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Abstract
Background: This study aimed to explore the association between polymorphisms in three genes: leptin (LEP), leptin
receptor (LEPR), and BMP4, and incidence of repeat breeding in Egyptian buffaloes.
Methods: DNA was extracted from 160 female buffaloes, involving 108 fertile and 52 repeat breeders. Genotyping
was performed by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). Sequence analy‑
sis and alignment were performed by employing NCBI/BLAST/blastn suite, to identify SNPs among different patterns
and alleles. We utilized PredictSNP software to predict the non-synonymous SNPs influences on protein function.
Moreover, the conservation score of the amino acids within the target proteins was computed by ConSurf server.
Results: The genotyping results showed that LEP and BMP4 genes were monomorphic (CC, GG) in all tested fertile
and repeat breeder buffaloes. Leptin gene sequencing showed a non-synonymous C73T SNP, replacing R to C at posi‑
tion 25 within the leptin polypeptide (position 4 in the mature form; R4C) which is a neutral mutation, not affecting
function or structure of LEP protein. For LEPR, one synonymous SNP (T102C) and two non-synonymous SNPs (A106G
and C146A), triggering V967A and G954C replacements, respectively in LEPR protein. Moreover, they are neutral
mutations. Sequencing results of BMP4 showed HinfI restriction site indicate fixed GG genotype (CC genotype in the
anti-sense strand) in all sequenced samples. No SNPs were observed within the amplified region.
Conclusion: Genotyping and sequencing results of the surveyed three genes revealed that there is no association
between these genes mutations and the incidence of repeat breeding in Egyptian buffaloes.
Keywords: Leptin, Leptin receptor, BMP4, Gene polymorphism, Repeat breeding, Egyptian buffaloes
Background
Reproductive features, particularly in monotocous livestock such as cattle and buffalo, are economically significant for long-term food production [1]. An extended
period between two calvings (repeat breeding), might be
regarded as low reproductive capacity or infertility. This
condition necessitates more inseminations, veterinarian
attention, and hormonal treatments, all of which affect
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present and future lactations [2]. Moreover, additional
costs are also incurred, because of culling and replacing
animals with fertility issues [3].
Fertility improvement is the best choice for lowering
culling costs, preserving important genetic traits, and
increasing farm profit [4]. According to previous studies,
reproductive traits were categorized into binary, interval,
and continuous traits with regard to statistical distribution [5]. Ovulation, mating, and calving-related features
have been categorized to make reproductive traits easier
to comprehend and use in livestock and breeding programs [6].
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Leptin (a product of obese ob gene), is a versatile 16.4KDa peptide hormone released primarily by adipocytes,
has an important function in reproduction, in addition to
regulating body weight and energy expenditure [7]. The
bovine LEP gene comprises three exons and two introns
that spans approximately 18.9 kb, with the coding region
of 501 nucleotide length, enclosed in exons 2 and 3, with
the first exon not translated into protein [8]. In buffalo,
LEP has been mapped on chromosome 8 (BBU8q32) [9].
Human, mouse, rat, rabbit, pig, cattle, and buffalo ovaries
have all been found to express leptin and its receptors.
This provides clear evidence for leptin’s direct engagement in ovarian activities, which runs counter to the
popular belief that leptin’s main impacts are on the neuroendocrine component of reproduction [10].
Former studies by Brickell et al. [11] investigated the
association of three previously identified single nucleotide polymorphisms (SNPs); exon 2FB, UASMS1, and
UASMS2; in LEP gene with perinatal mortality (stillbirths and mortality within 24 h of parturition) in 385
British Holstein-Friesian heifers, at first calving. Using
RFLP-HphI, Yazdani et al. [12] investigated the effect of
the A59V variant in leptin protein in 255 Iranian Holstein
cows, finding that the AA genotype had significantly
longer pregnancy length than the AB and BB genotypes.
Similarly, Clempson et al. [13] examined A59V replacement in leptin protein in 509 Holstein Friesian heifers
and found that the CC genotype heifers were younger
at the first service and first calving ages. From the same
point of view, Komisarek and Antkowiak [14] found a link
between fertility and the A59V SNP, in comparison to the
CC and CT genotypes, the TT genotype had a shorter
day’s open and calving interval, as well as a smaller number of inseminations per conception.
The effects of leptin are mediated by six different leptin receptor isoforms. The leptin receptor is a glycoprotein that has only one transmembrane region. The LEPR
gene is found on chromosome 3 of bovines. The leptin
receptor gene is made up of 20 exons spread out over
1.75 Mb [15]. The long, fully active isoform (LEPR-b) is
mostly expressed in the hypothalamus, where it plays a
role in energy balance and secretory organ activity regulation; nevertheless, it has the potential to act in a variety of peripheral tissues, including gonadal tissues [16].
Leptin receptors are found in the ovary, according to Fu
et al. [17], where leptin can control steroidogenesis and
improve the ability of the oocyte to maintain subsequent
embryonic development.
Many investigations on the effects of leptin and leptin
receptor genes on various cattle breeds were conducted.
It was confirmed that the SNP LEPR/T945M has an
effect on milk production traits [18], reproduction traits
[13], and growth traits [19]. In cows, selecting animals
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with the LEPR/T945M gene could improve productivity
and reproduction qualities.
Bone morphogenetic proteins (BMPs) are candidate
genes belonging to the member of theTGF-β (Transforming Growth Factor-beta) superfamily. So far, more than
30 members have known in BMP family, of which BMP4
is the prime [20]. As it plays a key role in the development
and growth of both the ovarian follicles and embryos in
mammals, thus BMP4 is necessary for pregnancy success
[21].
Many studies on BMP4 gene divergence have been
done in mammals, including cattle [22], sheep [23] and
goats [24]. Ortiz et al. [25] investigated that the studied BMP4 polymorphism in The G>T mutation at SNP
rs109778173 was significantly associated (p < 0.01) with
the number and ratio of possible cumulus-oophorus
complexes, and the ratio of pregnancies at 30 days. Lari
et al. [25], illustrated that the blastocyst rate was significantly linked with SNP rs109778173 of BMP4 (p =
0.006), but the relationship with the fertilization rate was
not statistically significant (p = 0.095).
The objective of the present study to examine whether
leptin (LEP), leptin receptor (LEPR), and BMP4 genes
could be a determining factor for the incidence of repeat
breeder in Egyptian buffaloes.

Methods
Experimental animals and samples preparation

This study was carried out at Animal Production
Research Institute, Agricultural Research Center, and
Ministry of Agriculture. The field study was carried out
at Animal Production Experimental Stations, (Mehallet Moussa, Alnataf Alqadim, and Alnataf Aljadid) Kafer
El-Sheikh Governorate (located in the north of the Nile
Delta). A total of 160 female animals (heifers and buffaloes, naturally inseminated) were recorded, 108 were
fertile and 52 were repeat breeders (raised during two
consecutive years 2019 and 2020).
Survey study

Animals were kept under the regular systems of feeding and management adopted by the Animal Production
Research Institute. Fresh water was available at all times.
Buffaloes were housed in semi-open sheds.
Diagnostic study

During this study, animals were observed visually for
oestrus activity in presence of a teaser buffalo bull all the
time. Length, signs, and duration of oestrus were individually recorded. Animals in heat were served using a
fertile buffalo bull.The examination of reproductive tract
of all animals by rectal palpation and ultrasonography
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revealed that the genitalia of all animals were free from
any pathological diseases and disorders.
Also, interval from introducing buffalo bulls to incidence of 1st oestrus was recorded. The animals conceiving after the 1st service were chosen as normal animals.
Animals failed to conceive after the 1st service were
observed for the following oestrus activity and served
at the 2nd oestrus. Animals failed to conceive after the
2nd service were observed for the following oestrus and
served at the 3rd oestrus. Animals that failed to conceive
after the 3rd service were considered as repeat breeder.

PCR‑RFLP genotyping

Genomic DNA extraction and PCR amplification

PCR products of normal and repeat breeder animals
with different patterns attained by RFLP analysis were
sequenced. The PCR bands with expected size were purified with the PCR purification kit (Qiagen, Germany).
Purified amplicons were sequenced by Macrogen Incorporation (Seoul, South Korea). Sequence analysis and
alignment was carried out using NCBI/BLAST/blastn
suite to identify the SNPs among different patterns and
alleles.
Sequencing data were compared against the GenBank database using Basic Local Alignment Search Tool
(BLAST) tool [29], to identify the homology between target regions and river buffalo (Bubalus bubalis) records in
the GenBank database.
To predict the effects of the non-synonymous SNPs on
protein functions, the consensus classifier software PredictSNP was used which combined the results of MAPP,
PhD-SNP, PolyPhen-1, PolyPhen-2, SIFT, and SNAP softwares [30]. The conservation score of the amino acids
within the target proteins was computed using ConSurf
server [31].

DNA was extracted from the whole blood according to
the method described by Miller et al. [26] with minor
modifications. Briefly, blood samples were mixed with
cold 2× sucrose-triton and centrifuged at 5,000 rpm for
15 min at 4°C. The nuclear pellet was suspended in lysis
buffer, sodium dodecyl sulfate and proteinase K and incubated overnight in a shaking water bath at 37 °C. Nucleic
acids were extracted with saturated NaCl solution. The
DNA was picked up and washed in 70% ethanol. The
DNA was dissolved in 1× TE buffer. The DNA concentration of each sample was estimated via NanoDrop 1000
(Thermo Scientific, UK), then adjusted to concentration
of 50 ng/μL. Two (2μl) of buffalo DNA (50 ng/μL) was
added as template into the PCR mixture (~ 23 μl) (Fermentas, Germany), which consists of 2 μl of dNTPs (2.5
mM each), 2 μl of PCR Buffer (10×), 0.5 μl TaqTM DNA
polymerase (5 μ/ml), 1 μl forward primer (10 pmol), 1 μl
reverse primer (10 pmol) and 12.5 μl sterilized distilled
water in a 0.5-ml microfuge tube. Thermal cycling conditions were as follows: 94 °C for 5 min; 35 cycle of 94
°C for 45 s, annealing at specific temperature for each
tested gene (LEP, LEPR, BMP4) for 45 s, and extension at
72 °C for 45 s followed by a final step of 72 °C for 5 min
(Table 1). Then, the samples were analyzed by agarose gel
electrophoresis using a DNA molecular weight marker
(Fermentas, Germany). Then, PCR products were indicated by electrophoresis on 2% agarose gel, stained with
ethidium bromide and visualized with the Gel Documentation System (BioRad, USA).

LEP and BMP4 amplicons were subjected to RFLP by
Kpn2I and Hinf1 digestion, respectively, while LEPR
products were sequenced. Each digestion reaction (15
μL) involved 5 μl PCR product, 0.5 μl restriction enzyme
(Promega, USA), 8.5 μL dH2O, and 1 μL buffer B 10×
(Promega, USA). Incubation was performed at 37 °C for
10 min. Followed by agarose gel (2%) electrophoresis and
visualization by Gel Documentation System (BioRad,
USA).
DNA sequencing and statistical data analysis

Results
Genotyping and sequencing results of LEP amplicon

The PCR product size of the amplified Egyptian river
buffalo LEP gene fragment was 94 bp which covers a
part of exon2 (Fig. 1).The RFLP analysis revealed single type of banding pattern yielding two fragments, of
75 bp and 19 bp (Fig. 2). The monomorphic banding
patterns of the digested product revealed that all the

Table 1 List of primers sequences and restriction enzymes
Gene name

Studied part

Primers

Annealing temp

Characterization

Reference

Leptin

Exon 2 partial sequence

ATGCGCTGTGGACCCC TGTATC
TGGTGTCATCCTGGACCTTCC

52°C

RFLP-Kpn2I

Buchanan et al. [27]

Leptin receptor

Exon 2

ACTACAGATGCTC TAC TTTGG
TGCTCCTCCTCAGTTT

51°C

sequence

Almeida et al. [28]

BMP4

Intron 5 and exon 6

TGGAACAGGAGAATGAGATAT
TTAT TTTGCGAATCCTGAGT

55°C

RFLP-Hinf1

Ortiz et al. [24]
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Fig. 1 PCR product of LEP gene, M: 50 bp ladder, lanes 1–12: fertile and repeat breeder buffaloes

Fig. 2 LEP-Kpn2I/PCR-RFLP, M: 50 bp ladder, lanes 1–11: fertile and repeat breeder buffaloes

animals (fertile and repeat breeder Egyptian buffaloes)
possessed similar genotype (CC).
The sequence of the amplified region from the LEP
gene was found to have this nucleotide sequence:
ATG C GC T GT G GA C CC C TG TAC C AA T TC C TG
TGGC TTTGGC CCTATC TGTCCTACGTGGAGG CT
GTGCCCATCCGGAAGGTCC AGGATGACACCA
The amplified region from exon 2 consists of a part
from the gene-coding region. Moreover, the first 63
nucleotides code for 21 amino acids represent the signal peptides of leptin polypeptide (Figure S1). The

sequencing results confirmed the RFLP results that all
the samples are monomorphic (CC genotype) and had
the Kpn2I restriction site.
The sequence of the amplicon which performed in this
study was compared with other buffalo breeds records
in GenBank. Two SNPs (C73T and G75C) were detected
between the sequenced sequences in our study and GenBank record KP864440 (Fig. 3) All our samples were
monomorphic for these SNPs since all the sequenced samples had C and G alleles in the positions 73 and 75, respectively, as shown in Figures S2 and S3. Moreover, GenBank

Fig. 3 Detected C73T and G75T SNPs in the amplified LEP sequence and its homologues Bubalus bubalis sequence in the GenBank database
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record KP864440 had T and C alleles in the positions 73
and 75, respectively. The C73T SNP was found to be nonsynonymous SNP which caused R to C replacement the
position 25 within the leptin polypeptide (position 4 in the
mature form; R4C). On the other hand, G75C a synonymous SNP and did not change the amino acid sequence.
The non-synonymous SNP in LEP gene were evaluated by Predict SNP, which combined the results of several programs which utilize different methods to predict
the deleterious effect of the non-synonymous SNP. R25C
mutation was classified as a deleterious mutation using
Predict SNP with a low expected accuracy (61%). The
target mutation was classified as deleterious mutation
by MAPP POLYPHEN-1, POLYPHEN-2, and SIFT softwares while both of PHD-SNP and SNAP tools were classified it as a neutral mutation (Figure S3). Notably, the
amino acids R25 had the lowest conservation score which
supports the R25C mutation is a neutral mutation, which
may not affect function or structure of LEP protein.
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Sequencing results of LEPR amplicon

The molecular size of the PCR amplified products was
estimated to be 197 bp for LEPR using a mutated forward
primer and normal reverse primer comparing with DNA
size markers and sequencing (Fig. 4).
The sequence of the amplified region from the LEPR
gene was found to have this nucleotide sequence:
ACTACAGATGCTCTACTTTTGACGACTCCAGAT
CTTGAA A AG G GT TCTATTG GTATTAGTGACC AA
TGCAGCAGTG CTC AAT TCTCTGAGGTTGAAAGC
ACAGACATAACCTGTGAGGATGAGAGCAGGAGA
CAGC CCTCTGTTA AATATG CCACCC TGC TCAGC
AACTCTAAATCAGGTGAAACTGAGGAGGAGCA
Sequencing of the amplified region of the Egyptian
buffalo leptin receptor gene covers a part of exon 2.The
amplified region from exon 2 consists of a part from the
gene coding region (Figure S4).The sequencing results
showed that all the tested samples were monomorphic
(CC genotype).

Fig. 4 PCR product of LEPR gene, M: 50bp ladder, lanes 1–8: fertile and repeat breeder buffaloes

Fig. 5 The detected G52T, T92C and A96G SNPs in the amplified LEPR sequence and its homologues Bubalus bubalis sequence in the GenBank
database
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Blasting of the sequenced DNA sequences to river
buffaloes GenBank records showed one synonymous
SNP (A96G) and 2 non-synonymous SNPs (G52T and
T92C) compared to the GenBank record KC415274.1
(Fig. 5). The G52T and T92C SNPs lead to G954C and
V967A replacement, respectively, in the LEPR amino acid
sequence.
The Predict SNP results (Fig. S5) displayed that all
the programs categorized both of G954C and V967A
substitutions as neutral mutations with a total Predict
SNP expected accuracy 87%. Evaluation of the amino
acid conservativity depending on LEPR amino acids
sequences belongs to many species showed that the
amino acid G954 had slight conservation scale while
V967 is less conserved and had average conservation
scale. The relative conservation degrees may support the
classification of the 2 substitutions as neutral mutations
using PredictSNP tool.
Genotyping and sequencing results of BMP4 amplicon

The PCR product size of the amplified Egyptian river
buffalo BMP4 gene fragment was 414 bp (Fig. 6). The
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digestion results of amplified fragment using restriction
enzyme Hinf1 was observed as 124 and 290 bp bands
indicated GG genotype in all tested samples (Fig. 7).
The sequence of the amplified region from the BMP4
gene was found to have this nucleotide sequence:
CCC C AA T GG T GC C TA G AA C AT C TG G AG A AC
ATC  C C A  G GG  A CC  A GC  G AA  A AC  T CT  G CT  T TT
CGT T TCC TC T TTA ACC TC AGC AGC ATCC CAGAG
AAC G AG  G TG ATC  T CG T C T G CC G AG  C TT C GA
CTC  T TC  C GG  G AG  C AG  G TG  G AC  C AG  G GC  C CT
GAC TG G GAG C AG G G C TTTC ATCGTATA AAC
ATTTATGAGGTTATGA AGC CCC CGG CAGAAGTG
GTG  C C T G G G  C AC C TC  ATC  A C A C GA C TA C TG
GAC  A C A  A GA  C TG  G TC  C AC  C AC  A AT  G TG  A CG
CGG T GG G AA A CT T TT G AT G TG A GC C CT G CA
GTC  C TT C GC  T GG  A CC  C GG  G AG  A AG  C AG  C CC
AAC TATG G G CTG G CC ATTGAG GTG ACC C AC
CTC  C AT  C AG  A CA  C GG  A CC  C AC  C AG  G GC  C AG
CATGTCAGGATTAGCC GA
Sequencing of the amplified region of the Egyptian
buffalo BMP4 gene produced a nucleotide sequence of
414 bp covers a part of intron 5 (1–16 bp) and exon 6

Fig. 6 PCR product of BMP4 gene, M: 100 bp ladder, lanes 1–9: fertile and repeat breeder buffaloes

Fig. 7 PCR-RFLP fragment of BMP4 gene, M: 100 bp ladder, lanes 1–10: fertile and repeat breeder buffaloes
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(17–414 bp). The amplified region from exon 6 consists of a part from the gene coding region (17–414 bp;
Figure S6). No SNPs were found within the amplified
region. This pattern referred to fixed GG genotype. The
sequencing results shows HinfI restriction site mentioned to fixed GG genotype (CC genotype in the antisense strand) in the all sequenced samples (Figure S7).

Discussion
All livestock producers strive to improve production
qualities and increase genetic and economic gain. Traditional selection techniques or breeding programs
employing genetic markers can help accomplish this
gain. Analyses of increased genetic gain utilizing marker
assisted selection can more precisely place genetic evaluation and reduce the time required for realization in livestock breeding [15].
The candidate gene strategy, which has been proposed
as a direct search for Quantitative Trait Loci (QTL) to
improve quantitative traits, is a good breeding tool that
can increase the frequency of multiple births early in
life. Detection of genetic markers, as well as mutants
of genes linked to economically relevant features, could
help breeders to devise feasible animal breeding programs [20].
Because the leptin gene is linked to productive and
reproductive features both directly and indirectly, it’s
crucial to look into molecular markers that can look for
connections with economically important traits [32].
The results of this study revealed that RFLP and
sequencing results of leptin gene were monomorphic
(CC) genotype in fertile and repeat breeder female buffaloes and the C73T SNP was found to be non-synonymous which caused R to C replacement in the position
25, a neutral mutation , within the leptin polypeptide.
Similarly, in cattle Hilmia et al. [33] recorded three SNP
on exon 2 leptin gene one synonymous SNP (S17S) and
two non-synonymous SNPs which changed the amino
acid encoding (R25C, R25H) and found that C allele was
higher than A and T allele. Which in line with the results
of Liefers et al. [34] who indicated that the SNP R25C
is a non-synonymous mutation that can change the biological function of leptin gene. In cattle, de Oliviera et al.
[35] reported that C to T SNP leads to non-conserved R
to C replacement in position 4 of the mature leptin protein. This mutation is common, with allele frequencies
ranging between 0.59 and 0.41, and the amino acid position 4 differs greatly between species. R4C substitution
is not functional and this position may be polymorphic
in other species. Another study on the polymorphism in
the leptin gene in bovine found that a C to T SNP leads
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to R to C substitution at amino acid 4, which located
within the non-conserved region of the A-helix in the
mature leptin molecule. The R4C replacement leads to
an unpaired cysteine to the mature leptin protein which
may not affect its tertiary structure and function [36].
On the other hand, Fernandes et al. [32] revealed
that, for the C305T SNP, there was a prevalence of the
C allele (82%) over the T allele (0.18) and higher frequency for the CC genotype (0.67) in heifers. In a study
with taurine breed, Buchanan et al. [37] observed rates
of 0.54 and 0.46 for the C and T alleles, respectively, and
these authors also discovered a greater frequency for the
C allele. Although, other studies by Lagonigro et al. [27];
Liefers et al. [36] showed that in exon 2, the leptin SNPs
C305T and A252T contribute amino acids alterations
(Arg to Cys at position 305 and Tyr to Phe at position
252, respectively), which may affect the mature protein’s
tertiary structure. In beef heifers, Almeida et al. [38]
discovered a strong link between another leptin SNP,
RFLP1, and both weight at first calving and subsequent
calving interval. Oikonomou et al. [28] evaluated the
association between leptin SNP and many reproductive
parameters, but only found a minor increase in the frequency of metritis with a SNP placed in intron 2 in a
herd of Greek dairy cows. In Holstein cows, Clempson
et al. [13] reported that the majority of the SNPs A59V
(CC genotype) studied had substantial relationships
with crucial reproductive variables including age at first
service.
According to our study the sequences results of LEPR
gene showed that the amplified fragment samples were
monomorphic (CC genotype). Blasting of the DNA
sequences to river buffaloes GenBank records showed
one synonymous SNP (T102C) and 2 non-synonymous
SNPs (A106G and C146A). The A106G and C146A
SNPs lead to V967A and G954C replacement, respectively. Chen et al. [39] reported that, in Porcine, there
were strong relationships between intron 2 and exons
2 and 18 polymorphisms and reproductive features. As
well as Alim et al. [40] revealed that two SNPs detected
within intron 3 and one SNP in exon 4 of LEPR gene
and goats with heterozygous genotype AG at the loci
g.104911A>G and g.105151A>G showed the highest
prolificacy performance when compared with the other,
homozygous genotypes. Sun et al. [41] investigated that
the majority of studied features in Luchuan and Large
White pigs with AA genotype were greater than those
with AB and BB genotypes (P 0.05), according to the
association analysis in the analyzed locus of LEPR gene
exon 2 and in terms of litter size attributes, the AA genotype outperformed the AB and BB genotypes. Liefers
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et al. [42] found that throughout late pregnancy, animals
with genotype CC had considerably greater circulating
leptin concentrations than those with genotype CT, but
there was no association during lactation in Holstein
Friesian cows.
In Holstein-Friesian cattle, Komisarek [43] found that
daughters of bulls with the TC genotype at T945M of the
LEPR gene had a younger age of first insemination than
daughters of CC homozygotes. Likewise, Trakovická
et al. [15] investigated the relationship between SNP
LEPR/T945M genotypes and a number of reproductive
parameters, including age at first calving, calving interval,
days open, and insemination interval. Only the calving
interval length revealed significant differences (P 0.01).
Cows with the heterozygous LEPR/T945MCT genotype
have a shorter calving interval. This is in accord with the
findings of Banos et al. [44], who also found no significant
associations with milk production, feed intake, or body
energy traits in UK dairy cows. Despite this, the LEPR
plays a critical role in the activation of several downstream signaling pathways including the janus kinases/
signal transducer and activation of transcription (JAK/
STAT) pathway [45] to influence NPY expression (Neuropeptide Y), cell proliferation, and cell survival [46].
The amplified region of the Egyptian river buffalo
BMP4 gene represented a 414 bp PCR product. The HinfI
digested PCR product had a consistent PCR-RFLP pattern with 124 and 290 bp bands. This pattern was confirmed by direct sequencing data, which indicated a fixed
GG genotype (which corresponds to a CC genotype in
the sense strand) in all animals, as well as a HinfI restriction site. While TT or TG genotypes was not detected in
this study, the TT and TG genotypes frequency in Holstein cows were 5.37 and 37.85%, respectively [47], and
32 and 4% in Gyr cows [24].
Similar to this finding, Sharma et al. [48] identified an
SNP (G1534A) in exon 2 and a microsatellite in 3′ flanking region of BMP4 gene in nine different goat breeds of
India. In a study on Small Tail Han sheep, Chu et al. [49]
also reported one single nucleotide mutation C→A at
305 bp of exon 3 of BMP4 gene in genotype BB in comparison with genotype AA and found that genotype BB
had 0.61 or 1.01 lambs more than those with genotype
AB or AA. Polymorphism in the BMP4 gene of goats
was originally described by Fang et al. [50]. They found
no polymorphisms in the coding area of three different goat breeds raised in China, but two novel SNPs in
the intronic region (EU104684: g.1986ANG, 2203GNA)
were discovered. Also, Chu et al. [51] used single strand
conformation polymorphism to find SNPs in exon 2 and
intron 2 of the BMP4 gene in both high fecundity (Jining
Grey goat) and low fecundity (Boer, Angora, and Inner
Mongolia Cashmere goats).
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Conclusion
In this study, genotyping and sequencing of LEP, LEPR,
and BMP4 afforded no association between the ascertained mutations and the incidence of repeat breeding in
Egyptian buffaloes suggesting no clear-cut evidence that
warrant genetic divergence.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s43141-022-00397-2.
Additional file 1: Figure S1. The nucleotides and translated amino
acids sequences of amplified fragment from the Egyptian river buffalo
LEP gene (Exon 2 partial sequences). CDS: Coding Sequence. Figure S2.
A chromatogram showing Kpn2I restriction site within the amplified
fragment of the bubaline LEP gene. Figure S3. In silico prediction of the
effect of the target non-synonymous SNP on river buffalo LEP function.
A Evaluation of the effect of R25C replacement using Predict SNP tool. B
The conservation degree of the amino acid R25 within LEP polypeptide.
Figure S4. The nucleotides and translated amino acids sequences of
amplified fragment from the Egyptian river buffalo LEPR (Exon 2 partial
sequences). CDS: Coding Sequence. Figure S5. In silico prediction of the
effect of the target non-synonymous SNPs on river buffalo LEPR function.
A) Evaluation of the effect of the G954C and V967A replacements using
PredictSNP tool. B) The conservation degree of the amino acids G954 and
V967 within LEPR polypeptide. Figure S6. The nucleotides and translated
amino acids sequences of amplified fragment from the Egyptian river buf‑
falo BMP4 (intron 5 and Exon 6 partial sequences). CDS: Coding Sequence.
Figure S7. A part of BMP4 fragment sequencing chromatogram shows
HinfI restriction site.
Acknowledgements
This study was financially supported by the Science and Technology Develop‑
ment Fund (STDF), Egypt (Grant number: 25811).
Authors’ contributions
KFM contributed her idea, designed the experiments, co-wrote the paper,
and supervised the research. Heba, A.M, M AA, and EA B performed the
experiments and co-wrote the paper. DMM performed the experiments. MMA
performed the bioinformatics and statistical analyses. K F M contributed to
the conceptualization, methodology, supervision, writing, review, and funding
acquisition. M S H and KFM contributed this idea and helped with the design,
editing, and project administration. All authors read and approved the final
manuscript.
Funding
The work was funded by the Science and Technology Development Fund
(STDF), Egypt (Grant number: 25811).
Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations
Ethics approval and consent to participate
Blood samples were collected from buffaloes under veterinary supervision
and comply with local and international guidelines, international recommen‑
dations for the care and use of animals (Federation of Animal Science Socie‑
ties, 2010). Blood samples were collected from Animal Production Research
Institute, Agricultural Research Center, Ministry of Agriculture.
Consent for publication
Not applicable

Mahrous et al. Journal of Genetic Engineering and Biotechnology

(2022) 20:110

Competing interests
The authors declare that they have no competing interests.
Author details
1
Cell Biology Department, National Research Centre, Giza, Egypt. 2 Animal
Production Research Institute, Agricultural Research Center, and Ministry
of Agriculture, Dokki, Egypt.
Received: 12 May 2022 Accepted: 10 July 2022

References
1. Shao B, Sun H, Ahmad MJ, Ghanem N, Abdel-Shafy H, Du C, Deng T,
Mansoor S, Zhou Y, Yang Y, Zhang S, Liguo Yang L, Hua G (2021) Genetic
features of reproductive traits in bovine and Buffalo: lessons from bovine
to Buffalo. Front Genet 12:617128. https://doi.org/10.3389/fgene.617128
2. Boichard D (1990) Estimation of the economic value of conception rate
in dairycattle. Livest Prod Sci 24:187–204. https://doi.org/10.1016/0301-
6226(90)90001-m
3. Roxström A, Strandberg E (2002) Genetic analysis of functional, fertility-,
mastitis-, and production-determined length of productive life in Swed‑
ish dairy cattle. Livest Prod Sci 74:125–135. https://doi.org/10.1016/s0301-
6226(01)00300-1
4. Dekkers J (1991) Estimation of economic values for dairy cattle breeding
goals: bias due to sub-optimal management policies. Livest Prod Sci
29:131–149. https://doi.org/10.1016/0301-6226(91)90062-u
5. Berry DP, Evans R (2014) Genetics of reproductive performance in
seasonal calving beef cows and its association with performance traits. J
Anim Sci 92:1412–1422. https://doi.org/10.2527/jas.2013-6723
6. Cammack K, Thomas M, Enns R (2009) Reproductive traits and their
heritabilities in beef cattle. Prof Anim Sci 25:517–528. https://doi.org/10.
15232/s1080-7446(15)30753-1
7. Wiles JR, Katchko RA, Benavides EA, O’Gorman CW, Escudero JM, Keisler
DH, Stanko RL, Garcia MR (2014) The effect of leptin on luteal angio‑
genic factors during the luteal phase of the estrous cycle in goats. Anim
Reprod Sci 148(3–4):121–129. https://doi.org/10.1016/j.anireprosci.2014.
05.002
8. Mahrous KF, Aboelenin MM, Rashed MA, Sallam MA, Hossam E, Rushdi HE
(2020) Detection of polymorphism within leptin gene in Egyptian river
buffalo and predict its effects on different molecular levels. J Genet Eng
Biotechnol 18(1):1–11. https://doi.org/10.1186/s43141-020-0020-5
9. Vallinoto M, Schneider MP, Silva A, Iannuzzi L, Brenig B (2004) Molecular
cloning and analysis of the swamp and river buffalo leptin gene. Anim
Genet 35:462–463. https://doi.org/10.1111/j.1365-2052.2004.01186.x
10. Reshma SR, Mishra N, Thakur MS, Parmar A, Somal MK, Bharti S, Pandey V,
Chandr VS, Chouhan MR, Verma G, Singh GT, Sharm VP, Maurya M, Sarkara
(2016) Modulatory role of leptin on ovarian functions in water buffalo
(Bubalus bubalis). Theriogenology 86(7):1720–1739. https://doi.org/10.
1016/j.theriogenology.2016.05.029
11. Brickell JS, Pollott GE, Clempson AM, Otter N, Wathes DC (2010) Polymor‑
phisms in the bovine leptin gene associated with perinatal mortality in
Holstein-Friesian heifers. J Dairy Sci 93:340–347. https://doi.org/10.3168/
jds.2009-2457
12. Yazdani H, Rahmani HR, Edris MA, Dirandeh E (2010) Association between
A59V polymorphism in exon 3 of leptin gene and reproduction traits in
cows of Iranian Holstein. Afr J Biotechol 9(36):5997–6000. https://doi.org/
10.5897/AJB10.126
13. Clempson AM, Pollott GE, Brickell JS, Bourne NE, Munce N, Wathes DC
(2011) Evidence that leptin genotype is associated with fertility, growth,
and milk production in Holstein cows. J Dairy Sci 94:3618–3628. https://
doi.org/10.3168/jds.2010-3626
14. Komisarek J, Antkowiak I (2007) The relationship between leptin gene
polymorphisms and reproductive traits in Jersey cows. Pol J Vet Sci
10:193–197
15. Trakovická A, Moravčíková N, Kasarda R (2013) Genetic polymorphisms
of leptin and leptin receptor genes in relation with production and
reproduction traits in cattle. Acta Biochim Pol 60(4):783–787. https://doi.
org/10.18388/abp.2013_2058

Page 9 of 10

16. Matteis G, Scatà MC, Grandoni F, Petrera F, Abeni F, Catillo G, Napolitano F,
Moioli B (2012) Association analyses of single nucleotide polymorphisms
in the leptin and leptin receptor genes on milk and morphological traits
in Holstein cows. Open J Anim Sci 2:174–182. https://doi.org/10.4236/
ojas.2012.23024
17. Fu YF, Li L, Li B, Fang X, Ren S (2016) Long form leptin receptor and SNP
effect on reproductive traits during embryo attachment in Suzhong
sows. Anim Reprod Sci 168:57–65. https://doi.org/10.1016/j.anireprosci.
2016.02.026
18. Glantz M, Lindmark Månsson H, Stålhammar H, Paulsson M (2012) Effect
of polymorphisms in leptin, leptin receptor and acyl-CoA:diacylglycerol
acyltransferase 1 (DGAT1) genes and genetic polymorphism of milk
proteins on bovine milk composition. J Dairy Res 79:110–118. https://doi.
org/10.1017/s0022029911000859
19. Silva RC, Ferraz JB, Meirelles FV, Eler JP, Balieiro JC, Cucco DC, Mattos EC,
Rezende FM, Silva SL (2012) Associations of single nucleotide polymor‑
phisms in the bovine leptin gene and leptin receptor genes with growth
and ultrasound carcass traits in Nellore cattle. Genet Mol Res 11(4):3721–
3728. https://doi.org/10.4238/2012.august.17.10
20. Sarma L, Nahardeka N, Zaman G, Aziz A, Das A, Akhtar F, Upadhyay S,
Borkolita L (2019) Analysis of BMP4 gene HaeIII polymorphism in Assam
Hill goat. J Entomol Zool Stud 7(2):34–37
21. Baloza SH, Abo-Salem MES, Hemeda SA (2017) Effect of genetic variations
in BMP 4 gene (exon 2 plus part of intron 2) on infertility in Egyptian Buf‑
falo cows. Benha J Appl Sci 2(2):37–41
22. Ibrahim AHM (2019) Association of growth performance and body
conformational traits with BMP4 gene variation in Barki lambs. Growth
Factors 37(3-4):153–163. https://doi.org/10.1080/08977194.2019.1662417
23. Latifah L, Saa NR (2021) Single nucleotide Polymorfisme gen BMP4 pada
kambing berdasarkan data GenBank. J Trop Anim Res 2(1):24–29
24. Ortiz WH, Quirino CR, Silva A, Oliveira CS, Serapiao RV, Pacheco dan A,
Bartholazzi A (2015) Association between BMP4 gene polymorphism
and in vitro embryo production traits in Gyr cows. Rev Colomb Cienc Pec
28:156–164. https://doi.org/10.17533/udea.rccp.v28n2a04
25. Lari AM, Mohebbi-Fani M, Rowshan-Ghasrodashti A (2012) Causes of
culling in dairy cows and its relation to age at culling and interval from
calving in Shiraz, Southern Iran. Vet Res Forum 3(4):233–237
26. Miller SA, Dykes DD, Polesky HF (1988) A simple salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids Res
16(3):1215. https://doi.org/10.1093/2Fnar%2F16.3.1215
27. Lagonigro R, Wiener P, Pilla F, Woolliams JA, Williams JL (2003) A new
mutation in the coding region of the bovine leptin gene associated with
feed intake. Anim Genet 34:371–374. https://doi.org/10.1046/j.1365-2052.
2003.01028.x
28. Oikonomou G, Angelopoulou K, Arsenos G, Zygoyiannis D, Banos G
(2009) The effects of polymorphisms in the DGAT1, leptin and growth
hormone receptor gene loci on body energy, blood metabolic and
reproductive traits of Holstein cows. Anim Genet 40(1):10–17. https://doi.
org/10.1111/j.1365-2052.2008.01789.x
29. Camacho C, Coulouris G, Avagyan V, Ma N, Papadopoulos J, Bealer K,
Madden TL (2009) BLAST+: architecture and applications. BMC Bioinfor‑
matics 10:421. https://doi.org/10.1186/1471-2105-10-421
30. Bendl J, Stourac J, Salanda O, Pavelka A, Wieben ED, Zendulka J, Brezovsky
J, Damborsky J (2014) PredictSNP: robust and accurate consensus
classifier for prediction of disease-related mutations. PLoS Comput Biol
10(1):e1003440. https://doi.org/10.1371/journal.pcbi.1003440
31. Ashkenazy H, Abadi S, Martz E, Chay O, Mayrose I, Pupko T, Ben-Tal N
(2016) ConSurf: an improved methodology to estimate and visual‑
ize evolutionary conservation in macromolecules. Nucleic Acids Res
44(W1):W344–W350. https://doi.org/10.1093/nar/gkw408
32. Fernandes JS, Crispim BA, Seno LO, Aspilcueta-Borquis RR, Barufatti A
(2020) Polymorphisms related to bovine leptin gene and association
with productive and reproductive traits in Nellore heifers. Trop Anim Sci J
43(1):18–24. https://doi.org/10.5398/tasj.2020.43.1.18
33. Hilmia N, Rahma D, Dudi HDN (2019) Single nucleotide polymorphism on
exon 2 leptin gene of pasundan cattle. Earth Environ Sci 334. https://doi.
org/10.1088/1755-1315/334/1/012013
34. Liefers SC, Veerkamp RF, Te Pas MFW, Delavaud C, Chilliard Y, Platje M, Van
der Lende T (2002) Associations between leptin gene polymorphisms
and production, live weight, energy balance, feed intake, and fertility in
Holstein heifers. J Dairy Sci 85:1633–1638

Mahrous et al. Journal of Genetic Engineering and Biotechnology

(2022) 20:110

35. de Oliviera JA, Cunha CM, Crispim BD, Seno LD, Fernandes AR, Nogueira
GD, Grisolia AB (2013) Association of the leptin gene with carcass charac‑
teristics in Nellore cattle. Anim Biotechnol 24(3):229–242. https://doi.org/
10.1080/10495398.2013.770008
36. Liefers SC, Te Pas MF, Veerkamp RF, Chilliard Y, Delavaud C, Gerritsen R, van
der Lende T (2003) Association of leptin gene polymorphisms with serum
leptin concentration in dairy cows. Mamm Genome 14(9):657–663.
https://doi.org/10.1007/s00335-003-2275-y
37. Buchanan FC, Fitzsimmons CJ, Van Kessel AG, Thue TD, Winkelman-Sim
DC, Schmutz SM (2002) Association of a missense mutation in the bovine
leptin gene with carcass fat content and leptin mRNA levels. Genet Sel
Evol 34(1):105–116. https://doi.org/10.1186/1297-9686-34-1-105
38. Almeida SEM, Santos LBS, Passos DT, Corbellini AO, Lopes BMT, Kirst C,
Terra G, Neves JP, Goncalves PBD, Moraes JCF, Azevedo Weimer T (2008)
Genetic polymorphsims at the leptin receptor gene in three beef cattle
breeds. Genet Mol Biol 31:680–685. https://doi.org/10.1590/S1415-47572
008000400013
39. Chen CC, Chang T, Su HY (2004) Characterization of porcine leptin
receptor polymorphisms and their association with reproduction and
production traits. Anim Biotechnol 15(1):89–102. https://doi.org/10.1081/
abio-120037903
40. Alim MA, Hossain MM, Nusrat J, Salimullah M, Shu-Hong Z, Alam J (2019)
Genetic effects of leptin receptor (LEPR) polymorphism on litter size in a
black Bengal goat population. Anim Biol 69(4):411–420. https://doi.org/
10.1163/15707563-00001079
41. Sun C, Wang L, Jiang DF, Zhang B (2009) Missense mutations in exon 2
of the porcine leptin receptor gene and their associations with litter size
and body weight. Czech. J Anim Sci 54(5):210–216. https://doi.org/10.
17221/1663-cjas
42. Liefers SC, Veerkamp RF, Te Pas MF, Delavaud C, Chilliard Y, Van Der Lende
T (2004) A missense mutation in the bovine leptin receptor gene is
associated with leptin concentrations during late pregnancy. Anim Genet
35(2):138–141. https://doi.org/10.1111/j.1365-2052.2004.01115.x
43. Komisarek J (2010) Impact of LEP and LEPR gene polymorphisms on
functional traits in polish Holstein-Friesian cattle. Anim Sci Paper Rep
28:1333–1141
44. Banos G, Woolliams JA, Woodward BW, Forbes AB, Coffey MP (2008)
Impact of single nucleotide polymorphisms in leptin, leptin receptor,
growth hormone receptor, and diacylglycerol acyltransferase (DGAT1)
gene loci on milk production, feed, and body energy traits of UK dairy
cows. J Dairy Sci 91(8):3190–3200. https://doi.org/10.3168/jds.2007-0930
45. Cirillo D, Rachiglio AM, La Montagna R, Giordano A, Normanno N (2008)
Leptin signaling in breast cancer: an overview. J Cell Biochem 105(4):956–
964. https://doi.org/10.1002/jcb.21911
46. Higuchi H, Hasegawa A, Yamaguchi T (2005) Transcriptional regulation
of neuronal genes and its effect on neural functions: transcriptional
regulation of neuropeptide Y gene by leptin and its effect on feeding. J
Pharmacol Sci 98(3):225–231. https://doi.org/10.1254/jphs.fmj05001x6
47. Li G, Khateeb K, Schaeffer E, Zhang B, Khatib H (2012) Genes of the trans‑
forming growth factor-beta signaling pathway are associated with preimplantation embryonic development in cattle. J Dairy Res 79:310–317.
https://doi.org/10.1017/s0022029912000210
48. Sharma R, Ahlawat S, Maitra A, Roy M, Mandakmale S, Tantia MS (2013)
Polymorphism of BMP4 gene in Indian goat breeds differing in prolifi‑
cacy. Gene 532(1):140–145. https://doi.org/10.1016/j.gene.2013.08.086
49. Chu M, Zhou W, Sun S, Fang L, Ye S (2008) Polymorphism of BMP4 gene
and its relationship with prolificacy of small tail Han sheep. J Agric Bio‑
tech 16:237–241
50. Fang X, Xu H, Chen H, Zhang C, Hu X, Gao X et al (2010) Polymorphisms
of bone morphogenetic protein 4 in goats. J Anim Vet Adv 9(5):907–912.
https://doi.org/10.1007/s11033-010-0556-6
51. Chu MX, Lu L, Feng T, Di R, Cao GL, Wang PQ, Fang L, Ma YH, Li K (2011)
Polymorphism of bone morphogenetic protein 4 gene and its relation‑
ship with litter size of Jining Grey goats. Mol Biol Rep 38(7):4315–4320.
https://doi.org/10.1007/s11033-010-0556-6

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Page 10 of 10

