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ABSTRACT. The etiopathology of male infertility is highly 
complex, involving gene - environment interactions to regulate 
spermatogenesis. Consequently, genetic analysis becomes imperative 
for cases of non-obstructive azoospermia (NOA) to identify the 
causative factors. Cases (n = 111) of NOA referred to the 
cytogenetics and molecular genetics laboratory of the All India 
Institute of Medical Sciences in -Patna from 2013-2018 were 
subjected to 1) karyotyping using GTG bandings techniques, 2) 
fluorescence in situ hybridization (FISH) for the sex determining 
region (SRY), and 3) PCR based analysis of STS markers based on 
microdeletion of the Y- chromosome after isolation of genomic DNA 
from whole blood. A flow cytometer was used for a cell- kinetic and 
DNA methylation study after incorporation of 5-azacytidine (5-
AzaC) (1.0 ug/mL) in lymphocyte culture. PCR products were 
analyzed on an agarose gel (1.5%) and bands were visualized on Gel 
Doc after ethidium bromide staining. Chromosomal abnormalities, 
including structural numerical variations, were observed in 14 of the 
karyotypes. Eight cases showed a 46,XY/47,XYY i.e. mosaic pattern; 
two cases 46, XY/45/XO; a single case with 47,XY +16; two cases 
with 46,X+ ring Y; a single case with 46,XY+dicentric in 
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chromosome-7; and two cases showed a normal 46,XY karyotypic 
pattern. Cellular proliferation increased after incorporation of 5-azaC 
(1.0 µg/mL) for 24 h in lymphocyte culture at the S - phase of the cell 
cycle. Out of 14 cases analyzed with FISH, three cases showed loss 
of the SRY region, amongst which two cases were SRY negative (-
ve) with a normal 46, XY karyotype. Serum follicle stimulating 
hormone values were higher (21 U/L) in cases of mosaicism as 
compared to normal individuals. The frequency of microdeletion 
deletion of the AZFc region varied in different cases; one case of 
infertility showing deletion of the Sy 267 STS marker (102bp); loss 
of a 350bp band (Sy 254) was found in all the cases of infertility. 
These genetic variations are responsible for dysregulation of 
spermatogenesis leading to infertility in males. Genetic counselling 
would be relevant in such cases, before beginning assisted 
reproductive techniques such as in vitro fertilization. 
 
Key words: Infertility; FISH analysis; SRY probe  

INTRODUCTION 
 
Infertility is a serious reproductive failure affecting approximately 15% of couples 

worldwide; the male factor alone contributes to 50% of the involuntarily childless couples 
(Hamada et al., 2013; Agarwal et al., 2015). Also, more than 25% cases of infertility are 
unable to find the etiopathology and are categorized as “unexplained cause” of infertility 
(Mol et al., 2018). Chromosomal abnormalities are one of the most relevant causes of 
primary infertility, in which 5 to 14% cases are associated with clinical conditions. On the 
basis of semen analysis, the cases can be classified as either oligozoospermic or 
azoospermic with aneuploidy of 47, XXY in the karyotype (Tiepolo et al., 1976; Hamada et 
al., 2013; Colaco and Modi, 2018; Laan, 2019; Oud et al., 2019). Klinefelter syndrome 
(KFS) constitutes the largest group (15%) classified as mosaic with a 46, XY/47, XXY 
karyotype leading to gonadal dysgenesis. Clinically the cases of KFS are characterized by 
hypotrophy of the testis, azoospermia, increased plasma follicle stimulating hormone (FSH) 
levels, low testosterone levels, low I.Q. and abnormal phenotype (Ratcliffe et al., 2014). 
The extra copy of Y- chromosome having karyotype 47, XYY falls in the rare category of 
KFS with variable phenotype and aggressive behavior in such patients (Robinson and 
Jacobs, 1999; Ross et al., 2012). The microdeletion of the Y-chromosome in karyotypes of 
47, XXY or mosaic 46, XY/47, XXY cases with clinical features characterized by testicular 
hypotrophy, azoospermia. Azoospermic cases with karyotype 46, XX (46, XX maleness, 
SRY positive XX male) are rare and they are consistently sterile in nature. Clinically, these 
cases have mature male genitalia, normal height and unimpaired intelligence (Majzoub et 
al., 2017).  

Imbalance (5%) of the Y-chromosome has been reported in cases of 
oligozoospermia with abnormal seminograms (Olesen et al., 2001). Mostly, the distal region 
of Y-chromosome is translocated to the short arm of an acrocentric chromosome using 
fluorescence in situ hybridization (FISH), which seems to be relevant for diagnosis of 
microdeletion of Y-chromosome in karyotypes of 47, XXY or mosaic 46, XY/47, XXY 
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cases with clinical features characterized by testicular hypotrophy in azoospermic cases. A 
large number of genetic factors including microdeletion of Y- chromosome regions (AZF) 
are known to play crucial roles during spermatogenesis in male infertility (Vogt et al., 1996; 
Pandey et al., 2013; Yu et al., 2015; Saxena and Kumar, 2016; Saxena et al., 2018; Saxena 
et al., 2019). The sex determining region SRY gene plays a crucial role in testis determining 
factor (TDF) located on euchromatic region of Y-chromosome and approximately 80% 
cases are SRY- positive with normal phenotype having 46,XY karyotypes (Wu et al., 2014; 
Majzoub et al., 2017; Mohammadpour et al., 2017). Our objective was to investigate 1) 
cytogenetic abnormalities and their association with the SRY region in variable karyotypes; 
and, 2) to evaluate microdeletion of the Y chromosome using STS makers to understand the 
genetic basis of spermatogenesis in azoospermic cases. 

MATERIAL AND METHODS 
 
Our study included clinically diagnosed cases (n = 111) of non-obstructive 

azoospermia (NOA) referred to the Cytogenetic and Molecular laboratory, Department of 
Pathology/ Lab Medicine, AIIMS-Patna for genetic analysis. Family history of the infertile 
couples was recorded to develop pedigree analysis and to find out the mode of inheritance 
of the mutant allele to the proband. Azoospermia was defined as total absence of sperms in 
ejaculated semen. Family history showing lack of environmental exposure or exposure to 
radiation or prenatal exposure to drug that could account for their infertility. Median age of 
the proband was 33.7 years (range 25-53 years). Blood samples (2.0 mL) were collected 
into a heparinized sterile vial. The patients gave informed written consent for cytogenetic 
analysis. The study was approved by the institutional ethics committee.  

Cytogenetic analysis with GTG banding for Chromosome and SRY region by 
Fluorescence in Situ Hybridization. 

 
Karyotypes was developed after collection of 1.0 mL of blood from proband and 

short term lymphocytes cultures were set up for 72 h at 370C, using RPMI 1640 media. 
Phytohemagglutinin was used for stimulation with 5% FBS (Fetal Bovine Serum) and 
antibiotics. Before harvesting of cultures, colchicine was added 2 h prior to arrest the 
dividing cells, KCl solution was used as a hypotonic and cells were fixed using 3:1 
methanol: acetic acid. At least 50 well spread metaphases were selected to develop 
karyotypes after GTG banding (Seabright, 1971) .The karyotypes were prepared according 
to the recommendations of the International System for Chromosome Nomenclature (ISCN 
2013) using applied spectral imaging software (Genesis USA) (Simons et al., 2013). 5-
AzaC (1µg/mL) act as DNA inducer in the lymphocyte was added to the cultures to increase 
the cell proliferation rate (mitotic index) and to improve the quality of chromosome 
morphology since the infertile idiopathic males have poor endocrine function and slow cell 
proliferation index (Saxena et al., 2007). Flowcytometry analysis was performed for the 
study of cell - kinetics and the 1x106 cells (lymphocytes) were collected from cultures 
(Webster et al., 1995; Darzynkiewicz et al., 2010). The lysis of red blood cells was induced 
by the addition of RBC lysis buffer for 10 min at 37°C and spun at 900x rpm for 5 min. The 
cells were washed twice by centrifugation in phosphate-buffered saline (PBS) at 500 g for 5 
min. Then, 106 cells were permeabilized with 1.0 mL of ice cold ethanol (1 h, 4°C) followed 
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by washing with PBS and staining with propidium iodide (PI) for 30 min. The lymphocytes 
were sorted based on forward and side scatter on flowcytometer FACS Canto-II (BD 
Bioscience, Heidelberg, Germany). PI used as fluorescence dye for cell- cycle analysis to 
confirm the cell proliferation kinetics. 

FISH analysis was carried out for the study of SRY specific region of X and Y 
chromosome in both interphase as well as metaphases using FISH probe obtained from 
Abbott-Vysis, Inc. (USA). X- Chromosome identified by green signal and Y- chromosome 
SRY Spectrum Orange/CEP X Spectrum Green (Abbot Molecular, USA). 

Isolation of DNA and PCR 
 
Genomic DNA was extracted according to standard procedure from peripheral 

blood samples according to the manufacturer’s recommendations (Promega kit USA). DNA 
contents were measured by Nanodrop spectrophotometer (Thermo USA). PCR was 
performed to analyse the microdeletions in the AZF region of the Y-chromosome. Each 
patient was analysed for the presence of specific sequences tagged sites (STS markers Sy 
254 & Sy267) primers F 5GGG TGT TAC CAG AAG CTT GCA AA R GAA CCG TAT 
CTA CCA AAG CAG C 3 and F 5’GAA TGT GTA TTC AAG GAC TTC TCG and R’ 
TAC TTC CCT CGG GGC CTC T 3’, respectively of AZFc region.PCR amplification will 
be performed 25µl reaction volume containing 10x Tris (pH 8.4), 50 mM KCl,25 mM 
MgCl2 , 2.5 mM dNTP,10 pM of oligonucleotides primers, 50 - 100 ng DNA and 1U Taq 
DNA polymerase and PCR condition were 950C - 5 min (940 - 30s, 560C - 45s, 720 - 45s) X 
35 cycles, 720C - 5min for SY 254 (350bp) and 950C - 50 (940 - 30s, 560C - 45s, 720C - 45s) 
X 35 cycles, 720C - 5min for SY 267(102) bp, respectively. PCR product (bands) was 
analyzed on agarose (1.5%) gel and visualized by Gel Doc system (Bio Rad, USA) after Et-
br staining.  

Hormonal investigations 
 
Endocrine dysfunction is more prevalent in infertile men than in the general 

population. Hormonal screening becomes relevant to determining follicle stimulating 
hormone (FSH), luteinizing hormone (LH) and testosterone levels in case of male infertility. 
Blood serum sample from the infertile patients will be used for the study hormones assay 
using standard routine laboratory procedure (ELISA).  

Statistical analysis  
 
Chi square test were apply to find significance difference between cases and their 

respective controls. 

RESULTS  
 
Based on review of the literature, proposed mechanism of interchromosomal 

translocation is difficult to explain in the proband. The etiopathology of SRY- negative and 
their frequency in all the 14 cases of non-obstructive azoospermic male with karyotypic 
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No. Age 
(yr) 

Case   
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Karyotypic variations and SRY analysis in cases of male infertility

FSH profile FISH 
(SRY) Karyotypes

+ 46,XY
+ 46,XY /47,XYY

+ 
46,XY /47,XYY
46,X(r)Y
45,X0

- 46,XY
+ 46,XY /47,XYY
+ 46,XY/47,XYY
- 46,XY

+ 46,XY /47,XYY
45,XO

+ 46,XY /47,XYY
- 47,XY,+16
+ 46,XY/47,XYY
+ 46,XY, dic(7), (r)Y
+ 46,XY/47,XYY

* At least 50 well spread metaphase plates were selected for karyotyping to find structural and numerical variations 
** FSH normal range: 1.5-12.4 U/L

14 cases of male infertility had a
referred for cytogenetic and molecular genetic analysis to evaluate stable and unstable 
interchromosomal variations. These cases showed normal phenotypic characteristic features 
that included presence of external genitalia, medium

the pedigree analysis, which revealed 
Mendel’s law following either law of segregation of alleles or independent assortment to 

proband in heterozygous condition. 
history with chromosomal abnormalities

suggesting that these mutations in the 

representative) showing the severity of disease (infertility) in a proband (arrow) with 
a complex paternal mode of inheritance based on Mendel’s principals either following the

 
 
 
 
 
 

SRY negative and high frequency of mosaic in male infertility

variations 46,XY, 47,XY+16, 46,XY ring chromosome of Y show

Karyotypic variations and SRY analysis in cases of male infertility

Karyotypes 

46,XY 
46,XY /47,XYY 
46,XY /47,XYY 
46,X(r)Y 
45,X0 
46,XY 
46,XY /47,XYY 
46,XY/47,XYY 
46,XY 
46,XY /47,XYY 
45,XO 
46,XY /47,XYY 
47,XY,+16 
46,XY/47,XYY 
46,XY, dic(7), (r)Y 
46,XY/47,XYY 

* At least 50 well spread metaphase plates were selected for karyotyping to find structural and numerical variations 
12.4 U/L 
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proband in heterozygous condition. The other
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Figure 3B. Identification of sex chromosomes (X and Y) using FISH analysis. Nuclei were hybridized with Y- 
chromosome (orange) and X chromosome (CEP X green) using a Vysis probe (USA) and DAPI (blue) used for 
DNA staining of the periphery of the cell. FISH analysis showing X and Y chromosome (normal 1,2) and an extra 
copy of the Y- chromosome in interphase and prometaphase (3,4) in an infertile case.  

 
FISH analysis also confirmed the extra of Y-chromosomes, after using CEP Y 

probe with orange spectrum in the mosaic cases having karyotypes 46, XY/47XYY as 
shown in Figure 4.  

The median value in serum FSH level shows 10.64 mLU/mL as compared to 
normal 2.5 - 14.0 mL U/mL with highest value in mosaic cases. Molecular genetic 
analysis revealed the loss of two locus SY 267 and SY 350 belongs to euchromatic 
region of Y- Chromosome i.e. AZFc in one cases (7%) of 102bp (SY267), and 350bp 
(Sy 254) band was deleted in all the cases of NOA. 
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are known to play crucial role in NOA cases (Ambulkar et al., 2014; Saxena et al., 2019). The 
deletion frequency AZF regions varying in azoospermic cases due to different genetic factors are 
known to play crucial role during spermatogenesis (de Sousa Filho et al., 2018; Goncalves et al., 
2017). Although, there is no correlation exist between genotypic-phenotypic variation and 
deletion frequency of AZF regions varying in azoospermic cases (Saxena et al., 2019).  

 The spermatogenesis is highly complex phenomenon leading to interfare with male 
infertility. The chromosomal abnormalities are one of the relevant features and the exact cause 
of male infertility is still difficult to define but more than 50% cases are affected due to 
reproductive dysfunction (Martin, 2008; Mierla et al., 2014). Several studies have shown that the 
frequency of chromosomal abnormalities increases from 10 - 15% in azoospermic cases due to 
variations in the environmental factors. Amongst, ~5% are associated with either numerical or 
structural abnormalities and ~2% are mosaic with autosomal abnormalities. Most common 
abnormality in azoospermic cases (15%) are the presence of extra copy of Y- chromosomes 
leading to develop variation in karyotypes 47, XXY (aneuploidy) or 47,XYY chromosomes with 
different mode of inheritance to the male proband (Robinson and Jacobs, 1999; Ross et al., 
2012). The sex determination events are regulated by Y- chromosome and its gene content by 
either losing or gaining sequences through the action of various actions including recombination 
mutation, insertion and transposition (Robinson and Jacobs, 1999; Goncalves et al., 2017). Many 
studies have been documented the frequency of chromosomal aberrations from 2.2 - 16% in 
male infertility (Mol et al., 2018; Laan, 2019; Oud et al., 2019), but present study shows the 
variations between 0.9% to 7% in NOA cases with the maximum frequency (7%) in the cases of 
mosaic 46,XY/ 47, XYY cases. Probably, this occurs due to meiotic non- disjunction event of X-
chromosome or in anaphase lag of chromosome from a normal 46,XY or 47,XXY zygote, 
suggesting loss of meiotic cells at pachytene stage which increase the risk of developing 
aneuploid sperm. Present study further confirm the event of chromosomal segregation as 
observed in earlier study in our laboratory during incorporation of 5-AzaC in cell culture 
(Saxena, 2007). The light scattering is the characteristic feature of peripheral lymphocyte subset 
and there are three major subset of cell population are polymorphic cells, monocytes and 
lymphocytes in normal peripheral blood visualized due to erythrocyte lysis based on the light 
scattering as shown in Figure 2A. This study is based on the characteristic features of 
lymphocytes based on light scattering i.e. FSC and SSC properties for sorting of the cells in the 
gated population. Such gated population is analyzed for different phases of cell- cycle using PI 
as fluorescence dye for DNA staining. DNA methylation study help after incorporation of 5-
AzaC becomes valuable technique for cell - cycle kinetics in the case of idiopathic infertile 
males , where the proliferation rate of cells (lymphocytes) becomes slow and showing low 
mitotic index (MI). However, the maximum fluorescence was observed in G0/G1 phase 
followed by S phase of the cell - cycle with the limitation of this study should be further 
extended in other laboratories to understand the germ cell - kinetics due to sporadic mutation in 
male infertility. These chromosomal abnormalities are responsible for failure of spermatogenic 
and reduction of testis (size) causing azoospermia and clinically develop as Klinefelter 
syndrome. Interestingly, present study reveals high frequency (7%) of mosaicism with 46XY/47, 
XYY karyotype, whereas, in South Indian population shown very low frequency i.e. 0.5% 
(Sreenivasa et al., 2013). The reason in the changes in the frequency of mosaicism in two 
different populations are may be either due to different profession like farmers using chemical 
fertilizers / pesticides or truck drivers who are expose to automobile fumes that may lead to non-
disjunction event during meiosis or may be due to unidentified environmental factors.  

 Previous studies by Yoshida et al. (1997) have suggested in Klinefelter syndrome and 
47XYY karyotypes have 50% sperms carry extra copy of Y- chromosome, thus increasing the 
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“risk” of male infertility. The frequency of deletion regions is quite variable in different 
populations due to different environmental factors (Krausz et al., 2003, 2014). The AZFa and 
AZFb deletions are mostly associated with Sertoli-cell-only syndrome and arrest of 
spermatogenesis, respectively (Krausz et al., 2001). The present study shows the deletion of 
AZFc region of 102bp(SY267) with high frequency (7%) due to regional variation in existing 
population that includes changes in the life-style. 

In earlier study, a case of SRY-negative 46, XX male with mature male gonads with 
male infertility has been reported by Rajendra et al. (2006). Interestingly, present study also 
shows variation in the expression of SRY, three cases of SRY negative were observed with two 
normal karyotype 46,XY. The inter and intra variation of chromosome aberration are associated 
with various clinical manifestation including cancer and infertility. There is positive correlation 
were observed between AZFc deletion and variation in structural abnormalities 46,X(r)Y; 
46,XY, dic(7) as well as numerical variation having extra copy of Y- chromosomes developing 
mosaicism 46,XY/47,XYY karyotypes chromosome abnormalities (Clementini et al., 2005; 
Mierla et al., 2014). However, the present study shows a frequency (0.9%) of dicentric 
chromosomes involving chromosome -7 probably due to lag in anaphase and presence of two 
centromeres might have disturbed normal segregation of chromosomes in mitosis and has not 
been reported earlier in the cases of male infertility. Two cases showed high frequency (1.8%) of 
ring of Y chromosome and proposed mechanism of such formation with involvement of AZF 
regions are responsible for male infertility as depicted in Figure 5. 
 

 
Figure 5. Molecular analysis of formation of Ring of Y- chromosome., the deletion of long arm of Y chromosome 
region AZFb (loss of SY127, SY134) and AZFc (involving loss of SY254) as represented by (+) for presence of 
mutation and (-) for absence of mutation after PCR based analysis of AZF region (STS markers) as documented in table 
(A). Schematic representation of Y-chromosome showing three different regions (AZF) regulating spermatogenesis, (B) 
formation of Ring chromosomes showing the expected molecular basis of mutation after breakage and ligation at break 
point regions interfare with germ cell proliferation. This diagram is a representation of a molecular version of the ring Y- 
chromosome structure as observed in the karyotype (Figure 4A). 

http://www.funpecrp.com.br


©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 18 (2): gmr18349 

 
 
 
 
 
 
 
 

A.K. Saxena                                                                           12 

 

 Such study possible help to explain the putative break point involving euchromatic 
region including the deletion of AZFb (Sy127, Sy134) and AZFc (Sy267) locus may be 
involved in gonadal dysgenesis. Such findings may validate one of the relevant causative 
factors of male infertility. However, there is a lack of correlation exist between loss of SRY 
region and microdeletion of Y- chromosome observed in the present study. 

CONCLUSIONS 
 
Genetic factors are quite relevant because they play a significant role in the infertile 

male population belonging to different professions, including farmers exposed to pesticides 
and inorganic fertilizers, truck drivers (exposed to automobile fumes) or exposed to 
radiation leading to DNA damage (gene mutation). We detected both structural and 
numerical variations, increasing the “risk” of imperfect spermatogenesis. However, the 
biological complexity of infertile couples requires comprehensive genetic counseling, 
including social aspects that can help in developing future strategies for assisted 
reproductive techniques, which include in-vitro fertilization, intra cytoplasmic sperm 
injections and testicular sperm extraction whenever vertical transmission of AZF mutation 
is observed; otherwise the problem of infertility continues and falls under the category of an 
“unexplained” cause.  
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