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ABSTRACT

Objective: To determine the polymorphism of GDF-9 gene in FH cattle that may affect
its interaction with the BMP-15 protein.
Method: Blood was taken from the jugular vein using 10 mL sterile syringes from ten
Friesian Holstein cattle. The DNA were isolated from the whole blood and used as a
template to amplify GDF-9 gene. The Amplicon (PCR product) was sequenced to
identify the new SNP. The three-dimensional structure of GDF-9 protein was modeled by
SWISS-MODEL. The characteristic of the protein structure was analyzed by using
projectHOPE. The binding affinity GDF-9 into MBP was examined by PatchDock and
FireDock.
Results: The result indicates a new variant G1358A changed amino acid residue at
position 435 from Arginine into Histidine (R453H). In silico analysis using projectHOPE
predicted that the variant altered side chain of GDF-9 and changed its interaction with
BMP-15. Further study suggested that the polymorphism R453H also reduce the binding
affinity of the GDF-9 into BMP-15 from −85.58 kcal/mol (R453) into −80.79 kcal/mol
(H453).
Conclusion: The new variant G1358A at an estrous FH a cattle has potency alter GDF-9
profile that may affect to reproduction performance.
1. Introduction

GDF-9 is a member of Transforming Growth Factor b (TGF-
b) superfamily [1,2] that has a significant role in follicle growth
and development at all stages of folliculogenesis [3]. GDF-9
could influence the initiation of primordial follicle [4] in rat [5]

and human ovaries [6]. GDF-9 promotes follicular survival by
suppressing granulosa cell apoptosis and follicular atresia [7].
Therefore, GDF-9 regulates proliferation, differentiation and
cumulus expansion of granulosa cells [8,9] which can influence
oocyte maturation. Also, GDF-9 may also involve
luteinization of the follicle at ovulation [10]. Knockout mice
are lacking GDF-9 lead to infertility [11].

GDF-9 gene consist of 2 exons and 1 intron [1,12,13]. Exon 2
encoding an entire mature peptide of protein [14] and mutation in
the region may affect the reproduction performance in sheep.
Polymorphism of GDF-9 has lower ovulation rate in Moghani
and Ghezel sheep [15]. Homozygote mutation S395F can lead
to sterility in Cambridge and Belclare sheep [16]. Mutation
S109R also has an effect on the fecundity of Thoka sheep [17].
Also, a mutation at position V371M has associated with litter
size in Norwegian White Sheep.

The SNP is likely to affect the three-dimensional structure of
the GDF-9 protein [18] and reduce its binding capacity with other
protein that may influence the phenotype [19]. GDF-9 is
important to interact with receptor or dimer protein that is
BMP-15 protein [20] that related to fertility performance. The
GDF-9 gene can be a candidate gene for determining the
fertility of livestock [12]. Therefore, polymorphism of GDF-9
in exon 2 is important to be evaluated to explore biomarker of
cattle fertility.

2. Material and methods

2.1. Amplification GDF-9 gene

This blood samples were collected from 10 Friesian Holstein
(FH) cattle from Training Center for Animal Husbandry, Batu –
article under the CC BY-NC-ND license (http://

http://dx.doi.org/10.1016/j.apjr.2016.01.010
mailto:Widodo@ub.ac.id
www.sciencedirect.com/science/journal/23050500
http://www.apjr.net
http://dx.doi.org/10.1016/j.apjr.2016.01.010
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Afifi Inayah et al./Asian Pacific Journal of Reproduction 2016; 5(2): 140–143 141
Indonesia. Three of samples have low performance that is anestrous
while the rest of samples have normal performance. Then bloodwas
taken from each FH cattle from the jugular vein using 10 mL sterile
syringes. Obtained blood is placed in an EDTA-vacutainer and
stored at −20 �C. The DNA was isolated using NORGEN kit
(#46300). Amplification GDF-9 gene exon 2 using forward primer
50AAGACTCTCCCTAGAGCTCCATACTC30 and reverse
primer 50TAGAACTGCAATTCCACCCAAG30 [21]. The PCR
product was purified and sequenced in 1st Base co. Ltd., Malaysia.

2.2. Variant analysis

The sequences of each sample were aligned with GDF-9 Bos
taurus (M_174681.2) sequence to find SNP in the sequence of
samples. Nucleotide sequence translated into an amino acid
sequence by using MEGA5 software to determine the SNP may
result in amino acid alteration.

2.3. Prediction of polymorphism's effect

Tertiary structure of GDF-9 protein was modeled by using
homology method (SWISS-MODEL) based on BMP-3 (2QCQ)
as a template. The protein model was validated by using Ram-
achandran Plot. The effect of polymorphic on a characteristic of
protein structure was analyzed by using projectHOPE web
server, pyMol and YASARA software. The binding affinity of
the protein with its protein partner (MBP) was done by Patch-
Dock and FireDock web server.

3. Results

Amplification of GDF-9 gene exon 2 using the primers
yielded an 1100 bp DNA. Sequencing results of the PCR
product of the tens samples have 99–100% similarity to GDF-9
gene of Bos taurus (GQ922451.1; NM_174681.2). Further
sequence Alignment analysis indicated that one of the ten
samples has variant in position 1358 (Figure 1). The variant is
not recorded yet in the Gene Bank (NCBI) and occur in the
anestrus cattle.

In silico analysis revealed the substitution of guanine into
adenine (G1358A) has changed amino acid Arginine into His-
tidine at position 435. The amino acid residue located at the
surface of protein and lies on the relevant domain to carry out
the primary activity of the GDF-9 protein. The alteration of
arginine into histidine residue (R453H) may result in a shift
Figure 1. One of ten samples has new variant G1358A of GDF-9 gene.
The PCR product of GDF-9 gene (A) that have wild-type sequence (B) and new
samples.
rotation some residues and this effect to the shape or difference
protrusions of the protein surface (Figure 2). Also, the project-
HOPE analysis predicted the arginine residue involved in the
ionic reaction, the alteration of the residue likely to interfere
protein activity.

Further docking analysis showed that the substitution of
Arginine into Histidine reduce the binding affinity of GDF-9
into BMP-15 (Figure 3). The binding energy of GDF-9 wild
type (R453) and mutant (H453) with BMP-15 are −85.88 and
−80.79, respectively. The docking protein analysis suggested
that Histidine residue altered the binding pattern of GDF-9 with
BMP-15 and caused loosing 24 binding sites.

4. Discussion

The new variant G1358A at gene GDF-9 was found in one
among three samples of anestrous cattle. The variant altered amino
acid residue 453 fromArginine into histidine (R453H) ofGDF-9.
The arginine usually involved in the ionic reaction, alteration of
the residue into histidine may disrupt GDF-9 function. The his-
tidine reduced protein hydrophobicity and shifted rotation side
chain of some amino acid that detracted protrusion on the protein
surface. Therefore, the amino acid substitution possibly changed
character and function of GDF-9. The GDF9 mutation has an
effect on fertility and ovulation rate of Moghani and Ghezel sheep
in Iran and Turkey [15]. The GDF-9 was expressed in ovaries that
regulate folliculogenesis in domestic ruminants [1].

Further investigated, we found that the variation is resided in
heterodimer binding domain ofGDF-9, which is important to bind
with BMP-15. Study on protein–protein interaction using mo-
lecular docking showed that variationR453H changed the binding
affinity and pattern of the GDF-9 and BMP-15 complex. The
Histidine residue caused loosing 24 bonds between GDF-9 and
BMP-15 compared to Arginine. So as the alteration Arginine into
Histidine reduced the binding affinity of GDF-9 with BMP-15
from −85.88 kcal/mol and −80.79 kcal/mol, respectively.

The changing of binding affinity and pattern of the complex
protein may interfere cellular cascade on oocyte maturation. This
is due to the heterodimer of the GDF-9 and BMP-15 complex is
required for normal follicular development and ovulation that
necessary to regulate of mammals fertility [20–22]. Moreover,
GDF-9 promote granulosa cell to produce luteinizing hormone
receptor that is essential to pre-ovulatory process [23]. The
bone BMP-15 and GDF-9 play crucial roles in determining
folliculogenesis, and oocyte-secreted factors, ovulation rate in
variant A1358 (C). M = DNA ladder 100–10000 bp. Lane 1–10 = s PCR



Figure 3. The variant R453H changed binding pattern and affinity of GDF-9 with BMP-15. GDF-9 wild type bound to BMP-15 (A) and GDF-9H453

(variant) bound to BMP-15 (B) that changed binding pattern (red circle) and energy (Table).

Figure 2. The variant G1358A of GDF-9 gene changes Amino acid from Arginine into Histidine (A), that altered side chain (B) and the surface shape (C) of
GDF-9 wild type (blue) into new variant (red). The amino acid residues substitution shifted the rotation of the two side chain (black box in panel D).
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sheep and mice [25]. GDF9 and BMP15 form a complex
intrafollicular regulatory system during folliculogenesis [24]. So
the alteration on the BMP-15 binding domain of GDF-9 may
affect the fertility of FH.

The illustration is consistent with the data that all of normal FH
in this study have not variant 1358A. Whereas the variant 1358A
was found in anestrous FH, although only in one among three
samples. The study suggested that the new variant G1358A has
potentially influenced the fertility performance of FH cattle. The
result warranted to be explored further for examining the potential
of the variant as a biomarker in FH cattle reproduction
performance.
The new variant G1358A at an estrous FH cattle more likely
alter GDF-9 profile and function that may affected to repro-
duction performance of FH cattle.
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