
GENETICS

Study of single nucleotide polymorphism (rs28368082)
in SPO11 gene and its association with male infertility

Esmat Ghalkhani & Masoud Sheidai & Hamid Gourabi &
Zahra Noormohammadi & Narjes Bakhtari &
Ali Mohammad Malekasgar

Received: 22 April 2014 /Accepted: 10 June 2014 /Published online: 9 July 2014
# Springer Science+Business Media New York 2014

Abstract
Purpose The present study is a case–control analysis of a SNP
(rs28368082) in exon 7 of the SPO11 gene and its possible
association with male infertility in three provinces of Iran. We
also searched for genetic differences among populations.
Methods Using Polymerase Chain Reaction-Restriction Frag-
ment Length Polymorphism (PCR-RFLP) analysis, we geno-
typed 113 infertile men and 50 fertile controls. Then, samples
consisting SNP, as determined by PCR-RFLP, were geno-
typed by sequencing. The differences in genotype distribu-
tions between cases and fertile controls were examined using
Chi-squared analysis. The genetic difference between individ-
uals with mutated nucleotide was investigated by phylogenet-
ic trees. Genetic difference among populations (provinces)
was analyzed through ANOVA test, and homogeneity was
investigated using STRUCTURE and K-means clustering
analysis.

Results According to the statistical analysis, the SNP was
significantly associated with male infertility in all populations
except oligozoospermic cases of the Center region. The phy-
logenetic trees showed partial genetic variation among the
individuals, although ANOVA test showed no significant
genetic difference between populations (provinces) for both
azoospermic, and oligozoospermic cases. Eventually, we af-
firmed that individuals in the inclusive populations had genet-
ic difference, but it was not statistically significant for dividing
underlying populations to separate groups, so each population
was homogenous.
Conclusion Our study indicates that the mentioned poly-
morphism in SPO11 gene may be linked to the suscep-
tibility of azoospermia and oligozoospermia male infer-
tility in three provinces of Iran. Further studies are re-
quired to support obtained results. It finally should be
noted that the possible association between a particular
SNP and a specific disease completely depends on the
underlying population.
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Introduction

Infertility is a worldwide reproductive health problem,
affecting men and women roughly equally [1]. While there
is no universal definition of infertility, a couple is generally
considered clinically infertile when pregnancy has not
occurred after at least 12 months of regular unprotected
sexual activity [2]. Infertility affects 10–15 % of couples
worldwide, and male factors account for nearly half of all
infertility cases [3].

Capsule A case–control study was designed to investigate the possible
association between an SNP in SPO11 gene and azoospermia,
oligozoospermia male infertility in three provinces of Iran, according to
our data the SNP was associated with male infertility in all populations
except oligozoospermic cases of the Center region.

E. Ghalkhani (*) :M. Sheidai :N. Bakhtari
Biology Department, Shahid Beheshti University, Tehran, Iran
e-mail: e.ghalkhani@yahoo.com

H. Gourabi
Department of Genetics at Reproductive Biomedicine Research
Center, Royan Institute for Reproductive Biomedicine, ACECR,
Tehran, Iran

Z. Noormohammadi
Department of Biology, School of Basic Sciences, Science and
Research Branch, Islamic Azad University, Tehran, Iran

A. M. Malekasgar
Department of Medical Science, Genetic Unit, Qom University of
Medical Sciences, Qom, Iran

J Assist Reprod Genet (2014) 31:1205–1210
DOI 10.1007/s10815-014-0279-z



Although modern diagnostic methods identified much
more pathogenesis of infertility, unfortunately, approximately
50 % of infertility cases are still unexplained or idiopathic [4].

The genetic factors involved in male infertility are: chro-
mosomal or monogenic disorders, mitochondrial DNA
(mtDNA) mutations, Y chromosome deletions, multifactorial
disorders, imprinting disorders, as well as endocrine disorders
with genetic origin [5]. Studies have shown that genetic ab-
normalities account for approximately 5 % of infertility in
males [6].

Impaired spermatogenesis is an important etiology of male
infertility. Spermatogenesis is a complex physiological pro-
cess, regulated by several genes. With the development of
molecular biology, many infertility-related genes have been
identified [7]. About 10 % genes in the genome are related to
spermatogenesis [5]. Understanding the molecular mecha-
nism of abnormal spermatogenesis and the genes involved is
important in developing both diagnostic tools and treatment
strategies for male infertility [8]. Meiosis is a specialized form
of cell division, which is essential for sexually reproducing
organisms to generate gametes [9].

S. cerevisiae sporulation protein (Spo11) is an evolutionarily
conserved topoisomerase-like protein that, in mammals, is
functionally expressed in gonads of both male and female
during meiosis. It is responsible for physiological DNA Dou-
ble Strand Breaks (DSB) formation during the early meiotic
prophase in spermatocytes and oocytes [10].

Human SPO11 was detected in several somatic tissues,
with its gene localized to chromosome 20q13.2-q13.3. This
gene contains 13 exons [11]. When the SPO11 gene was
disrupted in mice by homologous recombination, there was
a generalized arrest of spermatogenesis in spermatocytes be-
fore the pachytene stage, resulting in male infertility [12].
Zhang et al. (2011) reported that SNP (rs28368082) in the
exon 7 of SPO11 gene is associated with idiopathic male
infertility in Chinese’s population [13].

The present study was designed to investigate the associa-
tion of an SNP (rs28368082) in the exon7 of SPO11 gene with
azoospermia and oligozoospermia male infertility in three
different populations (provinces) of Iran (South, Center and
North provinces).

Materials and methods

Ethnical standards

The study was supported by Shahid Beheshti University in
Iran. All participants were aged from 25 to 55 years. We
obtained written informed consent from all participating indi-
viduals. Details that might disclose the identity of the subjects
under study were omitted.

Subjects and sample collection

We recruited a total of 113 infertile Iranian patients, consisting
of 58 men with azoospermia, and 55 men with oligozoosper-
mia from Royan Institute of Tehran. Racial/ethnic back-
grounds were important factors for recruitment. So we select-
ed our subjects from three regions; including: South, Center
and North provinces of Iran. Thirty-six infertile men were
from North of Iran (19 azoospermia and 17 oligozoospermia);
37 infertile men were from South of Iran (19 azoospermia and
18 oligozoospermia), and 40 infertile men were from Central
region of Iran (20 azoospermia and 20 oligozoospermia).

The control group included 50 fertile men who had at least
one child without assisted reproductive technologies and had
normal semen parameters, and all the cases had the normal
karyotype. Controls were collected randomly from the South,
Center, and North provinces of Iran.

The semen analysis for sperm concentration, motility and
morphology was performed following the World Health Or-
ganization criteria [14] and serum levels of FSH, LH and
testosterone were determined.

DNA isolation, SNP selection and genotyping
(molecular analysis)

Genomic DNA was extracted from peripheral blood using a
standard Salting Out procedure. Identification of the C5679T
(rs28368082) polymorphic variant in the exon 7 of SPO11
gene (codon 211), Arginine change into Tryptophan, was
performed by Polymerase Chain Reaction-Restriction Frag-
ment Length polymorphism (PCR-RFLP) technique with the

Fig. 1 Sequence profile from a wild type

Fig. 2 Sequence profile from an infertile man carrying the SNP
(Homozygous)
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primers which were designed based on the published se-
quence of the human SPO11 gene.

Oligonucleotide primers were designed using Oligo5.0
software. PCR of the genomic DNA was conducted using
the following primer pairs: 5′-TAACAGAGGAAGAAGT
CTCTGATG-3′ (forward) and 5′-TTGTAAATCCTCTTA
CCAATCACCA-3′ (reverse). These primers generated a
687 bp fragment. PCR amplification was carried out in a total
volume of 25 μl containing approximately 50 ng of the
genomic DNA, 0.4 μl of 40 mM dNTP-Mix, 0.8 μl of each
primer at a final concentration of 2 μM, 0.3 μl of 100 mM
MgCl2, 0.5 μl of 5u/μl Taq polymerase and 2 μl of 10× buffer.

The PCR reaction profile was: predenaturation at 95 °C for
4 min followed by denaturation at 95 °C for 30 s, annealing at
58 °C for 30 s and extension at 72 °C for 90 s for 40 cycles,
with a final extra extension at 72 °C for 10 min. PCR cycling
was performed using the Applied Biosystems 2720 Thermal
Cycler. Then the products were electrophoresed on a 1.5 %
agarose gel, stained with ethidium bromide and visualized
using ultraviolet illumination.

Restriction maps of the SPO11 gene sequences were ac-
quired by the Webcutter 2.0 software then EcoRI enzyme was
selected. PCR amplicons were digested with EcoRI enzyme.
5 μl of PCR product was digested with 0.7 μl of the selected
enzyme [Bioron, Germany], incubated at 37 °C for 16 h.

Then the products of digestion were detected on 2 %
agarose gel with ethidium bromide. Finally, mutated samples,
obtained from PCR-RFLP, were sequenced with forward
primer in Macrogen Company in Korea.

Statistical analysis

The differences in allele and genotype frequencies of C5679T
polymorphism in the SPO11 gene between cases and controls
were determined by standard Chi squared (χ2), the Odds Ratio
(OR) tests. All P-values were based upon two-tailed tests and
Odds Ratios (ORs), with 95 % confidence intervals (CIs). A
P-value <0.05 was regarded as statistically significant. Both of
Chi-squared and Odds Ratios (ORs) tests were done by SPSS
Version 19.0.

To investigate the genetic difference between individuals
with mutated nucleotide, we used phylogenetic trees such as
Neighbor-Joining (NJ), Maximum Likelihood, Maximum
Parsimony and UPGMA. Significant genetic difference
among populations (provinces) was calculated by Analysis
of Molecular Variance (ANOVA) method, which performed
by GenAlex6.4. ]15.[

To check the genetic continuity versus populations’ strati-
fication two methods were used: First STRUCTURE analysis
was done by STRUCTURE software (2012) [16], second K-
Means clustering was carried out in GenoDive version 2.0
(2012). We used two summary statistics to present K-Means
clustering: 1. psedo-F [17] and 2. Bayesian Information
Criterion [18].

We performed Principal Coordinate Analysis (PCoA)
analysis to investigate the genetic relation between indi-
viduals. Its operation can be thought of as revealing the
internal structure of the data in a way that best explains
the variance in the data [19].

Results

In the present study, we analyzed C5679T polymorphism in
SPO11 gene in 58 azoospermia, 55 oligozoospermia and 50
fertile men as the control group, fromNorth, Center and South
provinces of Iran using the PCR-RFLP method. Three differ-
ent patterns were appeared: the wild-type homozygote (CC),
heterozygote (CT) and homozygote (TT). The uncleaved
fragment, homozygous for T (TT), was 687 bp; whereas the

Fig. 3 Sequence profile from an infertile man carrying the SNP
(Heterozygous)

Table 1 Genotype frequencies of SNP (rs28368082) in the SPO11 gene for azoospermic and oligozoospermic patients and controls

Genotype Frequency

Azoo. North
N=19

Azoo. Center
N=20

Azoo. South
N=19

Azoo. Total
N=58

Oligo. North
N=17

Oligo. Center
N=20

Oligo. South
N=18

Oligo. Total
N=55

Controls
N=50

CC 16(84.21 %) 18(90 %) 17(89.47 %) 51(87.93 %) 14(82.35 %) 19(95 %) 16(88.89 %) 49(89.09 %) 49(98 %)

CT 2 (10.53 %) 2(10 %) 2(10.53 %) 6(10.34 %) 3(17.65 %) 1(5 %) 2(11.11 %) 6(10.91 %) 1(2 %)

TT 1(5.26 %) 0(0 %) 0(0 %) 1(1.72 %) 0(0 %) 0(0 %) 0(0 %) 0(0 %) 0(0 %)

Azoo azoospermia, Oligo oligozoospermia
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cleaved fragment, including homozygous for C (CC) and
heterozygote (CT) showed two bands (533 and 154 bp) and
three bands (687, 533 and 154 bp) respectively, because the
substitution disrupts an EcoRI recognition site which digests
the 687 bp into 533 and 154 bp fragments. Finally, sam-
ples consisting one band and three bands, as determined
by PCR-RFLP, were genotyped by sequencing. The re-
sults of mutated samples, and one wild-type sample are
displayed (Figs. 1, 2, and 3).

Statistical analysis

The genotype and allele frequencies of SNP (rs28368082) for
all of 163 samples are presented in Tables 1 and 2 respectively.
We used Chi-squared test to compare genotype distribution
between infertile subjects and fertile controls in each popula-
tion, and we performed anOdds Ratio (OR) test to indicate the
strength of association between the SNP and studied popula-
tions. The results of Chi-squared and Odds Ratio (OR) tests
are presented in Table 3.

According to the Table 3, the SNP was significantly asso-
ciated with male infertility in all populations except oligo-
zoospermic cases of the Center region.

The genetic difference among individuals with mutated
nucleotide was determined by phylogenetic trees such as
Neighbor-Joining (NJ) Maximum Likelihood Maximum
Parsimony and UPGMA, all of them produced similar results.
Therefore, only NJ trees are discussed here. According to the
NJ trees, in azoospermic cases with mutated nucleotide, we

obtained two main groups, while in oligozoospermic cases,
the patients were placed in three groups. The NJ trees showed
partial genetic variation among the studied individuals with
mutated nucleotide.

Genetic difference among populations was analyzed by
ANOVA test. Azoospermic cases with mutated nucleotide
were classified in four different groups while, oligozoosper-
mic cases with mutated nucleotide were classified in two
different groups.

The ANOVA test showed no significant genetic difference
between provinces for both azoospermic (Fst=−0.026, P-val-
ue=0.5), and oligozoospermic cases (Fst=−0.025 and P-val-
ue=0.39). Therefore, both groups differ in very minor genetic
differences as revealed in NJ tree. Genetic continuity versus
populations’ stratification was tested using STRUCTURE and
K-means clustering analysis.

According to the STRUCTURE results for azoospermic
and oligozoospermic men, there were two and three separated
sub-groups respectively, but the differences were not statisti-
cally significant. The STRUCTURE results for both groups
confirmed the NJ tree results. Here we proved that genetic
diversity was not significant and the STRUCTURE results
showing no separation for both groups.

Then we used K-means clustering analysis. Concerning the
results in azoospermic cases; best clustering according to
pseudo-F was k=2 and according to Bayesian Information
Criterions was k=5. Based on the NJ tree k=2 was better.
Considering the results in oligozoospermic cases; best clus-
tering according to both of pseudo-F and Bayesian

Table 2 Allele frequencies of SNP (rs28368082) in the SPO11 gene for azoospermic and oligozoospermic patients and controls

Allele Frequency

Azoo. North
N=19

Azoo. Center
N=20

Azoo. South
N=19

Azoo. Total
N=58

Oligo. North
N=17

Oligo. Center
N=20

Oligo. South
N=18

Oligo. Total
N=55

Controls
N=50

C 89.47 % 95 % 94.74 % 93.1 % 91.18 % 97.5 % 94.44 % 94.55 % 99 %

T 10.53 % 5 % 5.26 % 6.9 % 8.82 % 2.5 % 5.56 % 5.45 % 1 %

Table 3 The results of chi-squared and Odds Ratio (OR) tests

Parameters Cases

Azoo. North
N=19

Azoo. Center
N=20

Azoo. South
N=19

Azoo. Total
N=58

Oligo. North
N=17

Oligo. Center
N=20

Oligo. South
N=18

Oligo. Total
N=55

χ2 11.966 5.674 6.664 7.680 14.22 1.332 6.664 6.664

P- value 0.001a 0.017a 0.010a 0.006a 0.00a 0.248b 0.010a 0.010a

df 1 1 1 1 1 1 1 1

Odds Ratio 9.33 5.444 6.056 6.682 10.756 2.579 6.056 6.056

a Statistically significant
b Not significant
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Information Criterion was k=4. Finally, we checked PCoA
test to estimate the best relation between individuals with
mutated nucleotide.

Finally, we presented the network of SPO11 protein in
Fig. 4, which adapted from data presented in SWISS-Prot
database [20]. It displays the other partners of SPO11 protein;
according to the Fig. 4, these proteins are probably other
candidates for investigating male infertility, but we need more
experimental tests to prove such roles Table 4. Predicted
functional partners of SPO11 protein are shown in Table 4.

Discussion

Genetic polymorphisms may increase susceptibility to some
forms of male infertility [7]. Recent reports showed that
genetic disorders affecting spermatogenesis might be respon-
sible for many cases of idiopathic male infertility [21]. In this
study, we investigated an SNP (rs28368082) in the exon 7 of
SPO11gene and its association with male infertility in
azoospermic and oligozoospermic groups. We carried out
our study based on an ethnic background.

The results revealed this SNP was associated with male
infertility in all of populations except oligozoospermic cases
of the Center region; it might be resulted from ethnic differ-
ences among populations. Inconsistent results might be attrib-
uted to differences in ethnic background and geographic var-
iations. Our study indicates that the mentioned polymorphism

Fig. 4 The network of SPO11 protein (Homo sapiens). This network
shows proteins, which interact with SPO11 protein [20]

Table 4 Predicted functional partners of SPO11 protein [20]

Partner Descriptions Score

RAD51

RAD51 homolog (RecA homolog, E. coli) (S. cerevisiae); It May participate in a 

common DNA damage response pathway associated with the activation of homologous 

recombination and double-strand break repair. (339 aa)

0.981

RAD50

RAD50 homolog (S. cerevisiae); Component of the MRN complex, which plays a 

central role in double-strand break (DSB) repair, DNA recombination, maintenance of 

telomere integrity and meiosis. (1312 aa)

0.972

MRE11A

MRE11 meiotic recombination 11 homolog A (S. cerevisiae); Component of the MRN 

complex, which plays a central role in double-strand break (DSB) repair, DNA 

recombination, maintenance of telomere integrity and meiosis. (708 aa)

0.964

ATM

Ataxia telangiectasia mutated; Serine/Threonine protein kinase which activates the 

checkpoint signaling upon double strand breaks (DSBs), apoptosis and genotoxic 

stresses such as ionizing ultraviolet A light (UVA), thereby acting as a DNA damage 

sensor. (3056 aa)

0.948

BRCA1

Breast cancer 1, early onset; The BRCA1-BARD1 heterodimer coordinates a diverse 

range of cellular pathways such as DNA damage repair, ubiquitination and 

transcriptional regulation to maintain genomic stability. (1863 aa)

0.932

TEX15 Testis expressed 15. (2789 aa) 0.925

BRCA2
Breast cancer 2, early onset; Involved in double-strand break repair and/or homologous 

recombination. It may participate in S phase checkpoint activation. (3418 aa)
0.922

RAD51C

RAD51 homolog C (S. cerevisiae); Involved in the homologous recombination repair 

(HRR) pathway of double-stranded DNA breaks arising during DNA replication or 

induced by DNA-damaging agents. (376 aa)

0.921

RBBP8
R etinoblastoma binding protein 8; It May modulate the functions ascribed to BRCA1 in 

transcriptional regulation, DNA repair, and/or cell cycle checkpoint control. (897 aa)
0.901

CDK4 Cyclin-dependent kinase 4; Probably involved in the control of the cell cycle.(303 aa) 0.899
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in SPO11 gene may be linked to the susceptibility of azoo-
spermia and oligozoospermia in three provinces of Iran.

In this study, the number of cases and controls was not
large enough, regarding that current research is based on an
ethnic background so the results can be premature and further
studies are required to support obtained results. With respect
to the development of molecular biology techniques, the role
of SPO11 gene in the male infertility will be cleared.

We also provided data, which shows SPO11 network from
SWISS-Prot database [20]; all of them may be candidate
genes for male infertility, investigating all of them can be
useful.

It finally should be noted that the relation between a par-
ticular SNP with the disease completely depends on the pop-
ulation. Perhaps an SNP in a specific population of patients
has a strong association while it has no such association in
other populations at all.
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