
Fig. S1.	Sall1	expression	pattern	in	mouse	gonads.	

A. Immunostainings	 of	 SALL1	 (red)	 and	FOXL2	 and	 SOX9	 (green)	 as	markers	 of	 somatic	

female	 and	male	 cells,	 respectively.	 O:	 ovary,	 T:	 testis,	 K:	 kidney.	Note	 the	 absence	 of	

SALL1	positive	cells	in	the	embryonic	gonads	but	the	specific	expression	in	the	adjacent	

kidney.	Scale	bars:	50	µm.		

B. RPKMs	quantification	from	RNA-seq	data	of	adult	gonads	in	mouse	and	mole.	Expression	

levels	in	mouse	are	lower	compared	to	mole	and	not	sex	specific.	
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Fig. S2.	SALL1	expression	in	Eulipotyphla	species.	

A.	 Immunostaining	 of	 SALL1	 in	 transversal	 sections	 of	 an	 early	 hedgehog	 embryo	 from	 the	

Atelerix	albiventris	species.	SALL1	is	highly	expressed	in	the	neural	tube,	a	well-known	tissue	for	

SALL1	expression.		Scale	bar:	100	µm.	

B.	Immunostaining	of	SALL1	in	adult	kidneys	from	the	common	shrew,	Sorex	araneus.	Note	the	

specificity	of	the	antibody	to	the	nucleus	of	the	renal	tubular	cells.	Scale	bar:	20	µm.	

C.	 RT-qPCRs	 for	 SALL1	 expression	 in	 adult	 ovaries	 and	 kidneys	 from	 hedgehogs	 (Atelerix	

albiventris)	and	shrews	(Sorex	araneus).	Shown	is	relative	SALL1	expression	normalized	to	RPS9.	

Data	is	presented	as	mean	±	SD	and	p-values	are	indicated	as *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.	

D.	 RT-qPCRs	 for	 FOXL2	 expression	 in	 adult	 ovaries	 and	 kidneys	 from	 hedgehogs	 (Atelerix	

albiventris)	and	shrews	(Sorex	araneus).	Shown	is	relative	FOXL2	expression	normalized	to	RPS9.	

Data	is	presented	as	mean	±	SD	and	p-values	are	indicated	as *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 
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Fig. S3.	Hi-C	map	comparison	between	limb	and	ovotestis	

A. Hi-C	maps	at	high	resolution	from	embryonic	limbs	with	the	corresponding	TAD	calling	

(black	bars)	underneath.	

B. Hi-C	 maps	 from	 adult	 ovotestis	 with	 the	 corresponding	 TAD	 calling	 (black	 bars)	

underneath.	Note	the	conservation	of	the	SALL1	TAD	domain	between	tissues.	
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Fig. S4.	Regulatory	domain	of	Sall1	in	mouse.	

A. Hi-C	map	from	Neural	Progenitor	Cells	(NPCs)	denotes	the	domain	of	Sall1	in	a	large	gene	

desert.	

B. Virtual	4C-seq	analysis	 from	NPCs	Hi-C	maps	with	SALL1	promoter	as	viewpoint.	Note	

high	interaction	frequency	between	the	gene	promoter	and	the	surrounding	1Mb	desert	

clearly	 demarcating	 the	 Sall1	 regulatory	 domain.	 The	 domain	 is	 strikingly	 conserved	

between	cell	types	and	species.	

C. ATAC-seq	track	from	mouse	embryonic	kidneys	at	E14.5	to	identify	regulatory	regions	in	

this	tissue.	

D. Zoom-in	 on	 the	 two	 equivalent	 regions	 where	 the	 mole	 enhancers	 were	 identified.	

Homologous	regions	are	marked	as	gray	bars	and	labeled	as	E1-5.	Consistent	with	our	

enhancer	activity	results,	enhancer	3	(E3)	coincides	with	an	ATAC-seq	peak	in	kidneys.		
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Fig. S5.	Synteny	of	the	enhancer	regions.	

A.	Alignment	of	syntenic	blocks	for	the	enhancer	region	1	(E1)	against	the	mouse	genome	

(upper	panel)	and	against	 the	 shrew	genome	(Sorex	araneus,	 lower	panel).	Visualization	with	

Gbrowse46.	

B.	Alignment	of	syntenic	blocks	for	the	cluster	of	enhancers	(E2-E5)	against	the	mouse	

genome	(upper	panel)	and	against	the	shrew	genome	(Sorex	araneus,	lower	panel).	Visualization	

with	Gbrowse46.	
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Fig. S6.	Sequence	alignments	for	the	individual	enhancers	1	to	3.	

The	conserved	nucleotides	are	highlighted	in	blue	and	capitalized.	Light	blues	nucleotides	denote	

the	beginning	and	end	of	the	homology	sequence.		
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Fig. S7.	Sequence	alignments	of	the	individual	enhancers	4	and	5.	

The	conserved	nucleotides	are	highlighted	in	blue	and	capitalized.	Light	blues	nucleotides	denote	

the	beginning	and	end	of	the	homology	sequence.	Note	that	for	enhancer	4	there	was	no	homology	

in	the	sequence	compared	to	mouse,	human	was	used	instead.				
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Fig. S8.	LacZ	enhancer	reporter	assay	for	Enhancer	1.	

All	 embryos	 analyzed	 for	 this	 enhancer	 are	 depicted.	 Entire	 embryos	 at	 E13.5	 as	well	 as	 the	

dissected	urogenital	 tracts	are	displayed.	me:	mesonephros,	 te:	 testes,	ov:	ovaries,	ki:	kidneys.	

Four	out	of	five	embryos	showed	mesonephros-specific	staining.	Black	scale	bars:	1000	µm,	white	

scale	bars:	100	µm.	
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Fig. S9.	LacZ	enhancer	reporter	assay	for	Enhancer	2.	

All	 embryos	 analyzed	 for	 this	 enhancer	 are	 depicted.	 Entire	 embryos	 at	 E13.5	 as	well	 as	 the	

dissected	urogenital	 tracts	are	displayed.	Me:	mesonephros,	 te:	 testes,	ov:	ovaries,	ki:	kidneys.	

Seven	 out	 of	 ten	 embryos	 showed	mesonephros-specific	 staining.	 Black	 scale	 bars:	 1000	 µm,	

white	scale	bars:	100	µm.	
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Fig. S10.	LacZ	enhancer	reporter	assay	for	Enhancer	3.	

All	embryos	analyzed	for	this	enhancer	are	depicted.	Entire	embryos	at	E13.5	as	well	as	dissected	

urogenital	tracts	are	displayed.	Me:	mesonephros,	te:	testes,	ov:	ovaries,	ki:	kidneys.	Three	out	of	

five	embryos	showed	kidney-specific	staining.	Black	scale	bars:	1000	µm,	white	scale	bars:	100	

µm.	

Development: doi:10.1242/dev.201562: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



Fig. S11.	LacZ	enhancer	reporter	assay	for	Enhancer	4.	

All	 embryos	 analyzed	 for	 this	 enhancer	 are	 depicted.	 Entire	 embryos	 at	 E13.5	 as	well	 as	 the	

dissected	urogenital	 tracts	are	displayed.	Me:	mesonephros,	 te:	 testes,	ov:	ovaries,	ki:	kidneys.	

Three	out	 of	 five	 embryos	 showed	mesonephros-specific	 staining.	Black	 scale	 bars:	 1000	µm,	

white	scale	bars:	100	µm.	
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Fig. S12.	LacZ	enhancer	reporter	assay	for	Enhancer	5.	

All	 embryos	 analyzed	 for	 this	 enhancer	 are	 depicted.	 Entire	 embryos	 at	 E13.5	 as	well	 as	 the	

dissected	urogenital	 tracts	are	displayed.	Me:	mesonephros,	 te:	 testes,	ov:	ovaries,	ki:	kidneys.	

Two	out	of	five	embryos	showed	mesonephros-specific	staining.	Black	scale	bars:	1000	µm,	white	

scale	bars:	100	µm.	
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Fig. S13.	SALL1	expression	in	mesonephros		

SALL1	is	detected	in	the	mesonephros	duct	of	mouse	at	E14.5	and	at	equivalent	stages	in	moles	

(s5c).	Scale	bars:	20	µm.	
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Fig. S14.	Comparative	analyses	of	transcription	factor	binding	motifs	and	expression.	

A.	Venn	diagram	showing	the	number	of	shared	transcription	factor	binding	motifs	among	the	

top	50	motifs	found	in	mole,	shrew	and	mouse	sequences	(Supplementary	Table	2).	Note	the	

limited	conservation,	emphasizing	the	sequence	divergence	observed	among	species.		

B,	C.	Expression	levels	in	RPKM	of	transcription	factors	with	top-ranked	motif	bindings	sites	in	

the	mole	 enhancer	 sequences.	 The	mole	 TP	 (testicular	 part)	 of	 the	 female	 ovotestis	 at	 P7	 is	

compared	with	the	mouse	ovary	and	testis	at	E13.5.	Note	the	upregulation	of	these	5	transcription	

factors	 when	 compared	 to	mouse	 gonads.	 Data	 is	 presented	 as	mean	 ±	 SD	 and	 p-values	 are	

indicated	as *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.	
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Fig. S15.	Morphology	of	Sall1-overexpressing	testes	during	gonad	development.	

Hematoxylin-eosin	stanning	of	mutant	overexpressing-Sall1	and	wildtype	controls	testes	before	

and	after	birth.	There	are	no	differences	 in	 size,	 tissue	structure	or	 cell	 composition	between	

mutants	and	controls.	Scale	bars:	200	µm.	
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Fig. S16.	Gene	ontology	enrichment	of	commonly	upregulated	genes	in	female	mole	testis	

part	and	mouse	Sall1-overexpressing	mutant	ovaries.	

A. GO	terms	for	biological	processes.	

B. GO	terms	for	cellular	components.	
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Fig. S17.	Expression	of	migration	markers	in	Sall1-overexpressing	ovaries.	

A,	B.	Immunostaining	for	PDGFRa	in	female	mutant	and	male	wildtype	controls	at	E13.5.	There	
is	no	signal	for	PDGFRa	in	mutant	ovaries,	denoting	the	absence	of	migration.	Scale	bars:	100	
µm	

C.	Differential	gene	expression	between	female	mutant	and	controls	for	several	genes	involved	
in	cell	migration.	Note,	there	are	no	significant	differences	between	both	conditions.					
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Table	S2.	Ranking	of	transcription	factors	by	significance	of	binding	affinity	to	the	five	
SALL1	enhancer	sequences.

Table	S3.	Differential	gene	expression	between	Sall1-overexpressing	mutant	and	wildtype	ovaries.	

Table	S4.	Primer	list.	

RT-qPCRs 

Hedgehog-qPCR-Sall1-Fwd GAAGCAAGCGAAGCCTCAAC 

Hedgehog-qPCR-Sall1-Rev TGCTCTTAGTGGGGCGATTT 

Hedgehog-qPCR-Foxl2-Fwd CAGAAGCCGCCCTATTCGT 

Hedgehog-qPCR-Foxl2-Rev GGGAACTTGGCGATGATGT 

Hedgehog-qPCR-Rps9-Fwd GCCAAGTCCATCCACCAC 

Hedgehog-qPCR-Rps9-Rev CCAGGCGGACAATGAAGG 

Shrew-qPCR-Sall1-Fwd AGAGCGTTCACAACAAAAGG 

Shrew-qPCR-Sall1-Rev TGGGGCCATCCACAGAGA 

Shrew-qPCR-Foxl2-Fwd CATCGCCAAGTTCCCCTTCT 

Shrew-qPCR-Foxl2-Rev GCACTCGTTGAGGCTGAGGT 

Shrew-qPCR-Rps9-Fwd GAGTCCAGGCGAACAATGAA!

Shrew-qPCR-Rps9-Rev GGCCAAGTCCATCCACCA!

4C-seq	experiments	

Sall1-4C-Fwd TCAGTGGGCTGACATTTTA 

Sall1-4C-Rev TCAGTGGGCTGACATTTTA 

5ITR-4C-Fwd gctgcacctacagtttggat 

5ITR-4C-Rev gctgcacctacagtttggat 

3ITR-4C-Fwd gctgcacctacagtttggat 

3ITR-4C-Rev gctgcacctacagtttggat 

Table	S1.	Ranking	of	enhancer	regions.

	Click here to download Table S1

Click here to download Table S2

Click here to download Table S3
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Amplification	of	the	Enhancers	

Sall1-E1-Fwd TCTGGAGAACACTCACACCC 

Sall1-E1-Rev GCAAGCCAGTAGATACCGCA 

Sall1-E2-Fwd ACTCTTTCACATGTGCCAAA 

Sall1-E2-Rev TCCAGCACAAGAAATCCTGC 

Sall1-E3-Fwd GAAAAAAAAATCTTAGGTGC 

Sall1-E3-Rev GAGCAAACAACAGCCTTCCC 

Sall1-E4-Fwd GTTTGTTCAATTTTTAAATT 

Sall1-E4-Rev ACATTGGCCTAGAAGGTATC 

Sall1-E5-Fwd CAGGGGAAGGAAGGCAGGCT 

Sall1-E5-Rev GTGGGACCCTTGCCGGTGGC 

PiggyBac	Wt1-Sall1-BAC	Cloning	

Sall1-CDS-attB1 GGGGACAAGTTTGTACAAAAAAGCAGGCTTTTGAGCCAGCATGTCGCGG 

Sall1-CDS-attB2 GGGGACCACTTTGTACAAGAAAGCTGGGTTCTGGCAGCTTTAGCTTGTG 

Neo-Rec-Fwd 
TGGGTAAGGCAGTGATGACAGATCAAAAGTAAAAGGTCTCACCCAGTCTACTCGACTGC 
ACGCGTTATATAG  

Neo-Rec-Rev 
TAAATAACCCCTCCTTTGTGTTCCTCTAACCCACTTAAATTTATTGCTTCATGTACCTGA 
CTGATGAAGTTC  

Genotyping	Sall1-BAC	insertion	into	ES	cells	

Sex-PCR-Fwd CTGAAGCTTTTGGCTTTGAG 

Sex-PCR-Rev CCACTGCCAAATTCTTTGG 

5'ITR-BAC-Fwd  gacgcatgcattcttgaaat  

5'ITR-BAC-Rev  atgcgtcattttgactcacg  

3'ITR-BAC-Fwd  gaagaaattttgagtttttgttttt 

3'ITR-BAC-Rev  cgcatgtgttttatcggtct  

bck-BAC-Fwd GGCGGTGTTGATACAGCGGGTAA 

bck-BAC-Rev CCGGCGTTCGGTCGAAGAGTATC 
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