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Abstract  

Blood samples from 100 ewes (Barki and Rhmani breeds, 50 each) were collected from a private 
farm at Giza Governorate for determination of polymorphisms of bone morphogenetic protein 15 
(BMP15) and the growth differentiation factor 9 (GDF9) genes in the two breeds using PCR-
RFLP and DNA sequencing.Restriction analysis of 712 bpGDF9 gene (amplicon of exon I) 
using HhaI enzyme revealed 120, 254 and 338 fragments without any differences between the 
two breeds being tested. GDF9 gene exon II amplicon(713 bp) showed similar pattern of 
restriction in the two tested breeds with 4 bands (54, 62, 137 and 460bp) using HinfI enzyme. 
The restriction enzymes, HinfI, SpeI and XbaI, failed to digest the amplicons of exons I and 
II(500 bp, each) of BMP15 gene in all tested animals of both breeds suggesting absence of 
polymorphism. This study concluded that there was no polymorphism in the four exons between 
Barki and Rahmani sheep and the two breeds have the wild genotype with absence of any 
mutation. 
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Introduction  

Small ruminants as sheep play a great role 
in the socio-cultural, subsistence and socio-
economic livelihoods of rural and peri-urban 
communities [1]. Sheep farming is particularly 
important for small farms because it needs 
minimum resources and provides good sources 
of income by selling its products [2]. The main 
breeds in Egypt are Ossimi, Barki and 
Rahmani, which are widespread in the middle 
of Egypt, western Mediterranean coastal 
region and the north of Nile delta, 
respectively. In the south of Egypt, Sohagi and 
Saidi are the most popular breeds [3]. 

In animal genetics,molecular markers are 
now considered as a driving force and offer 
many opportunities to improve reproductive 
traits [4]. Hence, they provide methods that 
help for recognition of polymorphism and 
genetic markers related to reproductive 
characters [5]. 

Prolificacy in sheep has been reported to be 
affected by various major genes, that involves 
three related oocyte-derived components such 
as FecB (bone morphogenetic protein receptor 
type 1B) [6]; FecG (GDF9) and FecX(BMP15) 
[7]. Different mutations may occur in these 
genes resulting in increase or decrease the rate 
of ovulation, and the impact of these mutations 
may even reach to the level of infertility in 
sheep [8]. 

In mammals, growth differentiation factor 
played an important action in female 
reproductive tract, during early 
folliculogenesis. Chromosome 5 of sheep 
contains many important genes, one of them is 
the FecG (GDF9) gene. The GDF9 gene 
length was about 2.5 kb, consisting of 2 exons. 
The first exon extends 397 nucleotides that 
translated into the first 132 amino acids, while 
the second one extends 968 bp and translates 
the rest of polypeptide chain which containing 
amino acids from number 133 to 456, 
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separated by one base pair 1126 of non-coding 
sequence [9]. 

Transforming growth factor β superfamily 
contains different types of vital proteins as 
bone morphogenetic proteins which were 
produced by FecX(BMP15) gene located on 
the sex (X) chromosome. It consists of 2 exons 
with 1179 nucleotide length interrupted by 5.4 
kb non-coding sequence, these two exons were 
translated into nonfunctional polypeptide 
consist of  393 amino acids, which have been 
modified to produce the functional one with 
125 amino acids only[10].  

This study aimed to elucidate the 
polymorphism in the coding sequence of the 
GDF9 gene and the exons I and II of the 
BMP15 gene of the two common Egyptian 
sheep breeds, Barki and Rahmani. 

Materials and Methods 

Samples 

The present study was conducted on 100 
adult ewes (twenty months old) of Barki 
(n=50) and Rahmani (n=50) breedsobtained 
from a private farm, Giza Governorate, Egypt. 
The animals were apparently healthy and free 
from any clinical disorders or diseases. This 
study was approved by the committee of 
Animal Welfare and Research Ethics, Faculty 
of Veterinary Medicine Zagazig University. 

Two mL of blood samples were collected 
aseptically from each individual's jugular vein 
in a sterile vacutainer tube EDTA (Qingdao 

Hiprove Medical Technologies Co., Ltd., 
China).The samples were transported 
immediately in an ice box to the laboratory 
and preserved at -20°C for further processing.  

Genomic DNA extraction 

Genomic DNA was extracted from such 
individual blood samples using ZYMO 
research Kits, (Zymoresearch, Tustin, USA)as 
stated by the manufacture’sprotocol.Agarose 
gel (1%) electrophoresis was used to examine 
the quality and purity of extracted DNA, while 
Nanodrop (ND1000; NanoDrop Technologies, 
USA) was used to measure the concentration 
of DNA[11]. 

PCR and PCR-RFLP 

The PCR reaction was performed in a total 
volume of 25µLconsisting of: 12 µL master 
mix (Dream Taq Green 2X, Thermo Fisher 
Scientific - US), 2 µL DNA, 1µL of both 
forward and reverse primer (10 Pmole) and 9 
µL deionized water. Amplification procedure 
was carried out in T-professional thermal 
cycler (Biometra, Germany). Primers for 
GDF9 exon I were delivered from a previously 
published paper [7], whereas the primers for 
amplification ofBMP15gene were designed 
using Primer3 software(http://primer3.ut.ee) 
using the sequence of BMP15 gene that 
available at GenBank (NCBI, 
https://www.ncbi.nlm.nih.gov/) with accession 
No. AH009593.2 (Table 1). 

 

Table 1: Oligonucleotide primer sequences for GDF9 and BMP15 genes, amplicon sizes and their 

annealing temperature 

Gene Exons Primers Sequence 

(5′-3′) 

Amplicon 

size (bp) 

Annealing 

temperature 

(°C) 

GDF9 Exon 1 GAA TTG AAC CTA GCC CAC CCA C 

AGC CTA CAT CAA CCC ATG AGG C 

712 62
 

Exon 2 

 

AGA TTG ATG TGA CGG CTC CT 

CTC CCA AAG GCA TAG ACA GG 

713 60
 

BMP15 Exon 1 CCT TTG TGG TAG TGG AGC CT 

TGT GAA GCC TGA CAG AAA ACTG 

500 60
 

Exon 2 ATG TTG GGC AAA AGC TCT GG  

AGG CTG AGG GAC ATT CTG AT  

500 58
 

 

PCR was programmed as follow;initial 
denaturation at 95°C for 5 min then 35 regular 
cycles of secondary denaturation for 40 sec at 

94°C,annealing asmentioned inTable (1) and 
extension at 72°C for 40 s then final extension 
for 9 minutes at72°C [7]. 

https://www.ncbi.nlm.nih.gov/nucleotide/AH009593.2?report=genbank&log$=nuclalign&blast_rank=6&RID=KV2AHAMC014
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PCR-RFLP methods used in our study were 
wholly accomplished as described previously 
[7, 10]. PCR products were digested by 

restriction enzymes for the detection of any 
mutations. The descriptive data of these 
enzymes were shown in Table (2). 

 

Table 2: List and description of restriction enzymes used in RFLP-PCR of GDF9 and BMP15 

 

Gene Enzyme Restriction site Incubation period 

GDF9 exon I HhaI 
 

37
o
C /5min 

GDF9 exon II HinfI 
 

BMP15 exon I, II 

XbaI 
 

HinfI 
 

SpeI-HF 
 

 

The reaction volume of PCR-RFLP was 
optimized in 10 µL consisting of PCR product 
(5 µL), Bio Labs 10x NE buffer (1 µL), 0.5 µL 
restriction enzyme (Bio Labs, UK) and 
nuclease free water (3.5 µL). The digested 
fragments were examined through their 
separation by 1.5-2% agarose gel 
electrophoresis and the gel was visualized, 
photographed and examined in a gel 
documentation system (Bio Doc Analyse, 
Biometra, Germany).  

Sequencing 

DNA sequencing of the four exons of 
GDF9 and BMP15genes produced in both 
sheep breeds was done in MacroGen 
Company, South Korea. It was performed in 
both forward and reverse directions using 
primers involved in PCR amplificationusing 
DNA automated sequencer (ABI 3730XL, 
Applied Biosystem, USA). Obtained sequence 
data was confirmed by comparing them with 
the existing nucleotide sequence database with 

accession numbers AF078545.2 
and AH009593.2for GDF9BMP15 genes, 
respectively by using the BLAST program 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) of 
NCBI. The alignments and assembly of the 
sequences were performed using the DNA 
Baser Assembler and CLC Main Workbench 7 
programs 
(https://www.qiagenbioinformatics.com/). 

Results 

Analysis of amplification and restriction of 
712bp fragments of the GDF9 gene exon I 
with HhaI enzyme revealed similar results of 
all tested animals with three short fragments of 
120, 254 and 338bp length (Figure 1). 
Similarly, the sequencing of PCR products 
from both Barki and Rahmani sheep showed 
two recognition sites for HhaI, and absence of 
G1 mutation with homozygous wild type 
genotype. 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/nucleotide/AH009593.2?report=genbank&log$=nuclalign&blast_rank=6&RID=KV2AHAMC014
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Figure 1:Restriction pattern of exon I of GDF9 gene after digestion with HhaI. Lanes1-4 represent analysed 

samples from Barki breed; lanes 5-8 represent those samples from Rahmani sheep; M: molecular weight 

marker (100 bp). 

 

 

 

 

 

 

 

 

Figure 2:Restriction pattern of exon II of GDF9 gene after digestion with HinfI in Barki sheep, revealing 

homozygous wild type genotype. M: molecular weight marker (100 bp). 

 

 

 

 

 

Figure 3:Amplification of exon I, II of BMP15 gene. Lanes 1-5 represent exon I and Lanes 6-10 represent 

exon II in Rahmani sheep, M: molecular weight marker (100 bp). 

 

Restriction analysis of 713 bpfrom exon II 
of the GDF9 gene with HinfI enzyme revealed 
our short fragments of 54, 62, 137 and 460bp 
length (Figure 2) in all animals with no 
apparent polymorphisms. The sequencing 
results showed two recognition sites for HinfI 
and the same genotype with absence of G6, G7 

and G8 mutations of GDF9 gene in both Barki 
and Rahmani sheep. 

Amplification of exons I and II of BMP15 
gene were done using specific primers 
producing amplicons of 500 bp for both exons 
(Figure 3). These amplicons were treated with 
three restriction enzymes, HinfI, SpeI and 

460 bp 

137 bp 

62   bp 
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XbaI. The three enzymes failed to digest the 
amplicons of both axons of BMP15 gene in all 
analyzed samples of both breeds showing no 
polymorphism. PCR products were then 
selected and sequenced in both forward and 
reverse direction. The obtained sequences 
were cross-checked to come up with a single 
consensus sequence for each individual. The 
sequences confirmed the absence of 
recognition sites of HinfI, SpeI and XbaI and 
also showed the same genotype of BMP15 
gene of analyzed samples from Barki and 
Rahmani sheep. 

Discussion  

 Sheep farming is an important source of 
income, especially in developing countries. 
Any breeder's main goal is to achieve the 
extreme income from sheep farming. 
Thebreeders use two basic tools for this 
purpose: selection and breeding. Selection 
based on phenotype is often inefficient; the 
select breeding program was the most effective 
method which used to increase fertility traits 
according to the genotype of specific animals. 
Number of candidate genes has been identified 
affecting fecundity. Different mutations in the 
genes of GDF9 and BMP15 cause an increase 
in the sheep ovulation rate [12]. 

GDF9 and BMP15 genes play an important 
role in folliculogenesis and ovulation rate 
control. The different types of GDF9 and 
BMP15 mutations have the greatest affinity to 
increase proliferation of granulosa cells and 
decrease the expression levels of FSH receptor 
and steroid hormones [13] and play an 
important role by increasing the ovulation rate 
and lamb size [14, 15]. 

The amplified products of exon I of GDF9 
gene were 712 bp in length. Restriction 
digestion of these fragments with HhaI 
enzyme resulted in three fragments (120, 254 
and 338bp). There is no polymorphism was 
detected in both Barki and Rahmani breeds 
and they were homozygous wild type genotype 
(AA). These results agree witha previously 
published study[16]in which one genotype 
(AA) in Iranian sheep breeds (Lori-Bakhtyari, 
Ghezel, Shal, and Afshari) was reported. 
Additionally,the monomorphic wild type 
genotype (AA) in Katahdin and Dorper sheep 

was detected previously [17].  On the other 
hand,previous reports revealed the presence of 
polymorphic genotypes (AA, AB and BB) in 
Sangsari and Baluchi sheep and G1 was found 
associated with the wild genotype (AA)[8, 18]. 
Also,Gorlovand coauthors [19]reported the 
presence of polymorphic genotypes AB and 
BB with absence of AA genotype in two 
Russian sheep breeds, Salsk and Volgograd, 
with the presence of G1mutation in both 
breeds. 

Different types of GDF9 gene 
polymorphism were studied using PCR-SSCP 
technique in Hu, Small tail han, Suffolk and 
Dorset sheep [20].  The latter study showed 
presence of AA genotype in the four tested 
sheep, while genotype AB was found in 
Dorset, Hu and Suffolk sheep but the genotype 
BB was detected only in Suffolk sheep. The 
sequence data showed presence of one SNP 
(A152G) that changed asparagine amino acid 
into aspartic acid. Similarly, three different 
genotypes (AA, AB and BB) were recorded  in 
five breeds of goat; Boer, Jining grey, Beijing 
native, Wendeng dairy and Liaoning Cashmere 
due to one SNP (C74T)[21]. Genotypes AB 
and BB were found in the five tested breeds 
while AA genotype was found only in Jining 
Grey goats. The frequencies of the 
AA, AB and BB genotypes being 0.18, 0.42 
and 0.40, respectively.In contrast, our finding 
mismatched with a previous study [22],which 
revealed the presence of transition mutation (G 
to A) in Hisari Sheep with presence of AA and 
AB genotypes with frequency of 93.64 and 
6.36, respectively. 

The amplified products of exon II of GDF9 
gene were 713 bp in length. Restriction 
digestion of these fragments with HinfI  
enzyme resulted in four fragments (54, 62, 137 
and 460). HinfI enzyme did not detect any 
polymorphism in both Barki and Rahmani 
breeds and showed absence of G6, G7 and G8 
mutations.Our findings matched with Mustafa 
and coauthors [23] who detected only the wild 
type genotype (AA) in Lohi sheep and absence 
of Fec

G
 mutation. Similarly, other 

researchers[24]stated the absence of 
polymorphism as well asFecG

H
 mutation in 

Hu sheep, all the animals in this study were 
wild type genotype (AA). Presence of FecG

H
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mutation was studied in Kivircik, Awassi and 
Imrose sheep breeds by using PCR –RFLP 
[25] but the mutation had not been found and 
all animals were homozygous wild type 
genotype (AA). Also,another study declared 
the incidence of the same mutation in GDF9 
gene of Assam hill goat revealing that the wild 
type genotypes and all the individuals showed 
(AA) genotype[26]. 

Contrary to these results,polymorphic 
genotypes (AA, AB and BB) were found in 
Cambridge and Belclare Sheep[7]. 
Previously,polymorphisms were studied in the 
GDF9 gene exon II and G7 was not found to 
be polymorphic with the wild type genotype 
(AA), whereas G6 was polymorphic in 
Katahdin and Dorper sheep[17].  

The PCR products for both exons of 
BMP15 were 500 bp in length. For detection 
of any mutation different types of restriction 
enzymes as SpeI, XbaIand HinfI were used. 
The three enzymes could not cut through the 
PCR products and all individuals were 
homozygous with the wild type genotype for 
the three loci and absent of these mutations. 
These results were in harmony with a 
previously published article [27]. Three 
mutations in Markhoz goat BMP15 gene with 
no polymorohism was found in the studied 
animals which carried the homozygous wild 
type genotypes (AA) for the three mutations. 
Additionally FecX

B
, FecX

G
, FecX

H
 and FecX

I
 

mutations in Egyptian Sheep breeds including 
Barki, Osseimi, Rahmani, Saudanez and 
Awase, and goat breeds involved Zaraibi, 
Damascus, Boer, Sanan and Barki were 
studied and the results indicated that all 
animals had the homozygous wild type 
genotypes (AA) with no polymorphisms in all 
these breeds[28]. Polymorphisms of exon II of 
BMP15 gene had been reported previously[8] 
in another sheep breed in whichFecX

G
 

mutation in all tested sheep ofSangsaribreed 
carried C to T transition and all was 
homozygous for this mutation (BB). 
Similarly,heterozygous (AB) and homozygous 
mutant (BB) genotypes of FecX

G
 mutation 

were previously recorded [24]. Moreover, the 
same results were obtained in another study 
[29] in which polymorphism of exon I of 
BMP15 gene in Iranian Fat-Tailed Sheep was 

detected. Their study revealed a deletion of 3 
bp CTT (656_658del) in exon 1, leading to an 
amino acid deletion (p.Leu19del) with 0.1 
allelic frequency and it was typed as non-
synonymous mutation. 

Conclusion  

This study concluded that there was no 
polymorphism between the four exons in Barki 
and Rahmani sheep and the two breeds have 
the wild genotype with absence of anytype of 
mutation. 
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العربً الملخص  

 البركً الخراف سلالتً فً(RBM15)  المنشأ عظمى والبروتٍن(GDF9)  تماٌزالنمى عامل لجٍنً التعذدالمظهري

 والرحمانً

اًٚاٌ انسٛذ انعشبٙ
*
 , اششف فتحٙ سعٛذ , اًٍٚ عبذ انهطٛف صانح ٔ ساسة محمد يدذ٘ 

 قسى تًُٛت انثشٔة انحٕٛاَٛت , كهٛت انطب انبٛطش٘ , خايعت انضقاصٚق

الأشكال انًظٓشٚت  تعذد نتحذٚذ اندٛضة بًحافظت يضسعت نهشحًاَٙ( يٍ 01ٔ  نهبشقٙ 01َعدت ) 011يٍ  ود عُٛاث خًع تى

. تى دساسّ ٔتحذٚذ انتتابع اندُٛٗ PCR-RFLPفٙ كلا انسلانتٍٛ ٔ رنك باستخذاو تقُٛتٙ  GDF9  ٔBMP15ندُٛٙ 

صٔج قاعذٖ انٗ ثلاثّ اخضاء  207ٔانزٖ َتح عُّ ْضى انحضيّ HhaIباستخذاو اَضٚى انقطع تعذدالأشكال انًظٓشٚت 

و ٔنى ٚظٓش ا٘ اختلاف بٍٛ انحٕٛاَاث يحم انذساسّ.كًا ٔخذ أَا الاكسٌٕ انثاَٗ ٚتكٌٕ فٗ خًٛع الاغُا 071،702،221

صٔج قاعذٖ انٗ اسبعّ اخضاء 202ٔانزٖ َتح عُّ ْضى انحضيّ HinfIصٔج يٍ انقٕاعذ ٔ باستخذاو اَضٚى انقطع   202يٍ

كلا  ,BMP15( فٗ خًٛع الاغُاو ٔنى ٚظٓش ا٘ اختلاف بٍٛ انحٕٛاَاث يحم انذساسّ.ايا بانُسبت نهد022،221ٍٛ، 27، 02(

صٔج يٍ انقٕاعذ فٙ كم الاغُاو يحم انذساسٕٓ نى ٚقطع ا٘ يٍ الاَضًٚاث انًستخذيّ  011الاكسٍَٕٛ الأل ٔ انثاَٛٛتكَٕا يٍ

 ست عذو ٔخٕد أ٘ فشٔقاث خُٛٛت بٍٛ انسلالاتٍٛ يحم انذساست.َستخهص يٍ ْزِ انذسافٙ ْزِ الاكسَٕاث. 
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