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ABSTRACT

This review article presents a comprehensive analysis of the genetic factors determining
reproductive performance in goats. Reproductive capacity is a critical parameter that
directly affects economic efficiency in the livestock industry. Genetic studies have
enabled the identification of various genes and genetic mechanisms influencing
reproductive performance in goats, including key genes such as KISS1, GDF9 and BMP15.
It is essential to examine the reproductive conditions and traits in farm animals,
particularly in indigenous goat breeds historically, culturally, and economically significant
in our country. This review examines KISS1, GDF9 and BMP15 genes associated with
reproduction, their functions, and their impacts on reproductive biology in light of
current literature. The importance of modern genetic techniques and biotechnological
applications in enhancing reproductive efficiency in goat populations is also discussed.
This review provides data for the optimization of gene selection strategies and the
integration of current genetic knowledge to improve reproductive performance in goat
breeding.
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Introduction

After dogs, goats (Capra hircus), as the second
domesticated animal, have provided significant
benefits to human agricultural communities by
facilitating the transition to settled life through the
production of products such as meat, milk, and wool
(Porter, 1996; Pringle, 1998; Zeder and Hesse, 2000).
Goats are found on every continent except Antarctica,
and surprisingly, 93.4% of these animals are located in
Asia and Africa. Their presence is crucial in various
roles, from livelihood sustenance to agricultural
production, spanning from sparsely populated and non
-industrialized countries to industrialized ones. Africa

*Corresponding Author: Berk Ozcan Atalay
berkozcanatalay@gmail.com

raises approximately 35.7% of the world's goat
population, with 60% of these animals concentrated in
the sub-Saharan region, including countries such as
Chad and Ethiopia. (World Population Review, 2021).
According to statistics, hair goats make up the largest
proportion of the total goat population in Tirkiye,
accounting for approximately 93% of the total goat
herd (Daskiran et al., 2018). When goat farming is
mentioned in Turkey, Hair goats generally come to
mind. According to the 2020 Turkish Statistical
Institute (TUIK) data, the goat population is 12,350,811
heads. Hair goats and their crosses account for
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approximately 98% of the total goat population, and
Angora goats account for 2%. The share of the goat
population in our country's small ruminant population
is approximately 22.43% (Turkish Statistical Institute,
2024). The suitability of Turkey's natural resources,
mainly pastures, for breeding sheep and goat species,
as well as factors such as consumption habits in rural
areas, create a favorable environment for small
ruminant breeding (Kaymakgl et al., 2006).

Primates and many ruminants typically release a
single oocyte at each cycle whereas species such as
mice and pigs have consistently high ovulation rates.
In mammals the ovulation rate and the litter sizes are
a result of well-regulated interactions of endocrine
and paracrine mediators. How precisely the litter size
is controlled remains a critical and essential question
in reproductive biology (Polley et al., 2009).

Through genome scans, many genomic regions
(Quantitative Trait Loci, QTL) that influence various
productive traits have been identified, and candidate
gene studies are being conducted to identify genes
involved in the physiological regulation of nutrition,
growth, and energy metabolism (Schrooten et al.,
1996; Ashwell et al., 2004; Weikard et al., 2004). The
basis of QTL mapping studies is to determine the
relationship between specific genetic markers and
phenotypes. In farm animals, marker-QTL linkage
studies are generally conducted within populations
and require the presence of polymorphic marker
regions (Primrose et al., 2006; Weller 2009). Molecular
markers in farm animals are extensively used to reveal
genetic variation at the DNA level, associate gene
regions with economically important traits, or identify
single genes affecting a particular trait (Balcioglu et al.,
2014). The data acquired herein is employed in
selection investigations aimed at augmenting
productivity within the domain of animal husbandry.
The amelioration of reproductive attributes in
livestock species has garnered escalating attention,
notably in ovine and caprine species, where even
marginal enhancements in litter size can yield
substantial profitability increments.

Consequently, several studies have been
conducted to identify genes and candidate genes
associated with fertility traits in goats (Getaneh and
Alemayehu, 2022).

In recent years, there has been significant progress
in understanding the genetic factors that influence
reproductive performance in goats. Among these
factors, candidate genes such as KISS1 (Kisspeptin),
GDF9 (Growth differentiation factor 9) and BMP15
(Bone morphogenetic protein 15) have garnered
considerable attention due to their critical roles in

regulating reproductive traits. This review examines
these key genes in detail, exploring their functions, the
mechanisms by which they impact reproductive
biology, and their potential applications in genetic
selection strategies. By integrating the latest findings
from the current literature, this review will provide a
comprehensive overview of how KISS1, GDF9 and
BMP15 contribute to enhancing reproductive
efficiency in goat populations.

Kisspeptin (KISS1)

The kisspeptin/GPR54 pathway is recognized as a key
regulator of pubertal development and reproductive
function. Several studies have been conducted on the
KISS1 gene as a candidate gene for animal
reproductive traits (West et al., 1998). KISS1 neurons
in the hypothalamus contribute to crucial aspects of
reproductive maturation and function, such as sexual
differentiation at the brain level, the onset of puberty,
and the neuroendocrine regulation of gonadotropin
secretion and ovulation (Caraty et al., 2010). So far,
the literature on KISS1 and goat reproduction is
limited. Due to the importance of KISS1 as a regulator
of puberty onset, it is likely that polymorphisms in this
gene may be associated with some reproductive traits
in goats, such as high productivity, precocious puberty,
and year-round estrus phenotypes (Sharma et al.,
2013).

According to genetic research, the KISS1 gene is a
major fecundity gene in goats. Polymorphisms of the
KISS1 gene were associated with higher litter size (Cao
et al., 2010; An et al., 2013).

The KISS1 gene in goats is located in chromosome
16. KISS1 gene consists of two coding regions (exons)
and one single non-coding region (intron), and the
transcript length is 408 bp and encodes 135 amino
acids. This gene reaches around 2.62 kilobases
(Febriana et al., 2022). This gene encodes a family of
neuropeptides called kisspeptins, which activate G
protein-coupled receptor-54 (GPR54) (Ohtaki et al.,
2001; Yeo and Colledge, 2018; Harter et al., 2018).

In a study conducted on 90 female goats,
consisting of 30 individuals from each of the Kacang,
Kejobong, and Senduro breeds, the sequence
alignment analysis revealed one insertion/deletion and
fourteen polymorphic sites in the intron 1 KISS1 gene
on three Indonesian native goat breeds. SNP9 at intron
1 of the KISS1 gene was found to be in strong linkage
with SNP8 and SNP10; and identified to have a
significant association with litter size and parity.
Furthermore, the does with H2 haplotype
(CCATAGCGCAACGT) had higher litter size than those
other haplotypes (Febriana et al., 2022).
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In another study conducted using the PCR-RFLP
method on 124 animals, comprising 62 Cyprus goats
and 62 Iraqgi black goats, three polymorphic sites (with
transversion mutations) in exon 1 (893G>C, 973C>A,
and 979T>G) were detected. The reference sequences
of the gene (ID: JX047312.1 for Cyprus goat samples
and KC989928.1 for Iragi black goat samples) were
used for comparison. The results of this study showed
that polymorphisms of the KiSS1 gene cause an
increase of the litter size in two goat breeds. The
genetic diversity of polymorphism content in
combination with genotypes of different KiSS1 gene
loci was associated with litter size performed in both
Cyprus and lIraqgi black Doe at locus g. 893G>C.
Significant (P<0.05) genetic diversity was determined
at that locus in the HWE test in Cyprus and Iraqgi black
goats (Rahawy and Al-Mutar, 2021).

In a study that utilized 723 goats belonging to
three breeds, including 306 Xinong Saanen, 221
Guanzhong, and 196 Boer, the SNPs of the KISS1 gene
were genotyped by PCR-RFLP. Two SNPs (g.2124T>A
and g.2270C>T) were genotyped in the three goat
breeds. These two SNP loci were in Hardy-Weinberg
disequilibrium in the SN and GZ breeds (P < 0.05),
which showed that the genotypic frequencies had
been affected by selection, mutation or migration (An
et al., 2013).

In another study conducted on 89 Gaddi goats, the
PCR-RFLP assay revealed polymorphism in the
amplified product of intron 1 of the kisspeptin (KISS1)
gene in the migratory Gaddi goat population. DNA
sequencing confirmed one nucleotide mutation
(T125A) in the intron 1 region of the KISS1 gene with
the allelic frequency of alleles A and B as 0.43 and
0.57, respectively. A significant association with T
allele for litter size was observed in screened
migratory Gaddi goats (Sankhyan et al., 2020).

Growth differentiation factor 9 (GDF9)

The growth differentiation factor 9 (GDF9) gene is one
of the most important fecundity genes that widely
studied in goats belonging to the transforming growth
factor B (TGFB) superfamily. The protein is one of the
important fecundity genes which plays a critical role
during early folliculogenesis as a growth and
differentiation factor secreted by oocytes in mammals
(Elvin et al,. 1999).

Mammalian oocytes secrete GDF9 and is a key
regulator of follicular proliferation, ovulation and
fertilization, and also improves the developmental
competence of oocytes in females (Wang et al., 2019).
The secretion of GnRH stimulates the release of
gonadotropins, luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) from the pituitary gland,

ultimately controlling gonadal function (Jih and Wu,
1995; Fulghesu et al., 1997).

The GDF9 gene is located on caprine Chromosome
7 and has a coding region of 4720 base pairs and two
exons. Many single nucleotide polymorphisms (SNPs)
that have been identified in the gene, and the SNPs
have been reported influence on litter size in goats.
The most common SNP in the caprine GDF9 gene is
V3971 or ¢.1198G>A located on exon (Mahmoudi et al.,
2019).

Literature has shown that the V397| SNP was
polymorphic in many goat populations while non-
polymorphic in other goat breeds (Polley et al., 2009).
A study investigated the polymorphisms of GDF9
genes in 641 goats of three breeds: Xinong Saanen,
Guanzhong and Boer. The biochemical and
physiological functions, together with the results
obtained in the investigation, suggest that the GDF9
genes could serve as genetic markers for litter size in
goat breeding (An et al., 2012).

Feng et al (2011) concluded that the C allele at
locus 959 of the GDF9 gene was associated with high
litter size in Jining Grey goats (P < 0.01).

In a study, 48 female Pote goats from smallholder
farms were utilised, with a range of permanent incisive
(0, 1, 2, 3, 4). A survey method was used to collect
data on the litter size of Pote goats and the PCR-RFLP
method was used for laboratory observation to detect
GDF9 gene polymorphism. This study shows that GDF9
gene polymorphism is associated with litter size of
Pote goats. Based on these results, it means that the
GDF9 gene mutation is significantly associated with
the litter size trait in Pote goats, and the genetic
variant of the GDF9 gene is considered as a genetic
marker for increased proliferation in Pote goats
(Imaniah et al., 2023).

In another study, the investigation was conducted
to identify point mutations in two goat breeds from
Indonesia, namely Kosta and Lakor, native livestock
from Banten and Southwest Maluku regency,
respectively. This investigation specifically targeted the
analysis of exon region 1 of the GDF9 about litter size
ability in both breeds. The multiple alighment results
of exon-1 from the GDF9 gene revealed the presence
of 2 nucleotides with mutations. However, it was
observed that these mutations did not result in the
encoding of different amino acids. This suggests that
the mutation is associated with the litter size of Lakor
and Kosta goat populations (Rumanta et al., 2023).

In a study conducted on 15 local Iraqgi Bucks, direct
sequencing was used to screen potential SNP loci in
the goat GDF9 exon one. As a result, one SNP locus
site, 2006 CTC < CTA (leu < leu), was positively
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identified. This study is the first to show a significant
association of GDF9 in the initiation or maintenance of
spermatogenesis in male goats (Jassim and Al-Azzawi,
2022).

In another large-scale study, 45 SNP loci were
gathered and sorted from the goat GDF9 gene. The
main focus of the analysis and discussion revolved
around the relationship between a subset of
potentially "true" SNPs and the reproductive traits of
goats. Among these mutations, three non-synonymous
mutations A240V, Q320P, and V397 and three
synonymous mutations L61L, N121N, and L141L were
found to have a high mutant frequency in many
fecundity goat breeds. Particularly, the mutations
Q320P, V3971, L61L, and N121N exhibited high
frequencies, ranging from 0.5 to 0.7. According to the
summary and analytic results of the current SNP loci
within the goat GDF9 gene in this study, it was found
that A240V, Q320P, V397I, L61L, N121N, and L141L are
six effective SNPs associated with the litter size trait. In
most goat breeds worldwide, the V3971 and L61L
mutations showed a negative relationship with strong
goat fertility, and the other four SNPs exhibited a
positive effect (Wang et al., 2019).

Bone morphogenetic protein 15 (BMP15)

The critical role of BMP15 in early follicle growth is
species-specific and revealed to be related to mono-
polyovulatory animals (Moore and Shimasaki, 2005).

BMP15 regulates granulosa cell proliferation and
differentiation by promoting granulosa cell mitosis,
suppressing follicle-stimulating hormone receptor
expression, and stimulating kit ligand expression.
These functions play a pivotal roles in female fertility
in mammals (Juengel et al., 2002).

There is a high influence of BMP15 and GDF9 on
fecundity. These genes are produced by the ovary and
influence its function. In addition to increasing the
ovulation rate in goats, they also affect follicle growth
and development at all stages of follicular genesis in
females (Getaneh and Alemayehu, 2022).

Bone morphogenetic protein 15 (BMP15) is a
member of the TGFBsuperfamily that is especially
expressed in oocytes. The goat BMP15 gene maps to
the X chromosome (Farhadi et al., 2013).

In a study of the association of the bone
morphogenetic protein 15 (BMP15) gene with the
prolific characteristics of Surti goats managed under
farm and field conditions, it is claimed that a mutation
in the Exon-2 region of the BMP15 gene, with a base
size of 575 bp, increases litter size. In total, 100 Surti
goats were involved in the study, revealing the
presence of two polymorphic sites. One site was

identified at 500 base pairs, while the other was found
at 400 base pairs. Out of the 100 Surti goats examined,
58 were identified with the AA genotype, while 29 had
the AB genotype, and 13 had the AC genotype. A
polymorphic region at 500 bp (AB genotype) plays a
highly significant role in the higher prolificacy of Surti
goats as compared to base size 575 bp (AA genotype)
and polymorphic site 400 bp (AC genotype).
Polymorphic region AB may be used as a marker
genotype for early age selection of female Surti goat. It
is claimed that the polymorphic region AB may be
used as a marker genotype for early age selection of
female Surti goats (Dangar et al., 2022).

In addition, the association of BMP15 gene with
prolificacy/litter size was investigated in Jamunapari
and crossbred goats (Shaha et al., 2022), in Haimen,
Boer, and Huanghui goat breeds of China (He et al.,,
2010), and Markhoz goats of Iran (Ghoreishi et al.,
2019; Getaneh and Alemayehu, 2022).

Polymorphisms of BMP15 gene exon 2 and its
relationship with the prolificacy of goats were
detected by PCR-SSCP and DNA sequencing methods
in two Chinese local goat breeds (Wang et al., 2011).

In a study, 200 adult female Markhoz goats were
examined with the PCR-RFLP method for the FecXH,
FecXl, FecXG and FecXB mutations. The results showed
no polymorphism in the tested Markhoz goats
(Shokrollahi, 2015). However, in another study, the
mutation of BMP15 genes associated with the goat
fecundity has been confirmed in Markhoz goats
(Paulini and de Oliveira Melo 2011).

In contrast, homozygous mutant animals showed
higher numbers of kids in Beetal goats (Islam et al.,,
2019).

Conclusion

This review underscores the critical roles of the KISS1,
GDF9, and BMP15 genes in managing reproductive
traits in goats. Each of these genes uniquely
contributes to reproductive efficiency, affecting crucial
aspects such as the onset of puberty, follicle
development, ovulation, and litter size.

The KISS1 gene is essential for starting puberty and
regulating reproductive functions through the
neuroendocrine system. Variations in this gene are
linked to better reproductive outcomes, including
larger litter sizes. The GDF9 gene is vital for early
follicle development, with several variations
associated with increased fertility, making it a valuable
marker for breeding programs. The BMP15 gene also
plays a key role in the growth and differentiation of
granulosa cells, with its variations linked to higher
fertility in different goat breeds.
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Incorporating genetic knowledge about KISS1,
GDF9, and BMP15 into breeding strategies offers
significant potential for improving goat reproductive
performance. Advances in genetic technologies and
biotechnological applications allow for precise
selection and breeding decisions, boosting productivity
and economic efficiency in the livestock sector. This
review highlights the need for ongoing research into
these genes to develop optimized genetic selection
strategies, enhancing goat breeding programs by
leveraging current genetic insights.
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