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Background: EIF1AY is one of the genes essential for normal 
spermatogenesis and is located in azoospermic factors re-
gion. Objective: The present study was designed to investi-
gate the EIF1AY gene nucleotide variations, and correlate it 
with spermatogenic maturation arrest and azoospermia in 
Iranian population. Methods: A total number of 30 Iranian 
idiopathic non-obstructive azoospermic patients were se-
lected as case group and 30 fertile men served as a control 
group who had at least 1 child. Nucleotide variation was an-
alyzed in exon 3 and exon 5 in EIF1AY gene of both groups. 
DNA extraction from peripheral blood samples of selected 
individuals was done followed by amplification by PCR and 
sequencing with Sangar method. Results: Totally 3 single 
nucleotide variations were identified: one in the intronic re-
gion of exon 3, next one in non-coding transcript exon vari-
ant (rs13447352) and the third one in the exonic region of 
exon 5, all were registered in NCBI-Gene database. Conclu-
sion: There was no statistically significant difference in the 
incidence of nucleotide variation between 2 study popula-
tions (p > 0.05). Further studies are required to specify the 
effects of Y: T20588295G variation on modification of protein 
structure, as well as the expression pattern of the gene and 
its association with azoospermia.
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Introduction

Infertility is a worldwide healthcare problem, which is 
defined as the inability to engender after 1 year of unpro-
tected intercourse [1]. Studies have shown that 10–15% 
of couples suffer from infertility which male factor is 
co-responsible in half of them [2, 3]. Genetic compo-
nents and environmental factors are the 2 major reasons 
for male infertility [1]. Despite remarkable improvement 
in male infertility diagnostic methods, efforts are needed 
to unveil the causes of idiopathic abnormal spermatogen-
esis in about 50% of the population [4]. This condition 
could be associated with the mutations, polymorphism, 
or other changes in genes controlling spermatogenesis 
[5]. At the beginning of 1976, Tiepolo et al. [6] intro-
duced the azoospermic factors (AZF) region on the long 
arm of the Y chromosome (Yq11.2) containing essential 
genes for spermatogenesis. Later Vogt et al. [7] defined 3 
AZF regions of Yq (AZFa, AZFb, AZFc) which microde-
letions in those could be responsible for azoospermia. 
Both Klinefelter’s syndrome and AZF deletion have been 
shown as the main causes of spermatogenic failure [8]. 
Based on studies, about 5–10% of severe oligospermic or 
azoospermic men have AZF microdeletions [9].

AZFb region is located almost between the subinter-
vals 5M and 6B [10]. Size of this region is 3.2 Mb and 
encompasses several genes essential for normal sperma-
togenesis of which EIF1AY, PRY, TTY2, RBMY genes are 
the major candidate gene [6, 11]. AZFb deletion in pa-

Received: October 23, 2018
Accepted: December 19, 2018
Published online: September 10, 2019

http://dx.doi.org/10.1159%2F000499295


Curr Urol 2019;13:46–50EIF1AY Polymorphisms in Azoospermic 
Patients

47

tients completely arrests the maturation process at sper-
matocyte stage [12]. Kleiman et al. [13] have shown that 
AZF gene in testicular biopsies of azoospermic men re-
vealed lack of EIF1AY expression, can sporadically con-
tribute to azoospermia.

Tian at al. [14] have shown lack of EIF1AY expres-
sion may cause azoospermia in some cases. Vernet et al. 
[15, 16] have demonstrated that spermatogonial arrest in 
XSxrbO mouse males can be overcome by re-addition of 
EIF2S3Y gene, and although there is no human copy of 
EIF2S3Y, EIF2S3Y gene is reported as equal to human 
EIF1AY gene.

EIF1AY is a 17,430 base pairs gene containing 7 
exons, located on the non-recombining region of the 
Y chromosome (Yq11.223). It is also known as eIF4C 
[5]. It has been mapped to interval 5q and subsequently 
defined between sY127–sY129 [17]. It encodes a pro-
tein related to eukaryotic translation initiation factor 1A 
(eIF1A), which may function in stabilizing the binding 
of the initiator Met-tRNA to the 40S ribosomal subunit. 
eIF1A is one of the most conserved initiation factors and 
is essential for viability in yeast [18]. The EIF1AY en-
codes a Y isoform of eIF1A, which aids the slippage of 
the 40S subunit along the mRNA by indwelling the A site, 
which prevents possible interactions between tRNAs and 
mRNA that might fix the mRNA on the ribosome. eIF1A 
also enhances the formation of 5’-terminal complexes in 
the presence of other translation initiation factors.

EIF1AX gene is the homolog of EIF1AY with 86% 
identity, which encodes an essential eukaryotic transla-
tion initiation factor. The X homolog (eIF1AX) escapes 
inactivation in female [19] and both X and Y homolo-
gous are ubiquitously expressed with the high level of 
expression in the testis [20].

Although there is no AZF deletion in idiopathic pa-
tients, same features such as complete maturation arrest, 
have been observed. S1-like RNA-binding domain of the 
EIF1AY protein is necessary for translation initiation, 

and this domain of the protein is encoded by exon 2, 3, 4, 
and 5 of the gene. Based on the size of exons and RNA 
binding sites on conserved domain S1-IF1A, exon 3 and 
exon 5 were selected for studying the possible genetic 
changes in 30 non-obstructive azoospermic patients, re-
ferred to Royan Institute, Tehran, Iran.

Materials and Methods

Two groups of cases (patients) and controls were selected. 
Cases composed of 30 men with non-obstructive azoospermia, 
with normal karyotype, and no microdeletion in the AZF region. 
These patients had complete spermatogenesis arrest in spermato-
cyte stage. Control group composed of 30 fertile men who had at 
least 1 child. The mean age of patients and controls were 34.46 
± 3.02 and 36.14 ± 3.44 years, respectively. There was no sig-
nificant difference in ethnicity between the groups. Samples for 
control group prepared from volunteers and for cases from pa-
tients referred to Royan Infertility Clinic (Tehran, Iran) both after 
describing the aim of research and informed consent. The patient 
group demonstrated normal hormone level and none of the mem-
bers was exposed to radiations, heat, chemotherapy, environmen-
tal hazards, and toxins such as pesticides, etc. throughout their 
life. According to the testicular sperm extraction diagnostic test of 
the department of pathology, no mature sperm was present in the 
testis samples of azoospermic patients.

Genomic DNA from peripheral blood was extracted using 
PAXgene Blood DNA kit (Qiagen, Germany) according to the 
manufacturer’s protocol. The concentration and purity of isolated 
DNA were measured via NanoDrop Spectrophotometer 2000 
(Thermo Scientific). Polymerase chain reaction (PCR) primers for 
exon 3 and partial of exon 5 were designed by Perlprimer v1.1.14 
software (Owen Marshall) (table 1). Because of 86% nucleotide 
identity between EIF1AY gene and eIF1AX gene, selected primers 
sets were checked by primer BLAST software on NCBI site and 
UCSC Genome Browser Home (https://genome.ucsc.edu/). After 
confirming the specificity of primers on desired sites of Y chro-
mosomes, designed primers were synthesized by Pishgam Com-
pany. PCR cycling protocol consisted of  initial denaturation at 94 
℃ for 5 min, followed by 35 cycles of denaturation at 94℃ for 45 
s, annealing at 57–58℃ for 45 s, extension at 72℃ for 45 s, and 
a final extension at 72℃ for 5 min was set. PCR products were 
checked on 1% agarose gel.

Table 1. Sequences of oligonucleotide primers used for variation screening of eIF1AY gene

Exon 3 
Forward
Reverse

Exon 5
Forward
Reverse

Exon number Primer sequence

GCCCAATAGCTAAATTTCAGTCAT
GTAGGAATACAACAGAAGTTAAACAA

ATCTTTCCTAAGCTGTTAATCAC
GTTGTCACTAAAGGAACTTTCAT

Tm (°C)

59.94
58.14

58.21
57.28

ΔG

0.96

0

Amplicon (bp)

399

586
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The PCR products were sequenced using ABI 3730xl DNA 
Analyzer (Sequetech, Mountain View, CA, USA). Sequencing 
results were analyzed by Finch TV software (version1.4) and se-
quences aligned by Nucleotide BLAST at NCBI server for com-
parison with human EIF1AY gene sequence at the NCBI-Gene 
database.

Statistical Analysis
The obtained data were analyzed by statistical tools i.e. SPSS 

(SPSS, Chicago, IL version 15.0) software. To report qualitative 
variables, percentage and for measure variable quantitative, aver-
age and standard deviation were used. Depending on the number 
of counts Fisher’s exact test and Pearson’s Chi-square test were 
used for a comparative study between case and control groups. 
The p value of more than 0.05 was considered lack of association. 
Statistical results were calculated based on sequencing results.

Results

Exon 3 and its adjacent region, as well as partial of 
exon 5 of EIF1AY gene in 30 non-obstructive azoo-
spermia men suffering from spermatogenesis maturation 
arrest, were successfully sequenced. The association be-
tween male infertility and genetic changes in EIF1AY 
gene were examined. Three nucleotide variations in the 
studied population identified, of which two were not pre-
viously reported to the NCBI database.

The sequencing results for exon 3 in control sam-
ples showed an intronic single nucleotide variation Y: 
A20582781T in 3 samples. The nucleotide variation 
observed in homozygous condition was registered on 
NCBI-Gene database with GenBank accession number 
KT120030. The frequency of this variation was 10% in 
the control group and 0% in the case group.

PCR product sequencing result for exon 5 of EIF1AY 
gene showed a single nucleotide variation in 9 control 
and 11 case samples. Nucleotide variation was located 
on exonic region Y: A20587967C, which was registered 

as noncoding transcript exon variant by rs13447352 in 
NCBI database. The frequency of this variation was 30% 
in the control group and 36% in the case group.

In addition, another novel nucleotide variation located 
on Y: T20588295G in the exonic region of exon 5 was 
observed in only 1 case sample, which was registered 
at NCBI-Gene database as GenBank accession number 
KT031067.

Result from protein blast for nucleotide variation 
in exonic region Y: T20588295G showed alteration of 
alanine amino acid to glycine amino acid, both are small, 
non-polar amino acids and their aliphatic side chains do 
not allow any specific chemical interactions with other 
molecules.

Obtained p value for observed nucleotide variations 
in case and control groups showed no statistically sig-
nificant difference in the incidence of polymorphism be-
tween 2 groups.

Discussion

Genetic changes in exon 3 and 5 of EIF1AY gene in 
idiopathic non-obstructive Iranian infertile patient with 
complete maturation arrest in spermatozoa were studied. 

EIF1AY gene is located on AZFb region on the Y chro-
mosome, which encodes a protein initiating translation. 
Based on a study on XOSry transgenic male mouse for 
EIF2S3Y, this gene expresses in testis and is an important 
gene that drives spermatogenesis. It is reported EIF1AY 
gene, which is an analog of EIF2S3Y gene in human. The 
hurdle in the expression of EIF1AY gene might sporad-
ically contribute to azoospermia [13]. Hence, it was se-
lected as a candidate gene in studying male infertility.

Pieces of evidence from the contribution of EIF1AY 
gene expression in sporadic male infertility [14] and 
spermatogenesis restoration in XSxrbO mouse males by 

Table 2. Summary of polymorphisms present in 30 patients with complete maturation arrest and 30 fertile males

1
2
3

Variant 
number

Change 
zone

Exon-3
Exon-5
Exon-5

Nucleotide variation in 
chromosome position

Y:A20582781T
Y:T20588295G
Y:A20587967C

AA/AT/TT
TT/TG/GG
AA/AC/CC

* Fisher’s exact test was used.

Polymorphism ID 
in NCBI database

KT120030
KT031067
rs13447352

Genotype 
allele

Allele frequency 
in patients (n = 30)

30/0/0
29/0/1
19/0/11

Allele frequency in 
controls (n = 30)

27/0/3
30/0/0
21/0/9

p

   0.24*
> 0.99*
   0.59
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re-addition of EIF2S3Y gene which is a mouse homolog 
gene of EIF1AY, lead us to study this gene in our idio-
pathic azoospermia patients with maturation arrest [15, 
16].

We identified one nucleotide variation in the intronic 
region of exon 3 (KT120030) that showed no statistically 
significant difference between the 2 groups. Indeed, ge-
netic changes such as mutations in the intronic region 
have been shown to affect splicing and modify the func-
tion and structure of the protein. By checking the posi-
tions of the reported intronic variation, we noted that it 
was not located in splice site areas. Therefore, the hy-
pothesis that this polymorphism is implicated in mRNA 
splicing of EIF1AY gene was not accepted.

Information about nucleotide variation rs13447352 
was entered as noncoding transcript exon variant, which 
is defined as a sequence variant that changes non-coding 
exon sequence in a non-coding transcript. It does not af-
fect regulatory and motif features and also it is not clini-
cally significant.

In this study, we demonstrated that nucleotide varia-
tion located on the exonic region of exon 5 (KT031067) 
caused alteration of alanine amino acid to glycine. Gly-
cine is among the most mutated residues in all secondary 
structures and internal helical positions and it is more 
destabilizing than proline, while alanine is regarded as 
the most stabilizing residue [21]. Structural information 
of protein is required to understand the effects and con-
sequences of the nucleotide variation on protein. Appar-
ently, there is no connection between observed nucleo-
tide variations and azoospermia.
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