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Abstract 

BMP 7 is a member of transforming growth factor-β (TGF- β) superfamily which plays an important role in 

the growth and follicular development in mammalian ovary. The present study was designed to amplify and 

detect polymorphism in exon 6 and exon7 of BMP 7 gene and to investigate the association with infertility in 

Egyptian buffalo cows. PCR amplification of DNA isolated from blood of 35 Egyptian water buffalo cows (5 

normal fertile, 16 repeat breeders and 14 anestrum) revealed the expected size (259 bp) for exon 6 and (360 bp) 

for (Part of intron 6 plus part of exon 7). Polymorphisms in these two loci were studied by using direct 

sequencing and RFLP techniques. No SNPs were detected in exon 6, a monomorphic restriction banding pattern 

observed in normal cyclic and infertile animals. Non- synonomous SNP (G/A) at  base 82 from the start of exon 

7 was discovered in BMP7 gene. G to A transition revealed two genotypes GG and GA in the investigated 

Egyptian water buffaloes. The GG genotype was predominant with a genotype frequency of 0.94. GA genotype 

was found in some infertile animal with frequency of 0.06.  SNP (G82A) of BMP7 exon7 gene might be useful 

in marker-assisted selection of breeding programs for the Egyptian water buffalo. 
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1. Introduction 

Buffalo is an important economic food animal 

in Egypt; providing milk and meat with adaptation 

to harsh environment. Poor reproduction is one of 

the limiting factors for genetic improvement of 

Egyptian buffalo [1].  

Bone morphogenetic proteins (BMPs) comprise 

the largest subgroup of the transforming growth 

factor-b (TGF-b) superfamily, with more than 20 

members [2].  BMPs play critical role in the fertility 

of mammals through modulation of essential 

growth factors controlling development of follicles 

and ovulation [3]. One of BMPs family is BMP 7, 

which can induce the differentiation of granulosa 

cells, stimulate synthesis of follicle-stimulating 

hormone, and inhibit the production and secretion 

of progesterone [4]. BMP 7 may inhibit granulosa 

cell apoptosis via different pathways. They induce 

the incidence of healthy follicles (via the inhibition 

of follicular atresia) [5]. Naturally occurring 

mutations of certain BMP family genes can alter 

early embryonic development or cause reproductive 

defects [6-11]. The aim of the present study were to 

amplify and detect polymorphisms of exon 6 and 7 

of BMP7 gene and to  investigate the possible 

association with infertility problems in Egyptian 

buffalo cows by using direct sequencing and PCR-

RFLP techniques.  

 

2. Material and methods 

2.1 Animals 

The present study was conducted on a total of 

35 Egyptian water buffalo cows (Bubalusbubalis). 

Animals were selected from a buffalo nucleus herd 

kept in Nataff-Gedeed Station, Mahalet-Mousa 

Farm, Animal Production Research Institute 

(APRI), Agricultural Research Centre, Ministry of 

Agriculture. Thirty five buffalo cows were 

identified to be either normal fertile or infertile 

(anestrus and repeat breeder) based on reproductive 

records and confirmed by the rectal palpation and 

ultrasonography.  

 

2.2 DNA extraction 
Blood samples were collected in EDTA 

containing vacutainer tubes (kept in ice box) from 

jugular veins of 35 animals (5 normal fertile, 14 

anestrum and 16 repeat breeders). The genomic 

DNA was extracted from the leucocytes using 

TIANamp Genomic DNA Kit following the 

manufacturer protocol (www.tiangen.com/en). The 

concentration of total extracted DNA was 

spectrophotometrically determined at 280 and 260. 

 

2.3 Polymerase chain reaction (PCR) 

BMP7 gene (exon 6) and BMP7 (Part of intron 

6 plus part of exon7) loci were amplified by PCR 

using forward and reverse primers Table (1). The 

reaction volume was 25 μL, containing 3.0 μL 

DNA template (approximately 100 ng), 12.5 μl Taq 

Green PCR master mix 5x (Fermentas, #K1071, 

European Union), 0.5 μL (10 μmol/L) forward 

primer, 0.5 μL (10μmol/L) reverse primer, and 8.5 

μL nuclease free water. Amplification condition 

was shown in table( 2). The PCR product was 

visualized on 2% agarose gel on the UV 

transilluminator and photographed by gel 

documentation system (Gel DOC
 TM

XR+ Imaging 

System). PCR products for ten animals (3 normal, 3 

repeat breeder and 4 anestrum) were purified 

according to Zymoclean
 TM

 Gel DNA Recovery Kit 

mailto:dr_baloza_vet2009@yahoo.com
http://www.tiangen.com/en
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(Zymo Research, catalog no. D4001.D4002, D4007 & D4008) and then sequenced. 

 

Table(1) Primers used for PCR, sequence and resulting product size used in PCR reaction for the bovine bone 

morphogenetic proteins BMP7. 

 

Product size (bp) Primer  Sequence (5 - 3) Gene bank 

259 
BMP7 (Exon 6) 

F ACTTTGTTCTGACCACGCC NP 

_ 

001192944 

 R AGCTTGGAGGGACATGAG 

360 BMP7  

(part of intron 6 plus 

part of exon7) 

F GGGAGTGCCCAGTGAGTGT 

 R AAGAGGTGGGAGGTGCTG 

 

F: Forward DNA strand, R: Reverse DNA strand. 

 

Table (2) PCR reaction condition. 

 

Primer 
Initial 

denaturation 

No. of  

Cycles 30 

For each cycle Final  

extention 

Final 

hold 

Denaturation Annealing Extention 

4 oC 

BMP7( exon 6) 94oC/5min. 

30 

94 oC /45sec. 60 oC /45sec. 72 oC /45sec. 72 oC /10 min. 

BMP7 (part of 

intron 6 plus part 

of exon 7) 

94oC/5min. 94 oC /45sec. 62 oC /45sec. 72 oC /45sec. 72 oC /10 min. 

 

2.4 DNA sequencing  
The sequencing was done in forward direction in 

3500 Genetic analysers (Applied Biosystem
R
). The 

Sequences were analyzed using the Chromas Lite 

2.1program(http://technelysium.com.au/?page_id=1

3) and the identity of the sequenced PCR product 

was examined using BLAST search against 

Genbank database of buffalo and cattle (Bos 

Taurus) http://blast.ncbi.nlm.nih.gov/Blast.cgi). 

The MEGA 6 [12] and Bioedit 7.0.5.3 [13] 

Softwares were used for sequences alignment and 

polymorphism detection. 

 

2.5 Polymerase chain reaction- Restriction 

Fragment Length Polymorphism (PCR-RFLP) 

After sequencing of DNA samples, NEB cutter 

V2. [14] software program was used to determine 

the restriction enzyme that recognized specific 

restriction site.   

 

2.5.1 Digestion of BMP 7 (exon 6) using MspI 

restriction endonuclease enzyme  
MspI isolated from Moraxella species (Cat. # 

R057s, Fast cut Buffer) cuts best at 37 °C with the 

following recognition site: 5' C↓C G G 3'. PCR 

product was digested according to the following 

reaction condition; 10 ul PCR products, 1ul of 

MSP1restriction enzyme, 2 ul of 10XNE buffer and 

7 ul of Nuclease free water, with incubation time 15 

mints. at 37 °C. 

 

2.5.2 Digestion of BMP 7 (part of intron 6 and 

exon 7) 

A. Using Taq
α
I restriction endonuclease enzyme 

Taq
α
I restriction endonuclease enzyme 

(CutSmart®, Time- Saver enzyme) has 5' T↓CG A 

3' recognition site. PCR product was digested 

according to the following reaction condition; 8 ul 

PCR products, 1ul of Taq
α
I restriction enzyme, 5 ul 

of 10XNE buffer and 6 ul of Nuclease free water, 

with incubation time 15 mint. at 65 °C. 

 

B. Using HinfI restriction endonuclease enzyme  
HinfI restriction enzyme has 5' G↓AN TC 3' 

recognition site. PCR product for BMP 7 (part of 

intron 6 plus part of exon 7) was digested according 

to the following reaction condition; 10 ul PCR 

product, 1ul of Hinf I restriction enzyme, 2 ul of 

10XNE buffer and 7 ul of Nuclease free water, with 

incubation time 15 mint. at 37 °C. The digestion 

products were electrophoresed at 100 Volt for 30 

min on 2% agarose gel. The banding pattern was 

determined under ultraviolet light by using gel 

documentation system. 

 

2.6 Data analysis 

Gene and genotypic frequencies were estimated 

according to [15] by simple counting of the alleles 

based on the electrophoresis results. 

 

3. Results& discussion  

3.1 Polymorphism in exon 6 of BMP7 

3.1. 1 DNA sequencing 
The PCR product with the expected size 259 bp 

for BMP 7 gene exon 6 was obtained by 2% 

agarose gel electrophoresis as shown Fig (1). The 

resulting PCR products were purified and then 

directly sequencing.  

Nucleotide sequences of BMP 7 gene (exon 6) 

were presented in Fig (2). Nucleotide sequences 

alignment of 259 bp of BMP 7 gene with Bubalus 

http://technelysium.com.au/?page_id=13
http://technelysium.com.au/?page_id=13
http://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.neb.com/products/b7204-cutsmart-buffer
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Bubalis and Bos taurus were performed using 

BLAST and presented in Fig (3& 4). 

 

3.1.2 Polymerase chain reaction- restriction 

fragment length polymorphism (pcr-rflp) 

Genotyping of the amplified samples (259bp) 

was performed in this study using MSP1 restriction 

enzyme. RFLP gave banding pattern with 

fragments 195 and 64 bp, Fig (5). 

In this study, no mutation was observed in 

BMP 7 gene (exon 6) between normal cyclic, 

anestrum and repeat breeder buffalo cows. 

Alignment of the obtained sequences from all group 

(normal cyclic, anestrum and repeat breeder) 

showed higher homology between tested and 

reference samples sequences. The similarity of 

buffalo cows was 100%with Bubalus bubalis (fig.3) 

(accession no. XM_006049008.1) and 97% with 

Bos taurus (FJ827081.1, fig( 4). 

This is in contrast to that reported by [16], they 

detected 82960C>T SNP in exon 6 of bovine BMP 

7 in cattle population. That confirmed by presence 

of two SSCP genotypes. It was silent mutation; not 

change the amino acid sequence. Silent SNPs do 

not change the protein sequence. However, recently 

[17, 18] reported that the silent mutation may have 

effect on the gene function and phenotype.  

In PCR-RFLP with MSP1, banding pattern was 

one type of monomorphic bands with AA genotype 

in all samples under the study fig (5). 

RFLP banding pattern using Msp1 restriction 

enzyme was monomorphic in the study of [19] on 

BMP15 gene (exon 2) in all studied Saidi and 

Ossimi ewes. 

However, MspI restriction enzyme was used to 

detect the polymorphism of BMP in the study of 

[20]. They performed PCR-RFLP on BMP15 in 

intron1 in Chinese Holstein bulls. Three genotypes 

were observed on the banding pattern (GG, TT and 

GT) with genotypic frequencies of 0.64, 0.32, and 

0.04, respectively. MspI restriction enzyme used to 

determine the BMP-15 gene polymorphisms of 

cattle [21]. They recognized two genotypes (AA 

and AB) with genotypic frequencies of 53.67 and 

43.33 %. 

 

3.2 Polymorphism in exon 7 of BMP 7 gene,  

The PCR product with expected size 360 bp for 

BMP 7 (Part of intron 6 plus part of exon 7) was 

shown in fig(6). The PCR products were purified 

and directly sequencing. 

 

3.2.1 DNA sequencing 

Nucleotide sequences of BMP 7 gene ( part of 

intron 6 plus part of exon 7) were presented in fig( 

7). Nucleotide sequences alignment of 360 bp of 

BMP 7 ( part of intron 6 plus part of exon 7) with 

Bubalus Bubalis and Bos taurus were performed 

using BLAST and presented in Fig(8& 9). 

 

3.2.2 PCR-RFLP  
Genotyping of the amplified samples (360 bp) 

was performed using Taq
α
1 and Hinf1 restriction 

enzymes. 

Digestion with Taq
α
1 restriction enzyme gave 

product with fragments 360, 210, 103 and 47 bp for 

genotype (GA) and fragments 210, 103 and 47 bp 

for genotype (GG) individuals as showed in fig(10). 

The restriction banding pattern using Hinf1 gave 

product with fragments 192, 93 and 75 bp in all 

samples with the same AA genotype fig (11).  

In this study, no mutation was observed in BMP 

7 gene (exon 6) between normal cyclic, anestrum 

and repeat breeder buffalo cows. Alignment of the 

obtained sequences of BMP 7 (exon 6) showed 

higher homology between the tested and reference 

sequences. The similarity of buffalo cows was 

100% with Bubalus bubalis fig (3) 

(XM_006049008.1) and 97% with Bos taurus 

(FJ827081.1, fig( 4). 

This is in contrast to that was reported by [16]. 

They detected 82960C>T SNP in exon 6 of bovine 

BMP 7 in cattle population. That confirmed by 

presence of two SSCP genotypes. It was silent 

mutation; causing no changes in the amino acid 

sequence. Silent SNPs do not change the protein 

sequence. However, recently [17, 18] reported that 

the silent mutation may have effect on the gene 

function and phenotype.  

In our study, PCR-RFLP with MSP1showed one 

banding pattern with AA genotype in all samples 

under the study fig( 5). 

RFLP banding pattern using Msp1 restriction 

enzyme was monomorphic in the study of [19] on 

BMP15 gene (exon 2) in all studied Saidi and 

Ossimi ewes. 

However, MspI restriction enzyme was used to 

detect the polymorphism of BMP in the study of 

[20]. They performed PCR-RFLP on BMP15 in 

intron1 in Chinese Holstein bulls. Three genotypes 

were observed on the banding pattern (GG, TT and 

GT) with genotypic frequencies of 0.64, 0.32, and 

0.04, respectively. MspI restriction enzyme was 

used to determine the BMP-15 gene polymorphisms 

of cattle [21]. They recognized two genotypes (AA 

and AB) with genotypic frequencies of 53.67 and 

43.33 %, respectively. 

Nucleotide sequences of BMP 7 ( part of intron 

6 plus part of exon 7) gene showed in Fig( 7. 

Alignment of the obtained sequences of BMP 7 

resulted in 99% similarity with bubalus bubalis 

(XM_006049008.1). In some individual with 

history of infertility problem ( anestrum and repeat 

breeder) , SNP (G/A) at base 82 from the start of 

exon 7 was observed, which is a non- synonomous 

mutation fig( 7 & 9). causing transition of G to A 

base which changing the amino acid Aspartate to 

Asparagine amino acid in a corresponding protein 

sequence. It was notable that non-synonymous 
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SNPs, which have lower frequency, are more likely 

to be population-specific [22]. 

SNP g.84784G> A was found in exon 7 of 

bovine BMP 7 in cattle population [16]. That 

confirmed by presence of two SSCP genotypes. It 

was silent mutation.  

Effect of SNP was demonstrated by other 

studies, [23] demonstrated the presence of SNP in 

introns of BMP 7. Three single nucleotide 

polymorphisms (SNPs) (g.35161T>C, g.35175T>C 

and g.35216C>T) were identified in intron 2 of the 

BMP 7 gene in sow. they found that g.35161T>C 

was significantly associated with number of piglet 

born alive (NBA) and litter weight at birth (p < 

0.05), and the litter weight at 21 days (p < 0.01). 

The BMP7 gene might be associated with the 

reproductive characters in pig and can be used as a 

marker in MAS.  Moreover, [24] detected the 

polymorphism of BMP 7 in three sow breeds. Two 

polymorphic sites (c. 517 C>T and c. 562C>T) 

were determined in exon 2 of BMP 7. Digestion of 

PCR fragment of BMP 7 c. 517 C>T locus by 

artificial enzyme Ban 1 resulted in AA, AB and BB 

genotypes, while digestion of c. 562C>T fragment 

with Vsp1 enzyme gave CC, CD and DD 

genotypes. 

In our study, PCR-RFLP analysis; Restriction 

banding pattern of BMP7 gene (part of intron 6 plus 

part of exon 7) using Taq
α
I enzyme gave product 

with fragments 360, 210, 103 and 47 bp in 

heterozygous mutant individuals (GA) and 

fragments 210, 103 and 47 bp in homozygous (GG) 

individuals as showed in fig(10).The AA genotype 

was predominant with a genotype frequency of 

0.94. The AB genotype was present with a 

genotype frequency of 0.06.  

No polymorphism was found on digestion by 

using Hinf1 restriction endonuclease enzyme with 

monomorphic banding pattern. 

 Hinf1 restriction enzyme was used to detect the 

polymorphism of BMP gene in the study of [25]; 

they detected the polymorphism of BMP15 gene in 

goat. The restriction banding pattern revealed one 

fragments of 112 bp for AA. 

Moreover, Taq
α
1 restriction enzyme was used to 

detect the polymorphism of Bone Morphogenetic 

protein-2 in human with three genotypes (AA, AB 

and BB) [26]. 

 

 

 

Fig (1) Representative samples of ethidium bromide-stained gel of PCR products; 1- 5 normal, 6- 

10 repeat breeder and 11- 15 anestrum of amplified BMP7 gene (exon 6, 259 bp) in Egyptian 

water buffalo.  Lane M: 100 bp ladder marker. 

 

 

CCCCGCAGGACTGGATCATCGCACCCGAAGGCTATGCCGCCTACTACTGTGAGGGGGAGTGCGCCT

TCCCTCTGAATTCCTACATGAACGCCACCAACCACGCCATCGTGCAGACGCTGGTGAGTGTGGCCT

GCGTACCGTCCGGGGTGTGGCCCGCTGCTGCAGCAGGGCCACCAGATCCAGCCTCATGTCCCTCCA

AGCTAA(203 bp). 

 

Fig (2) Nucleotide sequences of BMP 7 gene (exon 6). Representative of normal fertile buffalo cow.  
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Fig (3) Nucleotide sequence alignment of BMP 7 gene (exon 6) using BLAST showing 100% identity with 

Bubalus bubalis. 

 

 

Fig (4 ) Nucleotide sequence alignment of BMP 7 gene ( exon 6) normal fertile buffalo cow using 

BLAST showing 97% identity with Bos taurus. 

 

 

 

Fig (5) Representative samples of Ethidium- bromide gel showed the restriction banding pattern of BMP7 (exon 

6, 259 bp) using MSP1 gave product with fragments 195 and 64 bp were obtained. 1-5 normal fertile, 6- 

10 repeat breeder and 11- 15 anestrous buffalo cows. M lane is 100 bp DNA ladder. 

 

 

 

Fig (6) Representative samples of ethidium bromide-stained gel of PCR products; 1- 5 normal, 6- 10 repeat 

breeder and 11- 15 anestrum of amplified BMP7 gene (Part of intron 6 plus part of exon7, 360 bp) 

in Egyptian water buffalo.  Lane M: 100 bp ladder marker. 
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Fig (7) Nucleotide sequences of BMP 7 gene ( part of intron 6 plus part of exon 7), representative of anestrous 

buffalo cow, showing nucleotide sequence variation G to A at base 82 from start of exon7, arrow indicates to the 

start of exon 7. 

 

 

 

Fig (8) Nucleotide sequence alignment of BMP 7 gene ( part of intron 6 plus part of exon 7) of anestrous 

buffalo cow using BLAST showing 99% identity with Bubalus bubalis. 

 

 

Fig (9) Nucleotide sequence alignment of BMP 7 gene (part of intron 6 plus part of exon 7) using 

BLAST of anestrous buffalo cow showing 98% identity with Bos taurus BMP7, showing single 

nucleotide variation (SNP) G/A at base 82 from the start of exon 7, arrow indicates to the start of 

exon 7. 
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Fig (10) Representative samples of ethidium- bromide gel showed the restriction banding pattern of BMP7 

gene (part of intron 6 plus part of exon 7) using Taq
α
1 gave product with fragments 360, 210, 103 

and 47 bp, 1-5 normal, 6-10 repeat breeder and 11-15 anestrous buffalo cows. M lane is 100 bp 

DNA ladder. 

 

 

Fig (11) Representative samples of Ethidium- bromide gel showed the restriction banding pattern of BMP7 

(part of intron 6 + exon 7) using Hinf1. The obtained fragments were 192, 93 and 75 bp. 1-5 normal, 6-

10 repeat breeder and 11-15 anestrum samples. M lane is 100 bp DNA ladder. 

4. Conclusion  
We reported no mutation in exon 6 of BMP 7 

gene in Egyptian water buffalo. On contory, non- 

synonomous SNP (G/A) was detected in exon 7 of 

BMP7 gene which cause amino acid changes from 

Aspartate to Asparagine. So G82A SNP of BMP7 

exon 7 gene might be associated with the 

reproductive problems in Egyptian water buffalo. 

Thus, BMP 7 gene polymorphism can be used in 

marker-assisted selection for breeding programs of 

the Egyptian water buffalo.  
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