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ABSTRACT Male partners of infertile couples are known to frequently have abnormal semen parameters. Some of
these cases are due to underlying genetic factors such as Y chromosome microdeletions, an abnormal karyotype or
cystic fibrosis mutations. Y chromosome microdeletions generally cannot be detected by karyotyping. At our clinic
we undertook a study of male partners of infertile couples to determine the frequency and common loci of Y
chromosome microdeletions in India, using the PCR technique. We studied 100 patients mainly having azoospermia
(AZ) or oligoasthenoteratozoospermia (OAT). Multiplex PCR analysis for 18 loci on the Y chromosome was carried
out using commercially available kit (Promega Version 1.1). Y chromosome microdeletions were observed in 12/100
(12%) patients including 8/27 (29.63%) with azoospermia, 3/56 (5.35%) with oligoasthenoteratozoospermia and 1/
7 (14.28%) with only asthenoteratozoospermia. All loci of the DAZ gene were deleted along with DYS237 and
DYS236 from AZFd in 5/27 (18.52%) azoospermic males studied. The most commonly deleted loci were DYS240 in
11/12 (91.67%) and DYS219 in 7/12 (58.33%) patients with microdeletions. The use of ICSI in such patients can lead
to transmission of Y chromosome microdeletions and subsequent infertility from father to son. Hence screening for
Y chromosome microdeletions will help in the proper counseling and management of couples with male factor
infertility.

INTRODUCTION

A significant proportion of infertile males
present with oligoasthenoteratozoospermia
(OAT) or azoospermia (AZ). Alterations in
spermatogenesis can be the consequence of
many causes, such as systemic diseases,
cryptorchidism, endocrinological factors,
infections and obstruction/absence of seminal
pathways. There is evidence that 60% cases of
male infertility have an underlying genetic basis
(Lilford et al. 1994). Y chromosome microdeletions
are small deletions in the distal euchromatic
region of the long arm of the Y chromosome, in
intervals 5 and 6 (Vergnaud et al. 1986). This
region mainly comprises the azoospermia factors
– AZF a, b, d and c. Genes like DAZ (Deleted in
Azoospermia) and RBM (RNA Binding Motif)
have proved to be of particular interest in this
region and occur in multiple copies (Raman 1999).
Search for Y chromosome microdeletions is
essentially focused on screening the AZF region
through STSs (sequence tagged sites) spanning
this area.

The advent of intracytoplasmic sperm

injection (ICSI) allows the possibility of biological
fatherhood to many couples with male factor
infertility. However, this raises the possibility of
transmission of genetic defects to the son in
cases where the male partner has a genetic
abnormality such as Y chromosome
microdeletions. In order to determine the cause
of male infertility and to provide proper
counseling, the clinical investigation should
include semen analysis, karyotyping and a DNA
analysis to rule out Y chromosome micro-
deletions. If the cause of infertility is known, then
transmission of genetic abnormalities to the
offspring can be minimized by offering
preimplantation genetic diagnosis (PGD).

Y Chromosome Microdeletion

The Y chromosome is not essential for life.
Until recently most regions of the Y chromosome
were assumed to be functionally inert. Sex
determination controlled by the SRY gene was
viewed as the sole function related to the Y
chromosome. However, in recent years, the
control of spermatogenesis was found to be
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associated with the Y chromosome and many
genes have been mapped to the Y chromosome
(Foresta et al. 2001).

Involvement of the Y chromosome in male
infertility was originally suggested by
cytogenetically detectable terminal deletions of
the long arm of the Y chromosome, in which the
entire Yq heterochromatic region was lost
(Tiepolo et al. 1976). This type of deletion does
not appear to impair spermatogenesis in some
men, but leads to infertility in others. The simple
explanation for these observations was the
presence of a key locus (or loci) close to the
boundary between Yq euchromatin and
genetically inert heterochromatin (Borgaonkar et
al. 1971). In some men, the removal of this locus
by more-extensive deletions, which could not be
observed by cytogenetic analysis, causes
infertility. Infertile men may also have small
deletions in other regions of the Y chromosome.
The overall frequency of Y chromosome
microdeletions has been estimated to be 12.2%
in azoospermic men and 3.4% in oligozoospermic
men (Simoni et al. 1998).

Definitive genetic evidence that loci on the
long arm of the human Y chromosome are required
for the differentiation of germ cells has come from
studies using molecular markers, such as STSs
that have been mapped at high density along the
Y chromosome. At least three distinct non-
overlapping regions, each associated with
variable degrees of spermatogenic impairment,
have been defined by numerous deletion-
mapping studies in the Azoospermia Factor
(AZF) region. These regions named as AZFa,
AZFb and AZFc for azoospermia factors a, b
and c indicate that at least three different loci on
the long arm of the Y chromosome are critical for
germ-cell differentiation. A fourth locus AZFd
has been suggested afterwards which lies
between loci AZFb and AZFc (Vogt et al. 1992;
Vogt et al. 1996; Pryor et al. 1997; Elliott et al.
1997; Kent-First et al. 1999).

Early studies attempted to assign specific
infertility phenotypes to each region. However
Pryor et al. (1997) showed that men with mild
oligozoospermia and those with normal sperm
counts but abnormal sperm morphology can have
microdeletions in either AZFa, AZFb or AZFc
loci. Ferlin et al. (2003) also did not find any
relationship between the genotype and
phenotype in their study, which they
hypothesize, may be due to additional genetic

and environmental factors. Although a definite
genotype-phenotype correlation is not known
for Yq microdeletions, it is generally accepted
that large deletions that span multiple AZF
regions or those restricted to AZFa usually result
in Sertoli cell-only syndrome or severe
oligozoospermia (Vogt et al. 1996). Microdeletions
restricted to AZFb or AZFc, can result in a range
of phenotypes from Sertoli cell-only syndrome
to moderate oligozoospermia. Those restricted
to the AZFd region may present with mild
oligozoospermia or even normal sperm counts,
with abnormal sperm morphology (Vogt et al.
1996; Pryor et al. 1997; Foresta et al. 1998; Kent-
First et al. 1999). In India, Raman (1999) was one
of the first to work on Y microdeletions. Babu et
al. (2002) studied 20 infertile males from South
India and found 15% AZF deletions in
azoospermic and severely oligozoospermic men.
Dada et al. in 2003 reported the frequency of Y
microdeletions to be 9.63% among 83 infertile
Indian males studied using 6 STS primers. In
another study from South India (Swarna et al.
2003) reported 4/50 infertile males with AZFc
deletions. The largest Indian study of Y
chromosome deletions in azoospermic men was
by Thangraj et al. (2003).

The Deleted in Azoospermia (DAZ) gene
family is reported to be the most frequently
deleted AZF candidate gene and is located in
the AZFc region (Reijo et al. 1995). The DAZ
genes are expressed exclusively in testicular
tissue and encode proteins that contain an RNA-
recognition motif, thereby suggesting that they
have a regulatory role in RNA metabolism
(Habermann et al. 1998). This would mean that all
men with DAZ deletions would be incapable of
producing mature sperm (Kent-First et al. 1996).
However, some men with oligozoospermia have
been shown to carry DAZ deletions (Kent-First
et al. 1999).

There is paucity of data on Y chromosome
microdeletions in the Indian population,
especially from western India. The present study
was undertaken to determine the frequency and
find common loci of Y chromosome
microdeletions among infertile men in India.  An
attempt was made to correlate the genotype and
phenotype in these cases by comparing results
of semen analysis with Y chromosome
microdeletions. We also wanted to evaluate any
variation in the incidence of Y chromosome
microdeletions in Indian infertile males as
compared to Western countries.
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MATERIAL AND METHODS

Selection of Samples: The study population of
100 males was selected from patients visiting our
infertility clinic at Jaslok Hospital and Research
Center in Mumbai, India with a history of male
factor infertility. Semen analysis is routinely
performed on the male partner of couples coming
for infertility treatment. The semen samples were
analyzed for sperm-count, motility, viability and
morphology. The 100 patients were categorized
into two main groups for this study. One group
consisted of 27 patients with azoospermia (AZ),
while the other group of 73 patients broadly
classified as OAT, consisted of 56 patients with
oligoasthenoteratozoospermia, 7 with astheno-
teratozoospermia, 5 with oligoteratozoospermia,
4 with oligozoospermia and 1 with terato-
zoospermia. All 100 patients were analyzed for Y
chromosome microdeletions together with five
known fertile males who were taken as controls.
Semen Analysis: Manual semen analysis was
performed using Makler counting chamber (Sefi
Medical Instruments, USA) and Kruger strict
morphology criteria were used to categorize the
type of abnormality in the semen sample.
Y Chromosome Microdeletion Detection:
Eighteen microdeletions on the Y chromosome
were analyzed by multiplex PCR using
commercially available kits (Y Chromosome
Deletion Detection System, Version 1.1,
Promega). All the primer pairs were homologous
to previously identified and mapped STSs that
were separately located in AZFa, AZFb, AZFc
and AZFd regions of Yq. All primers were
nonpolymorphic short DNA fragments grouped
into 4 sets as multiplex A, B, C and D. This enabled
the determination of the presence or absence of
all 18 STSs by performing a one-time PCR
amplification to identify Y chromosome deletions
in these regions associated with male infertility,
as per the manufacturer’s instructions.  The
internal positive control in each multiplex was
the SMCX locus on the X chromosome.

For PCR, 2-3 ml venous blood was collected
in EDTA. DNA was extracted using commercial
extraction kits (Qiagen, Amersham Pharmacia
Biotech or Promega). The PCR program used was
one cycle at 94°C for 10 minutes followed by 35
cycles of 94°C for 1 minute, 57°C for 30 seconds
and 72°C for 1 minute. This was followed by one
extension cycle at 72°C for 10 minutes.  The PCR
products were separated by electrophoresis on

2.5% agarose gel. A 50bp DNA ladder was loaded
with PCR products to estimate band size. The gel
was stained with ethidium bromide and
photographed.

RESULTS

Y chromosome microdeletions were observed
in 12/100 (12%) infertile patients studied. A
comparison of the number and percentage of
cases with Y chromosome microdeletions in the
AZ and OAT groups is given in Table 1.
Microdeletions were present in 8/27 (29.63%)
patients with azoospermia and 4/73 (5.48%)
patients in the OAT group. Table 2 shows the
actual deletions of STSs and related AZF regions
in each of the 12 cases. The highest number of
loci deleted [(16/18) i.e. 88.89%], were observed
in 2 patients (Yd068 and Yd097). Only 2 loci
DYS215 and DYS223 in the AZFb region were
not deleted in one patient (Yd068). The other
patient (Yd097) showed that only DYS271 and
KALY from the AZFa region were not deleted.
Cytogenetic abnormalities also detected in these
2 cases will be described elsewhere. Of the 18
STSs analyzed, the number of STSs found to be
deleted per patient ranged from 1/18 to 16/18 with
a mean of 5.36±4.38. The highest number of
patients with microdeletions (29.63%) observed
in our study was in the group of 27 males with
azoospermia. The most common locus deleted in
our study was DYS240 (SY157) from the AZFc
region in 11/12 (91.6%) patients with Y
chromosome microdeletion/s. The next common
locus deleted was DYS219 (SY128) from the AZFb
region in 7/12 (58.3%) patients. Four of these
patients also showed deletion of DYS212 (SY121)
from the AZFb region. A common deletion from
the AZFa region was observed at locus KALY in
3/12 (25%) patients. Deletion of the entire DAZ
locus along with DYS240 from AZFc region and
DYS237 and DYS236 loci from AZFd region was

Table 1: Frequency of Y microdeletions and chro-
mosome abnormalities/variants in pa-
tients with different abnormal sperm
parameters.

Sperm parameters No. Y chromosome
of cases microdeletion/s (%)

Oligoasthenoterato- 73   4 (5.47%)
  zoospermia  (OAT)
Azoospermia (AZ) 27    8 (29.63%)
Total 100  12 (12.00%)
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observed in 5/12 (41.67%) cases.
Y chromosome microdeletions were not

detected in the 5 healthy fertile males tested as
controls. Electrophoretic analysis of a multiplex
PCR showing Y chromosome microdeletions in 2
patients (Yd017 and Yd018) is shown in Figure 1.

DISCUSSION

Y chromosome microdeletions are known to
occur in males with azoospermia and OAT. These
infertile males with Y microdeletions can bear
children with the help of ICSI and are at a risk of
transmitting the microdeletion to their sons (Cram
et al. 2000). They need to be informed and
counseled appropriately before starting IVF
treatment. The Y chromosome microdeletions are
screened using multiplex PCR whereby several
loci are amplified simultaneously in one reaction,

thus making it a rapid and convenient method.
The present study compared data on

detection of Y chromosome microdeletions and
semen analysis of 100 Indian males seeking
infertility treatment. Y chromosome micro-
deletions were seen in 8 of 27 males with
azoospermia (29.63%) and 4 of 73 with OAT
(5.47%). Thus the overall frequency of Y
chromosome microdeletion detection in the
infertile Indian population in the present study
was found to be 12/100 (12.00%). The frequency
of deletions was much higher in azoospermic
males (29.63%) compared to cases of OAT
(5.47%). The proportion of azoospermic males
showing the presence of the Y chromosome
microdeletion/s in our study (29.63%) was higher
than that reported by Stuppia et al. (1996) and
Yao et al. (2001) as 21%  and 18.7%,  respectively.

The DAZ gene cluster localized on the distal

 

Fig. 1. PCR for Y chromosome microdeletions
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euchromatic region of the Y chromosome (AZFc
region) is one of the most important candidate
genes involved in infertility. Absence of the DAZ
gene cluster is known to cause sterility via meiotic
arrest or absence of all germ cells (Yao et al. 2001).
Kostiner et al. (1998) have reported that about 6-
13% of men with oligospermia or azoospermia
showed deletions in all or most DAZ gene
clusters. In our study, 5 of 27 (18.51%) patients
with azoospermia showed deletions of loci
DYS237 and DYS236 from the AZFd region along
with deletions of DYS240 and the entire DAZ
locus from the AZFc region.

There are some potential problems associated
with the use of ICSI in infertile males. Most of
the Y chromosome microdeletions may be passed
on from father to son and may result in infertility
in the son as well. Chang et al. (1999) reported a
family with similar DAZ deletions in a father and
his four infertile sons. Kent-First et al. (1996)
demonstrated that deletions in Yq males could
be transmitted to their sons when ICSI was
performed. They studied sons born through ICSI
in 32 infertile fathers and found 3 affected father/
son pairs where microdeletion of different sizes
were found in the AZFb and AZFc regions.

It is essential that the infertile male partners
are counseled and semen analysis, karyotyping
and Y microdeletion studies are done before ICSI
is performed. The brothers of infertile males with
an abnormal karyotype or Y chromosome
microdeletions should also be counseled and
analyzed for abnormalities. The Y chromosome
microdeletions are likely to be transferred to the
sons born through ICSI. PGD can be offered to
couples with Y chromosome microdeletions to
select unaffected female embryos.
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