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INTRODUCTION                                                                 

Differences of sex development (DSD) is a revised 
term referred to as disorders of Sex Development               
(Johnson et al., 2017). It includes a group of 
heterogeneous conditions with diverse pathophysiology. 
They are generally characterized by an abnormality of 
the chromosomal, gonadal or phenotypic features that 
typically define sex development (Hughes et al., 2006). 
Such conditions usually present with atypical genitalia 
in the newborn period or as delayed puberty or primary 
amenorrhea in an adolescent or present later in life as 
infertility (Hughes, 2008). 

A number of genes contributes, both in the very early 
and later stages, in the process of sex determination and 
differentiation. The determination and maintenance of 
gonadal sex as either male or female occurs through 
alternate fate suppression. SRY, located on the Y short arm 

is the testis determining gene, which directly upregulates 
the autosomal gene, SOX9, to initiate a cascade of 
complex gene interactions ultimately leading to the 
formation of testes, while suppressing the female pathway                                                                                            
(Lucas-Herald and Bashamboo, 2014). In the absence 
of SRY, the female fate proceeds and certain genes like 
WNT4 and R-spondin1 that lead to β-catenin stabilization 
will suppress the male pathway (Lucas-Herald and 
Bashamboo, 2014; Lundgaard et al., 2024). On the 
other hand, androgens produced by the testes derive the 
differentiation of fetal internal and external genitalia and the 
development of secondary sex characters at puberty (Sinisi 
et al., 2003). Imbalances affecting genes contributing to the 
antagonistic gonadal genetic pathways or those that control 
androgen biosynthesis or action will result in abnormal 
prenatal and postnatal sexual development, resulting in 
differences of sex development (DSD).

ABSTRACT
Background: Differences of sex development (DSD) is a group of heterogeneous conditions with a diverse    
pathophysiology. They are generally characterized by an abnormality of the chromosomal, gonadal or phenotypic features 
that typically define sex development.
Aim: The study aim was to introduce Multiplex ligation-dependent Probe Amplification (MLPA) technique in the 
diagnostic workup of 46,XY DSD patients and to correlate genotypic abnormalities with clinical phenotype for more 
understanding of  etiologic background.
Methods: The study was carried out on thirty five 46,XY DSD patients selected from the Endocrinology clinic, Institute of 
human genetics and genome research, National Research Centre, Egypt. Patients underwent thorough clinical examination, 
hormonal assessment, pelvic ultrasonography and genitography. Laparoscopy with gonadal biopsy and histopathological 
evaluation were done when indicated. All patients were subjected to karyotype and MLPA analysis.
Results: Clinically significant Copy number variations (CNVs) were detected in three patients in the form of SOX9 gene 
deletion in 2 patients, deletion of DMRT1 in 1 patient, while heterozygous duplication (of unknown significance) in 
HSD17B3 gene was detected in 1 patient, with an overall rate of 11.4%.
Conclusion: MLPA is a robust cost-effective technique for screening of 46,XY DSD patients as a complement to       
Sanger sequencing. CNV analysis should be added to the first-line diagnostics in 46,XY DSD, especially if the phenotype 
includes malformations in other systems.
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46,XY difference of sex development (46,XY DSD) 
is a congenital disorders characterized by inconsistency 
between gonadal and phenotypic sex. It is considered one 
of the major concerns for parents and clinicians regarding 
gender assignment, health problems, medical and surgical 
intervention, psychological health and reproductive life 
(Mazen et al., 2008; Hou et al., 2021; Faradz et al., 2023; 
Mary et al., 2023).

However, identification of a discrete genetic etiology 
in 46,XY DSD is available only in about 50% of patients 
(Ahmed et al., 2011).

Many studies reported clinically significant CNV 
in 46,XY undiagnosed patients using chromosomal 
microarray (CMA) and Multiplex Ligation-dependent 
Probe Amplification (MLPA) techniques and suggested 
that rearrangements of certain coding and non-coding 
sequences can disturb gene regulation and account for a 
significant proportion of undiagnosed DSD cases (Ledig 
et al., 2010; White et al., 2011; Harrison et al., 2014; 
Baetens et al., 2017).  

CMA is a genome-wide technique that represents 
a powerful tool to identify submicroscopic imbalances 
but their expense may restrict their wider application 
(Parivesh et al., 2019). Therewith, MLPA technique is 
an easy and reliable method for detection of copy number 
variation in multiple genes throughout the genome. This 
technique is able to distinguish sequences differing in only 
one nucleotide and has a higher sensitivity in detecting 
atypical deletions and determining the deletion size and 
regulatory regions of some genes (Schouten et al., 2002). 

The aim of the present study was to introduce MLPA 
technique in the diagnostic workup of 46,XY DSD 
patients and to correlate genotypic abnormalities with 
clinical phenotypes for more understanding of  etiologic 
background.

PATIENTS AND METHODS:                                                                               

The study was carried out on thirty five 46,XY DSD 
patients referred from the Endocrinology Clinic, to the 
Human Cytogenetics Department, Institute of human 
genetics and genome research, National Research Centre 
(NRC), Cairo, Egypt. An informed written approval was 
obtained from patients or parents/guardians of patients 
by the code of ethics of the World Medical Association 
(Declaration of Helsinki) for experiments involving human 
subjects and the approval of the NRC ethics committee. The 
selected cases included patients presenting with atypical 
genitalia, hypospadias, cryptorchidism, and micropenis or 
female phenotype with primary amenorrhea and gonadal 
dysgenesis. Age ranged from birth to adulthood. Exclusion 
criteria included; patients with androgen insensitivity 

syndrome, Karyotypes with sex chromosomal constitution 
other than 46,XY. 

Thorough clinical examination was done with special 
emphasis on the phenotypic description of external 
genitalia, classified according to Quigley et al., (1995). 
Pubertal staging was done following Tanner and Davies, 
(1985). Pelvic ultrasonography and genitography were 
performed for visualization of internal genitalia 

Hormonal assessment in the form of basal serum     
FSH, LH, basal and post HCG stimulation of testosterone 
and its precursors, DHT and delta-4 androstenedione (Δ4) 
to testosterone (T) ratio. In addition to AMH and inhibin B 
to assess Sertoli cell function were performed. 

Laparoscopy with gonadal biopsy taking and 
histopathological evaluation were done when indicated for 
proper diagnosis.

Peripheral blood sample collection (5ml) is carried 
out on K2-EDTA in vacutainer tube for DNA extraction 
and (2.5ml) on Lithium heparin vacutainer tube for blood 
lymphocytes culture.

Blood lymphocytes culture and chromosomes 
preparation were carried out for all patients according 
to Verma and Babu, (1995). Karyotypes nomenclature 
was done according to the ISCN, (2020). A total of 20 
metaphases were analyzed for each patient. FISH was 
carried out for female reared patients when required for 
identification of SRY gene using LSI SRY probe (Yp11.31/
Yq12), Cytocell FISH probes, Oxford Gene Technology, 
UK.

DNA extraction from the peripheral blood         
lymphocytes for the studied patients and the reference 
samples (one reference for 7 patients sample with minimal 
3 references per test) was carried out using PAXgene 
kit (PreAnalytix, Hiden, Germany) according to the 
manufacturer’s instruction. The quality and quantity of 
the DNA samples were determined using the NanoDrop 
spectrophotometer. 

MLPA analysis was carried out using SALSA MLPA 
probemix P334-A3 Gonadal Development Disorder and 
SALSA MLPA probemix P185-C2 Intersex, according to 
the manufacturer’s instruction (MRC-Holland). SALSA 
MLPA probemix P334-A3 Gonadal Development 
Disorder contains probes for four genes DMRT1, 
CYP17A1, SRD5A2 and HSD17B3. While, P185-C2 
Intersex probemix contains probes for NR0B1 (DAX1) 
and CXorf21 on Xp21.2, SOX9 on 17q24.3, SRY and ZFY 
on Yp11.3, WNT4 on 1p36.12 and NR5A1 on 9q33. DNA                                                                                                   
denaturation and overnight hybridization of the MLPA 
probemix was done, followed by probe ligation and 
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amplification in the next day. Separation of amplified 
products was done using Genetic Analyzer ABI 3500 
(USA). Interpretation of the results was performed using 
Coffalyser. Net software (MRC-Holland). Ratios less than 
0.75 were considered as deletion, between 0.75 and 1.30 as 
normal and more than 1.30 as duplication.

RESULTS                                                                      

Clinical evaluation and Hormonal analysis
The present study was conducted on thirty five patients 

with 46,XY DSD. The patients’ presenting features 
included atypical genitalia (20 patients), Hypospadius (8 
patients), primary amenorrhea (6 patients) and inguinal 
hernia (1 patient), table (1). Their ages ranged from 1 
month to 21 years with a mean age of 7 years. Parental 
consanguinity was detected in 21 patient (60%). Twenty 
five patients (71%) were reared as males and 10 patients 
(29%) were reared as females. Six of the female-reared 
patients presented during early and late teens with primary 
amenorrhea and 5 of them had a hypoplastic uterus. While 
3 presented in early childhood with atypical genitalia and 1 
with an inguinal hernia.

The patients were classified according to the initial 
clinical diagnosis and hormonal assessment into five 
groups: 21 patients (60%) with gonadal dysgenesis, 5 
patients (14%) with 17 beta hydroxysteroid dehydrogenase 
type 3 defficiency, 2 patients (5.7%) diagnosed with 5 
alpha reductase deficiency, 2 patients (5.7%) with isolated 
hypospadius and 5 patients (14%) with DSD associated 
with other abnormalities The general characteristics of 
the studied patients and the summary of their data are 
presented in table (1).

Gonadal histopathological study
Histopathological examination revealed a dysgenetic 

gonad in 21 patients, out of 26 patients studied, and an early 
developing gonadoblastoma in the inguinal gonad in one 
female reared patient presented with primary amenorrhea.

Conventional Cytogenetic and FISH analysis: 
Patients with 46,XY chromosomal constitution were 

selected, one patient showed 46,XY,del(9)(p22), while 
two patients, brother and sister, showed a pericentric 
inversion of the X chromosome: 46,XY,inv(X)(p11q13). 
FISH analysis for all female reared patients using LSI SRY 
probe (specific for the SRY gene Yp11.31/ Yq12) revealed 
positive signals. 

MLPA analysis:
MLPA analysis was conducted using the Intersex 

probemix for 8 patients, while both Intersex and Gonadal 
Development Disorder probemixes were used for the rest 
of the patients. Clinically relevant CNVs were detected 
in three patients in the form of SOX9 gene deletion 
in 2 patients, deletion in DMRT1 in 1 patient, while 
heterozygous duplication (of unknown significance) in 

HSD17B3 gene was detected in 1 patient with an overall 
rate of 11.4%.

Clinical report on  MLPA positive patients
The first patient was a 1-year-old male presenting 

with atypical genitalia and skeletal anomalies. Genital 
examination showed anchored penis, left undescended 
testis, and Quigley score of 3. General examination 
revealed dysmorphic features in the form of flat face, 
depressed nasal bridge and hypertelorism, short stature (-5 
SD), short lower limbs with bowing and bilateral talipus. 
Abdominal-pelvic ultrasound showed left gonad at the 
left inguinal canal with no uterine shadow. MLPA assay 
using intersex probemix showed complete SOX9 deletion 
(affecting exons 1, 2 and 3) (Figure 1).

The second patient was a 3-year-old male presenting 
with delayed milestones and atypical genitalia with a 
bilaterally undescended testis and a Quigley score of 
3. General examination revealed blepharophimosis 
with mild dysmorphic features in the form of bilateral                     
epicanthic folds, hypertelorism and depressed nasal bridge, 
with short stature (-4 SD) and severe microcephaly (-4 
SD). Abdominal- pelvic ultrasonography showed both 
testes at the corresponding inguinal canals. Conventional 
cytogenetic analysis showed 46,XY karyotype, while 
MLPA assay using intersex probemix showed partial SOX9 
deletion affecting exon 2 (Figure 2).

The third patient was a 5-months-old male presenting 
with undescended testes and delayed motor and mental 
development. Genital examination showed a bilaterally 
undescended testis. General examination revealed 
dysmorphic features in the form of abnormal skull shape, 
prominent metopic suture, arched sparse eye brows, 
bilateral epicanthic folds, upward slanting of the palpebral 
fissures, hypertelorism, depressed nasal bridge, long 
philtrum, micrognathia, elevated lower lip, low set ears, 
short neck, high arched palate, marked hypotonia and 
bilateral talipus in the lower limbs. Echocardiography 
revealed congenital heart defect in the form of patent 
ductus arteriosis. Brain MRI showed agenesis of the corpus 
callosum. Conventional cytogenetic analysis showed 9p 
deletion: 46,XY,del(9)(p22). MLPA assay using Gonadal 
Development Disorder probemix confirmed the complete 
DMRT1 deletion (Figure 3). 

The fourth patient was a 15-year-old male presenting 
with atypical genitalia. Genital examination revealed 
a bilaterally undescended testis and hypospadias with 
Quigley score 3. General examination showed no 
associated features. Abdominal-pelvic ultrasonography 
showed both testes at the corresponding inguinal canals. 
The hormonal profile showed low testosterone levels 
(T), high androstenedione (Δ4) levels and high ratio of 
serum Δ4/T in the basal levels and after HCG stimulation 
test, thus favoring the diagnosis of 17β-Hydroxysteroid 
dehydrogenase III deficiency. MLPA assay using 
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Gonadal Development Disorder probemix showed partial 
duplication of HSD17B3 gene at exon 1. 

Clinical report on patients with inversion X and no 
CNV

One of the patients was a 4-year-old male presenting 
with intellectual disability, Duchenne muscular dystrophy 
(DMD) and atypical genitalia. Genital examination 
showed two palpable gonads with Quigley score of 3. 
Gonadal biopsy revealed testicular tissue with immature 
sertoli cells.Conventional cytogenetic analysis showed 
a pericentric inversion of X chromosome 46,XY,inv(X)
(p11q13). MLPA assay using intersex probemix showed 
no copy number changes in DAX1 gene. Similar results 
were detected in his female reared sib, who was 7-year-old 
presenting with intellectual disability, DMD and atypical 
genitalia. Genital examination showed bilateral inguinal 
gonads and a Quigley score of 3. Conventional cytogenetic 
analysis showed a pericentric inversion of X chromosome 
46,XY,inv(X)(p11q13). MLPA assay also revealed no copy 
number alteration in DAX1 gene.

Figure 1: MLPA assay using intersex probemix showing complete SOX9 deletion affecting exons 1, 2 and 3.

Figure 2: MLPA assay using intersex probemix showing partial SOX9 deletion affecting exon 2.

Table 1: General Characteristics of the studied patients:

Presentation Data
Cases

No %

Sex
Male 25 71%

Female 10 29%

Age at presentation
neonatal/ childhood 24 69%

Pubertal 11 31%

Presenting Feature

Atypical genitalia 20 57%

Hypospadias 8 23%

Primary amenorrhea 6 17%

Inguinal hernia 1 3%

Parental Consanguinity
Positive 21 60%

Negative 14 40%

Associated findings
Isolated DSD 30 86%

DSD with associated 
clinical abnormalities 5 14%
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Figure 3: MLPA assay using Gonadal Development Disorder probemix showing complete DMRT1 deletion.

71% of our patients were reared as males and 29% were 
reared as females with age ranging from 1 month to 20 
years. Similarly, Vasundhar et al., (2016) reported nearly 
the same rate. 74% of his 46,XY DSD patients were reared 
as males and 26% were reared as females, with age ranging 
from months to adulthood. While Bastian et al., (2015) and 
Gangaher et al., (2017) reported  the gender assignment as 
64.3% and 72% as females and 35.7% and 28% as males, 
respectively. Most of our 46,XY female patients presented 
in their teens with primary amenorrhea, while those having 
atypical genitalia presented in their early childhood. Most 
of 46,XY female phenotype may result from complete 
gonadal dysgenesis, complete androgen insensitivity 
syndrome (CAIS) or 17βHSD3 deficiency and usually 
present with primary amenorrhea (Basri et al., 2021). 
On the other hand, female reared patients with atypical 
genitalia usually present early in life and may commonly 
result from partial gonadal dysgenesis, partial androgen 
insensitivity syndrome, 5-alpha reductase type 2 deficiency 
and 17βHSD3 deficiency (Sinisi et al, 2003). About 60% 
of our patients were diagnosed to have gonadal dysgenesis 
(GD), which is a rare disorder of sex development with a 
prevalence of 1:100,000 births. The diagnosis depends on 
the histology of the gonads that ranges from fibrous streak 
gonads to partial GD with testicular tissue (Crone et al., 
2002; King and Conway, 2014). In complete 46,XY GD, 
the anti-Mullerian hormone (AMH) is deficient resulting in 
a female phenotype with Mullerian structures (Bashamboo 
and McElreavey, 2013). 

DSD associated with other congenital abnormalities was 
detected among 5 (14%) of our patients. Abnormal sexual 
development may occur as a part of several malformation 
syndromes in over a quarter of DSD cases (Cox et al., 
2014). Many previous studies reported 46,XY DSD cases 
associated with dysmorphic features, intellectual disability 
or congenital anomalies (Swinkel et al., 2008; Ledig et al., 

DISCUSSION                                                                  

The prevalence of genital abnormalities ranges from 
0.3-1% and could be associated with life threatening 
conditions and other medical and psychological risk 
factors (Mazen et al., 2008; Mazen and Ismail, 2010). 
This emphasizes the importance of careful examination 
and diagnosis of the neonates and children with DSD. 

There is a gap in management and diagnosis of 46,XY 
DSD patients because only about 50% pursue their genetic 
and molecular etiology (Ahmed et al., 2013). Recurrent 
CNVs of coding and regulatory non coding elements have 
been established as an important etiology in undiagnosed 
DSD patients. It could affect more than one gene resulting 
in variable syndromic DSD phenotypes (Lee et al., 2008; 
George et al., 2010; Audi et al., 2018; Ahmadifard et 
al., 2019). The precise molecular cytogenetic diagnosis 
is important as it gives explanation of the clinical picture 
and inform patient management in relation to possible 
gender development, risk factors and medical and surgical 
intervention (Ahmadifard et al., 2019;  Reisch et al., 
2019; Bagas et al., 2018).

The current study included 35 46,XY DSD patients 
with the most frequent presenting feature being atypical 
genitalia (57% patients), This nearly comes in agreement 
with Sema et al., (2011) who reported atypical genitalia 
as the main presenting complain among 95 DSD patients. 
While each of short stature, hypospadias and primary 
amenorrhea were the presenting feature in 10% of the 
patients. Parental consanguinity was detected among 60% 
of our patients, this is nearly similar to the rate reported 
by Mazen and Ismail, (2010) who mentioned high rate of 
parental consanguinity among DSD patients reaching 61–
65% in Egypt. This high consanguinity rate could lead to 
the appearance of the autosomal recessive gene disorders 
such as 17β hydroxysteroid dehydrogenase 3 deficiency 
(17βHSD3) and 5 alpha reductase deficiency (5α-RD2). 
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2010; Bastian et al., 2015; Bruni et al., 2019). This was 
ascribed to other somatic effects of the gene contributing to 
DSD pathway or due to involvement of other genes.

The rate of MLPA detection of clinically relevant CNVs 
among our patients reached 11.4% including deletion of 
SOX9 gene in 2 patients, deletions of DMRT1 gene in 1 
patient, while duplication of HSD17B3 gene (of unknown 
significance) was detected in 1 patient. Pathogenic CNVs 
were previously detected in 10%-13% of 46,XY DSD 
(Garcia–Acero et al., 2019; White et al., 2011; Igarashi 
et al., 2013, respectively). Thereafter, CNVs were 
established as an important causative etiology for about 
one fifth of syndromic and non syndromic DSD cases. It 
can cause disruption of known DSD genes as SRY, SOX9, 
WT1, DMRT1, SF1 (NR5A1), DAX1 (NR0B1), GATA4, 
ATRX, AR, HSD17B3, and SRD5A2 (Barbaro et al., 2008; 
Tannour et al., 2010; White et al., 2011; Igarashi et al., 
2013) or detect novel CNV suspected to affect new genes 
as ADCY2, EMX2, CAMK1D and HOXD cluster (Mary 
et al., 2023). Recurrent CNVs of regulatory non coding 
sequences upstream of SOX3 or SOX9 were also reported 
to affect gene expression and result in DSD phenotype  
(Ledig et al., 2010; Tannour et al., 2010; White et al., 
2011). 

In the current study SOX9 deletion was detected in two 
patients, affecting exons 1,2 and 3 in the first patient and 
exon 2 in the second patient. SOX9 (Sry-Related HMG-
Box Gene 9; OMIM#608160) is located on chromosome 
17q24.3 and belongs to the highly conserved HMG family 
members. SOX9 is one of the key genes that plays a critical 
role in development of testis and long bones. It functions 
immediately downstream of SRY and is critical for Sertoli 
cell differentiation (Morais da Silva et al., 1996). It acts 
also as a chondrogenic transcription factor and is a target of 
signaling by the parathyroid hormone-related peptide in the 
growth plate of endochondral bones (Huang et al., 2001). 
SOX9 abnormalities have been reported in 46,XY DSD with 
or without Campomelic dysplasia (OMIM#114290), which 
is an autosomal dominant skeletal dysplasia characterized 
by congenital shortness and bowing of long bones, face 
flattening and club feet. It have been associated with 
46,XY gonadal dysgenesis with a wide range of severity 
(Matsushita et al., 2013). Our first patient had a deletion 
in the three coding exons of SOX9 with typical features 
of campomelic dysplasia in addition to atypical genitalia 
with a unilateral undescended testis, compared to the 
second patient who had deletion of one exon, and exhibited 
short stature with delayed milestones, microcephaly, 
blepharophimosis and mild dysmorphic features and a 
bilaterally undescended testis. Acampomelic campomelic 
dysplasia is a rare form of autosomal dominant congenital 
short-limbed dwarfism and also results from mutations in 
SOX9 gene family. It is frequently misdiagnosed due to 
the absence of campomelic features (Ledig et al., 2010; 
Chen et al., 2012; Pasupathy et al., 2016). In the past 
years, several isolated 46,XY DSD were reported due 

CNV affecting SOX9 upstream regulatory region without 
affecting the coding sequence. This region contains 
transcription factor binding sites essential to maintain 
SOX9 expression during sex development and represents 
a crucial factor in normal male development (White et al., 
2011; Bhagavath et al., 2014; Baetens et al., 2017; Croft 
et al., 2018).

DMRT1 deletion was detected in a patient with 
46,XY,del(9)(p22), who was presenting with inguinal 
hernia associated with dysmorphic features as well 
as congenital heart disease and intellectual disability. 
Distal 9p deletions have been reported in patients with 
syndromic 46,XY DSD. Within this region the strongest 
candidate for the gonadal dysgenesis phenotype is DMRT1 
(Double sex and mab-3 related transcription factor gene; 
OMIM#602424). It is located in 9p24.3 at the terminal 
region of 9 short arm and is found in a cluster with two 
other members of the gene family (DMRT1-3), having 
in common a zinc finger-like DNA-binding motif (DM 
domain) (Raymond et al., 2000; Eser and Ayaz, 2018). 
DMRT1 activates testis-specific genes such as SOX9 and 
SOX8, and represses ovary-specific genes encoding Foxl2, 
Wnt4 and R-spondin-1 signaling proteins, and estrogen 
receptors (Kim et al., 2015). Swinkel et al., (2008) had 
divided the patients with 9p deletions into two groups. One 
group includes patients with the phenotype of 9p deletion 
syndrome, whereas the other group included patients that 
do not meet all the criteria of the consensus phenotype. This 
depends on the involvement of other disease-associated 
loci at 9p22.3–23 resulting in various malformations 
(Igarashi et al., 2013; Mohamed et al., 2021). Our patient 
had the syndromic features of 9p deletion and DSD in the 
form of two inguinal testes, which could be ascribed to 
DMRT1 deletion. More severe DSD phenotype associated 
with a delay in psychomotor development was reported by 
Bastian et al., (2015) in three patients with 9p24 deletion, 
among a cohort of 46,XY gonadal dysgenesis studied 
by CMA. On the other hand, recurrent CNVs affecting 
DMRT1 were reported as potential causes of idiopathic 
azoospermia (Lopes et al., 2013). Small deletions affecting 
DMRT1 regulatory region were also reported as a cause of 
46,XY gonadal dysgenesis (Calvari et al., 2000). Varying 
degrees of sexual developmental disorders associated with 
the same genetic defect may result due to involvement of 
other regulatory genes or epigenetic factors contributing to 
the complex cascade of gonadal development (Matson et 
al., 2011). 

One of our patients was a 15- year-old male who 
presented with atypical genitalia and bilateral inguinal 
gonads. His clinical and hormonal assessments denoted 
17β-HSD-3 deficiency and MLPA analysis detected 
duplication in exon 1 of HSD17B3 gene. Malfunction in 
the HSD17B3 gene (OMIM#605573) affects androgen 
synthesis in testis and results in disorder in the conversion 
of androstenedione to testosterone (Neocleous et al., 
2012). 17-β-HSD3 deficiency (OMIM#264300) is a rare 
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autosomal recessive disorder of male sex differentiation 
that occurs in 1:147,000 newborns (Boehmer et al., 1999). 
Phenotype ranges from atypical genitalia with undescended 
or inguinal gonads to female external genitalia. Mutations 
in the HSD17B3 gene may be in the form of homozygous 
or compound heterozygous mutations affecting 46,XY 
individuals. Many individuals raised as females develop 
a male gender identity and then decide to be reassigned 
as males after puberty. Diagnosis can be established by 
elevated Δ4 and low T serum levels that result in a T/Δ4 
ratio lower than 0.8. (Sullivan et al., 2017). However, 
the genetic testing is crucial for diagnosis besides the 
hormonal. 

As the17β-HSD-3 deficiency is an autosomal recessive 
disorder, the partial  heterozygous duplication of this 
gene is considered of unknown significance as we have 
not examined all the gene exons by Sanger sequencing. 
It is noteworthy that our finding comes in agreement with 
Neocleous et al., (2012), who similarly reported a case 
of atypical genitalia with a bilaterally palpable gonads 
in the inguinal canal and no Müllerian structures. He 
showed duplication in HSD17B3 gene in exons 3-10 by 
MLPA and a heterozygous mutation in p.R80Q region by 
sequencing. His parents’ sequencing revealed the presence 
of duplication in the mother and a heterozygous mutation 
in the father. This may be the case in our patient, who 
should undergo re-evaluation and sequencing of all exons 
to explore the possibility of presence of a heterozygous 
mutation that could explain the hormonal and MLPA 
findings of this patient. None of other patients with 
suspected 17β-HSD-3 deficiency or 5-alpha-reductase 
type 2 (5α-RD2) deficiency obtained positive results by 
MLPA, indicating the importance of Sanger sequencing 
of genes commonly implicated in DSD phenotypes in 
complementing MLPA (Barbaro et al., 2008; Biesecker 
and Green, 2014). 

5α-RD2 deficiency is one of the common causes of 
atypical genitalia in children. The phenotype can vary 
from underdeveloped male genitalia to a complete female 
phenotype. It is diagnosed by estimating the ratio between 
testosterone and dihydrotestosterone (DHT) after human 
chorionic gonadotropin (hCG) stimulation, whereas there 
is an increase in the ratio of testosterone to DHT. However, 
this test is not totally diagnostic as the ratio may vary based 
on the severity of enzyme deficiency and the children’s 
age. It is also not useful in partial enzyme deficiencies    
(Kumar and Barboza-Meca, 2022).

In the present study, two siblings had a pericentric 
inversion of the X chromosome and presented with 
atypical genitalia associated with partial gonadal 
dysgenesis, intellectual disability and Duchenne muscular 
dystrophy (DMD). The gene on X chromosome related to 
XY gonadal dysgenesis and sex reversal is DAX1 (NR0B1; 
OMIM#300018) mapped to Xp21.2, while the gene causing 
DMD is the dystrophin (DMD) gene (OMIM#300376) 

residing also in the same region: Xp21.2-Xp21.1. This 
deviated the attention to the possibility of disruption or 
copy number alteration affecting this region as a result of 
X inversion. However, MLPA result was not informative. 
Several cases of pericentric inversion of X chromosome 
with different breakpoints have been reported with 
phenotypes ranging from normal to gonadal dysgenesis 
(White et al., 2011; Garcia-Acero et al., 2019). Other 
studies previously detected X chromosome rearrangements 
involving DAX1 region by MLPA analysis in patients with 
gonadal dysgenesis, which was usually associated with 
mental subnormality (Barbaro et al., 2008; White et al., 
2011; Garcia-Acero et al., 2019). Nonetheless, not only 
gene regions should be investigated but also intergeneic 
sequences using different methods could be helpful. It 
was suggested that the X rearrangement in our two sibs 
had led to disruption of a regulatory region or disturbed 
an upstream regulatory gene, resulting in DAX1 gene 
overexpression and abnormal expression of DMD gene 
that led to disturbance of the testicular developmental 
pathway and DMD, respectively. Other methods are further 
required to detect the expression level of DAX1 and DMD 
genes as chromosomal microarray and quantitative real-
time PCR. DAX1 gene have an important role in gonadal 
sex determination and is expressed in the first stages of 
gonadal and adrenal differentiation and in the developing 
hypothalamus. In normal 46,XY males, the DAX1 is held 
inactive by SRY and thus, a male gonadal differentiation 
pathway is followed. Duplications in XY individuals lead 
to SOX9 inactivation and block of testicular formation 
and patients develop as females with a hypoplastic 
uterus (Suntharalingham et al., 2015; de Oliveira et 
al., 2024). Nevertheless, our two sibs exhibited atypical 
genitalia without Mullerian structures, suggesting that the 
DAX1 is partially overexpressed to the extent that only 
led to partial testicular dysgenesis. DMD gene encodes 
dystrophin, a large muscle protein that its mutations lead 
to Duchenne (310200) and Becker (300376) muscular 
dystrophy (Kilimann et al., 1992). DMD is defined as 
progressive deterioration of muscle tissue resulting in 
increasing muscular weakness. The association of ID 
in our two patients, could be hypothesized to be due to 
abnormal expression of IL1RAPL1 gene (interleukin-1 
receptor accessory protein-like, gene 1; OMIM#300206), 
mapped to the same region: Xp21.3-p21.2, just distal to 
DAX1. Deletions of this gene or telomeric from DAX1 have 
been shown to be associated with X-linked intellectual 
developmental disorder (OMIM#300143). Moreover, 
MRXS17 gene (Mental Retardation, X-Linked, Syndromic 
17), residing in the vicinity Xp21.1-p11.23 may be 
contributed to the phenotype due to abnormal expression or 
disruption of its regulatory elements by the Xp breakpoint 
resulting in ID. This region has been mapped by Marom 
et al., (2011) to be associated with X-linked Intellectual 
developmental disorder (OMIM#300858).  

Lack of proper testicular development makes a 
favorable micro-environment for an increased risk for 
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malignant transformation (García-Acero et al., 2020). 
The overall tumor risk is between 15-33%. DSD patients 
are considered at high risk of development of testicular 
carcinoma in situ, germ cell tumors, gonadoblastoma and 
dysgerminoma (Cools, 2014; Grinspon et al., 2020). 
Females with intra-abdominal gonads carry the highest 
risk of tumor development. It is recommended to perform 
prophylactic gonadectomy at different timings depending 
on diagnosis. Pre-operative assessment is essential to 
locate the gonads precisely (Basri et al., 2021).

CONCLUSION                                                                                                

In the present study, MLPA could detect CNV in 
11.4% of 46,XY DSD patients. It is useful as a screening 
method that can detect copy number changes at the exon 
level of genes known to be involved in DSD, including 
small intragenic rearrangements and can analyze several 
samples at a time. However, it should be complemented 
by sequencing analysis of genes commonly implicated in 
DSD to increase the diagnostic yield and to identify gene 
mutations accompanied with the deletion or duplication. 
As the genetic testing technology is evolving, CNV 
analysis remains a powerful tool to solve undiagnosed 
DSD patients, especially the syndromic cases. More 
sophisticated techniques such as chromosomal microarray 
and Optical genome mapping can significantly augment 
solving undiagnosed cases.

CONFLICT OF INTEREST                                          

There are no conflicts of interest.

REFERENCES                                                                

Ahmed SF., Achermann JC., Arlt W. (2011). UK 
guidance on the initial evaluation of an infant 
or an adolescent with a suspected disorder 
of sex development. ClinEndocrinol (Oxf).     
75(1):12–26.

Ahmed SF., Bashamboo A., Lucas-Herald A., 
McElreavey K. (2013). Understanding the 
genetic aetiology in patients with XY DSD. Br 
Med Bull. 106:67-89.

Ahmadifard M., kajbafzadeh A., shahi SP., Vand-
Rajabpour F., Ahmadi-Beni R., Arshadi H., et 
al. (2019). Molecular investigation of mutations 
in androgen receptor and 5‐alphareductase‐2 
genes in 46,XY Disorders of Sex Development 
with normaltesticular development Andrologia. 
51(5):e13250.

Audi L., Ahmed SF., Krone N., Cools M., McElreavey 
K., Holterhus PM. (2018). GENETICS IN 
ENDOCRINOLOGY: Approaches to molecular 

genetic diagnosis in the management of 
differences/disorders of sex development 
(DSD): position paper of EU COST Action 
BM 1303 'DSDnet'. Eur J. Endocrinol. 
179(4):R197-R206. 

Baetens D., Menedonca B., Verdin H., Cools M.,     
Baere D. (2017). Non coding variation in 
disorders of sex development. Clin Genet. 
91(2):163-172. 

Bagas AM., Hannie K., Chrysantine P., et al. 
(2018). Loss of DMRT1 gene in a Mos 
45,XY,-9[8]/46,XY,r(9)[29]/47,XY,+idic 
r(9)×2[1]/46,XY,idic r(9)[1]/46,XY[1] female 
presenting with short stature. Molecular 
Cytogenetics;11:28.

Barbaro M., Cicognani A., Balsamo A., Löfgren A., 
Baldazzi L., Wedell A., Oscarson M. (2008). 
Gene dosage imbalances in patients with 46,XY 
gonadal DSD detected by an in-house-designed 
synthetic probe set for multiplex ligation-
dependent probe amplification analysis. Clin 
Genet. 73(5):453-64.

Bashamboo A., McElreavey K. (2013). Gene 
mutations associated with anomalies of human 
gonad formation. Sex Dev 7:126–46.

Basri NI., Soon CH., Ali A., Abdul Ghani NA., 
Zainuddin AA. (2021). Prophylactic 
gonadectomy in 46 XY females; why, where 
and when? Horm Mol Biol Clin Investig. 
42(3):325-328.

Bastian C., Muller JB., Lortat-Jacob S., Nihoul-
Fékété C., Bignon-Topalovic J., McElreavey 
K., et al. (2015). Genetic mutations and somatic 
anomalies in association with 46,XY gonadal 
dysgenesis. Fertil Steril. 103(5):1297-304.

Bhagavath BB., Layman MC., Carr BR., Shen Y., Ha 
K., Rehman K., et al. (2014). Familial 46,XY 
sex reversal without Campomelic dysplasia 
caused by a deletion of the SOX9 gene. Mol 
Cell endocrinol. 393(1-2):1-7.

Biesecker LG., Green RC. (2014). Diagnostic clinical 
genome and exome sequencing. N Engl J. Med. 
370:2418–2425.

Boehmer AL., Brinkmann AO., Sandkuijl LA.,          
Halley DJ., Niermeijer MF., Andersson 
S., et al. (1999). 17Beta-hydroxysteroid 
dehydrogenase-3 deficiency: diagnosis, 
phenotypic variability, population genetics, 



47

Mekkawy et al.

and worldwide distribution of ancient and de 
novo mutations. J. Clin Endocrinol Metab. 
84(12):4713-21. 

Bruni V., Roppa K., Scionti F., Apa R., Sestito S., 
Di Martino MT., Pensabene L., Concolino D. 
(2019). A 46,XY Female with a 9p24.3p24.1 
Deletion and a 8q24.11q24.3 Duplication: A 
Case Report and Review of the Literature. 
Cytogenet Genome Res. 158(2):74-82.

Calvari V., Bertini V., De Grandi A., Peverali G., 
Zuffardi O., Ferguson-Smith., et al. (2000). 
A new submicroscopic deletion that refines                 
the 9p region for sex reversal. Genomics. 
65(3):203-12.

Chen Y., Lin C., Tsi L., Chou Y. (2012). Sex reversal 
acompomelic campomelic dysplasia with a 
homozyguous deletion in SOX9 gene. Urol. 
79(4)908-11.

Cools M. (2014). Germ cell cancer risk in DSD 
patients. Ann Endocrinol (Paris). 75(2):67-71.

Cox K., Bryce J., Jiang J., Rodie M., Sinnott R., 
Alkhawari M., et al. (2014). Novel associations 
in disorders of sex development: findings from 
the I-DSD Registry. J. Clin Endocrinol Metab. 
99(2):E348-55.

Croft B., Ohnesorg T., Hewitt J., Bowles J., Quinn A., 
Tan J. (2018). Human sex reversal is caused 
by duplication or deletion of core enhancers 
upstream of SOX9. Nat Commun. 9(1):5319. 

Crone J., Amann G., Gheradini R., Kirchlechner V., 
Fékété CN. (2002). Management of 46, XY 
partial gonadal dysgenesis--revisited. Wien 
Klin Wochenschr. 114(12):462-7.

de Oliveira FR., Guaragna MS., Maciel-Guerra AT., 
Barros BA., de Mello MP., Guerra-Junior G., 
et al. (2024). DHX37 and the Implications in 
Disorders of Sex Development: An Update 
Review. Horm Res Paediatr. 97(5):433-444. 

Eser M., Ayaz A. (2018). Haploinsufficiency of the 
DMRT Gene Cluster in a Case with 46,XY 
Ovotesticular Disorder of Sexual Development. 
Balkan Med J. 35(3):272–274.

Faradz SMH., Listyasari N., Utari A., Ariani MD., 
Juniarto AZ., Santosa A. et al. (2023). Lessons 
Learned from 17 Years of Multidisciplinary 
Care for Differences of Sex Development 
Patients at a Single Indonesian Center. Sex Dev. 
17(4-6):170-180. 

Gangaher A., Chauhan V., Jyotsna V., Mehta 
M. (2017). Gender identity and gender of 
rearing in 46 XY DSD. Indian J End. Metab.                                             
20(4):536-541.

Garcia-Acero M., Mónica M., Andrea R., Forero  
C., Camila C., Juan C., et al. (2019). Gene 
dosage of DAX-1, determining in sexual 
differentiation: duplication of DAX-1 in two 
sisters with gonadal dysgenesis. Molecular 
Biology Reports. 46:2971–2978.

García-Acero M., Moreno-Niño O., Suárez-Obando 
F., Molina M., Manotas MC., Prieto JC., et al. 
(2020). Disorders of sex development: Genetic 
characterization of a patient cohort. Mol Med 
Rep. 21(1):97-106. 

George MM., New MI., Ten S., Sultan C., Bhangoo A. 
(2010). The clinical and molecular heterogeneity 
of 17betaHSD-3 enzyme deficiency. Horm. Res. 
Paediatr. 74:229–240.

Grinspon RP., Bergadá I., Rey RA. (2020). Male 
Hypogonadism and Disorders of Sex 
Development. Front Endocrinol (Lausanne). 
11:211. 

Harrison SM., Granberg CF., Keays M., Hill M., 
Grimsby GM., Baker LA. (2014). DNA Copy 
Number Variations in Patients with 46,XY 
Disorders of Sex Development. J. Urol. 
192(6):1801–1806.

Hou L., Zhao M., Fan L., Cao B., Chen J., Cui Y., et 
al. (2021). One hundred twelve cases of 46, XY 
DSD patients after initial gender assignment: 
a short-term survey of gender role and gender 
dysphoria. Orphanet J. Rare Dis. 16(1):416. 
Erratum in: Orphanet J. Rare Dis. 2022, 
17(1):144. 

Huang W., Chung UI., Kronenberg HM., de 
Crombrugghe B. (2001). The chondrogenic 
transcription factor Sox9 is a target of signaling 
by the parathyroid hormone-related peptide in 
the growth plate of endochondral bones. Proc 
Natl Acad Sci U S A98(1):160-5.

Hughes IA. (2008). Disorders of sex development: a 
new definition and classification. Best Pract Res 
Clin Endocrinol Metab 22:119–34.

Hughes IA., Houk C., Ahmed SF., Lee PA. (2006). 
Consensus statement on management of 
intersex disorders. Lawson Wilkins Pediatric 
Endocrine Society/European Society for 



48

COPY NUMBER VARIATION IN A COHORT OF 46,XY DSD PATIENTS

Paediatric Endocrinology Consensus Group. J. 
Pediatr Urol. 2(3):148–162.

Igarashi M., Dung VC., Suzuki E., Ida S., Nakacho 
M., Nakabayashi K. (2013). Cryptic genomic 
rearrangements in three patients with 46,XY 
disorders of sex development. Med J. 788-91.

ISCN (2020). An International System for Humn 
Cytogenetic Nomenclature, Shaffer LG, 
Tommerup N. (eds). Basel: Karger. 

Johnson EK., Rosoklija I., Finlayson C., Chen D., 
Yerkes EB., Madonna MB. (2017). Attitudes 
towards "disorders of sex development" 
nomenclature among affected individuals. 
13(6):608.e1-608.e8. 

Kim GJ., Sock E., Buchberger A., Just W., Denzer 
F., Hoepffner W. et al. (2015). Copy number 
variation of two separate regulatory regions 
upstream of SOX9 causes isolated 46,XY or 
46,XX disorder of sex development. J. Med 
Genet. 52(4):240-7. 

Kilimann MW., Pizzuti A., Grompe M., Caskey CT. 
(1992). Point mutations and polymorphisms 
in the human dystrophin gene identified in  
genomic DNA sequences amplified by multiplex 
PCR. Hum Genet. 89(3):253-8. 

King TF., Conway GS. (2014). Swyer syndrome. Curr 
Opin Endocrinol Diabetes Obes. 21(6):504-10.

Kumar G., Barboza-Meca JJ. (2022). 5-Alpha-
Reductase Deficiency. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 
2024 Jan– PMID: 30969726.

Ledig S., Hiort O., Scherer G., Hoffmann M., Wolff G., 
Morlot S., et al. (2010). Array-CGH analysis in 
patients with syndromic and nonsyndromic XY 
gonadal dysgenesis: evaluation of array CGH 
as diagnostictool and search for new candidate 
loci. Hum Reprod, 25:2637–2646.

Lee PA., Houk CP., Ann NY. (2008). Disorders of 
sexual differentiation in the adolescent. Acad 
Sci, 1135:67-75.

Lopes AM., Aston KI., Thompson E., Carvalho F., 
Gonçalves J., Huang N., et al. (2013). Human 
spermatogenic failure purges deleterious 
mutation load from the autosomes and both 
sex chromosomes, including the gene DMRT1. 
PLoS Genet. 9(3):e1003349.

Lucas-Herald AK., Bashamboo A. (2014). Gonadal 
development. Endocr Dev. 27:1-16. 

Lundgaard RM., Delpouve G., Nielsen JE., Melau C., 
Langhoff TL., Juul HK. (2024). Inhibition of 
WNT/β-catenin signalling during sex-specific 
gonadal differentiation is essential for normal 
human fetal testis development. Cell Commun 
Signal. 22(1):330. 

Marom D., Albin A., Schwartz C., Har-Zahav A., 
Straussberg R., Bartel F., Birk E., Inbar D., 
Basel-Vanagaite L. (2011). X-linked mental 
retardation with alacrima and achalasia-Triple 
A syndrome or a new syndrome? Am J. Med 
Genet A. 155A(8):1959-63. 

Mary L., Fradin M., Pasquier L., Quelin C., Loget 
P., Le Lous M. (2023). Role of chromosomal 
imbalances in the pathogenesis of DSD: A 
retrospective analysis of 115 prenatal samples. 
Eur J. Med Genet. 66(6):104748. 

Matson CK., Murphy MW., Sarver AL., Griswold MD., 
Bardwell VJ., Zarkower D. (2011). DMRT1 
prevents female reprogramming in the postnatal 
mammalian testis. Nature. 476(7358):101-4. 

Matsushita M., Kitoh H., Kaneko H., Mishima K., 
Kadono I., Ishiguro N., et al. (2013). A novel 
SOX9 H169Q mutation in a family with 
overlapping phenotype of mild campomelic 
dysplasia and small patella syndrome. Am. J. 
Med. Genet. 161A: 2528-2534.

Mazen I., Hirot O., Bassiouny R., El Gammal M. 
(2008). Differential diagnosis of disorders of 
sexual developmemt in Egypt. Horm. Res. 
70:118-123.

Mazen IA., Ismail SI. (2010). A study of gender 
outcome of Egyptian patients with 46,XY 
disorder of sex development. Sex Dev.                                                       
4(4-5):285-291.

Mohamed AM., Kamel AK., Eid MM., Eid OM., 
Mekkawy M., Hussein SH., et al. (2021). 
Chromosome 9p terminal deletion in nine 
Egyptian patients and narrowing of the critical 
region for trigonocephaly. Mol Genet Genomic 
Med. 9(11):e1829.

Morais da Silva S., Hacker A., Harley V., Goodfellow 
P., Swain A., Lovell-Badge R. (1996). Sox9 
expression during gonadal development 
implies a conserved role for the gene in testis 
differentiation in mammals and birds. Nat 
Genet. 14(1):62-8. 



49

Mekkawy et al.

Neocleous V., Sismani C., Shammas C., Efstathiou 
E., Alexandrou A., Ioannides M. (2012).  
Duplication of exons 3-10 of the HSD17B3 
gene: a novel type of genetic defect underlying 
17β-HSD-3 deficiency. Gene. 499(2):250-5. 

Parivesh A., Barseghyan H., Délot E., Vilain E., Curr 
Top Dev Biol. (2019). Translating genomics to 
the clinical diagnosis of disorders/differences of 
sex development. 134:317-375. 

Pasupathy M., Radhakrishnan V., Adenwalla HS., 
Narayanan PV. (2016). a case of acampomelic 
campomelic dysplasia and operative difficulties 
in cleft palate reconstruction. Indian J. Plast 
Surg. 49(2):253‐257. 

Quigley CA., De Bellis A., Morschke KB. (1995). 
Androgen receptor defects: historical clinical 
and molecular prospective. End. Rev.           
16:271-321.

Raymond CS., Murphy MW., O’Sullivan MG., 
Bardwell VJ., Zarkower D. (2000). DMRT1, 
a gene related to worm and fly sexual                    
regulators, is required for mammalian testis 
differentiation. Genes Dev. 14:2587–95.

Reisch N., Taylor A., Nogueria E., Asby D., Dhir V., 
et al. (2019). Alternative pathway androgen 
biosynthesis and human female virilization. 
Proc Natl Acad Sci U S A. 116(44):22294-
22299.  

Schouten JP., McElgunn CJ., Waaijer R.,          
Zwijnenburg D., Diepvens F., Pals G. (2002). 
Relative quantification of 40 nucleic acid 
sequences by multiplex ligation-dependent 
probe amplification. Nucleic Acids Res. 
30(12):e57.

Sema E., Cengiz K., Ahmet U., Murat A. (2011). 
Etiological classification and clinical   
assessment of children and adolescents with 
disorders of sex development. J. Clin Res 
PediatrEndocrinol 3(2):77–83.

Sinisi AA., Pasquali D., Notaro A., Bellastella A. 
(2003). Sexual differentiation. J. Endocrinol 
Invest. 26(3 Suppl):23-8.

Sullivan CA., Jodi D., Hoffman JD., Joshua D. (2017). 
17-β-hydroxysteroid dehydrogenase type 3 
deficiency: Identifying a rare cause of 46, XY 
female phenotype in Adulthood. Journal of 
Clinical and Translational Endocrinology: Case 
Reports.7:5-7.

Suntharalingham JP., Buonocore F., Duncan AJ., 
Achermann JC. (2015). DAX-1 (NR0B1) and 
steroidogenic factor-1 (SF-1, NR5A1) in human 
disease. Best Pract Res Clin Endocrinol Metab. 
29(4):607-19. 

Tanner JM., Davies PS. (1985). Clinical longitudinal 
standards for height and height velocity 
for North American children. J. Pediatr                                
107:317-329. 

Tannour-Louet M., Han S., Corbett ST., Louet JF., 
Yatsenko S., Meyers L. (2010). Identification  
of de novo copy number variants associated 
with human disorders of sexual development. 
PLoS One. 5:e15392. 

Vasundhar C., Jyotsna V., Kandsamy D., Gupta N. 
(2016). Clinical, hormonal and radiological 
profile of 46,XY DSD. Indian J. End. MEtab. 
20(3):300-307.

Verma RS., Babu A. (1995). Human chromosomes: 
Principles and techniques. Tissue culture 
techniques and chromosome preparation 
In: Human chromosome manual of basic 
techniques. Verma RS, Babu A (eds), seconed 
edition, MC Graw-Hill, Newyork, Pergamon 
Press.

White S., Ohnesorg T., Notini A., Roeszler K., Hewitt 
J., Daggag H. (2011). Copy number variation 
in patients with disorders of sex development 
due to 46,XY gonadal dysgenesis. PLoS One 
6(3),e17793. 


