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Abstract: This study aimed to estimate the effects of restriction fragment length polymorphism [RFLP] in the
follicle stimulating hormone receptor gene [FSHR gene], regarding to fertile and infertile Egyptian buffaloes.
The ovarian status of animals was classified by ultrasonography into follicular phase, luteal phase, bilateral
inactive ovary with normal uterus and bilateral inactive ovary with endometritis. Blood samples were collected
from fertile and non-fertile buffaloes with the history of anestrum or repeat breeders for DNA extraction and
progesterone analysis. The results showed that, the overall mean of plasma progesterone levels in normal cyclic
animals were significantly higher during the luteal phase (5.78±0.69 ng/ml) as compared to the follicular phase
(1.57±0.18 ng/ml). Moreover, there were no significant differences between animals had normal uterus and those
suffered from endometritis in association with bilateral inactive ovaries. All buffaloes investigated in this study
were genotyped as CC where DNA amplified fragments at 306-bp were digested with AluI endonuclease and
gave two digested fragments at 243- and 63-bp. In conclusion, monomorphic pattern of follicle-stimulating
hormone receptor gene [FSHR gene] is considered a unique feature that may be related to the characteristic
species in buffalo. So, the polymorphisms and interaction with the fertility feature should be endorsed for
advanced research with a big number of buffaloes.
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INTRODUCTION The FSH receptor gene is mapped to chromosome 2

The productivity of buffaloes is considerably in size and it comprises of 10 exons and 9 intervening
affected by inherent disorders such as low reproductive introns [4]. The FSHR gene was studied in Bos Taurus,
proficiency, which is mainly due to late maturity, poor [5]. This gene is located on chromosome 11 and its
expression  of  estrus, anestrus, inactive ovaries, structure is determined by 10 exons and 11 introns; the
prolonged   postpartum    interval,    seasonal  cyclicity first 9 exons enclose the extracellular domain whereas
and  silent  estrus  [1].  Genes that impact the exon 10 encloses the transmembrane domain [5].
physiological  and  endocrine   functions  may regulate Considering FSH importance in the maintenance of
the  inherent   fertility  and  account  for  the  genetic ovarian function, FSHR gene has been studied in many
association of measures of early reproductive livestock species, including cattle [5], sheep [6], horse [7]
appropriateness and growth, milk and overall productivity and donkey [8]. In view of the lack of studies about the
[2]. The endocrine system is a major regulator of the genetic polymorphisms linked to the reproductive
reproductive functions through the hypothalamic– characteristics in buffalo, the objective of the present
pituitary–gonad   axis  and  its interactions. The FSH study was to estimate the effects of RFLPs in the follicle
receptor gene is expressed in the gonads [3] and the stimulating hormone receptor gene regarding ovarian
actions of FSH are mediated to ovarian and testicular status and progesterone concentration in Egyptian
somatic cells through these receptors. buffaloes.

p21 in the human. The human FSHR gene is about 215 kb
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MATERIALS AND METHODS °C for 2 min. After the reaction was completed, products

Animals: The present study was conducted on a total gel, TBE 1× buffer (1M Tris-HCl pH 7.4; 0.5 M EDTA
number of 150 Egyptian fertile and none-fertile buffaloes pH8.0 and 10.8 g boric acid) with ethidium bromide, at 60
with the history of anestrum or  repeat breeders from V for approximately 2 hrs. Visualization of the bands was
Qaluobia (Meet Kenana Village). The animals came to the done under ultraviolet Trans-illumination and a picture
veterinary clinic for treatment of infertility problems or was taken in Gel-Doc System (Bio-Rad). The size of the
confirmation of pregnancy in fertile animals. amplified product was compared with the 100 bp Ladder
Ultrasonographic examination of all buffaloes was DNA marker.
conducted through a transrectal ultrasonography with a
B-mode scanner (Magic 2200, Eickemeyer Veterinary Restriction Fragment Length Polymorphism (RFLP)
Equipment Inc., Germany). The ovarian status of animals Technique: For genotyping, PCR product was digested
was classified by ultrasonography into follicular phase, with AluI. Gene fragments were subjected to digestion by
luteal phase, bilateral inactive ovary with normal uterus restriction enzymes in a total volume of 20 µL (10 µL
and bilateral inactive ovary with endometritis. Then blood reaction solution, 2 µL enzyme buffers, 0.2 µL enzymes
samples were collected from all cases for progesterone and 7.8 µL water) and placed in the thermocycler at 37 °C
evaluation and DNA extraction. for 30 min. After digestion, the samples were quantified to

Progesterone Concentration: Blood samples were mentioned in PCR with 3% agarose concentration.
collected from the jugular vein of animals into non-
heparinized Vacutainer tubes. Serum was harvested upon Sequence Analysis: Before genetic sequencing, the PCR
centrifugation at 3000 rpm for 20 min, labeled and stored product was purified using QIAquick PCR purification kit
at  -20°C until  assayed.  Progesterone   levels  in sera (QIAGEN) and PCR purification spin protocol (QIAGEN),
were  determined  by  the use of progesterone EIA kits designed for the isolation of DNA fragments from PCR
(Cal Biotech Inc, California, USA) according to the reactions. The PCR products were sequenced by
method of Radwanska et al. [9]. Macrogen Incorporation (Seoul, South Korea). Sequence

DNA Extraction: Blood samples were collected into NCBI/BLAST/blastn suite.
EDTA anticoagulant vacutainer tubes.

Genomic DNA was extracted from blood samples with Statistical Analysis: Mean ±SEM of progesterone
the QIAamp DNA blood kit (QIAGEN GmbH, Hilden, concentration was tabulated and statistically computed
Germany) as indicated by the manufacturer’s directions. by one way analysis of variance (ANOVA) using SPSS

PCR Reaction and DNA Amplification: The genetic 16.
polymorphism was analyzed using primers representing
exon 10 in Egyptian buffalo FSHR gene. The primers used RESULTS AND DISCUSSION
for amplification of FSHR gene fragments of 306-bp were
those described by Lussier et al. [10], with the following In the current work, Table (1) presented that the
nucleotide sequence: overall mean of plasma progesterone levels in normal

Forward, 5\ CTGCCTCCCTCAAGGTGCCCCTC 3\ phase (5.78±0.69 ng/ml) as compared to that of the
Reverse, 5\ AGTTCTTGGCTAAATGTCTTAGGGGG 3\ follicular phase (1.57±0.18 ng/ml). Moreover, there were

Amplification reactions were done in a final volume buffaloes with normal uterus and those suffered from
of 50 µL, containing 5µl buffer 10x, 1µ 2.5 mM (dNTPs endometritis associated with bilateral inactive ovaries.
mixture),  3µl   25  mM  (MgCL2),  0.25µl  primer,  0.3µl  Taq Progesterone levels rise and fall coincided with the
polymerase (5U/µl), 35.2 µl water (nuclease free water), 5µl growth and regression of the corpus luteum  (CL)  which
DNA sample. The reactions followed the sequence: one is the principle source  of  progesterone  in  cycling
cycle at 95 °C for 4 min. (initial denaturation) and 30 cycles buffalo  [11].    Peripheral  progesterone  concentrations
of the sequence: 95 °C for 60 sec., 55 °C for 30 sec. and 72 are  minimal  on  the  day  of estrus (0.1 ng/ml), upsurge to

of PCR were exposed to electrophoresis in 2% agarose

visualize the amplified fragments by gel electrophoresis as

analysis and alignment were carried out using

(Statistical Package for the Social Sciences) program Ver.

cyclic animals were significantly higher during the luteal

no significant differences in progesterone levels between
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Table 1: Plasma progesterone level (ng/ml) in buffaloes with different
ovarian phases

Ovarian status Mean ±S.E. Min. Max.

Follicular phase 1.57 0.18 0.50 3.10b

Luteal phase 5.78 0.69 3.10 11.60a

Bilateral inactive ovary with normal uterus 1.95 0.44 0.50 5.70b

Bilateral inactive ovary with endometritis 1.87 0.38 0.50 4.90b

Values with different subscription with in the same column differ
significantly (P < 0.001).

topmost concentrations of 1.6-3.6 ng/ml on days 13 to 15
of the cycle [11, 12] or even on day 17 [13] before
declining to basal levels at the onset of the next estrus.
Progesterone levels continue to increase in animals that
conceive, but drop 3 days before the next estrus in those
failed to conceive [14]. The onset of the decline in
progesterone concentrations is inconstant, conditioned
with the time of regression of CL. Mondal and Prakash
[15] compared progesterone concentration in silent and
estrous buffalo and found that progesterone levels
augmented from 0.42±0.02 and 0.38±0.02 ng/ml during
proestrus phase (Day -1 to 1, Day 0= day of estrus) to
0.66±0.12 and 0.51±0.07 ng/ml during early luteal phase
(Day 2 to 5) and then further to 1.55±0.33 and 1.30±0.13
ng/ml during mid-luteal phase (Day 6 to 14) followed by
its drop to 1.12± 0.27 and 0.66±0.13 ng/ml during late luteal
phase (Day -4 to -2) in buffaloes that displayed obvious
heat and silent estrus, respectively.

The present study examined the genetic
polymorphism of this exon 10 in Egyptian buffalo FSHR
gene. The primers used in this study flanked a 306-bp
fragment from exon 10 of Egyptian buffalo FSHR gene.
The PCR product of the primer specific for FSHR gene
gave the specific band at size 306 bp (Fig. 1). These PCR
amplified fragments of 306-bp were digested with AluI
endonuclease. Depending on the availability of the
restriction site at position 243^244 (AG^CT), All buffaloes
investigated in this study were genotyped as CC where
DNA amplified fragments at 306-bp were digested with
AluI endonuclease and gave two digested fragments at
243- and 63-bp (Fig. 2).

DNA sequence of 241 bp out of the amplified 306 bp
was determined and also restriction site of the
endonuclease enzyme pinpointed on the sequence
chromatogram by the help of Finch TV DNA sequencing
program (Fig. 3). The sequence alignment of 241 bp of
Egyptian buffalo FSHR with published sequences
(accession number: JX049145.1, Bubalus bubalis) was
carried out using BLAST and showed that the 241 bp
segment possess 100% identities (Fig. 4). The results also
revealed that the sequence of the same DNA segment had
100% identities with the accession number: GenBank:
EF650047.1, Bubalus bubalis (Fig. 5).

All buffaloes investigated in this study were
genotyped as CC, where all experienced buffalo DNA
amplified   fragments    at     306-bp     were    digested  with

Fig. 1: DNA Ethidium bromide-stained gel of PCR products representing amplification of FSHR gene in Egyptian buffalo.
M: 100-bp ladder marker. Lanes 2-8 and 10-16: 306-bp PCR products amplified from Egyptian buffalo DNA.

Fig. 2: The electrophoretic pattern obtained after digestion of PCR amplified buffalo FSHR with AluI restriction enzyme
on electrophoretic gel. M: 100-bp ladder marker. Lanes 2-8: Homozygous CC genotypes showed two digested
fragments at 243 and 63 bp.
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Fig. 3: DNA sequence chromatogram of DNA strand of FSHR gene of Egyptian buffalo. The arrow showed restriction
site (AG^CT) of AluI on FSHR gene.

Query 3 GGGGGGCAGTGACCATTCCTTGGATGAAAGTTGTGGGCAGTGGATGAGGTTTCTGACCTA 62
  ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 241 GGGGGGCAGTGACCATTCCTTGGATGAAAGTTGTGGGCAGTGGATGAGGTTTCTGACCTA 182

Query 63 TAGGTCTGGGCTTGCACTTCATAGCAGCCAAACTTGCTCAGCAGAATGAAGAAATCCCTG 122
 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 181 TAGGTCTGGGCTTGCACTTCATAGCAGCCAAACTTGCTCAGCAGAATGAAGAAATCCCTG 122

Query 123 CGGAAGTTCTTGGTGAAGATGGCATAGAGGAAGGGGTTGGCACAGGAGTTGATGGGGTAG 182
  ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 121 CGGAAGTTCTTGGTGAAGATGGCATAGAGGAAGGGGTTGGCACAGGAGTTGATGGGGTAG 62

Query 183 AACAGGACCAGGAGGATCTTTGACTTGGACACAGTGATGAGGGGCACCTTGAGGGAGGCA 242
  ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 61 AACAGGACCAGGAGGATCTTTGACTTGGACACAGTGATGAGGGGCACCTTGAGGGAGGCA 2

Query 243 G 243
 |

Sbjct 1 G 1

Fig. 4: Sequence analysis of 241 segment of Egyptian buffalo FSHR amplified product compared to buffalo partial cds
Sequence ID: JX049145.1

Query 3 GGGGGGCAGTGACCATTCCTTGGATGAAAGTTGTGGGCAGTGGATGAGGTTTCTGACCTA 62
 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 1166 GGGGGGCAGTGACCATTCCTTGGATGAAAGTTGTGGGCAGTGGATGAGGTTTCTGACCTA 1107

Query 63 TAGGTCTGGGCTTGCACTTCATAGCAGCCAAACTTGCTCAGCAGAATGAAGAAATCCCTG 122
 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 1106 TAGGTCTGGGCTTGCACTTCATAGCAGCCAAACTTGCTCAGCAGAATGAAGAAATCCCTG 1047

Query 123 CGGAAGTTCTTGGTGAAGATGGCATAGAGGAAGGGGTTGGCACAGGAGTTGATGGGGTAG 182
  ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 1046 CGGAAGTTCTTGGTGAAGATGGCATAGAGGAAGGGGTTGGCACAGGAGTTGATGGGGTAG 987

Query 183 AACAGGACCAGGAGGATCTTTGACTTGGACACAGTGATGAGGGGCACCTTGAGGGAGGCA 242
 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct 986 AACAGGACCAGGAGGATCTTTGACTTGGACACAGTGATGAGGGGCACCTTGAGGGAGGCA 927

Query 243 G 243
 |

Sbjct 926 G 926

Fig. 5: Sequence analysis of 241 segment of Egyptian buffalo FSHR amplified product compared to buffalo partial cds.
Sequence ID: EF650047.1
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AluI endonuclease and gave two digested fragments at FSHR gene in Chinese Holstein cows. Cows with CC
243- and 63-bp.These results are similar to those found by genotype had a substantial rise  in the  total  number of
Othman and Abdel-samad [16] in buffalo, whose primer ova  (P  <0.01)  and produced more transferable embryos
pair yielded a 306-bp fragment for gene FSHR and use (P <0.01) than animals of the CD and DD genotypes.
PCR-RFLP marker. On the other hand, Ahmed et al. [17]
studied the genetic polymorphisms FSHR gene by using CONCLUSION
PCR-SSCP marker and establish their association with
calving interval (CI) in buffalo. They found that the FSHR The frequency of CC alleles in buffalo is very high.
gene locus showed three polymorphic patterns with Monomorphic pattern of FSHR gene is considered a
61.4%, 21.4% and 17.2% for pattern 1, 2 and 3, unique feature that may be added to the peculiarity of
respectively. Pattern 2 of FSHR gene locus recorded the buffalo species. Accordingly, polymorphisms and its
lowest CI with expectation of 70% accurateness for the interaction with the fertility traits should be the subject of
phenotype of high fertility. auxiliary exploration with enormous number of buffaloes.

The existence of allelic variants in FSHR gene
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