
INTRODUCTION

Around 10% of themales with idiopathic azoospermia
and oligozoospermia, important causes of male in-
fertility, have interstitial deletions on the Y chromosome

(1-3). There are three major candidate regions for
the azoospermic factor, AZFa, AZFb andAZFc, on the
long arm of the Y chromosome (3). Each region itself
has several candidates for the factor (4). AZFa contains
USP 9Y and DBY (DDX3Y) encoding an ubiqutin-
specific protease and a RNA-helicase with a DEAD
box, respectively (5 -7). AZFb possesses numerous
candidate genes, among which, RBMY encoding a
RNA-binding protein presumed to function in splicing,
has been analyzed with regard to genomic structure,
partners and evolutional conservation (8, 9). AZFc has
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the DAZ family, the CDY family and VCY2 (10, 11).
Among the AZFs, AZFc is most frequently deleted in
the males with azoospermia or oligozoospermia (12).
Recent progress in analyzing the human genomic
structure has unveiled that the long arm of the Y
chromosome has many DNA sequences consisting
of palindromes or inverted repeats (4, 8, 11). This
characteristic structure of the human Y chromosome
is presumed to cause the deletions of AZF regions
found in males with azoospermia or oligozoospermia
(4, 8, 11).

In the clinical setting, rapid and accurate gene tests
are required for an appropriate diagnosis and genetic
counseling. Recently, microchip devices for elec-
trophoresis has been developed and applied to gene
tests (13 -15). Such devices have the advantages of
requiring only small amounts of DNA and little
time for analysis.

Here, we describe a newly developed multiplex
PCR system convenient for the analysis of Y chro-
mosomes bearing structural anomalies including
AZF deletions together with identification of sex.
Moreover, we show that the new system combined
with microchip-based electrophoresis can provide rapid
and accurate gene tests for male infertility.

MATERIALS AND METHODS
Subjects

A total of 50 fertile and 48 infertile men including
42 azoospermic and 6 oligozoospermic patients were
studied. All the subjects havebeendescribed elsewhere
(16 -19). The infertile men had already been analyzed
for Y-deletion according to routine testing performed
in our laboratory (16, 19). In brief, microdeletions
in AZF regions on the Y chromosome were analyzed
by PCR with 9 sequence-tagged-sites (STSs) including
SRY, AMELY, DYZ3, USP9Y, DBY, DYS211, RBMY,
DAZ and DYZ 1 according to previous reports (1,
19). It had been shown that among the48 infertilemen,
two weremissingDBY or RBMY, five lackedDAZ, and
two were losing both RBMY and DAZ.

This study was approved by the Ethics committee
of theUniversity ofTokushimaand theEthicalCommittee/
Institutional review board of St. Marianna University
School Hospital. Every participant provided an informed
consent.

Multiplex PCR

The primers for five loci on the Y chromosome and

AMELX on the X chromosome were generated as
listed in Table 1. SRY and AMELY are located on the
short arm of the Y chromosome (20, 21). The former
is known as the male testis-determining factor on the
Y chromosome, and the later as the counterpart of
amelogenin X (AMELX) responsible for X- linked
amelogenesis imperfecta. DBY, RBMYandDAZ, which
are assigned to the long arm of the Y chromsome, are
located in AZFa, AZFb and AZFc, the candidate regions
for the azoospermic factor suggested to be on the long
arm of the Y chromosome (4)(Fig. 1).

Initially, two types of the Taq polymerase ready
for hot start, Ampli-Taq Gold (Applied Biosystems,
Branchburg, NJ, USA) and TaKaRa Ex Taq HS
(TAKARA BIO INC. Shiga, Japan) were compared
in terms of their specificity for PCR. The former
was found to be appropriate for our multiplex
PCR. The reaction was performed under different
annealing temperatures, and it became clear that
56℃ is most appropriate for multiplex PCR. Based on
these preliminary experiments, we carried out the PCR
reaction with Ampli-Taq Gold at an annealing tem-
perature of 56℃.

Multiplex PCR was carried out in a total volume of
20µl containing 66ng of genomic DNA with, 0.5µM
(except for AMELX) or 1µM (AMELX) of each primer
listed in Table 1, 10 mM Tris-HCl buffer (pH 8.3),
50mM KCl, 2.5mM MgCl2, 0.001% gelatin, 0.25mM
of each dNTP, and 0.5units of Ampli-Taq Gold. The
conditions for the PCR were as follows : initial de-
naturation at 94℃ for 10min and 30 cycles consisting
of denaturation at 94℃ for 30 sec, annealing at 56℃
for 1min and extension at 72℃ for 1 min. The final
extension step was at 72℃ for 10 min.

To confirm the multiplex PCR products, they were
separated by electrophoresis with 2.5% agarose gel,
and were visualized with ethydium bromide.

Electrophoresis with a microchip device

A Hitachi SV1210 microchip CE system (Hitachi
Electronics Engineering Co., Ltd., Tokyo, Japan) was
used for electrophoresis. We used a polymethyl
methacrylate micro i-chip12 with i-SDNA12kit
(Hitachi Chemical Co., Tokyo, Japan) that contains
a gel for microchip electrophoresis and a fluorescent
dye according to the manufacture’s protocol. The
multiplex PCR product 1µl was mixed with water 9µl
and applied to the wells in the microchip device. This
system can simultaneously separate and detect 12
samples.
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RESULTS
Generation of a multiplex PCR system for detecting
Y deletions

First, to establish a multiplex PCR system for the
detection of Y deletions, we carried out PCR with a
multiplex primer set for SRY, AMELY, DBY, RBMY,
and DAZ on the Y chromosome together with one for
AMELX on the X chromosome (seeFig. 1 andTable 1).
Using agarose gel-based electrophoresis, six bands
consistent in size with one of the PCRproducts generated
with the primer sets for each locuswere clearly observed
(Fig. 2).

Next, we used the system to test for Y deletions.
PCR products obtained with genomic DNA derived
from azoospermic or oligozoospermicmales who had
been confirmed to have no Y deletion, DBY deletion,
RBMY deletion, or DAZ deletion, were separated with
agarose gel -based electrophoresis.Moreover, XXmales

who had been shown to have SRY were also
analyzed. The PCR products derived from AMELX
were observed in both males and females, suggesting
that PCR was successful. The results were consis-
tent with those obtained in our routine tests for Y
deletions (Fig. 3)(16, 19). The gradual increase in the
size of the PCR products according to direction from
the distal Yp to the distal Yqwasconvenient for imaging
the location of deletions on the Y chromosome.(see
Fig. 1 and Table 1).

Finally, a total of 48 infertile males including 39
without Y deletions, two without DBY or RBMY and

Table 1. The primer sets used in this study

Locus Primers Sequence %GC (%) PCR product size

SRY

AMELY

DBY

RBMY

DAZ

AMELX

Forward : SRY-F
Reverse : SRY-R
Forward : AMELY-CF
Reverse : AMELY-CR
Forward : DBYn-F
Reverse : DBYn-R
Forward : RBMY 1-F
Reverse : RBMY 1-R
Forward : DAZ 1-F
Reverse : DAZ 1-R
Forward : AMELX-CF
Reverse : AMELX-CR

5’ -AGCTGTGCAAGAGAATATTC
5’ -CTTAGAGTTACAGCTTTCAG
5’ -TTCTGAACACCAGAGTGGTG
5’ -GAGGATCTTATGTCATTGCG
5’ -CTTACACTTGCAGACTTTGC
5’ -TTTAGTGGTGGACAATCATC
5’ -CGCATATAGTAATACACGAG
5’ -TGCTTTAATATCTGCTCGAG
5’ -CTGGTGACTGAATTACAATG
5’ -GTTCATGATGTATGTTAAGG
5’ -GCTACTGCAAGAACCTTAAG
5’ -AGGCAAAGAGTTTCATCACG

40
40
50
45
45
40
40
40
40
35
45
45

73 bp

130 bp

192 bp

239 bp

317 bp

470 bp

Fig. 2．Multiplex PCR for five Y loci and one X locus.
1, DNA marker of 50 bp ladder ; 2, multiplex PCR product
for a male ; 3, SRY ; 4, AMELY ; 5, DBY ; 6, RBMY ; 7, DAZ ;
8, AMELX ; 9, water (multiplex PCR).

Fig. 1．Schematic representation of the Y chromosome and
loci analyzed in this studty.
AZFa, AZFb and AZFc all have several candidate genes for an
azoospermic factor, respectively.

Fig. 3．Analysis of Y chromosome deletions with agarose gel-
based electrophoresis.
lane 1, 50 bp ladder DNA marker ; lane 2, azoospermic male
without Y deletion ; lane 3, azoospermic male without DBY ;
lane 4, azoospermic male without RBMY ; lane 5, azoospermic
male without DAZ ; lane 6, XX male ; lane 7, normal male ; lane
8, female ; lane 9, water.
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five without DAZ, two without both RBMY and DAZ
were analyzed using our developed multiplex PCR
system. All results were consistentwith thoseof routine
testing for Y deletions. Moreover, 50 fertile males
previously shown to have some children were also
analyzed using our developed multiplex PCR system.
No deletions were observed in all fertilemen analyzed
in this study.

Combination of multiplex PCR with microchip-based
electrophoresis for detecting Y deletions

To develop a rapid detection system for Y deletions,

we applied our multiplex PCR system to microchip-
based electrophoresis. The multiplex PCR products
generated in the above experiments were applied
to the microchip. Each product was separated within
4min with a clear chromatogram (Fig. 4). The peaks
derived from each locus on the Y chromosome were
clearly discriminated from the background. The
interstitial deletions of the Y chromosomewere easily
identified. Thismicrochip-based electrophoresis showed
good reproducibility.

DISCUSSION

Here, we described a newly developed multiplex
PCRsystem fordetectingYchromosomeswithstructural
anomalies. Our system can detect threemajor deletions
on the Y chromosome related to idiopathic spermatogenic
failure. There are some reports that both USP9Y and
DBY or only DBY was deleted in azoospermic males
(7, 22). To our knowledge, the deletion of USP9Y is
very rare in azoosepermic males without AZFa, while
the deletion of DBY or of both DBY and USP9Y occurs
frequently in such males (7, 22). RBMY is located in
AZFb, and males without AZFb often lack RBMY(8, 9).
The DAZ gene is located in AZFc, themost frequently

deleted of the three AZFs in idiopathic azooseprmic
or oligozoospermic males. It is shown that deletions
of AZFa andAZFbaremuch less frequent thandeletions
of AZFc (12). Therefore, in the initial screening for
Y deletions in infertile males, it is appropriate to choose
DBY, RBMY, and DAZ as representative of the genes
located in AZFa, AZFb and AZFc, respectively.

Since AMELX should be detected in both males
and females, and AMELY is male-specific, AMELX/
AMELY is widely used to identifying sex (23). In our
system, we also used AMELX as an internal control
for PCR. Although the original approach employs the
same primer set for both AMELX and AMELY, our
system does not. By the AMELX/AMELY sex

Fig. 4．Analysis of Y chromosome deletions with microchip-based
electrophoresis. Each chromatogram of the multiplex PCR prod-
ucts gives good reproducibility.
a, azoospermic male without Y deletion ; b, azoospermic male
without DBY ; c, azoospermic male without RBMY ; d, azoosper-
mic male without DAZ ; e, XX male ; f, normal male ; g, normal
female.
Peaks labeled with numbers 1 to 6 correspond to SRY, AMELY,
DBY, RBMY, DAZ and AMELX, respectively. Arrows show the
absence of the peaks derived from the loci on the Y chromosome.
Asterisks correspond to the peak derived from the primers.
Horizontal and vertical axes show the time from initiation of the
sample separation and fluorescent intensity, respectively.
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identification system, our method can simultane-
ously identify sex and Y deletions involvingmajor AZF
regions.

While microchip technology is applied to devices
for biological analysis such as electrophoresis and gene
expression analysis, nanochip technology is currently
being developed for use in various fields (13-15, 24).
In future, the combination of our newly developed
multiplex PCR system and a nanochip device-based
electrophoresis will provide a speedier gene test for
Y deletions in infertile males (24).

Assisted reproductive technology (ART) including
intracytoplasmic sperm injection (ICSI) is rapidly
developed (25). The newly developed multiplex PCR
system for Y deletion analysis together with karyotype
analysis may provide useful information for prognosis
of male infertility and indications of ART (26).

In conclusion, we showed that our multiplex PCR
system is convenient for the analysis of Y chromo-
somes bearing structural anomalies including AZF
deletions together with the identification of sex, and
can provide a speedier gene testing in combination
with electrophoresis based on a microchip device.
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