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Abstract
Infertility is an extraordinary public health problem in the Arab world, as it affects about 15% of couples
seeking children. The male partner is responsible for infertility in approximately half of these cases. Classic
microdeletions of the Y-chromosome involving the azoospermia factor (AZF) regions are known to be asso-
ciated with spermatogenic impairment, and non-obstructive azoospermia must be differentiated on the basis
of endocrine evaluation and testicular biopsy. Partial AZFc deletions remain controversial because there is
no clear agreement regarding their role in spermatogenic failure. In the current study, 50 fertile males (controls)
and 125 patients with primary idiopathic male infertility were studied in order to describe the frequency of
Y-chromosome mirodeletions among male infertility patients in the Gaza Strip-Palestine area. No Y chro-
mosome classical microdeletions could be detected in any of the 125 infertile men, suggesting that ethnic
factors, genetic background, and Y chromosome haplogroups are key factors in such deletions. On the other
hand, six gr/gr and one b1/b3 AZFc partial deletions were detected in the infertile population. The gr/gr deletion
was also noted in relatives of four of the six patients with this deletion, and in one of the fertile controls. In
conclusion, our study shows that the incidence of Y-chromosome microdeletions in our population is rare;
these data suggest that other genetic, epigenetic, nutritional and/or local factors are responsible for impairments
in semen parameters observed in this Gazan population. We further hypothesise that the gr/gr deletion is not
associated with male infertility, at least in this sub-group.
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Introduction
Male causes of infertility are found in about 50% of cou-
ples struggling with infertility [1,2]. Reduced male infer-
tility can be a result of congenital and/or acquired abnor-
malities. Frequently, however, male infertility is difficult
to diagnose and about 60–75% of cases remain idiopathic.
These idiopathic cases present with no previous family
history associated with fertility problems and have normal
findings on physical examination [3]. Interstitial and ter-
minal deletions in AZFa, or AZFb, or AZFc alone or in any
combination of the Y-chromosome long arm (Yq) are all
associated with dramatic nonobstructive spermatogenic
failure. Therefore, there is a clear connection between
deletion/s at particular AZF loci and male infertility [4–

12]. These gross “microdeletions” are associated with
divergent testicular histological profiles, ranging from
Sertoli cell-only syndrome (SCOS), hypospermatogenesis
(HS) to spermatogenic arrest (SGA) [13].

Apart from infertility, men presenting with AZF microde-
letions appear otherwise healthy. These microdeletions
are usually detected by performing sequence tagged site
(STS) based PCR techniques on patient peripheral blood
genomic DNA. In addition to standard GTG karyotyping,
Y-chromosome microdeletion (by PCR) is a mandatory
test in the evaluation of the azoo/oligozoospermic patient.
Worldwide, the Y-chromosome microdeletion assay has
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become a routine test, and current research indicates that
about 10% cases of idiopathic azoo/oligozoospermia may
be due to deletion in AZF. Disruption of AZF therefore
can be viewed as the most common molecularly diagnos-
able cause of spermatogenic failure in the setting of non-
obstructive azoospermia or severe oligozoospermia [7,
12,14–19]. Previous investigators have reported that com-
plete deletion of the entire AZFc region (spanning 3.5 Mb
of the Y-chromosome) is the most common known genetic
cause of human male infertility [11,15–18,20–23].

AZFc partial deletions probably occur through non-allelic
homologous recombination events between amplicons
within the AZFc region [24–26]. These recombinant
events can yield different AZFc deletion patterns (e.g., gr/
gr, b1/b3 and b2/b3) and are characterized by particular
region-specific STSs [17,20,25,27–29]. While there is no
consensus on whether partial AZFc deletions affect sper-
matogenesis, some authors have suggested that such dele-
tions represent a risk factor for male infertility [28–30].
Other authors, however, found no association between
certain AZFc partial deletions and infertility [31–33].

The association between Y-chromosome microdeletions
and male infertility has not been specifically studied in
patients from the Gaza Strip (Palestine) until now. To do
so we employed a PCR STS-based technique to detect Y-
chromosome microdeletions in a group of azoo/oligozoo-
spermic Gazan infertile patients.

Materials and Methods
Study Population
A total of 125 infertile Palestinian males residing in Gaza
Strip with non-obstructive sperm impairments were eval-
uated. These patients were confirmed to have non-obstruc-
tive azoospermia or oligozoospermia by endocrine eval-
uation and testicular biopsy. These patients had crypto-
zoospermia (sperm count <0.1M/ml), severe oligozoo-
spermia (sperm count>0.1 and <5M/ml), or oligozoosper-
mia (sperm count 5–10M/ml) and were recruited from
assisted reproduction centers and private infertility clinics
between June 2006 and August 2008. Patients presented
with primary infertility and having sperm counts less than
10 M/ml on at least 2 consecutive occasions were included
for study. The control group consisted of 50 Gazan men
with proven fertility, defined as conceiving at least one
child without medical assistance. All study subjects pro-
vided written informed consent in compliance with the
Helsinki Ethical Committee in Gaza.

DNA Extraction and PCR
Approximately 2 ml venous peripheral blood samples
were collected in K3-EDTA tubes. Genomic DNA from

patient and control samples was extracted and purified by
using Wizard® Genomic DNA Purification Kit (Promega)
following the manufacturer protocol. Microdeletion anal-
ysis of the Y-chromosome Yq region involved two com-
ponents. The first step aimed to detect AZFa, AZFb and
AZFc complete microdeletions. 13 STSs (AZF loci) map-
ped at intervals 5 and 6 on the long arm of the Y chromo-
some were used: sY746, sY84, sY86, and DBY1 for
AZFa, sY117, sY125, sY127, sY131, and sY134 for
AZFb, and sY152, sY272, sY254 and sY255 for AZFc. In
addition, SRY (sex determining region on Y) gene and X/
Y homologous gene pair zinc-finger X (ZFX) and Zinc-
Finger Y (ZFY) primers were used as positive internal
controls to detect amplification failures in case a micro-
deletion was detected. In the second step, when step one
does not show any AZF deletion for any patient, we looked
for AZFc partial deletions using sY1291, and sY1191 pri-
mer sets. Sequences of all primer pairs and expected size
of their products are shown in Table 1.

PCR was carried out in a monoplex fashion for each pri-
mer set. PCR was carried out in a 0.2ml PCR Microfuge
tube in a 20μl reaction volume containing: 2μl template
genomic DNA (100–200ng), 10μl PCR Master mix
(Promega, Madison, USA) 1.5 μl (2 μmol) each primer
and nuclease free sterile water to 20 μl. The amplification
reaction was performed in a programmable thermal cycler.
Amplification was started with initial denaturation step at
94°C × 15min, followed by 35 sequential cycles each
including 60sec denaturation at 94°C, 60sec primer
annealing at 57°C and 60sec extension at 72°C. The pro-
tocol was followed by a final extension step at 72°C ×
10min followed by cooling to 4°C until electrophoretic
detection.

For detecting AZFc partial deletions, the same reaction
mixture and volume were used as above, but instead
employed different primer sets. The following PCR pro-
tocol was employed: 5min initial denaturation (94°C),
followed by 35 sequential cycles of 30sec denaturation
(94°C), 45sec primer annealing (61°C) and 45sec exten-
sion (72°C). This was followed by an extension step of
7min at 72°C with subsequent cooling to 4°C until elec-
trophoretic detection. In case of detecting a partial dele-
tion, available first degree relatives were also tested for
the presence of that deletion. Note: Testing for origin of
AZFc partial deletions among family members of study
patients (i.e., inherited vs. de novo) was possible in only
four cases.

Positive and negative controls were run concurrently with
each patient sample. Female and fertile male DNA sam-
ples were used as negative and positive controls, respec-
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tively. Water instead of genomic DNA was used as blank
to check for any DNA contamination.

The PCR product was added to the loading dye, mixed and
run on a 2 % (w/v) agarose gel containing 0.5 μg/ml ethi-
dium bromide in 1xTris Acetate EDTA (TAE). In addi-
tion, a 100bp DNA ladder was always run concurrently
with each electrophoretic run to confirm product size.
After electrophoresis at 70 volts × 45min, results were
visualized and recorded using a documentation system
(Vision, Scie-Plas Ltd, UK).

Statistical Analysis
Partial deletion frequencies in the patient and control
groups were compared using the Chi square; p<0.05 was
considered statistically significant.

Results
Full AZF Microdeletions
No complete (classic) Y-chromosome microdeletions in
AZFa, AZFb or AZFc were detected among the 125 infer-
tile men included in this study. An example of PCR prod-

ucts confirming the lack of classical Y-chromosome
microdeletions is shown in Figure 1.

AZFc Partial Deletions in Patients and Controls
In order to detect partial AZFc deletions our goal was to
detect the unique fragments flanking the DAZ1/DAZ2
doublet at the u3 segment (proximal) and the P2/P1 pal-
indrome junction (distal), corresponding, respectively, to
sY1191 and sY1291 as described previously [17,18,39].
The patterns shown in Table 2 were used for assigning the
different partial AZFc deletions.

In total, seven (5.6%) of 125 infertile men investigated had
partial deletions within the AZFc region. In particular, we
found two different patterns of partial AZFc deletions; the
gr/gr (6/125, 4.8%) and the b1/b3 (1/125, 0.8%) deletions.
One man with gr/gr deletion was oligozoospermic (sperm
count 6.4 M/ml), one was severely oligozoospermic
(sperm count 0.7 M/ml), but the others demonstrated total
azoospermia. The patient with b1/b3 deletion was severely
oligozoospermic (sperm count 2.6 M/ml). Testicular
biopsy reports were available only for three of the seven
patients with partial deletions of the AZFc region. One

Table 1:
Sequences of different primer sets employed to identify Y-chromosome microdeletions among Palestinian males.

STS
 

Primer Sequence
 

Product Size (bp)
 

Reference
 

ZFY-F ACCRCTGTACTGACTGTGAT-
TACAC

495 [34]

ZFY-R GCACYTCTTTGGTATCYGA-
GAAAGT

SRY-F GAATATTCCCGCTCTCCGGA 472 [34]
SRY-R GCTGGTGCTCCATTCTTGAG

sY746-F TTGACTGCTTATTCTACA-
CAAGGC

216 [35]

sY746-R CAGGGGAAATTGGGTTTT
sY84-F AGAAGGGTCTGAAAGCAGGT 326 [34]
sY84-R GCCTACTACCTGGAGGCTTC
sY86-F GTGACACAGACTATGCTTC 320 [34]
sY86-R ACACACAGAGGGACAACCCT
DBY1-F TATTGGCAATCGTGAAAGAC 277 [36]
DBY1-R TGCCGGTTGCCTCTACTGGT
sY117-F GTTGGTTCCATGCTCCATAC 261 [37]
sY117-R CAGGGAGAGAGCCTTTTACC
sY125-F GGGATAGGGAAAGGGTACAA 200 [38]
sY125-R CCGGGAGAAAAAAAACTGAA
sY127-F GGCTCACAAACGAAAAGAAA 274 [34]
sY127-R CTGCAGGCAGTAATAAGGGA
sY131-F ACATATCCCTTGCCACTTCA 143 [38]
sY131-R TCAGGTACCTTCTGCCTGAG
sY134-F GTCTGCCTCACCATAAAACG 301 [34]
sY134-R ACCACTGCCAAAACTTTCAA
sY152-F AAGACAGTCTGCCATGTTTCA 125 [38]
sY152-R ACAGGAGGGTACTTAGCAGT
sY254-F GGGTGTTACCAGAAGGCAAA 380 [34]
sY254-R GAACCGTATCTACCAAAG-

CAGC
sY255-F GTTACAGGATTCGGCGTGAT 123 [34]
sY255-R CTCGTCATGTGCAGCCAC
sY272-F GGTGAGTCAAATTAGT-

CAATGTCC
95 [14]

sY272-R CCTTACCACAGGACAGAGGG
sY1191-F CCAGACGTTCTACCCTTTCG 385 [8]
sY1191-R GAGCCGAGATCCAGTTACCA
sY1291-F TAAAAGGCAGAACTGCCAGG 527 [8]
sY1291-R

 
GGGAGAAAAGTTCTGCAACG
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patient had Sertoli cell-only syndrome (SCOS), one had
spermatogenic arrest and one patient had severe hypo-
spermatogenesis. One subject (1/50, 2.0%) in the control
group proved to have gr/gr deletion, which was the only
pattern of partial deletions of the AZFc region observed in
the control group. The frequency of partial deletions in
experimental and control groups is given in Table 3. The

sY1291 and sY1191 STS PCR results for selected patients
with partial AZFc deletions are shown in Figures 2 and 3.

The gr/gr deletion was present in both infertile (6/125,
4.8%) and control (1/50, 2%) groups. No statistically sig-
nificant difference in the frequency of this deletion was
found between the two groups (p=0.409). The deletion
frequency of b1/b3 in the infertile group was 0.8% (1/125),

Figure 1. Representative ethidium bromide-stained agarose gels for detection of classic (full) AZF microdeletions (case #83). The STSs and the
PCR product sizes are indicated above each band. L: 100 bp DNA Ladder.
 

Table 2:
Partial AZFc deletion classification scheme employing the sY1191 and sY1291 STSs.

AZFc deletion pattern
 

sY1291
 

sY1191
 

No deletion + +
gr/gr deletion − +
b2/b3 deletion + −
b1/b3 deletion

 
−

 
−

 

(+)= No deletion; (−)= deletion

Table 3:
Frequency of partial AZFc deletions in study and control groups.

Group
 

n
 

gr/gr
 

b2/b3
 

b1/b3
 

Total
 

Study 125 6 (4.8%) None 1 (0.8%) 7 (5.6%)

Control 50 1 (2.0%) None None 1 (2.0%)

p
 

-
 

0.409
 

-
 

0.528
 

0.321
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while it was not observed at all in the control group. The
difference in deletion frequency between the two popula-
tions also was not statistically significant (p=0.528). Con-
sidering both types (gr/gr and b1/b3) of partial deletions,
no statistically significant difference (p=0.321) could be
found between the two groups.

First degree relatives of four patients with the gr/gr dele-
tion were also determined to have this particular deletion,
as shown in Figure 4.

No family history of infertility was noted for study sub-
jects with a partial AZFc deletion, except one (case# 79,
sperm count 0.7 M/ml) whose brother was found to have
severe oligozoospermia (sperm count 0.4 M/ml). This
brother was also found to have the gr/gr deletion (Figure
4, lane 11). Moreover, his maternal uncle suffered from
infertility but this person was not available for testing.

Lane 5: father of case# 17, Lane 6: case# 49, Lane 7:
brother of case# 49, Lane 8: case# 64, Lane 9: brother of
case# 64, Lane 10: case# 79, Lane 11: brother of case# 79.

Discussion
Y-Chromosome Classical Microdeletions
The present study identified no classic AZF microdele-
tions in the long arm of the Y-chromosome in this popu-
lation of Palestinian males. This is in general agreement
with some previously published studies [40–42], although
varied frequencies of Y-chromosome microdeletions
(range=0.75 to 35%) have been reported by others [22,
23,43–53]. The variance in microdeletion frequency noted
by different investigators could be attributed to several
factors influencing AZF microdeletion status, including
genetic background and Y-chromosome haplogroups,
patient selection criteria, and size of study sample.

In support of the association between genetic background
and Y-chromosome microdeletions, Kihaile et al. (2005)
studied the occurrence of Y chromosomal microdeletions
in two different populations, Japanese and Africans [45].
They found a prevalence of 6.2% in the Japanese goup but
no Y chromosome microdeletions in Africans. Similarly,

Figure 2. Ethidium bromide-stained agarose gel demonstrating selected gr/gr deletions. Upper panel “A”: sY1291 STS PCR products show
absence of sY1291 (527 bp) in gr/gr deletion cases #17, 47, 49, and 57 (lanes 4–7). Lower panel “B”: sY1191 STS PCR results showing presence
of sY1191 (385 bp) in the same gr/gr deleted cases (lanes 4–7). L= 100 bp DNA ladder, Lane 1: negative control (water), Lane 2: negative
control (female DNA), Lane 3: positive control (fertile male DNA).
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Y haplogroups seem to be a key factor in the occurrence
of microdeletions in that certain haplogroups (e.g., hap-
logroup E) are more vulnerable to deletions than others.
Indeed, certain haplogroups may confer protection (e.g.,
haplogroup J) against microdeletions [22,54,55].

This bizarre behavior of the different Y-chromosome hap-
logroups is related to the number, presence/absence and
arrangement of certain DNA elements (e.g., LIPA4 ele-
ment in HERV15q2) required for homologous intrachro-
mosomal recombination leading to deletions.

It should be noted that Nebel et al. (2001) reported that
Palestinians differ in their Y-chromosome pool from
Europeans and other Middle Eastern populations [52].
They found a high proportion of Palestinians (55.2%)
residing in Israel and the Palestinian Authority (West
Bank) area belong to J haplogroup (which is assumed to
be protective against microdeletions). This feature might
explain the inability to observe classical microdeletions in
our study population.

Another important factor influencing microdeletion fre-
quency is patient selection criteria. Significantly higher
frequencies of microdeletions have been reported in the
setting of histologically-confirmed Sertoli cell only syn-
drome (SCOS), Klinefilter syndrome, and among patients
with chromosomal abnormalities, variocele and cryp-
torchidism, and idiopathic azoospermia accompanied by
elevated serum follicle-stimulating hormone (FSH) levels
[23,44,47,51,56,57]. Our patient population included only
one SCOS patient who proved to have gr/gr AZFc partial
deletion. Patients with chromosomal abnormalities evi-
dent by GTG banding, however, were excluded from our
study population. Conversely, all idiopathic infertility
cases with sperm counts <10M/ml were included for eval-
uation. These factors may offer additional insights as to
why no Y-chromosome microdeletions were found in this
study population.

Figure 3. Ethidium bromide-stained agarose gel photo for case# 71, where b1/b3 partial AZFc deletion was identified. L: 100 bp DNA Ladder,
Lane1: sY1191 negative control (female DNA), Lane2: sY1191 positive control (fertile male DNA), Lane3: sY1291 negative control (normal
female DNA), Lane 4: sY1291 positive control (fertile male DNA), Lane 5: sY1191 for case# 71, Lane 6: sY1291 for case# 71. Note that both
sY1191 and sY1291 are absent in case# 71, consistent with b1/b3 partial AZFc deletion.
 

Figure 4. Ethidium bromide-stained agarose gel for determination of gr/gr deletion source (inherited vs. de novo). L: 100 bp DNA Ladder, Lane
2: negative control (female DNA), Lane 3= positive control (fertile male DNA), Lane 4: case #17.
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AZFc Partial Deletions
The gr/gr deletion is associated with loss of about half the
AZFc gene content, including two of the four copies of the
major AZFc candidate gene, known as DAZ. Our analysis
revealed this defect in 6 (4.8%) cases. Another deletion,
b1/b3, is associated with a loss of nearly 1.8 Mb of the
AZFc region and also eliminates two DAZ copies. This
was present in 1 (0.8%) case. In terms of these deletions,
there was no statistically significant difference between
the experimental and control groups. The gr/gr frequency
(4.8%) observed in our study is comparable to that previ-
ously reported [11,17,30].

The pathological significance of these partial deletions is
not yet clear. The gr/gr deletion, described in infertile men
with varying degrees of spermatogenic failure, has been
proposed by some authorities as a risk factor for sperma-
togenic failure or oligozoospermia [17,28–30]. In our
patient population gr/gr deletion was encountered in oli-
gozoospermic, severely oligozoospermic, and azoosper-
mic males, indicating that this deletion cannot be linked
to a particular type of spermatogenic impairment. Other
investigators found no association between AZFc partial
deletions (gr/gr or b1/b3) and male infertility [11,18,31–
33,49,58–60]. Whether such partial deletions are associ-
ated with certain male lineage haplogroup(s) remains
unresolved. Indeed, the b2/b3 deletion (which was not
detected in our patients) has been shown to consistently
occur in Y haplogroup N [39], and the gr/gr deletion has
been found in association with haplogroups D2b and Q1
[17,61,62]. Therefore, the effect of partial deletion on
male infertility may vary according to the Y haplogroup
of the study subjects.

Although the Y haplogroup(s) of our study patients was
not specifically assessed, these data (especially regarding
the gr/gr deletion) suggest that this deletion could be a
heritable polymorphism rather than a de novo arrange-
ment.

This is because the incidence of this deletion was not sig-
nificantly different between patients and controls. Fur-
thermore, in three cases with gr/gr deletion, the origin of
the deletion appeared to be inherited and not a de novo
rearrangement, as their fertile first-degree relatives had the
same deletion. The fourth available relative was the
brother of case# 79, who showed the same deletion pattern
as his brother, i.e., another gr/gr deletion. Considering that
this individual was severely oligozoospermic, it suggests
that the Y-chromosome is not a major factor in this par-
ticular case, as their maternal uncle was also infertile.

The b1/b3 partial deletion was observed in only one oli-
gozoospermic patient (sperm count 2.6 M/ml). While

interesting, this isolated observation is insufficient to
make any conclusions regarding its effect on spermato-
genesis. This particular deletion has been observed in both
control and patient groups previously however, leading
some investigators to conclude that b1/b3 is probably
irrelevant to spermatogenesis [60].

In conclusion, classic Y-chromosome microdeletions
were not detected in this unselected population of idio-
pathic oligo- and azoospermic infertile patients. Results
concerning gr/gr partial deletion suggest that this pattern
does not represent a risk factor for male infertility and
might be considered a heritable variant in this population.
Further studies are needed in order to elucidate the struc-
ture of Y haplogroup(s) prevalent here, and to explore
other genetic, epigenetic and/or nutritional factors that
contribute to idiopathic oligo- and azoospermia in the
Gaza population.

References
[1] Pryor J, Kent-First M, Muallem A, Van Bergen A, Nolten WE, Meis-

ner L, et al. Microdeletions in the Y-Chromosome of Infertile Men.
N Engl J Med 1997;336:534.

[2] Ambasudhan R, Singh K, Agarwal J, Singh S, Khanna A, Sah RK,
et al. Idiopathic Cases of Male Infertility from a Region in India
Show Low Incidence of Y-Chromosome Microdeletion. J Biosci
2003;28:605.

[3] Dohle G, Halley D, Van Hemel J, van den Ouwel A, Pieters M, Weber
R, et al. Genetic Risk Factors in Infertile Men with Severe Oligo-
zoospermia and Azoospermia. Hum Reprod 2002;17:13.

[4] Reijo R, Alagappan R, Patrizio P, Page D. Severe Oligozoospermia
Resulting from Deletions of Azoospermia Factor Gene on Y Chro-
mosome. Lancet 1996;347:1290.

[5] Simoni M, Kamischke A, Nieschlag E. Current Status of the Molec-
ular Diagnosis of Y-Chromosomal Microdeletions in the Work-up
of Male Infertility. Hum Reprod 1998;13:1764.

[6] Vogt PH. Human Chromosome Deletions in Yq11, Azf Candidate
Genes and Male Infertility: History and Update. Mol Hum
Reprod 1998;4:739.

[7] Foresta C, Moro E, Ferlin A. Y Chromosome Microdeletions and
Alterations of Spermatogenesis. Endocr Rev 2001;22:226.

[8] Repping S, Skaletsky H, Lange J, Silber S, Van Der Veen F, Oates
RD, et al. Recombination Between Palindromes P5 and P1 on the
Human Y Chromosome Causes Massive Deletions and Spermato-
genic Failure. Am J Hum Genet 2002;71:906.

[9] Krausz C, Forti G, McElreavey K. The Y-Chromosome and Male
Fertility and Infertility. Int J Androl 2003;26:70.

[10] Krausz C, Degl’Innocenti S, Nuti F, Morelli A, Felici F, Sansone
M, et al. Natural Transmission of Usp9Y Gene Mutations: a New
Perspective on the Role of Azfa Genes in Male Infertility. Hum Mol
Genet 2006;15:2673.

[11] Fernando L, Gromoll J, Weerasooriya TR, Nieschlag E, Simoni M.
Y-Chromosomal Microdeletions and Partial Deletions of the
Azoospermia Factor C (AzfC) Region in Normozoospermic,
Severe Oligozoospermic and Azoospermic Men in Sri Lanka.
Asian J Androl 2006;8:39.

[12] Zhu YJ, Liu SY, Wang H, Wei P, Ding XP. The Prevalence of

J Exp Clin Assist Reprod 2009;6:7 Shaqalaih, et al. 7 (page number not for citation purposes)

J Exp Clin Assist Reprod 2009;6:7 Shaqalaih, et al.

Journal of E
xperim

ental &
 C

linical A
ssisted R

eproduction



Azoospermia Factor Microdeletion on the Y Chromosome of Chi-
nese Infertile Men Detected by Multi-Analyte Suspension Array
Technology. Asian J Androl 2008;10(6):873.

[13] Vogt PH, Edelmann A, Kirsch S, Henegariu O, Hirschmann P, Kie-
sewetter F, et al. Human Y-Chromosome Azoospermia Factors
(AZF) Mapped to Different Subregions in Yq11. Hum Mol Genet
1996;5:933.

[14] Reijo R, Lee T, Salo P, Alagappan R, Brown L, Rosenberg M, et
al. Diverse Spermatogenic Defects in Humans Caused by Y-Chro-
mosome Deletion Encompassing a Novel RNA-Binding Protein
Gene. Nat Genet 1995;10:383.

[15] Saxena R, de Vries JW, Repping S, Alagappan RK, Skaletsky H,
Brown LG, et al. Four Daz Genes in Two Clusters Found in the
Azfc Region of the Human Y Chromosome. Genomics
2000;67:256.

[16] Kuroda-Kawaguchi T, Skaletsky H, Brown L, Minx P, Cordum H,
Waterston RH, et al. The AzfC Region of the Y Chromosome Fea-
tures Massive Palindromes and Uniform Recurrent Deletions in
Infertile Men. Nat Genet 2001;29:279.

[17] Repping S, Skaletsky H, Brown L, van Daalen S, Korver CM, Pyn-
tikova T, et al. Polymorphism for a 1.6-Mb Deletion of the Human
Y Chromosome Persists through Balance Between Recurrent
Mutation and Haploid Selection. Nat Genet 2003;35:247.

[18] Machev N, Saut N, Longepied G, Terriou P, Navarro A, Levy N, et
al. Sequence Family Variant Loss from the Azfc Interval of the
Human Y Chromosome, but Not Gene Copy Loss, Is Strongly
Associated with Male Infertility. J Med Genet 2004;41:814.

[19] Aknin-Seifer I, Lejeure H, Touraine R, Levy R. Y-Chromosome
Microdeletion Screening in Infertile Men in France: a Survey of
French Practice Based on 88 IVF Centres. Hum Reprod
2004;19:788.

[20] Fernandes S, Huellen K, Goncalves J, Dukal H, Zeisler J, Rajpert
De Meyts E, et al. High Frequency of Daz1/Daz2 Gene Deletions
in Patients with Severe Oligozoospermia. Mol Hum Reprod
2002;8:286.

[21] Nathanson KL, Kanetsky P, Hawes R, Vaughn D, Letrero R, Tucker
K, et al. The Y Deletion Gr/Gr and Susceptibility to Testicular
Germ Cell Tumor. Am J Hum Genet 2005;77:1034.

[22] Ferlin A, Arredi B, Speltra E, Cazzadore C, Selice R, Garolla A, et
al. Molecular and Clinical Characterization of Y Chromosome
Microdeletions in Infertile Men: a Ten Year Experience in Italy. J
Clin Endocrinol Metab 2007;92:762.

[23] Balkan M, Tekes S, Gedik A. Cytogenetic and Y-Chromosome
Microdeletion Screening Studies in Infertile Males with Oligozoo-
spermia and Azoospermia in Southeast Turkey. J Assist Reprod
Genet 2008;25:559.

[24] Lynch M, Cram D, Reilly A, O’Bryan M, Baker H, de Kretser DM,
et al. The Y Chromosome Gr/Gr Subdeletion Is Associated with
Male Infertility. Molecular Hum Reprod 2005;11:507.

[25] Ferlin A, Arredi B, Foresta C. Review: Genetic Causes of Male
Infertility. Reprod Toxicol 2006;22:133.

[26] Vogt PH. Azf Deletions and Y Chromosomal Haplogroups: History
and Update Based on Sequence. Hum Reprod update 2005;11:319.

[27] ReppingSvan DaalenSKorverCMBrownLGMarszalekJDGianot-
tenJ(A Family of Human Y Chromosomes Has Dispersed
Throughout Northern Eurasia Despite a 1.8-Mb Deletion in the
Azoospermia Factor C RegionGenomics2004831046

[28] Ferlin A, Tessari A, Ganz F, Marchina E, Barlati S, Garolla A, et
al. Association of Partial AzfC Region Deletions with Spermato-
genic Impairment and Male Infertility. J Med Genet 2005;42:209.

[29] Giachini C, Guarducci E, Longepied G, Degl’Innocenti S, Becherini
L, Forti G, et al. The Gr/Gr Deletion(s): a New Genetic Test in
Male Infertility? J Med Genet 2005;42:497.

[30] de Lianos M, Ballescà JL, Gaquez C, Margarit E, Oliva R. High
Frequency of Gr/Gr Chromosome Y Deletions in Consecutive Oli-
gospermic ICSI Candidates. Hum Reprod 2005;20:216.

[31] CarvalhoCZuccheratoLBastos-RodriguesLSantosFPenaS(No
Association Found Between Gr/Gr Deletions and Infertility in Bra-
zilian MalesMol Hum Reprod200612269

[32] Zhang F, Li Z, Wen B, Jiang J, Shao M, Zhao Y, He Y, et al. A
Frequent Partial Azfc Deletion Does Not Render an Increased Risk
of Spermatogenic Impairment in East Asians. Ann Hum Genet
2006;70:304.

[33] WuBLuNXXiaYKGuAHLuCCWangWA Frequent Y Chromo-
some B2/B3 Subdeletion Shows Strong Association with Male
Infertility in Han-Chinese PopulationHum Reprod2007doi:
10.1093/humrep/del499

[34] Simoni M, Bakker E, Krausz C. Eaa/EMQN Best Practice Guide-
lines for Molecular Diagnosis of Y-Chromosomal Microdeletions.
State of the Art. Int J Urol 2004;27:240.

[35] Sun C, Skaletsky H, Rozen S, Gromoll J, Nieschlag E, et al. Deletion
of Azoospermia Factor a (Azfa) Region of Human Y Chromosome
Caused by Recombination Between Herv15 Proviruses. Hum Mol
Genet 2000;9:2291.

[36] Foresta C, Ferlin A, Moro E. Deletion and Expression Analysis of
Azfa Genes on the Human Y Chromosome Revealed a Major Role
for Dby in Male Infertility. Hum Mol Genet 2000;9:1161.

[37] Ferlin A, Moro E, Rossii A, Dallapiccola B, Foresta C. The Human
Y Chromosome’S Azoospermia Factor B (Azfb) Region:
Sequence, Structure, and Deletion Analysis in Infertile Men. J Med
Genet 2003;40:18.

[38] VollrathDFooteSHiltonABrownLGBeer-RomeroPBoganJS(The
Human Y Chromosome: a 43-Interval Map Based on Naturally
Occurring DeletionsScience199225852

[39] Fernandes S, Paracchini S, Meyer L, Floridia G, Tyler-Smith C,
Vogt PH. A Large Azfc Deletion Removes Daz3/Daz4 and Nearby
Genes from Men in Y Haplogroup N. Am J Hum Genet 2004;4:180.

[40] Tzschach A, Thamm B, Imthurn B, Weber W, Alexander H, et al.
Absence of Yq Microdeletions in Infertile Men. Arch Androl
2001;47:167.

[41] Gruber CJ, Hengstschlager M, Wieser F, Gruber DM, Walch K,
Ferlitsch K, et al. Absence of Microdeletions in the Azoospermia-
Factor Region of the Y Chromosome in Viennese Men Seeking
Assisted Reproduction. Wien Klin Wochenschr 2003;115:831.

[42] Buch B, Galán JJ, Lara M, Real LM, Martínez-Moya M, Ruiz A.
Absence of De Novo Chromosome Microdeletions in Male Chil-
dren Conceived through Intracytoplasmic Sperm Injection. Fertil
Steril 2004;82:1679.

[43] Mitra A, Dada R, Kumar R, Gupta NP, Kucheria K, Gupta SK.
Screening for Y-Chromosome Microdeletions in Infertile Indian
Males: Utility of Simplified Multiplex Pcr. Indian J Med Res
2008;127:124.

[44] Hellani A, Al-Hassan S, Iqbal M, Coskun S. Y Chromosome Micro-
deletions in Infertile Men with Idiopathic Oligo- or Azoospermia.
J Exp Clin Genet 2006;3:1.

[45] Kihaile P, Yasui A, Shuto Y. Prospective Assessment of Y Chro-
mosome Microdeletions and Reproductive Outcomes Among
Infertile Couples of Japanese and African Origin. J Exp Clin Assist
Reprod 2005;2:9.

[46] Medica I, Gligorievska N, Prenc M, Peterlin B. Y Microdeletions
in the Istria County, Croatia. Asian J Androl 2005;7:213.

J Exp Clin Assist Reprod 2009;6:7 Shaqalaih, et al. 8 (page number not for citation purposes)

J Exp Clin Assist Reprod 2009;6:7 Shaqalaih, et al.

Journal of E
xperim

ental &
 C

linical A
ssisted R

eproduction



[47] Bor P, Hindkjaer J, Kolvraa S, Ingerslev HJ. Y-Chromosome
Microdeletions and Cytogenetic Findings in Unselected ICSI Can-
didates at a Danish Fertility Clinic. J Assist Reprod Genet
2002;19(5):224.

[48] Nap AW, Van Golde RJ, Tuerlings JH, De Sutter P, Pieters MH, et
al. Reproductive Decisions of Men with Microdeletions of the Y
Chromosome: the Role of Genetic Counseling. Hum Reprod
1999;14:2166.

[49] Imken L, El Houate B, Chafik A, Nahili H, Boulouiz R, Abidi O,
et al. Azf Microdeletions and Partial Deletions of Azfc Region on
the Y Chromosome in Moroccan Men. Asian J Androl 2007;9:674.

[50] Ferlin A, Moro E, Garolla A, Foresta C. Human Male Infertility and
Y Chromosome Deletions: Role of the AZF-Candidate Genes
DAZ, RBM and Dffry. Hum Reprod 1999;14:1710.

[51] Foresta C, Ferlin A, Garolla A, Moro E, Pistorello M, Barbaux S,
et al. High Frequency of Well Defined Y-Chromosome Deletions
in Idiopathic Sertoli Cell Only Syndrome. Hum Reprod
1998;13:302.

[52] Nebel A, Filon D, Brinkmann B, Majumder PP, Faerman M, Oppen-
heim A. The Y Chromosome Pool of Jews as Part of the Genetic
Landscape of the Middle East. Am J Hum Genet 2001;69:1095.

[53] El Awady MK, El Shater SF, Ragaa E, Atef K, Shaheen IM, Megiud
NA. Molecular Study on Y Chromosome Microdeletions in Egyp-
tian Males with Idiopathic Infertility. Asian J Androl 2004;6:53.

[54] Arredi B, Ferlin A, Speltra E, Bedin C, Zuccarello D, Ganz F, et al.
Y-Chromosome Haplogroups and Susceptibility to Azoospermia
Factor C Microdeletion in an Italian Population. J Med Genet
2007;44:205.

[55] Yang Y, Ma M, Li L, Zhang W, Chen P, Ma Y, et al. Y Chromosome

Haplogroups May Confer Susceptibility to Partial AZFc Deletions
and Deletion Effect on Spermatogenesis Impairment. Hum
Reprod 2008;23:2167.

[56] Wang LQ, Huang HF, Jin F, Qian YL, Cheng Q. High Frequency
of Y Chromosome Microdeletions in Idiopathic Men with High
Follicle-Stimulating Hormone Levels. Fertil Steril 2005;83:1050.

[57] Song N, Wu H, Zhang W, Zhuo Z, Qian L, Hua L, et al. Screening
for Y Chromosome Microdeletions in Idiopathic and Nonidio-
pathic Infertile Men with Variocele and Cryptorchidism. Chin Med
J 2005;118:1462.

[58] Ravel C, Chantot-Bastaraud S, El Houate B, Mandelbaum J, Siffroi
JP, McElreavey K. Gr/GR Deletions Within the Azoospermia Fac-
tor C Region on the Y Chromosome Might Not Be Associated with
Spermatogenic Failure. Fertil Steril 2006;85:229.

[59] Lin YW, Hsu LCL, Kuo PL, Huang WJ, Chiang HS, Yeh SD, et al.
Partial Duplications at Azfc on the Y Chromosome Is a Risk Factor
for Impaired Spermatogenesis in Han Chinese in Taiwan. Hum
Mutat 2007;28:486.

[60] Hucklenbroich K, Gromoll J, Heinrich M, Hohoff C, Nieschlag E,
Simoni M. Partial Deletions in the AZFc Region of the Y Chro-
mosome Occur in Men with Impaired as Well as Normal Sperma-
togenesis. Hum Reprod 2005;20:191.

[61] de Carvalho C, Zuccherato L, Fujisawa M, Shirakawa T, Santos A,
Santos SE, et al. Study of AzfC Partial Deletion Gr/Gr in Fertile
and Infertile Japanese Males. J Hum Genet 2006;51:794.

[62] Zhang F, Lu C, Li Z, Xie P, Xia Y, Zhu X, et al. Partial Deletions
Are Associated with an Increased Risk of Complete Deletion in
Azfc: a New Insight Into the Role of Partial Azfc Deletions in Male
Infertility. J Med Genet 2007;44:437.

J Exp Clin Assist Reprod 2009;6:7 Shaqalaih, et al. 9 (page number not for citation purposes)

J Exp Clin Assist Reprod 2009;6:7 Shaqalaih, et al.

Journal of E
xperim

ental &
 C

linical A
ssisted R

eproduction


