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Microdeletions in Y-chromosomal azoospermia factor (AZFggions have been regarded
as the risk factor of spermatogenic failure (SF). However, Z&x-linked duplications or
complex copy number variants (CNVs) (deletioil€ duplication) were rarely studied.
In this study, we performed multiplex ligation-dependent pbe ampli cation (MLPA)
analysis on 402 fertile healthy male controls and 423 idioghic infertile SF patients (197
azoospermia and 226 oligozoospermia) in Han Chinese popuian. In total, twenty-four
types of AZF-linked CNVs were identi ed in our study, incluihg eleven novel CNVs
(one deletion, seven duplications, and three complex CNVsPDur study revealed that
AZFc-linked duplications and the instability of Y chromosme might be associated with
spermatogenesis. Besides, the complex CNVs (b2/b3 deletio C DAZ1/2 duplication)
were con rmed to increase genetic risks for SF in Han Chines@opulation. This study
illustrated a spectrum of AZF-linked CNVs and presented vahble information for
understanding the clinical signi cance of AZF-linked CNV& male infertility.

Keywords: male infertility, Y chromosome, azoospermia factor reg
variants

ions, spermatogenic failure, copy number

INTRODUCTION

Infertility a ects an estimated 15% of couples globally aidihearing age, and male infertility is
directly or indirectly responsible for about 50% of case®iving reproductive-age couples with
fertility-related issuesAgarwal et al., 20)5The majority of infertile males were diagnosed with
spermatogenic failure (SH.¢ Giacco et al., 20)4

Y-chromosome microdeletions (YCM) are the second most comgenetic etiology for SF after
the Klinefelter syndromel(rausz et al., 20)4In YCM, azoospermia factor (AZF) [AZFa, AZFb,
AZFc(b2/b4)] deletions have resulted in SF and testing tde&stions had signi cant clinical values
both in diagnosis and prognostication of testicular spermiesfal in azoospermic merP(yor et al.,
1997; Rozen et al., 201 %vhile the clinical signi cance of partial AZFc deletiorgrigr, b2/b3, and
b1/b3) varies in di erent studies.( et al., 2009; Bansal et al., 2016; Krausz and Casamokii), 20
However, all previous studies on AZF-linked copy number vasgiNVs) have mainly focused
on deletions rather than duplications or complex CNVs (deles@ duplications).
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Owing to frequent non-allelic homologous recombination small testis (total testicular volume30 ml), elevated follicular
(NAHR) of AZF region, the majority of CNVs are found stimulating hormone in plasma were included. The controls,
on Y chromosome among all human chromosomé&segman recruited from the same hospital during the same period, were
et al., 2008 Identifying AZF-linked CNVs have been showed fertile males who had normal total sperm count per ejaculate,
to be valuable for nding the genetic etiology of SF, as welsperm concentration, motility, morphology and had fathered
as evaluating the rate of sperm recovery after testiculamsperat least one child without assisted reproductive. Twentyenin
extraction (TESE) Krausz et al., 20)4 Traditional methods infertile subjects (out of 452) were excluded, including thw@dA,
to identify AZF-linked CNVs were based on polymerase chairb with cryptorchidism, 8 with varicocele, 2 with orchitis ad@
reaction (PCR) of sequence-tagged site (STS) markers (STath abnormal karyotype (7 of them with 47, XXY). Finally, 402
PCR), however, STS-PCR could only determine AZF-linkedertile male controls and 423 infertile patients were retadiin
deletions. To date, some AZF-linked duplications or complexhis study.

CNVs have been reporteds(achini et al., 2008; Lu et al., 2011;  All the participants were genetically unrelated ethnic Han-
Saito et al., 20)5However, the precise frequency and clinicalChinese. Some in uencing factors [e.g., age, body masscinde
signi cance of these CNVs have remained unclear in patientéBMI), and smoking] were ruled out between patients and
with SF. controls. All participants were informed about the purpose of the

With the development of molecular techniques, such astudy, and signed the written informed consent for publicatad
multiplex ligation-dependent probe ampli cation (MLPA) and this original research as well.
array comparative genomic hybridization (aCGH), researshe
were able to simultaneously identify multiple CNVs. ComparedVILPA Analysis
with aCGH, the MLPA method was relatively simple andMLPA analysis was performed using SALSA MLPA
inexpensive, and it has been suggested as a valuable teehniguobe-mix kit P360-B1 (MRC-Holland, Amsterdam, the
for diagnosing genetic diseaségu@rello et al., 2012; MassalskaNetherlands) containing 42 specic probes for AZF regions
etal., 2013; Mutlu et al., 20)L8 (Supplementary Figure SL Briey, 7 ul of sample DNA (20

To identify novel AZF-linked CNVs (especially duplications ng/ul) were denatured for 5min at 98 and subsequently
and complex CNVs) and their signi cance in spermatogenesig;ooled to 25C. Next, 5 ul denatured DNA were mixed with 3
we performed MLPA analysis on 402 fertile healthy male costrolul hybridization master mix and heated for 1 min at 5 then
and 423 idiopathic infertile SF patients (197 azoospermia &éd 2 18 h at 60C. After hybridization reaction, 32 ul ligase-65 master

oligozoospermia) in Han Chinese population. mix were added and incubated for 15min at 84and 5min
for 98 C, then pause at 2C. The ligation products were then
mixed with polymerase master mix for PCR reaction. The PCR
MATERIALS AND METHODS products were analyzed by ABI 3,500 using 50 cm capillaries and
Study Subjects POP-7 polymers (Applied Biosystems, Foster City, CA, USA)

Subjects were recruited from the Nanjing Maternity andand the injection mixture containing 0.9 ul PCR products, 0.1

Child Health Care Hospital (Nanjing, Jiangsu province, Chinajl LIZ 500 size standard and ®i HiDi formamide. The ABI

between July 2016 and September 2017. This study was approwed00 run conditions were as follows: injection voltdgel.6

by the Ethics Committee of Nanjing Maternity and Child Healt kVolt, injection time D 8s, oven temperatur® 60 C, run

Care Hospital. All procedures involved in this study werevoltageD 19.5 kVolts, and run timé 1330s. The relative peak

conducted in accordance with the Declaration of Helsinki. area of each probe was calculated by dividing the actual peak
Semen analyses were performed based on World Healtrea of the subject by the average of that of ve referencebesn

Organization criteria (2010) with the reference values peers  using Co alyser.Net Software (MRC-Holland, Amsterdam, the

for semenvolume of 1.5mL,pH 7.2, total sperm count of 39 Netherlands). The 30% increase or decrease of the relatike pea
1P per ejaculate, sperm concentration of 18.0°/mL, sperm  area of the probe showed duplication or deletion of the targeted

total motility of 40%, and sperm with a normal morphology region, respectively.

of 4% (Cooper et al.,, 2090 and each subject was examined .

twice to ensure the reliability of the results. In additon t PCR of Sequence-Tagged Site (STS)

semen analyses, some comprehensive andrological exaomisati Markers (STS-PCR)

including a series of physical examinations, scrotal uttuasi, Results of MLPA analysis were compared with those of

hormone analysis and karyotype analysis were also performecbnventional STS-PCR based on ten STS markers in AZF

Those with varicocele, cryptorchidism, orchitis or abnofmaregion (sY84 and sY86 for AZFa, sY127 and sY134 for

karyotype (such as 47, XXY) were excluded from this study. ~ AZFb, sY254, sY255, sY1192, sY1191, sY1291 and sY1189
The male infertile cases, who sought treatment in the&or AZFc) recommended by EAA/EMQN practice guidelines

infertility clinic, were recruited into this study by a retspective  (Krausz et al., 20)4

design. These cases have no child and diagnosised with tiopa

non-obstructive azoospermia (NOA) (no sperm in the ejacylateReal-Time Quantitative PCR (qPCR)

or oligozoospermia (total sperm count 39 1P per To validate those AZF-linked CNVs not con rmed by STS-

ejaculate). To distinguish between NOA and OA (obstructivePCR, we performed real-time quantitative PCR (qPCR).

azoospermia), only those azoospermic cases with soft amfimer sequences designed for target regions were listed in
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Supplementary Table S2The ACTB gene was employed as aand further study is required to con rm whether thRBMY1J
reference. The gPCR was performed in a total volume afl20 deletion may cause the disease.

consisting of 10mL AceQ Universal SYBR gPCR Master Mix )

(Vazyme, China), 0.4n_ of 10mM each primer (forward and Distribution of Known and Novel

reverse), 2rL genomic DNA (10 ngtlL) and 7.2mL nuclease- Duplications in AZF Regions and Their

free water. The PCR reaction were run in ABI StepOnePfus Effects on SF

(Life Tgchnol_ogi_es, USA) bas_ed on the following programca5 The traditional STS-PCR method could only detect AZF-
for 5min for initial denaturation, foII_owe_d by 40 cycles (35 linked deletions, while MLPA method could detect not
for lO_s and 60C for 30s) for ampli cation and uorescence only deletions, but also duplications. In this study, we
detection, and a cycle (96 for 155, 60C fo.r60 s, and 95 for .identi ed eleven types of AZF-linked duplications in 3.98%
155s) for melt curve analysis. Data analysis was performedjusi of controls (16/402) and 7.09% of SF patients (30/423).
StepOneTM Software based on teCT method. All samples Most of duplications (72.7%, 8/11) were located in the AZFc

were detected in triplicates for gPCR analysis. region likely owing to the frequent non-allele homologous
recombination (NAHR) in this region $kaletsky et al., 2003

Statistical Analysis T : : .
In this study,$2 and Fisher's exact tests were applied to compargeven novel duplications, four in AZFc region, one in AZFb

the statistical di erences in the frequencies of CNVs betwie region, and two in AZFa region, were identi ed in our study
. . Figure 2 Table 3.

patients and controls using SPSS 20.0 software (IBM, Armonk, Two types of BPY2 duplication (Types | and Il) and
NY, USA).P-value< 0.05 was statistically considered signi cant.,, yP p” ypes, )

) . - S AZFa partial dup Type I” were found in both patients
We did not correct for multiple testing considering that the . . .

. ; . ~and controls, suggesting they might be benign CNVs.

sample size for those novel AZF-linked CNVs were reIaUveI;i.he CNVs named BPY2 dup Type | C grlgr dup’

smal and adjustments for making multiple comparisons mightpy " qup ¢ grigr dup; "RBMYL) dup? and *AZFa
P yimp gs: partial dup Type 1I” were allde novo CNVs and only

identied in patient group (Table3. Additional cases
RESULTS should be considered to investigate the clinical relevance o

Characteristics of the Study Population these ndings.

In this study, we recruited 402 fertile healthy male corgrol ;.4 :
and 423 infertle SF patients (197 azoospermia and 22 istribution of Known and Novel Complex

oligozoospermia). According to the achieved results, wadou NVS (Deletion C Duplication) in AZF
that there was no signi cant di erence between the contrabgp ~ Regions and Their Effects on SF
and the SF group in selected characteristics includingBl#, Five types of complex CNVs involved both deletions

and smoking Table 1). and duplications were identied in our study Fgure 3
Table 4. Among these complex CNVs, the “b2/b3 deletion

Distribution of Known and Novel Deletions C DAZ 1/2 duplication” was conrmed by analyzing

in AZF Regions and Their Effects on SF the restriction enzyme digestion site of single-nucleetid

Overall, twenty-four types of AZF-linked CNVs (eight deletsy  variation (SNV) at sY587 to discriminatdAZ 1/2 from
eleven duplications and ve complex CNVs) were identied DAZ 3/4 (Machev et al., 2004Supplementary Table S
in our study population. Among eight deletions, four classicaConsistent with the result reported byu et al. (2011)the
deletions (AZFa deletion, AZFb deletion, AZFc complete deteti frequency of the CNV was signi cantly higher in patients
(b2/b4 deletion), and AZFbC c deletion) recommended than that in controls (ORD 5.34, P D 3.00 10 ?
by EAA/EMQN practice guidelines Kfausz et al., 20)4 (Table4. The CNV named “two gr/gr deletionsC b2/b4
were identied by MLPA analysis and veried by STS-PCRduplications” was identied in one SF patient byaito et al.
(Figures 1, 4). These four types of deletions were identi ed in (2015) and this CNV was considered to be benign in our
SF patients, but not observed in controlEable 2. Consistent Patients Table 4.
with the previous reports, the classical deletions were thetie In addition, three novel complex CNVs were
causes of SKK(ausz et al., 20)4 identied in our study, including “b2/b3 deletionC gr/gr

The frequency of three AZFc partial deletions (gr/gr, b2/b3duplication” “b2/b3 deletion C gr/gr triplication and
and b1/b3) identied by MLPA and validated by STS-PCR'Or/gr deletion C b2/b3 triplication.” The frequency of
showed no signi cantly statistical di erence between theipats ~€ach complex CNV showed that there was no signi cant
and the controls Table 2, suggesting that these partial deletionsdi erence between the patient group and the control
might not considered to be genetic risk factors for SF in ouigroup (Table 4.
study population. . . .

Besides, we found a novel ade novoAZFb partial deletion Comprehensive Analysis of all AZF-Linked
(RBMY1Jdeletion) in a patient with oligozoospermia whose CNV's and Their Effects on SF
father has a normaRBMY1Jopy in the same regiorable 2.  Furthermore, we comprehensively analyzed all the AZF-linked
The de novadeletion might be associated with oligozoospermiaCNVs to evaluate their e ects on spermatogenesis. We found
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TABLE 1 | Study population information of controls and patients.

Variables Frequency Controls Patients
Normozoospermia  Spermatogenic P Azoospermia P Oligozoospermia P
(n D 402) failure @(n D 423) (n D 197) (n D 226)
Age (years) - 2852 3.72 28.45 3.55 952 10 1 294 354 481 101 27.67 3.45 461 10 1
BMIP - 22.98 3.00 21.73 2.82 135 101 21.86 3.30 304 101 21.63 2.46 140 101
Smoking®  Ever 23 (57.96%) 251 (59.34%) 6.90 10 1 114 (57.87%) 982 10 1 137 (60.62%) 526 10 1
Never 169 (42.04%) 172 (40.66%) 83 (42.13%) 89 (39.38%)

a, The sum of azoospermia and oligozoospermia; b, The differenda age and BMI between controls and patients were tested using independent-saple T-test, data were expressed

with mean
BMI, body mass index.

SD (standard deviation); ¢, The frequency difference in smoking betwa controls and patients were tested using$? test; P-values< 0.05 were considered signi cant;

A c Y chromosome Genomic Structure
MLPA AZFa  AZFb A%FC
- —)
° ::‘3 2 (:G/_:-?
5 <1 | _— —
530 MLLLNILEERRAREERAREAARRARC AR o 5 g a2 B gEme ST
A QRY AZFa AZFb AZFc
B D
2
AZFc 2/b4 deleti 1
ba/badeletion * MNNNANLANNROIE o 11
2
. 1
gr/grdeletion | [[NLLNLLERLLERRakRLLERRLLERNEERnnsanal
2
i 1
R ([T TTTTTTTTTTTTTTRITITTTTIII A
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FIGURE 1 | CNVs (Deletion Only) in AZF regions of the human Y chromosondenti ed by MLPA. (A,B) Results of MLPA analysis. The relative peak area of each
probe was calculated by dividing the actual peak area of thewbject by the average of that of ve reference samples. Decresed relative peak areas mean
copy-number deletion. (C,D) Corresponding structures and rearrangements of AZF regian

that “any CNV in AZF region” was at signi cantly higher (P D 7.00
frequency in SF cases (A@R2.24; 95%Cl, 1.62-3.08) D 8.37 95%Cl, 1.69-3.53)P(D 1.22
10 7), azoospermia cases (OR 1.97; 95%CI, 1.33-3.91) controls (Table 5.

10 4, and oligozoospermia cases (AR 2.44;

10 2), when compared with
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TABLE 2 | Distribution of known and novel deletions in AZF regions antheir effects on SF.

Deletion types Controls Patients
Normozoospermia Spermatogenic failure Azoospermia Oligozoospermia
(n D 402) (n D 423) (n D 197) (n D 226)
n OR P n  OR (95%Cl) P n  OR (95%Cl) P n  OR (95%Cl) P
Deletion AZFc b2/b4 del 0 1.00 - 23 - - 9 - - 14 - -
only gr/gr del 20 1.00 - 32 1.56 129 101 14 1.46 292 101 18 1.65 135 10 1
(0.88-2.78) (0.72-2.96) (0.86-3.19)
b2/b3 del 24 100 - 16 0.62 147 101! 8 0.67 332 101! 8 0.58 189 101
(0.32-1.18) (0.29-1.51) (0.26-1.31)
b1/b3 del 2 1.00 - 5 2.39 299 101 o0 - - 5 4.53 730 10 2
(0.46-12.40) (0.87-23.52)
AZFb AZFb del 0 1.00 - 1 - - 1 - - 0 - -
RBMY1Jdel* 0 1.00 - 1 - - 0 - - 1 - -
AZFa del 0 1.00 - 2 - - 2 - - 0 - -
AZFbC c del 0 1.00 - 7 - - 7 - - 0 - -
Classical del 0 1.00 - 33 - - 19 - - 14 - -
(b2/b4 del/AZFb
del/AZFa del/AZFb
C cdel)

*indicated that the CNV was not reported previously; del, deletion; P-vaés < 0.05 were considered signi cant.

Similarly, the “any deletions in AZF region” was found sample were examined. The qPCR results were all consistent
at signi cantly higher frequency in SF cases (AR 2.13; with MLPA results Figure 5 and Supplementary Figure SR
95%ClI, 1.50-3.01) A D 2.10 10 %), azoospermia Those above results indicated the accuracy of the MLPA
cases (ORD 1.89; 95%Cl, 1.23-2.88)P(D 3.30 method for detecting AZF-linked CNVs ( both deletions
10 8), and oligozoospermia cases (OR 2.30; 95%Cl, and duplications).
1.55-3.43) B D 4.00 10 5), when compared with
controls (Table 5.

For “any duplications in AZFc region”, the frequency wasD|ISCUSSION
signi cantly higher in SF cases (OR 2.22; 95%CD 1.11-

444) ¢ D 247 10 2) and oligozoospermia casesY chromosome microdeletion was the second most frequent
(OR D 2.31; 95%CID 1.06-5.03) R D 3.47 10 2) than genetic etiology after Klinefelter syndrome<réusz et al.,
controls (Table 5. 2019. In recent years, AZFa, b and c (b2/b4) deletions have
been identied as the pathogenic CNVs in spermatogenesis
Comparing MLPA Method With (Krausz et al, 20)4 However, AZF-linked duplications

Conventional STS-PCR and c;omplex CNVs were rarely studied due to |ImItS.Of
. . technical means. In this study, we revealed the relatively
As compared with MLPA, only seven known deletions recise frequency and  clinical siani cance of AZF-
(29.2%, 7/24) were identied by STS-PCR. One. quency . gn .
. L inked CNVs in Han Chinese population by using the
deletion (4.2%, 1/24) and eleven duplications (45.8°<i\,/I
. . LPA method.
11/24) were not identied, and ve complex CNVs . .
. ; For AZFc partial deletions (gr/gr del, b2/b3 del, and b1/b3
(20.8%, 5/24) were detected as simple deletlona . L - o
) . el), we did not observe signicantly dierent distributions
(Figure 4, demonstrating that the MLPA method . L .
. . .~ _between SF cases and control subjects. The clinical sigrieca
possesses more powerful eciency in  detecting - - ; .
AZE-linked CNVs of these par'FlaI deletions was reported to be variable in
’ previous studiesl(u et al., 2009; Bansal et al., 2016; Krausz
. ) and Casamonti, 20)7 Hence, further study should be
The gPCR Validation of CNVs Not performed in diverse racial or ethnic groups to conrm the
Con rmed by STS-PCR respective results.
To validate the CNVs not veri ed by STS-PCR especially those Interestingly, two de novo RBMY1JCNVs, a deletion
AZF-linked duplications and complex CNVs, we performed real-and a duplication were identied in our oligozoospermic
time quantitative PCR (qPCR). patients. RBMY1J a member of RBMY1 (Y-linked RNA
For each CNV to be tested, two reference samples (normalinding motif protein family 1), is expressed in all stages
MLPA results) and one randomly selected positive CNVof spermatogenesis and acts as a splicing factor during
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FIGURE 2 | CNVs (Duplication Only) in AZF regions of the human Y chromose identi ed by MLPA. (A) Results of MLPA analysis. The relative peak area of each
probe was calculated by dividing the actual peak area of theubject by the average of that of ve reference samples. Increasd relative peak areas mean
copy-number duplications. (B) Corresponding structures and rearrangements of AZF regian

spermatogenesi&:(liott et al., 1997; Dreumont et al., 201¥an  in spermatogenesis. Similar results were reported in the pusvi
et al. revealed thaRBMY1lis associated with sperm motility studies (inetal., 2007; Ye etal., 2013; Saito et al., R015
(Yan et al., 2017 Considering the normal sperm motility in In addition, three novel complex CNVs identied in
both patients, our study suggests tHe@BMY1Jis associated the present study expanded our knowledge on AZF-lined
with decreased sperm numbers in clinic. Therefore, furtheCNVs. Notably, all ve complex CNVs were detected
studies are required to determine the function &BMY1l as simple deletions (gr/gr or b2/b3 deletion) by the
in spermatogenesis. traditional STS-PCR method. The technical limitation
Besides, Y chromosome is thought to be “fragile” owing t@f STS-PCR would be a potential confounding factor
complex NAHR structure. In the present study, “any CNVsfor risk assessment in studies of gr/gr or b2/b3 deletion.
in AZF region” showed signi cantly higher frequency in SFIt justies why the previous research has demonstrated
patients than controls, and we speculated that the instgbilitcon icting ndings.
of Y chromosome might be associated with spermatogenic In 2012, Bunyan et al. performed MLPA in 100 subjects (50
impairment. Additionally, the frequency of “any duplication SF patients and 50 controls) and identi ed four types of simple
in AZFc region” was also signi cantly higher in SF patients,deletions, which cannot be detected by STS-PBRyan et al.,
suggesting that AZFc-linked duplications might play vitale® 2019. In 2014, Liu et al. performed MLPA in 199 fathers and
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TABLE 3 | Distribution of known and novel duplications in AZF regionand their effects on SF.

Duplications types

Controls

Patients

Normozoospermia

Spermatogenic failure

Azoospermia

Oligozoospermia

(n D 402) (n D 423) (n D 197) (n D 226)
n OR P n  OR (95%Cl) P OR (95%Cl) P n  OR (95%Cl) P
Duplication AZFc  b2/b4 dup 2 100 - 3 1.43 6.97 10 - - 3 2.69 280 101
only (0.24-8.60) (0.45-16.22)
gr/gr dup 5 100 - 13 2.52 820 10 2.93 6.99 10 6 2.17 206 101
(0.89-7.13) (0.92-9.34) (0.65-7.18)
b2/b3 dup 1 100 - 4 3.83 231 10 6.20 115 10 1 1.78 683 10 1
(0.43-34.40) (0.64-60.00) (0.11-28.63)
b2/b3 trip 0 100 - 1 - - 0 - - 1 - -
BPY2partial 2 100 - 2 0.95 959 10 1 1 1.02 987 101 1 0.89 924 101
dup-Type I* (0.13-6.78) (0.09-11.32) (0.08-9.86)
BPY2partial 2 100 - 1 0.47 543 101 1 1.02 987 101 o - -
dup-Type I1* (0.04-5.25) (0.09-11.32)
Type R C 0 1.00 - 1 - - 0 - - 1 - -
gr/gr dup*
b2/b4dupC 0 100 - 2 - - 0 - - 2 - -
gr/gr dup*
AZFb  RBMY1lJdup* 0 100 — 1 - - 0 - - 1 - -
AZFa  AZFapartal 4 100 - 1 0.24 197 101 1 0.51 545 101 0 - -
dup Type I* (0.03-2.12) (0.06-4.57)
AZFa partial 0 1.00 - 1 - - 0 - - 1 - -

dup Type II*

*indicated that the CNV was not reported previously; a, BPY2 partial dup-Pe I; dup, duplication; trip, triplication; P-values< 0.05 were considered signi cant.

A B
AZFc

b2/b3 deletion + DAZ1/2 duplication

2
| TTTTTTTITTTRTTTITT Ml

b2/b3 deletion + gr/gr duplication

2
o NAANERAR R ull

b2/b3 deletion + gr/gr triplication

2
1T Il""ll

Deletion + Duplication

2
two gr/gr deletions + b2/b4 duplication |

IIIIIIIlIIIlIlIIIIIIIIIIllllllllm“ullll

gr/gr deletion + b2/b3 triplication

oRrNW

[IIllllllllllllIIIIIIIIlIIIIlIIlI""u"lI

gr/gr deletion + b2/b3 triplication

FIGURE 3 | Complex CNVs (DeletiorC Duplication) in AZF regions of the human Y chromosome idergid by MLPA. (A) Results of MLPA analysis. The relative peak
area of each probe was calculated by dividing the actual peakrea of the subject by the average of that of ve reference samles. Decreased and increased relative
peak areas mean copy-number deletions and duplications, rgpectively. (B) Corresponding structures and rearrangements of AZF regian
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TABLE 4 | Distribution of known and novel complex CNVs (DeletiabDuplication) in AZF regions and their effects on SF.

Complex CNVs types Controls Patients
Normozoospermia Spermatogenic failure Azoospermia Oligozoospermia
(n D 402) (n D 423) (n D 197) (n D 226)
n OR P n  OR(95%CI) P n  OR(95%CI) P n  OR(95%CI) P
DeletonC ~ AZFc  b2/b3 delC 2 100 - 11 5.34 300 10 2 3 3.09 218 101 8 7.34 1.22 10 2
Duplication DAZ1/2 dup (1.18-24.24) (0.51-18.66) (1.55-34.87)
b2/b3 del C 6 100 - 8 0.81 710 101 2 0.68 635 101 6 1.80 314 101
gr/gr dup* (0.27-2.44) (0.14-3.39) (0.57-5.65)
b2/b3 del C 2 100 - 5 2.39 299 101 o - - 5 453 726 101
gr/gr trip* (0.46-12.04) (0.87-23.52)
twogr/igrdels 2  1.00 - 3 1.43 697 101 3 3.09 218 101 o0 - -
C b2/b4 dup (0.24-8.59) (0.51-18.66)
gr/gr del C 2 100 - 1 0.47 543 101 o0 - - 1 0.89 924 101
b2/b3 trip* (0.04-5.25) (0.08-9.86)

*indicated that the CNV was not reported previously; del, deletion; dels, detions; dup, duplication; trip, triplication; P-values< 0.05 were considered signi cant.
The bold values mean P-value< 0.05.

TABLE 5 | Comprehensive analysis of all AZF-linked CNVs and their edt on SF.

CNVs types Controls Patients
Normozoospermia Spermatogenic failure Azoospermia Oligozoospermia
(n D 402) (n D 423) (n D 197) (n D 226)
n OR P n  OR(95%CI) P n  OR(95%CI) P n  OR(95%CI) P

Any CNVs in AZF 76 1.00 - 145 2.24 837 10 7 62 1.97 700 10 4 82 2.44 200 10 6
region? (1.62-3.08) (1.33-3.91) (1.69-3.53)
Any deletions in AZF 60 1.00 - 115 213 210 10 ° 49 1.89 330 10 3 65 2.30 400 10 °
region® (1.50-3.01) (1.23-2.88) (1.55-3.43)
Any duplications in AZF 16 1.00 - 30 1.84 546 10 2 13 1.70 165 10 1 17 1.96 6.02 10 2
region® (0.99-3.43) (0.80-3.62) (0.97-3.96)
Any duplications in 12 1.00 - 27 2.22 247 102 12 2.11 743 10 2 15 231 347 10 2
AZFc regiorf (1.11-4.44) (0.93-4.78) (1.06-5.03)

a, any CNVs (deletions or duplications or complex CNVs) in AZF region; bny deletions not accompanied by duplications in AZF region; c, any duplicationsot accompanied by
deletions in AZF region; d, any duplications not accompanied by deletionis AZFc region; P-values< 0.05 were considered signi cant.
The bold values mean P-value< 0.05.

their 228 sons, and found that assisted reproductive teduyol However, there are some limitations in the current study.
didn't increase the risk of Y-chromosome microdeletions inAlthough a decent number of subjects were tested in this
male o spring (Liu et al., 201}t Both studies used the MLPA retrospective case-control study, it is not enough to reach
analysis to detect Y-chromosome microdeletions. In 2088pS conclusions on the role of those rare AZF-linked CNVs.
et al. performed MLPA in 56 SF patients and 65 controlln addition, the p-values presented were not corrected
individuals from who all were Japanese, and identi ed bothfor multiple testing in the statistical analysis, which may
AZF-linked deletions and duplicationsSgito et al., 20)5 lead to reject the null hypothesis too readily and increase
Compared with previous studies, we applied the MLPA analysite risk of false positives. In the future, we plan to
to more subjects and identied more types of AZF-linked establish the roles of rare AZF-linked CNVs in a larger
CNVs. Besides, for those novel CNVs only detected in Sprospective study.

patients, we further detected if they were inherited fromithe  In summary, this study comprehensively identied

fathers and found they were atle novoCNVs. In addition, AZF-linked CNVs, especially duplications, in Han

we classi ed the patients with SF into azoospermia group anéthnicity. It provides valuable ndings for understanding

oligozoospermia group, which would be helpful to understandhe roles of AZF-linked CNVs in spermatogenesis, and
the clinical signicance of AZF-linked CNVs in dierent will be helpful in the diagnosis and treatment of SF in

SF types. clinical practice.
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FIGURE 4 | Comparing MLPA methods with traditional agarose electropbresis for STS markersC, the fragment in the STS site was not deleted; -, the fragmenin
the STS site was deleted.

ETHICS STATEMENT from all subjects. All subjects gave written informed

consent in accordance with the Declaration of
This study was carried out in accordance with theHelsinki. The protocol was approved by the Ethics
recommendations of Nanjing Maternity and Child Committee of Nanjing Maternity and Child Health
Health Care Hospital with written informed consent Care Hospital.
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FIGURE 5 | Comprehensive results of STS-PCR and gqPCR validatio?, Special regions of target AZF-linked CNVs for gPCR validah; b Simpli ed qPCR results.
Detailed gPCR results seeSupplementary Figure S2 .
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