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Fig. S1. Salll expression pattern in mouse gonads.

A. Immunostainings of SALL1 (red) and FOXLZ2 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 um.

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 pm.

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 um.

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 FOXLZ expression in adult ovaries and kidneys from hedgehogs (Atelerix
albiventris) and shrews (Sorex araneus). Shown is relative FOXLZ2 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 SALLI 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 Salll 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

Gbrowse#s,

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 Gbrowse4eé,
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Against mouse Against shrew

tctggagaac actcacaccc ttcttatatt agaatttctt aggataatct 50 tctggagaac actcacaccc ttcttatatt agaatttctt aggataatct 50
ctcaaattat ttacacttga attctggtct cggggtgtat ctctggggta 100 ctcaaattat ttacacttga attctggtct cggggtgtat ctctggggta 100
acccatataa gacagcccag gcatctcact gagataagat gtgtttctgg 150 acccatataa gacagcccag gcatctcact gagataagat gtgtttctgg 150
atgggagggg cctcatgtgt aaaaccaaaa aggtgctaag tgagcactta 200 atgggagggg cctcatgtgt aaaaccaaaa aggtgctaag tgagcactta 200
ctacttgcct gcctctgtge agtttatcgg ccagatctca cgataactcg 250 ctacttgcct gecctctgtge agtttatcgg ccagatctca cgataactcg 250
gggcatgcta cggtagacac aactgccacc tctattttac agataagaca 300 gggcatgcta cggtagacac aactgccacc tctattttac agataagaca 300
aatgaaattc aaaaagatta atatggaccc agattgttgg ctgcagagtt 350 aatgaaattc aaaaagatta atatggaccc agattgttgg ctgcagagtt 350
tgcctctgag gttgctccte cctggtgecce agcacctcge tcccttgtet 400 tgcctctgag gttgctccte cctggtgeccce agcacctcge tcccttgtet 400
agagcatcat taggccttcc cactgcagaa ccgggccttg ctcctgggtg 450 agagcatcat taggccttcc cactgcagaa ccgggecttg ctcctgggtg 450
i gacacgctct gggagctaga cacgagtctg ctcttcctge actgggtagg 500 gacacgctct gggagctaga cacgagtctg ctcttcctge actgggtagg 500
- gtgctaccag ctgctggggc caagattcat gcttccaaga aaagtgtgct 550 gtgctaccag ctgctggggc caagattcat gcttccaaga aaagtgtget 550
tttgaagaaa aaaaaaaaaa aaggaaggga gagagaagag gtaggaggga 600 tttgaagaaa aaa’AAAAAA AACgaaCGGA GAGAGAAGAg gtaggaggga 600
d) gactaaatac aaaaaaaaaa aaaaaaaaaa aaggactccg ggagtcttct 650 gactaaatac aaaaaaaaaa aaaaaaaaaa aaggactccg GGAGtCTTCT 650
‘) TGGAAAGCAA aCagcTTgTG CAAAGCAACA TTTTGATGAG TTAAGTGCAA 700 TGGAaAGCAA ACAGCTTgTG CAAAGCAACA TTTTGATGAG TTAAGTGCAA 700
: ATGAATCAgG aATAATGAGA AACACaTGGg CTAAAtTTTC CtTAAAATAT 750 ATGAATCAGG AATAATGAGA AACACATGGG CTAAATTTTC CTTAAAATAT 750
ACGAGTTTAA AAATTAAGAG GAAAAAGTGC TTGGGGAAAA TGTGTTTTAA 800 ACGAGTTTAA AAATTAAGAG GAAAAAGTGC TTGgGGAAAA TGTGTTTTAA 800
(] GTTTagccaa actaaaaaca ttcgcaaaat ggatcaagat atttgttgag 850 GTTTAGCCAA ACtaAAAACA TTCGCAAAAT GGATCAAGAT ATTTGTTGAG 850
: cccgcaaaat gactaggttg gtccatccca GGCAGATAGA gTGATAAAGA 900 CCCgCAAAAT GACTAGGTTG GTCCATCCca GGCAGAtAGA GTGATAAAGa 900
: Ghcagataaa cagtggagga agacattttg gatcagccca ggacagaatt 950 CACAGATAAA CACtCGAGCa agacattttg gatcagccca ggacagaatt 950
tcacaacaat ggatctgggc tccctgegtg ctgtgaacag ggatttagtg 1000 tcacaacaat ggatctgggc tccctgegtg ctgtgaacag ggatttagtg 1000
II‘ caagatggtt ttccttcctg tatgtctcca accaagacaa ggcactgget 1050 caagatggtt ttccttcctg tatgtctcca accaagiCAA GGCACTGget 1050
gcactctgaa tgtaacccta gtgaaaaagg aatacagtcg tttgacaagc 1100 gcactctgaa tgtaacccta gtgaaaaagg aatacagtcg tttgacaagc 1100
tgtttgctga aaacacgaaa tatatttggt gcttttttaa aaaaacattc 1150 tgtttgctgs AAACACGAAA TATATTTggt gcttttttaa aaaaacattc 1150
tccgaaatct atattagtga gacaaagcag gaagatgtgt tgggattcca 1200 tccgaaatct atattagtga gacaaagcag gaagatgtgt tgggattcca 1200
gagacttcca gcttctaggt ggcaataatt gacacgcgcg aacaaggacg 1250 gagacttcca gcttctaggt ggcaataatt gacacgcgcg aacaaggacg 1250
gaacacagaa agcaggaccc ctctagccag gcagagggag ggttcccagg 1300 gaacacagaa agcaggaccc ctctag g gc ggag gg g 1300
agggcagagc aagactttgc tcctcagccc tgggetgggg tgggggtgtg 1350 agggcagagc aagactttgc tcctcagccc tgggctgggg tgggggtgtg 1350
tgaaggcatc cctttccaaa cccacaggga gctacagcge tttccactgg 1400 tgaaggcatc cctttccaaa cccacaggga gctacagcgc tttccactgg 1400
ttcccattca cgtgctcagg aacaatgatc ctgattccat ttatattttc 1450 ttcccattca cgtgctcagg aacaatgatc ctgattccat ttatattttc 1450
aaccagcgta actttcagct aataaaaaaa tggagtttct ggaaattggt 1500 aaccagcgta actttcagct aataaaaaaa tggagtttct ggaaattggt 1500
gcttattttt aaagaagcaa tagtgcggta tctactggct tgc gcttattttt aaagaagcaa tagtgcggta tctactgget tge
TTGGATTTTA ACCAAGTgAG GGGTTATTTT GCCTTTATAA TAAAGCTTAA 50 TTGGATTTTA ACCAAGTGAG GGGTTATTTT GCCTTTATAA TAAAGCTTAA 50
aAGGCATATA CATATGTATG ATTTAGGTAT CCATTTTgCC TCTTTgAGTC 100 AAGGCATATA CATATGTATG ATTTAGGTAT CCATTTTgcc tCTTTGAGTC 100
tTTTGAATAT TAATTAGCAG GAACtTCAGA AGGCAAcaGG GACACATTTT 150 TTttGAATAT TAATTAGCAG GAACtTCAGA AGGCAACAGG GACACATTTT 150
GTTTccaata tctcgcaatt tgggccaatt cactccgtga gtggggectge 200 GTTTCcAATA TCTCgCAATT TGGGccaatt cactccgtga gtggggctge 200
tcgtgettge gcggcagagt ctattttget gcaatggtgec attgcgecca 250 tcgtgettge gecggcagAGT CTATTTTget GCAATGGTGC Attgeg A 250
‘\‘ gatggctcece cgggcgaggg gctccagcac aagaaatcct gecttgttgt 300 GATGGCTCCC cGGGCgaGGg GCTCcaGCAc aaGAAATCCT GCCtTGTTGT 300
L., Jacaggcgga gaaaaggaat gggggcctgg gggccggtcg ggagctggat 350 GACAGGCgGA GAARaGGAAt gggggcctgg gggccggtcg ggagectggat 350
ctggccggga tctgtgtctg cttcatggaa aaactgccga agctatctcg 400 ctggccggga tctgtgtctg cttcatggaa aaactgccga agctatctcg 400
q’ gggcttgegt ctttggaaac gtcagcaggg gttggggaga tctacttctg 450 gggcttgegt ctttggaaac gtcagcaggg gttggggaga tctacttctg 450
‘) ccccagacga gtggttctge tgataattat ccctgttccc aactgttgac 500 ccccagacga gtggttctge tgATAATTAT CCCTGtTCCC aacTGTTGac 500
:: tacgaagggg ccctctgtaa aggcccctce aggtgtcaca cgtgggagac 550 tacgaagggg ccctctgtaa aggcccctce aggtgtcaca cgtgggagac 550
ggggtgtgcg cgcgtgtgtg ggtgtgtgtg cgtgtcatgt gtgtcacgtg 600 ggggtgtgcg cgcgtgtgtg ggtgtgtgtg cgtgtcatgt gtgtcacgtg 600
“: tgcccatcct cctccacttg ggacattcce tgagagcctt ggccgcacgg 650 tgcccatcet cctccacttg ggacattcce tgagagcctt ggccgcacgg 650
: gagggag aag gcc gat tgctttcact ttcagtggcg 700 gagggagcag caacagcaag gcctcgagat tgctttcact ttcagtggeg 700
: cctgagcacg ctgagctcta ggtgacgttc tcccccageg tggggatttce 750 cctgagcacg ctgagctcta ggtgacgttc tcccccageg tggggatttc 750
ctgccactga ctcgectggge acagaagtgce gtccaggectg gtgtgcageg 800 ctgccactga ctcgetggge tgc gt ggctg gtgt g 800
II‘ cagcacattc ttatgcagaa atgcaagcac actaaggttt gcttcttttg 850 ca ttc ttat at actaaggttt gcttcttttg 850
ttttggcaca tgtgaaagag tttctacaaa actgatttta cagagcaata 900 ttttggcaca tgtgaaagag ttTCTACAAA ACTGATTTta CAGAGCAaTa 900
agtcacctcc aagggtgtcg ccagccattg aaagtgcacc acagaggctt 950 AGTCACCTCC ragggtgtcg ccagCCATTG AAAGTGCACC aCaGAGGCTT 950
ttttatgcgg taaatgcact gggaaggtag tgtgtaatgg cccagcgect 1000 TtttAtgcgg TAAATGCACT GGgAAGGTAG tGTGTAATGG CCCAGCGCCT 1000
ggactccagC TCCATTTAGC cCAgACAGCC TTGTTTTTAc TGCCCCTTAG 1050 GgACTCCAGc TCCATTTAGC ccagACAGCC TTGTTTTTAC TGCCCCTTAG 1050
TGCCTCACTT TTAAAGTGAC AGGAAACCAA TTTCTGATTA CAAATCAATG 1100 TGCCTcaCTT TTAAAGTGAC AGGAAACCAA TTTCTGATTa CAAATCAATG 1100
G G
ggtttcccte ctgctcactt gcagecttcg cttttaagec tggtttaaac 50 ggtttcccte ctgctcactt gcagccttcg cttttaagec tggtttaaac 50
acacccgecC TCCCTTcttt ttaTTTAGAA AGAAARaaaa aTCTTAGGTG 100 acacccgcCC TCCCTTCTTT TTATTTAGAA AGAAraaaaa ATCTTAGGTG 100
CTCtgtTTAC TTACATTTCT CAGCACTTCT TTGTCctCCA AAtCactcTa 150 CTCTGTTTAC TTACATtTCT CAGCACTTCT TTgtcctcca aatcactcta 150
gCTGaTgaTA TGGAAGtTtt AtggGctATT TtATCAGAAA AgGCAGACCT 200 gctgatgata tggaagtttt atgggctatt ttatcagaaa aggCAGACCT 200
tTGCTAGCTG ACctgggcag ttggaacagg tttaagtgtg catggaaacc 250 TTGCTaGetG ACcTGgGCaG TTgGaAcaGG tTTAAGTGTg CATGgAAACC 250
cctgatttca cccgaaaagc aatacttggc ataggttgac atctagagcc 300 CCcTGATTTCA CCcGAAAAGC AATactTGGC ATAgGtTgAC ATCTAGAGCc 300
tgaaaArCACA GCCAGtgaGA GTcGCgCAGA CTAAAGGAAA TCACTaCTTA 350 TGAAAACACA GCCAGTgAGA GTCGCGCAGA CTAAAGGAAA TCACTACTTA 350
ATTCCACAAA CATTtgtttg ggtCCAGGAA TGGCACrhaga aacttgaagc 400 ATTCCACAAA CATTTGtTTg GGTCCAGGAA tGGCACaAGA AActtgaagc 400
ctctggetge ggcgecggee gggcacgcga ggggecatag cgcgegggge 450 ctctggetge ggcgecggee gggcacgcga ggggccatag cgcgegggge 450
t gccggccgge ctg gagaggg gcggccegg 500 t gccggecgge ctgg gagagggcce cgcggeccgg 500
cgccectgee atcegetgge ttgggttcce gacctggtce cctggggete 550 cgccecctgee atccgetgge ttgggttcce gacctggtce cctggggete 550
(" cctgctgetg gggagctctg actgcaccag agggaagaga gggcggctgt 600 cctgetgetg tctg act g9 gggcggctgt 600
gctggagaga gacagccctg cccgggaaac cctcccaagg cctgtttcac 650 gctggagaga gacagccctg cccgggaaac cctcccaagg cctgtttcAC 650
| atgtagaaga gggaagatta atacctctgg agccggcccg gccgtcctge 700 ATGTAgAaGa gGGAAGATTA ATACCTCTGG AgCcGgCCCg gccgTCctGC 700
q’ caagggcaca ggtttccagc actagaggtg aagcggagtt tatttgcatc 750 CaaGGGCACA gGTTTcCAGC ACtAgAGGTG AAGCYGAGTT TATTTGCATC 750
‘) cccagtaaag ggttgttttc ccttctttct tgcgggctat aaaacactgec 800 Cccagtaaag ggttgttttc ccttctttcet tgcgggectat aaaacactge 800
ctcttaacca ccttgtcttg caccgggttc tgggggctgc ttttaggggt 850 ctcttaacca ccttgtcttg caccgggttc tgggggctge ttttaggggt 850
: gcagtgggcg ccatcctgga acacccgccg tcggggggge caggttaatt 900 gcagtgggcg ccatcctgga acacccgccg tcggggggge caggttaatt 900
ﬂ: cgtctectgt ctgtctgect tggggagggg ggcagecgggg gtatagggag 950 cgtctcctgt ctgtctgect tggggagggg ggcagcgggg gtatagggag 950
.‘: gaggcagcag tgcttttgga gacactgggg cgctgtctgt ccacaatagg 1000 gaggcagcag tgcttttgga gacactgggg cgctgtctgt ccacaatagg 1000
gtccaggaat cagtgcaggg aggcccccac gagggcagaa gtcggggacg 1050 g ggaat cagtgcaggg agg gagggcagaa gtcggggacg 1050
= ggggaaatgc catcagctac ttctgcgtac ttccaccctg ccttgtccgg 1100 ggggaaatgc catcagctac ttctgcgtac ttccaccctg ccttgtccgg 1100
LL] ggtcccagat ttcaggggge tcatcgetga taaactgcaa acggegcaag 1150 ggtcccagat ttcaggggge tcatcgctga taaactgcaa acggcgcaag 1150
ctaaatggac caaggaggcg gccattactc ttcggggagg gcctcacggg 1200 ctaaatggac caaggaggcg gccattactc ttcggggagg gcctcacggg 1200
aacgcaggat cgagtgttat ctgcaactca ttttcaaggc tgtgctggga 1250 aacgcaggat cgagtgttat ctgcaactca ttttcaaggc tgtgctggga 1250
catccactcc caagtgcctt ttgcaagectg tgatttccat cctgcagtge 1300 catccactcc caagtgcctt ttgcaagctg tgatttccat cctgcagtge 1300
ttcctteccag accccecttt tetctctetg getctgtgec tctccecctte 1350 ttccttccag accccecttt tctctctectg getctgtgec tctcccctte 1350
ccttcgatct cttttcacct ctggaagggg agaagactca gacccagtcc 1400 ccttcgatct cttttcacct ctggaagggg agaagactca gacccagtcc 1400
tggcttccac tgaccggtgg ctggttcaga atcctgccgt gggcactctg 1450 tggcttccac tgaccggtgg ctggttcaga atcctgccgt gggcactctg 1450
cagtcccggg aggagctgtg gccggggcga ggtcagectgg cactgecctcet 1500 cagt ggg aggagctgtg gccggggcga ggtcagctgg cactgectct 1500
gcgcacgaga ggaccagaga tgatgcttct tcaccacgct ctccctagge 1550 gcgcacgaga ggaccagaga tgatgcttct tcaccacgect ctcecctagge 1550
caaccagcat ggcgctgccc atgaacaaca tagcttgggg gacagaacta 1600 caaccagcat ggcgctgccc atgaacaaca tagcttgggg gacagaacta 1600
catgggcect ¢ gcct g g gggcccgtgg aggtgtgggt 1650 cat t gect g g gggcccgtgg aggtgtgggt 1650
ctggcceccta gggaaggectg ttgtttgectc aggggctget gecccgactgg 1700 ctggcceccta gggaaggctg ttgtttgctc aggggctget gecccgactgg 1700
aggagagtct tccacaagtg ttcctccage gtgacctgte c aggagagtct tccacaagtg ttcctccage gtgacctgtc c

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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AGCTACACTT
TTATAAAAAT
ATTagggatt
AGAATTCTQG
ggtagtactg
agtctcccTC
tAgATTGTCT
tcagccgtat
tcaggaagaa
acagttgctt
CCCAGAggag
CTCATAAAGT
caaaataaat
ggaaaagacc
ttaacttaga
aaggtccact
taaaagtcat
taggccaatg
agaaaaggaa

Enhancer 4

Against human

gAATTTATTC
aATgTTTGTT
ttacataaag
AACcagttca
gctgctcatg
ACTCCCTgaa
GCTGGAAACt
tttttttttt
gggacatttg
tatgTATTTT
caaaaacaaa
TcAAaGTAAG
tgcaatggat
agaaaacaga
tcatccttaa
tagtgcaatt
gaaaaaagtt
tcatcagtga
tgtccectte

AgCACtTATT
CAATTTTTAA
ttgtcAATTT
acTCATTCCC
ggcgaggccyg
AtCcCTTAGA
ataaaacttt
taaagaaaat
gggaagttca
TCCATCtCaG
aagagctgca
CAATTATAct
tgaatagtta
cacacagaca
aagggagcag
ctgtgtcate
taaaaatact
aattaaccaa
taggaaacga

TTAAAaATAA
ATTAGtTGCC
CAGGTTTCTt
TCAACcaaca
tgcatttttc
TtTAGTcCAC
gaatttacaa
aaacatttca
actataggca
ATTTTCtctt
gataaatgat
tcactttaca
aaatatttat
cacacacaca
tagctacaga
tcagtattte
tcctgttaaa
gaacaaagag
gggtccacag

Against mouse

g tga
acgctcatca
aacacttgtg
aaca tte

tgtgagaggg
acatatttcc
gaagactctc

agtctgcaaa
ctccagtcgg
a

ccaggcctet
atgggcagcg
catctctggt

cctagggg

tgagggccca
ccatgctggt
cctctegtge

tgtagttctg
tggcctaggg

g gtgggatgca

aggacaggtc
gcagcagccc
ctccacggge
tcceccaage
agagcgtggt

TTTCCCCcaA
AAtgTATAAA
TCcAAAACTT
tgtgaccaaa
agtttcctgg
ATCTCTCATT
cccectgacte
agttatttca
ggaaaaagtt
TCTCTTTTAG
gctcttagca
agatctatag
aaaggcatag
cacttttgtc
gaaggcagag
agcaatttct
ggataccttce
aacgagaacc
gag

atctctgaaa
acgctggagg
ctgagcaaac
ccettggggg
tatgttgttc
gaagaagcat

t tga

cct

te

c 999

t tgc

a t

agaggtgaaa
gaaaaggggg
aaaaggcact
agataacact
gcecgectect
gagcccectg
aagtagctga
ctccctgeac
tctccaaaag
caaggcagac

cagtggaag

agagatcgaa
gtctggaagg
tgggagtgga
cgatcctgceg
tggtccattt
aaatctggga
tggcatttcc
tgattcctgg
cactgctgee
agacaggaga

tggg
gggaagggga
aagcactgca
tgtcccagea
ttccegtgag
agcttgcgee

a

tctgagtett
gaggcacaga
ggatggaaat
cagccttgaa
gccctecceg
gtttgcagtt

attctgaacc
ctccecttee
gccagagaga
cacagcttge
aatgagttgc
aagagtaatg
tatcagcgat

cccgteceeg
accctattgt
tccteectat
cgaattaacc

tgg
acttctgece
ggacagacag
acccccgetg
tggcccccce

aagtacgcag
tcgtggggge
cgccecagtg
cccecectece

gt gat

ggcg t

taa

gacggcgggt
c.

tgcaagacaa
gggaaaacaa
gtgctggaaa
attaatcttc
ggcagggctg
gt tc

Enhancer 5

ggtggttaag
ccctttactg
cctgtgecect
cctcttctac
tctectcteca

aggcagtgtt
gggatgcaaa
tggcaggacg
atgtgaaaca
gcacagccge

ttatagcccg
taaactccge
gceegggecgyg
ggccttggga
cctetettee

g 99
caagaaagaa
ttcacctcta
ctccagaggt
gggtttcceg
ctctggtgea

aagccagcgg
aggccggeeg
ccggecggeg
cccaaacarhA
ACTCtcaCTG
ttgctttteg
aactgcccag
aTaaAaCTTC
TGAGAAALGT
aaaaagaagg
gcaagtgagc

atggcagggg
gcaggtggcg
ccgcagccag
TGTTTGTGGA
GCTGTGTttt
ggtgaaatca
GTCAGCTAGC
CATAtcAtCA
AAGTARacat
gagggcgggt
aggagggaaa

gggag

999 g

999

g
ctgccecegeg
aggcttcaag
ATTAAGtAGT
caggctctag
ggggtttcca
AaAGGTCTGC
GctAgagtGa
AgCACCTAAG
gtgtttaaac

9999 tc
cgctatggee
tttctTGTGC
GATTTCCTTT
atgtcaacct
tgcacactta
CTTTTCTGAT
TTTGGagGAC
ATTTTttTTT
caggcttaaa

ggggtgec
cctcgegtge
CATTCCTGCGa
AGTCTGCGCY
atgccaagta
aacctgttcc
aAAATagCcc
AAAGAAGTGC
CTttctaaat
agcgaaggct

50

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900

50
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1550
1600
1650
1700
1750
1800

agctacactt
ttataaaaat
attagggatt
agaattctgg
ggtagtactg
agtctcccte
tagattgtct
tcagccgtat
tcaggaagaa
acagttgctt
cccagaggag
CTCATAAAgGt
CAAAAtAAAT
gGAAAAGACC
TTAACTTaga
aaggtccact
taaaagtcat
taggccaatg
agaaaaggaa

ggagcgatga
acgctcatca
aacacttgtg

Against shrew

gaatttattc
aatgtttgtt
ttacataaag
aaccagttca
gctgctcatg
actccctgaa
gctggaaact
tttttttttt
gggacatttg
tatgtatttt
caaaaacaaa
TCAAAGTaAG
TGcaATGGAt
AGAAAACAgQA
tcatccttaa
tagtgcaatt
gaaaaaagtt
tcatcagtga
tgtccectte

agcacttatt
caatttttaa
ttgtcaattt
actcattcce
ggcgaggceey
atcccttaga
ataaaacttt
taaagaaaat
gggaagttca
tccatctcag
aagagcTGCA
CAATtAtACT
TGAATAGTTA
CACACAgACa
aagggagcag
ctgtgtcatc
taaaaatact
aattaaccaa
taggaaacga

ttaaaaataa
attagttgcc
caggtttctt
tcaaccaaca
tgcatttttc
tttagtccac
gaatttacaa
aaacatttca
actataggca
attttctett
GATAAATGaT
TCACTTTACA
AAATATTTAT
cacacacaCA
tagctacaga
tcagtatttc
tcctgttaaa
gaacaaagag
gggtccacag

Against shrew

tgtgagaggg
acatatttcc
gaagactctc

agagagaggg
agtctgcaaa
ctccagtegg

gtgggatgca
aggacaggtc
gcagcagccc

ttc
ccaggectet
atgggcagcg
catctctggt

cctagggg

tgagggccca
ccatgctggt
cctctecgtge

tgtagttctg
tggcctaggg
gcagaggcag

ct gggce
tcccccaage
agagcgtggt
tgccagctga

g gcte
agccaccggt
agaggtgaaa
gaaaaggggg

c 99

cagtggaagc
agagatcgaa
gtctggaagg

tgcagagtge
caggactggg

g
tctgagtett

tttcccccaa
aatgtataaa
tccaaaactt
tgtgaccaaa
agtttcctgg
atctctcatt
cccctgacte
agttatttca
ggaaaaagtt
tctcttttag
GCTCTTAGCA
AGATCctATAg
AAAGGCAtAG
CACTTtTGTC
gaaggcagag
agcaatttct
ggataccttc
aacgagaacc
gag

atctctgaaa
acgctggagg
ctgagcaaac
cccttggggg
tatgttgttce
gaagaagcat
cctecgececeg

g attctgaacc

ctccecttee

g9

aagcactgca

aaaa t
agataacact
gccgectect
gagcccectg
aagtagctga
ctcectgeac
tctccaaaag
caaggcagac
gt gat

gggagtgga
cgatcctgeg
tggtccattt
aaatctggga
tggcatttce
tgattcctgg
cactgctgee
agacaggaga
ggcg t

tg gca
ttccecgtgag
agcttgcgee

gag

ggatggaaat
cagccttgaa
gccctceceg
gtttgcagtt

cacagcttge
aatgagttgc
aagagtaatg
tatcagcgat

cccgtecceg
accctattgt
tecteectat
cgaattaacc
gc taa

gtgg
acttctgecce
ggacagacag
acccccgetg
tggcccccee
a

tgcaagacaa
gggaaaacaa
gTGCTGGAAA
ATTAATCTTC
ggcagggctg
gtcagagctc
aagccagcgg
aggceggecyg
cecggeeggeg
CCcARaCAAA
ACTCTCcACTG
TTGCTTTTCg
AACtGCcCAg
ataaaacttc
TGAGAaATGT
AAAAAGAAGG
gcaagtgagc

ggtggttaag
ccectttactg
CcTGTGCCCt
CctCtTcTAC
tctetecteca

gcagtgtt

ttat

aagtacgcag
tcgtggggge
cgccccagtg
cccecectece
gacggcgggt
cagaacccgg

gGGATGCAAA
tGGCagGAcg
ATGTgaaaca
gcacagcege

TAAACTCCGC
gccGGGeCgG

ggccttggga
cctctecttee

TTCACCTcTa
CTCCAGAGGT
gggtttceceg
ctctggtgca

atggcagggg
gcaggtggcg
ccgcagccag
TGTTTgTGGA
GCTGTGTTTT
GGTGAAATCA
GTCagCtAGC
catatcatca
AAGTAAACAG
GAGCGgcgggt
aggagggaaa

gggag
cgccgggecy
ctgccecegeg
aggcttcaag
ATTAAGTAGT
CAgGCTCTAG
gGGGTTTCCA
AAAGGTCTGe
gctagagtga
AGCACCTAAG
gtgtttaaac

Fig. S7. Sequence alignments of the individual enhancers 4 and 5.

9999 g
cggggeccte
cgctatggee
TTTCTtGTGC
GATTTCCTTT
ATGTcAaCcT
TGCACACTTA
cttttctgat
tttggaggac
ATtttttTTT
caggcttaaa

tcgggaacce
tcggggtgee
cctcgegtge
CaTTCCTGGA
AGTCTGCGCG
ATGCCAagtA
AaCCtgTtCc
aaaatagccc
AAAGAAGTGC
CTTTCTAAAT
agcgaaggct

50
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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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Development: doi:10.1242/dev.201562: Supplementary information

Enhancer 1

Embryo 2 Embryo 1

Embryo 3

Embryo 4

Embryo 5

Fig. $8. 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 pm, white

scale bars: 100 pm.
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Enhancer 2

69 = i¢®
ed . ien
C® ied

o

9 2

Fig. S9. LacZ enhancer reporter assay for Enhancer 2.

Embryo 1

Embryo 6

Embryo 2
Embryo 7

Embryo 3

Embryo 8

Embryo 4
Embryo 9

Embryo 5
Embryo 10

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 um,

white scale bars: 100 pm.
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Development: doi:10.1242/dev.201562: Supplementary information

Enhancer 3

Fig. $10. 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 pm, white scale bars: 100

pm.
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Enhancer 4

Embryo 4 Embryo 3 Embryo 2 Embryo 1

Embryo 5

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 um,

white scale bars: 100 pm.
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Enhancer 5

Embryo 4 Embryo 3 Embryo 2

Embryo 5

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 um, white

scale bars: 100 pm.
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Mouse E14.5 Mole s5c¢

Mesonephros

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 pm.
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IRF4 FOXP1
* kK
0.6 * X 20
0.3 10 ns
n.s ]
z I
0 - i, 0
Mole TP Mouse Ovary  Mouse Testis Mole TP Mouse Ovary  Mouse Testis
ZNF821 TEAD4 HSF2
* % *
* [ |
20 8 40 * *
I *
1
n.s
10 I 4 n.s 20 *
: I
I 1
0 0 .— 0
Mole TP Mouse Ovary  Mouse Testis Mole TP Mouse Ovary  Mouse Testis Mole TP Mouse Ovary  Mouse Testis

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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Prenatal Postnatal

Mutant

Wildtype

Fig. S15. Morphology of Sall1-overexpressing testes during gonad development.

Hematoxylin-eosin stanning of mutant overexpressing-Salll 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 pm.
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A Mus musculus (REF) upload_1 (V_Hierarchy NEW! @)
GO biological process complete # # expected Fold Enrichment +/- raw P value FDR
metanephric nephron morphogenesis 18 3 .04 67.89 + 1.79E-05 4.03E-02
Ymetanephros morphogenesis 24 3 .06 50.92 + 3.89E-05 4.09E-02
banimal organ development 3306 20 8.12 2.46 + 6.24E-05 4.68E-02
Lsystem development 3813 25 9.36 267 + 8.56E-07 1.35E-02
bmulticellular organism development 4559 26 11.19 2.32 + 1.01E-05 2.64E-02
burogenital system development 368 7 .90 7.75 + 3.46E-05 4.20E-02
“animal organ morphogenesis 1057 1 259 4.24 + 4.59E-05 4.02E-02
banatomical structure morphogenesis 2337 19 574 3.31 + 1.50E-06 1.18E-02
bnephron development 136 5 .33 14.98 + 245E-05 3.51E-02
positive regulation of branching_involved in ureteric bud morphogenesis 23 &l .06 53.13 + 3.47E-05 3.90E-02
bregulation of branching involved in ureteric bud morphogenesis 25 3 .06 48.88 + 4.35E-05 4.04E-02
bregulation of morphogenesis of a branching structure 66 4 .16 24.69 + 261E-05 3.43E-02
bregulation of multicellular organismal process 2989 19 734 2.59 + 5.28E-05 4.38E-02
ventricular septum development 82 4 .20 19.87 + 5.88E-05 4.63E-02
bcardiac ventricle development 145 6 .36 16.86 + 1.84E-06 9.66E-03
beardiac chamber development 192 6 A7 12.73 + 8.77E-06 2.76E-02
developmental growth involved in morphogenesis 153 5 .38 13.31 + 4.22E-05 4.16E-02
anatomical structure formation involved in morphogenesis 980 1 24 4.57 + 2.32E-05 3.65E-02
negative regulation of multicellular organismal process 1154 12 283 4.24 + 1.96E-05 3.87E-02
epithelium development 1161 12 285 4.21 + 2.08E-05 3.65E-02
Ltissue development 1785 16 4.38 3.65 + 3.88E-06 1.53E-02
B Mus musculus (REF) upload_1 (v_Hierarchy NEW! @)
GO cellular component complete # # expected Fold Enrichment +/- raw P value FDR
extracellular region 2875 20 7.06 2.83 + 791E-06 1.61E-02

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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A Female mutant B Male wildtype ctrl.

C Gene baseMean log2FoldChange IfcSE stat pvalue padj

Lhx1 76,0142476 0,416247256 0,45549231 0,91384036 0,36080074 0,99999929
Faf9 34,7898814 -0,34199249 0,64606248 -0,5293489 0,59656341 0,99999929
Cxcrd 269,917075 0,363473378 0,24191365 1,50249224 0,13297003 0,99999929
Cxcl12 867,206005 -0,400398642 0,1872609 -2,138186 0,03250165 0,99999929
Spry2 246,127611 0,017530695 0,24731929 0,07088285  0,943491 0,99999929
Mmp14 2980,353 -0,004484855 0,11824949 -0,0379271 0,96974584 0,99999929

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
pm

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 S1. Ranking of enhancer regions.

Click here to download Table S1

Table S2. Ranking of transcription factors by significance of binding affinity to the five

SALL1 enhancer sequences.

Click here to download Table S2

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

Click here to download Table S3

Table S4. Primer list.

RT-qPCRs
Hedgehog-qPCR-Sall1-Fwd GAAGCAAGCGAAGCCTCAAC
Hedgehog-qPCR-Sall1-Rev TGCTCTTAGTGGGGCGATTT
Hedgehog-qPCR-FoxI2-Fwd CAGAAGCCGCCCTATTCGT
Hedgehog-qPCR-FoxI2-Rev GGGAACTTGGCGATGATGT
Hedgehog-qPCR-Rps9-Fwd GCCAAGTCCATCCACCAC
Hedgehog-qPCR-Rps9-Rev CCAGGCGGACAATGAAGG
Shrew-gPCR-Sall1-Fwd AGAGCGTTCACAACAAAAGG
Shrew-qPCR-Sall1-Rev TGGGGCCATCCACAGAGA
Shrew-qPCR-FoxI|2-Fwd CATCGCCAAGTTCCCCTTCT
Shrew-qPCR-FoxI|2-Rev GCACTCGTTGAGGCTGAGGT
Shrew-qPCR-Rps9-Fwd GAGTCCAGGCGAACAATGAA
Shrew-gPCR-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 gctgcacctacagttiggat

3ITR-4C-Rev gctgcacctacagttiggat

Development * Supplementary information


http://www.biologists.com/DEV_Movies/DEV201562/TableS1.xlsx
http://www.biologists.com/DEV_Movies/DEV201562/TableS2.xlsx
http://www.biologists.com/DEV_Movies/DEV201562/TableS3.xlsx

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

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

TGGGTAAGGCAGTGATGACAGATCAAAAGTAAAAGGTCTCACCCAGTCTACTCGACTGC

Neo-Rec-Fwd ACGCGTTATATAG
TAAATAACCCCTCCTTTGTGTTCCTCTAACCCACTTAAATTTATTGCTTCATGTACCTGA
Neo-Rec-Rev 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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