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Supplementary Fig. S1 Analysis of monotreme AMH genes and proteins. (A) Repeat content of the monotreme AMHX and AMHY genes.
Coding sequence, blue; introns, black or blue line, LINE L2, dark green and SINE MON1, light green. (B) Alignment of AMH proteins from
mammalian species human and mouse (eutherian), wallaby (metatherian), echidna and platypus (prototherian). Shaded amino acids,
identical amino acids; light blue shading, predicted signal peptide; yellow shading; conserved cysteine residues; blue outline, cleavage site
between amino terminal and TGF-3 domains and underline, TGF-3 domain. (C) Overlay of platypus AMHR2-AMHX and AMHR2-AMHY
multimeric complexes, predicted with AlphaFold multimer (Evans et al., 2021), using a stoichiometry of 2 AMHR2 domains and 2 AMHX (or
Y) domains. The experimentally determined human hAMHR2-AMH structure (PDB 710J) is also shown in the overlay. (D) Pull apart view of
the predicted platypus AMHR2 (peach) and AMHY (pale green) interface to highlight close contact residues conserved between the platypus
and human complexes. Close contact residues from the interface in the hAMHR2-AMH complex (PDB 710J) are shown highlighted in the
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platypus cAMHR2-AMHY complex if the residue is identical (pink in AMHR2; pale blue in AMHY).



F Amhy ATTATCCATTTT TTAAGGCTGCAGRC-ATACTACTTGALA TCACATARR ————————— = 49

E:Fu‘uhy ———————————————————————— AT-ACACTGCTTGARRRCACATARAGTAGCCTIG-G 34
W_Amh ————————— ——CAAGGACAGTATTTTGACARATCTGEGTCARC - — — —— AGCTTGAL 39
P Amhx = - TCTCCTIGCTCTG———————————— —GCTCRARD 15
E Amhx ———————— — —-AAGGACGGCGTTTCTCCTGCTCT G ———— — —GCTCARR 31
H &wh —————- CGCTIGICTAGTITGGITGECTGGCCGTCACTCC-CAGCCTGGT TCCCACTCCT G 53
M fwh = - AGTGGEEAGGETGEATACT-GCTTGICTCTGT T GAAGCT T GGT GACCTGEEE 52

DMET1 SF-1-228CGATA4-179

P Amhy TAAAATCTTATCTTTATCATTAC---AGACCCARARTCACCARGTGCGATTTTTT CGGC - 105
E Amhy BAAAATT TCACATTTACCATTAC---ATACTCAGATTCACACA--GTACGAT TTTCGCC - 88

W_Amh ATTCATAT CACTT GTAAG-—--AAGCALGATACCCAGCCARAAATAGAACA GAARGRACC - a5

P Amhx TTTTATATCATTTGTCCGAAGCAGATATACCCAGCCCCGARARTAGAACATA -AGETTC- 77

E Amhx TITTATATCATTTGTACARAGCAGATATACCCAGCCCTGARARATAGAACAGARAGGTTC - a0

H_Amh TGTCTTCTGGGEATGGCCCTCARGGACGGCATGTTGACACATCAGGCCCAGCTCTATCA - 112
M Amh CGT CCTCCAGGT GGGCTCCCCAG---GGAGATGEGAGCTACT CARGGACAGCTCAGGCCT 109

.3 o
GATA/SF-1/Jun GATAL
Sox9-151GATA4-179 Sox9-151
P Amhy AT TATCARCTACGTCACTTCCGTTTGAARGARTATCCGCTTTTCARGAGE ———— —————— 155
E Amhy AT TATCTACTAGGTCACTTCCGTTCGAARGATTATCCGCCTTTTARAGGE ———— —————— 138
W_Amh —CT TTCARAGGGCCTCCCCTC-ACTTTTACACTGTTGGTCTCCAGGGTCCCARAGGATGT 153
F_Amhx -TT TTGARAGAGGTTCGCTCA-GTTTCAGGCCATTGGCCTTTCARGTTGCCARACGAGCT 135
E_Amhx ~TT TTGARAGAGCTTCCCTCA-GTGTCAGGCCATTGGCCTTTCARGTTGCCARAGGATCT 148
H Amh CTGGGGAGGEAGATAGGCTGCCAGGGACAGARAGGGCTCT TTGAGAAGGCCACT CTG——— 169
M Amh CTGCAGTT AT GGG CCCAGCT CTGAG GACAGARAGCC CTTTGAGACAGTCGCCTCCCACCT 169
SF-1-102 GATA4-B4
P Amhy ——GGGACTTCGACCATTT————— T AGGTARGGAAGGGETGEAAG 192
E Amhy ——GGGGECCTCGGCCTCGE————— GATAGTGTCGCATTTTACATAARTGAAAGGGCCGGETG 191
W_Amh GCTCTGCATTGTCAATTC-———— AAGCTCACCTCCGTTGG ———— GAAGLGATARCCATC 203
F_Amhx GITGGGCATT GT CGACTC————— AAGCTCACCTCCGTTCA-————— CABGLGATAGCTGCC 185
E Amhx GITGGGCATT GT CGACTC————- AAGCGTCACCTCCGTTCA-————— CABGLGATAGCTGCC 198
H Amh - CCTGGAGTGEGGGCGCCGGGCACT GTCCCCCAAGCT CGOGGCAGAGGAGATAGGGGETC 227
M Amh GCTGGGCATGARAAGTGC CAGGCAC TGTCCCCCAAGGT CACCTTT GGTGT TGAT AGGGGE 229
TATA
P Amhy CGT AGCCGCT GGCTTTTTATCCT-GCCGGTGACTTACTTCCACACGGCGGARAG ———ATT 248
E Amhy TITAGCT GCT GECTGTTTGTCCTGCCGGGGGACTTGCTTCCACGCGGARAGARG ———GTT 248
W_Amh CTTCCCTCCC GTCTGGAGAAGGCATTTCTGCCACCTTAGTCT CATAAARGC 263
P Amhx TITGCCTCCCT GTTTGGGAR-AGCATCGCTGCCACCCTGGCCT CATATARGG 244
E Amhx CTTGCCTCCC GTTTGGGAR-AGCATCGCTGCCACCCTGGCCT CATATARGS 257
H Amh TGTCCTG CCCCACCTTCCACTCGGCTCACTTA————————— ——— —— ——— AGG 270
M Amh GICCC-T AGCAATCTGGCTCAGCCATACATAT ————— ——————— — —— ARG 271
L L L
SF-1/Jun
P Amhy CATAG----TCTTCAAGCTGTTAGATTCCARAAGTTTCTGAGTCATT BAGCCCARRATC 303
E_Amhy CATAA----TCTTCAAGTCGTTCGATTCCARGCGTTTCTGAGTCATT BAGCCCARRATC 303
W_Amh CCCAGTTAGCCAARGGCT O5GTCACAGTC-—————m——mmmmmmmm e AGCCCARGATG 303
P Amhx CGGAGGCAGCCGGGAACT CGGGTGCACACATACTCATGCARCATACCCTGCTCARAATG 303
E Amhx CGGAGGCGECCGGGAACT CGGATGCGCACACA————————————— CCCCGCTCARRATG 303
H Amh CAGGCAG - —~CCCAGCCCCTGECAGCAC—————————————————— CCACGATG 303
M Amh CAGGGCC --ACCCGEACCTTGCIGTAC—————————————————m— e CRCC-ATG 303
L L

Supplementary Fig. $2 Mammalian AMH proximal promoter alignment 300 bp upstream of the translation start site, showing putative
transcription factor binding sites and relative positions on the human promoter. P, platypus; E, echidna; W, wallaby; H, human and M,
mouse; DMRT1 binding site, brown; GATA4 and GATA1 binding site, green; SF-1 and SF-1/JUN binding site, red; SOX9 binding site, purple;
HMG binding site, yellow and TATA, binding site, blue.
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Supplementary Fig. S3 Echidna sexing and expression analysis by RT-PCR. Expression of CRSPY and RADSeq 116 with GAPDH as loading

control detected by RT-PCR from either FFPE gDNA (A) or somatic pouch young tissues (B) to identify the sex of all fetuses and pouch young
with adult testis and ovary used as male and female positive controls. (C) Expression of AMHX, AMHY, DMRT1 and SOX9 in pouch young

gonads from d0-d4 py with adult testis and adult ovary as a positive control. py, pouch young; Ad, adult.
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Supplementary Fig. S4 Overexpression of platypus AMHX and AMHY in the chicken Dissected urogenital systems at E9.5 from genetically

male and female chicken embryos (determined by PCR). GFP signal indicates expression of the indicated transgenes (GFP-T2A-ORF, platypus

proteins, +CC carry the chicken cleavage site). The gonads are outlined (white dotted lines) with the Millerian ducts where present indicated
(black arrows). Scale bar, Imm.



A Residue Properties Platypus Properties Chicken Properties Description
AMHR2 R33 pos charge R pos charge R pos charge binds 1544 and A546 of AMH
F62 hydrophobic F hydrophobic | hydrophobic  |hydrophobic interaction with L478, 1479, L535, 1537, L539
164 hydrophobic | hydrophobic | Hydrophobic hydrophobic interaction with L478, 1479, L535, 1537, L539
M76 hydrophobic M hydrophobic V hydrophobic hydrophobic interaction with L478, 1479, L535, 1537, L539
D81 neg charge D neg charge G hydrophilic salt bridge with K534
E84 neg charge E neg charge G hydrophilic salt bridge with K534
L106 hydrophobic L hydrophobic \ hydrophobic hydrophobic interaction with L478, 1479, L535, 1537, L539
AMH L478 hydrophobic L hydrophobic V hydrophobic  |L478A abolishes signalling and duct regression
1479 hydrophobic | hydrophobic M hydrophobic hydrophobic interaction with F62, 164, M76, L106
E481 neg charge E neg charge T polar uncharged [E481R/Y reduces activity 5 fold
K534 pos charge K pos charge Q polar uncharged [salt bridge with D81, E84; K534A abolishes signalling
L535 hydrophobic T polar uncharge L hydrophobic  |hydrophobic interaction with F62, 164, M76, L106
1537 hydrophobic | hydrophobic | hydrophobic hydrophobic interaction with F62, 164, M76, L106
L539 hydrophobic L hydrophobic V hydrophobic  |hydrophobic interaction with F62, 164, M76, L106
1544 hydrophobic L hydrophobic L hydrophobic  |binds R33
A546 hydrophobic A hydrophobic Vv hydrophobic binds R33; A546M abolishes activity
L478 K534
1479 L535 L539 1544
E481 1537 A546
1. R_typus DFDRL -SYDWIIVEK L YN I HNEVIESER | P LMG - - -NVSNE VILIEIKMQEQG- L PTKR EPCEVIBV EXS EJLIEAVV S -EQSSM I TVYKNMVAE EEKER
2. S_fasciatum DFDRL -SYDWILIVEK L YN I HNEVESER 1 P LMG - - -NVSNH VILIE I KMQE QG- L PTKR EPCEVPV ENS E JLIEAVVS-EQSSMI TV YKNMVAE EEK ER F: . %
3. L_erinacea DF ERL -SYDWIJUVEK L YN | HNEVESER 1 P LTG - - -NVSNHVMLIE | KMQEQG- L PTKR EPCEVB Y NS € JUEAVVN-DQSSM I TV YKNMVA E EGKER Cal’tllaglnous fISh
r[ 4, Pipectinata DF ERL - SYDWIUVEK L YN I HNEVIBSER 1P LTG - - -NVSNE VLI KMQEQG- L PTKR VPCEVBY ENS ELLIEAVVN-DQSSMI TVYKNMVAE EEGKER
Ir 5 Direrio SRR =>—=~ KFFLUERSRANINNCEGTEGFPLNN - ---ANNHAVLENSHIQSG ’JI‘VNRSLCCVPV(YDDL(\E(['S[”Nl&V(INVVAIKC!CR
l 6 o_nilot{cus SLT KLLVGPS SANINNEHGSETFPLTN GNNHABLENSHIETG-NADERSPCEVRVAYEALENMVDWN-ADGTF | S| KPDAVAR ECGER -
7A Oihatcheri SFE~===~ KlL-GPQTA\JINNCUGSC/\'PLT'\'"'(;NNHAVLLVSW\/[SG'NANLRAPCCVPVAVDWL[VM()‘-‘»’N'A[(SFLS\KPDM!VK[CGCR teleOSt fISh
8. H_tsurugae_x SEESES KLy ‘.PuNANlNNC»«GSCMPLTr\————QNNHAVLLNV»H[sG—AAGlRAPCCVPVAVl"LEVLI -~EQGAF LS| KPDMIAREEGER
9. H_tsurugae_Y SFE--~---GLMUGPQNAN INNEHESEAFP LTN - - - - GNNHAVLIENYH | ESG-AAEERAPCEVPVANE PLEVLOWUN-EQGAF LS| KPD I TATEEGER
|r 10. P_annectens SLK---YEGFILIBORY L ANNEQGPE TDL GAARNPR Y TTH VILIEI KMKNRG - £ ELGRRPCEVBV QYT S SKMAHF T-EGDfif0 I RE IPNATV T EEGER lungﬁsh
r 11. X_tropicalis SLKPFAEYKD! ININNEVEPERFPQTTON-DYQTHVWILEIQLQER SQSGLARPPCEVEVRY E EQWEMVVE - ENGIR 1 QS YPNMVA K EEGER
125 Bibufo NLKPYPEYKDI ININNEVEPERFPOTTQS-E YHARVIILIEIQLQERRQS SLOR PPCEVEV QN Q EQWEMVAH-ENGIIR LHL YPNMVAK EGGER amphibian
13 R_[emporaria NLKPHAEYKDI INIKNEVEGPERFPQTTQS-DYQTHVIEFEIQLQERRQSVLDRPPCEVE | Q¥Q EQWEMVAH-EN KLQL YPNMIAK ECGER
14. O-anatinus_X DLR SEHS Ir YMANNEGBERE SWP QSDRNPNYNNE VUL K MQARG - v VL AR ePCEVE T sWA v ilTHTs - £ cAL LMPNMVAVACGER
15. T_aculeatus_X DLR---SEHS T YMANNE QBRE SWP QSDRNPNYNNE VILIELKMQARG - VVL TR EPCEVE T sHA 4THIHLs -DGAL JAR L MPNMVV Vv AEGER t
16 O—ana[inuS_Y DLR LEHSML I [T YMANNEQGL ENWP QSD LNPNYNNHWLELKMQARG-AELTRGPCEVE | THA TS -EEGL LMPNMVA | QEGER mono reme
17. T_aculeatus_Y DLS LEHSHL IPEITYVANNEQGL € WP QSD LNPNYNNH VILIELKMQARG - AEL TR GPCEVE | TWA gqTijiL)s - E EGL LMPNMVA | QEGER
{ 18. N_eugenii DLR---AEQSHL I[P [T YMANNE OGP € HWP QSDR S PNYNNE VILIELKMQERG - E PLGR SPCEVE T TNAQTHIHLs - EEGL LMPNMVA T ECGER marsupial
19 Picinereus DLR AERSNL || T YMANNE QOGP E HWP QSDR SPNYNNE VIILIELKMQERG-E PLGR SPCEVETA¥A QTS - £ EGL LMPNMVAT ECGCR p
20 M_musculus DLR-~--AERSML || T YQANNEOBAE AWP QSDRNPR YGNH VIILIEL KMQARG - AAL GR L PCEVE T AVA 4TI HL|s - £ R {HVPNMVAT ECGER
21. B_taurus DLR---AERS IrYQANNEQBAL GWE OSDRNPR Y GNE VILIELKMQARG- ATL AR PRCEVB T AN T LI HUs - £ £R HVPNMVAT ECGER eutherian
22. H_sapien DLR---AERS rvoANNcoﬁvccwposuRNPRvGNHWLLLKMQVRG»AMARPPCCVPTAVAJ&Lmﬂ,s -EER) HVPNMVAT ECGER
23 N_Scu[atus NLV-==STRYIIL YNANNEVGPEQSPLSTR IPDYYSHTHFELRMHEQG-MPLQRAPCEVRV K¥S K UMVT F TSDQGM | VKA YPDMVA E SEGER
24, T_elegans NLV===STRYII L YNANNEVGPEQSPLSTR I POYYSHTHFIELRMQEQG-MPLORAPCEVEY K¥'S K JUMVT F TSDQGM | VKA YPDMVA E SEGER
25. G_japonicus DLV---SMG Yl L YHANNEVGPERSPLSTR I TDYYSHTEFELRMHEQG- L PLQRAP FIBVBY KNS QS VIELT F TNDQGL K VKMYPDMVA £ AGGER reptile
26 S_Undulatus DLV---STGYIIL YNANNEVGPERSPLSTRISNYYSHTHFELRMHEQG-MPLDRAPCEVEVKY S QSHMVT F TNDQGLMVKV YPDMVAK SEGER
27. A_mississippiensis 01 s---HYKFlAVEDMYVANNEEGPERLP LSTRAD-YYPHTMUELDMQERG - v P LoR GRCEWRV a¥s oo Tififfs - 0 £GP ovkmF HNMVAK ACGER
28 C__picta NL---~-RYDFIIVRBVEYTANNECEGPERRPLSTRSPGYSSHTMLELEMQARG-TPLRR SPCEVE VKNS SQD! FT-GEGLQVTTYPEMVVE ECGER
29. D_novaehollandiae bLH---bRKFIVMBTVYVANNEEGPEKLPLSTRVPSYYSHTMUBLGMQERG- s P LoR APCEVBVRY S DJUififs vs - AEGL EVRK FENMVA E EEGER
30. A_platyrhynchos DLR---DRNFIVMBTVYAANNEEGPEKLPLSTRVPSYYSHTVLUELGMQERG- S PLQRAPCEVEVRY S DJUIlifs Vs - SQGL EVRK FPNMVA E EEGER bird
31 = G_ga”us DLR---DRNFIVMBT | YAANNCEGPERLPLSTRVPGYHSH TMLELGMQERG-SPLQRAPCEVRVRYSDQUNIS VS -AEGL EVRK FPNMVAE ECGER

Supplementary Fig. S5 Comparative analysis of residues involved in AMH binding to AMHR2 (A) Table showing a comparison of AMHR2
and AMH amino acids involved in receptor binding between human, platypus and chicken. Residues not conserved with human, grey
shading. (B) Alignment of C-terminal of the AMH TGF-3 domain protein sequences from vertebrates showing conservation of amino acids
involved in receptor binding defined in the human protein (Hart et al., 2021, red boxes).
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