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ABSTRACT

Astudy was undertaken to investigate polymorphism in BMP-15 (Fec X°and Fec X°in exon-2) gene in
Marwari goats by RFLP technique. Samples were collected from 60 unrelated goats of Marwari breed from
different locations in Bikaner district. Genomic DNA was extracted by phenol:chloroform method and
amplified using exon-2 Fec X® and Fec X° specific primers. The amplification was obtained at between 153
bp and 141 bp. The purified amplicons were digested with five base cutter restriction enzymes: Ddel and
Hinfl (5'GANTCA 3'CTNAGT). All samples showed the absence of polymorphism at the Fec X*and Fec X°
loci of BMP-15 gene. Hence, BMP-15 gene cannot be regarded as the major gene associated with the
fecundity of goats. Further investigation may be directed at other loci of BMP-15 gene or other genes, using
larger sample size. (Indian Journal of Small Ruminants 2012, 18(1): 32-36).
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he Marwari breed is one of the popular goat

breeds for meat production in India, particularly in
Rajasthan. It possesses high growth rate and fertility
and has good adaptation to various farming systems.
Conventional breeding programmes are continuing in
a number of districts of Rajasthan for genetic
improvement of this breed, focusing on growth and
meat production. Accuracy of selection programmes
and rate of genetic gain in farm animal may be further
enhanced using marker assisted selection (MAS).
However, identifying useful genetic markers is the first
and most critical step in MAS (Spelman and
Bovenhuis, 1998). Bone morphogenetic protein
(BMP) is present in bone and has capacity to repair
and regenerate bone. BMPs were originally identified
on the basis of their ability to produce ectopic bone
formation when implanted within soft tissue in vivo.
They also play roles in embryonic development,
homeostasis, repairing of various tissue patterning,
cell differentiation and apoptosis (Wozney et al.,
1988). The BMP family of proteins is the largest
subgroup of the transforming growth factor-R (TGF-R)
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superfamily (Rueger, 2002). TGF-Rs act as signaling
molecules in tissue and organ development and have
a wide range of functions in connective tissue, brain,
kidney, and muscle. Currently, there are approximately
30 members of the BMP family. BMP-15 is the one of
the members of this family which influences growth
and reproduction in animals. The BMP-15 regulates
granulosa cell proliferation and differentiation by
promoting mitosis, suppressing follicle-stimulating
hormone receptor expression and stimulating kit
legend expression. It plays a pivotal role in female
fertility in mammals (Juengel et al., 2002; Moore et al.,
2003). Polymorphism of the BMP-15 gene was
associated with both increased ovulation rate and litter
size in heterozygous carriers and sterility in
homozygous carriers in sheep and goats (Malan,
2000; Juengel et al. 2003; Chu et al., 2004). In recent
years, five different mutations in the BMP-15 gene
(FecX®, FecX®, FecX, FecX", FecX"), and one in the
BMPR-1B gene (Fec B) were identified. These
mutations had great association to the ovulation rate of
different sheep breeds, especially the Fec B mutation
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(Booroola breed) and FecX® (Inverdale breed). In the
present study, these genes were selected to detect the
probable effects on goat prolificacy. Therefore, the
objective of this study was to detect polymorphism of
the FecX® and FecX® loci in BMP-15 gene in the
Marwari goat using PCR-Restriction Fragment Length
Polymorphism (RFLP).

MATERIALS AND METHODS

A total of 60 blood samples from Marwari goats
were collected randomly from different locations in
Bikaner district (Deshnokhe, Kalyansar, Raisar and
Daiya villages). The samples were kept in deep freeze
at - 20°C till the isolation of genomic DNA. Genomic
DNA was extracted from whole blood by phenol-
chloroform extraction method as given by Sambrook

et al. (1989) with slight modification. The extracted
genomic DNA was checked for quality, purity and
concentration. Horizontal submarine agarose gel
electrophoresis was carried out to check the quality of
genomic DNA using 0.8 % w/v agarose. Only the DNA
samples of good quality were used for further analysis.
Fec X and Fec X°alleles in exon 2 BMP-15 gene were
amplified using specific primers (Hanrahan et al.,
2004) (Table 1). The amplification was obtained at 153
bp and 141 bp, respectively. The amplified product was
run on 1.2% agarose gel electrophoresis and the band
patterns were obtained with gel documentation
system. The amplicons (exon-2 Fec X® and Fec X°)
were purified with Phenol:Chloroform:Isoamyl alcohol
extraction method to exclude the possibility of impurity
such as Taqg DNA polymerase, DNTPs and Taq Buffer.

Table 1. Primers and PCR amplification parameters used to amplify BMP-15 gene

Gene Primers (5' to 3') Amplicon Annealing Enzyme
size (bp) temperature (°C)
FecX® F-GCCTTCCTGTGTCCCTTATAAGTATGTTCCCCTTA
R-TTCTTGGGAAACCTGAGCTAGC 153 57.5 Ddel
FecX® F-CACTGTCTTCTTGTTACTGTATTTCAATGAGAC
R-GATGCAATACTGCCTGCTTG 141 63 Hinfl
F-Forward primer; R-Reverse primer
The PCR was carried out with denaturation at 94 RESULTS AND DISCUSSION

°C for 5 min, followed by 35 cycles of denaturation at
94 °C for 45 sec, annealing at different temperatures
and different times by the primer, extension at 72 °C for
60 sec, with a final extension at 72 °C for 10 min on
PX2 Thermal Cycler (Thermo Electron Corporation,
USA). For storage, the PCR products were heated to
95 °C for 5 min and immediately placed on ice to
prevent DNA strands from re-annealing. Restriction
endonuclease (RE) digestion of purified PCR product
(amplicon) was done with the Ddel and Hinfl
(5'GANTCA 3'CTNAGT) enzymes. Ddel (1.0 pl) and
Hinfl (5.0 pl) in a total volume of 50 ul at the
temperature recommended by the manufacturer was
kept for about 3-6 h. The digested product was
analyzed by 1.2% agarose gel electrophoresis.
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The genomic DNA was successfully isolated from
blood samples. The gel electrophoresis pattern of
different samples is depicted in Plate1.

Genomic DNA§

Plate 1. Genomic DNA isolated from Marwari goats
(Lane 1-11: Genomic DNA, Lane 12: Negative control)
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The amplification was observed at 153 and 141
bp, respectively. The amplified (BMP-15; exon-2 Fec
X? and Fec X°) product was run on 1.2% agarose gel
electrophoresis and the band pattern has been
presented in Plate 2-3. The amplicons (exon-2 Fec X°
and Fec X°) were purified with Phenol: Chloroform:
Isoamyl alcohol extraction method and digested with
five base cutter restriction enzymes Ddel (5'CTNAG
3'GANTC) and Hinfl (5'GANTCA 3'CTNAGT),
respectively. The digested fragment has been shown
in Plate 4-5. All DNA samples of Marwari goat showed
the absence of polymorphism at the Fec X°and Fec X°
loci of BMP-15 gene. The findings of the present study
are in line with those of Polley et al. (2009) in Indian
Black Bengal goat who reported that all known point
mutations of BMP15 and GDF9 genes were
monomorphic in the animals tested.

1 2

3 4 5

153 bp

Plate 2. Amplification of BMP-15 (exon Fec®)
gene by PCR (Lane 1: 100 bp ladder,
lane 2-5: Amplicons (BMP-15, exon Fec® gene);
lane 6: Negative control)

The results of present investigation are also in
agreement with those of Deldar-Tajangookeh et al.
(2009) in Iranian goats who observed no evidence of
mutation in FecX® and FecX® in these goats using
PCR-RFLP technique and all were monomorphic for
exon 2 BMP-15 gene. Also, none of the polymorphisms
were found in the coding region of BMP- 15 mature
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peptide of Markhoz goats of Iran with Dde I digestion
(Arefnezhad, 2007). Hua et al. (2008) in Chinese goats
also reported absence of the polymorphism in ovine
fecundity major genes FecB and FecX. The absence of
mutation in BMP-15 of six breeds of Chinese goats was
reported by He etal. (2006).

1 2

3 4 5 6

141 bp

Plate 3. Amplification of BMP-15 (exon Fec®) gene by PCR
(Lane 1: 100 bp ladder, lane 2-5: Amplicons (BMP-15,
exon Fec® gene); lane 6: Negative control)

112 bp
29 bp

Plate 4. Monomorphism in BMP-15 (exon Fec®) gene of
Marwari goat digested with Hinf | restriction enzyme
(Lane 1: 100 bp ladder, lane 2-5: Digested amplicons)
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Mutations at five different points in exon 2 of BMP-
15 gene are associated with prolificacy in some
breeds of sheep (Montgomery et al., 2001). Mutations
in fecundity genes GDF-9 and BMP-15 have important
economic values in sheep breeding and probably
ruminant reproduction (Galloway et al., 2000;
Hanrahan et al., 2004; McNatty et al., 2005). Action of
a single major gene responsible for high ovulation
rate is reported in the Booroola Merino, Inverdale,
Belclare and Cambridge sheep but there is no
evidence of major gene for litter size in other prolific
sheep such as Finish Landrace and Romanov and
these findings indicate that at least two genetic control
mechanisms for high prolificacy operates in sheep
(Gordon, 2004). The biological effect of the mutations
in mammals varies among species (Yan et al., 2001).
Furthermore, Hashimoto et al. (2005) recently
suggested that species-specific differences in BMP-
15 processing may be associated with the differences
in ovulation rate amongst species.

3 4 5

1 2

6

122 bp
31 bp

Plate 5. Monomorphism in BMP-15 (exon Fec®) gene of
Marwari goat digested with Dde | restriction enzyme
(Lane 1: 100 bp ladder, lane 2-5: Digested amplicons,
lane 6: Negative control)

GDF-9, BMP-15 and BMPR-1B genes enhanced
the primary and prenatal follicular growth in vitro and in
vivo and expressed in all the stages of the normal
ovarian follicle development (Hayashi et al., 1999;
Hanrahan et al., 2004). These genes were detected
increasing ovulation in sheep breeds, especially Fec
G" mutation of GDF-9 gene in Belcare and Cambridge
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breeds, Fec X°, Fec X°, Fec X, Fec X" and Fec X"
mutation of BMP-15 gene in several sheep breeds and
Fec B mutation in BMPR-1B gene (Davis, 2005). In the
present study, the results indicated that none of these
mutations can be detected in Marwari goats including
the high fecundity and low fecundity goats, these
mutations had no obvious effect on the difference of
prolificacy in goats. There was no genetic
polymorphism of FecX® and FecX® loci of BMP-15
gene in Marwari goat. Hence, BMP-15 gene cannot be
regarded as the major gene associated with the
fecundity of goats. Further investigation should be
directed at other loci of BMP-15 gene or other genes,
using larger sample size.
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