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Abstract: Y chromosome deletions in the three azoospermia factor (AZF)
regions constitute the most common genetic cause of spermatogenic failure. The aim of
this study was to estimate the length and boundaries of the AZF deletions and to cor-
relate the AZF deletions with the sperm concentrations, testicular histology, Y haplo-
groups and the ethnic origin of the men with deletions. PCR analysis of STS loci in the
three AZF regions was used to characterize the deletions. Y haplogroup was predicted
from a set of 17 Y short tandem repeats (STR) marker values. A total of nine men out of
218 infertile/subfertile men showed the presence of Y microdeletions. In eight patients
the results were consistent with the presence of AZFc deletions, while in one patient a
larger deletion involving both AZFb and AZFc regions was detected. In two patients,
the deletion, initially diagnosed as AZFc, involved part of the distal part of the AZFb
region and in one of them the deletion also extended into the region distal to the AZFc.
The 3.5Mb AZFc deletion, due to homologous recombination between b2 and b4 ampli-
cons, was detected in six men (66.7% of all Y deletions), thus being the most common
type of AZF deletion among infertile men from the Republic of Macedonia. Patients
with the 3.5 Mb AZFc deletion had azoospermia or severe oligozoospermia and variable
histological results [Sertoly cell only syndrome (SCOS), maturity arrest (MA) and
hypospermatogenesis (HSG)]. They were of different ethnic origin (Macedonian, Alba-
nian and Romany) and belonged to different Y haplogroups (I11b, J2, E3b and G).
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Introduction

At least one in ten couples of reproductive age face difficulty con-
ceiving a child despite an extensive period of unprotected sexual intercourse [1].
Male factor infertility is responsible for about 50% of these cases [2]. Inade-
quate or absent sperm production is a primary factor in a substantial percentage
of these cases [1]. Y chromosome deletions constitute the most common genetic
cause of such spermatogenic failure [3-6]. In 1976, Tiepolo and Zuffardi provi-
ded the first evidence that the long arm of the the Y chromosome is required for
fertility in men, when they karyotyped 1170 men and found that six azoosper-
mic men were missing most of the long arm of Y chromosome [3]. Subse-
quently, this cluster on Ygl11 became known as the azoospermia factor or AZF.
The use of polymerase chain reaction (PCR) of sequence tagged sites (STS) has
made possible the detection of small, interstitial deletions invisible to karyoty-
ping [7]. Later, the AZF region was subdivided into 25 deletion intervals (D1-
D25) and the existence of three non-overlapping subregions, designated AZFa,
AZFb and AZFc (Figure 1A), was proposed [5]. The frequency of AZF dele-
tions in infertile men ranges in worldwide surveys from 5 to 20% [8,9]. Y
microdeletions are found almost exclusively in patients with azoospermia or
severe oligozoospermia [10]. The prevalence of Y microdeletions among the
infertile males from the Republic of Macedonia was 6.4%, among patients
with azoospermia 16.7% and among those with severe oligozoospermia 2.8%
[11].

Men with AZFa, AZFb or large deletions involving two to three AZF
regions are always associated with azoospermia and testis histology of Sertoly
cell only syndrome (SCOS) or meiotic arrest (MA) [6, 12, 13]. Deletions invol-
ving the AZFc region account for up to 90% of all Yq deletions with pheno-
types varying from azoospermia to severe oligozoospermia [4, 6, 14] and occa-
sionally to milder oligozoospermia [15]. Although natural transmission of Y
microdeletions has been reported, majority of the cases arise as a de novo event
[16]. Recently, partial AZFc deletions, which remove a number of genes and
transcription units, have also been described [17]. However whether and to what
extend partial AZFc deletions affect spermatogenesis is still controversial [18].
Partial and polymorphic AZF deletions have been also reported in the AZFa
[19] and AZFb regions [20].

Recent molecular analysis and sequencing of Yq have revealed eight
large palindromic regions containing an array of different ampliconic sequences
[21, 22]. They make up almost all of the AZFc sequence and 50% of the AZFb
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sequence (Figure 1B). The AZFc region consists of 11 families of transcription
units, most of which are exclusively expressed in testises. Distant homologous
recombination between specific palindromic sequences is believed to be the
mechanism for various Yq deletions (Figure 1C) [17, 19, 23]. The most com-
mon AZFc deletion is 3.5Mb in size and is caused by recombination involving
b2 and b4 sequences [21].
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Figure 1. Schematic view of the AZF locus in Ygq1l. A) Deletion map of AZF locus: 25 intervals (D1-D25)
and three AZF regions (AZFa, AZFb and AZFc). A/1) Complete AZFa deletion, caused by recombination
of two homologous HERV15Y(q1/g2 bloks. B) Structural organisation of the different amplicons in the AZFb
and AZFc regions belonging to five palindromic structures (P1-P5). C) Partial and complete AZFc, AZFb and
AZFb+c deletions caused by recombination between different amplicons.

Cauka 1. lllemarcku npukas Ha AZF nokycot Bo YQll. A) [leneunona mana Ha AZF nokycor: 25
natepBamm (D1-D25) u tpu AZF permonm (AZFa, AZFb u AZFc). A/1) Konmnetna AZFa
Jlesienja, HacTaHaTa KakKo pe3yiTaT Ha peKoMOuHanuja Mery mBe xomomoram HERV15YQl/q
cekBeHIM. B) CTpyKkTypHa opraHu3anyja Ha pa3JIMIHUTe aMILTMKOHY BO AZFb u AZFc pernonurte
Kou npumnaraaT Ha net nanuagpomu (P1-P5). C) [Mapuujanau u komretHn AZFc, AZFb u AZFb+c
JleJICHM U HacTaHATH CO PEKOMOMHaIU]ja Mefy pa3IunyHA aMILTUKOHU.

The aim of this study was to estimate the length and boundaries of the
AZF deletions and to correlate the AZF deletions with the sperm concentrations,
testicular histology, Y haplogroups and the ethnic origin of the men with deletions.
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Material and methods

Two hundred and eighteen infertile/subfertile males, attending the
Andrology Outpatient Clinic, at the Endocrinology and Metabolic Disorders
Clinic, Faculty of Medicine in Skopje, were enrolled in the study. Semen ana-
lyses were performed according to the published guidelines [24]. Semen ana-
lysis showed azoospermia in 99 men, severe oligozoospermia (< 5 x 10%/ml)
in 52, mild oligozoospermia (> 5 x 10%/ml) in 27, and normozoospermia in 40
men. Testicular biopsy was performed by open surgery; the testicular tissue
sample was fixed in Bouin's solution, and the histological examination of
spermatogenesis was performed on hematoxylin and eosin-stained sections.

DNA was isolated by standard Proteinase K/phenol-chloroform extra-
ction/ ethanol precipitation method [25]. All patients were initially screened
for the presence of deletions in the three AZF regions, following the guideli-
nes for molecular diagnosis of Y microdeletions [26, 27]. The screening was
performed by two multiplex PCR reactions analyzing six STS loci in the three
AZF regions (sY84 and sY 86 in AZFa; sY 127 and sY 134 in AZFb; and
sY254 and sY 255 in AZFc), as described previously [11]. Patients that
showed presence of Y microdeletion were further analyzed by PCR ampli-
fication of additional 26 STS loci in the three AZF regions (sY82, sY83,
sY87,sY88, sY114, sY 638, sY 591, sY 119, sY 121, sY135, sY 136, sY 138,
sY 139, sY 141, sY142, sY143, sY1196, sY1197, sY1192, sY152, sY157,
sY158, sY1054, sY1125, sY1201, sY160). The sequences of the oligonucle-
otide primers used for PCR analysis of the 26 STS were drawn from the
GeneBank (accession numbers are given in Figure 2). The PCR was carried
out in a total volume of 50 ul. The reaction mixture included 50-250 ng of
each DNA sample, 1 x PCR buffer, 1.5 pmol/l MgCl,, 200umol/l deoxy-
nucleotidetriphosphate (ANTP), 50 pmol of each primer pair and 1U Tag DNA
polymerase. After an initial denaturation step at 95°C for 5 min during which
the Taq polymerase was added, cycle parameters were: 35 cycles of dena-
turation at 95°C for 1 min, annealing at 56-62°C for 1 min, and extension at
72°C for 1 min and 30 sec. The programs were followed by the final extension
step at 72°C for 7 min. The PCR reaction products were then analyzed by
electrophoresis on 1.5-2.5% agarose gels containing ethidium bromide (0.1
mg/ml) and visualized under UV light. The deletion of the loci was confirmed
when a PCR product of expected size was not obtained after three PCR expe-
riments. As a control, one sample of female, one sample of fertile male
genomic DNA and one sample which contained all reaction components, but
in which water instead of DNA was added (blank sample), were run with each
set of primers.
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The Y haplogroup was predicted from a set of Y STR marker values
using an Excel-based program, where an arbitrary number of STR markers is

TIpunosn, Opx. 6uomn. men. Hayku XXVI11/1 (2006) 5-16



10 Toso Plaseski, Predrag Novevski, et al.

input and a "fit score” for 10 haplogroups (E3a, E3b, G, I1a, 11b, I1c, J2, N3,
R1a and R1Db) is returned [28]. Seventeen Y STR markers (DY S456, DYS 389I,
DYS390, DYS 38911, DYS458, DYS19, DYS 385a/b, DYS 393, DYS 391,
DYS 439, DYS 635 (Y GATA C4), DYS 392, Y GATA H4, DYS 437, DYS
438, DYS 448), were analyzed by one multiplex PCR reaction, using the
AmpFISTR Y-filer™ PCR Amplification Kit (Applied Biosystems, Foster City,
CA, USA) and individual Y STR alleles were typed using ABI-PRISM 310
Genetic Analyzer and GeneScan software (Applied Biosystems).

Results

A total of nine infertile/subfertile men with Y microdeletions were
detected during the screening. In eight patients the results were consistent with
the presence of AZFc deletions, namely the two STS in AZFc (sY254 and
sY255) were lacking. One patient showed a larger deletion involving both AZFb
and AZFc regions (sY127, sY134, sY254 and sY 255 deleted).

Patients that showed presence of Y microdeletion were further analyzed
by PCR amplification of additional 26 STS loci in the three AZF regions.
Schematic presentation of the AZF deletions in the nine infertile men is shown
in Figure 2. In order to estimate the length and boundaries of the AZFc dele-
tions we performed PCR amplification of several STS markers (sY1197,
sY1196, sY1192, sY1054, sY1125, sY1201) for detection of the most common
AZFc deletion [21]. PCR analysis of these STSs showed absence of PCR
products from the sY1192 and sY 1054, and presence of PCR products from the
sY1196, sY1197, sY1125 and sY1201 in six of the eight patients with AZFc
deletions. Thus, six patients (66.7% of all the Y microdeletions) had the most
common AZFc deletion of 3.5 Mb, which is a result of a homologous recom-
bination between amplicons b2 and b4. All other tested STS loci were present in
the six patients with the 3.5Mb AZFc deletion. In patient P6, diagnosed as
having an AZFc deletion during the screening for Y microdeletions, the distal
end of the deletion was identical to that of the 3.5Mb AZFc deletion (sY1054
absent; sY1125, sY1201 and sY160 present). In patient P7, also diagnosed as
carrying AZFc deletion, the deletion extended distal from the AZFc region
(sY1054, sY1125, sY1054 and sY160 absent). The proximal end of the Y dele-
tion in patients P6 and P7 was identical and was determined within a region
bounded by sY 139, which was present and sY141 which was absent. Thus, the
Y deletions in these two patients were not limited to the AZFc region, but they
involved a part of the distal part of the AZFb region (STSs sY142, sY143 and
sY141 lie in the distal part of the AZFb region). However, the length of these
two deletions was smaller than the AZFb+c deletion determined in patient P2.
The proximal end of the AZFb+c deletion was determined between sY114 and
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sY638. The distal end of the AZFb+c deletion extended 3’ from the distal end
of the AZFc region (sY1054, sY1125, sY1054 and sY160 absent). Thus, the
AZFb+c deletion in our patient differed from the AZFb+c deletions, extending
from palindrome P5 to distal-P1 and from palindrome P4 to distal-P1 in which
STSs sY1054, sY1125, sY1201 and sY 160 were not deleted [23].

Sperm counts, testicular histology, Y haplogroup and the ethnic origin of
the patients with Y microdeletions are given in Table 1. Eight patients were azo-
ospermic and only one patient had sperm concentrations of < 0.1 x 10%ml, consis-
tent with the diagnosis of severe oligozoospermia. Testicular histology was avai-
lable from six of the nine patients and showed SCOS in three azoospermic patients
(two of them with the 3.5Mb AZFc deletion), maturity arrest in two azoospermic
patients (one of them with the 3.5Mb AZFc deletion) and hypospermatogenesis
(HSG) in one patient with severe oligozoospermia and 3.5Mb AZFc deletion.

Four different Y haplogroups were detected in men with Y microdele-
tions. The most common haplogroup was I1b (four patients), which is also the most
common haplogroup among men from R. Macedonia (unpublished results). Three
patients belonged to haplogroup J2 which is the most common haplogroup among
Romanies and the third most common haplogroup among Macedonians (un-
published results). One patient belonged to haplogroup E3b, which is the second
most common haplogroup among men from R.Macedonia (unpublished results),
and one man belonged to haplogroup G. One patient was of Albanian, one of
Romany and seven of Macedonian ethnic origin.

Table 1 - TaGena 1

Sperm count, testicular histology, ethnic origin, AZF region deleted, size of the deletion
and Y haplogroup in patients with Y microdeletions

bBpoj Ha cniepmaTozongu, XHCTONATOJIOUIKH HA04 HA TECTHCH, ETHHYKO IIOTEKIO0, FOJIEMHHA
Ha gejequjata nY Xamaorpyna Kaj nagueHTaTe coY MHKpPOJEIenH)a

Patient Sperm Testicular Ethnic AZF Approx. Haplogrou
count histology origin region deletion p
(x10%ml) deleted size
P1 0 n.d. Albanian AZFc 3.5Mb 11b
P2 0 n.d. Macedonian AZFb+c > 7.7Mb 11b
P3 <0.1 HSG Romany AZFc 3.5Mb J2
P4 0 SCOS Macedonian AZFc 3.5Mb 11b
P5 0 SCOS Macedonian AZFc 3.5Mb J2
P 6 0 MA Macedonian AZFc > 3.5Mb I11b
P7 0 SCOS Macedonian AZFc > 3.5Mb J2
P8 0 MA Macedonian AZFc 3.5Mb E3b
P9 0 n.d. Macedonian AZFc 3.5Mb G
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Discussion

The screening for the presence of Y microdeletions among infertile/sub-
fertile men from R.Macedonia, using six STSs (two in each AZF region) identi-
fied nine patients with Y deletion, of whom eight with AZFc and only one with
AZFb+c. Analysis of additional STSs showed that six patients had an identical
deletion with proximal end within a 349 kb region bounded by STSs sY1192
and sY1197, and distal end within a 229 kb region bounded by STSs sY1054
and sY1125. Assuming the homologous recombination between amplicons b2
and b4, the size of this deletion was 3.5Mb [21]. This deletion was first descri-
bed in 47 of the 48 studied individuals who lacked STS sY254, but possessed
sY142 (proximal to AZFc) and sY160 (distal to AZFc) [21]. Two of the patients
with a result of the initial screening consistent with AZFc deletion in fact had
deletions that extended into the distal part of the AZFb region. The proximal
end of the deletion in the two patients was identical and located between STS
sY139 and sY141. The distal end of the deletion was same as the distal end of
the 3.5Mb AZFc deletion in one and extended into the region distal to the AZFc
in the other patient. Both patients were Macedonian and with a semen analysis
showing azoospermia. They belonged to different Y haplogroups (I11a and J2)
and showed different testicular histology results (SCOS and MA).

The 3.5Mb AZFc deletion was found only in patients with azoospermia
and oligozoospermia. Patients with this deletion demonstrate variable testicular
histology results: SCOS, MA and HSG. Others have also shown that patients
with identical 3.5 Mb AZFc deletion have a variable, but always low, level of
spermatozoal generation, as well as variable histological results [29]. Individu-
als with the 3.5Mb AZFc deletion were of different ethnic origin, four were
Macedonian, one was Albanian and one was Romany. They also belonged to
different haplogroups; 11b (two men), J2 (two men), E3B (one man) and G (one
man). Thus, the 3.5Mb AZFc deletion occurs on different Y chromosomes and
in men of different ethnic origin.

One of our patients had a deletion of both AZFb and AZFc regions. Ho-
wever this deletion differed from the common 7.7Mb AZFb+c deletion which
extends from P5 to the distal arm of P1 and spare distal AZFc region. The
AZFb+c deletion in our patient extended distal from the AZFc region, probably
involving the heterochromatic region of the Y chromosome. The mechanism for
the occurrence of the AZFb+c deletion, as well as for the two AZFc deletions,
that are different from the 3.5Mb AZFc deletion and extend into the distal part
of the AZFb region, cannot be predicted. Although homologous recombination
between repetitive sequences is the most common mechanism for the occur-
rence of Y deletions, it was proposed that in addition to homology, factors such
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as propensity for breaks could account for the P5, P1.1 and P1.2 deletion hot-
spots [23]. We did not detect any patient with a deletion of the AZFa or AZFb
region or with a deletion involving all three AZF regions.

Conclusion

3.5Mb AZFc deletion due to homologous recombination between b2
and b4 amplicons is the most common type of Y microdeletion among infertile
men from the Republic of Macedonia. Patients with this deletion have azoosper-
mia or severe oligozoospermia, and variable histological results (SCOS, MA
and HSG). They are of different ethnic origin (Macedonian, Albanian and Ro-
many) and belong to different Y haplogroups (I11b, J2, E3b and G).
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Peszume

AZF NEJIEITAN KAJ MTHOEPTIHA MAXHN
O[] PEITYBJIMKA MAKEOHWJA

Tomo IMTnamecku'?, [pegpar Hosesckw', Bopka Konescka®, YUegomup
Mumvurposekn?, Teopru [, Edpemos' u ujana ITnamecka-Kapandumicka'

'Makegoncka akageMmuja Ha HAyKHTE H yMETHOCTHTE, MICTpasKyBaYKH EHTAp
34 reHeTCKO HHXEHEPCTBO H OHoTexHo Ioruja, Ckomje, P. Makeqormja
’KnHuKa 3a eHJOKPHHOJOIHja H OOJIECTH HA METAOOTHZMOT,
Mepnyunckn gpaxynrer, Ckomje, P. Makegornja

Henenuu Bo Tpure azoocnepmuja dakrop (AZF) pernonu Ha Y Xpomo-
30MOT IpeTcTaByBaaT HajuecTa FeHeTcKa MPUYMHA 3a 1eDeKTU BO ciepMaToreHesaTa.
Llenra Ha oBa UCTpaxKyBame Oellle a ce OfipefiaT AOJKUHATA ¥ TPaHULUTE Ha
AZF pemenuuTe W WCTUTE [la C€ KOPEIUPAAT CO KOHUECHTpPAIMUTE Ha CIEPMaTo-
30111, XUCTONMATOIOMWIKMOT HAOf, Off TECTUCUTE, Y XaIIOrPYIUTE W €THUYKATa IpH-
MajIHOCT Ha MakuTe co fenenun. AZF nenenunte O6ea Kapakrepusupanu co PCR
aHajM3a Ha TOBeKe ,,0ejlekeHn MecTa BO cekBeHmara“ (sequence tagged sites —
STS) nokycu Bo Tpute AZF pernonu. Y xXarmiorpymarta 6elre IpefBaicHa MPEeKy
BPEIHOCTHTE Ha ajeimTe off 17 WcnmMTyBaH! ,,KPaTKW TaHHEM MOBTOpyBama“ (short
tandem repeats — STR) mapkepu. [IpucycrtBo Ha Y MuKpopeienuu Oelne HajIeHO
kaj 9 on ckpunupanute 218 uapepTnHM/cyodepTrnan Maku. Kaj ocym manueHTH
pe3ynTaTuTe Off MHHUIMjaIHOTO CKpHHUpamke yKaskyBaa Ha NMpHCYCTBO Ha AZFC
flenenyja, fofeKa Kaj efjeH MalueHT Oellle YTBPAEHO NMPHUCYCTBO HA IOrojema
menenuja Koja ru ondgaka u AZFb u AZFc pernonnte. Kaj nBajua nanueHTu, 6eie
yTBpAieHO fAeka AZFC pmenenujaTa BCYHIHOCT 3acpaka U Aen Off MPOKCHUMAIHHOT
kpaj Ha AZFb peruoHor, a Kaj efieH fiejienjaTa ce NpoTera u BO peTHOHOT AUC-
tanHo on AZFc. AZFc nenenujata o 3,5Mb, koja e pe3yaTaT Ha XOMOJIOTHA pe-
KoMmOuHanmja Mery b2 m b4 ammmkonuTe Oellie HajieHa Kaj Iect Maxu (66,7%
op cute Y peneunu). Taka, Taa e Hajuect Tun Ha AZF fenenuja Mery nHpepTUII-
HuTe Maxu ofi P. Makenonuja. [Tanuenture co 3.5Mb AZFc nenenmja ce manu-
(hectupaat co azoocnepMuja U TelIKa OJIUTO300CHEPMHUja U CO PA3IUYHU XUCTO-
maToNOMIKA Haogu Ha Tectucute [Sertoly cell only syndrome (SCOS), marypanmo-
HeH apect (MA) n xunocnepmaTtorene3a (HSG)]. Tue ce co pa3snumyHO €THHIKO
HNOTEKJIO U NMpHUNaraaT Ha pa3nyHu Y Xamaorpymnu.

Knyunn 300poBr: Mallku HHGEPTUIUTET, a300CIEPMUja, onurozoocnepmuja, AZF
peneuuu, AZFc, AZFb+c, Y xamnorpyna.
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AZF locus in Yqll
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Figure 1. Schematic view of the AZF locus in Yq1l. A) Deletion map of AZF locus: 25 intervals (D1-D25)
and three AZF regions (AZFa, AZFb and AZFc). A/1) Complete AZFa deletion, caused by recombination
of two homologous HERV'15Y(q1/g2 bloks. B) Structural organisation of the different amplicons in the AZFb
and AZFc regions belonging to five palindromic structures (P1-P5). C) Partial and complete AZFc, AZFb and
AZFb+c deletions caused by recombination between different amplicons.

Cauka 1. lllemarcku npukas Ha AZF nokycot Bo Yqll. A) [leneumona mamna Ha AZF mokycor: 25
unarepBanu (D1-D25) u tpu AZF peruonu (AZFa, AZFb u AZFc). A/1) Konmnetna AZFa
Jesienyja, HacTaHaTa KaKo pe3ylTaT Ha peKoMOuHanuja Mery aBe xomonorau HERV15Yql/q
cekBeHIM. B) CTpyKkTypHa opraHusanmja Ha pa3jJMyHUTe aMILTUKOHU BO AZFb u AZFc pernonure
Kou npumnaraaT Ha niet nanuagpomu (P1-P5). C) IMapuujanan n kommetHn AZFc, AZFb u AZFb+c
JeJIeNu N HacTaHATH CO PEKOMOMHAIMja MeTy pa3IHIHi AMIUIIKOHM.
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STS GeneBank
Ass. No

3 4 5
sY82  G40972
sY83  G64734
sY86  G49207
sY84  G12019 AZFa
sY87  G12020
sY88  G49210
sY 114 612044
sY 638 (38355
SY591  G34987
sY 119  G11997
sY 121 G38341
sY 127 G11998
sY 134 G12001
sY 135 G12038 * AZFb
sY 136 G40974
sY 138 G66535
sY 139 G12002
sY 141 G66537
sY 142 G38345
sY 143 G38347
sY 1196 G67167
sY 1197 G67168
sY 1192 G67166
sY 152 G12039
sY 254 G38349
SY 255  G65827 } AzFe
sY 157 G12005
sY 158 G12006
sY 1054 G67163

sY 1125 G67164 [ |
sY 1201 G67170
sY 160 G38343 L] ||

Figure 2. Schematic presentation of AZF deletions found in nine infertile
men. Shaded boxes indicate presence of STS; white boxes indicate absence of STS.
P1-P9, patients with AZF deletion; C, control - fertile men.
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Cmka 2. lllemarcku npukas Ha AZF fenenunte OTKPUEHM Kaj AEBET
uHpepTUIHA Maxku. TeMHUTE OTOKOBH MOKaXKyBaaT NPHUCYCTBO Ha STS;
OenuTe OJIOKOBU MOKaxyBaaT orcycTBO Ha STS. P1-P9, manuenTtn co
AZF nenenu; C, KOHTpoOA - (pepTUIIeH MaK.
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Figure 2. Schematic presentation of AZF deletions found in nine infertile men. Shaded
boxes indicate presence of STS; white boxes indicate absence of STS. P1-P0, patients
with AZF deletion; C, control — fertile men.

Figure 2. Schematic presentation of AZF deletions found in nine infertile men.
Shaded boxes indicate presence of STS; white boxes indicate absence of STS.
P1-P9, patients with AZF deletion; C, control — fertile men.
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