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Ovine relaxin family peptide receptor 2 (RXFP2) gene polymorphism – no 
association with cryptorchidism
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ABSTRACT

The polymorphism in ovine relaxin family peptide receptor 2 gene and the relevance of earlier established
human and mice cryptorchidism associated SNP’s in Mandya and Hassan Sheep was studied. Genomic DNA was
extracted from 60 cryptorchid and 80 normal unrelated sheep. Two sets of primers were designed to amplify exon
8 and exon 12–13 regions of ovine RXFP2 gene. SSCP revealed no polymorphism at exon 8, exon 12 and exon 13
of ovine RXFP2 indicating absence of T222P in exon 8 and D294G in exon 12 as reported in human and mice
cryptorchids respectively. A novel SNP (KF527573.1, 171T>A) in intron12 of ovine RXFP2 was observed. The
sheep population studied was in Hardy Weinberg equilibrium for the genotypes of the SNP. The distribution of
genotypes was significantly different for Hassan and Mandya sheep breeds. However, the SNP in both the breeds
studied was not associated with the cryptorchid phenotype.
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Cryptorchidism is the failure of one or both testes to be
positioned in the scrotum at the time normal for a species.
It is the most common genetic defect of the male genital
system. In animal breeding, the occurrence of
cryptorchidism leads to economic loss and decreased
selection potential of male breeding stock. The prevalence
of cryptorchidism is common in humans, pigs, horses and
companion animals (2–12%) and are said to be rare in
general populations of cattle, sheep and goat (Amann and
Veeramachaneni 2007). But extremely high frequencies of
cryptorchidism had been reported in certain breeds of sheep
(Polled Merino and Karagouniko). Among Indian sheep
breeds, Mandya breed is having high prevalence of
cryptorchidism and the major cause for decline in its
population (Bhatia and Arora, 2005).

Etiology for cryptorchidism involves genetic, epigenetic,
environmental factors and their interactions. The studies
have elucidated that the major regulators of testicular
descent are the Leydig cell–derived hormones insulin-like
factor 3 (INSL3) and testosterone and their receptors
involved, respectively, in the transabdominal and
inguinoscrotal phase of testicular descent.

The INSL3 protein is a testicular hormone produced by
leydig cells, belonging to relaxin family of protein. The
INSL3 gene structure comprising of two exons and one
intron is highly conserved among mammals, including
sheep. Several mutations of human INSL3 are strongly
associated with cryptorchidism. Williams et al. (2007)
reported association of Ovine INSL3 2489C>T SNP in
intron 1 with cryptorchidism.

Relaxin family peptide receptor 2 (RXFP2) is the only
receptor for INLS3, hence one of the potential candidate
gene for cryptorchdism. RXFP2 also called as ‘Great’
(Overbeek et al. 2001), LGR8 (Kumagai et al. 2002) belong
to the family of G-protein-coupled receptor (GPCR), as
three glycoprotein hormone receptors (FSHR, LHR and
TSHR). Expression of RXFP2 is seen in the testis, ovary,
brain and skeletal muscles, with the highest level of
expression in the gubernaculum. RXFP2 is said to be also
involved in male gonad development, negative regulation
of apoptosis, negative regulation of cell proliferation, oocyte
maturation and positive regulation of cAMP biosynthetic
process (Feng et al. 2007). Further, Zhangyuan et al. (2018)
confirmed the role of ovine RXFP2 in development of horn
pattern as response to semi feralization.

Decreased or defective expression of the receptor is
involved in intra abdominal cryptorchidism in mice and
human (Overbeek et al. 2001, Bathgate et al. 2006). RXFP2
gene is relatively conserved across broad spectrum of
species and has 18 exons. Several mutations had been
reported in the RXFP2 gene of which a SNP in exon 8,
corresponding to T222P mutation of RXFP2 in human (Nuti
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et al. 2007) and a SNP in exon 12 corresponding to D294G
mutation of RXFP2 in mouse (Harris et al. 2010) were
reported to be involved in cryptorchidism. Hence, in the
present study, polymorphism of exon 8 and exon12–13 of
ovine RXFP2 gene and their probable association with
cryptorchidism were studied.

MATERIALS AND METHODS

The blood samples were collected for isolation of
genomic DNA and further genetic studies from a total of
140 unrelated sheep (60 cryptorchid and 80 normal males)
belonging to Mandya and Hassan breeds of sheep. DNA
extraction was carried out adopting high salt method as
described by Miller et al. (1988). Quality, purity and
concentration of genomic DNA were confirmed by agarose
gel electrophoresis and UV-photometric methods. Two sets
of primers were designed based on the partial sequence of
Ovine RXFP2 obtained from BLAST of the bovine
homologous (ENSBTAT00000020135) from Ensemble data
base on to the ovine whole genome database (Oar_v3.1)
published by the International Sheep Genomics Consortium
(ISGC). Primer select program of CLC BIO software was
used for designing primers. The details of the
oligonucleotide sequence, their Tm values and product size
are presented in Table 1.

Polymerase chain reaction was carried out in final
reaction volume of 25 µl, containing 100 ng of template, 5
pmol of each primer, 200 M of each dNTP, 2.5 µl of 10×
buffer with 1.5 mM MgCl2 and one unit of Taq DNA
polymerase. The PCR cycle conditions include initial
denaturation at 94°C for 5 min followed by 35 cycles of
94°C  for 30 sec, respective annealing temperature for 30
sec and 72°C for 30 sec, with a final extension for 7 min at
72°C. The PCR products were visualized under 1.5%
agarose gel and later subjected to single stranded
confirmation polymorphism (SSCP) analysis. PCR products
were diluted in denaturing solution (95% formamide, 10
mM NaOH, 0.05% xylene cyanol and 0.05% bromophenol
blue, 20 mM EDTA), heated at 95°C for 5 min followed by
snap chilling for 5 min. 12.5% polyacrylamide gels were
used for resolution. The gels were silver stained (Bassan et
al. 1991), dried on cellophane sheet and scored manually
for variants. The PCR products showing variants were

purified and custom sequenced. Prediction of tolerant level
of mutation on protein function was done using Sorting
Tolerant from Intolerant (SIFT) algorithm. The Hardy
Weinberg equilibrium of the population and association of
SSCP variants with cryptorchidism was studied by Fishers
exact test of SAS 9.2 software.

RESULTS AND DISCUSSION

PCR amplification of the RXFP2-I region resulted in a
fragment of 258 bp covering exon 8 and part of intron 8
region of ovine RXFP2 gene. The ovine RXFP2 exon 8
was of 72 bp length and was highly conserved. Comparison
of the translated exon 8 sequences from sheep and human
revealed only one variant at 8th amino acid position i.e.
threonine (T) in humans and serine (S) in sheep. Gorlov et
al. (2002) reported that a substitution mutation threonine
(T) to proline (P) at 8th amino acid position due to change
of A to C at 23 nucleotide position in exon 8 of RXFP2 was
involved in certain cases of human cryptorchidism. The
SSCP study did not reveal any polymorphism of ovine
RXFP2 exon 8, suggesting that this region is not involved
in cryptorchidism in the sheep breeds studied. The sequence
analysis revealed the presence of nucleotide ‘G’ in ovine
RXFP2 resulting in serine at 8th amino acid position. Lack
of conservation of the amino acid at 8th position of translated
RXFP2 exon 8 across species questions the validity of the
mutation as cause of cryptorchidism. Further, El Houate et
al. (2008) had also reported this mutation to be not
associated with human cryptorchidism.

PCR amplification of the RXFP2-II region resulted in a
fragment of 323 bp covering exon 12, intron 12, exon 13
and part of intron 13 region of ovine RXFP2 gene. SSCP
analysis showed variants. The analysis of ovine RXFP2
exon 12 and exon 13 sequences and their comparison with
other species showed that the sequence length was 72 bp
for both the exons and were conserved across species. The
nucleotide sequence and translated amino acid sequences
of exon 12 and exon 13 of sheep were compared with diverse
mammalian species as mice and human. The translated
sequences of RXFP2 exon 12 and 13 from sheep, human
and mice and their comparison are presented in Fig. 1.

SNP in exon 12 corresponding to D294G mutation of
RXFP2 in mouse was associated with cryptorchdism (Harris
et al. 2010). In present study, Sorting Tolerant from
Intolerant (SIFT) algorithm (http://sift.jcvi.org) predicted
aspartic acid encoded by first codon of exon 12 as essential
for normal functioning of the protein. The exon 12 sequence
GAC (nucleotide 2–4) and the corresponding translated
amino acid aspartic acid (D294) was found conserved in
sheep sequence, whereas the human RXFP2 sequence
revealed a silent mutation, i.e. GAT sequence with no
alteration in amino acid (D294).

A novel SNP in intron12 of ovine RXFP2 was observed
and the sequence submitted to GenBank with accession
number KF527573.1 (171T>A). The sheep population
studied was in Hardy Weinberg equilibrium for the
genotypes of the SNP. The distribution of genotypes was

Table 1. Primers used for amplification of exon 8, exon 12–13
of ovine relaxin family receptor 2 gene

Amplicon Sequence Tm Annealing Product
value temp. size

RXFP2-I F GTCAGAATTCTAG 59.21 59°C 258 bp
ATGACAATCCC

R AAATATGCCAT 58.84
GAGCCATGG

RXFP2-II F TCACTGTCAC 62.19 61°C 323 bp
CAACAGGGAC

R GAGTAAAGCAA 59.82
CCCACTAACATC

http://sift.jcvi.org
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significantly different for Hassan and Mandya sheep breeds.
Mandya breed had significantly higher frequency of TT
genotype and significantly lower frequency of AA genotype
than Hassan sheep breed. The relevance of this needs to be
studied. However, the SNP in both the breeds studied was
not associated with the cryptorchid phenotype. The
genotype frequencies and their distributions are given in
Table 2.
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