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The Minimalist Y

Two Y Genes Can Replace the Entire A=
Y Chromosome for Assisted ’
Reproduction in the Mouse

Yasuhiro Yamauchi, Jonathan M. Riel, Zoia Stoytcheva, Monika A. Ward*

SCIENCE VOL 343 3 JANUARY 2014
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(Koopman et al, 1991, Nature)
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WT1 (+KTS) Transcription factor? Frasier syndrome XY sex reversal
(Nat Genet. 1997 17:467) (Cell, 2001, Vol. 106, 319)
CBX2/M33 Transcriptional XY sex reversal XY sex reversal
cofactor (AmJHumGenet. 2009 84:658) (Nature. 1998 18;393)
GATA4/FOG2 Transcription factor/ XY DSD (GATAA4) XY sex reversal
co FGDFESSOF? (PNAS 2011 108:1597) (Development 2002 129:4627)
Insulin recetpros (Ir, Receptors XY sex reversal (TKO)
Irr Igflr) (Nature. 2003 426:291)
MAP3K4/Gadd45G  Kinase (enzyme) XY DSD (MAP3K1) XY sex reversal
(AmJHumGenet. 2010, 87:898) (PLoS Biol.2009 7(9):e1000)
(HMG. 2013, 23: 1073) (Dev Cell. 2012 23(5):1020)
(PLoS One. 2013;8(3):e58751)
SIX1 and SIX4 Transcription Factor XY reversal (DKO)
(Ta rget: Sf1 and Fog2) (Dev Cell. 2013 26(4):416)
Jmjdla H3K9 demethylase XY sex reversal

(Science. 2013;341:1106)
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(Nat Genet. 1997 17:467)

XY sex reversal
(AmJHumGenet. 2009 84:658)

XY sex reversal
(Cell, 2001, Vol. 106, 319)

XY sex reversal
(Nature. 1998 18;393)
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XY DSD (GATA4)
(PNAS 2011 108:1597)

XY sex reversal
(Development 2002 129:4627)
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(Nature. 2003 426:291)

MAP3K4/Gadd45G  Kinase (enzyme) XY DSD (MAP3K1) XY sex reversal
(AmJHumGenet. 2010, 87:898) (PLoS Biol.2009 7(9):e1000)
(HMG. 2013, 23: 1073) (Dev Cell. 2012 23(5):1020)
(PLoS One. 2013;8(3):e58751)
SIX1 and SIX4 Transcription Factor XY reversal (DKO)
(Ta rget: Sf1 and Fog2) (Dev Cell. 2013 26(4):416)
Jmjdla H3K9 demethylase XY sex reversal

(Science. 2013;341:1106)
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GATA4

DD FHEEIZEET., Null mousel X B EARE £ E3E

(Molekentin et al, 1997, Gen&Dev, Kuo et al, 1997, Gen&Dev, Garg et al, 2003 Nature)

SryMDFIR 278

(Tevosian et al, 2002, Development)
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Gierl et al, 2012, Dev Cell

i genital ridge) D FEAEIZWHIA

(Hu et al, 2013, PLos Gen)
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| FOG2 ]‘/ Fujimoto et al, 2013, Dev Cell
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Gierl et al, 2012, Dev Cell
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Loss-of-function mutation in GATA4 causes anomalies
of human testicular development

Diana Lourenco?, Raja Brauner®, Magda Rybczyriska?, Claire Nihoul-Fékété®, Ken McElreavey®', and Anu Bashamboo®'

2011, PNAS
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-cardiac disease * Dysgenetic testis

Mullerian structures present
e Ambiguous genitalia
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MAP3K4 (MEKK4)

o SryMFEIFZFHIMEIL . null micelEXY sex reversalZ;
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(Bogani et al, 2009, PLos Biology)
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898 The American Journal of Human Genetics 87, 898-904, December 10, 2010
REPORT

Mutations inI I\/IAP3K7|Cause 46,XY Disorders
of Sex Development and Implicate a Common Signal
Transduction Pathway in Human Testis Determination

Alexander Pearlman,! Johnny Loke,! Cedric Le Caignec,23 Stefan White,4 Lisa Chin,!

Andrew Friedman,! Nicholas Warr,> John Willan,> David Brauer,! Charles Farmer,! Eric Brooks,!
Carole Oddoux,! Bridget Riley,! Shahin Shajahan,! Giovanna Camerino,® Tessa Homfray,”
Andrew H. Crosby,” Jenny Couper,® Albert David,2 Andy Greenfield,> Andrew Sinclair,#

and Harry Ostrerl*

Family 1 B .affected XY pt. reared as male
0 g2 @ :affected XY pt. reared as female
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1*1 2 314 5 6 7 8 9110 11 12 13 14 115 16 17 18 19 20 21 22 23 2 25 26 27 28 29*| 30 31| 32 33 34 35 36

\
1. 223 4 5 6 7 8 9 10 11 12 13141516111 012 324 27* 28* 29

46XY, DSD
Partial*Complete gonadal dysgenesis

Figure 1. Pedigrees from Two Families of Interest Exhibiting Sex-Limited Autosomal-Dominant Mendelian Inheritance of 46,XY DSD
Shading indicates that the individual has 46,XY DSD or 46,XY complete gonadal dysgenesis. Circles indicate female sex of rearing, and

squares indicate male sex of rearing. Asterisks (*) indicate individuals who were tested and found to have the c.IVS2-8T>A mutation. Plus
signs (+) indicate individuals who were tested and found to have the p.Gly616Arg mutation. A strikethrough indicates a deceased indi- I mu

vidual.



MAP3K1 & Map3k4

MAP3K1
e 46XY,DSD B2EF D ZEEMAP3KIE
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(Pearlman et al, 2011, AJHG)
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(Loke et al, 2014, HMG)
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Epigenetic control of Sry

Epigenetic Regulation of Mouse Sex
Determination_by the Histone c
Demethylase |[Jmjd1a

Shunsuke Kuroki,® Shogo Matoba,? Mika Akiyoshi,* Yasuko Matsumura,® Hitoshi Miyachi,*
Nathan Mise,”* Kuniya Abe,? Atsuo Ogura,? Dagmar Wilhelm,?t Peter Koopman,?
Masami Nozaki,* Yoshiakira Kanai,® Yoichi Shinkai,’+ Makoto Tachibana’%

A/+ 18ts

Kuroki et al, 2013, Science
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“ de-heterochromatinization ”
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(Sekido and Badge, 2008, Nature)
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TESCO(Sox9 MARFFFEM I /N Y —)DREIE
(Sekido and Badge, 2008, Nature)
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(Journal of Clinical Investigation, 2011) Research article

Identification of [SOX3|as an XX male
sex reversal gene in mice and humans

Edwina Sutton,’ James Hughes,! Stefan White,2 Ryohei Sekido,3 Jacqueline Tan,?
Valerie Arboleda,* Nicholas Rogers,!' Kevin Knower,5 Lynn Rowley,2 Helen Eyre,® Karine Rizzoti,2
Dale McAninch,! Joao Goncalves,” Jennie Slee,8 Erin Turbitt,2 Damien Bruno,?2 Henrik Bengtsson,®
Vincent Harley,5 Eric Vilain,* Andrew Sinclair,2 Robin Lovell-Badge,2 and Paul Thomas'
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SOX35BIE M EE T 535D 46, XX DSDZE

Duplication 46, XX DSD - patient C

Deletion 46, XX DSD - Ealienl B

Duplications 48, XX DSD - patient A
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Somatic Sex Reprogramming of Adult
Ovaries to Testes by FOXL2 Ablation

N. Henriette Uhlenhaut,-” Susanne Jakob,? Katrin Anlag,! Tobias Eisenberger,’ Ryohei Sekido,? Jana Kress,'
Anna-Corina Treier,! Claudia Klugmann,' Christian Klasen,! Nadine I. Holter,! Dieter Riethmacher,2 Giinther Schiitz,*

H 5 i - 2 H iarl,6,*
Austin J. Cooney,® Robin Lovell-Badge,? and Mathias Treier Cell 139, 1130-1142, December 11, 2009
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LETTER

DMRT]1 prevents female reprogramming in the
postnatal mammalian testis

Clinton K. Matson™?2, Mark W. Murphyl, Aaron L. Sarver®, Michael D. Griswold*, Vivian J. Bardwell>*? & David Zarkower!3

2011, Nature
Dmrtl1

S EXF ()LL), germ celll2FIR)
')"5‘on . %%-—G(j:% '|‘$53&E N % (Matsuda et al, 2002, Nature, Smith et al, 2010, Nature)
°KO_\7"7Z . *ﬁ%iﬁ?ﬂi\ *ﬁ?ﬁ?ﬂi(-) (Raymond et al, 2000, GenDev)

do0i:10.1038/nature10239

Control testis SCDmrt1KO SCDmrt1KO
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IMAGe syndrome

(Intrauterine growth restriction, Metaphyseal dysplasia,
congenital Adrenal hypoplasia, Genital anomalies)

CDKN1C

VOLUME 44 | NUMBER 7 | JULY 2012 NATURE GENETICS

W p.Asp274Asn
. Wp.Phe276Val
Mutations of IMAGe syndrome— W p.Phe276Ser
Wh.Lys278Glu
Wp.Arg279Pro
NH, CDK inhibitor domain PAPA domain PCNA-binding domain COOH
p.AladVal & A\ p.Gly35fs*6 A\p.Leu105fs*168 A\ p.GIn232* N\ p.Phe276fs*10
p.Leu33Argd AP.GIN78" A p.Glu131fs*8 Ap.GIn241* A\ p.Ser282*
p.Leu33His & A\ p.GIn47* A\p.Leu154s*118 A\p.Ser247* A\ p.Ser282fs*
p.Leud2Prodh 4 p.Asp62_Phe65delinsVal A\p-Ala262fs™13 A p.Arg316Trp

p.LeuS0Pro. 4 p.Pro70Leu

FIG. 1. a: Frontal view showing frontal bossing, depressed nasal

/I\ M Utatl ons Of BeC leth 'Wled emann Syn d . bridge, and short nose. b: Profile showing simple, low-set cupped

ears. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com]
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