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A bstract
O ur aim  w as to  apply D N A  chip technology as a  
d iagnostic tool in  infertility  research and clin ics. 
Six loci, including a sex-determ ining region on the  
Y  chrom osom e and five sequence-tagged sites in  
azoosperm ia-factor regions w ere investigated in  
infertile  m ale patients. O ur m ethod produced a  
sensitive signal, w hich show ed the presence or 
absence of the STS regions on the Y  chrom o -
som e. The results from  93 patients w ith  non- 
obstructive azoosperm ia, o ligoathenoteratozoos-
perm ia, or o ligozoosperm ia w ere identical w hen  
analyzed w ith  either the D N A  chip technique or 
conventional PC R -gel e lectrophoresis. W e have  
dem onstrated its  application in  the m olecular 
d iagnosis of m ale infertility. This system  provides  
an econom ic and high-throughput m ethod for 
detecting the deletion of genom ic DNA sequences  
of large groups of infertile  patients, and a com -
pletely new  approach to  m ale infertility screening. 

The application of DNA chip technology to identify  
Yq deletions can also facilitate our understanding  
of m ale infertility .

Keywords: DNA chip; male infertility; microdeletion; 
molecular diagnosis; STS

In troduction
Y-chromosomal deletions represent the most frequent 
genetic alterations in infertile men (Chandley and 
Cooke, 1994). The frequency of deletions on the long 
arm of the Y chromosome (Yq) in infertile male 
patients varies from 1% to 51% depending on patient 
selection criteria (van der Ven et al., 1997; Foresta 
et al., 1998). Microdeletions on Yq are closely assoc-
iated with severe infertility, with some correlation bet-
ween genotype and phenotype (Foresta et al., 2001; 
Kamp et al., 2001; Dohle et al., 2002). Because the 
use of intracytoplasmic sperm injection (ICSI) and 
other related techniques has explosively increased the 
pregnancy rate of male infertility patients in in vitro 
fertilization (IVF) clinics, it is important to screen for 
possible genetic defects that can be passed to the 
next generation. 
  Screening for microdeletions in azoospermia fac-
tors (AZF) a, b, or c is routinely performed in major 
andrology and infertility centers. Deletions in the AZFc 
region on Yq are the most common cause of sper-
matogenic failure (Dohle et al., 2002; Sawai et al., 
2002). AZFa deletions occur with high frequency in 
the Sertoli-cell-only (SCO) patient group (Kamp et al., 
2001). A genetic diagnostic method for Y-chromo-
some microdeletions associated with male infertility 
has been developed on the basis of conventional 
polymerase chain reaction (PCR) and standard gel 
electrophoresis methods (Maurer and Simoni, 2000). 
A multiple PCR method has been reported (Bor et 
al., 2001), and a commercial PCR primer-mix kit has 
also been developed. However, analysis of multiple 
PCR products on a gel based on its molecular size 
and intensity is sometimes quite complicated and de-
pendent on the experience of researcher (Figure 1).
  DNA chip technology is used increasingly to diag-
nose and identify genes related to human disease. 
It has become a widely applied tool for genetic 
diagnosis (Wallace, 1997; Hwang and Lim, 2000; 
Fortina et al., 2002; Kim et al., 2003). We have 
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developed a DNA chip technique to screen for Yq 
microdeletions in infertile male patients. This newly 
developed method can allow high-throughput screen-
ing of large groups of infertile patients in infertility 
clinics, compared to conventional PCR-gel electropho-
resis method (Figure 1). 

M ateria ls and M ethods
Patients and controls  
The Institutional Review Board of CHA General Hos-
pital approved this genetic study in June 1998. From 
July 1998 to December 2000, 93 non-obstructive in-
fertile men and 46 healthy fertile subjects consented 
to the use of their blood. Seventy-three non-obstruc-
tive infertile patients with azoospermia, 18 with severe 
oligoathenoteratozoospermia (OAT), and two with 
oligozoospermia were included in this study at the 
CHA General Hospital. We did all cytogenetic and Yq 
microdeletion analysis of these patients, and the gen-
eral clinical implication on this group was reported 
previously (Lee et al., 2003). Forty-six healthy, fertile 
Korean men were used as controls. Only normal sub-
jects with at least one child and no history of assisted 
reproductive technology were included in the control 
group. One healthy fertile female was included as a 
negative control with two buffer only samples. Each 
PCR product identified by gel electrophoresis was 
used as positive control. All samples were collected 
with informed consent.

Polym erase C hain R eaction  (PC R )
Genomic DNA was obtained from peripheral blood 
leukocytes. The PCR reaction was carried out in a 
total volume of 50 µl containing 100 ng extracted 
DNA, 200 M dNTP, 10 mM Tris-Cl (pH 8.3), 1.5 mM 
MgCl2, and 50 mM KCl. Two units of Taq DNA 
polymerase was added under hot-start conditions and 
amplification was carried out in a 2400 Thermocycler 
(Perkin Elmer, CT) for 30 cycles of 94oC for 30 s, 
58oC for 30 s, 72oC for 30 s, with a 7 min final ex-

T a b le  1 . Sequences of primer set.
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

STS Size (bp) Primer Sequence 5'-3'
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

SRY 204 Upstream CATGAACGCATTCATCGTGTG
Downstream GGTCGATACTTATAATTCGGG

sY158 231 Upstream CTCAGAAGTCCTCCTAATAGTTCC
Downstream ACAGTGGTTTGTAGCGGGTA

sY254 350 Upstream GGGTGTTACCAGAAGGCAAA
Downstream GACCGTATCTACCAAAGCAGCA

sY134 301 Upstream TGTCTGCCTCACCATAAAAC
Downstream CAACCACTGCCAAAACTTTC

SPGY1 460 Upstream TTCACATACAGCCATTAAGTTTAGC
Downstream ACAATTTGATAGTCTGAACACAAGC

sY127 300 Upstream TAGAGGCTAGGCTCACAAAC
Downstream AAGCTGCAGGCAGTAATAAG

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

F ig u re  1 . Comparison between conventional and reverse DNA chip
methods for Yq microdeletion analysis. Strength and weakness points 
are represented on the bottom of each method.

Genomic DNA from Patients

Multiplex PCR

Reverse DNA chip
method

Conventional 
method

Gel Electrophoresis
(up to 96 samples)

Microarraying
(up to 20,000 samples)

Complicated 
multiple bands
(size & intensity

based on experience)

High-throughput 
Screening by 

STS hybridization

On/Off validation by
Sequence specific

hybridization



Reverse DNA chip for Yq microdeletion analysis  181

tension step at 72oC. The oligonucleotide sequences 
of the 12 primers used to amplify SRY and five se-
quence-tagged sites (sY127, sY134, SPGY1, sY254, 
sY158) are given in Table 1. Routine PCR amplifi-
cation of genomic DNA was performed. Based on 
previous microdeletion study on this selected group, 
we only used these five STS markers for this DNA 
chip experiment (Lee et al., 2003).

D N A  chip  analysis

Preparation of probes
Using the genomic DNA of 46 normal fertile subjects 
and 93 infertile patients, multiplex PCR was per-
formed to amplify six markers on the human Y chro-
mosome. Thirty cycles of PCR were performed as 
follows: 30 s at 94oC, 30 s at 60oC, and 30 s at 72oC. 
Products were ethanol precipitated, dried, and dis-
solved in 10 µl of 3×saline sodium citrate (SSC) for 
arraying.

Arraying procedure and processing
PCR products were arrayed from 96-well microtiter 
plates onto Superamine glass slides (Telechem, CA) 
using a high-speed microarrayer (Cartesian Techno-
logy, MI). A mixture of the six STS markers was also 
spotted as a positive control. The printed chips were 
rehydrated for 1 min in a humid chamber, then 
snap-dried for 3 s on a hot-plate (100oC). The DNA 
was then UV-crosslinked to the surfaces by subjecting 
the slides to 60 mJ of energy. The rest of the glass 
surface was blocked by 15 min incubation in a 
solution of 1 M succinic anhydride dissolved in 45 ml 
1-methyl-2-pyrrolidinone (Merck, NJ) and 5 µl, 1 M 
sodium borate (boric acid, pH 8.0).

Target preparation
To prepare the target, each STS marker was am-
plified by PCR using the same primer sets and 
conditions described for probe preparation. After eth-
anol precipitation, the PCR products were labeled 
individually with Cy3-dCTP using the Prime-It II Ran-
dom Primer Labeling kit (Stratagene, CA). The fluo-
rescent DNA samples were then diluted to 500 µl with 
TE, and concentrated to 10 µl using a Microcon-30 
column (Millipore, MA).

Hybridization
Purified labeled target was resuspended in 11 µl 3.5
×SSC containing 0.3% sodium dodecyl sulfate 
(SDS). The sample was then heated for 2 min in 
boiling water, cooled rapidly to room temperature, and 
applied to the chip. The chip was placed in a sealed 

humidified hybridization chamber. Samples were hy-
bridized for 5 h in a water bath at 65oC, after the 
chips were washed immediately in 2×SSC containing 
0.2% SDS for 6 min, then twice again in 0.05×SSC. 

Scanning (analysis)
Arrays were scanned on an Axon 4000B laser scan-
ner (Axon, CA). The images were analyzed using the 
GenePix program (Axon, CA).

R esu lts
Ninety-three infertile patients and forty-six normal 
subjects were selected as described in materials and 
methods. Genomic DNA from healthy controls and 
from infertile patients was first screened individually 
by PCR analysis for deletions in six loci on the Y 

F ig u re  2 . Analysis of PCR products amplified by using sY127 
and sY254 primer sets. Infertility patients (93 men) and normal 
men (46 men) were amplified by sY127 (A) and sY254 (B) 
primer sets. Patients with deletion were marked by arrow.

A

B

A

B



182   Exp. Mol. Med. Vol. 36(2), 179- 184, 2004

chromosome (SRY, sY127, sY134, SPGY1, sY254, 
sY158). From the PCR analysis, 3 (from sY127), 3 
(sY134), 13 (SPGY1), 13 (sY254), and 12 (sY158) 
patients were screened to have deletion, and the 
PCR products amplified by sY127 and sY254 primer 
sets were shown in Figure 2. 

  To prepare probes for DNA chip, multiplex PCR 
products (from a total of 143 sources: 93 patients, 
46 normal subjects, and four negative controls) am-
plified by mixed primer set (SRY, sY127, sY134, 
SPGY1, sY254, sY158) were precipitated, and then 
spotted onto glass slides in the order shown in Figure 
3. Therefore, spots on the chip represent only ampli-
fied STS regions without microdeletion.
  The results of the reverse DNA chip technique are 
shown in Figure 4, and the presence of each STS 
marker is visualized in green (Cy3). Half value of the 
average intensity of 46 normal subjects was used as 
a cut off intensity value for deletion (Figure 5). The 
results corresponded completely to the PCR data 
generated with the genomic DNA from patients with 
deletions and normal control subjects. As we ex-
pected, spots of 46 normal controls were hybridized 
with all of the 6 STS markers and low background 
signal was only detected on the spots of deleted 
patients (Figure 4). Therefore, we do not find any 
potential error during these reverse DNA chip experi-
ments including 139 multiplex PCR products for probe 
preparation and hybridizations with 6 different STS 
markers. 
  The value for SRY for the negative control (wo-
man) was 1657, which is 6.20-fold lower than the 
positive average (10268.66 ± 5096.87). The value for 
sY134 from healthy subjects was 5218 ± 1904.79, 

F ig u re  4 . Scanned images of DNA chip from patients were shown. A: SRY, B: sY127, C: sY134, D: SPGY1, E: sY254, F: sY158. The 
order of spots was same as Figure 3. Deleted patients (dotted box), and positive and negative controls (bold box) were shown.

E

A B C

D FE

A B C

D F

F ig u re  3 . Spotting designs for reverse DNA chip assay. Infertility 
patients (93 men) and normal men (46 men) were spotted on 
the chip, and divided by the line. Positive control (1 STS mixture 
marked by the bold box), and negative controls (one female 
marked by the circle and three no DNA with buffer marked by 
the dotted box) were shown.

Positive

Negative (No DNA with buffer)

Negative (Female)Positive

Negative (No DNA with buffer)

Negative (Female)
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3.06-fold higher the average negative value (1707.8 
± 599.03); the value for SPGY1 was 3113.95 ± 
1836.97, 7.09-fold higher than the average negative 
value (439 ± 75.54); the value for sY254 was 5300 
± 2036.94, 9.79-fold higher (the highest value) than 
the average negative value (541.21 ± 65.75); the 
value for sY158 was 11347.46 ± 4188.33, 2.52-fold 
higher than the average negative value (4506.85 ± 
523.98); and the value for sY127 was 2400 ± 
1001.259, 5.65-fold higher than the average negative 
value (425 ± 96.46). These results are shown in 
Figure 5. Therefore, this reverse DNA chip experiment 
is an accurate and verifiable method for microdeletion 
analysis in infertile males.

D iscussion
We took samples from normal controls and infertile 
patients. Multiple STS-based PCR products from each 
patient were transferred to glass slides. The negative 
control (female) value for SRY was 1657, which is 
6.20-fold lower than the average positive value. The 
chip results correlate with the PCR results insofar as 
no PCR-negative specimens were identified as posi-
tive by reverse DNA chip analysis, and no PCR- 
positive samples were identified as negative by re-
verse DNA chip analysis. Therefore, as expected, this 
method was equally sensitive to analysis using PCR 
and gel electrophoresis for the samples tested, and 
none of the observed PCR products from patient DNA 
produced false-positive results. Also, reverse DNA 
chip analysis might give more accurate results than 
gel electrophoresis analysis because of their se-
quence specific hybridization. Analysis of conventional 
multiple PCR products on a gel based on its mol-
ecular size is quite complicated and troublesome in 

many infertility centers (Figure 1). 
  DNA chip technology could provide a useful tool 
for the molecular diagnosis of male infertility in clinical 
laboratories, especially for high-throughput analyses. 
We have demonstrated the successful use of a sys-
tem of fluorescently-labeled targets that greatly im-
proves the sensitivity and specificity of detection. The 
application of DNA chip technology to the identifi-
cation of Y-chromosome deletions will also facilitate 
greater understanding of male infertility.
  These experiments demonstrate the potential for 
DNA chips in identifying Y-chromosome deletions. 
Although it is not currently cost-effective to array of 
every STS marker, experimental results may lead to 
the identification of a set of genetic markers that can 
be used to generate a diagnostic array for use in the 
clinical setting in the near future. Furthermore, the 
time and cost of this technique could be greatly 
improved by labeling STS respectively with 5 or 6 
different fluorescent dyes for single hybridization. 
Recent DNA chip scanner systems offer 5 or 6 
different channels that can be scanned simultan-
eously. Also, we can diagnose on a massive scale, 
with a spot number of up to 20,000 on a chip. This 
procedure could be particularly useful in screening for 
specific marker genes on the Y chromosome. 
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