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Duplications in 19p13.3 are associated with male infertility
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Abstract
Purpose To identify genomic imbalances and candidate loci in idiopathic male infertility.
Methods Affymetrix CytoScan 750KArray was used to analyze genomic imbalances and candidate loci in 34 idiopathic infertile
cases of different phenotypes (hypo-spermatogenesis, n = 8; maturation arrest, n = 7; and Sertoli cell-only syndrome, n = 13,
severe oligozoospermia, n = 6, and 10 normozoospermic fertile men). Ten ethnically matched controls were screened for
comparison.
Results The cytogenetic array analysis detected a genomic gain at the 19p13.3 region in 9 (26.47%) cases, with the highest
frequency in patients with Sertoli cell-only syndrome (SCOS) (38%). Its complete absence in the control group suggests its likely
pathogenic nature. In addition to Y-classical, micro, and partial deletions, the duplication in 19p13.3 could serve as a unique
biomarker for evaluation of infertility risk. The common region across the individuals harboring the duplication identified STK11,
ATP5D,MIDN, CIRBP, and EFNA2 genes which make them strong candidates for further investigations. The largest duplicated
region identified in this study displayed a major network of 7 genes, viz., CIRBP, FSTL3, GPX4, GAMT, KISS1R, STK11, and
PCSK4, associated with reproductive system development and function. The role of chance was ruled out by screening of
ethnically matched controls.
Conclusion The result clearly indicates the significance of 19p13.3 duplication in infertile men with severe testicular phenotypes.
The present study underlines the utility and significance of whole genomic analysis in the cases of male infertility which goes
undiagnosed due to limitations in the conventional cytogenetic techniques and for identifying genes that are essential for
spermatogenesis.
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Introduction

Infertility refers to the inability of a couple to attain pregnancy
after 1 year of regular intercourse without any contraception
(WHO) [1]. It affects around 10–15% of all couples and ap-
proximately 50% of all infertility cases are attributed to “male

factor.” Human male infertility is a complex multifactorial
disorder, commonly identified by disorders of sperm produc-
tion and function. The etiology of human male infertility in-
cludes a diverse range of genetic factors such as cytogenetic
abnormalities and Y chromosome deletions [2]; however, in
most of the cases, the underlying cause remains unidentified
or idiopathic [3]. It is largely recognized that, like many other
complex traits, humanmale infertility is often genetic in origin
[4, 5]. Evidences suggest that idiopathic male infertility, clin-
ically described as azoospermia (nil sperm count) and severe
oligozoospermia (sperm count < 5 million/mL), is the most
frequent phenotype among infertile men [6]. Despite its high
prevalence, the genetic origin of such phenotype remains
largely unknown in humans.

The emergence of copy number variations (CNVs) has
been recognized as a major source of genomic variation and
genetic diversity [7, 8]. CNVs are the sub-microscopic chro-
mosomal deletions or duplications that involve > 1-kb stretch
of DNA that can considerably vary in size and prevalence [3].
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The presence of CNVs has been shown to widely correlate
with various complex diseases such as autism, schizophrenia,
mental retardation, and cancer [9–12]. Recently, CNVs have
been documented as essential determinants of human male
infertility [13–16]. Identification of the DNA-based markers
for infertility can have a significant impact on early detection
of infertility risk and hence timely management. Y chromo-
some deletions have already been subjected to clinical testing
for inclusion in the diagnosis of male infertility. Apart from
SNPs, CNVs can be easily genotyped for routine diagnosis of
male infertility, which can provide additional markers for
screening.

Cytogenetic array is a powerful genetic tool that allows the
genome-wide detection of submicroscopic duplications/
deletions across the genome by screening thousands of loci
at the same time [16]. It is instigated as a first-tier test for
diagnosis of genomic imbalances [17, 18]. Additionally, the
cytogenetic array allows the determination of copy-neutral
loss of heterozygosity (cnLOH) [19, 20]. Chromosome 19
has been recognized to have the highest gene density of all
chromosomes with sets of genes of evolutionary significance
[21]. The disease-associated deletions and duplications within
the terminal band 19p13.3 are sparsely described in the med-
ical literature and those too exhibit substantial phenotypic var-
iability. 19p duplications have been reported in correlation
with developmental delay, macrocephaly, and hypotonia
[22–24]. However, since most of these disorders come into
picture in childhood, there is no report of infertility in cases
with 19p duplication. In the present study, we used cytogenet-
ic microarray to identify genomic imbalances in the form of
CNVs that are associated with “idiopathic” human male infer-
tility. Normozoospermic fertile controls were analyzed for
comparison. We found a common genomic gain
(duplication) at 19p13.3 locus in 9 (26.47%) cases, which
was completely absent in controls. The present study is the
first report of a duplication in chromosome 19 in association
with male infertility. We also identified genomic duplications
at Yp11 locus in 16 (47%) cases and 4 (40%) controls and
cnLOH at the 3p21.31 region in 6 (17.6%) cases.

Materials and methods

The present study was approved by the Institutional Human
Ethics Committee of the Institute of Science, Banaras Hindu
University, Varanasi (Approval letter No. Dean/2012-13/546).
All the subjects were informed about the purpose of sample
collection and written consent was obtained. Study subjects
were recruited from the Department of Urology, Sir Sunderlal
Hospital, Institute of Medical Sciences, Banaras Hindu
University, Varanasi. Before sample collection, all subjects
underwent meticulous medical and physical examinations.
Patients with endocrine abnormalities (hypogonadism) and

those with gross dysmorphic abnormalities, history of
pelvic/spinal injuries, acquired and congenital structural de-
fects of the urogenital system (cystic fibrosis, Young’s syn-
drome, etc .) , karyotype abnormali t ies , and AZF
microdeletions were excluded. Patients with the history of
genital tract obstruction or/and dysfunction (varicocele, ob-
structive azoospermia) were also excluded. Infertile individ-
uals used to extreme alcohol consumption, smoking, and drug
abuse (marijuana and recreational substances), and those hav-
ing been exposed to radiation, were also excluded. The possi-
bility of involvement of female factors was excluded after
exhaustive clinical examinations undertaken on the female
partner of each patient.

All the patients recruited in this study had infertility
persisting for longer than 1 year. Collection of semen samples
was performed as per the WHO criteria for semen collection
and analysis [25]. Semen analyses were carried out thrice,
after 3 to 4 days of sexual abstinence to ascertain infertility
status of the patients. Five milliliters of peripheral blood and
testicular biopsy samples was obtained from each patient.
Semen was collected in a clean, well-labeled, wide-mouthed,
and non-toxic semen collection container followed by incuba-
tion at 37 °C until liquefaction. The control group consisted of
healthy fertile normozoospermic males who had fathered at
least one child and had no history of chronic illness. The
controls belonged to the same age group (between 20 and
45 years) and had the same ethnicity as the patients.
Hormonal profiling using quantitative analysis of LH, FSH,
and testosterone was carried out for all the patients. All the
patients indicated hormone values within the normal range. In
total, 44 infertile patients with different histologic phenotypes
were recruited (normozoospermic controls (NS), n = 10;
hypo-spermatogenesis (HS), n = 8; maturation arrest (MA),
n = 7; Sertoli cell-only syndrome (SCOS), n = 13; and severe
oligozoospermia (SO), n = 6).

Plus/minus-polymerase chain reaction for Y
chromosome deletion mapping

Genomic DNA was extracted from peripheral blood using
DNA/RNA extraction kits (Illumina, San Diego, CA, USA)
per the manufacturer’s protocol. The quality and quantity of
DNA were estimated using a NanoDrop 2000 instrument
(Thermo Fisher Scientific, Waltham, MA, USA). DNA was
subjected to AZF-polymerase chain reaction (PCR) simplex
using 11 sets of sequence-tagged site (STS) markers (STSs:
sY83, sY84, sY69, sY117, sY152, sY255, sY254, sY157,
sY158, sY159, and sY160) on both sides of the euchromatic
region of the Y chromosome from the centromere to interval
7. A DNA sample from a normal fertile male was used as a
fertile control; and two negative controls, (1) female DNA
sample and (2) water sample (without template), were used
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in every PCR assay. The PCR assay was performed thrice for
confirmation.

Histologic analysis

Histology analysis was performed using the standard method.
Testicular biopsies obtained from the patients were fixed with
Bouin’s fixative for 24 h at room temperature. After dehydra-
tion in ascending alcohol concentrations, the specimens were
embedded in paraffin, and testicular blocks were prepared.
Five-micrometer sections were mounted onto poly-L-lysine
(Sigma) pre-coated slides. The sections were deparaffined,
rehydrated, and further stained with hematoxylin (HiMedia)
and eosin (Merck) for light microscopic examination and phe-
notype determination.

Chromosome microarray analysis

To identify the genomic imbalances in infertile patients (n =
34) vs fertile controls (n = 10), we utilized the CytoScan™
750K Array (Affymetrix, USA) for genomic hybridization
as per the manufacturer’s instruction. The array is character-
ized by more than 750,000 CNV markers and 200,000
genotype-able SNP probes, which provides high-resolution
copy number, accurate breakpoint estimation, and loss of het-
erozygosity (LOH) detection. The data were visualized and
analyzed using the Chromosome Analysis Suite (ChAS) soft-
ware package (Affymetrix, USA).

Further, the software for the 750K Array was set to a cutoff
of ≥ 5 Mb for displaying loss of heterozygosity. Quality con-
trol (QC) thresholds for all the data included a SNP quality
control (SNPQC) of ≥ 15, median of the absolute values of all
pairwise differences (MAPD) of ≤ 0.25, and waviness stan-
dard deviation (SD) of ≤ 0.12.

Bioinformatics analysis

To analyze and characterize the canonical pathways, biologi-
cal functions, and potential molecular interactions between the
candidate genes identified by chromosome microarray analy-
sis (CMA), pathway analysis was carried out using the
Ingenuity Pathway Analysis (IPA) software package (http://
www.ingenuity.com). Ingenuity Pathway Knowledge Base
(IPKB) (Krämer et al. 2014) presently serves as the world’s
largest database of knowledge on biological networks. The
genes identified from the CNV region were uploaded into
Qiagen’s Ingenuity Pathway Analysis (IPA) suite to classify
networks of genes that are altered in infertile samples. The
analysis was carried out to ascertain the biological interactions
of these genes. The network described that the functional re-
lationship between gene products is based on information
from the Ingenuity Pathways Knowledge Base or known in-
teractions in the literature.

Results

Semen analysis revealed that 28 patients were azoospermic
and 6 were severe oligozoospermic. Histology analysis
(Fig. 1) of testicular biopsies from azoospermia patients re-
vealed different phenotypes (hypo-spermatogenesis (HS), n =
8; maturation arrest (MA), n = 7; and Sertoli cell-only syn-
drome (SCOS), n = 13). Clinical features of all the patients
are described in Table 1. None of the patients displayed any
Y chromosome microdeletions.

The cytogenetic array analysis detected a genomic gain
at the 19p13.3 region in 9 (26.47%) cases (Supplementary
figure 1). Though the locus of duplication was the same in
all nine cases, the genomic coordinates were variable,
which ranged from Chr19: 633,754—1,709,958 (genome
assembly hg19, NCBI build 37) (Supplementary data 1).
These 9 cases belonged to different testicular phenotypes
with 5 cases (38%) having Sertoli cell-only syndrome, 2

Fig. 1 Histologic patterns of the seminiferous tubules observed in patients with a hypo-spermatogenesis (HS), b maturation arrest (MA), and c Sertoli
cell-only syndrome (SCOS)
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cases having hypo-spermatogenesis (25%), and 2 having
severe oligozoospermia (33%). We did not find any asso-
ciation between the extent of duplication and the severity
of the testicular phenotype. We also found a genomic du-
plication at Yp11 loci in 16 (47%) cases and 4 (40%) con-
trols (Supplementary data 2). Out of these 16 cases, 8 cases
had duplication of both the 19p13.3 and Yp11 regions.
Additionally, a genomic loss was observed at the 14q11.2
region in 4 cases, but the region was devoid of any gene.
Interestingly, all of these cases had a duplication in the
19p13.3 region.

Using the IPA software, network analysis was carried out
for 51 genes from the largest duplicated 19p13.3 region
(633,754–1,709,95). The list of genes is described in
Supplementary data 3. This revealed a network of 23 genes
that were functionally correlated (Fig. 2a). Out of 23 genes,
we identified a major network of 7 genes, viz., CIRBP (cold-
inducible RNA-binding protein, OMIM 602649), FSTL3
(follistatin like 3, OMIM 605343), GPX4 (glutathione perox-
idase 4, OMIM 138322),GAMT (guanidinoacetate N-methyl-
transferase, OMIM 601240), KISS1R (KISS1 receptor,
OMIM 604161), STK11 (serine/threonine kinase 11, OMIM
602216), and PCSK4 (proprotein convertase subtilisin/kexin
type 4, OMIM 600487) associated with reproductive system
development and function (Fig. 2b). The functional annota-
tion of these genes along with their corresponding P values
was calculated using the right-tailed Fisher exact test
(Supplementary data 4). P value less than 0.05 was considered
to be statistically significant.

Gene ontology analysis

Those 51 target genes from the duplicated 19p13.3 region were
classified for the three categories: biological process, molecular
function, and signaling pathways by the PANTHER classifica-
tion system (PANTHER9.0) (http://www.pantherdb.org/).
Eighty-six biological processes, 39 molecular functions, and 34
protein classes were hit. The duplicated genes were essentially

enriched in the biological process terms such as cellular compo-
nent organization or biogenesis (GO:0071840, 8, 15.7%), cellu-
lar process (GO:0009987, 26, 51.0%), localization (GO:
0051179, 7, 13.7%), biological regulation (GO:0065007, 6, 11.
8%), response to stimulus (GO:0050896, 7, 13.7%), develop-
mental process (GO:0032502, 4, 7.8%), multicellular organismal
process (GO:0032501, 4, 7.8%, locomotion), (GO:0040011, 2,
3.9%), metabolic process (GO:0008152, 20, 39.2%), and im-
mune system process (GO:0002376, 2, 23.9%) (Fig. 3a).
Among the genes enriched in molecular function, binding (GO:
0005488, 14, 27.5%), receptor activity (GO:0004872, 2, 3.9%),
structural molecule activity (GO:0005198, 2, 3.9%), signal trans-
ducer activity (GO:0004871, 2, 3.9%), catalytic activity (GO:
0003824, 13, 25.5%), antioxidant activity (GO:0016209, 1, 2.
0%), and transporter activity (GO:0005215), 5, 9.8%) covered a
high number of hits (Fig. 3b). In classification of the panther
protein class, transporter (PC00227, 3, 5.9%), hydrolase
(PC00121, 8, 15.7%), oxidoreductase (PC00176, 2, 3.9%), en-
zyme modulator (PC00095, 1, 2.0%), transfer/carrier protein
(PC00219, 1, 2.0%), transferase (PC00220, 2, 3.9%), transcrip-
tion factor (PC00218, 3, 5.9%), ligase (PC00142, 1, 2.0%),
nucleic acid binding (PC00171, 8, 15.7%), receptor (PC00197,
1, 2.0%), calcium-binding protein (PC00060, 1, 2.0%), cytoskel-
etal protein (PC00085,1, 2.0%), and signaling molecule
(PC00207, 2, 3.9%) displayed high numbers (Fig. 3c).

Loss of heterozygosity

In addition to the identification of CNVs, the SNP-based ar-
rays also provide a possibility to detect regions with copy-

Table 1 Clinical characteristic of
the study group Characteristic HS (n = 8) MA (n = 7) SCOS

(n = 13)
SO (n = 6) P value (analysis of

variance)

Age (years) 29.12 ± 1.7 27.28 ± 1.75 27.92 ± 2.09 27.83 ± 2.26 0.39

Infertility (years) 2.5 ± 0.75 2.57 ± 0.77 2.5 ± 0.83 2.75 ± 0.75 0.93

LH (mlU/mL) 4.27 ± 0.63 4.51 ± 1.68 4.66 ± 1.46 4.80 ± 1.01 0.89

FSH (mlU/mL) 5.60 ± 0.60 5.0 ± 1.63 4.49 ± 2.25 5.48 ± 2.8 0.64

T (ng/dL) 512 ± 87.75 494.7 ± 98.41 511.3 ± 92.51 500.2 ± 55.72 0.97

Testicular
volume (mL)

34.25 ± 8.23 37.71 ± 7.74 36.0 ± 8.33 37.33 ± 8.29 0.86

Values are presented as mean ± SEM. NS, normal spermatogenesis; HS, hypo-spermatogenesis;MA, maturation
arrest; SCOS, Sertoli cell-only syndrome; SO, severe oligozoospermia

Fig. 2 a Molecular network generated by Ingenuity Pathway Analysis
(IPA) of 51 genes from the largest duplicated 19p13.3 region, which
identified a network of 23 genes that were functionally correlated. b
Out of 23 genes, IPA analysis highlighted a major network of 7 genes,
viz., CIRBP, FSTL3, GPX4, GAMT, KISS1R, STK11, and PCSK4, asso-
ciated with reproductive system development and function. Gene prod-
ucts are represented as nodes and biological relationships between two
nodes as a line. Continuous lines show direct interactions, while dashed
lines indicate indirect connections

b
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neutral loss of heterozygosity (cnLOH). In the present study,
we observed a cnLOH at the 3p21.31 region in 6 (17.6%) of

the cases (Supplementary Fig. 2). The details of cases with
LOH are provided in Supplementary data 5.

Fig. 3 Gene ontology analysis of 19p13.3 harboring genes according to a molecular function, b chemical components, and c biological processes
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Discussion

The genetic analysis of infertility risk has identified that Y
chromosome deletions are the foremost cause of infertility.
In a number of studies, autosomal candidate genes have been
studied for correlation with infertility risk, with some of them
showing promising correlation with male infertility [26, 27].
Exhaustive analysis of the human genome for infertility
markers utilized copy number variation (CNV) analysis,
which has identified promising markers [13]. In the present
study, we utilized the cytogenetic array to identify candidate
CNV regions that correlate with infertility. We identified a
number of duplication and deletion events across the whole
human genome, with a duplication at 19p13.3 appearing to be
the most interesting. This duplication was observed in 26.47%
of the individuals with the highest frequency in Sertoli cell-
only syndrome cases. Its complete absence in the control
group suggests its likely pathogenic nature. Chromosome 19
has the highest gene density of all chromosomes [21]. Reports
of the disease-associated genomic imbalances within the ter-
minal band, 19p13.3, are rare and are described with substan-
tial phenotypic variability. Most of these records belong to the
patients with features such as developmental delay,
macrocephaly, and hypotonia [22–24]. One of the studies re-
ported a 7.2-Mb terminal duplication of 19p13.3 (90,897–
7,300,043) in a 7-year-old male, born prematurely with intra-
uterine growth retardation and clinical features such as neuro-
logical impairment, facial abnormalities, and urogenital
malformations [28]. As most of these disorders come into
picture in childhood, therefore, infertility has not been report-
ed in association with this duplication. It is not known if such
individuals would be infertile in adulthood. This is the first
report of duplication in chromosome 19 in association with
male infertility. In addition to Y-classical, micro, and partial
deletions, the duplication at 19p13.3 could serve as a unique
biomarker for the evaluation of infertility risk.

It remains to be investigated if a duplication in the 19p13.3
region is sufficient to cause infertility. Additional cases must be
investigated to understand the mechanisms of duplication and if
genomic architecture in this region predisposes to genomic rear-
rangements. Nevertheless, its correlation with infertility appears
to be very interesting. Among various possibilities into the path-
ogenicity of this duplication, the disruption of the genes due to
breakpoint remains a low plausibility due to the variation in the
location of breakpoint across the samples. Another possibility
into the pathogenic nature could be the high dosage of the genes
encompassed in the duplicated region. For this, we identified the
smallest common region across the individuals harboring the
duplication, which identified STK11 (OMIM: 602216), ATP5D
(OMIM: 603150), MIDN (OMIM: 606700), CIRBP (OMIM:
602649), and EFNA2 (OMIM: 602756) genes. It would be very
interesting to investigate if the duplication in one candidate gene
is sufficient to cause infertility or if they exert quantitative effects.

Further analysis of the smallest duplication region has the poten-
tial of identifying the underlying gene(s) for infertility. The larg-
est duplicated region identified in this studywas also investigated
for gene content, which identified a major network of 7 genes,
viz., CIRBP (cold-inducible RNA-binding protein, OMIM:
602649), FSTL3 (follistatin like 3, OMIM: 605343),GPX4 (glu-
ta th ione peroxidase 4, OMIM: 138322) , GAMT
(guanidinoacetate N-methyltransferase, OMIM: 601240),
KISS1R (KISS1 receptor, OMIM: 604161), STK11 (serine/thre-
onine kinase 11, OMIM: 602216), and PCSK4 (proprotein
convertase subtilisin/kexin type 4, OMIM: 600487) associated
with reproductive system development and function (Fig. 2b).
The functional significance of these genes in reproduction has
been discussed in detail in the following paragraphs.

Invest igat ions based on RNA-binding protein
immunoprecipitation-microarray (Chip) profiling (RIP-Chip) sug-
gest that CIRBP-binding mRNAs in the testis are mostly associat-
ed with biological processes regulating male fertility [29]. Most of
the CIRBP-binding mRNAs in the testis belong to genes from the
azoospermia factor (AZF) region, such as RBMY1, HSFY2,
EIF1AY, and DDX3Y. FSTL3 is known to specifically inhibit tes-
ticular activin [30].FSTL3 knockout mice display increased testic-
ular size andSertoli cell numbers, allowing for increased spermato-
genesis but otherwise showing normal testicular function and
prolonged testicular life [31]. The expression of GPx4 is particu-
larly enriched during spermatogenesis in both humans and mice
and its depletion results in reduced sperm count and infertility in
mice [32].

GAMT-deficient male mice display impaired spermatogen-
esis and absence of spermatozoa in the lumen of seminiferous
tubules [33]. The kisspeptin receptor (KISS1R), also known as
GPR54, plays an essential role in initiating and maintaining
fertility in both humans and other animals [34]. Loss of func-
tion mutations in the GPR54 gene result in hypogonadotropic
hypogonadism in humans and mice [34]. Mutations in the
STK11 gene are associated with pathogenesis of Peutz–
Jeghers syndrome, a condition which displays increased
Sertoli cell tumors and defective spermatogenesis [35].
Furthermore, conditional knockout of both the isoforms of
LKB1 (Lkb1S and Lkb1L) in germ cells results in progressive
germ cell loss and sterility in male mice [35]. PCSK4 encodes
for a calcium-dependent serine endoproteinase, which is pri-
marily localized to the testicular germ cells and sperm [36].
Consistent with its distribution in reproductive tissues, inacti-
vation of this gene in mice causes infertility in males and
subfertility in females [37].

Y chromosome genes have already been established as func-
tionally relevant for sex determination and various testicular
functions. Large attention has been bestowed upon the under-
standing of the association of Y chromosome microdeletions
with infertility. However, interestingly, upcoming evidences sug-
gest that not just deletions but gene duplications on the Y chro-
mosome are of interest, as they can potentially alter the gene
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dosage and their biological functions [38, 39]. Various upcoming
evidences have suggested that Y chromosome variants can asso-
ciate with impaired spermatogenesis and male infertility. In the
present study, we have identified a genomic duplication at Yp11
locus in 16 cases and 4 controls. The frequency of duplications at
this loci was comparatively higher in infertile men (47%) com-
pared with that in fertile controls (40%), underlining its impor-
tance in human spermatogenesis and fertility.

Furthermore, we also identified a unique cnLOH at the
3p21.31 region in 6 (17.6%) of the cases. A region was consid-
ered a cnLOH event if loss of heterozygosity was observed with-
out any copy number change. IPA analysis of genes from this
highlighted important candidate genes, such asCSPG5,PRKDC,
CDC25A, LTF, PTPN23, and BAP1, which are involved in em-
bryonic development and function. However, the significance of
cnLOH in the 3p21.31 region remains unknown. This highlights
the complexity of genetic aberrations in severe infertile cases and
the significance of array technology, used in combination with
conventional cytogenetic methods, for a better understanding of
the pathogenesis. Further studies are needed to test the utility and
limits of this technology in clinical management of infertile
patients.

In view of the fact that genomic imbalances in many genes
are associated with male infertility, the present high-resolution
genomic analysis provided an understanding of the patho-
physiology of infertility in severe infertile cases. The genomic
gain at the 19p13.3 region in 26.47% of cases with the highest
frequency in SCOS cases highlights its significance in human
spermatogenesis and fertility. Further, the study summarizes
the frequency of Yp11 duplications in infertile and fertile men.
In addition, identification of a copy-neutral loss of heterozy-
gosity (cnLOH) at the 3p21.31 region opens a new horizon for
further investigation of this in association with human repro-
duction and fertility.

To the best of our knowledge, this is the first report that
highlights the significance of 19p13.3 duplication in infertile
men with severe testicular phenotypes. The present study un-
derlines the utility and significance of whole genomic analysis
in the cases of male infertility which goes undiagnosed due to
limitations in the conventional cytogenetic techniques and for
identifying genes that are involved or essential for spermato-
genesis. It is however imperative to analyze these CNVs in a
larger cohort of patients along with functional analyses to
derive any definitive conclusion. Together, our data along
with other studies on animal models and infertile men raise
the fact that these imbalances may contribute to impaired sper-
matogenesis and human male infertility.
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