest have been found to be amplified using PCR and the 

products are denatured and then cooled quickly to consequently promote the formation of secondary structures due to internal base-pairing which are in turn 
sequence dependent (Orita et al., 1989; Vignal et al., 2002). The DNA molecules of the folded single-strand have been separated by polyacrylamide gel 
electrophoresis under non-denaturing conditions. DNA molecules that vary or differ by even a single nucleotide could form different conformers under a given set 

of conditions and upon electrophoresis in a non-denaturing polyacrylamide gel, migrate differently (Orita et al., 1989; Vignal et al., 2002). In the present study, 
PCR-SSCP analysis detected genetic polymorphisms in FecB mutation of BMPRIB gene. The analysis revealed two patterns (genotypes), pattern 1 (P1) was 
observed in 12 animals of sheep including 11 mothers and one lamb at age of sexual maturity. Whereas, pattern 2 (P2) was found in 83 animals of sheep involving 

72 mothers and 11 lambs at age of sexual maturity. The mothers with (P1) were fecundity females and they were observed to have high rates of litter size (twin 
production) and increase the mean number of lambing as compared to mothers of P2. Sequence analysis on PCR-SSCP patterns determined two types of alleles A 
(mutant type) and T (wild type) with two genotypes, AT and TT. Genotype AT was noted to be associated with improving twin production and increase mean 

number of lambing in comparison with TT genotype. Similarly, Polley et al. (2009) detected by using T-ARMS-PCR and DNA sequence analysis, that BMPRIB 
gene was polymorphic in Indian prolific Black Bengal goats. Their results identified two alleles (wild type allele, A and mutant allele, G) with three genotypes, 
AA, AG and GG. The heterozygous genotype AG was observed to be predominance, where the genotype frequencies were 0 .11, 0.64 and 0.25 for AA, AG and 

GG, respectively. Allelic frequencies for G and A were 0.57 and 0.43, respectively. Moreover, Polley et al. (2010) revealed by using T-ARMS-PCR two types of 
alleles in FecB locus of BMPRIB gene, wild type allele A and mutant allele G with two genotypes (AG and GG) of prolific Garole sheep. The two genotypes AG 
and GG were with frequencies 0.77 and 0.23, respectively. The allelic frequencies were 0.39 for allele A and 0.61 for allele G. Thus, the mutant allele G was noted 

to be predominant in fecundity Garole sheep. In another study on Chinese goat breed, Wang et al. (2011) detected genetic polymorphism in BMP15 gene by using 
PCR-SSCP and |DNA sequence analysis. These authors found three genotypes AA, AB and BB, genotype BB was noted to have increase of 0.91 or 0.82 kids more 
than those observed in AB or AA genotypes, respectively. 
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