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[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] Jones, R., Lopez, K. (2014). Human Reproductive Biology, 4th edition. Elsevier.
[3] Wilhelm, D., et al. (2007). Sex determination and gonadal development in mammals. Physiol Rev, 87(1-28).
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[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] Jones, R., Lopez, K. (2014). Human Reproductive Biology, 4th edition. Elsevier.
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46:XX

Bipotential 
gonad

Ovaries

No DHTNo TNo AMH

Oviducts, 
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[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] Jones, R., Lopez, K. (2014). Human Reproductive Biology, 4th edition. Elsevier.
[3] Wilhelm, D., et al. (2007). Sex determination and gonadal development in mammals. Physiol Rev, 87(1-28).
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47:XYY
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gonad
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duct
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47:XYY (JACOB’S SYNDROME)
Male  |  1 in 1,000 births  |  Usually fertile

Extra Y can result 
in physical and 
psychological 

development issues

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). 47:XYY syndrome. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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47:XXY

Bipotential 
gonad

Smaller testes

Lower DHTLower TAMH

Epididymis, 
vas deferens, 

seminal 
vesicles

Penis,
scrotum

Wolffian 
duct

Müllerian 
Duct

SRY

SOX9

47:XXY (KLINEFELTER SYNDROME)
Male  |  1 in 650 births  |  Usually infertile

Extra X results in smaller 
testes, reducing T.

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). Klinefelter syndrome. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] Hu, L., et al. (2019). A 47:XXY pregnant woman without the SRY gene. Sex Development, 13(83-86).
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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47:XXY (SRY NEGATIVE FEMALE)
Female  |  Vanishingly rare  |  Unknown fertility rate

No SRY

WNT4, RSPO1, FOXL2

Two X’s present, can 
complete ovarian dev.
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[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). Triple X syndrome. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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47:XXX (TRISOMY X)
Female  |  1 in 1,000 births  |  Almost always fertile

No SRY

WNT4, RSPO1, FOXL2

Extra X can result 
in physical and 
psychological 

development issues
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48:XXXX
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[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). Tetrasomy X. Genetic and Rare Diseases Information Center. National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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48:XXXX (TETRASOMY X)
Female  |  1 in 50,000 births  |  Usually fertile

No SRY

WNT4, RSPO1, FOXL2

Extra Xs can result 
in physical and 
psychological 

development issues
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48:XXXY

Bipotential 
gonad

Smaller testes

Lower DHTLower TAMH

Epididymis, 
vas deferens, 

seminal 
vesicles

Penis,
scrotum

Wolffian 
duct

Müllerian 
Duct

SRY

SOX9

48:XXXY SYNDROME
Male  |  1 in 17,000 to 1 in 50,000 births  |  Usually infertile

Extra X results in smaller 
testes, reducing T.

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). 48:XXXY syndrome. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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48:XXYY
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48:XXYY SYNDROME
Male  |  1 in 18,000 to 1 in 40,000 births  |  Usually infertile

Extra X results in smaller 
testes, reducing T.

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). 48:XXYY syndrome. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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49:XXXXY SYNDROME
Male  |  1 in 85,000 to 1 in 100,000 births  |  Usually infertile

Extra X results in smaller 
testes, reducing T.

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). 49:XXXXY syndrome. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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5-ALPHA REDUCTASE DEFICIENCY
Male  |  Unknown birth rate  |  Often fertile

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). 5-alpha reductase deficiency. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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SRD5A2 gene

Lack of 
5-alpha reductase 2 

enzyme
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46:XY

Bipotential 
gonad

No CBX2

WNT4, FOXL2, RSPO1

CBX2 NEGATIVE FEMALE
Female  |  Vanishingly rare  |  Unknown fertility rate

Even though SRY is 
present, loss of CBX2 leads 
to ovarian development

[1] Biason-Lauber, A., et al. (2009). Ovaries and female phenotype in a girl with 46,XY karyotype and mutations in 
the CBX2 gene. Am J Human Gen, 84(658-663).
[2] Moreno-Garcia, S., et al. (2019). CBX2 is required to stabilize the testis pathway by repressing WNT signaling. 
PLoS Genetics, 15(5).
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The ovaries develop 
normally: follicles and 
their granulosa cells
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Testes still produce AMH

46:XY

Bipotential 
gonad

Testes (in abdomen)

T (no rec.) DHT (no rec.)AMH

Wolffian 
duct

Müllerian 
Duct

SRY

SOX9

COMPLETE ANDROGEN INSENSITIVITY SYNDROME
Male (sex rejection)  |  1 in 20,000 births  |  Always infertile

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). Complete androgen insensitivity syndrome. Genetics Home Reference, National Library of Medicine.
[3] Oakes, M., et al. (2008). Complete androgen insensitivity syndrome: a review. J Ped Adolesc Gynec, 21(6).
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.

Lower vagina
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Mullerian ducts 
disintegrate from 
exposure to AMH No T reception results 

in incomplete or absent 
Wolffian ducts

No T reception 
results in a female 

phenotype / physiology

Mutation in 
AR gene on X

Androgen receptors cannot 
respond to any T
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[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). 21-hydroxylase deficiency. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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CONGENITAL ADRENAL HYPERPLASIA
Female  |  1 in 15,000 births  |  Usually fertile

No SRY

Mutation in 
CYP21A2 gene

Lack of 
21-hydroxylase 

enzyme

WNT4, RSPO1, FOXL2
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46:XX

Bipotential 
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No DHTNo TNo AMH

Missing parts 
of oviducts, 

uterus, 
vagina

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). Mayer-Rokitansky-Küster-Hauser syndrome. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.

Clitoris
Labia Minora
Labia Majora

Wolffian 
duct

Müllerian 
Duct

MRKH
Female  |  1 in 2,500 births  |  Fertile ovaries, but unable to gestate offspring

No SRY

WNT4, RSPO1, FOXL2

Likely caused by mutations in certain 
genes. Mechanism is unknown.
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46:XY

Bipotential 
gonad

Testes (impaired)

T DHTAMH

Wolffian 
duct

Müllerian 
Duct

SRY

SOX9

MILD ANDROGEN INSENSITIVITY SYNDROME
Male  |  Unknown rate  |  Often infertile

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). Androgen insensitivity syndrome. Genetics Home Reference, National Library of Medicine.
[3] Gottlieb, B., et al. (2017). Androgen Insensitivity Syndrome. Gene Reviews (NIH).
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.

Underdev.
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Impaired T reception

Mutation in 
AR gene on X

Androgen receptors are 
unresponsive to some T
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Vas deferens 

Seminal 
vesicles
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45:X

Bipotential 
gonad

Incomplete Ovaries

No DHTNo TNo AMH

Oviducts, 
uterus, 
vagina

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). Turner Syndrome. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.

Clitoris
Labia Minora
Labia Majora

Wolffian 
duct

Müllerian 
Duct

MONOSOMY X (TURNER SYNDROME)
Female  |  1 in 2,500 births  |  Usually infertile

No SRY

WNT4, RSPO1, FOXL2

Two X’s required for 
complete ovarian dev.
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45:Y

ONE X CHROMOSOME IS 
REQUIRED FOR DEVELOPMENT

DEATH OF THE FETUS

MONOSOMY Y
Not viable

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] Jones, R., Lopez, K. (2014). Human Reproductive Biology, 4th edition. Elsevier.
[3] Wilhelm, D., et al. (2007). Sex determination and gonadal development in mammals. Physiol Rev, 87(1-28).
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.



© 2023 Zachary A. Elliott, All Rights Reserved.

46:XY
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gonad

Testes

DHTTNo AMH
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duct

Müllerian 
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SRY

SOX9

PERSISTENT MÜLLERIAN DUCT SYNDROME
Male  |  Unknown birth rate  |  Often infertile

Mutation in AMH gene

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). Persistent mullerian duct syndrome. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.

Partial 
oviducts, 

uterus
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46:XY

Bipotential 
gonad

Streak gonads

No DHTNo TNo AMH

Oviducts, 
uterus, 
vagina

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). Swyer Syndrome. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.
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Wolffian 
duct

Müllerian 
Duct

SWYER SYNDROME
Female  |  1 in 80,000 births  |  Always infertile

No SRY

CBX2 suppresses ovarian dev.

Two X’s normally 
required for ovarian dev.
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46:XX

Bipotential 
gonad

Smaller testes

DHTTAMH

Epididymis, 
vas deferens, 

seminal 
vesicles

Penis,
scrotum

Wolffian 
duct

Müllerian 
Duct

SRY

SOX9

XX MALE SYNDROME
Male  |  1 in 20,000 births  |  Always infertile

SRY translocation onto X
No Y w/ AZF = no sperm dev.

[1] Rey, R., Josso, N., Racine, C. (2020). Sexual differentiation. In: Endotext. South Dartmouth, MDText, Inc.
[2] NIH. (2020). 46:XX testicular disorder of sex development. Genetics Home Reference, National Library of Medicine.
[3] Witchel, S. (2018). Disorders of sex development. Best Practice and Research in Clinical Obstetrics and Gynecology.
[4] Ogilvy-Stuart, A., et al. (2004). Determination of sex: Early assessment of ambiguous genitalia. Arch Dis Child.


