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INTRODUCTION

Abstract

Fertility problems are among the leading causes of significant economic losses in
livestock production. Understanding the genetic substructure of fertility and
identifying the genes that may be effective on fertility and the mutations in these
genes, and examining their possible effects are very important in terms of
sustainable livestock production and in terms of contributions to studies on
reproductive problems in mammals.

Oocyte-specific genes play a crucial role in orchestrating early developmental
events, and regulating ovarian follicle function; among these, JY-1, a recent
identified oocyte-specific gene, stands out as a bovine oocyte-derived secreted
protein that critically influences granulosa cell activity and is indispensable for
proper embryonic progression, underscoring its unique and species-specific
contribution to reproductive success.

In this context, several polymorphisms in the JY-T gene have been identified,
some of which are associated with reproductive performance traits and in vitro
embryo production. As a bovine-specific, maternally derived oocyte-secreted
protein, JY-1, provides critical insights into the genetic basis of female fertility and
offers new opportunities for improving reproductive traits and maintaining
biodiversity in cattle. Despite its potential contributions to animal breeding and
the conservation of genetic resources, studies on this gene remain limited. In this
study beside general information on the gene, genetic polymorphisms and their
importance intended to summarized.

In animal production, all economically
important  traits are closely linked to
reproduction. Hence reproductive performance
has strong impact on profitability. Due to the
low heritability of most reproductive traits, it is
difficult to accurately estimate their breeding
values (Darwash et al, 1999). Reproductive
efficiency constitutes the foundation of all
productive traits and is critical for ensuring both
sustainability and profitability in livestock
production. Notably, Brumatti et al. (2011)
demonstrated that selection for early puberty
yields a 4- to 13-fold greater increase in
profitability for the production system compared
to selection based on growth traits.

Unlike other mucosal tissues in the body,

the female reproductive tract is characterized by
extraordinary genetic and immunological
diversity, which varies markedly among
individuals and fluctuates throughout each
reproductive cycle. This diversity spans the entire
tract, from the vagina to the ovarian follicles,
making it a uniquely adaptable and dynamic
system (Namli Kalem et al., 2016). Recent genetic
research has revealed the crucial influence of
numerous genes across different reproductive
organs and stages, with some genes displaying
highly localized, organ-specific expression, while
others are broadly active throughout the
reproductive tract. Such findings underscore the
intricate regulation and specialization required
for successful female reproduction (Kalem et al.,
2019).
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The ovary is a fundamental component of
the female reproductive system, responsible for
gamete production and the secretion of steroid
hormones. As the cornerstone of this system, the
ovaries undertake both endocrine and exocrine
functions through a complex process extending
from the development of primary follicles to
ovulation. During folliculogenesis, primordial
follicles undergo growth and differentiation
phases, transforming into preantral, antral, and
ovulatory follicles. Throughout this
developmental process, bidirectional signalling
occurs between the oocyte and surrounding
granulosa and theca cells. This signalling is
regulated via paracrine and autocrine pathways
and encompasses numerous  biological
processes such as gene expression, cell
proliferation, differentiation, and survival (Lee et
al., 2014; Occhio et al., 2020).

Within this context, oocyte-specific genes
such as NOBOX, FIGLA, BMP15, GDF9, and JY-1
have been reported to regulate follicular reserve,
oocyte quality, and embryo development in both
humans (Suzumori et al., 2002; Heath et al., 2017;
Franca and Mendonca, 2022; Wu et al., 2002) and
bovines (Zhang et al., 2009; Tripurani et al., 2011,
2013). Mutation and polymorphism analyses
demonstrate that these genes are directly
associated with clinical conditions such as
human infertility and reproductive traits such as
embryo viability and twinning rates in animals.
These findings highlight the importance of
molecular characterization of oocyte-specific
genes, not only for advancing fundamental
scientific knowledge but also for developing
genetic counselling strategies, early diagnostics,
and  targeted  therapeutic  approaches.
Furthermore, these genes are strategically
significant for animal breeding, conservation of
endangered species, and improving livestock
reproductive efficiency.

Among these, JY-T stands out as a recently
identified bovine oocyte-derived secreted
protein, uniquely influencing granulosa cell
activity and embryonic development. The
characterization of JY-1 across species not only
expands our understanding of reproductive
biology but also supports the development of
new molecular markers for improving cattle
breeding programs and conserving genetic
resources (Camargo et al., 2013, 2014; Silveira et
al, 2021). The purpose of this review is to
summarize current knowledge regarding the JY-

1 gene and its polymorphic variants, offering a
reference  for  researchers focused on
reproduction and genetics.

Molecular Structure and Evolution of JY-17

The JY-1 protein is oocyte-specific and
plays crucial regulatory roles in folliculogenesis,
oocyte maturation, and early embryonic
development. During follicle development and
oocyte maturation, the storage and processing
of proteins and messenger RNAs are critical for
all stages up to embryonic genome activation.
The maternally derived JY-T protein, expressed
exclusively in oocytes, has been identified
among these proteins.

The first comprehensive study on
molecular characterisation and function of JY-17
was carried out in the first decade of the 2000's
by Bettegowda et al. (2007). The gene also
symbolized as LOC100126230 in database
located on 29th chromosome of bovine genome
(NCBI Gene, 2025). It consists of three exons (25
bp, 92 bp, and approximately 1,400 bp) and two
relatively long introns (~12.8 kb and 1.5 kb). It
encodes an 11 kDa protein.

As an oocyte-specific gene, JY-T s
uniquely characterized in cattle. Genomic
analyses have revealed limited conservation of
its complete coding sequence in other
vertebrates. Although related sequences appear
in syntenic regions of species such as humans,
mice, and dogs, these lack critical exons
necessary for producing a functional protein
analogous to bovine JY-1. This suggests that JY-
7 has evolved primarily within the bovine
lineage, highlighting the importance of
investigating species-specific regulatory
mechanisms in oocyte biology and fertility
(Bettegowda et al, 2007). Moreover, the
presence of JY-1-like genetic elements in other
species, particularly the conserved 3
untranslated region (3' UTR), suggests that JY-1
homologs in these species may serve distinct
regulatory functions. While the complete
protein-coding sequence is not preserved, the
conservation of the 3' UTR region implies
potential roles in post-transcriptional regulation
or noncoding RNA-mediated mechanisms,
indicating that JY-T-related sequences might
contribute to  species-specific  regulatory
pathways beyond their established function in
cattle.
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Functional Roles of JY-7 in Reproduction

Studies have shown that recombinant JY-
1 protein, when added to cultures of bovine
granulosa cells stimulated with FSH (to mimic the
preovulatory stage), significantly inhibits cell
proliferation, reduces estrogen production, and
increases progesterone secretion. In the context
of early embryonic development, it has been
shown that JY-7 mRNA is of maternal origin and
is essential for progression to the blastocyst
stage. Functional knockdown experiments
revealed that JY-T7 plays a particularly crucial role
prior to embryonic genome activation,
specifically at the 8- to 16-cell stage of
embryogenesis. Notably, inhibition of JY-T
expression in both parthenogenetic and in vitro
fertilized embryos led to a substantial decrease
in blastocyst formation. Taken together, these
results highlight the indispensable function of
JY-T in early embryonic development,
particularly for the transition from the 8- to 16-
cell stage to the blastocyst stage (Bettegowda et
al., 2007; Lee et al., 2014).

Genetic Polymorphisms of JY-T and Their
Relevance to Breeding

Among the exons, the third exon (~1,400
bp) contains the majority of molecular variation
sites (Camargo et al., 2013; Silveira et al,, 2021).
The first polymorphism study conducted in Bos
indicus subspecies focused on the third exon of
the JY-7 gene and identified seven SNPs. Of
these, one SNP was located within the protein-
coding region which lead to proline-to-leucine
substitution in 77th position of the protein, while
the remaining six were found in the 3
untranslated region (3' UTR). However, the
authors reported no significant association
between these SNPs and either early puberty or
growth traits in Nellore heifers (Camargo et al.,
2012). In a follow-up study that included the first
and second exons and part of the third exon, 18
polymorphisms were identified. Some SNPs
which were found at third exon lead to amino
acid substations on various positions of the
protein (Camargo et al., 2013). When the same
group expanded the sample size in the Nellore
population, they found 17 SNPs, including
previously reported ones. (Camargo et al,, 2013;
2014). The authors examined associations with
the SNPs and reproductive traits. According to
finding there were several associations between
age at first calving, days to calving, early

pregnancy and the SNPs. The previously
described SNPs located on second exon at
position 12 999 which lead to methionine to
lysine substitution and may inhibit protein
translation by affecting the initial methionine
codon exhibited strong effect on early
pregnancy (Camargo et al., 2013; 2014). After a
long time, the first study carried out to
investigate JY-7 polymorphisms and their effect
on reproduction in Bos taurus subspecies by
using Holstein cattle objected the first and
second exons and the first intron of the gene, as
well (Silveira et al., 2021). The study revealed
three novel SNPs, in addition to eight previously
reported SNPs (Camargo et al.,, 2013; 2014). Two
SNPs were identified in both the second intron
and the second exon, while the remaining SNPs
were located in the third exon. Among these, a
missense variant located in the second exon,
which causes a leucine-to-isoleucine
substitution, was found to be strongly associated
with in vitro embryo production, similar to
several other SNPs identified in the study.
However, the association was detected only in
embryos produced through in vitro methods,
whereas no such association was found in
embryos generated in vivo.

These findings underscore that studying
the JY-T gene is essential for advancing
knowledge in reproductive biology and critical
for sustaining genetic diversity, improving
fertility efficiency, and developing conservation
strategies not only in bovine (Lee et al.,, 2014) but
potentially in other uniparous species as well.

CONCLUSION

Reproduction is a key trait for animal
production, shaped by multiple genetic and
environmental factors. Female reproductive
health and performance are highly complex
phenomena, and a deeper understanding of
genes associated with reproductive traits will
significantly contribute to both livestock
productivity and animal health. Although most
previous studies on reproduction in cattle have
focused on genomic regions related to the
nervous system and lipid metabolism, recent
attention has shifted to oocyte-specific genes
such as BMP15, GDF9, FIGLA, NOBOX, and
particularly JY-1. These genes play central roles
in female reproductive biology and represent
valuable targets for enhancing reproductive
efficiency, maintaining genetic diversity, and
ensuring the long-term sustainability of livestock
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populations.

JY-1, in particular, is a recently identified,
bovine-specific oocyte gene whose functional
and genetic diversity is just beginning to be
explored. Although dramatic findings have been
reported regarding its effects on fertility, studies
are still limited—primarily to Nellore and
Holstein breeds. To gain a more comprehensive
understanding of JY-T7's role in bovine
reproduction, future research should investigate
the polymorphisms and functional effects of JY-
7 in a wider range of cattle breeds raised under
diverse breeding conditions. Expanding such
research will deepen our understanding of
reproductive biology and open new avenues for
genetic improvement and conservation in cattle.
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