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TTY2 genes deletions as genetic risk factor of male infertility
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Abstract: Y chromosome has a number of genes that are expressed in testis and have a role in spermatogenesis. TTY2L12A and TTY2L2A are the members 
of testis transcript Y2 (TTY2) that are Y linked multi-copy gene families, located on Yp11 and Yq11 loci respectively. The aim of this study was to investigate 
frequency of TTY2L12A and TTY2L2A deletions in azoospermic patients compared with fertile males. This study was performed on 45 infertile males with idio-
pathic azoospermia without any AZF micro deletions (group A), 33 infertile males with azoospermia which do not screened for AZF micro deletions (group B) and 
65 fertile males (group C), from October 2013 to April 2015 in west of Iran. Polymerase chain reaction (PCR) method was used for detection of TTY2L12A and 
TTY2L2A gene deletions in studied groups. No deletions were detected in normal fertile males of group C. 1 out of 45 azoospermic males of group A (2.22%) and 
3 out of 33 azoospermic males of group B (9.09%) had TTY2L2A deletion (p= 0.409 and p= 0.036 respectively), also 1 out of 45 azoospermic males of group A 
(2.22%) and 4 out of 33 azoospermic males of group B (12.12%) had TTY2L12A deletion (p= 0.409 and p= 0.011 respectively).  None of azoospermic males in 
Group A and B had deletions in both genes. Our data showed significant correlation between non-obstructive azoospermia and TTY2L12A and TTY2L2A dele-
tions. Thus, it seems that TTY2L12A and TTY2L2A deletions can consider as one of the genetic risk factors for non-obstructive azoospermia.
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Introduction

Infertility constitutes a global medical problem. 
According to World Health Organization (WHO) defi-
nition, infertility is a disease of the reproductive sys-
tem means the failure to achieve a clinical pregnancy 
after 12 months or more of regular unprotected sexual 
intercourse (1). Infertility is classified as primary or 
secondary, depending on the presence of a previous 
history of pregnancy. Approximately 15 to 20 percent 
of all couples are infertile. It is suggested that 30-40% 
of infertile couples suffer from male factor infertility, 
while 30-40% from female factor infertility and the rest 
from unexplained or combination factors involving both 
partners (2). 

Male infertility is a multifactorial syndrome includes 
a wide variety of disorders and despite great advances 
in the field of infertility, 30 percent cases of male infer-
tility cases are still defined as idiopathic (3). More than 
half cases of male infertility are related to impairment 
of spermatogenesis. Sperm abnormalities are a critical 
factor in male infertility and include azoospermia (not 
having any measurable level of sperm in semen) oligos-
permia (low concentration of sperm) asthenospermia 
(reduced sperm motility) teratospermia (reduced nor-

mal sperm morphology) and aspermia (complete lack 
of ejaculation) (4). 

Several factors are involved in male infertility which 
can be broadly divided into non-genetic factors (include 
varicocele, ejaculatory duct obstruction, sperm agglu-
tination, sexual dysfunction and hormonal imbalanc), 
epigenetic and genetic factors (5). According to latest 
findings, genetic factors account for 10-15% of male 
infertility and include chromosomal aberrations and 
single gene mutations. About 30% cases of male infer-
tility associated with impaired spermatogenesis (azoos-
permia or oligospermia) have no known cause, the 
condition that defined as idiopathic male infertility (6).

The Y chromosome is one of smallest chromosomes 
spans more than 59 million base pairs and represents 
almost 2 % of the total DNA in human genome. Y chro-
mosome micro deletions are one of the the most frequent 
genetic causes of male infertility especially in patients 
with oligo and azoospermia (7). However, the molecu-
lar mechanisms of spermatogenesis defects in males 
and its relationship with small deletions in the Y chro-
mosome are not completely understood (8). Results of 
different studies shows that the probability of mutations 
in Y chromosome increased because of rapid division 
of germ cells during the fetal and puberty phases, also 
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as all genes on the Y chromosome are haploid, defects 
in these single genes are more probably to have effects, 
even it is compensated due to the presence of multi copy 
genes on the Y chromosome (9). 

Polymerase chain reaction (PCR)-based analysis of 
Y-chromosome sequence-tagged sites (STS) in infer-
tile males indicate the occurrence of micro deletions in 
a region of Y chromosome which is not detectable by 
classical cytogenetic techniques. This led to the identi-
fication of 3 non overlapping loci in Yq11 region named 
the azoospermia factor (AZFa, AZFb, and AZFc) which 
carries genes involved in control of spermatogenesis 
(10). 

The genes located in AZF regions (such as BPY2, 
DAZ, RBM2, RBM1, USP9Y and CDY) codes proteins 
involved in the regulation of gene expression, RNA 
metabolism, packaging and transport to cytoplasm and 
RNA splicing (11). Deletions in AZF region arise from 
recombination between repeated sequences within the 
Y chromosome and can cause severe spermatogenic 
defects ranging from non-obstructive azoospermia (10-
15%) to oligospermia (5-10%) (12). Many genes ex-
pressed during spermatogenesis possess are responsible 
for encoding proteins that are involved in sperm produc-
tion. The deletion in these genes may lead to infertility 
or sub fertility in males. However, these known genes 
does not explain the cause of the all cases of idiopathic 
male infertility and the role of the other genes located 
on Y chromosome remains unknown (13).

Studies performed on Y specific testis expressed 
cDNA library by use of Y-linked cosmids lead to identi-
fication of a Y-linked multicopy gene family called tes-
tis specific transcripts (TTY) (14). TTY is a large gene 
family with at least 26 copies, located on both arms of 
Y chromosome and divided into at least 14 subfamilies 
based on similarity between sequences (15). The func-
tion of TTY gene family is not clear so far. TTY2 gene 
family is one member of TTY genes presenting mode-
rate to high homology to each other (59% to 99%). One 
member of TTY2 gene family called TTY2L2A mapped 
on Yq11.2 within AZFc region, while another member 
of this family, TTY2L12A located in Yp11 region in dis-
tal short arm of the Y chromosome near the telomere 
(16). Despite of many studies carried out on the role 
of Y-linked genes such as USP9Y and RBM, there are 
no many studies in literature about TTY2 genes (17). 
Therefore, this study, attempts to clarify the relationship 
between deletions of TTTY2L2A and TTTY2L12A, 
with male infertility which is performed on two groups 
of patients with idiopathic non-obstructive azoospermia 
from central and western parts of Iran.

Materials and Methods

Study design 
This case-control study was carried out on infertile 

males referred to the Motazedi infertility teaching clinic 
of Kermanshah University of Medical Sciences. After 
detailed clinical examination, patients were subjected to 
semen, endocrinological and cytogenetic examinations. 

The diagnosis of azoospermia was established on the 
basis of the independent analysis of at least two semen 
samples according to the World Health Organization 
guidelines (4). Serum follicle stimulating hormone 
(FSH), Luteinizing Hormone (LH) and Testosterone 
levels were determined by immunoassay (Cobas e411 
analyzer, Roche Diagnostics, Mannheim, Germany). 

All subjects were of Iranian ethnic origin and this 
research and patients care were assigned on the basis of 
National/International metabolic programs and appro-
ved according to official Iranian law and regulations by 
the Institutional Review Boards of each participating 
teaching and referral hospital. Also our study complies 
with the Declaration of Helsinki. 

Azoospermic patients having any cryptorchidism, 
congenital absence of vas deferens, seminal tract obs-
truction, varicocele, testicular tumors or undergoing 
chemotherapy and radiotherapy were excluded from 
this study and finally, 78 males with idiopathic non obs-
tructive azoospermia who were within the age range of 
25-38years were included in this study during the period 
from November 2015 to June 2016. All patients have 
normal karyotype.

Studied groups
A total of 78 patients were included in the present 

analysis. Patients were divided into two groups: Group 
A consisted of 45 idiopathic azoospermic males with 
central Iran origin. These patients have been studied 
in terms of AZF micro deletions of the Y chromosome 
(according to EAA/EMQN guidelines) and have no 
deletion. Group B consisted of 33 idiopathic azoosper-
mic males with western Iran origin which have not been 
studied in terms of AZF micro deletions, and Group C 
consisted of 65 males with western and central Iran ori-
gin who had fathered at least two children considered as 
control group. 

DNA analysis
1 ml of blood samples were taken from all the pa-

tients and controls and collected in tubes containing 
EDTA. Genomic DNA was isolated from peripheral 
blood leukocyte using QIAGEN DNA extraction kit 
and stored in –20°C. The PCR comprised a total vo-
lume of 25 μL, of which 10 μL was the master mix (2X) 
(Amplicon, Denmark), 1 μL of each primer, 100 ng of 
genomic DNA, and 8 μL of enzyme-free water. The pri-
mer sequences are shown in Table 1. Amplification was 
carried out for 30 cycles in a Eppendorf Mastercycleras 
follows: denaturation at 94oC for 45 s, annealing at 54oC 
for TTTY2L12A (56oC for TTTY2L2A) for 30 s and 
extension at 72oC for 45 s. Amplification cycles were 

Row Name Sequence Annealing temp Product length
1 TTTY2L12A-F 5-CAGACTGTGAGTTGGTTCTG-3 54oC 233 bp2 TTTY2L12A-R 5-TATGTGAGAGAGACCCTGTG-3
3 TTTY2L2A-F 5-CCTATCTGAGCAGGTACTTTAC-3 56oC 178 bp4 TTTY2L2A-R 5-GTGTCATCTGTCTTTCTCAGTG-3

Table 1. The sequence of primers used in this study.
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2L2A and TTY2L12A genes, no deletions were found 
in a sample of 65 normal fertile controls, however, 
in group A and B, samples of some patients were not 
amplified, which indicates deletion of TTY2L2A and 
TTY2L12A genes (Table 3).

Deletions of TTY2L2A gene were seen in 2.22% 
and 9.09% males of group A and B respectively. Also 
TTY2L12A genes were deleted in 2.22 % and 12.12 % 
of males of group A and B respectively. Deletion of both 
TTY2L2A and TTY2L12A genes were found in none of 
the patients. Frequency of deletions of both TTY2 genes 
and images of PCR amplification and gel electrophore-
sis are shown in Table 3 and Figure 1.

proceeded by initial denaturation for 5 min at 94oC and 
final extension at 72oC for 6 min. In each PCR reac-
tion, DNA from normal fertile males was used as nor-
mal control, while water served as negative control. 
The PCR products were separated on a 1% agarose gel 
prepared in 1× TBE buffer containing GelRed dye by 
electrophoresis. A 100bp DNA marker (Fermentas) was 
loaded with PCR products to confirm the band size. A 
positive result was scored when the amplification pro-
duct of expected size was obtained. Deletion of PCR 
fragments was confirmed by three repetitions.

Statistical analysis
SPSS version 16 software was used for the statistical 

analysis. All data were initially checked for normality 
of distribution with the Kolmogorov–Smirnov test and 
were found normally distributed. Data are presented 
as the mean ± standard deviation (SD), median and 
percentage for categorical variables. One-way ANOVA 
was used to compare the means between groups. The 
Fisher's exact test were used for evaluate differences 
between subjects with detected deletions in TΤY2 genes 
for each group. Pearson's correlation analysis was used 
to study the association between quantitative variables.  
P<0.05 was considered statistically significant.

Results

In this study, only azoospermic males with Iranian 
origion were included. The patients were divided into 
two groups. Group A consisted of 45 azoospermic 
males who have no microdeletions in the AZF region 
and group B consisted of 33 azoospermic males who not 
investigated for AZF micro deletions. 65 fertile males 
considered as control group (group C). All patients had 
normal karyotype (46, XY) analysis and all of the pa-
tients and the controls have no family history. Table 2 
shows the information on age and hormonal levels of 
patients and controls. 

After performing PCR with specific primers of TTY-

Group A (n=45) Group B (n=33) Group C (n=65) Normal Ranges
Age (years) 32.4±6.4 31.5±7.2 34±5.9

Hormone Levels
Testosterone 4.9±2.8 5.1±2.5 5.4±2.6 2.8-8 ng/ml

LH 12.1±6.3 11.5±5.7 4.9±2.1 1.7-8.6 mIU/ml
FSH 29.8±1.6 27.6±2.5 8.2±5.3 1.5-12.4 mIU/ml

Table 2. Information on age and hormonal levels of men participating in the study.

Deletions identified in genes
Number Yes No p-value

TTY2L2A
Group A 45 1(2.22%) 44(97.78%) 0.409
Group B 33 3(9.09%) 30(90.91%) 0.036
Group C 65 0(0%) 65(100%) Reference

TTY2L12A
Group A 45 1(2,22%) 44(97.78%) 0.409
Group B 33 4(12.12%) 29(87.88%) 0.011
Group C 65 0(0%) 65(100%) Reference

Table 3.  Frequency of deletions of TTY2 genes in studied groups.

Figure 1. PCR amplification of azoospermic males and controls: 
TTY2L12A (a), TTY2L2A (b). Normal control (A+), patients with 
deletion (D), patients without deletion (N), PCR without DNA 
(-C), DNA size marker (M).

b

a
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Discussion

Male infertility has attracted a great deal of atten-
tion from many genetic and biology researchers and 
until now, many genes have been identified which are 
involved in spermatogenesis process that their mutation 
can affect male fertility potential (2,5). The Y chromo-
some carries genes, which are needed for sex determina-
tion and spermatogenesis. However, all genes required 
for sperm production are not located on Y chromosome. 
Indeed around 30 genes from about 200 genes involved 
in spermatogenesis are located on Y chromosome and 
others are located on X or autosomes (9).

TTY genes are a large gene family and have at least 
14 subfamilies, located on different parts of Y chro-
mosome which have no similar sequences on the other 
chromosomes. TTY genes are RNA coding, but have no 
certain open reading frame (ORF) (14). It is believed 
that TTY genes expressed in testis exclusively, although 
few studies showed that their expression is not restric-
ted to testis tissue, also their roles in spermatogenesis 
are not quite clear (16). TTY2 gene family is one of 
the TTY genes distributed in large areas of both arms 
of Y chromosome and have medium to high homology 
with each other (59% to 99%) (15). Higher homology 
increases the chance of homologous recombination 
events between the TTY2 genes, which disrupt their 
functions and can lead to infertility. Indeed, Y chromo-
somes mutations frequently occur due to recombina-
tion within highly repetitive DNA sequences during the 
male meiosis (12).

The results of our study showed that in control group, 
none of the males had deletion in TTY2 genes, but some 
patients in group A and B had deletions in both TTY2 
genes; so it seems that, these genes are involved in sper-
matogenesis process, but the mechanism is unclear. 

The TTY2L2A gene has 26.5 kb length and loca-
ted in the Yq11 region. The Yq11 region is the location 
of three separate sub-regions called AZFa, AZFb and 
AZFc. Deletions in AZF regions of Y chromosome are 
the most common known molecular genetic cause of 
spermatogenic failure. TTY2L2A specifically is loca-
ted in AZFc region near important genes such as BPY2, 
TSPY, PRY and DAZ which have a vital role in sper-
matogenesis process (15). In our study, TTY2L2A gene 
were deleted in only one out of 45 azoospermic patients 
(2.22%) of group A which were not statistically signifi-
cant. The patients of this group were screened and have 
no AZF micro deletion. In patients of group B, three 
out of 33 patients (9.09%) have a deletion of TTY2L2A 
which were statistically significant. The patients of this 
group not screened for AZF micro deletions.Since the 
frequency of deletions of TTY2L2A gene in group B 
are more than group A and this gene located in AZFc 
region, so any possible rearrangements which lead to 
the deletion of TTY2L2A, should involve AZFc region 
(which contain the candidate genes of spermatogenesis).  
To the best of our knowledge, the study of Yapijakis and 
colleagues on Greece infertile males published in 2014 
is the only clinical study performed on relationship 
between of TTY2 gene deletions and male infertility. 
In that study, 11.8% of patients with idiopathic severe 
oligo and azoospermia showed a deletion in TTY2L2A, 
however patients were not investigated in terms of AZF 

micro deletions (16).
The TTY2L12A gene has 29 kb length and located in 

the Yp11 region. Except SRY which is a very important 
gene, deletions occurring in the short arm of Y chro-
mosome are not frequent. However, interestingly in our 
study TTY2L12A gene deletion was detected in four 
out of 33 azoospermic patients (12.12%) of group B 
(P>0.05) and one out of 45 patients (2.22 %) of group 
A (P<0.05). Also in study of Yapijakis and colleagues, 
29.4% of severe olig and azoospermia patients have a 
deletion in TTY2L12A which are in accordance with re-
sults of our study in terms of higher rate of TTY2L12A 
to TTY2L2A deletions (16). 

In our study, none of the patients have deletions in 
both studied TTY2 genes, while TTY2L2A and TTY-
2L12A are very far apart. in study of Yapijakis and 
colleagues, overall 8.8 % of patients had deletions in 
both studied TTY2 genes. In this study, total deletions 
of TTY2L2A and TTY2L12A genes in group A and B 
were 4.44 % and 21.21 % respectively; therefore, it is 
recommended that this survey will be repeated in other 
ethnics and populations (15,16). 

The high percentage of deletions and sequence simi-
larity in TTY2L2A and TTY2L12A genes suggest that 
TTY2 genes probably have a similar and important role 
in complex spermatogenesis process, but the unders-
tanding of mechanism is still very poor and details are 
not known. Since the TTY2L2A and TTY2L12A genes 
expressed in testis, have no clear open reading frame 
and do not code any proteins, it seems that they regulate 
spermatogenesis through the mechanisms such as RNA 
interference (RNAi), epigenetic as well as structural 
roles (18, 19, 20). Finally, in order to clarify the mecha-
nism of TTY2 genes in the process of spermatogenesis, 
bioinformatics approaches such as study of sequence 
similarity of this gene with known genome sequences 
and experimental approaches such as knockdown of 
TTY2 transcriptions by RNA interference technique or 
cytological study of testis in patients with deletions of 
these genes are recommended.
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