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Abstract

Objective: To investigate the association of C631T single nucleotide polymorphisms in SPO11 gene with
male infertility followed by an in silico approach.SPO11 is a gene involved in meiosis and
spermatogenesis process, which in humans, this gene is located on chromosome 20 (20q13.2-13.3)
with 13 exons.

Materials and methods: In a case-control study, 200blood samples were collected from the IVF center
(Kashan, Iran) including; 100 infertile and 100healthy control men. SP011-C631Twere
genotypedusingpolymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
method. The effects of C631T transition on the structure of mRNA and protein of SPO11 was evaluated
by bioinformatics tools.

Results: Our data revealed that all subjects were wild-type homozygous inC631T positions and just a
sample from fertile group was heterozygous in C631T (OR: 0.3300, 95%Cl: 0.0133 to 8.1992,
p = 0.4988).0ur in silico-analysis revealed that C6341T transition could make fundamental changes in
the structure of the mRNA (Score: 0.1983) and protein (PROVEAN Score: -3.371; Reliability Index: 4;
Expected Accuracy: 82%) of SPO11. Also, C631T substitution could change the aggregation prone
regions of the SPO11 protein (ATANGO=209.99).

Conclusion: So even though the SPO11-C631T does not increase the risk of male infertility, it could be
deleterious for themRNA and protein.
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Introduction including chromosomal aberrations (3, 4),
Infertility affects 15% of couples. Approximatelytha chromosomal translocation (5), Y chromosome
of Infertility causes are due to male factors (la@d  microdeletions (6), mutations in single-genes sagh
about 15% of these cases are genetic abnormaliti€8FTR, INSL3, and androgen receptor genes (7, 8).
Deleterious gene polymorphisms in key genes
involved in spermatogenesis such as folate
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A possible candidate for genetic susceptibility toconsent, a detailed medical and reproductive histor
spermatogenic failure is th#POl11gene.The human was obtained from all subjects, including
SPO11 gene consists of 13 exons and is located omeproductive history and infertility evaluation tfe
200913.2-13.3 (Figure 1A) (12). This gene encodes #é&male partner. Samples were first screened for
critical protein with 396 amino acids. Two major genetic and familial diseases. 100 patients were
SPO11 isoforms are generated by alternative splicing:finally selected as idiopathic infertile case groti0
SPO1la (exon 2 skipped) an8PO11p. SPO11 is a  healthy fertile male volunteers served as the cbntr
critical protein in meiosis process. Recombinationgroup. The semen analysis for sperm concentration,
during meiosis increases genetic diversity, theeefo morphology, and motility performed following the
the central purpose of recombination is to promotéNorld Health Organization (WHO) criteria (21).
accurate segregation of homologous chromosomes feinally 2 ml blood was taken from each individual
generate  haploidcells (13). During meiosis,and preserved at -20 °C. All the participants’
programmed double-strand breaks (DSBs) occur, whicinformed written consent and the study was approved
leads to interhomolog recombination. Meiotic DSBby the Medical Research Ethics Committee of the
repair is remarkably robust, which exist in eveg}l ®  Kashan University of Medical Sciences on 30 August
repair  spontaneous DNA damage. Meiotic2011 (reference number 9254).
recombination mechanisms have been deducedprimarily
from studies in budding yeast (14-16). DSBs areSNP genotyping
performed by the SPOlimolecule, and thenthe The polymerase chain reaction-restriction fragment
molecule is removed from DNA, the 5'ends arelength polymorphism (PCR-RFLP) method used to
cleaved to generate 3' single-stranded tails (17)SPO11-C631T genotyping. To design specific
SPOllacts as a dimer, and one molecule remainprimers for PCR-RFLP, the genomic sequences of
covalently attached to each DSB end upongenerationuman SPO11 obtained from National Center for
of the break (18). The catalytic activity for DSBs Biotechnology Information (NCBI,
formation seems tha®PO11 presumably acts as a http://www.ncbi.nim.nih.gov/nucleotide).  Specific
transesterase rather than as an endonuclease (1pjimers designed by Gene Runner software (Ver.
There is a tyrosine residue at active site of fieégin ~ 3.05 / 4.0.9.3 Beta). The forward primer sequence
that has a crucial role in DSB (18).Yea®011 was: 5-AGTACTAAACTTAGTACCCCTG-3' and
mutants show a range of phenotypes from partial losthe  reverse  primer sequence was: 5-
of function, to complete loss of DSB formation. ACTAAAGAAGGGACCATGGTGT-3'. The
Varying levels of synaptonemal complex (SC)primers location and C631T site has been shown in
defects are also observed, highlighting the impmea figurelB. Primers were ordered from Cinna Gen
of DSB formation in homologous chromosome Company (Iran). The region containing C631T was
synapsis. A previous study investigated theamplified by PCR method in thermal cycler system
association of five single nucleotide polymorphisms(peqSTAR, Germany). To amplify thesPO11
(SNPs) inSPO11 gene with male infertility (20). fragment, PCR carried out in 25puL of PCR reaction
These five SNPs included rs28368062, rs28368064;ontaining 0.2uL Taq polymerase, 0.%uL dNTPs
rs79564060, rs23736832 and rs28368082. Thenix, 1.5 uM MgCl,, 0.35 pM each of forward and
rs28368082 (C631T) SNP leads to Arginine toreverse primers, and 20 ng of template DNA (All
Tryptophan substitution at codon 211 (Arg211Trp)PCR reagents were purchased from Fermentas,
located on exon7 (Figure 1A). In the present studyGermany). PCR performed with the following
we investigated the association of C631T substituti program: The initial denaturation at 94°C for 10
in SPO11 gene with male infertility followed by a minutes followed by 33 repetitive cycles including,

novelin silico-analysis. denaturation temperature: 94°C for 30seconds;
. annealing temperature: 57°C for 30seconds, extensio
Materials and methods temperature: 72°C for 30seconds and final extension

In a case—control study, all subjects were randomlyemperature: 72°C for 5 minutes. Then The PCR
selected from the IVF center (Kashan, Iran). Theproducts digested witkco Rl (Fermentas Co., Leon-
infertile patients were selected from couplesRot, Germany) at 37°C for 16h and analyzed by 1%
attending the infertility clinic who had a histoof = agarose gel electrophoresis and staining with
infertility above 1 year. After signing an informed GelRed™ (Biotium, Hayward, CA, USA).
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Figure 1: Location and genotyping of C631T. A) Human SPO11 gene map was deduced from NCBI data bank,
which contain 13 exon, the location of C631T SNP on exon 7, was shown by arrowhead; B) Schematic and
results of the PCR-RFLP. Digestion map for 400-bp PCR fragment by EcoRl enzyme [lane M = DNA marker;
lanel = PCR product as a control; lane2 = the sample with CT genotype containing 400-bp, 245-bp and 155-
bp bands; lane3 = the sample with CC genotype containing 245-bp and 255-bp bands].

In silico-analysis (http://genetics.bwh.harvard.edu/pph2/) (25), and
DNA sequences dBPO11 gene obtained from NCBI SIFT (Scale-invariant feature transform;
(Accession No. AY957583.1). The coding sequencéhttp://sift.jcvi.org/) (26) servers. The effect G631T
domain of SPO11 translated by EXPASy server substitution on the mRNA structure assessed by

(http://web.expasy.org/translate/). The RNAsnp Web Server (http://rth.dk/resources/rnasnp/)
physicochemical properties of the protein were(27).SNPeffect 4.0 server  (http://snpeffect.
analyzed using Prot Param serverswitchlab.org/) (28) was used for detection of

(http://web.expasy.org/protparam/). The secondanArg211Trp effects on the chaperone binding
structure of theéSPO11 was assessed by bioinf server tendency, amyloid-forming regions, and aggregation
(http://bioinf.cs.ucl.ac.uk/psipred/) (22). The @¢br  prone regions in the protein sequence. For the CT
dimensional structure of the protein was assessegenotype, odd ratios (ORs) and 95% confidence
using Itasser (http://zhanglab.ccmb.med.umich.edu/linterval (95% CI) were calculated. Differences
Tas.SER) (23). Accelrys DS Visualiserver.4.0 between infertile and healthy groups were assessed
(accelrys company, http://accelrys.com/productsby Chi-square Test. Statistical analyses perforbyed
discovery-studio/visualization.php) applied to the SPSS ver. 16 (SPSS, Chicago, IL).

investigate  the  three-dimensional  structure,

hydrophobicity, and Ramachandran plot @011  Results

protein. The effect of Arg211Trp substitution on Analysisof C631TSNP of SPO11

protein functions evaluated by SNAP (Screening forHuman genome was extracted and showed a major
Non-Acceptable Polymorphisms; band with low mobility on agarose gel. However,
https://rostlab.org/services/snap/) (24), PolyPRen- using the extracted genome as templ&R&11 gene

» Journal of Family and Reproductive Health jfrh.tums.ac.ir Vol. 9, No. 4, November 2015 157



Karimian et al.

containing C631T single nucleotide polymorphismlocated in a beta-sheet motif at the surfac&Ri11
with the approximate size 400 bp was amplified by(Figure 3). Additionally, the data obtained by a
utilizing the conditions which were described in Ramachandran plot confirmed the structural stabilit
materials and methods secti@toRI| cuts only the C  for both 631C and 631T phenotypes of the protein
allele, which resulted in 245 bp and 155 bp(Figure 4A). Also data revealed that the peak ef th
fragments. All PCR products o8PO11 fragment hydrophobicity for 631Cwas -0.02 whereas this index
(400 bp) containing C631T were digestedHnpRI. shift to 0.7 for 631T (29) (Figure4B). Analysis of
The absence of polymorphism in C631T causes fullC631T transition bySNP effect server indicated that
enzymatic digestion of amplified fragment whereasC631T does not affect the chaperone binding terydenc
heterozygote samples produced 3 bands on agaro§dl IMBO: 0.00) and amyloid-forming regions
gel (Figure 1B). In 199 samples in the presentystud (dWALTZ: -27.61) whereas the substitution increases
EcoRI produced two fragments with aforementionedaggregation prone regions inSPO11 protein
lengths. Only one sample from control group was(dTANGO: 1107.96). Data from SNAP server
heterozygote in C631T (OR: 0.3300, 95% CI: 0.0133ndicated that the C631T substitution may have

to 8.1992, p = 0.4988). damaging effects iBPO11 structure (Prediction: Non-
neutral, Reliability Index: 3, Expected Accurac8%4)
Structural analysis consistent the data from SIFT server (PROVEAN

The physicochemical properties 8O11 protein, score: -3.371, Prediction (cutoff = -2.5): Deletes).
determined using ProtParam, indicated that th&Vhile the data from PolyPhen2 showed that
SPO11 protein contains 396 amino acids. The normalC631Thave a low probability of damaging (Score:
known SPO11 protein has a predicted molecular 0.014, Sensitivity: 0.96, Specificity: 0.79). Pedig
formula of GogdHz19Ns539005763,1, Molecular mass of C631T effects on local RNA secondary structure of
44536.7 Da and an isoelectric point (pl) of 9.05. | SPO11 revealed that the SNP make fundamental
the normal protein, the total number of negativelychanges on the secondary structure of mMRNA
charged residues (Asp and Glu) is 41 and the totgDistance: 0.1080, P-value: 0.1983; the P-valus les
number of positively charged residues (Arg and Lys)than 0.2 is significant structural change) (Figbire
is 50. The aliphatic index of th&0O11protein had . .
been calculated to be 96.77. The instability indéx Discussion
the SPO11 protein in normal was determined to be SPO11 is a critical gene and is involved in the
59.99. The Grand average of hydropathicityrecombination process of genes in meiosis (30, 31).
(GRAVY) was calculated -0.088 for norm&PO11.  Although many studies have been done on the
The estimated half-life of th&POl1proteininnormal  biological role ofSPO11 gene but its role in infertility
is  30h (mammalian reticulocytes,in vitro), has not been studied extensively yet. A commoriesing
(Expasy/ProtParam server). However these parametensicleotide polymorphism#8PO11 changes a cytosine
for 631T phenotype are summarized in table 1. residue to thymine (631GT) which leads to Arginine
The secondary structure of tBRO11 protein was to Tryptophan substitution at codon 211 SRO11
evaluated by the Bioinf server (Figure2). Our dataprotein. In this study, firstly we investigate the
revealed that the secondary structure of 811  association of 631GT with male infertility in an
protein differs between 631C and 631T phenotypedranian population. Our results showed that onky oh
especially in the helix, strand and coil motifs.afysis  the fertile subjects had CT genotype in C631T locat
of three-dimensional structure &011 protein by and the rest of the subjects (100 infertile andieg@le
Accelrys DS Visualiser 4.0 revealed that residug@ 21 men) had CC genotype.

Table 1: Physicochemical properties for wild type, 106G and 63 1T phenotype of SPO11 protein

Protein M olecular . Estimated Instability Aliphatic

: Theoretical pl : . ; GRAVY
Phenotype weight eoretical p half-life index index a
wild 44536.7 9.05 30 hours 59.99 96.77 -0.088
631T 44566.7 8.97 30 hours 59.99 96.77 -0.079

®Grand average of hydropathicity
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Figure 2: Secondary structure of the SPO11 protein, as determined using the Bioinf
server. A) 631C phenotype; B) 631T phenotype. The changes between two phenotypes
are evident in lines 5 and 6.

Residue 211

Figure 3: DNA binding site of SPO11 protein. Residue 211 and ligand were
shown by arrowheads. The residue 211 located in a beta-sheet motif on the
surface of the protein.
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Figure 4: Hydrophobicity and Ramachandran plots for 631C and 631T phenotypes. A) Average
hydrophobicity is -0.02 for Arg211 (right) and 0.7 for Trp211 (left). The residue211 shown by
yellow dot; B) Ramachandran plot for 631C phenotype (left) and 631T phenotype (right).

Figure 5: Secondary structure

In 2005 some SNPs was studied in 48 malgAsp277Glu) (32).
azoospermia and 48 oligospermia in USA. Resultglifferent
showed that one of the azoospermisubject had 79564060,

of SPO11.

The secondary structure of wild-type mRNA with
minimum free energy = -85.40 kcal/mol (right) and Mutant mRNA with minimum free energy =
-86.50 kcal/mol (left).

SNPs

rs2373683 and

In 2011 the relation of five
(rs28368062, rs28368064,
rs28368082) with

glutamate changed to lysine (Glu9Lys) in exon ondnfertility was studied in Chinese men. Only one of
another had an aspartate changed to glutamatbe SNPs (rs28368082) was related to infertilitd an
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the incidence of CT genotype in rs28368082 locatiomumber of positively charged residues (Arg and Lys)
in infertile men was higher than fertile men is 50 whereas these ratios in mutant protein are 41
(p = 0.023). Also the frequency of T allele in and 49 respectively. Therefore pl shifts from @5
rs28368082 location was higher in infertile thannormal protein to 8.97 for mutan®PO11. The
fertle men as well (p = 0.025) (20). In 2014 estimated half-life of th&PO11 proteinin normal is
Ghalkhani et al. performed another study in Iranianr30 h (mammalian reticulocytesin vitro). The
population. They recruited a total of 113 infertile hydrophobic pattern, determined using the Kyte and
men, including: 58 azoospermic men and 55Doolittle hydrophobicity scale (29), showed thag¢ th
oligozoospermic men. They selected the subjectaverage hydrophobicity of Arg211 in the normal
from three regions; including: North (19 azoospermi protein equals -0.02 whereas this index shifts.io 0
and 17 oligozoospermia), Center (20 azoospermi&r Trp211 in the mutant protein (Figure 4A).
and 20 oligozoospermia), and South (19 azoospermi@herefor the Trp211 as a hydrophobic residue tends
and 18 oligozoospermia) of Iran. They reported thato cluster in the interior of the molecule thatsthi
C361T was significantly associated with male iiffigrt ~ change may be deleterious for the protein (40)TSIF
in all populations except oligozoospermic casesnfro operates by utilizing both physical properties of
the Center region (33). The inconsistency betwben t amino acids and sequence homology of varied
studies could arise from to race, geography ortgene orthologus. The function of PolyPhenis based on
differences of the study population. physical and comparative approaches to evaluate the
In meiosis, recombination of genes occurs wherimpact of an amino acid substitution on the functio
homolog chromosomes separate from each other tand structure of a protein. SNAP prediction is base
produce haploid gametes (34, 35). The expression ain evolutionary information, biophysical properties
SPO11 gene increases during meiosis (36). In yeastof substitution and structure of protein and
by breaking the double strand DN#RPOL11 facilitate  annotations (39, 41). The data from SNAP and SIFT
the process of recombination. It been shown that ishowed that C631T might be deleterious for function
rats, a disruptedSPO11l gene can causes male and structure 0c8P0O11. Whereas PolyPhen predicted
infertility (37). Any disturbance in the recombimat  the C631T transition as a benign substitution asaly
process of meiosis counteracts the proper dissogiat of C631T substitution by SNPeffect server indicated
of the homolog chromosomes and leads to aneuploidshat the substitution increases aggregation prone
and making defected gametes. Therefore any changegions inSPO11 protein (dTANGO: 1107.96).The
or mutation inSPO11 gene can cause infertility in total TANGO score for the protein is 1107.96.
men (17, 38). Mutations can increase (dTANGO > 50), decrease
Effects of missense mutations on protein feature4dTANGO < -50) or not affect aggregation propensity
usingnsilicoprediction can be determined even (dTANGO between -50 and 50). For C6311
without a well-defined protein structure (39). Stud substitution, dTANGO equals 209.99 which means
the secondary structure oB8PO11 showed that that the mutation increases the aggregation terydenc
Arg211Trp substitution makes some changes in thef SPO11 protein.mMRNAs containing different
structure of the coils, strands, and helixes in thenucleotide at SNP position may vary in their
protein (Figure 2). The physicochemical properties interactions with cellular molecules involved in
SPO11 protein, detected by ProtParam servermRNA transport, maturation, translation, or
showed that th8PO11 protein contains 396 residues. degradation (42). Analysis the effects of C631T
The wildphenotype ofSP011 has a predicted transition on secondary structure of mRNA showed
molecular formula  of  GgdH319N53905765,1, that the SNP could alter the structure and minimum
molecular mass of 44536.7 Da and an isoelectriédree energy of mRNA. Therefore C631T might alter
point (pl) of 9.05; the molecular mass of the 631Tthe SPO11 gene expression.
phenotype increases to 44566.7 Da. Because we Due to the effects of gene—gene interactions and
found that Arg had five carbon atom less than Trpenvironmental factors, we need a larger group séca
the molecular weight of the norm&PO11 protein is  and control in order to obtain accurate data. Algio
lower than that of the mutant protein resultingaim  our in silico-analysis lead to better understanding of
increase in the ratio of pl to MW for mutant protei the effects of C631T on tH&PO11, but more studies
In the normal protein, the total number of negdyive are essential to evaluate the influence of the
charged residues (Asp and Glu) is 41 and the totatnvironmental factor on sperm parameters of men

» Journal of Family and Reproductive Health jfrh.tums.ac.ir Vol. 9, No. 4, November 2015 161



Karimian et al.

with differentSPO11 variants. 7: 253-66.
. 7. Mosaad YM, Shahin D, Elkholy AA, Mosbah A,
Conclusion Badawy W. CAG repeat length in androgen receptor

According to our research, although C631T gene and male infertility in Egyptian patients.
polymorphism in theSPO11 gene is not associated  Andrologia 2012; 44: 26-33.
with idiopathic male infertility in the Iran; Kasha 8. Schulz S, Jakubiczka S, Kropf S, Nickel I, Musclike

population, buin silico-analysis ofSPO11 indicated Kleinstein J. Increased frequency of cystic fibsosi
that the SNP could make fundamental changes in the transmembrane conductance regulator gene mutations
protein and mRNA structure diPO11. Therefore infertile males. Fertility and Sterility 2006; 8635-38.

further studies with larger sample size and divers®. Mfady DS, Sadiq MF, Khabour OF, Fararjeh AS, Abu-
ethnic populations are required to confirm the gahe Awad A, Khader Y. Associations of variants in
validity of our findings. Since we only studies one  MTHFR and MTRR genes with male infertility in the
SNP, further studies are required to investigate th  Jordanian population. Gene 2014; 536: 40-4.
possible effects of other mutations (alone or inl0.YanL, Wu S, Zhang S, Ji G, Gu A. Genetic variants

combination) onSPO11 function. Also functional telomerase reverse transcriptase (TERT) and
studies on these polymorphisms are needed toyclarif telomerase-associated protein 1 (TEP1) and theofisk
the molecular mechanisms of the observed results. male infertility. Gene 2014; 534: 139-43.
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