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Purpose: The aim of this study was to establish the Y chromosome 
microdeletion and partial AZFc microdeletion/duplication frequency firstly 
in  East Hungarian population and to gain information about the molecular 
mechanism of the heterogeneous phenotype identified in males bearing 
partial AZFc deletions and duplications. Materials and Methods: Exactly 
determined sequences of  azoospermia factor (AZF) region were amplified. 
Lack of amplification was detected for deletion. To determine the copy number 
of DAZ and CDY1 genes, we performed a quantitative analysis. The primers 
flank an insertion/deletion difference, which permitted the polymerase chain 
reaction products to be separated by polyacrylamide gel electrophoresis. 
Statistical Analysis Used: Mann–Whitney/Wilcoxon two‑sample test, 
Kruskal–Wallis test, and two‑sample t‑probe were used for statistical analysis. 
Results: AZFbc deletion was detected only in the azoospermic cases; AZFc 
deletion occurred significantly more frequently among azoospermic patients, than 
among oligozoospermic males. The frequency of gr/gr deletions was significantly 
higher in the oligozoospermic patients than in the normospermic group. The 
b2/b3 deletion and partial duplications were not different among our groups, while 
b1/b3 deletion was found only in the azoospermic group. In infertile males and 
in normozoospermic controls, similar Y haplogroup distribution was detected with 
the highest frequency of haplogroup P. The gr/gr deletion with P haplogroup was 
more frequent in the oligozoospermic group than in the normozoospermic males. 
The b2/b3 deletion with E haplogroup was the most frequent, found only in the 
normozoospermic group. Conclusions: Y microdeletion screening has prognostic 
value and can affect the clinical therapy. In case of Y chromosome molecular 
genetic aberrations, genetic counseling makes sense also for other males in the 
family because these types of aberrations are transmittable (from father to son 
100% transmission).

Keywords: Azoospermia factor region, DAZ and CDY1 genes, gr/gr deletion, 
Y chromosome haplotype, Y chromosome microdeletion/partial microdeletion
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location of the Y chromosome long arm (azoospermia 
factor [AZF] regions). Complete AZF deletions originate 

Introduction

One of the most frequent molecular genetic causes 
of spermatogenetic impairment in infertile males 

is regarded to be Y chromosome microdeletions. 
Higher incidence of microdeletions is observed in 
azoospermic men than in oligozoospermic men and so 
deletion frequency variation from 2% to 10% is typical, 
which reflects the makeup of the study population.[1‑3] 
Clinically significant microdeletions occur in specific 
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from nonallelic homologous recombination. This takes 
place between highly homologous repeated sequences 
with equal orientation, and it leads to loss of the genetic 
material.[4‑6]

The length of AZFa region is 1100 kb, in which the 
single‑copy USP9Y and DDX3Y genes are contained. 
During the complete deletion of AZFa, 792 kb is 
removed.[7] There are 24 genes in AZFb and AZFc 
region, most of them are in multiple copies. Complete 
deletion of AZFb (6.2Mb, including 32 copies of genes) 
is caused by homologous recombination between the 
palindromes P5/proximal P1.[8] In AZFc region, there 
are 12 genes in a variable number of copies, making 
altogether 32 repeats.[6]

It was DAZ (deleted in azoospermia) the first 
AZFc examined gene that is expressed in the 
testis.[9] The DAZ gene sequences have been derived 
from chromosome 3 (DAZL1 transposition) and 
it is distinguishable in four copies (DAZ1, DAZ2, 
DAZ3, and DAZ4). The DAZ gene family encodes 
testis‑specific RNA‑binding proteins, which are likely 
to be involved in the translational control of other 
germ line genes.[10] CDY1 is the other significant 
AZFc testis‑specific gene, present in two copies 
(CDY1a and CDY1b) and evolutionary originated from 
the CDYL gene on chromosome 6 (retrotransposition 
to Y chromosome).[11] CDY proteins are histone 
acetyltransferases playing a significant role in 
spermatid maturation.[12]

The most frequent deletion of the Y chromosome 
is AZFc, removing 3.5 Mb, including 21 copies of 
genes (homologous recombination between amplicons 
b2 and b4 in palindromes P3 and P1).[4] Codeletion of 
AZFb and AZFc involves homologous recombination 
between P5 and distal P1 (7.7 Mb, 42 copies removed) 
or between P4 and distal P1 (7.0 Mb, 38 copies 
removed).[8] The most frequent deletion type observed 
is the AZFc (~80%) followed by AZFb (1%–5%), 
AZFa (0.5%–4%), and AZFbc (1%–3%).[7]

AZFc sequence contains a total of 13 different 
ampliconic units.[4] This organization is functionally 
relevant because the amplicons accommodate genes 
needed for spermatogenesis. If gene dosage is varied, 
changes in amplicon copy number can lead to ultimate 
phenotypical modifications in the spermatogenesis. 
Although several partial AZFc deletions have been 
described, only one of them is of potential clinical 
interest: the gr/gr deletion.[6] Its clinical significance 
is widely disputed in spite of the fact that it removes 
half of the AZFc gene content. The reason for this is 
that carriers may exhibit highly variable spermatogenic 

phenotypes, from azoospermia to normozoospermia. 
The ethnic and geographic origin of the study 
population influences the effect of the deletion. The 
transmission to the male offspring of gr/gr deletion 
will happen in every case. In the next generation, the 
partial deletion expand to a complete AZFc deletion, 
but yet no sufficient data have been available to make 
final conclusions concerning this specific risk.[13] No 
effect on fertility status was observed in cases with 
b2/b3,[14] u3‑gr/gr,[15] or g1/g3[16] deletion, removing 
a similar quantity of AZFc genes, in association with 
Y chromosome haplogroup N commonly present in 
northern Eurasian populations.

Considering the Y chromosome DNA sequences, some 
other possible partial deletions have been proposed in 
both the AZFb and AZFc regions.[5,17] More studies are 
needed to examine the frequency and the pathological 
significance of these partial deletions. Homologous 
recombination between AZFc amplicons can get 
generated, causing not only partial AZFc deletions, but 
also partial AZFc duplications.

The aim of this study was: (a) to establish the 
Y chromosome microdeletion and partial AZFc 
microdeletion/duplication frequency in  East Hungarian 
population  and (b) gain information about the molecular 
mechanism of the heterogeneous phenotype identified in 
males bearing partial AZFc deletions and duplications.

Materials and Methods
Patients
The study population included 347 infertile 
patients (101 nonobstructive azoospermic; age range: 
24–39 years and 246 oligozoospermic males; age 
range: 22–41 years) and 111 normozoospermic control 
males (age range: 21–40 years) of East Hungarian 
origin. Cytogenetic analysis revealed 46, XY karyotype 
in all the examined males. Semen analysis was 
performed according to the WHO guidelines, and 
morphology was examined using strict criteria.[18] The 
sperm concentration of oligozoospermic patients was up 
to 15 × 106/mL (range: 1–15) along with the above 32% 
progressive motility (range: 35–80). The normozoospermic 
controls have normal sperm parameters according 
to the WHO criterion (sperm concentration range: 
45–164 × 106/mL and progressive motility range 
45%–87%).[18]

Prior to the study, all patients were given detailed 
information about the aim and method of investigation 
and their consents were obtained. All protocols have 
been approved by the author’s respective Institutional 
Review Board for human subjects (IRB reference 
number: 2976/2012‑EHR).
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DNA isolation
DNA isolations were performed from EDTA 
anticoagulated blood. Genomic DNA was isolated using 
QiaAmp DNA mini kit (Qiagen, Hilden) according to 
the manufacturer’s protocols (Cat. No./ID: 51306).

Y chromosome mirodeletion analysis
Exactly determined sequences of AZF region‑sequence 
tagged site (STS) were amplified. These assays were 
performed by STS primers specific for the three AZF 
regions: two primer pairs were used in single polymerase 
chain reaction (PCR) for every region: in AZFa region: 
SY84 and sY86; in AZFb region: SY127 and sY134; and 
in AZFc region: SY254 and SY255 (both in DAZ gene). 
Lack of amplification was detected for deletion.[7]

DNA samples of males with normal spermatogenesis 
were applied for positive control, whereas DNA samples 
of females were applied for negative control. Reagent 
contaminations were verified with no‑template control. 
ZFX/ZFY genes were used for internal control because it 
was present in females and males as well. The presence 
of chromosome Y was proved by the study of SRY gene 
on the short arm of chromosome Y.

For the determination of the extension of the 
AZFb (P5/proximal P1) breakpoint, we used the following 
STS primers: SY105 (present) and sY121 (absent) for the 
proximal border and sY143 (absent) and sY153 (present) 
for the distal border. The analysis of sY160 determines 
the deletion of b2/b4 (AZFc).

Screening for partial AZFc deletions
Gr/gr type of deletion was defined, when sY1291 was 
deleted, sY1161, sY1191, sY1201 and sY1206 were 
presented. B2/b3 deletion means deletion of sY1191 and 
amplification of sY1161, sY1201, sY1206, and sY1291. 
In case of b1/b3 deletion, sY1161, sY1191, and sY1291 
were deleted and sY1201 and sY1206 were present.[6]

DAZ and CDY1 copy number determination
To determine the copy number of DAZ and CDY1 
genes, we performed a quantitative analysis, according 
to a previously reported method.[15,19] The DAZ dosage 
method consists of the simultaneous amplification 
of a fragment of intron 10 from AZFc DAZ copies 
and from its homolog DAZL, using a single primer 
pair (o1130/o1313). This intron is present in one copy per 
DAZ or DAZL gene (the number of DAZ copies is four, 
whereas there are two copies of DAZL in a normal 46, 
XY male). DAZL was an internal standard with a known 
number of copies. The primers flank an insertion/deletion 
difference, which permitted the PCR products to be 
separated by polyacrylamide gel electrophoresis. One 
of the primers (o1130) was labeled at its 5’ end with 
FAM. The quantitative analysis for CDY1 copies was 

analogous to DAZ. The PCR products were separated on 
an 310‑Avant Genetic Analyzer (Applied Biosystems), 
and quantification was performed by Peak Scanner 
Software v1.0 (Thermo Fisher Scientific). Quantification 
was performed comparing the peak area corresponding 
to the DAZ locus and to its homolog DAZL and CDY1 
to CDY2 as well.

DAZ and CDY1 copy type determination
Qualitative analysis for DAZ and CDY1 was performed 
according to Machev et al.[15] We amplified the sequence 
family variant (SFV) at STS sY587 in intron 10, which 
distinguishes DAZ1/2 from DAZ3/4. For CDY1, we 
used a C/A SFV situated at 7750 bp 5′ of the CDY1 
translation start codon (CDY7750), which distinguishes 
CDY1a from CDY1b.

Y chromosome haplotyping
Y chromosome haplotyping was performed as 
previously published.[20] All men were haplotyped for 
YAP, 12f2, and 92R7 polymorphisms, and individuals 
with partial AZF deletions and duplications were further 
genotyped.[21]

Statistical analysis
Statistical analysis were performed with commercial 
software  SigmaStat (Systat Software Inc., San Jose, 
CA, USA) and SPSS (SPSS Inc., IBM, Chicago, DE, 
USA). We analyzed the normality of samples using 
Shapiro–Wilk test, and the samples’ homogeneity was 
analyzed using Bartlett test. We tested the differences of 
the Y microdeletion and AZFc partial deletion frequency 
between our infertile and control populations using 
Mann–Whitney/Wilcoxon two‑sample test, Kruskal–
Wallis test (when normality does not exist), and 
two‑sample t‑probe (when normality exists). P < 0.05 
was considered as statistically significant difference.

Results
Chromosome Y microdeletions
Chromosome Y microdeletions were found in 10 cases 
out of the 101 azoospermic male patients (9.9%), 
AZFbc in 4 patients (3.99%), and AZFc deletion in 
6 patients (5.94%). Among the 246 oligozoospermic 
males, two full AZFc microdeletions were 
detected (0.8%), but microdeletions did occur among 
normozoospermic control men. AZFbc deletion 
was detected only in the azoospermic cases; AZFc 
deletion occurred significantly more frequently among 
azoospermic patients, than among oligozoospermic 
males (P < 0.01) [Figure 1].

AZFc deletion frequency
We found the following partial AZFc deletions [Figure 1]: 
gr/gr (17/458, 3.7%), b2/b3 (12/458, 2.62%), and 
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b1/b3 (2/458, 0.44%). The gr/gr and b2/b3 deletions were 
found in both the infertile and normospermic groups, 
although at different frequencies. The frequency of gr/gr 
deletions was significantly higher in the oligozoospermic 
patients (13/246, 5.3%) than in the normospermic 
group (2/111; 1.8%) (P < 0.01). There were no significant 
differences between azoospermic (2/101, 1.98%) and 
normozoospermic male gr/gr deletion frequencies. In 
contrast, the frequency of gr/gr deletion was significantly 
higher in oligozoospermic group than in azoospermic 
group (P < 0.05). The b2/b3 deletion was not different 
among our groups: azoospermic: 3/101 (2.97%), 
oligozoospermic: 6/246 (2.44%), and normozoospermic 
males: 3/111 (2.7%). B1/b3 deletion was found only in 
the azoospermic group 2/101 (1.98%).

The gr/gr and b2/b3 deletions can be detected with 
a wide range of sperm count, from azoospermia 
to normozoospermia, but gr/gr deletion was 
observed only among males with decreased sperm 
concentration (<25 × 106/mL). We found no association 
between sperm concentration, motility, and morphology 
of carrier patients and males without deletion. The 
b1/b3 deletion was specific for azoospermia in our study 
population.

AZFc partial duplications
Based on the DAZ and CDY1 gene content, it was 
possible to screen partial duplications of AZFc region, 
which is characterized by a higher number of both 
DAZ and CDY1 gene copies than the reference AZFc 
sequence. We found six copies of DAZ and three copies 
of CDY1, indicating a partial duplication of the region 
containing both gene families. The frequency of partial 

duplications in our study population was 2.4% (11/458). 
Their frequency was 2.97% (3/101) in azoospermic, 
1.63% (4/246) in oligozoospermic, and 3.6% (4/111) 
in normozoospermic males. There were no significant 
differences among the studied groups. It was not 
significantly different between individuals with and 
without partial AZFc duplication, neither among males 
with decreased sperm count nor among controls.

DAZ and CDY1 gene copy variations
Characterizing the AZFc deletions, we defined the 
type of missing DAZ (DAZ1/DAZ2/DAZ3/DAZ4) 
and CDY1 (CDY1a/CDY1b) gene copies [Figure 2]. 
In the gr/gr deletion group, we found three 
types of deletion pattern: DAZ1/DAZ2+CDY1a 
(n = 6, 35.3%), DAZ1/DAZ2+CDY1b (n = 7, 41.2%), 
and DAZ3/DAZ4+CDY1b (n = 3, 17.65%). In the 
b2/b3 deletion group, we found two types of deletion 
pattern: DAZ1/DAZ2+CDY1a (n = 6, 50%) and 
DAZ3/DAZ4+CDY1b (n = 6, 50%). In the two cases 
with b1/b3 deletion, there was DAZ1/DAZ2 deletion 
pattern with CDY copies present. In all AZFc deletion 
cases, we found half copy number of DAZ and CDY1, 
but in one case, gr/gr pattern with normal DAZ and CDY1 
dosage (deletion followed by duplication) was detected.

Y chromosome haplogroups
In infertile (azoospermic and oligozoospermic) males 
and in normozoospermic controls, similar Y haplogroup 
distribution was detected with the highest frequency 
of haplogroup P (>40%). The gr/gr deleted patients’ 
Y chromosome haplogroups are the following: 
P (n = 9, 53%), E (n = 3, 17.65%), J (n = 3, 17.65%), 
and K (n = 2, 11.76%). The gr/gr deletion with 
P haplogroup was more frequent in the oligozoospermic 

Figure 1: Chromosome Y microdeletion and AZFc partial deletion 
frequency in azoospermic, oligozoospermic, and normozoospermic 
patients. AZFbc and AZFc microdeletion was observed in azoospermic 
and severe oligozoospermic men, b1/b3 deletion was detected in 
only azoospermic males, gr/gr deletion was significantly higher in 
oligozoospermic males than in the other two groups, while b2/b3 deletion 
frequency was similar in the three groups

Figure 2:  Schematic representation of the seven deletion 
patterns (based on the type of DAZ and CDY copies deleted) found in 
the AZFc deleted patients. Distribution of deletion (number of cases) in 
azoospermic, oligozoospermic, and normozoospermic patients is shown in 
parentheses. Filled boxes indicate the presence of a given marker or gene
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group than in the normozoospermic males, but the 
difference was not significant. The b2/b3 deleted 
patients’ Y chromosome haplogroup distribution was 
different as follows: E (n = 5, 41.7%), P (n = 4, 33.3%), 
K (n = 2, 16.7%), and J (n = 1, 8.3%). The b2/b3 deletion 
with E haplogroup was the most frequent, found only in 
the normozoospermic group. The b1/b3 deletions were 
associated with P haplotype in our azoospermic patients.

Discussion
The phenotypic incidence of AZFa deletion ranges from 
Sertoli cell‑only syndrome (SCOS) to azoospermia.[22‑26] 
In that cases, it is impossible to retrieve testicular 
spermatozoa for intracytoplasmic sperm injection. 
Complete deletions of AZFb and AZFbc (P5/proximal 
P1, P5/distal P1, and P4/distal P1) cause SCOS or 
spermatogenetic failure, resulting in azoospermia. 
Several reports have confirmed that similar to the 
deletions of AZFa region, no spermatozoa are found 
during testicular sperm extraction (TESE) in these 
patients.[23,25,27] Deletions of the AZFc region (b2/b4) are 
associated with various clinical phenotypes.[28‑30] In men 
with AZFc deletion causing azoospermia, there is 50% 
chance to find spermatozoa from TESE.[2,3,30‑32]

According to the screening of several thousand patients, 
clinically relevant Y chromosomal microdeletions were 
diagnosed only in azoospermic or severe oligozoospermic 
men with low sperm concentrations (<2 × 106/mL). Some 
authors found deletions causing sperm concentration 
between 2 and 5 × 106/mL,[3,33] but not in normozoospermic 
and proven fertile males. Similar frequency was observed 
in our study population: AZFbc and AZFc deletions were 
verified only in azoospermic and severe oligozoospermic 
men.

Patients with azoospermia before TESE should be 
recommended deletion screening because TESE is 
unnecessary in cases with complete deletion of the 
AZFa. TESE in azoospermic carriers of deletions of 
the AZFb or AZFbc is suggested. However, retrieving 
spermatozoa from these patients has very low chance. 
Consequently, Y microdeletion screening has prognostic 
value and can affect the clinical therapy.[7]

Unlike for the complete AZFc deletion, 
genotype–phenotype correlations for the partial AZFc 
deletion are more confused. Gr/gr and b2/b3 deletion 
types were verified in the normospermic males, 
indicating that these deletions are not specific for 
spermatogenic impairment. Gr/gr deletion carriers 
have seven times higher chance for oligozoospermia 
than males without deletions.[7] The frequency of gr/gr 
deletions was significantly higher in our oligozoospermic 
group than in control males, suggesting that this 

polymorphism on spermatogenic output can have a 
harmful effect. However, the sperm concentration, 
motility, and morphology were not significantly different 
in the oligozoospermic group between men with 
gr/gr deletions and those without. Several studies have 
found relationship between sperm concentration and 
gr/gr deletion frequencies;[6,19,34‑36] others found no such 
relationship.[13,15,37,38] The similar frequency of the b2/b3 
deletion in patients and normozoospermia does not prove 
the pathogenic role for this deletion; however, it has 
been demonstrated that it occurs in higher frequency 
in the general population of northern part of Europe 
with haplogroup N.[14,15] In contrast, the b2/b3 deletion 
with E haplogroup was the most frequent in our study 
population, found only in the normozoospermic group.

Y haplogroups represent very specific patterns of 
geographical distribution, allowing the determination 
of male populations based on haplogroup 
composition.[39,40] Gr/gr deletions have been 
demonstrated in the fixed haplogroups D2 and Q1 and 
b2/b3 deletions in haplogroup N.[6,13,14,16,41,42] In contrast, 
in our study population, the most frequent haplogroup 
with gr/gr deletion was P haplogroup. Since several 
populations show the significance of Y origin, deletions 
are considered a deleterious event on fertility, but it 
can neutralize some specific compensatory factors. 
The demonstration of an association between partial 
AZFc deletions and spermatogenic defects in a given 
population depends on its haplogroup composition. 
Some haplogroups seem to be able to compensate 
the degree of spermatogenic disruption in connection 
with partial deletions. Among gr/gr deleted Chinese 
men with spermatogenic failure, there are more 
represented haplogroups C and DE than in equally 
deleted normozoospermic males.[43] No b2/b3 deletions 
associated with this effect were detected, and no 
replication occurred in a different regional context. 
No evidence for distinct haplogroup distribution was 
found analyzing gr/gr deleted men from European 
centers, who had different sperm parameters.[44] Partial 
deletions affecting the proximal AZFc domain are 
particularly likely to occur in haplogroups C and G.[42] 
An analogous effect was observed in the North Italian 
male population, where deleted men showed an 
overrepresentation of haplogroup E.[45] In contrast, it 
has been suggested that the haplogroups O3, J, and R 
can offer some protection.[42,43,45]

There are too few publications about the 
genotype–phenotype correlation of partial AZFc 
duplications. It is generally accepted that neither partial 
nor complete AZFc duplications pose any risk for 
spermatogenic failure since the homeostatic mechanisms 
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of spermatogenesis can offer some compensation, and 
gene dosage increases are not balanced.[19,46,47] Men 
with AZFc duplications did not show qualitative and 
quantitative increased spermatogenic production.[19,44]

It was demonstrated that certain deletion motifs may 
be more pathogenic than others, namely a significantly 
higher frequency of CDY1a copy deletion and 
DAZ1/DAZ2 deletion, which were observed in the 
oligozoospermic patients than in the normozoospermic 
group.[21] In our study, besides the DAZ1/DAZ2+CDY1a 
deletion, the DAZ1/DAZ2+CDY1b was more frequent in 
oligozoospermic group than in other groups. A similar 
distribution of gr/gr deletions removing the DAZ1/DAZ2 
copies was published in infertile men of Caucasian 
origin.[19,35,48]

In the case of partial AZFa or AZFb and AZFc deletion, 
the genetic counseling (with Y chromosome deletion 
screening) makes sense also for other males in the 
family. According to the literature, this type of deletion 
is transmittable.[49‑51] Turner’s syndrome is one of the 
most potential risks in the offspring as well as other 
genetic disorders of sex chromosome mosaicism such 
as ambiguous genitalia phenotype. There is a suggestion 
that in men with Y microdeletions[52,53] and in patients 
carrying a mosaic 46, XY/45, X karyotype with sexual 
ambiguity or Turner stigmata,[54] some AZF deletions 
are connected with an overall instable Y chromosome, 
which can create 45, X cell lines.

Conclusions
The Y chromosome harbors a number of genes 
essential for testis development and function. Genetic 
tests include karyotype analysis on blood lymphocytes 
and assessment of microdeletions in the long arm of 
chromosome Y (Yq), also called AZF deletions. We 
recommend assessment of Yq microdeletions of infertile 
men with a sperm concentration ≤5 × 106/mL, which 
will be inherited to male offspring. Testing for this 
deletion has both diagnostic and prognostic values for 
testicular sperm retrieval in azoospermic men.
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