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ABSTRACT

Objective: To describe the function of Fec, CA54 and CLSTN2 genes during ovulation in ewes.
Design/methodology/approach: A search and analysis of scientific information related to Fec, CA54 and
CLSTN2 genes in sheep was performed.

Results: Fec, CA5A and CLSTNZ genes are involved at the ovarian level; ewes carrying the first gene were
found to have increased ovulation rate, folliculogenesis and granulosa cell differentiation. CA54 stimulates an
increased follicular rate and plays an important role in pre-implantation. While CLSTNZ has activity in ovarian
development and growth; it also can interact with other genes involved in follicular maturation, granulosa cell
differentiation and development of the ovarian follicle.

Limitations on study/implications: Ewes carrying these genes increase the prolificacy rate in the flock.
Findings/conclusions: The expression of these genes acts synergistically in the ovulatory process, enhancing
the ovulatory response by contributing to endocrine, paracrine, and molecular synchronization, so that the
maturation of the oocyte occurs, leading to ovulation.

Keywords: genes, Fec, CA5A, CLSTNZ2, sheep.

INTRODUCTION

Sheep are one of the most important livestock species in the world due to their productive
and reproductive potential. For this reason, one of the main objectives of selection
and genetic improvement programmes is to identify animals with the best productive
characteristics (Cardona-Tobar et al., 2020). Reproductive efficiency is a variable that
allows the productivity of the flock to be evaluated; it is determined by ovulation rate,
embryo development, fertility rate; among others, which help to determine the profitability
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of sheep production systems. The development of an oocyte depends on a combination of
paracrine and autocrine factors acquired during folliculogenesis in synchrony with oocyte
growth and differentiation, giving it the ability to restart meiosis and support the early
stages of embryonic development (Torres-Osorio ¢t al., 2019; Figure 1). Ovulation rate is
genetically regulated by the combined action of a group of genes with small effects and, in
some cases, by the action of a gene with a larger effect. Genetic variants related to fertility
in sheep are referred to as Fec, and the different alleles are assigned a letter or the initials of
the breed in which the variant was discovered (Luna and Alonso, 2014).

Gen BMPRIB (FecB). In 1990, Piper and Bindon observed an increase in the
heritability of the number of lambs born per ewe per lamb (prolificacy) in a flock of
Booroola Merino sheep and concluded that the increase could be due to the action of
a gene affecting ovulation rate. It was the first time that the existence of a prolificacy
gene was demonstrated, and it was later identified as a mutation in the gene encoding the
Booroola or FecB gene, located in the Bone Morphogenetic Protein Receptor 1B (BMPR1B)
fragment of sheep chromosome 6, which has a mutation at A746G position 249 of the
protein, which changes from glutamine to arginine in animals carrying this mutation.
Catalogued as an important gene with additive effect on ovulation rate, associated with
high prophilicity in Booroola Merino ewes (Mulsant ez al., 2001; Souza et al., 2001; Wilson
et al., 2001). In sheep, FecB is the main biomarker of fertility and is associated with an
increase of 1.5 ovulations per estrus, which translates into an increase of 0.4 to 0.7 lambs
per ewe. Bethancourt and Valerio-Mena (2022) reported a fertility of 1.17 in sheep carrying
this mutation. Guo et al. (2018) proposed that the FecB gene not only affects the rate of
oocytes and prolificacy, but also favours the uterine environment for correct implantation
and subsequent pregnancy, concluding that ewes with this mutation (homozygotes and

heterozygotes), compared to those without it, suffer changes in the sequence of amino acids
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Figure 1. Autocrine, paracrine and genetic factors involved in the regulation of oocyte development.
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that make up the oviductal fluid, which favours the prooxidant response in favour of the
antioxidant capacity. However, Chen ¢f al. (2021) point out that further research is needed
on the involvement of the FecB gene during embryonic development and interaction
with the uterus, as well as the interaction between mRINAs and long non-coding RNAs
(IncRNAs) at the oviduct level in sheep. Li ez al. (2021), identified five new mutations in the
FecB gene (DD4, DD23, DD17, 1112 and I110) in the homozygous genotype of the Chinese
white ewe, and that the heterozygous genotype increases litter size at third lambing.

Gen GDF9 (FecG). In sheep, it is located on chromosome five, has a length of 1365
base pairs (bp; Bodensteiner ez al., 1999) this gene is expressed in the oocyte from follicular
development until ovulation (Hanrahan et al., 2004; Juengel et al., 2013) it is involved in
the proliferation and organisation of theca cells surrounding the ovarian follicle, it also
promotes granulosa cell proliferation and differentiation through paracrine signalling,
as well as steroidogenesis by increasing estradiol secretion (Miyoshi et al., 2012; Strauss
and Williams, 2019). The GDF9 protein is secreted by the growing oocyte and acts
as a paracrine factor as it is recognised by specific receptors on the cells of the oocyte
cumulus complex, stimulating bidirectional communication and promoting growth and
development of the ovarian follicle (McNatty et al., 2005). Eleven mutations have been
identified in this gene: FeeG ! (Nicol et al., 2009), FeeG” (Silva et al., 2010) and FeeG"™
(Vage et al., 2013), from G1 to G8, of which the G1, G4, G6, G7 and G8 polymorphisms
generate changes in the amino acid sequence of the protein they encode, G8 presenting
sterility in homozygous females and increased prolificacy rate in heterozygous females
(Hanrahan et al., 2004). For the FecG E (Embrapa) variant mentioned above, homozygous
ewes carrying the FecGE allele show increased ovulation rate (82%) and prolificacy (58%;
Silva et al., 2010). In Pelibuey ewes, Mufioz-Garcia et al. (2021) agreed that the FecG* gene
mutation in homozygous ewes increased ovulation rate, prolificacy rate and fecundity.

Gen BMP15 (FecX). The bone morphogenic protein gene (BMP75 or GDFIB), located
on the X chromosome in sheep, is 1179 bp in length. The protein encoded by the BMP15
gene is a member of the 7GFp family of bone morphogenic proteins (Hanrahan et al.,
2004), which acts through a series of signalling proteins (SMAD pathway) responsible for a
wide range of physiological behaviours at the cellular level, including oocyte development
and maturation, as BMP715 is expressed in secondary ovarian follicles, stimulating the
growth and differentiation of granulosa cells through homotypic connexin-37 junctions,
promoting the exchange of nutrients and signals with the oocyte (Luna and Alonso, 2014).

Expression of the BMP75 gene is a key factor in determining the rate of ovulation and
fertility in mammals. In sheep, nucleotide changes in the BMP75 gene increase ovulation
rate by at least 1.0 and litter size by 0.6 (Luna and Alonso, 2014). The following mutations
have been reported Fec™!, FeceX™ | FecX G FecX®, FeeX™ and FeeX®, FecX©, FeeX ", FeeX B
and a 17 base pair deletion in FecX R aswell as BMPR1B and FecX ZWgene, which increases
the number of antral follicles (Feary et al., 2007; Albarella et al., 2015; Pineda et al., 2018;
Hernandez-Montiel et al., 2020). Of these, six mutations have been found in this gene that
affect prolificacy: FecX ¢ and FecX® (Hanrahan et al., 2004), FecX " and FecX! (Galloway
et al., 2000), FeeX™ (Bodin et al., 2007) and FecX™ (Monteagudo et al., 2009) FeeX".
Argiiello-Herndndez et al. (2014) found the presence of FecX ¢ and FecX" polymorphisms
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in the BMP15 gene in Pelibuey ewes and reported an increase in double lambing, as this
mutation increases ovarian sensitivity to FSH and increases the ovulation rate in ewes with
this mutation. Demmers et al. (2011) and Lahoz et al. (2011) mentioned that it is a great
advantage to use ewes with these mutations for lamb production. However, it has also been
reported that the presence of homozygotes (FecX R [FecX R) of this variation causes sterility
due to ovarian failure, which causes morphological abnormalities such as hypoplasia,
leading to infertility (Lahoz ez al., 2011; Alabart, 2016).

The BMP15 gene has a similar expression to the GDF9 gene, so they are often related,
as it 1s expressed in the oocyte as well as in the follicle and acts through a series of signalling
proteins (via SMAD; Luna and Alonso, 2014; Figure 2).

Gen CA5A (Carbonic anhydras 5a). Among the candidate genes associated with
prolificacy in sheep is the CA94 gene, a gene of the carbonic anhydrase (CA) family of zinc-
containing metalloenzymes, whose main function is to catalyse the reversible conversion of
carbon dioxide to bicarbonate (HCOg_ ) and is also involved in gluconeogenesis. The €454
gene plays an important role in the bicarbonate supply of many mitochondrial enzymes
and 1s involved in biological and metabolic processes (Pokharel et al., 2020). Hernandez-
Montiel et al. (2019) showed that CA54 is positively expressed in the ovaries of Pelibuey
ewes; they observed that the presence of the gene triggered double births compared to
non-carriers who had single births. Pokharel et al. (2020) studied the regulation of the
CA5A gene in the ovaries of Texel ewes and found that it was expressed in F1 crosses,
leading to the hypothesis that this gene has an important function at least up to the pre-
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implantation stage, since it was observed that the expression in F1 crosses of the corpus
luteum showed a similar behaviour to that of the dams. This gene is associated with several
genes during early pregnancy, also participates together whith other genes in the process of
ovarian development in ewes (Pokharel ez al., 2018; Hernandez-Montiel ez al., 2019).

Gen CLSTN2 (Calsyntenin 2), this gene is involved in several processes of vital
importance such as: lipid metabolism (Ugi et al., 2014) calcium regulation, metabolic
disorders such as glucose and insulin. In addition, this gene is involved in cell proliferation,
differentiation, cell death, tumorogenesis, ovarian development and growth together with
the transcription factor forkhead (FOXL2), follicular expression: growth and maturation
of ovarian follicles, sex determination, and also participates in granulosa cell differentiation
with subsequent follicle development (Pisarska et al., 2011).

In Brahman heifers, it was found to be involved in the regulation of insulin and glucose
levels, which are very important for cell metabolism and proper communication of the
endocrine axis, resulting in carrier females achieving oocyte development and quality
leading to first ovulation and puberty faster than non-carriers (Amstalden and Williams,
2014). In sheep and goats, CLSTNZ2 has been identified as a potential candidate gene for
fertility and can be used for marker-assisted selection (Wijayanti e al., 2022).

CONCLUSIONS

This review describes the genetic control of ovulatory development, the mechanisms
involved in the control of ovulation rate in mammals and the interaction with other genes.
These findings provide useful DNA markers for the selection of sheep with genes associated
with increased prolificacy, which is a valuable genetic resource for livestock production
when establishing a breeding programme to increase the profitability of the flock.
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