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Disorders/Differences of sex development (DSD)
are congenital conditions in which development of
chromosomal, gonadal, or anatomic sex is atypical (1). DSD
are chronic medical conditions collectively affecting ~1%
of the population (2,3), frequently requiring life-long care by
multiple specialists, and carrying a significant public health
burden (1). Some are associated with life-threatening events,
such as adrenal crises in congenital adrenal hyperplasia (4).
DSD are also associated with increased infertility, cancer,
gender dysphoria risks, psychosocial distress, and pervasive
challenges to health-related quality of life for patients and
families (5,6,7).

DSD are broadly classified into three categories: sex
chromosome DSD, 46,XY DSD, and 46,XX DSD and are
further classified according to the type of gonad found
in the patient (ovary, testis, ovotestis). Currently, known
etiologies include disorders of gonadal development and
disorders in androgen synthesis or action, and are considered
Mendelian (reviewed in Ref. 3). Sex development in humans
is divided into two sequential steps: sex determination
and sex differentiation. Sex determination refers to the
expression of gene networks that direct the development
of undifferentiated bipotential gonads into either testes
or ovaries. Once developed, testes and ovaries secrete
hormones that promote further sex differentiation of the
body throughout embryonic development and adulthood (8).
Mutations have been identified in genes that control both
steps, leading to DSD (9).

Standard genetic diagnosis for DSD is typically limited
to genotyping just one or two genes, chosen as likely
candidates based on disease phenotype. However, because
of phenotypic overlap in various DSD conditions, serial
single candidate gene testing is highly inefficient: diagnostic
yields of 30% for 46,XY gonadal dysgenesis, 80% for
46,XX testicular DSD, and 10% for ovotesticular DSD are
widely quoted with traditional single-gene testing methods
(reviewed in Ref. 8). With this approach, limited to known
genes and to genes for which clinical testing is available
in the country, most patients do not receive a definitive
diagnosis.

We were able to increase significantly the diagnostic
success for DSD using whole exome sequencing (WES), with
the identification of disease-causing and likely pathogenic
variants in a third of a cohort of 46,XY patients (10). We
have therefore proposed a shift in the diagnostic approach to
DSD to use WES as a first-line clinical test, which could lead

to faster and more accurate diagnosis, and orient further
clinical management, limiting unnecessary, costly, and often
invasive endocrine testing and imaging (2). However, many
remain unexplained (over half of the XY cases, a significant
minority of XX cases, including most ovotesticular DSD,
and most syndromic cases). In addition, the very large
phenotypic variability in cases with known variants in the
same gene is unexplained. We propose that the of use
whole-genome sequencing will dramatically improve upon
exome sequencing, covering both coding and non-coding
parts of the genome more uniformly, as an approach to
not only improve diagnostic yield, but also to identify novel
genes and regulatory elements involved in DSD.

References

1. Lee PA, Houk CR Ahmed SF Hughes IA; International
Consensus Conference on Intersex organized by the Lawson
Wilkins Pediatric Endocrine Society and the European Society
for Paediatric Endocrinology. Consensus statement on
management of intersex disorders. International Consensus
Conference on Intersex. Pediatrics 2006;118:488-500.

2. Barseghyan H, Délot E, Vilain E. New genomic technologies:
an aid for diagnosis of disorders of sex development. Horm
Metab Res 2015;47:312-320. Epub 2015 May 13

3. Arboleda VA, Sandberg DE, Vilain E. DSDs: genetics,
underlying pathologies and psychosexual differentiation. Nat
Rev Endocrinol 2014;10:603-615. Epub 2014 Aug 5

4. Speiser PW, Azziz R, Baskin LS, Ghizzoni L, Hensle TW,
Merke DR Meyer-Bahlburg HFE Miller WL, Montori VM,
Oberfield SE, Ritzen M, White PC; Endocrine Society.
Congenital adrenal hyperplasia due to steroid 21-hydroxylase
deficiency: an Endocrine Society clinical practice guideline. J
Clin Endocrinol Metab 2010;95:4133-4160.

5. Sandberg DE, Mazur T. A Noncategorical Approach to the
Psychosocial Care of Persons with DSD and Their Families.
In: Kreukels BPC, Steensma TD, de Vries ALC (eds). Gender
Dysphoria and Disorders of Sex Development, 1st ed. New
York, Springer, 2014:93-114.

6. Abaci A, Catl G, Berberoglu M. Gonadal malignancy risk
and prophylactic gonadectomy in disorders of sexual
development. J Pediatr Endocrinol Metab 2015;28:1019-
1027.

7. Guercio G, Rey RA. Fertility Issues in the Management of
Patients with Disorders of Sex Development. In: Hiort O,
Ahmed SF (eds). Understanding Differences and Disorders
of Sex Development (DSD). Basel, Karger, 2014:87-98.

8. Albrecht KH, Eicher EM. DNA sequence analysis of Sry
alleles (subgenus Mus) implicates misregulation as the
cause of C57BL/6J-Y(POS) sex reversal and defines the SRY
functional unit. Genetics 1997;147:1267-1277.

9. Ohnesorg T, Vilain E, Sinclair AH. The genetics of disorders
of sex development in humans. Sex Dev 2014;8:262-272.
Epub 2014 Jan 31

10. Baxter RM, Arboleda VA, Lee H, Barseghyan H, Adam
MP Fechner PY, Bargman R, Keegan C, Travers S,Schelley
S, Hudgins L, Mathew RPE Stalker HJ, Zori R, Gordon OK,
Ramos-Platt L, Pawlikowska-Haddal A, Eskin A, Nelson
SE Délot E, Vilain E. Exome sequencing for the diagnosis
of 46,XY disorders of sex development. J Clin Endocrinol
Metab 2015;100:333-344. Epub 2014 Nov 10



