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It is estimated that about 15% of couples concern with the inability to conceive after 1 

year of unprotected intercourse. Genetic and environmental factors play important roles 

in male infertility. MTHFR (Methylene Tetrahydro Folate Reductase) is encoded by a 

gene which maps to human chromosome 1p36.22. The c.677C>T mutation causes an 

amino - acid change of Alanine to Valine (Ala222Val) in exon 4 which is related to 

oligospermia and azoospermia. Our purpose was to investigate the association of   

rs1801133 in MTHFR gene with azoospermia and also genetic diversity of some 

Iranian folks. Peripheral blood samples of 100 men suffered from azoospermia and 55 

controls collected from Infertility Clinic of Jihad-university of Qom. DNA was 

extracted by salting-out method and SNP-Genotyping was performed by PCR-RFLP 

technique and sequencing. Furthermore, statistical and population genetics analysis 

were done. The rs1801133 showed no significant relation with azoospermia according 
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to statistical analysis. Furthermore, population genetics analysis showed that there is no 

genetic differentiation between Turk and Fars ethnics and case and control individuals. 

MTHFR studied SNP has no significant relation with azoospermia infertility, although 

further studies on more samples are demanded.  

Keywords: Infertility, azoospermia, MTHFR gene, Single Nucleotide Polymorphism.  

 

INTRODUCTION 

Approximately 15% of couples are affected by infertility, with the man being 

responsible for nearly half of the cases (IGUCHI et al., 2005). Oligospermia, asthenozoospermia, 

teratozoospermia and azoospermia are four major types of male infertility, which comprise about 

20% to 25% of all reported cases (ELINATI, 2012). Oligoasthenoteratozoosoermia (OAT) is 

another type of male infertility (JUNGWRITH et al., 2004).   

 Different factors play various roles in infertility like immunological failures, 

gametogenesis process, genital tract development and differentiation, endocrine defects, sexual 

behavior (KETTUNEN et al., 2012) as well as genetic factors (LEE et al., 2003).  

Methylenetetrahydrofolate reductase (MTHFR) is one of the key enzymes in folate 

metabolism that is essential for numerous cellular functions (ZHOU-CUN A et al., 2007). MTHFR 

has much higher activity in testis than in other major organs in the adult mouse, which suggest 

that it may have an important role in spermatogenesis (CHEN Z et al., 2001). Moreover, MTHFR-

deficiency in mice, resulted in abnormal spermatogenesis and infertility in males (KELLY TL et 

al., 2005).  

There are three common variants of the MTHFR gene (YANG et al., 2007), namely 

MTHFR C677T (rs1801133), MTHFR A1298C (rs1801131) and G1793A (rs2274976; Fig. 1b). 

The 677C.T transition results in an Alanine to Valine substitution at codon 222 (Ala222Val); 

while, 1298A.C transition brings about Glutamate to Alanine substitution at codon 429 

(Glu429Ala).Similarly, the 1793G.A variant results in an Arginine to Glutamine substitution at 

codon 594 (Arg594Gln).  

It has been reported that the C677T and A1298C are associated with an up to 70% 

reduction in folate metabolism and hyper-homocysteinaemia (BOXMEER et al., 2009). 

Heterogenous results ere reported on the association between MTHFR C677T 

polymorphism and infertility (BEZOLD et al., 2001; EBISCH et al., 2003; STUPPIA et al., 2003; 

SINGH et al., 2005). For example, BEZOLD et al. (2001), in Germany, reported that the frequency 

of the C677T homozygous variant in infertile men was twice that of control subjects. Similarly, 

SINGH et al. (2005), reported a significant association between infertility and MHTFR 

homozygosity in Indian subjects. KARIMIAN and HOSSEINZADEH COLAGAR (2014), reported 

significant association between 677TT and 677CT genotypes and idiopathic male infertility, in 

Iranian subjects studied.  

However, the studied performed in Italy, and Netherlands (EBISCH et al., 2003; STUPPIA 

et al., 2003) showed no association between MTHFR C677T polymorphism and fertility.  

Therefore, the present study was conducted with the following aims: 1- To investigate 

association between MTHFR rs1801133 (c677C>T) and Iranian male azoospermia, and 2- To 

identify other nucleotide variants in the vicinity of this SNP, for future investigation. Moreover, 
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since our subjects have different ethnic backgrounds, we try to investigate genetic difference of 

these ethnic groups with regard to the studied DNA sequence.  

We used both Restriction fragments length polymorphism (RFLP) method and 

sequencing for our study.  

 

MATERIAL AND METHODS 

DNA Extraction 

Peripheral blood samples of 100 men suffered from azoospermia (case) and 55 fertile 

men (control) were collected from Infertility Clinic of Jahad-Daneshgahi, Qom. DNA molecules 

were extracted by salting-out DNA extraction method. 1% agarose gel electrophorese were used 

to evaluate the quantity and quality of the extracted DNA molecules respectively.  

 

PCR 

DNA fragment containing our SNP was amplified by using forward (5´-

GACGGTGCGGTGAGAGTG-3´) and reverse (5´-CATCCCTATTGGCAGGTTAC-3´) primers 

which were designed by Oligo7 and Gene runner soft wares. 

PCR was performed in thermo cycler system (BioRad) with an initial denaturation at 

95°C for 4 (min), followed by 35 cycles of denaturation at 95°C for 30 (s), annealing at 58°C for 

30 (s), extension at 72°C for 30 (s) and Final extension was done at 72°C for 8 [min]. PCR 

reaction was provided in total volume 25 μl containing 4 μl of DNA samples, 21 μl Master Mix 

(16.25 μl H2O, 2 μl Buffer 10X, 0.7 μl MgCl2 100 mM, 0.4 μl dNTP-Mix 40 mM, 0.7 μl 

Forward primer 14.72 ng/μl and 0.55 μl Reverse primer 12.77 ng/μl and 0.4 μl Taq polymerase 

(5 U/μl)). The PCR fragments were separated by 1.5% agarose gel electrophoresis and visualized 

by DNA power load.  

 

RFLP and Sequencing 

SNP genotyping was performed by RFLP technique. The amplified PCR products were 

digested by Hinf1 restriction endonuclease enzyme with a number of recognition site (GANTC) 

which was selected using NEB cutter software.  

Enzyme digestion mixture contained 5 μl PCR product, 2 μl 10X buffer R, 1 μl enzyme 

and 9 μl water and then incubated samples at 37°C for 6 h. Based on RFLP results, 25 samples 

containing 16 cases (10 sample from Turk ethnic and 6 sample from Fars ethnic) and 9 controls 

(5 samples from Turk ethnic and 4 samples from Fars ethnic) were selected for Sanger 

Sequencing.  

 

Data Analysis 

For association study, we used χ2 test as performed in SPSS Ver.21 (2000) software. 

Allele frequencies, genotype frequencies, and Hardy-Weinberg equilibrium and Odds Ratio were 

performed by using SNPstat software.  

 The grouping of the subjects based on DNA sequencing was done by constructing the 

NJ tree and PCOA plot. Kimura 2-parameter was used as genetic distance among the subjects in 

these analyses by MEGA7 and PAST ver. 2.17 software (TAMURA et al. 2012; HAMMER et al. 

2012). The haplotype groups were identified as performed in DNA SP, Chile their relationship 
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based on TCS network as constructed by in PopART (Population Analysis with Reticulate Trees) 

program (http://popart.otago.ac.nz) 

 

RESULTS AND DISCUSSION 

RFLP enzymatic digestion of rs1801133 produced 3 different patterns both in cases and 

controls. Hinf1 restriction endonuclease recognizes the allele T of c.677C>T and cuts the PCR 

product (265 bp) into 94 bp and 171 bp fragments. Thus samples possessing 265 bp, have CC 

genotype, samples with 171 bp and 94 bp fragments have TT genotype and heterozygote (CT) 

samples have the all of these three fragments (Fig 1). 

 

 

Fig. 1. Result of PCR-RFLP showing three patterns of fragments 

 

 

The χ2 test did not show significant difference for genotype frequencies between case 

and control subjects (Table 1). 

 

 

Table. 1. χ2-Test performed for genotype frequencies between case and control subjects 
group value df Asymp Sig (2-sided) 

Case                             Pearson Chi-Square 

                                     Likelihood Ratio 
                                     Linear-by-Linear Association 

                                     N of Valid Cases 

12.449a 

14.712 
1.226 

100 

12 

12 
1 

0.410 

0.258 
0.268 

Control                         Pearson Chi-Square 
                                     Likelihood Ratio 

                                     Linear-by-Linear Association 
                                     N of Valid Cases 

11.794a 
14.901 

0.321 
55 

12 
12 

1 

0.462 
0.247 

0.571 

 

Details of allele frequencies, genotype frequencies, as well as Hardy-Weinberg 

equilibrium and Odds Ratio are provided in tables 2. The results showed that both of case and 

control subjects are in iquilibrium (p>0.05).  

http://popart.otago.ac.nz/
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Table. 2. Details of allele frequencies, genotype frequencies, as well as Hardy-Weinberg equilibrium and 

odds Ratio 

SNP allele frequencies (n=155) 

 All subjects Id=ca Id=co 

Allele Count Proportion Count Proportion Count Proportion 

C 237 0.76 151 0.76 86 0.78 

T 73 0.24 49 0.24 24 0.22 

SNP genotype frequencies (n=155) 

 All subjects Id=ca Id=co 

Genotype Count proportion Count Proportion Count Proportion 
C/C 88 0.57 54 0.54 34 0.62 

C/T 61 0.39 43 0.43 18 0.33 

T/T 6 0.04 3 0.03 3 0.05 

SNP exact test for Hardy-Weinberg equilibrium (n=155) 

 N11 N12 N22 N1 N2 P-value 

All subjects 88 61 6 237 73 0.37 
Id=ca 54 43 3 151 49 0.17 

Id=co 34 18 3 86 24 0.7 

SNP association with response id (n=155, crude analysis) 

Model Genotype Id=ca Id=co OR (95% CI) P-value 

 
Codominant 

C/C 54 (54%) 34 (61.8%) 1.00  
0.39 C/T 43 (43%) 18 (32.7%) 0.66 (0.33-1.34) 

T/T 3 (3%) 3 (5.5%) 1.59 (0.30-8.33) 
Dominant C/C 54 (54%) 34 (61.8%) 1.00 0.35 

C/T-T/T 46 (46%) 21 (38.2%) 0.73 (0.37-1.42) 
Recessive C/C-C/T 97 (97%) 52 (94.5%) 1.00 0.46 

T/T 3 (3%) 3 (5.5%) 1.87 (0.36-9.57) 

Overdominant C/C-T/T 57 (57%) 37 (67.3%) 1.00 0.21 

C/T 43 (43%) 18 (32.7%) 0.64 (0.32-1.28) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Sequencing result of the randomly selected samples  

 

For supporting the PCR-RFLP results 25 samples among patients and controls for were 

selected for Sanger sequencing (Fig 2). All of the three genotypes were detected in sequencing 
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(Table 3), but sequencing did not reveal polymorphisms in the studied patients and no genetic 

variability was observed among the case and control groups for the studied SNP. 

Genotyping based on sequencing of the 25 samples is provided in Table 8. These 

samples were from two ethnic groups namely, Turk and Fars populations. Both ethnic groups 

had all 3 genotypes.  

 

Table. 3. SNP-Genotyping by Sequencing of the samples in two different ethnic groups 

Ethnic C/C C/T T/T Total 

Turk 7 3 5 15 

Fars 4 2 4 10 

Total 11 5 9 25 

Total Frequencies 0.44 0.2 0.36 --------- 

 

The preliminary analysis of the nucleotide diversity within the studied samples 

produced the following results:  Nucleotide diversity:  pi = 3.28551e+06, the number of 

segregating sites: 17, the number of parsimony-informative sites: 10, and Tajima's D statistic: 

D= 6.22344e+08, p (D >= 6.22344e+08) = 0. These results indicate very low genetic variability 

in the studied sequences in Iranian male subjects, and Tajima's D statistic indicate that the 

nucleotide substitutions occurred irrespective of selection.  

Sequencing identified some other variants in the DNA fragment analysed. As shown in 

Table 4, two of these variants, were reported SNPs, while some of them are new, which should 

be further investigated to be considered as new SNPs. We consider them as new sequence 

variants, or potential SNPs. Thus, there are no reference cods for them. Furthermore, in 

rs780701935 A/C variation was observed instead of A/G that was reported variation in NCBI. 

 

Table. 4. The sequence variants identified in DNA fragment studied 

Nucleotide SNP Position 

T/C No code 61 
A/T No code 63 

A/C No code 64 

C/T No code 66 
A/G/C rs780701935 67 

T/A No code 69 
G/C No code 71 

A/G No code 72 

A/T No code 73 
A/G No code 76 

G/C/T No code 77 

G/C No code 80 
G/A rs756691180 83 

 

Among the variant nucleotides obtained, we found significant association between 

nucleotide number 61 with overdominant heredity type, nucleotide 69 with dominant and 

nucleotide 80 with both overdominant as well as dominant heredity (Table 5). These varaints 

maybe studied in deteal in our future investigation. 
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Table. 5. Significant odds ratio test of nucleotide variants obtained 

Variation Heredity Type        p-value 

61           Overdominant                     T/T-C/C 

                              T/C 

0.046 

69            Dominant                        T/T 

                                       T/A-A/A 

0.046 

80 C/C-G/G                 Overdominant           

G/C                                                   

0.04 

          Dominant                        G/G 

                                    G/C-CC 

0.02 

 

PCoA plot obtained from the sequenced samples with regard to case and controls, 

revealed some degree of overlap between two groups. This shows that the studied nucleotides are 

not associated with infertility investigated. This is in agreement with our association analysis 

performed on PCR-RFLP-based genotype frequencies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. PCoA plot of case and control samples based on nucleotide sequencing, showing overlap between 

the two samples 

 

The NJ tree obtained based on sequencing data, also revealed that the samples in both 

ethnic groups have been inter-mixed together. This shows that these populations had gene flow 

and can be differentiated by sequins studied. It is interesting to see that, Iranian subjects studied 

differ in their sequence from the main sequence reported for the studied SNP which is reported 

in NCBI. This probably indicates potential genetic variability between Iranian samples and the 

other ethnic populations.  
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Fig. 4. NJ tree of the studied samples from two ethnic groups in Iran, that shows the gene flow in these 

ethnic groups 

 

Haplotype Groups 

The networking of the sequenced samples placed the studied samples in 5 main 

haplotype groups (H1-H5 in Fig5.). Moreover, few samples were placed far from these 

haplotype groups due to their sequence difference.  

 

 

 

 

 

 

 

 

 

Fig. 5. Minimum spanning network of sequenced samples, showing the haplotype groups (H1-H5) 

Some of the samples both from Turk and Fars ethnic groups were placed closer to the 

main sequence and formed the first haplotype group (H1). The other haplotype groups are placed 

far from H1, due to their genetic difference. Within each haplotype group, the samples differed 
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from each other by 1 nucleotide substitution, however three subjects, namely 8A. Turk, 

33C.Fars, and 27A. Fars, differed from the other groups by 4 nucleotide substitution.  
The present study based on both PCR-RFLP and Sanger sequencing, showed no 

significant association between c.677C>T and azoospermia. This is in agreement with the reports 

from Netherlands and Italy (EBISCH et al., 2003; STUPPIA et al., 2003). However, opposite results 

have been reported in other places. For instance, BEZOLD et al. (2001) in German subjects 

reported that mutant homozygote (CC) of the rs1801133 may increase the risk of male infertility, 

due to decreased activity of MTHFR. Similarly, the studies performed in Indian and Korean men 

(SINGH et al., 2005; PARK et al., 2005) reported that not only homozygotes (CC) but also 

heterozygotes (CT) of C677T were associated with male azoospermia and even severe 

oligozoospermia. These heterogenous findings indicate that the the role of this SNP in male 

infertility may be partly affected by ethnic or geographic factors, etc. It has been reported that 

the harmful effects of the C677T mutation on enzymatic activity of MTHFR colud be tolerated 

in individuals with wealthy folate reserve, while in subjects with low folate supply it may cause 

some biochemical or clinical phenotypic effects (JACQUES et al.,1996).  

Our network analysis also revealed that the neighboring nucleotides as well as SNPs 

close to the studied rs1801133, play no role in male infertility as both case and control subjects 

were place in a single clade or group.  

Population genetic study produces data on genetic structure and genetic diversity within 

target populations and investigates genetic admixture and gene flow versus reproductive 

isolation among the studied populations. It also may identify specific genotypes or genes in local 

geographical or ethnic populations (FREELAND et al., 2011). 

We found no association between these sequences and the Iranian two ethnic groups, as 

they were place inter-mixed in cluster analysis. Therefore, we can conclude the occurrence of a 

frequent gene flow among these populations. In a similar study ZHANG et al. (2015), used 34 X-

Chromosome markers (18 X-STRs and 16 X-Indels), to investigate genetic variability and 

admixture in ethnic populations of China. They reported genetic variability of 0.4-0.7 for the 

studied populations, while Phylogenetic tree and PCA analyses revealed a clear pattern of 

population differentiation. They suggested that geographic isolation and interactions play 

significant roles in differentiation of genetic constitution of ethnic groups.  

 

CONCLUSIONS 

According to previous researches as already mentioned MTHFR gene has an important 

role in spermatogenesis and c.C>T677 polymorphism (rs1801133) in this gene associates with 

azoospermia and severe oligospermia. However, in present study we reported that rs1801133 and 

its neighboring nucleotides, play no role in Iranian male azoospermia, and that the two ethnic 

local populations of Fars and Turk had frequent gene flow in their past and are not differentiated 

based on these sequences. 
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Izvod 

Procenjuje se da se oko 15% parova brine zbog nemogućnosti začeća posle 1 godine 

nezaštićenog odnosa. Genetski faktori i faktori okoline igraju važnu ulogu u muškoj neplodnosti. 

MTHFR (metilen tetrahidrofolatna reduktaza) je kodiran genom koji se preslikava na humani 

hromozom 1p36.22. Mutacija c.677C> T izaziva aminokiselinsku promenu Alanina u Valin 

(Ala222Val) u eksonu 4 koji je povezan sa oligospermijom i azoospermijom. Naš cilj je bio da 

istražimo povezanost rs1801133 u genu MTHFR sa azoospermijom i takođe genetsku 

raznolikost Iranaca. Uzorci periferne krvi 100 muškaraca koji su patili od azoospermije i 55 

kontrola prikupljeni su sa Klinike za neplodnost Univerziteta Džihad u Komu. DNK je 

ekstrahovana i SNP-genotipizacija je izvedena PCR-RFLP tehnikom i sekvenciranjem. Dalje, 

urađene su statističke i populaciono genetičke analize. Prema statističkoj analizi, rs1801133 nije 

pokazao značajnu vezu sa azoospermijom. Nadalje, analiza populacione genetike pokazala je da 

ne postoji genetska diferencijacija između etničkih Turka i Farsa i između pojedinaca “slučaja” i 

kontrole. MTHFR SNP koji je proučavan nema značajne veze sa neplodnošću azoospermije, 

mada su potrebne dalje studije na više uzoraka. 
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