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Abstract

The genes BMPR1B, GDF9 and BMP15 are oocyte-derived members of the transforming growth
factor-B superfamily, which is essential for follicular growth and ovulation. The aim of the current study was
to determine the incidence of reported mutations in exon 3 of BMPR1B gene, exon 1 of GDF9 gene, and
exon 2 of BMP15 gene and their association with litter size in three parities of Beetal and Teddy goats.
Based on the known mutations in these genes, PCR primers were designed to find out the polymorphism
through the PCR-RFLP technique in 120 randomly selected animals of the two breeds, which vary in their
prolificacy. The current results show that there were significant differences in litter size [1.708 £ 0.060 in
Beetal (B) and 2.167 + 0.056 in Teddy (T) goats] in both breeds. The results of breed x parity interaction
showed significant differences in litter size in first [1.158 + 0.061 (B); 1.861 + 0.057 (T)], third [2.062 £ 0.078
(B); 2.583 + 0.073 (T)] and average parity [708 + 0.060 (B); 2.167 £ 0.056 (T)] in both breeds. All three loci in
both breeds were found to be polymorphic and the results of breed x parity x genotype analysis showed that
genotypes of all the three genes were significantly associated with litter size in all parities in both breeds. For
the BMPR1B gene, heterozygous (CT) animals of Beetal and Teddy goats had the largest litter size in all
three parities and the average (parity) litter size, showing the overdominance of the heterozygotes. Similarly,
for GDF9 gene, heterozygous animals (AG) had the largest litter size in both breeds. For BMP15 gene
homozygous carrier animals (CC) of both breeds had the highest number of kids, followed by the
heterozygous (AC) genotypes. The current results show the importance of BMPR1B, GDF9 and BMP15 as
the major genes that influence prolificacy in both Beetal and Teddy goats. It is suggested that these
polymorphisms can be used as molecular markers to select the prolific animals in these breeds.
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Introduction

Goats are considered ‘future animals’ for rural and urban prosperity (Ahlawat et al., 2016) owing to
their ability to tolerate hot climatic conditions (Khan et al., 2013), their better productivity (Kumar et al., 2016),
their small size, their ability to utilize poor quality roughages (Ahlawat et al., 2015b) and their non-
competitiveness with human beings for food (Shi et al., 2010). The goat population is highest in Asia (55%),
followed by Africa (39%) (FAOSTAT, 2016), which is known to have the lowest per capita GDP in the world
(FAOSTAT, 2016). Hence, it is anticipated that goat populations could be helpful in improving the livelihoods
of livestock-keeping rural household on these continents. According to Food and Agricultural Organization
(FAQ), about 73% more meat and 58% more dairy products need to be produced by 2050 to feed the
growing human population, which is expected to increase to 9.6 billion from 7.2 billion (FAOSTAT, 2016).
This increase in population would result in further shortages of grazing and water resources, which are
already at risk owing to the threat of global warming (Ahlawat et al., 2015b; Rojas-Downing et al., 2017). The
gap between demand and production of quality animal protein could be bridged by selecting goat genetic
resources for prolificacy by employing modern genetics tools.
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Animals that produce twins participate more than 1.5 times more in meat production than those that
produce a single offspring per kidding (Ahlawat et al., 2016). Litter size is a sex-limited and polygenic trait
and is controlled by a plethora of endocrine and paracrine mediators (Polley et al., 2009a). Ovulation rate
and eventually the litter size are the main factors that determine the reproductive efficiency in small
ruminants (Bradford et al., 1989; Rosatia et al., 2002). A large number of studies have been performed on
various sheep breeds to identify the candidate genes that are involved in controlling the ovulation rate and
prolificacy (Kumari et al., 2016). Three genes of the ovary-derived transforming growth factor 3 (TGFp)
superfamily (Shabir M et al., 2013), including bone morphogenetic protein receptor-type 1B (BMPR1B/FecB),
also called booroola gene (Chu et al., 2007); growth differentiation factor 9 (GDF9/FecG) (Feng et al., 2011);
and bone morphogenetic protein 15 (BMP15/FecX) (Wang et al., 2011) have been reported to be the major
candidate genes for prolificacy in sheep (Polley et al., 2009b).

BMPR1B was the first key gene that was identified for its role in controlling litter size in sheep
(Montgomery et al., 1993) and a (FecB®) mutation in this gene was reported in the Boorola Merino (Wilson
et al., 2001) and Javanese sheep (Davis et al., 2002). It is a substitution mutation (Q249R) in the intracellular
kinase signalling domain of the BMPR1B gene which was found to be associated with hyper-prolific
phenotypes of Booroola sheep (Fogarty, 2009; Hua et al., 2009). This co-dominant autosomal locus is
involved mainly in the growth and development of ovarian follicles (Polley et al., 2009b). BMP15 protein is
the product of an X-linked gene that is expressed in oocytes in mammals, and it helps to stimulate follicular
development (Hanrahan et al., 2004). Heterozygous ewes that carry the naturally occurring BMP15 point
mutations have enhanced rates of ovulation (Polley et al., 2009a). Several mutations in this gene have been
identified, such as FecX' and FecX" from Romney sheep, FecX® and FecX® from Cambridge and Belclare
(Davis, 2005; Mullen MP, 2013), FecX" from Laucane sheep (Bodin et al., 2007), FecX® from Rasa
Aragonesa, FecX® from Grivette (Demars et al., 2013) and FecX® from Olkuska sheep (Demars et al.,
2013).

However, GDF9 is another major gene that is responsible for the highly prolific phenotype in sheep. It
has a major role in growth and differentiation of antral follicles in female reproduction in mammals (Chu et al.,
2011a). A mutation (FecGH) in GDF9 gene in heterozygous form was seen to be responsible for a high
ovulation rate, but in homozygous form it causes infertility in Cambrid1ge and Belclare sheep (Hanrahan
et al., 2004). Likewise, other mutations in this gene, which include FecG' and FecGF, had been observed in
Icelandic (Davis, 2005) and Santa Inés sheep (Demars et al., 2013), respectively,.

Some recent studies have reported the association of genetic variation in BMP15 (Ahlawat et al.,
2016; Wang et al., 2011) and GDF9 (Chu et al., 2011a; Chu et al., 2011b; Feng et al., 2011) with litter size in
some goat breeds. Beetal is a heritage goat, and the pride of Pakistan and Indian (eastern) Punjab, and is
used mainly for milk and meat (Khan et al., 2008), while the Teddy is known for its ability to survive in severe
environmental conditions, its fast growth rate, and high prolificacy (Khan et al., 2016), and is found in
Pakistan and Bangladesh. The twinning rate in Beetal goats is 50% - 55%, whereas in Teddy it is >70%
(Nawaz et al., 2013; Muhammad et al., 2015). Therefore, the present study was planned to identify the
genetic variations in BMPR1B, BMP15 and GDF9 genes, which are associated with litter size, in these two
goat breeds of the Indo-Pak subcontinent.

Materials and Methods

Ethical permission (number DR/152) for the collection of blood samples was obtained from the Ethical
Review Committee for Animal Research of University of Veterinary and Animal Sciences, Lahore, Pakistan.

The present research was conducted on 120 animals, 60 of each of the Teddy and Beetal (60 + 60)
goat breeds. A 5 mL blood sample was collected from the jugular vein of each animal with a sterilized 5 mL
syringe fitted with a 22-gauge needle. Blood samples were transferred to a 50 mL falcon tube containing 160
pL EDTA, and samples were immediately stored on ice. Later, samples were stored at -20 °C for subsequent
DNA extraction. The phenotypic (litter size) data for first three parities of each Beetal goat were collected
from Small Ruminant Training and Research Centre (SRTC), Ravi Campus, University of Veterinary and
Animal Sciences, Lahore, Pakistan, and from private breeders. Similarly, Teddy goat blood samples and
phenotypic data for the first three parities were collected from Livestock Production Research Institute
(LPRI), Bahadarnagar, Okara, Pakistan, and private breeders in the surrounding areas.

A volume of 100 pL of each blood sample was transferred into Eppendorf tubes. To this, 1000 uL TEB
buffer (Tris HCL 10 mM, EDTA 2 mM) was added, and samples were vortexed for 5 minutes and then
centrifuged at 1000 rpm for 5 minutes. A pellet was made at the bottom of the Eppendorf tube. After
discarding the remaining solution, 20 pL proteinase K enzyme was added, along with 60 pL SDS (10%)
solution and 100 pL TNE buffer (Tris HCL 10 mM, NaCL 400 mM, EDTA 2 mM). Samples were vortexed for
5 minutes and placed in a water bath at 58 °C for overnight digestion. PCL (phenol 25: chloroform 24:
isoamyle 1) was added to the fully digested samples. Three layers were formed after centrifugation at 1000
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rpm for 10 minutes. Samples were washed with 70% ethanol and again centrifuged at 1000 rpm for 10
minutes. A solid pellet of DNA was formed and dissolved in 100 pL double distilled water. DNA was stored at
4 °C or -20 °C. The concentration of DNA was measured in a Nanodrop spectrophotometer (ThermoFisher).

Polymerase chain reaction (PCR) was carried out in a final reaction volume of 20 uL in C-1000
Touch™ thermal cycler (Bio-Rad, USA). The primers for the amplification of BMP15, GDF9 and BMPR1B
are given in Table 1. The reaction mixture consisted of 150 yM dNTPs, 1.2 mM MgCl,, 2.0 mM 10x buffer,
30 ng of each of forward and reverse primer and 1 unit of Tag DNA polymerase. The PCR reaction cycle
protocol was 5 min at 95 °C, 30 cycles at 94 °C for 45 seconds, annealing at various temperatures (Table 1)
for 30 seconds, extension at 72 °C for 45 seconds. The PCR products were visualized in Gel Doc™ EZ
imager (Bio-Rad, USA), following electrophoresis through 2% agarose gel (Figure 1).

Table 1 Primer sequence, along with annealing temperature, amplicon size, and restriction enzymes

Annealing Restriction

Genes Forward and reverse primer sequences Reference
temp (°C) enzymes
F: CCAGAGGACAATAGCAAAGCAAA (Helal et al.
BMPR1B 60 Avall '
R: CAAGATGTTTTCATGCCTCATCAACAGGTC 2014)
F: GAAGACTGG TATGGGGAAATG
GDF9 58 Hhal (Noshahr &
R: CCAATCTGC TCCTACACACCT Rafat, 2014)
F: CACTGTCTTCTTGTTA (Kasiriyan et al.,
BMP15 60 Hinfl 2009;
R: CTGTATTTCAATGAGACGATGCAATACTGCCTGCTTG Sh%roll)ahl,
14

Figure 1 Agarose gel electrophoresis (2%) image of amplified products of BMPR1B (190 bp), GDF9 (500 bp)
and BMP15 (141 bp) genes
A 50 bp ladder was used in gel electrophoresis, as shown in the furthest left column of the image

The amplified regions of undigested PCR product were sequenced using an ABI3130 automated DNA
sequencer (Applied Biosystems, USA). Multiple sequence alignments were performed with MEGA 7 (Sudhir
et al., 2016) software using the CLUSTALW (Thompson et al., 1994) algorithm to identify polymorphisms.

PCR products of all the genes were digested with restriction enzymes (Table 1) at 37 °C for 12 hours.
After digestion, the samples were stored at 4 °C. The digested products were visualized in Gel Doc™ EZ
imager (BIO-RAD, USA) following electrophoresis through 2% agarose gel (Adhikari et al., 2012).

The following fixed effects model was used to analyse litter size in Beetal and Teddy goats and least
squares mean was used for multiple comparisons with litter size among genotypes.
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Yiu= U+ Bi + Pj + G+ (GB)i + €jju

where: Yy is the phenotypic value of litter size
M is the population mean
B is the fixed effect of ith breed (Beetal and Teddy)
P is the fixed effect of jth parity
G is the fixed effect of kth SNP genotype
GB is the interaction of kth genotype and ith breed
ejii is the random residual effect of each observation

Statistical analysis was performed with the GLM procedure of SAS program (version 8.2) (SAS
Institute Inc., Cary, NC, USA). In the current study, the data were taken of only those births occurring in late
winter to early spring.

Results

The results of the analysis of variance on litter size revealed a highly significant effect of breed (P
<0.001) and parity (P <0.001) on litter size, separately. The average litter size for Beetal and Teddy was
1.708 + 0.060 and 2.167 + 0.056, respectively. Likewise, breed x parity showed significant differences (P
<0.01 or P = 0.003) in the litter size in Parity 1, 3 and average parity in both goat breeds (Table 2). The mean
litter size in Parity 1 and Parity 3 was 1.158 + 0.061 and 2.062 + 0.078 for Beetal and 1.861 + 0.057 and
2.583 + 0.073 for Teddy goat, respectively (Table 3).

Table 2 Analysis of variance for effects of breed x parity on litter size in Beetal and Teddy goats

Source of variation Degree of freedom Sum of squares Mean sum of squares P-value
Breed 1 10.67 10.67 <0.001
Parity 2 22.36 11.18 <0.001
Breed x Parity 2 2.71 1.35 0.003

Table 3 Effect of litter size for three parities in Beetal and Teddy goats (mean * SE)

Breed Parity 1 Parity 2 Parity 3 Average parity
Litter size Litter size Litter size Litter size

Beetal 1.158 + 0.061 1.906 + 0.098 2.062 +0.078 1.708 £ 0.060

Teddy 1.861 + 0.057 2.056 +0.092 2.583+0.073 2.167 + 0.056

The amplified fragments of BMPR1B (190 bp), GDF9 (500 bp) and BMP15 (141 bp) genes showed a
size of 190 bp, 500 bp and 141 bp, respectively, indicating the primer specific amplification (Figure 1).

The PCR-RFLP genotyping of 120 goats, 60 of each of Beetal and Teddy breeds, showed CC, CT,
and TT genotypes (Yacoub et al.). The CC genotype had both bands at 190 bp, while the TT genotype
showed two fragments at 140 bp and 50 bp positions. However, the heterozygote CT showed fragments at
190 bp, 140 bp and 50 bp positions (Figure 2A). A pictorial view of changed allele from C to T is given in the
chromatogram (Figures 2B and 2C). The frequencies of allele C and T in Beetal goats were 0.73 and 0.27,
while in Teddy goats their frequencies were 0.88 and 0.12, respectively. Moreover, the frequencies of the
three observed genotypes CC, CT and TT in Beetal goats were 0.53, 0.40 and 0.07, while in Teddy goats
their values were 0.75, 0.25 and 0.00, respectively (Table 4).
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Figure 2 (A) Agarose gel electrophoresis (2%) of PCR product of BMPR1B digested with Avall enzyme.
Genotype CC (190bp product) CT (190bp, 140bp, 50bp product), TT (140bp, 50bp product). (B) and (C)
Chromatogram presenting genotyping of T and C nucleotide at 140bp position. The changed nucleotide is
represented by the vertical bar.

Beetal CCTTTGCCCT GATTAATTGA GCCATGGATC GGCCAGCTGG TCCGAGATTT ATGGGAAGTG

Beetal ... ... e e e e e B
Beetal ... ... e e e e emeaaaaan O
Beetal ... ... e e e e ememaaaan L
Beetal ... ... e e e e emeaaaaan O
1= 0 o Gt i
Teddy oo i e e eeeeaaaaan G ie i
=0 [ ) Crre e e e
1= o Gt i

For the BMPR1B gene, the CC, CT and TT genotypes had mean values of 1.60 + 0.08, 1.84 + 0.09
and 1.66 + 0.24 litter size, respectively, in Beetal goats, showing the overdominance of the heterozygous
genotype (CT). However, in Teddy goats CC and CT genotypes had mean values of 2.01 + 0.07 and 2.37
0.09 litter size, respectively (Table 5). The litter size of CT genotype was significantly (P <0.05) higher than
that of other genotypes in Parity 1 in Beetal and Parity 2 and Parity 3, and average litter size in Teddy goats.
The results of the current study showed the overdominant effect of heterozygous genotype in both breeds.
However, no TT genotype was observed in Teddy goats in the present study.

The result of agarose gel electrophoresis showed three fragments of the lengths of 500bp, 300bp and
200bp (Figure 3A). Polymorphism was found in this gene in tested animals of both breeds and the three
genotypes AA, AG and GG were observed. The AA genotype had both bands at 500 bp, while the GG
genotype showed two fragments at 300bp and 200bp position. However, the heterozygote AG showed three
fragments at 500bp, 300bp and 200bp positions (Figure 3A). Sequencing results (Figure 3C) show the
substitution of nucleotide A to G at 300bp. Genotypic frequencies of GDF9 polymorphism in Beetal goat
were 0.35, 0.48 and 0.17 for AA, AG and GG, respectively, whereas the frequencies of A and G alleles was
0.59 and 0.41 (Table 4). In Teddy goats, genotypic frequencies for AA, AG and GG were 0.21, 0.65 and
0.14, respectively, and allelic frequencies were 0.56 and 0.44 for A and G alleles, respectively (Table 4).

For GDF9, in both Beetal and Teddy goats, AG genotype was responsible for the highest litter size in
all the parities, whereas the AA genotype was associated with the lowest litter size in all the parities in both
breeds. In the Teddy goat, the AG genotype was associated with 1.90 + 0.07, 2.17 £ 0.10, 2.72 + 0.08 and
2.26 £ 0.06 litter size in first, second, third parity and average litter size of all three parities, respectively
(Table 5), which was significantly (P <0.05) greater than values of litter size for other genotypes. However, in
Beetal goats, the AG genotype had significantly greater litter size in second (2.07 £ 0.14), third (2.29 £ 0.12)
and average parity (1.85 + 0.09) than the other genotypes.
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Table 4 Genetic structure of the BMPR1B, GDF9 and BMP15 genes for Beetal and Teddy goat breeds

Locus Breed Genotype and alleles  Frequencies PIC Ne (Xz)
ccC 0.53 (32)
Genotype frequencies CT 0.40 (24)
Beetal TT 0.07 (4) 0.406 1.640 0.055™
) C 0.73 (44)
Allele frequencies
T 0.27 (16)
BMPR1B
CcC 0.75 (45)
Genotype frequencies CT 0.25 (15)
Teddy TT 0.00 0.417 1.492 0.114"™
) C 0.88 (88)
Allele frequencies
T 0.12 (12)
AA 0.35 (21)
Genotype frequencies AG 0.48 (29)
Beetal GG 0.17 (10) 0.438 1.992 0.473"™
i A 0.59 (35)
Allele frequencies
G 0.41 (25)
GDF9
AA 0.17 (10)
Genotype frequencies AG 0.81 (48)
Teddy GG 0.03 (2) 0.806 1.962 14.875"
) A 0.54 (32)
Allele frequencies
G 0.46 (28)
ccC 0.35 (21)
Genotype frequencies AC 0.55 (33)
Beetal AA 0.10 (6) 0.500 1.822 0.375™
. C 0.62 (37)
Allele frequencies
A 0.38 (23)
BMP15
cC 0.35 (21)
Genotype frequencies AC 0.60 (36)
Teddy AA 0.05 (3) 0.417 1.492  2.493™
. C 0.65 (39)
Allele frequencies
A 0.35 (21)

NS: non-significant
The values in parenthesis are the numbers of animals that carry that particular genotype or allele

The PCR-RFLP genotyping of BMP15 gene in tested animals of both breeds showed AA, AC and CC
genotypes (Figure 4A). In AA genotype, both bands were at 141bp, while CC genotype showed two
fragments of 111bp and 40bp length, whereas the heterozygote genotype (AC) showed three fragments at
141bp, 111bp and 40bp (Figure 3A). Nucleotide change from A to C is shown in the chromatogram in Figure
4 (B and C). The frequencies of allele C and A in Beetal goats were 0.62 and 0.38, respectively, while in
Teddy goats their frequencies were 0.68 and 0.32. Moreover, the frequency of the three genotypes, CC, AC
and AA, in Beetal goats were 0.35, 0.55 and 0.10, while in Teddy goats their values were 0.35, 0.65 and
0.00, respectively (Table 4).
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Table 5 Breed-wise and parity-wise least square means * SE for various genotypes of BMPR1B, GDF9 and
BMP15 genes in Beetal and Teddy goats

Gene Breed  Genowpe iio'le  Liersize  Litersize  Litterswe
CcC 1.00 + 0.083 1.82+0.13 2.00+0.11 1.60 +0.08

Beetal CT 1.38 +0.90 2.00+£0.15 2.15+0.12 1.84 +0.09

BMPR1B TT 1.00+0.24 2.00+£0.39 2.00+0.31 1.66 +0.24
CcC 1.86 +0.07 1.91+0.12 2.29+£0.09 2.01 +0.07

Teddy CT 1.87 +0.09 2.27+0.14 3.00+£0.11 2.37 £0.09

TT 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00

AA 1.10+0.11 1.60+0.16 1.80+0.14 1.50 +0.10

Beetal AG 1.21+0.10 2.07+0.14 2.29+0.12 1.85+0.09

GG 1.12+0.13 2.00+0.18 2.00+0.16 1.70+0.11

GDF AA 1.67£0.15 1.50+0.21 2.00+0.18 1.72+0.13
Teddy AG 1.90 £ 0.07 2.17+0.10 2.72+0.08 2.26 +0.06

GG 2.00 +0.36 2.00+0.52 2.00+0.44 2.00+0.32

AA 1.00£0.20 1.00 +0.24 1.00+£0.15 1.00+0.12

Beetal AC 1.00 £ 0.09 2.00+0.10 2.19+0.06 1.72 £ 0.05

CcC 1.39 £ 0.09 2.00+0.12 2.15+0.07 1.84 +0.06

BMP15 AA 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
Teddy AC 1.80 £ 0.09 1.53+0.11 2.00 +0.06 1.78 £ 0.06

CcC 1.91 £ 0.07 2.43+£0.09 3.00 +0.05 2.44 +0.05

Least square means and standard errors (mean + SE) of the three genotypes CC, AC and AA of
BMP15 gene with litter size in Beetal and Teddy goat are presented in Table 5. In both Beetal and Teddy
goats the CC genotype had the highest values of litter size in all the parities. In Teddy goats, the CC
genotype was associated with significantly larger litter size in second, third, and average parities, which was
2.43 + 0.09, 3.00 = 0.05 and 2.44 + 0.05, respectively. However, AA genotype was not observed in Teddy
goats.

In Beetal goats, CC genotypes had the significantly (P <0.05) higher values of litter size (1.39 = 0.09)
in first parity compared with the CA and AA genotypes, whereas in second, third and average parity (litter
size) it had significantly (P <0.05) greater value of litter size than that of AA genotype.

Discussion

The results of this study showed highly significant effects of breed (P <0.001), parity (P <0.001) and
breed x parity interaction (P <0.01) on the litter size. The possible reason for the significant difference
between breeds is attributable to breed difference (Hyder et al., 2002), as the Teddy is highly prolific
whereas the Beetal is considered medium prolific. Secondly, the parity is known to have positive effects on
litter size in goats (Pan et al., 2015). Consistent with the current results, Ahlawat et al. (2015a) reported
significant effects of breed and parity on litter size in six Indian goat breeds.

In genotypes, the mutations in BMPR1B, GDF9 and BMP15 genes were tested, all of which proved
polymorphic in both breeds. Moreover, the results of breed x parity X genotype interaction showed significant
differences in litter size in both breeds in all three parities.

As expected, the size of PCR product of BMPR1B gene was 190 bp, showing the primer specific
amplification. After digestion with restriction endonuclease Avall, both bands of the wild-type genotype (CC)
were at 190 bp while the heterozygotes (CT) showed band at 190 bp, 140 bp and 50 bp and the mutant
genotype (TT) showed both bands at 140 bp and 50 bp. In the current study, the results showed different
patterns of bands, suggesting the presence of a mutation at the locus of BMPR1B (Figure 2A) in both
breeds. The results showed that the frequency of the wild-type allele (C) was higher in animals of both
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Figure 3 (A) Agarose gel electrophoresis (2%) of PCR product of GDF9 digested with Hhal enzyme.
Genotype AA (500bp product) AG (500bp, 300bp, 200bp product), GG (300bp, 200bp product). (B) and (C)
Chromatogram presents genotyping of A and G nucleotide at 300bp. The substituted nucleotide is presented
by the downward arrow

BEETAL GCCATGGCGC TTCCACAATT CTTCCTTTGG TTTTGCTGCT TTGCCTGGCT CTGTTTTCCT

BEETAL ...... A e e e e e eeeea m e eemaeae memaeaaaan
BEETAL ...... A e e et e eeee e eeeeae eemaeaaaan
BEETAL ...... O
TEDDY ...... A e e e e e e e eeee e eeeeae emeeaaaan
TEDDY ...... C ot e e e e e e e e eeaee e mmeaaaaan
TEDDY ...... o
TEDDY ...... A e e e e e eaeee e e eeemae memaeaaaan

breeds compared with the mutant allele (T). The goodness-of-fit of the results showed no significant
difference in genotypic frequencies in either breed (Table 4). The BMPRIB gene is one of the major
candidate genes that controls the ovulation rate and consequently increases the litter size in goats and
sheep (Polley et al., 2009a; Polley et al., 2009b). The current results showed that the heterozygous carrier
animals, which have the CT genotype, of both breeds had the highest litter size in all three parities, which
might be because of overdominance of heterozygous individuals. The average litter size in Beetal and Teddy
goats for the CT genotype was 1.84 + 0.09 and 2.37 + 0.09, respectively. The greater litter size in Teddy
goats is probably because of breed effect, because Teddy goats are highly prolific, with greater incidence of
triplets and quadruplets (Hyder et al., 2002). In the current study, no animal of the TT genotype was
observed in the tested animals of Teddy goats. However, it is likely that the mutant genotype (TT) can be
observed in Teddy goats by increasing the sample size, because the CT genotype was found in this breed,
and had significantly larger litter size compared with other genotypes. In agreement with the current results
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1 1hmge
1120

Figure 4 (A) Agarose gel electrophoresis (2%) of PCR product of BMP15 digested with Hinfl enzyme. AA
(141bp product) AC (141bp, 111bp, 40bp product), CC (111bp, 40bp product). (B) and (C) Chromatogram
presents genotyping of A and C nucleotide at 111bp. The substituted nucleotide is presented by the
downward arrow

BEETAL TTTGTCTCGT CGAATGCAGT GAGGGTCTCA GGAGGGTAAC TCTTTCAGGC CTTTAGGGAG

BEETAL ... i i e A i e eeeaaaas
BEETAL ... it e C o et e
BEETAL . ... il e A i e
BEETAL . ... . il e C o et e
TEDDY i e e e eeeeeaaaa C o et e
TEDDY i e e et eeeeeaaaa A e e
TEDDY i e et eeeeeaaaa A et e
TEDDY i i e eeeaaaa C o e e
TEDDY i it e eeaaaa A it e

Polley et al. (2009a) observed the single nucleotide polymorphism in BMPR1B gene in Black Bengal
goats and reported that the heterozygous carrier and homozygous carrier animals had 3.04 and 3.11 kids,
respectively, compared with wild-type genotype, which had 2.7 kids/doe. However, in contrast with the
current findings, no polymorphism in BMPR1B gene was found to be associated with litter size in six Indian
goat breeds (Ahlawat et al., 2015a). The probable reason is that these authors focused on novel variations,
which were not tested earlier. In another similar study, Ahlawat et al. (2014) found some single nucleotide
polymorphisms in the promoter region of BMPR1B gene in nine Indian goat breeds, but it was not found to
be associated with litter size. However, polymorphisms in BMPR1B gene have been detected in various
sheep breeds (Ahlawat et al., 2016; Polley et al., 2009a). Chu et al. (2007) observed FecB mutation in Small-
tailed Han sheep, and reported that heterozygous (FecB/FecB+) and homozygous mutant (FecB/FecB)
genotypes had more lambs per ewe compared with ewes that had wild-type genotype. Likewise, Mahdavi et
al. (2014) identified FecB mutation in Kalekoohi sheep, and observed that the (mutant) BB, and B+
genotypes had 0.52 and 0.35 more lambs per ewe compared with the wild-type (++) genotype.

The genotyping results of exon 1 of GDF9 gene in the present study showed that the investigated
locus was polymorphic in both Beetal and Teddy goats. The three genotypes, AA, AG and GG, were
observed in both breeds, which were found to be significantly (P <0.05) associated with litter size. In both
breeds, A was the major allele and G the minor. However, the results of goodness-of-fit showed that there
were significant (P <0.001) differences in genotypic frequencies in Teddy goats, whereas in Beetal goats
there were none. In both Beetal and Teddy goats, the animals with AG genotype had the highest litter size in
all the parities, whereas the AA (wild-type) genotype was associated with the lowest litter size in all the
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parities in both breeds. In Teddy goats, the AG genotype was associated with 1.90 + 0.07, 2.17 + 0.10, 2.72
+ 0.08 and 2.26 * 0.06 litter size in first, second, third parity and average litter size, respectively, which was
significantly (P <0.05) greater than values of litter size for other genotypes. However, in Beetal goats, the AG
genotype had significantly greater litter size in second (2.07 £+ 0.14), third (2.29 + 0.12) and average parity
(1.85 £ 0.09) than the other genotypes.

Consistent with the current results, Feng et al. (2011) observed three genotypes, AA, AC and CC, in
Jining Grey goat and reported that CC and AC genotypes had maximum litter size compared with the wild-
type genotype (AA). Likewise, Silva et al. (2011) observed a mutation (FecGE) in GDF9 gene in Santa Inés
sheep, which caused a change of amino acid phenylalanine to cysteine in the conserved region. The authors
reported that the ewes that were homozygous for FecGF had 82% higher rate of ovulation and 58% greater
prolificacy. In the contrary, Ahlawat et al. (2016) studied polymorphism in GDF9 gene associated with litter
size in seven goat breeds and found non-significant effect of genotype on litter size. Likewise, Dutta et al.
(2013) investigated polymorphism in GDF9 through PCR-RFLP technique in Assam Hill goats and observed
that all tested animals were monomorphic. Therefore, it was reported that litter size in this goat breed was
not related to a mutated allele of GDF9. In a similar study on Black Bengal goats Polley et al. (2009a)
investigated PCR-RFLP based polymorphism in the GDF9 gene and found that all the tested animals were
monomorphic for these mutations. However, Zhu et al. (2013) observed a substitution mutation (A792—G) in
exon 2 of GDF9 gene in Big Foot and Jintang Black goats, which was involved in change of amino acid
valine to isoleucine. The AA genotype was significantly associated with greater litter size in these two
Chinese goat breeds.

In this study three genotypes, AA, AC and CC, were observed in exon 2 of BMP15 gene, which
showed the polymorphic nature of the investigated locus in both breeds, with A as major allele and C as
minor. However, the results of goodness-of-fit did not show any significant differences between genotypic
frequencies in both breeds. The results of association analysis showed that allele C was involved in
increasing the litter size in both Beetal and Teddy goats, and homozygous carrier animals (CC) had the
highest number of kids followed by the heterozygous (AC) genotypes. In agreement with the current results,
Abdel-Rahman et al. (2013) observed that homozygous carrier animals of Anglo-Nubian goat (BB) had a
significantly greater litter size compared with those with heterozygous and wild-type genotypes. The current
results were consistent with the findings of Wang et al. (2011), who observed that homozygous mutant (BB)
genotype had higher numbers of kids (0.91 kids) than those of the AB and AA genotypes in Funiu white
goats. Although the biology of mutation was not explored in the current study, it is likely that altered mutation
increases the ovulation rate in both breeds, which increases the litter size. This hypothesis was supported by
the findings of Pramod et al. (2013), who reported that antral follicles of Black Bengal goats expressed
2.78-fold more upregulation of BMP15 gene than those of Sirohi goats. It was also suggested that the
greater number of antral follicles per ovary and higher expression of BMP15 in Black Bengal goats could be
the underlying reason for greater prolificacy in this breed.

However, according to Monteagudo et al. (2009), rates of ovulation in BMP15 mutants were greater in
the heterozygotes, whereas the homozygous mutants showed a primary ovarian failure, leading to complete
sterility in Rasa Aragonesa sheep. This is in contrast with the current results, in which homozygous mutant
animals showed higher numbers of kids in Beetal goats. However, some studies reported that no association
of polymorphism in BMP15 gene was observed in several Indian goat breeds (Ahlawat et al., 2016; Polley
et al., 2009a). The association of the polymorphism in exon 2 of BMP15 with litter size of Beetal and Teddy
goats suggests that it could be used in marker-assisted selection to enhance prolificacy in these two breeds.

Conclusion

These results indicate that the mutations in BMPRIB, GDF9 and BMP15 genes were significantly
associated (P <0.05) with litter size in Beetal and Teddy goats. In BMPR1B and GDF9, the heterozygous
individuals showed the highest litter size compared with other genotypes. However, in BMP15, the
homozygous mutant genotype showed the largest litter size in both breeds. It is likely that tested mutations in
all three genes could be used as molecular markers to select the most prolific animals of Beetal and Teddy
goats. Further research on a large number of animals is required to confirm the link of these genes with
increased prolificacy in both goat breeds.
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