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Abstract

Aim: To evaluate for the first time the frequency of Y chromosome microdeletions and the occurrence of the partial
deletions of AZFc region in Moroccan men, and to discuss the clinical significance of AZF deletions.  Methods: We
screened Y chromosome microdeletions and partial deletions of the AZFc region of a consecutive group of infertile
men (n = 149) and controls (100 fertile men, 76 normospermic men).  AZFa, AZFb, AZFc and partial deletions of the
AZFc region were analyzed by polymerase chain reaction (PCR) according to established protocols.  Results: Among
the 127 infertile men screened for microdeletion, four subjects were found to have microdeletions: two AZFc dele-
tions and two AZFb+AZFc deletions.  All the deletions were found only in azoospermic subjects (4/48, 8.33%). The
overall AZFc deletion frequency was low (4/127, 3.15%).  AZF microdeletions were not observed in either
oligoasthenoteratozoospermia (OATS) or the control.  Partial deletions of AZFc (gr/gr) were observed in a total of 7
of the 149 infertile men (4.70%) and 7 partial AZFc deletions (gr/gr) were found in the control group (7/176, 3.98%).
In addition, two b2/b3 deletions were identified in two azoospermic subjects (2/149, 1.34%) but not in the control
group.  Conclusion:  Our results suggest that the frequency of Y chromosome AZF microdeletions is elevated in
individuals with severe spermatogenic failure and that gr/gr deletions are not associated with spermatogenic failure.
(Asian J Androl 2007 Sep; 9: 674–678)
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1    Introduction

Infertility is a major health problem affecting approxi-
mately 10%–20% of couples.  Male factor infertility is
assumed responsible in approximately 50% of infertile
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couples [1, 2]. There are several known causes of male
infertility, such as varicocele, endocrine disorders, cryp-
torchidism and infection [3]; however, 30%–40% of male
cases of infertility are of unknown origin [4].  Genetic
abnormalities are considered to make an important con-
tribution to these cases of unexplained spermatogenesis
failure.  Early cytogenetic studies show that microscopic
deletions in the long arm of Y chromosomes are respon-
sible for azoospermia [5].  Microdeletions in the long
arm (Yq) are known to represent the pathogenic mecha-
nism for infertile males.  Three non-overlapping regions
named azoospermia factor AZFa, AZFb and AZFc have
been defined [6].  These regions contain several genes
involved in spermatogenesis [1].

AZFc is the most commonly deleted interval in men
with azoospermia or severe oligozoospermia [7, 8].  AZFc
deletions are generated by intrachromosomal homologuous
recombination between repeated sequence blocks called
“amplicons” organized in palindromic structures with
nearly identical sequences in each palindrome arm.  Within
the AZFc region there are several candidate fertility genes,
including three copies of BPY2 (basic protein on Y chro-
mosome 2), two copies of CDY1 (CDY1a and CDY1b;
chromodomain protein, Y chromosome 1), and four co-
pies of the DAZ (deleted in azoospermia) gene family [7,
9].  A partial deletion termed gr/gr was recently described
in the AZFc region, and has been described as a risk
factor for spermatogenic failure in some studies [10–
12].  Other studies suggest that it is a polymorphic dele-
tion with no clinical relevance [13].  This deletion re-
moves half the AZFc gene content, including two copies
of the major AZFc candidate gene, DAZ [13].

Another deletion termed b2/b3 (1.8 Mb), which also
results in the absence of half the AZFc gene compliment,
seems to have no effect on fertility status and it is found
on a certain chromosome background commonly present
in northern Eurasian populations [13, 14].

The present study aimed for the first time to assess
the prevalence of Y microdeletions and to investigate the
association of partial deletion of the AZFc region in Moroc-
can men with fertility status and with clinical parameters.

2    Materials and methods

2.1  Subjects
The study population consisted of an unselected group

of 149 infertile men and 176 fertile men.  Informed con-
sent was obtained from each subject.  All subjects and

controls were of Moroccan ethnic origin.  The subjects
were divided into four groups according to seminal
profiles: azoospermia (n = 48), severe oligoasthenotera-
tozoospermia (OATS) (n = 79) and asthenozoospermia
(n = 22).  The control population consisted of 176 men
with either known fertility (at least one child, n = 100)
and normospermic men (> 20 million sperm/mL, n = 76).
The seminal analysis was done according to the World
Health Organization criteria.

2.2  Yq microdeletion analysis by sequence tagged site
(STS) polymerase chain reaction (PCR)-based strategy

Genomic DNA was extracted from peripheral
blood samples using standard DNA extraction methods,
and amplified in multiplex polymerase chain reaction
(PCR).  Each of these subjects was tested for six AZF
loci: the STS primers used for AZFa (sY84, sY86),
AZFb (sY127, sY134) and AZFc (sY254, sY255).  The
internal control used was SRY14, samples from nor-
mal fertile men, without Y chromosome microdeletions
and from healthy women, were used as normal controls,
blank served as negative control.  PCR was carried
out in 25 μL reaction volume containing 150 ng of
DNA, 1.5 mmol/L MgCl2, dNTPs mix (0.2 mmol/L
each), oligonucleotide primers (0.2 μmol/L each) and
Taq DNA polymerase (1 unit).  Amplification was car-
ried out in the following thermal profile: initial dena-
turation at 94ºC for 5 min followed by 35 cycles of
denaturation at 94ºC for 30 s, annealing at 55ºC for
30 s, extension at 72ºC for 30 s, followed by a final
extension at 72ºC for 7 min.

2.3  Screening for partial AZFc deletions
Individuals who did not carry Y AZF microdeletions

were screened for partial AZFc deletions.  Each individual
was screened with two STSs specific for the gr/gr region,
sY1291 and sY1191.  A gr/gr deletion was identified by
the absence of amplification of marker sY1291 and pres-
ence of marker sY1191.  The b2/b3 deletions were char-
acterized by the absence of the STS sY1191 and the pres-
ence of sY1291.  All negative PCR reactions were re-
peated for at least three times.

2.4  Y chromosome haplogroup analysis
The Y chromosome haplogroup of individuals carry-

ing either partial or complete AZF deletions was performed
using the binary markers YAP and M81 that are highly
informative for North African populations [15].
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2.5  Statistical analysis
Differences among frequencies were calculated us-

ing the chi square (χ²)-test and Fisher’s exact test (two
sides).  Probability values of P < 0.05 were regarded as
statistically significant.

3    Results

3.1  Y chromosome microdeletions
One hundred and twenty-seven subjects were

screened for the presence of Yq microdeletions.  Among
them, 48 were azoospermic and 79 were OATS.  We did
not screen the subjects with asthenozoospermia for
microdeletions (Table 1).  Four subjects were found to
have microdeletions.  Microdeletions were not observed
in control samples.  The deletions were present in 4
azoospermic men (4/48, 8.33%): three of them were id-
iopathic and one was cryptorchid.  No microdeletions
were found in men with OATS (Table 1).  The overall
frequency of microdeletions in infertile men was 3.15%
(4/127).

In two cases, two large deletions involving the AZFb +
AZFc regions were seen: one of them had a positive
chlamydia test and both had Sertoli-cell-only syndrome
(SCOS) in the testicular biopsy.  In two azoospermic
men, two deletions of the AZFc were detected: one of
them had cryptorchidism and a Trichomonas vaginalis.
The deleted STS loci and clinical characteristics of the
subjects carrying microdeletions are shown in Table 2.

3.2  Partial AZFc deletions
Using AZFc specific STS markers we identified seven

cases of AZFc gr/gr deletions (absence of sY1291 and
the presence of sY1191) among the infertile group
(7/149, 4.70%) and seven cases (7/176, 3.98%) among
the control groups (Table 3).  This difference is not sta-
tistically significant. STS analysis identified b2/b3 dele-
tions (absence of sY1191 and the presence of the marker
sY1291) in two infertile men and none in the control
group.

In the infertile population, the gr/gr deletion was associ-
ated with azoospermia (3/48, 6.25%), OATS (3/79,  3.80%)
and asthenozoospermia (1/22, 4.54%).  The b2/b3 dele-
tion was found in two azoospermic men (2/48, 4.16%).
In the control population, we found two normospermic
men carrying the gr/gr deletion (2/76, 2.63%) and five
men of known fertility carrying the gr/gr deletion (5/100,
5.00%).

3.3  Y chromosome haplogroups
All samples with either AZF or partial AZFc deletion

were analyzed for their haplogroup.  All samples were Y
chromosome Alu polymorphism (YAP) positive and har-
bored the M81 T allele, indicating that each belonged to
the Y chromosome haplogroup E3b2 [15].

4    Discussion

A number of genes on the Y chromosome and auto-

Table 1. Frequency of Y chromosome microdeletion.  OATS, se-
vere oligoasthenoteratozoospermia.
 Phenotype             n           Deletions (%)          AZFc regions
 Azoospermia 48      4 (8.33)       AZFc, AZFb + AZFc
 OATS 79      0 (0)
 Total                   127      4 (3.15)

Table 3. Partial AZFc micodeletion analysis in infertile men and
controls.
                    gr/gr deletion     b2/b3 deletion            Total partial
                           (%)                     (%)            AZFc deletions (%)
Infertile  7/149 (4.70) 2/149 (1.34)   9/149 (6.04)

 Controls  7/176 (3.98) 0   7/176 (3.98)

Table 2. Clinical characteristics of patients with Y microdeletions.  SCOS, sertoli-cell-only syndrome.
 Number of patients    Phenotype             Clinic           Testicular histology       Infections            STS deletion  AZF deletion

           1              Azoospermia   Cryptorchidism           Not done       Trichomonas vaginalis     sY254, sY255    AZFc
           3              Azoospermia   Idiopathic           SCOS       Chlamydia      sY127, sY134    AZFb + AZFc

     sY254, sY255
           2              Azoospermia   Idiopathic           SCOS                 _      sY254, sY255    AZFc
           4              Azoospermia   Idiopathic           SCOS                 _      sY127, sY134,    AZFb + AZFc

     sY254, sY255
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somes regulate spermatogenesis and Y chromosome de-
letions are emerging as a prevalent cause of male factor
infertility [4].  The frequency of Y chromosome dele-
tions increases with the severity of spermatogenic defect
[1, 16].  The reported incidence of Y chromosome dele-
tion varies among the studies: approximately 15% of
azoospermic and 5%–10% of oligozoospermics men.
The frequency of deletions was reported to be in a range
of 0.7%–34.5% in various studies [17].

In the present study, we report the first analysis of Y
microdeletions in the Moroccan population.  We found
that 4 of the 127 infertile Moroccan subjects tested har-
bored microdeletion in the AZF region (3.15%).  In three
of the subjects, testicular histology was available and each
had SCOS.  All the subjects had the entire AZF region
deletion and showed an azoospermic phenotype, which
is in accordance with the suggestion that deletions in
these regions have an adverse prognosis for finding sperm
in the testicular biopsies [18].  Our results are similar to
the published data; the entire deletions of such AZF re-
gion are associated with SCOS and spermatogenic ar-
rest [4, 19].  The deletions found in the present study
concern the AZFc and AZFb + AZFc regions.  No dele-
tions were found in the AZFa region.

The frequency of AZF deletions in severe oligozoosper-
mia was found to be lower than those in azoospermia.  In
OATS subjects, we did not find any deletion; this could
be due to our sample size of subjects with sperm con-
centration < 1 million sperm/mL.  In the literature, the
vast majority of deletions were found in azoospermic
men with deletion frequencies up to 15% [4].  In men
with sperm concentration < 5 million, microdeletions
were found sporadically [20], and in moderate oligosper-
mia the deletions were rare.

Several partial AZFc deletions have been described
in earlier studies [11]. These deletions result in the ab-
sence of several AZFc genes and in the case of the gr/gr
deletion, it has been suggested to be an important genetic

risk factor for spermatogenic failure [10, 11].  Using a
PCR approach, we found the types of partial deletions,
the gr/gr deletion and the b2/b3 deletion, in our study
population. The gr/gr deletions were present in both con-
trols (4%) and infertile (4%) men at similar frequencies.
This result is similar to several studies that have not de-
tected an association between the gr/gr deletions and re-
duced sperm counts [13].

The b2/b3 deletion was found only in two infertile
men with azoospermia (2/149).  This observation is not
statistically significant: the Fisher’s test was performed
and the P-value was 0.2125.  This data is supported by
several studies that have reported b2/b3 deletion in
normospermic individuals [12, 14].  Repping et al. [14]
reported that the b2/b3 deletion seems to have no or
little effect on fertility, probably representing common
polymorphism almost exclusively associated with some
Y chromosome haplogroup.  Although a strong correla-
tion exists between classical AZFc deletions and sper-
matogenic failure, there is no evidence of a correlation
between phenotype and genotype in the case of the
gr/gr and b2/b3 deletions in our population.  All individu-
als that carried an AZF deletion or a partial AZFc deletion
belonged to haplogroup E3b2.  This observation is not
surprising because the E3b2 haplogroup is found at high
frequencies (approximately 60%) in Moroccan men [15].

Y chromosome AZF microdeletions were found at a
frequency of 3.15% in our population and consist of AZFc
or AZFb + AZFc deletions.  In the partial AZFc deletions,
we found gr/gr deletions in infertile men and control
groups, which suggests that this deletion may not be
sufficient for spermatogenic failure in Moroccan men.
The b2/b3 was only observed in azoospermic men and it
is possible to have an effect on spermatogenesis.
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