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1 |  INTRODUCTION

This study, utilizing whole-exome sequencing (WES), re-
ports on a previously detected disease-related variant in the 
androgen receptor gene AR [c.528C>A (p.Ser176Arg)] and 
novel candidate variants in the DHCR24, BMPR1B, NODAL, 
and WDR48 genes detected in the genome of a 15-month-old 
child diagnosed with MPH, manifested as partial androgen 
insensitivity syndrome (AIS).

46,XY disorder of sexual development (DSD)—or male 
pseudohermaphroditism according to formerly used nomen-
clature—is a condition defined by the presence of female-like 
or incompletely differentiated external genitalia in an individ-
ual with a Y chromosome. It is the most diverse type of DSD 
concerning to both clinical manifestations and etiology. The 
molecular etiology of 46,XY DSD is almost always attributed 
to genetic lesions that might be delineated as cytogenic alter-
ations and gene mutations.1 The former is usually manifested 
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as 45,X/46,XY mosaicism, while the latter as mutations that 
disrupt either the production of androgens or tissue response 
to androgens.

Androgen resistance is one of the most common causes of 
46,XY DSD; it is manifested as AIS and classified based on 
clinical phenotypes into three categories: complete (CAIS), 
partial (PAIS), and mild (MAIS) forms. In most cases, this 
is an X-linked disease due to alterations to the androgen 
receptor gene AR, whose variety of damaging effects may 
partly determine the severity of AIS.2,3 Besides, AIS may 
also be related to a deficit in AR coactivators caused by mu-
tations in the relevant genes, such as NR5A1 encoding the 
steroidogenic factor-1 protein,4 which among other functions 
promotes the transcription of steroidogenic enzymes and 
steroidal receptors. Other possible molecular causes of the 
DSD are related to deficiencies in key enzymes controlling 
the androgens' production associated with various deleterious 
variants in the relevant genes: Cytochrome P450 17α-hydrox-
ylase (CYP17A1) and 17β-hydroxysteroid dehydrogenase 
(HSD17B3), essential for steroidogenesis, and 5α-reductases 
(SRD5A1 and SRD5A2), necessary for the conversion of tes-
tosterone into its more potent form, dihydrotestosterone.5-8 
These deficiencies may manifest in phenotypes identical to 
CAIS or severe PAIS.

To date, dozens of candidate genes have been identified 
for DSD.9 Besides, a variety of mutational events (and their 
combinations) in genes involved in sexual differentiation and 
development may cause DSD and lead to congenital condi-
tions that fall under the broad classification of DSD. Herein, 
we report on exonic variants detected in the genome of a tod-
dler diagnosed with PAIS, which might be causative for the 
clinical phenotype expression.

2 |  CASE PRESENTATION

A 15-month-old child of mixed Slavic-Turkic descent resid-
ing in a state-run orphanage in the city of Saint Petersburg, 
Russia, was recruited for this study. Written informed consent 
for the child examination and genetic analysis was obtained 
from the orphanage administrators. The Saint Petersburg 
University Research Board approved the study.

The participant was the first child of a 25-year-old woman 
of Uzbek ethnicity (Central Asia), born after a 35-week 
pregnancy. According to the medical records, the delivery 
was complicated; the child had birth injuries, including in-
tracranial laceration and hemorrhage. His characteristics at 
birth were as follows: a 5-minute Apgar score of 7, weight 
2450  g, height 47  cm, and chest and head circumferences, 
respectively, 32 and 30 cm. The newborn had congenital con-
ditions that fall under the DSD clinical phenotype. His go-
nadal (testicles) and genetic (46,XY) sex was male while the 
external genitalia were ambiguous: micropenis, penoscrotal 

hypospadias, perineal meatus, ventral preputial split, and 
testicular hypoplasia. Testosterone levels were undetectable, 
but showed a response to the human chorionic gonadotrophin 
(hCG) stimulation with testosterone/dihydrotestosterone (T/
DHT) ratio of 7 and testosterone/androstenedione (T/A) ratio 
of 5, at the age of 15 months. Trial of short-course hormonal 
therapy (Omnadren) was prescribed that resulted in an in-
crease in the size of the penis, scrotal skin, and foreskin; no 
other treatment was administered. The child was diagnosed 
with PAIS.

In addition to PAIS, this 15-month-old child had mixed 
specific developmental disorders, congenital malformations 
of the eyes, hypermetropic astigmatism, and frequent acute 

F I G U R E  1  The workflow of the exonic variant reduction and 
prioritization procedure used to identify rare disease-related variants in 
the genome of the child diagnosed with 46,XY DSD
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respiratory infections. Physical examination and comparison 
of his growth characteristics with the WHO Child Growth 
Standards revealed a low height-for-age (z = −1.24; 10.70%) 
and a head circumference-for-age that correspond to the pa-
rameters of microcephaly (z  =  −2.15; 1.59%). Behavioral 
testing showed a delay in gross and fine motor develop-
ment according to the Mullen Scales of Early Learning, 
MSEL10 (the 1st percentile) and a delay in lexical develop-
ment measured using the MacArthur-Bates Communicative 
Development Inventory, MB-CDI 11 (3 SD below the mean 
at age; z = −3.54).

3 |  DETECTION OF EXONIC 
CANDIDATE VARIANTS

DNA was isolated from peripheral blood using the FlexiGene 
DNA Kit (Qiagen) according to the manufacturer's instruc-
tions. WES was conducted using the Ion Torrent platform 
following the manufacturer's instructions (Thermo Fisher 
Sci): exome enrichment and library preparation were per-
formed using the Ion AmpliSeq Exome RDY Kit, and the 
WES library was sequenced using the Ion GeneStudio S5. 
The sequence output data were 5.9Gb, 31M mapped reads, 
and 94.8 mean depth. WES read alignment and variant call-
ing were accomplished using the Torrent Suite Software and 
Variant Caller plug-in. The data on variant calls that support 
the findings of this study are available from the correspond-
ing authors upon reasonable request.

Variant functional annotation was performed using the 
ANNOVAR (ANNOtate VARiation) bioinformatics tool for 
the interpretation and prioritization of genomic variants.12 
Variants were examined by filtering them against known 
variation databases; the inclusion criteria were as follows: 
the localization within an exon, UTR (UnTranslated Region 
flanking a coding sequence on RNA) or splice site; a low 
frequency in the general population—minor allele fre-
quency, MAF < 0.01 according to the Exome Aggregation 
Consortium (ExAC) 13 and the Genome Aggregation 
Database (gnomAD) 14; and a deleterious effect on protein 
function—the Combined Annotation-Dependent Depletion 
(CADD) 15 deleteriousness prediction score >15 (Table S1). 
Variants were prioritized by filtering the genes contain-
ing a rare deleterious variant against the Gene Ontologies 
(GO)16 related to sexual development (Table  S2), and by 
ranking these genes with regard to prior knowledge on the 
associations with DSD and DSD-related Human Phenotype 
Ontologies17 (HPO), using the Phenolyzer 18 (Table S3). An 
overview of the variant reduction and prioritization proce-
dure is illustrated in Figure 1.

In the child's exome, we detected 340 rare deleterious 
variants in 316 genes (Figure  1); the list of these variants 
represented in Table S1. Among those 340, nine mutations 
occurred in genes involved in sex differentiation and develop-
ment: seven heterozygous missense mutations (or mutations 
resulting in amino acid substitutions in the protein encoded) in 
DHCR24, NODAL, BMPR1B, PGR, NASP, UTF1, and CBL; 
a stopgain microdeletion, resulting in premature termination 

F I G U R E  2  Venn diagram (A) represents the distribution of 46,XY DSD candidate genes containing a rare deleterious variant in the child's 
genome (red circle of the diagram) with regard to genes' annotation to a GO related to sex development. Each GO term represented as a circle; 
numbers show the number of genes; and the total number of genes assigned to a GO is shown in brackets. The intersect areas with the DSD case 
category highlight nine genes involved in sex differentiation processes and androgens' metabolic and signaling pathways, which have deleterious 
variants in the child's genome. The Phenolyzer gene network (B) prioritizes five candidate genes (marked in black) for DSD and/or ambiguous 
genitalia phenotype; the size of a node represents the Phenolyzer' score of the gene-phenotype association; the edges represent gene interactions; 
and transcriptional regulation is shown by arrows



   | 2891NAUMOVA et Al.

T
A

B
L

E
 1

 
El

ev
en

 ra
re

 d
el

et
er

io
us

 e
xo

ni
c 

va
ria

nt
s t

ha
t a

ff
ec

t g
en

es
 in

vo
lv

ed
 in

 se
x 

di
ff

er
en

tia
tio

n 
an

d 
de

ve
lo

pm
en

t p
ro

ce
ss

es
, a

nd
 m

ay
 b

e 
as

so
ci

at
ed

 w
ith

 th
e 

cl
in

ic
al

 m
an

ife
st

at
io

ns
 o

f D
SD

V
ar

ia
nt

G
en

e

A
ss

oc
ia

tio
n 

w
ith

 r
el

ev
an

t 
ph

en
ot

yp
es

c  
db

SN
P

Po
sit

io
n

C
ha

ng
e

Fu
nc

tio
n

Zy
go

sit
y

N
am

e
Fu

nc
tio

n
Ex

A
C

 p
LI

 
sc

or
ea  

Ph
en

ol
yz

er
 

sc
or

eb  

rs
77

71
31

13
3

ch
r0

X
:6

67
65

51
6

C
>

A
M

is
se

ns
e

H
em

i
AR

d  
A

nd
ro

ge
n 

re
ce

pt
or

0.
99

49
0.

59
84

46
,X

Y
 D

SD
, a

nd
ro

ge
n 

in
se

ns
iti

vi
ty

 
sy

nd
ro

m
e,

 a
m

bi
gu

ou
s g

en
ita

lia

N
/A

ch
r0

1:
55

34
93

14
G

>
T

M
is

se
ns

e
H

et
er

o
D

H
C

R2
4d  

24
-d

eh
yd

ro
ch

ol
es

te
ro

l r
ed

uc
ta

se
0.

96
91

0.
07

70
A

m
bi

gu
ou

s g
en

ita
lia

, d
es

m
os

te
ro

lo
si

s

rs
77

86
07

01
5

ch
r1

0:
72

19
56

53
G

>
A

M
is

se
ns

e
H

et
er

o
N

O
D

AL
d  

N
od

al
 g

ro
w

th
 d

iff
er

en
tia

tio
n 

fa
ct

or
0.

94
72

0.
07

10
A

m
bi

gu
ou

s g
en

ita
lia

N
/A

ch
r0

3:
39

13
61

43
TG

(d
el

)
St

op
ga

in
H

om
o

W
D

R4
8d  

W
D

 re
pe

at
 d

om
ai

n 
48

0.
99

98
N

/A
N

/A

rs
19

08
83

01
3

ch
r0

4:
96

02
56

37
C

>
T

M
is

se
ns

e
H

et
er

o
BM

PR
1B

d  
B

on
e 

m
or

ph
og

en
et

ic
 p

ro
te

in
 

re
ce

pt
or

 ty
pe

 1
B

0.
99

17
N

/A
N

/A

rs
11

57
11

43
ch

r1
1:

10
09

99
65

4
C

>
T

M
is

se
ns

e
H

et
er

o
PG

R
Pr

og
es

te
ro

ne
 re

ce
pt

or
0.

78
48

N
/A

N
/A

rs
28

36
58

68
ch

r0
1:

46
04

98
49

G
>

C
M

is
se

ns
e

H
et

er
o

N
AS

P
N

uc
le

ar
 a

ut
oa

nt
ig

en
ic

 sp
er

m
 

pr
ot

ei
n

0.
47

02
N

/A
N

/A

rs
52

93
91

16
6

ch
r1

0:
13

50
44

88
2

C
>

T
M

is
se

ns
e

H
et

er
o

U
TF

1
U

nd
iff

er
en

tia
te

d 
em

br
yo

ni
c 

ce
ll 

tra
ns

cr
ip

tio
n 

fa
ct

or
 1

0.
15

08
N

/A
N

/A

rs
22

27
98

8
ch

r1
1:

11
91

56
19

3
C

>
T

M
is

se
ns

e
H

et
er

o
C

BL
C

bl
 p

ro
to

-o
nc

og
en

e
0.

00
68

N
/A

N
/A

rs
76

87
44

78
5

ch
r4

:7
94

10
16

0
G

>
A

M
is

se
ns

e
H

et
er

o
FR

AS
1

Fr
as

er
 e

xt
ra

ce
llu

la
r m

at
rix

 
co

m
pl

ex
 su

bu
ni

t 1
0.

00
00

0.
09

99
Fr

as
er

 sy
nd

ro
m

e,
 a

m
bi

gu
ou

s g
en

ita
lia

rs
14

84
37

03
1

ch
r1

:2
23

17
70

06
G

>
A

M
is

se
ns

e
H

et
er

o
D

IS
P1

D
is

pa
tc

he
d 

R
N

D
 tr

an
sp

or
te

r 
fa

m
ily

 m
em

be
r 1

0.
00

00
0.

07
10

am
bi

gu
ou

s g
en

ita
lia

a Th
e 

Ex
A

C
 p

LI
 sc

or
e 

is
 th

e 
pr

ob
ab

ili
ty

 o
f a

 g
en

e 
to

 b
e 

Lo
F 

in
to

le
ra

nt
 13

: a
 p

LI
 ≤

 0
.1

 in
di

ca
te

s t
he

 e
xt

re
m

e 
Lo

F 
to

le
ra

nc
e 

of
 a

 g
en

e,
 a

 p
LI

 c
lo

se
 to

 0
.5

 im
pl

ie
s h

et
er

oz
yg

ou
s L

oF
 to

le
ra

nc
e,

 a
nd

 a
 p

LI
 ≥

 0
.9

 in
di

ca
te

s t
he

 h
ig

h 
pr

ob
ab

ili
ty

 o
f g

en
e 

ha
pl

oi
ns

uf
fic

ie
nc

y.
 

b Th
e 

no
rm

al
iz

ed
 ra

nk
 sc

or
e 

of
 p

he
no

ty
pe

-b
as

ed
 p

rio
rit

iz
at

io
n 

of
 c

an
di

da
te

 g
en

es
 is

 p
re

se
nt

ed
. 

c Th
e 

as
so

ci
at

io
ns

 w
ith

 re
le

va
nt

 p
he

no
ty

pe
s o

f D
SD

 a
nd

 a
m

bi
gu

ou
s g

en
ita

lia
 a

re
 g

iv
en

 b
as

ed
 o

n 
th

e 
re

su
lts

 o
f t

he
 P

he
no

ly
ze

r' 
an

no
ta

tio
n 

ag
ai

ns
t t

he
 O

M
IM

, H
PO

, C
lin

V
ar

, O
rp

ha
ne

t, 
an

d 
D

is
G

en
N

ET
 d

at
ab

as
es

. 
d G

en
es

 id
en

tif
ie

d 
as

 c
an

di
da

te
 g

en
es

 fo
r D

SD
 in

 th
e 

st
ud

ie
d 

ca
se

. 



2892 |   NAUMOVA et Al.

of the protein translation, in WDR48; and a hemizygous 
missense mutation in AR (Figure 2A; Table 1). Phenotype-
centered gene prioritization by the Phenolyzer revealed two 
additional candidates: missense mutations in FRAS1 and 
DISP1 known to be associated with Fraser syndrome—a 
genetic disorder characterized by multiple abnormalities in-
cluding genital malformations and dysfunctions (Figure 2B; 
Table 1).

Altogether, we obtained a final list of 11 variants poten-
tially responsible for the DSD phenotype (Table 1). Regarding 
the pathogenicity of these variants, six of them may be con-
sidered “neutral” according to a low probability of the gene to 
be loss-of-function (LoF) intolerant, based on the ExAC pLI 
score.13 Hence, the remaining five variants with the highest 
scores—a pLI ≥ 0.9 indicating a high probability of the gene 
haploinsufficiency—were defined as disease-related variants 
located in the AR, DHCR24, NODAL, BMPR1B, and WDR48 
genes.

4 |  DISCUSSION

Both of the gene-prioritization algorithms we applied in this 
study indicated a key role of androgen receptor (AR) altera-
tion in the manifestation of abnormalities in sexual devel-
opment in the studied case (Figure  2). To date, about 400 
AR variants have been reported in public repositories, and 
about 60 of them have been associated with AIS.3,19 This 
list of AIS-related variants does not contain the variant we 
found in the DSD case (rs777131133; Table  1). However, 
this variant has been reported in a study of targeted sequenc-
ing of genes involved in sexual development in a cohort of 70 
46,XY DSD patients from China and has been defined by the 
authors as a diagnostic disease-related variant.9 Two of 70 
patients with phenotypes similar to the DSD case presented 
here (micropenis, penoscrotal hypospadias, and cryptorchid-
ism) harbored this AR mutation. It is noteworthy that these 
patients and the child we studied are all of Asian descent. In 
turn, the ExAC and gnomAD data indicate a relatively high 
prevalence of this AR variant in East Asia (1%-1.5%) in the 
absence in other regions of the world (Table S2). Altogether, 
this might indicate the East Asian origin of this rare DSD-
related AR variant.

Alterations in DHCR24 and NODAL are known to be 
associated with genital malformations (Table  1). NODAL 
(nodal growth differentiation factor) encodes a ligand of 
TGF-beta (transforming growth factor-beta) proteins, 
which regulate embryogenesis. Concerning DSD, NODAL 
is involved in the regulation of AR-signaling pathways. In 
the DSD case presented here, we identified a NODAL vari-
ant (rs778607015) previously reported (ClinVar) in rela-
tion to Heterotaxy syndrome—a condition of the abnormal 
arrangement of the internal organs. The DHCR24 variant 

(chr01:55349314:G>T) detected in the child has not been 
reported yet in public repositories. DHCR24 (24-dehydro-
cholesterol reductase) is involved in multiple pathways 
that produce cholesterol and, concerning DSD, is essential 
for steroid biosynthesis. Mutations in DHCR24 have been 
found in association with desmosterolosis—a condition 
characterized by multiple congenital anomalies, includ-
ing genital abnormalities.20 To note, in the studied case, 
a disturbance in steroid biosynthesis due to the DHCR24 
mutation may cause androgen insufficiency along with an-
drogen insensitivity that may partly explain a positive ef-
fect of hormonal treatment in the child.

The remaining two candidate genes—WDR48 (WD re-
peat domain 48) and BMPR1B (Bone morphogenetic pro-
tein receptor type 1B), has not been previously reported in 
association with DSD. Alterations in other members of the 
BMP signaling pathway—the BMP4 and BMP15 genes, are 
known to be related to DSD phenotypes.9 In addition, it is 
known that a BMPR1B paralog—BMPR1A, is involved in 
the process of regression of the Mullerian ducts, primordia 
of the oviducts, uterus, and upper vagina in male embryos. 
Our findings indicate that BMPR1B alterations may also 
be related to disturbances in the process of male embryo 
masculinization. WDR48 encodes a regulator of deubiquiti-
nating complexes and, consequently, has a broad range of 
functions. Mostly, WDR48 alterations have been associated 
with neurodevelopmental abnormalities. However, WDR48 
also controls the development of male gonads, namely, the 
seminiferous tubule development. Here, we provide the first 
evidence that WDR48 alterations may also be involved in 
DSD.

In conclusion, 46,XY DSD is a rare developmental dis-
order, highly heterogeneous both clinically and genetically. 
Consequently, it is possible that many disease-causing mu-
tations have yet not been identified. The results of our study 
demonstrate that WES provides a rapid and effective ap-
proach to identify novel mutations in DSD that may improve 
the diagnosis of the DSD patients.

ACKNOWLEDGMENTS
We are grateful to the staff and wards of the orphanage for 
the participation in the study and the staff of the Laboratory 
of Translational Sciences of Development at St. Petersburg 
State University for their help in the organization of the 
study. Consent statement ‘Published with written consent of 
the patient.

CONFLICT OF INTEREST
None declared.

AUTHOR CONTRIBUTIONS
OYN and OVB: performed molecular analysis; OYN and 
SYR: performed genetic data analysis; MYS, MAZ, and 



   | 2893NAUMOVA et Al.

IVO: performed the child's physical and behavior exami-
nation; IVP, IAA, and OVZ: collected medical records and 
clinical information and blood sample; ELG: conceptualized 
and coordinated this study; OYN: wrote the paper.

ETHICAL APPROVAL
This study was approved by the Saint-Petersburg State 
University Research Ethics Board. Informed written consent 
was obtained from the child's primary caregivers, orphanage 
officials. This report was prepared in accordance with the 
1964 Helsinki Declaration and its later amendments or com-
parable ethical standards.

ORCID
Oxana Yu. Naumova   https://orcid.
org/0000-0003-0889-526X 

REFERENCES
 1. Simpson JL. Male Pseudohermaphroditism Due to Androgen 

Insensitivity or 5α-Reductase Deficiency. The Global Library of 
Women's Medicine. 2011. http://dx.doi.org/10.3843/glowm.10349

 2. Galani A, Kitsiou-Tzeli S, Sofokleous C, Kanavakis E, Kalpini-
Mavrou A. Androgen insensitivity syndrome: clinical features and 
molecular defects. Hormones. 2008;7:217-229.

 3. Gottlieb B, Beitel LK, Nadarajah A, Palioura M, Trifiro M. The 
androgen receptor gene mutations database: 2012 update. Hum 
Mutat. 2012;33:887-894.

 4. Lin L, Philibert P, Ferraz-de-Souza B, et al. Heterozygous mis-
sense mutations in steroidogenic factor 1 (SF1/Ad4BP, NR5A1) 
are associated with 46, XY disorders of sex development with nor-
mal adrenal function. J Clin Endocrinol Metab. 2007;92:991-999.

 5. Maimoun L, Philibert P, Cammas B, et al. Phenotypical, biologi-
cal, and molecular heterogeneity of 5α-reductase deficiency: an ex-
tensive international experience of 55 patients. J Clin Endocrinol 
Metab. 2011;96:296-307.

 6. Auchus RJ, Miller WL. Defects in androgen biosynthesis caus-
ing 46, XY disorders of sexual development. Semin Reprod Med. 
2012;30:417-426.

 7. Auchus RJ. Steroid 17-hydroxylase and 17,20-lyase deficien-
cies, genetic and pharmacologic. J Steroid Biochem Mol Biol. 
2017;165:71-78.

 8. Hiort O, Marshall L, Birnbaum W, et al. Pubertal development in 
17Beta-hydroxysteroid dehydrogenase type 3 deficiency. Horm 
Res Paediatr. 2017;87:354-358.

 9. Wang H, Zhang L, Wang N, et al. Next-generation sequenc-
ing reveals genetic landscape in 46, XY disorders of sexual 

development patients with variable phenotypes. Hum Genet. 
2018;137:265-277.

 10. Mullen EM. Mullen Scales of Early Learning (AGS ed). Circle 
Pines, MN: American Guidance Service Inc.; 1995.

 11. Fenson L, Marchman VA, Thal DJ, Dale PS, Reznick JS, Bates E. 
MacArthur-Bates Communicative Development Inventories, 2nd 
ed. Baltimore, MD: Paul H Brookes; 2007.

 12. Wang K, Li M, Hakonarson H. ANNOVAR: functional annotation 
of genetic variants from high-throughput sequencing data. Nucleic 
Acids Res. 2010;38:e164.

 13. Lek M, Karczewski KJ, Minikel EV, et al. Analysis of pro-
tein-coding genetic variation in 60,706 humans. Nature. 
2016;536:285-291.

 14. Karczewski KJ, Francioli LC, Tiao G, et al. Variation across 
141,456 human exomes and genomes reveals the spectrum of 
loss-of-function intolerance across human protein-coding genes. 
bioRxiv. 2019;531210.

 15. Rentzsch P, Witten D, Cooper GM, Shendure J, Kircher M. CADD: 
predicting the deleteriousness of variants throughout the human 
genome. Nucleic Acids Res. 2018;47:D886-D894.

 16. The Gene Ontology Consortium. The gene ontology project in 
20nucleic acids. Research. 2008;36:D440-D444.

 17. Köhler S, Doelken SC, Mungall CJ, et al. The Human Phenotype 
Ontology project: linking molecular biology and disease through 
phenotype data. Nucleic Acids Res. 2013;42:D966-D974.

 18. Yang H, Robinson PN, Wang K. Phenolyzer: phenotype-based pri-
oritization of candidate genes for human diseases. Nat Methods. 
2015;12:841-843.

 19. UniProt C. UniProt: a hub for protein information. Nucleic Acids 
Res. 2015;43(Database issue):D204-D212.

 20. Dias C, Rupps R, Millar B, et al. Desmosterolosis: an illustration of 
diagnostic ambiguity of cholesterol synthesis disorders. Orphanet 
J Rare Dis. 2014;9:94.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Naumova OY, Rychkov SY, 
Burenkova OV, et al. Male pseudohermaphroditism: A 
case study of 46,XY disorder of sexual development 
using whole-exome sequencing. Clin Case Rep. 
2020;8:2888–2893. https://doi.org/10.1002/ccr3.3286

https://orcid.org/0000-0003-0889-526X
https://orcid.org/0000-0003-0889-526X
https://orcid.org/0000-0003-0889-526X
http://dx.doi.org/10.3843/glowm.10349
https://doi.org/10.1002/ccr3.3286

