
TECHNOLOGICAL INNOVATIONS

A novel universal multiplex PCR improves detection
of AZFc Y-chromosome microdeletions

Hong-Yun Zheng & Yan Li & Fu-Jin Shen &

Yong-Qing Tong

Received: 12 November 2013 /Accepted: 27 February 2014 /Published online: 11 March 2014

# Springer Science+Business Media New York 2014

Abstract
Purpose To determine the frequencies and the characteristics
of Y chromosome microdeletions (pl) in infertile men from
central China to perform appropriate therapeutic choices by
updated multiplex-PCR.
Methods In this study, we established a novel universal
primer-multiplex-PCR (U-M-PCR) method to overcome the
disadvantages of traditional multiplex PCR (M-PCR). We
chose 15 sequence-tagged sites (STS) for detection of Y
chromosome microdeletions. 540 infertile male patients and
100 healthy male controls were selected in the study.

Results Of the 540male infertility patients, 48 Y-chromosome
microdeletions were detected, with a total deletion rate of
8.9 %. Of these deletions, the rate of AZFa deletions (sY84)
was 0.5 % (3/540), the rate of AZFb deletions (sY143) was
0.7 % (4/540) and the rate of AZFc deletions (sY242, sY254
and sY255) was 7.6% (41/540). Comparedwith AZF deletion
rates by M-PCR, we found U-M-PCR could detect AZFc
deletion more specifically (1.0 % & 7.6 %). No Y-
chromosome microdeletions were detected in the 100 males
with normal semen (the control group).
Conclusions U-M-PCR method was more specific to detect
AZFc microdeletions. It is necessary to use the U-M-PCR
method to offer genetic screening and counseling to infertile
men prior to intracytoplasmic sperm injection (ICSI) or in-
vitro fertilization (IVF).
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Introduction

Approximately 10 % of couples that are of childbearing age
suffer from infertility, of which male spermatogenic disorders
are one of the major causes. Y chromosome infertility is
characterized by azoospermia (absence of sperm), severe oli-
gozoospermia (<5×106 sperm/ml semen) and moderate oli-
gozoospermia (5–20×106 sperm/ml semen) [1, 2], which
account for 10 % of male fertility cases. In addition to vas
deferens obstruction, infections of the reproductive system
and gonadal endocrine disorders, genetics are also a crucial
factor contributing to male infertility [3]. It is widely believed
that at least three nonoverlapping regions of the human Y
chromosome-AZFa, AZFb, and AZFc (“azoospermia factors”
a, b, and c)—are essential for normal spermatogenesis [4].
Today the sequence of the MSY [5] and the molecular mech-
anism resulting in microdeletions have been clarified. This
resulted in a new model of deletions in which the AZFb and
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detect Y-chromosome microdeletions, however, its specificity is not very
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AZFc regions are overlapping (called AZFd) [6, 7]. And the
STS of AZFd were mainly including sY133, sY145, sY153,
and sY152 [7]. Microdeletions at any subregion can result in a
spermatogenic disorder [8].

In recent years, the technique of intracytoplasmic sperm
injection (ICSI) offers new hope for men with severe oligo-
zoospermia and azoospermia to achieve successful fertiliza-
tions and pregnancies [9]. However, the Yq microdeletions,
especially deletion of AZFc region, might have a potential risk
to be transmitted from infertile fathers to their male offspring,
who could also experience infertility, with the use of the ICSI
procedure [10]. Thus, it is important to evaluate Yq
microdeletions in infertility in men before assisted reproduc-
tion to provide appropriate information to the patients.

In the past, conventional multiplex PCR (M-PCR) can
amplify two or more DNA templates in one reaction, which
is flexible and can effectively reduce costs. However, as new
methodologies have been developed, traditional M-PCR has
begun to show its inadequacies, which mainly include a
complicated procedure, low detection sensitivity, amplifica-
tion inhibition and inconsistent amplification efficiency [11].
To overcome the aforementioned shortcomings of traditional
M-PCR, universal primers (UPs) were used in this study to
establish a novel, stable and reliable UP-M-PCR system for
the detection of Y-chromosome microdeletions. The present
study aimed to introduce a novel UP-M-PCRmethod to detect
Y choromosome microdeletion, which could provide a more
accurate evidence for the diagnosis of these patients with
severe oligozoospermia or azoospermia.

Materials and methods

Subjects

Molecular screening of Y-chromosome microdeletions were
carried out in the 200 male infertility patients plus 35 healthy
men from 2007 to 2009 by M-PCR, and then carried out in the
540 male infertility patients plus 100 healthy men from 2009 to
2013 by UP-M-PCR. They were between 24 and 39 years of
age, with an average age of 34 years. All the patients were
treated in the Reproductive Center at Renmin Hospital of Wu-
han University. In total 200 cases, 18 patients had
nonobstructive azoospermia (absence of sperm), and 182 pa-
tients had severe oligozoospermia (<5×106 sperm/ml). In total
540 cases, 54 patients had nonobstructive azoospermia (absence
of sperm), and 486 patients had severe oligozoospermia (<5×
106 sperm/ml), as is the standard set by Silber SJ’s book [12, 2].

Methods

DNA extraction from peripheral blood Two milliliters of pe-
ripheral blood was drawn from each subject and treated with

ethylenediaminetetraacetic acid (EDTA) to prevent coagula-
tion. A whole-blood DNA extraction kit (Shanghai SBS
Genetech Co., Ltd.) was used to extract DNA.

Design of universal primers (UP) ABI PRISMPrimer Express
software was used to design UPs. Factors such as the minimal
number of genomic binding sites, a high GC content and a
melting temperature (Tm) of approximately 60 °C were taken
into consideration. According to these principles, the following
UPs were designed: UP-F: TACAGTCGGACGCGTCCCTC;
UP-R:CTGGTCCGTACTACCGTGCG. The universal primer
was designed in the 5′-end of each specific primer pairs.

Design of primers Six sequence-tagged sites (STS) recom-
mended by the international authoritative guide (European
Academy of Andrology, Institute of Molecular Genetics)
[13] were used for the analysis of Y-chromosome
microdeletions. 15 STS-specific primers of Y-chromosome re-
gions AZFa, AZFb, AZFc and AZFd were recommended and
could detect more Y microdeletions [7]. All primers were syn-
thesized by Shanghai Invitrogen Biotechnology Co., Ltd. UPs
were added to 5′-end of the specific primers to produce primers
that included UPs, a specific target representing one of the 15
STSs and an internal control, the sex-determining region of the
Y chromosome (SRY). The sequence of M-PCR primers was
composed of the sequences of the UPs and one of the 15 STS-
specific primers. The entireM-PCR reaction process is shown in
Fig. 1. During the early cycles, the chimeric STS-specific
primers (with the same UPs at both ends) primarily mediated
the amplification of the DNA template. The denaturing temper-
ature of this process was high, and therefore, UPs played almost
no role in amplification (approximately the first ten cycles,
Fig. 1a). With the depletion of the STS primers and the increas-
ing number of DNA templates with the UPs sequences at 5′-
ends (Fig. 1b), UPs became predominant through rapid PCR
amplification to complete the entire PCR reaction (Fig. 1c).
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Fig. 1 The process of the M-PCR reaction using specific primers in
combination with UPs. UP (red) represent universal primers, and Fi/Ri
(blue) represent STS-specific primers. a During the early stages, chime-
ric-specific primers mediated the amplification of target DNA templates;
bA certain number of target DNA templates with the UP sequences were
obtained, and c UPs specifically amplified the target DNA templates
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Sequence of specific primers and groupings of M-PCR The
sequence of the 15 STS-specific primers for the Y-
chromosome regions AZFa, AZFb, AZFc and AZFd were
located in the PubMed uniSTS database. Then UPs were
added to the 5′-ends of the specific primers. Based on the size
of amplified fragments, 4 stable and reliable UP-M-PCR
reaction systems were established. The primer sequences
and the groupings of the M-PCR systems are shown in detail
in Table 1.

Electrophoresis of the PCR amplification products 10 μl of
the PCR amplification products was separated by electropho-
resis on a 4 % agarose gel (0.5 μl/ml ethidium bromide) at
100 V for 45 min. The results were analyzed under UV light.

The PCR bands were missing in patients with Y-chromosome
microdeletions. To exclude false- negative results, the missing
band was further verified with simple PCR to ensure the
accuracy of the UP-M-PCR detection.

Results

Specificity of compound specific primers

Keeping the concentration of templates at 50 ng/ul, and the 15
STS (SRY, sY254, sY84, sY86, sY143, sY134, sY127, sY82,
sY242, sY128, sY239, sY133, sY145, sY152, sY255, sY124)
were amplified with singlet PCR by specific primers (Fig. 2a).

Table 1 The sequences of the U-M-PCR primers

Groups Locus AZF Primer sequences MW (bp)

UP UP-F: TACAGTCGGACGCGT CCCTC
UP-R: CTGGTCCGTACTACCGTGCG

TC SRY sY14 F: TACAGTCGGACGCGT CCCTCGAATATTCCCGCTCTCCGGA 510
R: CTGGTCCGTACTACCGTGCGGCTGGTGCTCCATTCTTGAG

I sY254 AZFc F: TACAGTCGGACGCGT CCCTCGGGTGTTACCAGAAGGCAAA 420
R: CTGGTCCGTACTACCGTGCGGAACCGTATCTACCAAAGCAGC

I sY143 AZFb F: TACAGTCGGACGCGT CCCTC GCAGGATGAGAAGCAGGTAG 351
R: CTGGTCCGTACTACCGTGCGCCGTGTGCTGGAGACTAATC

I sY242 AZFc F: TACAGTCGGACGCGT CCCTCACACAGTAGCAGCGGGAGTT 273
R: CTGGTCCGTACTACCGTGCGTCTGCCACTAAACTGTAAGCTCC

I sY255 AZFc F: TACAGTCGGACGCGT CCCTCGTTACAGGATTCGGCGTGAT 163
R: CTGGTCCGTACTACCGTGCGCTCGTCATGTGCAGCCAC

II sY84 AZFa F: TACAGTCGGACGCGT CCCTCAGAAGGGTCTGAAAGCAGGT 366
R: CTGGTCCGTACTACCGTGCGGCCTACTACCTGGAGGCTTC

II sY239 AZFc F: TACAGTCGGACGCGT CCCTCCATTCATCTTCCCTTTTGAAGG 241
R: CTGGTCCGTACTACCGTGCGATGCAAGTCGCAGGAAATCT

II sY152 AZFd F: TACAGTCGGACGCGT CCCTCAAGACAGTCTGCCATGTTTCA 165
R: CTGGTCCGTACTACCGTGCGACAGGAGGGTACTTAGCAGT

III sY86 AZFa F: TACAGTCGGACGCGT CCCTCGTGACACACAGACTATGCTTC 360
R: CTGGTCCGTACTACCGTGCGACACACAGAGGGACAACCCT

III sY127 AZFb F: TACAGTCGGACGCGT CCCTCGGCTCACAAACGAAAAGAAA 314
R: CTGGTCCGTACTACCGTGCGCTGCAGGCAGTAATAAGGGA

III sY145 AZFd F:TACAGTCGGACGCGTCCCTCCAACACAAAAACACTCATATACTCG 183
R: CTGGTCCGTACTACCGTGCGTTGAGAATAATTGTATGTTACGGG

III sY124 AZFb F: TACAGTCGGACGCGT CCCTCCAGGCAGGACAGCTTAAAAG 149
R: CTGGTCCGTACTACCGTGCGACTGTGGCAAAGTTGCTTTC

IV sY134 AZFb F: TACAGTCGGACGCGT CCCTCGTCTGCCTCACCATAAAACG 341
R: CTGGTCCGTACTACCGTGCGACCACTGCCAAAACTTTCAA

IV sY82 AZFa F: TACAGTCGGACGCGT CCCTCATCCTGCCCTTCTGAATCTC 304
R: CTGGTCCGTACTACCGTGCGCAGTGTCCACTGATGGATGA

IV sY128 AZFb F: TACAGTCGGACGCGT CCCTCGGATGAGACATTTTTGTGGG 268
R: CTGGTCCGTACTACCGTGCGAGCCCAATGTAAACTGGACA

IV sY133 AZFb F: TACAGTCGGACGCGT CCCTCATTTCTCTGCCCTTCACCAG 217
R: CTGGTCCGTACTACCGTGCGTGATGATTGCCTAAAGGGAA

The table lists detailed information on the sequences of the primers and the size of the amplified target DNA fragments. The same UPs were added at the
5′ end of each STS-specific primer. According to the size of the amplified fragments, M-PCRs were divided into four groups: I (SRY, sY254, sY143,
sY242, sY255), II (SRY, sY84, sY239, sY152), III (SRY, sY86, sY127, sY145, sY124) and IV (SRY, sY134, sY82, sY128, sY133). TC represented for
Internal control, and MW for Molecular Weight

J Assist Reprod Genet (2014) 31:613–620 615



Meanwhile, the same samples were also amplified with the
new designed compound universal primer pairs (Table 1),
which were originated from specific primers. The result
showed that compound universal primer tests displayed to
get equivalent intensities of bands on gels with primers alone
tests (Fig. 2b). Thus showed that the set of compound specific
primers worked efficiently and had the same specificity as the
specific primers alone. Because the compound specific
primers contained a common sequence (20 bp) at the 5′-end,
so the bands on gel were a little higher too (Fig. 2b).

Optimization of the UP-M-PCR The concentrations of
primers strongly influence the efficiency and disparity of
PCR reaction, which is very important for the PCR reaction,
especially in multiplex PCR. The final optimized concentra-
tion of universal primer (UP) was 500 nmol/L in UP-M-PCR,
while the compound specific primers were 25 nmol/L(about
1/20 of UP) in singlet PCR that can ensure an efficient
amplification for all these primers, but in 16-plex UP-M-
PCR, because of the interaction and the difference of work
efficiency among primers, all compound specific primers at
25 nmol/L could not get an equivalent amount of amplified
products, thus there need an adjustment. The final optimized
concentration of the compound specific primers were

10 nmol/L for sY143-F/R and sY84-F/R (about 1/50 of UP),
15 nmol/L for sY127-F/R and sY133-F/R(about 1/30 of UP),
50 nmol/L for sY86-F/R, sY255-F/R and sY124-F/R(about
1/10 of UP), and 25 nmol/L for all other primers (including
SRY-F/R, sY254-F/R, sY242-F/R, sY239-F/R, sY152-F/R,
sY145-F/R, sY134-F/R, sY82-F/R and sY128-F/R). To find
the best annealing temperature, a gradient temperature PCR
from 56 to 64 °C has been performed. At last the optimum
annealing temperature was chosen at 60°C. Similarly the best
extension temperature was chosen at 70°C. The time for
annealing and extension was chosen at 50s. We obtained the
DNA from the healthy men, and performed the M-PCR am-
plification by compound universal primers (Fig. 3a) or no
compound primers (Fig. 3b). The data showed that the U-M-
PCR by compound universal primers was more specific com-
pared to M-PCR, which indicated that using U-M-PCR could
detect the Y chromosome microdeletions in the inferitility
male patients.

The results of Y-chromosome microdeletions detected
by UP-M-PCR in the 540 male infertility patients

UP-M-PCRwas used for the rapid detection ofmicrodeletions of
the 15 STSs in the four regions of AZF gene family on the Y

Fig. 2 Detection of the
specificity of UP-M-PCR. a
Comparison of specificity
between specific primers and
compound specific primers. A
amplicon fragments of specific
primer;B amplicon fragments of
UP and compound specific
primer; lane 1, negative control
(NC) without template; the last
lane, 100 bp DNA Marker

Fig. 3 Optimization of the UP-
M-PCR. A Lane 1, 100 bp DNA
Marker; Lane 2 is group I (SRY,
sY254, sY143, sY242, sY255);
Lane 3 is group II (SRY, sY84,
sY239, sY152); Lane 4 is group
III (SRY, sY86, sY127, sY145,
sY124) and Lane 5 is group IV
(SRY, sY134, sY82, sY128,
sY133). B Normal multiplex PCR
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chromosome: AZFa, AZFb, AZFc and AZFd. UP-M-PCR re-
actions for groups I, II, III and IV were carried out for each
sample (Fig. 4). Of the 540 male infertility patients, 48 patients
were found to have Y-chromosome microdeletions, with a dele-
tion rate of 8.9 % (48/540). Of these 48, 41 patients had AZFc
deletions alone with a deletion rate of 7.6 % (41/540), 4 patients
had AZFb deletions with a deletion rate of 0.7 % (4/540), and 3
patients had AZFa deletions alone with a deletion rate of 0.5 %
(3/540) (Table 2, Fig. 4). No joint deletions or large deletions
were found. To exclude false-negative results, a simple PCR
assay was carried out for each of the deletion sites of the seven
samples. No amplifications were found (data not show),
confirming the accuracy of UP-M-PCR detection. In addition,
no AZF gene deletions were found in the control group of 100
normal, healthy males (those with normal sperm counts). In
order to substantiate the more specificity of U-M-PCR, we
compared the AZF deletion rates by two different methods-M-
PCR and U-M-PCR. The data showed that there were no differ-
ence between AZFa and AZFb deletions (P>0.05), but signifi-
cant different between AZFc deletions (P<0.001) (Table 3.)

The characteristic of Y chromosome microdeletions
in infertile men from central of China

The above data showed that Y chromosome microdeletions
from central of China mainly put together in the sY84, sY143,
sY242, sY254 and sY255 sites, which distributed in different
AZF regions. In addition, the deletion rate of them were also
distinct, particularly high in AZFc region (Fig. 5).

Discussion

Nucleic acid analysis is becoming increasingly important for
the detection of Y-chromosome microdeletions, and PCR
provides a powerful tool for the analysis. Conventional PCR
method can specifically amplify a single DNA template
whereas M-PCR can specifically amplify two or more DNA
templates in one reaction. Thus, M-PCR is more widely used
in scientific and clinical research for genetic testing of micro-
bial pathogens [14], gene expression [15], whole genome
sequencing [16], forensic analysis and paternity testing [17].
Currently, M-PCR is mainly utilized in the analysis and de-
tection of Y-chromosome microdeletions and uses specific
primers to amplify the STS fragments on different regions of
the Y chromosome. However, with advances in research
technology, the inadequacies of the M-PCR system cannot
be ignored. First, the primer-primer interaction results in the
self-inhibition of amplification. Second, the overall efficiency
of the PCR amplification is low. Third, the different parame-
ters of different primers lead to inconsistencies in the ampli-
fication efficiencies of the various DNA templates. The above
shortcomings and inadequacies have limited the further de-
velopment and broad application of M-PCR.

In this study, a novel UP-M-PCR technique was adopted to
solve the issues with M-PCR amplification. In this study, UP
was introduced to the field of Y-chromosome M-PCR detec-
tion. This new UP-M-PCR system can further enhance the
sensitivity and specificity of the detection of Y-chromosome
microdeletions. Improving the detection rate of Y-chromosome

Fig. 4 The gel electrophoresis results for the Y chromosomeUP-M-PCR
of the samples from the control group and infertility patients. Compared
with the control group, AZFa sY84 microdeletions were detected in three

patients, AZFb sY143 microdeletions were detected in four patients and
AZFc sY242, sY254, sY255 microdeletions were detected in 41 patients

Table 2 Y chromosome microdeletions in patients

Groups Number of
subjects

AZFa
deletion

AZFb
deletion

AZFc
deletion

Male infertility group 540 3 (0.5 %) 4 (0.7 %) 41 (7.6 %)

Normal control group 100 0 0 0

Y chromosome microdeletions rates of male infertility and normal con-
trol. Statistical analyses show that the Y-chromosome microdeletion rates
in the 540 male infertility patients were 0.5 % for AZFa, 0.7 % for AZFb,
and 7.6 % for AZFc

Table 3 Compared with AZF deletion rates by two different methods-M-
PCR and U-M-PCR

Methods Number of
subjects

AZFa
deletion

AZFb d
eletion

AZFc deletion

M-PCR group 200 1 (0.5 %) 1 (0.5 %) 2 (1.0 %)

U-M-PCR group 540 3 (0.5 %) 4 (0.7 %) 41 (7.6 %)

P value 0.42 0.38 <0.001

Fisher’s exact test statistical analyses show that the Y-chromosome
microdeletion rates were similar between AZFa and AZFb (P>0.05).
There were statistical difference between AZFc (P<0.001)
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microdeletions in different countries and regions has great
significance for identifying deletions before clinical
intracytoplasmic sperm injection (ICSI) technology assisted
fertility treatment, genetic testing for male patients with oligo-
zoospermia and azoospermia, screening for sperm before it is
deposited into sperm banks and population genetics
researches.

The human Y chromosome is the primary target for male
infertility and population genetics research. Large differences
in Y-chromosome microdeletions have been found in different
countries. Y chromosome deletions encompassing the AZFc
region have been reported in 13 % of azoospermic men and
7 % of severely oligozoospermic men. The most frequently
deleted region is AZFc (65–70 %), followed by deletions of
the AZFb and AZFb + c or AZFa + b + c regions (25–30 %),
whereas deletions of the AZFa region are extremely rare (5%)
[6]. Puzuka et al. reported a study of 105 infertile Latvian
males, and AZFc deletions were detected in three males while
AZF (a + b + c) was completely deleted in two males [18]. A
study in India showed that the rate of Y-chromosome
microdeletions was 10.5 % in 200 patients [13]. A study of
187 Turkish patients with infertility showed that Y-
chromosome microdeletions were detected in seven patients,
with a deletion rate of 3.93 %. Moreover, AZFc
microdeletions were the most common [19]. Mirfakhraieř
[20] studied 100 infertile Iranian males suffering from azoo-
spermia and found that 12 % of the patients had Y-
chromosome microdeletions. A 10-year retrospective study
[21] suggested that AZFc deletions are closely related to
phenotypic variation in sperm, whereas complete deletions
of AZFb and AZFc are associated with Sertoli-cell-only

syndrome. Another study conducted at the Xiangya School
of Medicine showed that 12 of 101 patients had AZFc
microdeletions, for a total deletion rate of 12 % [22]. Of these
patients, one had both an AZFc and AZFd co-deletion. Dele-
tions of both AZFb and AZFc together occur by two major
mechanisms involving homologous recombination between
P5/distal P1 or between P4/distal P1 [4] Complete removal of
the AZFa and AZFb regions is associated with severe testic-
ular phenotype. Complete removal of the AZFc region causes
a variable phenotype that may range from azoospermia to
oligozoospermia [6]. Langer [2] reported that an idicYp or
isoYp in eight (2.7 %) of 293 men with nonobstructive azoo-
spermia, but in none of 288 men with severe or moderate
oligozoospermia. In the large majority of cases, idicYp or
isoYp formation precludes sperm production. In this respect,
the consequences of idicYp or isoYp formation appear to be
more severe than those of AZFc deletions, which are found in
men with either severe oligozoospermia or nonobstructive
azoospermia.

In the past, six STSs strongly recommended by European
Molecular Genetics Quality Network and European Academy
of Andrology, which could lead to undetection of some
microdeletions. Our study selected 15 STSs in the detection
of AZF microdeletion. Compared with STSs in the minimum
detection system (sY84 and sY86 for AZFa, sY127 and
sY134 for AZFb, sY254 and sY255 for AZFc) [23]. 15 STSs
could cover all the sparse region of the Yq chromosome.
Particularly, sY82, sY84 and sY86 were used for detecting
AZFa; sY127, sY134, and sY143 for AZFb; sY134, sY242,
sY254, sY255 and sY239 for AZFc region and sY152, sY145
for AZFd region. Of the above studies, AZFb deletions were

Fig. 5 The distribution of Y-
chromosome microdeletions in
the 48 patients. The distribution
of the Y-chromosome
microdeletions in the 48 patients
showed that deletions were found
in all regions, 0.5 % for AZFa,
0.7 % for AZFb and 7.6 % for
AZFc, of which AZFc had the
highest deletion rate. Note:
Asterisks (*) and black rectangles
indicate deletion rate of AZFa,
AZFb and AZFc, respectively
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the most common (66.67 %) followed by AZFc deletions
(41.67 %), AZFd deletions (33.33 %) and AZFa deletions
(8.33 %) [24]. Above studies suggest that in different coun-
tries and regions, not only are the rate of Y chromosome
deletions different but also are the deletion sites. In Chinese
men, the updated data showed that the total AZF deletions was
11.55 %, and AZFc deletions represented the most frequent
finding (5.9 %), followed by the AZFb region (1.1 %), AZFa
(0.9 %) and AZFab/bc/abc (2.3 %) [25]. In the present study,
the microdeletion rate of AZF was 8.9 %, followed by 0.5 %
of AZFa, 0.7 % of AZFb and 7.6 % of AZFc. Among all the
regions, microdeletions in the AZFc region were the most
common, and sY254 and sY255 for deleted in infertility
men presented a higher prevalence of deletions than other
STSs, followed by sY242. Other more popular sites were
sY84 in AZFa region, and sY143 in AZFb region. There were
no patients with joint deletions or large deletions. Males with
normal sperm counts had no-Y chromosome microdeletions.
Compared with previous reports from China [26], the rate of
Y-chromosome microdeletions in this study was lower, which
may be due to the regional limitation and an insufficient
sample size.
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