Supplemental Information (Three Tables and Eight Figures)
Table S1. Sequences, subfamilies and accession numbers.

e e e

Subfamily Name (synonym) - Accession Number - Description - Species

Activin CeTIG-3 NP_497318.2 transforming growth factor beta family [C elegans]

Activin DmActivin-beta NP_651942.2 activin-beta [D melanogaster]

Activin DmMyoglianin NP_726604.1 myoglianin, isoform A [D melanogaster]

Activin MmBmp3 NP_001297606.1 bone morphogenetic protein 3 isoform 1 [M musculus]

Activin MmGdf10 NP_665684.2 growth/differentiation factor 10 preproprotein [M musculus]

Activin MmGdf11 NP_034402.1 growth/differentiation factor 11 preproprotein [M musculus]
Synonym BMP11

Activin MmInhba NP_032406.1 inhibin beta A chain preproprotein [M musculus]

Activin MmInhbb NP_032407.1 inhibin beta B chain preproprotein [M musculus]

Activin MmInhbc NP_034695.1 inhibin beta C chain preproprotein [M musculus]

Activin MmInhbe NP_032408.2 inhibin beta E chain preproprotein [M musculus]

Activin MmMstn NP_034964.1 growth/differentiation factor 8 preproprotein [M musculus]

11 Activin Synonym GDF8

BMP CeDBL-1 NP_504709.1 Dpp/BMP-Like [C elegans]

BMP CeTIG-2 NP_504271.1 transforming growth factor beta family [C elegans]

BMP DmDPP NP_477311.1 decapentaplegic, isoform A [D melanogaster]

BMP DmGBB NP_477340.1 glass bottom boat, isoform A [D melanogaster]

BMP DmSCW NP_524863.3 screw, isoform A [D melanogaster]

BMP MmBmp2 NP_031579.2 bone morphogenetic protein 2 preproprotein [M musculus]

BMP MmBmp4 NP_001303289.1 bone morphogenetic protein 4 preproprotein [M musculus]

BMP MmBmp5 NP_031581.2 bone morphogenetic protein 5 preproprotein [M musculus]

BMP MmBmp6 NP_031582.1 bone morphogenetic protein 6 preproprotein [M musculus]

BMP MmBmp7 NP_031583.2 bone morphogenetic protein 7 preproprotein [M musculus]

BMP MmBmp8a NP_001242948.1 bone morphogenetic protein 8A isoform 1 [M musculus]

BMP MmBmp8b NP_031585.2 bone morphogenetic protein 8B preproprotein [M musculus]

BMP MmBmp10 NP_033886.2 bone morphogenetic protein 10 preproprotein [M musculus]

BMP MmBmp15 NP_033887.1 bone morphogenetic protein 15 preproprotein [M musculus]

BMP MmGdf1 NP_032133.2 embryonic growth/differentiation factor 1 [M musculus]

BMP MmGdf2 NP_062379.3 growth/differentiation factor 2 preproprotein [M musculus]
Synonym BMP9

BMP MmGdf3 NP_032134.2 growth/differentiation factor 3 preproprotein [M musculus

BMP MmGdfS NP_032135.2 growth/differentiation factor 5 preproprotein [M musculus

BMP MmGdf6 NP_038554.1 growth/differentiation factor 6 preproprotein [M musculus

BMP MmGdf7 NP_001299805.1 growth/differentiation factor 7 isoform 1 [M musculus

BMP MmGdf9 NP_032136.2 growth/differentiation factor 9 precursor [M musculus]

BMP MmNodal NP_038639.2 nodal preproprotein [M musculus]

22 BMP

TGF-p CeDAF-7 NP_497265.1 dauer larva development growth factor daf-7 [C elegans]

TGF-p CeUNC-129 NP_501566.1 uncharacterized protein CELE_C53D6.2 [C elegans]

TGF- DmDawdle NP_523461.1 dawdle, isoform A [D melanogaster]

TGF-p DmMaverick NP_524626.1 maverick [D melanogaster]

TGF-p MmAmh NP_031471.2 muellerian-inhibiting factor precursor [M musculus]
Synonym MIS

TGF-p MmGdf15 NP_035949.2 growth/differentiation factor 15 preproprotein [M musculus]

TGF-p MmInha NP_034694.3 inhibin alpha chain isoform 1 preproprotein [M musculus]

TGF-p MmLeftyl NP_034224.1 left-right determination factor 1 preproprotein [M musculus]

TGF-p MmLefty2 NP_796073.1 left-right determination factor 2 preproprotein [M musculus]

TGF-p MmTgfbl NP_035707.1 transforming growth factor beta-1 preproprotein [M musculus]

TGF-p MmTgfb2 NP_001316036.1 transforming growth factor beta-2 isoform 2 [M musculus]

TGF-B MmTgfb3 NP_033394.2 transforming growth factor beta-3 precursor [M musculus]

12 TGF-p

45 total TGF-f family sequences

outgroup

MmGdnf NP_034405.1 glial cell line-derived neurotrophic factor 1 [M musculus]



Table S2. Cleavage site identified computationally separating prodomain and ligand.

Subfamily Name Residue Prodomain Cleavage site  Ligand
Activin CeTIG-3 125 NVINALSVLR // NAPNFDVMVEF
Activin DmActivin-beta 822 TESSRTRRVR // RRAVDCGGAL
Activin DmMyoglianin 483  GSQKKHRRKR /1 SVYMDCTEND
Activin MmBmp3 276  ALSVERRKKR 1/ STGILLPLQN
Activin MmGdf10 328 LKPRTGRKDR // KKKDQDTFTA
Activin MmGdf11 287 VLENTKRSRR 1/ NLGLDCDEHS
Activin MmlInhba 298 SEDHPHRRRR 1/ RGLECDGKVN
Activin MmlInhbb 285 RLGDSRHRIR 1/ KRGLECDGRT
Activin MmlInhbc 226 RVEGKHRVRR 1/ RGIDCQGASR
Activin Mmlnhbe 227 EPGAGRARRR // TPTCEPETPL
Activin MmMstn 258 VTDTPKRSRR // DFGLDCDEHS
BMP CeDBL-1 227  SEPSSVRRKR 1/ SAQTGNSERK
BMP CeTIG-2 258 KPNENERCQR 1/ KGLYVDEDIL
BMP DmDPP 463 GGGKGGRNKR 1/ QPRRPTRRKN
BMP DmGBB 316 AHSSHHRSKR 1/ SASHPRKRKK
BMP DmSCW 262  VKIQKLRFKR 1/ DLEKRRAGGG
BMP MmBmp?2 271 GHPLHKREKR // QAKHKQRKRL
BMP MmBmp4 283 HTLTRRRAKR // SPKHHPQRSR
BMP MmBmp5 307 ASEVLLRSVR 1/ AASKRKNQNR
BMP MmBmp6 362 VSEVHVRTTR 1/ SASSRRRQQS
BMP MmBmp7 282 ATEVHLRSIR 1/ STGGKQRSQN
BMP MmBmp8a 251 ASQSPVRAPR // AARPLKRRQP
BMP MmBmp8b 254 SPVRAPRTAR // PLKKKQLNQI
BMP MmBmp10 304 IDDSSARIRR 1/ NAKGNYCKKT
BMP MmBmpl15 258 ESSFLMRSVR 1/ QACSIESDAS
BMP MmGdf1 246  GPVGTCRTRR 1/ LHVSFREVGW
BMP MmGdf2 309 VGPLLARRKR /! STGASSHCQK
BMP MmGdf3 243  HCHPSSRKRR 1/ AAISVPKGFC
BMP MmGdf5 365 EYLFSQRRKR // RAPLANRQGK
BMP MmGdf6 346 GKKSRLRCSR 1/ KPLHVNFKEL
BMP MmGdf7 348 AGRGHGRRGR 1/ SRCSRKSLHV
BMP MmGdf9 297  EVERSPRRRR 1/ GQKAIRSEAK
BMP MmNodal 234  ERGGWGRRQR 1/ RHHLPDRSQL
TGF- CeDAF-7 225 TRPKGSRKRR /! SHAKPVCNAE
TGF- CeUNC-129 280 FGEETSREER /! ERIANEELAN
TGF- DmDawdle 457 IVIDMQNRRR /! KSRQKRSINC
TGF- DmMaverick 577 HRSNHDSTWR /! KDKWTNNCYK
TGF- MmAmh 437  GREGRGRTGR /! SAGTGTDGPC
TGF- MmGdf15 179 LRVAAGRGRR 1/ SAHAHPRDSC
TGF-p Mmlnha 224  APSAGERARR 1/ STPSVPWPWS
TGF- MmLefty1 211  GTWSSHKLVR 1/ FAAQGTPDGK
TGF- MmlLefty?2 211  GTWSAHKLVR 1/ FAAQGTPDGK
TGF- MmTgfbl 269 QHLHSSRHRR 1/ ALDTNYCEFSS
TGF- MmTgfb2 321  SQQSSRRKKR 1/ ALDAAYCFRN
TGF- MmTgfb3 291 PGQGSQRKKR 1/ ALDTNYCFRN
outgroup MmGdnf 111 QAAALPRRER /1 NRQAAAASPE



Table S3. Spacer between cleavage site and first cysteine of the ligand is hypervariable.

Subfamily Name Residues between cleavage site and first cysteine Length
Activin  CeTIG-3 NAPNFDVMVFQPNTVTAGTSD 21
Activin  DmActivin-beta RRAVD 5
Activin  DmMyoglianin SVYMD 5

STGILLPLQNNELPGAEYQYKEEGAWEERKPYKSLQTQPPEKSRN

Activin- MmBmp3 KKKORKGSHOKGOTLOFDEOTLKKARRKOWVEPRN 80
Activin MmGdf10 KKKDQDTFTAASSQVLDFDEKTMQKARRRQWDEPRV 36
Activin MmGdf11 NLGLD 5
Activin MmlInhba RGLE 4
Activin MmlInhbb KRGLE 5
Activin MmlInhbc RGID 4
Activin Mmlnhbe TPT 3
Activin MmMstn DFGLD 5
BMP CeDBL-1 SAQTGNSERKNRKKGRKHHNTEAESNL 27
BMP CeTIG-2 KGLYVDFDILGWKQWVIAPEGFSAFY 26
BMP DmDPP QPRRPTRRKNHDDT 14
BMP DmGBB SASHPRKRKKSVSPNNVPLLEPMESTRS 28
BMP DmSCW DLEKRRAGGGSPPPPPPPPVDLYRPPQS 28
BMP MmBmp2 QAKHKQRKRLKSS 13
BMP MmBmp4 SPKHHPQRSRKKNKN 15
BMP MmBmp5 AASKRKNQNRNKSNSHQDPSRMPSAGDYNTSEQKQA 36
BMP MmBmp6 SASSRRRQQSRNRSTQSQDVSRGSGSSDYNGSELKTA 37
BMP MmBmp7 STGGKQRSQNRSKTPKNQEALRMASVAENSSSDQRQA 37
BMP MmBmp8a AARPLKRRQPKKTNELPHPNKLPGIFDDGHGSRGREV 37
BMP MmBmp8b PLKKKQLNQINQLPHSNKHLGILDDGHGSHGREV 34
BMP MmBmp10 NAKGNY 6
BMP MmBmpl15 QA 2
BMP MmGdf1 LHVSFREVGWHRW VIAPRGFLANF 24
BMP MmGdf2 STGASSH 7
BMP MmGdf3 AAISVPKGF 9
BMP MmGdf5 RAPLANRQGKRPSKNLKAR 19
BMP MmGdf6 KPLHVNFKELGWDDWIIAPLEYEAYH 26
BMP MmGdf7 SR 2
BMP MmGdf9 GQKAIRSEAKGPLLTASENLSEYFKQFLFPQNE 33
BMP MmNodal RHHLPDRSQL 10
Unexpected conservation between MmNodal and CeDBL-1 in red
TGF- CeDAF-7 SHAKPV 6
TGF-B CeUNC-129 ERIANEELANDVRVVLLQNKNR 22
TGF-B DmDawdle KSRQKRSIN 9
TGF-B DmMaverick KDKWTNN 7
TGF-B MmAmh SAGTGTDGP 9
TGF-B MmGdf15 SAHAHPRDS 9
TGF-B MmlInha STPSVPWPWSPAALRLLQRPPEEPAAHAF 29
TGF-B MmlLefty1 FAAQGTPDGKGQGEPQLELHTLDLKDYGAQGN 32
TGF-B MmlLefty2 FAAQGTPDGKGQGEPQLELHTLDLKDYGAQGN 32
TGF-B MmTgfbl ALDTNY 6
TGF-B MmTgfb2 ALDAAY 6
TGF-B MmTgfb3 ALDTNY 6
outgroup MmGdnf NRQAAAASPENSRGKGRRGQRGKNRG 26
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Fig. S1. Prodomain trees. Trees for this domain are displayed as in Fig. 1. Red arrowheads indicate a cluster
that may reflect common regulation. For every tree except Activin+TGF-f nodes above 0.95 are significant. For

Activin+TGF-f3 nodes above 0.50 are significant. A) Activin. The significant cluster of Activin and Myoglianin



is unexpected. B) TGF-. The significant cluster of Dawdle and Inhibin-a was unexpected. C) Activin+TGF-f.
The significant cluster of Activin, Maverick and Myoglianin that is clustered with the four Inhibin-f proteins
and Dawdle's location near Inhibin-o. were unexpected but consistent with cysteine conservation in the
"Association region" and $8. D) BMP. The significant cluster of Gbb/Screw in all trees was unexpected. The
cluster of heterodimerizing Nodal and GDF1/GDF3 was expected. Red asterisk indicates node leading to two
symmetric secondary clusters. E) All family members. The not quite significant cross-subfamily cluster of
Activin, TIG-3, Gbb and Screw with Nodal was unexpected but three are known to heterodimerize and two
have conserved cysteines. The absolute cluster of GDF3/GDF1 with GDF15/Inhibin-a and this group's not quite
significant cluster with Myoglianin was unexpected. The not quite significant cluster of DAF-7 with the four
Inhibin- proteins was unexpected but is consistent with "Association region" cysteine conservation. The

cluster of BMP3/GDF10 with Myoglianin was unexpected.
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Fig. S2. Ligand trees. Trees for this domain are displayed as in Fig. 1. Green arrowheads
indicate a cluster that may reflect common function. For Activin, TGF-f3 and Activin+TGF-3
nodes above 0.65 are significant. For BMP subfamily and All family members trees nodes above
0.85 are significant. A) Activin. The significant cluster of Activin and the four Inhibin-f3 proteins
was expected. B) TGF-f3. The significant clusters of TGF-f1-3 and Lefty1,2 were expected. C)
Activin+TGF-f. The significant cluster of Activin and the four Inhibin-f3 proteins was expected.
D) BMP. The significant cluster of BMP2-8a,b with Gbb/Screw was expected and consistent
with functional heterodimers of BMP2-BMP6 and BMP2-BMP7 that have been reported. The
significant cluster of Nodal and DBL-1 was unexpected. Green asterisk indicates node leading to
two asymmetric secondary clusters. E) All family members. Several significant clusters are
expected such as the four Inhibin-f3 proteins and Dpp/BMP2/BMP4. A significant cluster of
Nodal and DBL-1 was unexpected. F) Cystine knot nodes above 0.85 are significant. Several
significant clusters are expected such as Activin with four Inhibin-f3 proteins, Dpp/BMP2/BMP4

and Gbb/Screw/BMP5-8a.b. A significant cluster of Nodal and DBL-1 was unexpected.
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Fig. S3. Full-length trees. Trees for this domain are displayed as in Fig.1. Green arrowheads indicate a cluster
that may reflect common function. For every tree except Activin+TGF-f3 nodes above 0.95 are significant. For

Activin+TGF- nodes above 0.85 are significant. A) Activin. The significant cluster of Myoglianin and



Myostatin/GDF11 was expected. B) TGF-f. The significant clusters of TGF-f31-3 and Lefty1,2 were expected.
C) Activin+TGF-f3. The significant cluster of Myoglianin and Myostatin/GDF11 was expected. D) BMP.
Clustering of GBB/Screw, BMP10-GDF9, BMP15-GDF9 and Nodal-GDF1/GDF3 are consistent with
heterodimerization that has been reported. Green asterisk indicates node leading to two asymmetric secondary
clusters. E) All family members. The not quite significant clustering of BMP3 and GDF1 with all of the BMP
subfamily proteins was unexpected. The not quite significant cluster between Nodal and GDF1/GDF3 was

expected.
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VLEKG-----======= SRR-===========—- YFQE--——==—========—
ATQT========== === mmm———— RE LVLRP---===========—
L FRCGT ———————————————

———%5— -B6-- ——ad---- --B7--- no-p8

——————— SVDVVRPYRDSViiéS RKAKQNE-----EFLJGFNITSRAHELP
——————— WRGAMALTPPPRGL{OA SIRIKAARRDG-----E@LWSAQLDTGEKDPG
ITNSNT-----

TSFNPKVKUFEFRHSHPSGLGOJVAVSRK SIIGNLGSIMTQ--~E --GAET-----

GGGRRHIRMRSLKIEBHSRSGHROS I|8FK HSWFROP-QSNWGMEMNAFDPSG-~~--~

——-GELQY --DRFEiR -ETLDKYH HISFHKWMK®K S SDKIl-
--GTRYTGMRSLKLD}

ISPGTGI SI KTRONWLK@P-ESN

G--IDKAIMFRASFQDPKNL DTHMREWYGHTSHE DCTGCGG-----
GLKGERSE.LLSEKVVDARKST HIFP ss ORLLDE-GKSS CEQCQE —————
--QGHGDRWNVVEKKVDLKRS HTFP OALFER-GER QCDSCQE -----
---YDTNLTLTSQYV|§OVNASGRYQLL GPEAQAACSQ GHLTMEM--VPESQVA-----
---TRCRGFRTFLAEHQTTSSGHALTEPSSGLRSEDS-GVV EFRPLDLNS-----

no bowtie —f9--- no-p9'- --f10- no-a5
KRMLFFPEPYWLVYANDA----—-—-—-—-- AISE PESVVSSLQRH“TAGTG ————— P
VPRPSSHMPYMLVYANDL----=-=-=====— AISEPNSVAVSLQRYDEMPAGDFEPGAAP
———————— QNI INALS==VLR= === === == = o e e
-------- WM---—-—-——————————————————KSLVVTTDNTSENPRTHHIEIGS--
———————— TD@AVTS-----=-==========——-—-—-LGPGAEGLH IE!RVLENT-—
———————— HDWAVTF------—---—-—-———-——-———-PGPGEDGLNEMWEWKVTDTP-~
-------- RYSLHLFQTSKLR----G---------NSSDYLSTNPN HTESSR--
-------- SGASLVLLGKKKKKEVDGDGKKKDGSDGGLEEEKEQS OARQSE--
———————— LAfVPVFVD------—==--————————————-PGEESH QARLGD--
—————————————————————————————————— HSSL-ILGWFSH QVRVE---
-------- TAAG---------—=-—-——————-—-LPRLLLDTAGQ EBKIRANE--

Fig. S4. Expanded Activin subfamily prodomain alignment indicating structural conservation. Sequences

from Fig. 2 with no omissions, similar underlining and accurate numbering. Ungainly leaders and trailers were

trimmed for brevity.
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CeUNC-129
CeDAF-7
DmMaverick
MmTgfbl
MmTgfb2
MmTgfb3
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

CeUNC-129
CeDAF-7
DmMaverick
MmTgfbl
MmTgfb2
MmTgfb3
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

CeUNC-129
CeDAF-7
DmMaverick
MmTgfbl
MmTgfb2
MmTgfb3
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

CeUNC-129
CeDAF-7
DmMaverick
MmTgfbl
MmTgfb2
MmTgfb3
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

CeUNC-129
CeDAF-7
DmMaverick
MmTgfbl
MmTgfb2
MmTgfb3
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

CeUNC-129
CeDAF-17
DmMaverick
MmTgfbl
MmTgfb2
MmTgfb3
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

15
19
245
27
18
21
20
20
204
233
118

351

53
76
282
86
76
78
63
63
213
285
167

405

249
138
441
163
187
161
140
140
213
370

289
190
498
212
243
216
192
192
213
426

289
211
554
240
285
257
195
195
213
451

——————————————————————— -LatencylLasso- =---=-=--02----

----IANCA DV -------- LMNETMRDL@HFKSSD----PNVTSFHRSSHT------
GLTFNCTNSGCIBKMKQHRTEY] E R0 KEARKGLKPMDPEJKSVYLEMY---R
——————————————— SKRVDETRISSHL G| KKLEDMRKVNISQAEYS========§

AAG-LSTCKTHEDMBLVKRKRIE Qi8S KR WA S PESOGEV PPGP@PEAVLALYNSTR

ALS-LSTCST) DM QFMRKRIE Oills TSPEEDY-PEPDEPPEVISIYNSTR
SLS-LSTCTT) DFGHIKKKRVE Qi8S KRIT S PRIE PS-V-MTHYPYQVLALYNSTR
EAL-T------- LGS DQPEVLDKADVEGYV I PSHVRTQYV -
AAM-T------= , --fiLss SQATLDSADVEEYAI PTHVRSQYV-
CSC=SGRPET === === = === = = = = = = = = = —

CES-NRQVEHHTEBQLTHLRIE FIRQONME K@RBKE SEKVSA---VE@PKPI FDGM-- -~
AYR-VHRALLWLTPTARPWDITRPL-KRALSWRGPRAGALRLRL---TPPPDLA--—-=~

AAT-EREPMPEHGPASAPWAAGLOR-REAVERQAAASELRDLPGLPPTAPPLLARL -~~~

end straitjacket--fl---
o e o o o o o o o o o TEHMKNLMENFIDEDSNEDGNLVRAIEPAVGKFEGQEVLVFDVE

EKDEQDM-----~- GVEMSFYTAKD= === === === = mm - mmmm oo
KYMEYLSRLR----SNQEKGNSYNNFMGASFT
DRWAGESAD----~ PEPEPEADYMAKEV-—-----==~

EKASRRAAACERERSDEEYMAKEV-========
ERPEEMHGEREEGCTQETSESEYMAKEI - --=—-~--~
HSHASR----SRGKRFSQNLREVA--=====-~
GSHADR----SRGKRFSQNBREVA--------=

begin arm --f2-- --- a3--- --f3--
TLKKIRVGGDENLE----- EYK--VI@DATKS-VFDSYHLDAKOS I

--L--LRGEQDT----=-=-~ MNILLH@P@TNAQDANFHHDKY MLLYSSSL---
——————————— DISH---SIY---MF@NTSDIREAVPEPPLE WORLKS------
SQV--LCGYLDAIPPTFYRPYFRIV ST---MEKNASNM IFRLONPK--~~
------------------ GITSKVF I (ILRVPNPS--~~

p f
LDNEDREPIKRKNGKENSLSEEISSEDVIOGEGEERSREE
TSGIFA---TK-GSERISIQLPIDT

§GF--QETRTQRIE
--TPTDTPE| s
KTRAEGE]
PTRGTAE]
-SIHES
SIHES
., TR To—

PI-QGIFVKAMLDGRNV
HENLGIE--IQCDKCKSIGA--RILSDFSPSTPPRSTASSDEHLNLMPVLNIIGHGTLNS

DGIQGERESAHCSCDSKDNK============== === ——m o —— LHVEING---I
DRNLGFKISLHCPCCTFVPSNNYIIPNKSEE================== LEARFAGIDGT

ESNLGLEISIHCPCHTFQPNGD-ILENVHEV=-----~ ---MEIKFKGVDNE
RP == R = = = = = m
e

QTTADVDNMRLQL--============~—

QQHGDADIHQIMLTNNRSDQYV

SPKRRGDLGTIH-===-~ DMN LMATPLERAQHLHSSRHRR----~-
STYASGDQKTIKSTRKKTSGKT] LMLLPSYRLESQQSSRRKKR----
DDHGRGDLGRLK---KQKDHH LMMIPPHRLDSPGQGSQRKKR---

Ling-OVSVQ--REHLGPGTWSSHKLVR
Ligg-OVSVQ--REHLGPGTWSAHKLVR
HTRAR--APSAGE--RARR----
IDMONR--RR

Fig. S5. Expanded TGF-f subfamily prodomain alignment indicating structural conservation. Sequences

from Fig. 4 including underlining and presented as in Fig. S4.
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DmMaverick
DmMyoglianin
MmGdf11
MmMstn
CeTIG-3
MmTgfbl
MmTgfb2
MmTgfb3
CeUNC-129
CeDAF-7
MmBmp 3
MmGdf10
MmInhba
MmInhbb
MmInhbc
MmInhbe
DmActivin-beta
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

DmMaverick
DmMyoglianin
MmGdf11l
MmMstn
CeTIG-3
MmTgfbl
MmTgfb2
MmTgfb3
CeUNC-129
CeDAF-7
MmBmp 3
MmGdf10
MmInhba
MmInhbb
MmInhbc
MmInhbe
DmActivin-beta
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

DmMaverick
DmMyoglianin
MmGdf11l
MmMstn
CeTIG-3
MmTgfbl
MmTgfb2
MmTgfb3
CeC53D6.2
CeDAF-7
MmBmp 3
MmGdf10
MmInhba
MmInhbb
MmInhbc
MmInhbe
DmActivin-beta
MmLeftyl
MmLefty2
DmDawdle
MmGdf15
MmGdnf
MmAmh

245
202
69
49

365

293
251

B B LatencyLasso- Sl Vbbb

SKRVDETR-[BEHL) KKL-EDJRKVNISQA----EYSSKYIEYLSRLRS-----~
AKVDS[E3S - I8SMH| KL-BNMTKPI-------- SVPONIIDNFYRDYNASS-KT
SREL ~isopts EA-BNMSREVVKQLLPKAPPLOQILDLHDFQGDALQ-P-
TRYS -paTops TA-NMSKDAIRQLLPRAPPLRELIDQYDVQRDDS -~ S~
L ) e
VKRK SQGEVPPG--~---~ PLPEAVLALYNSTRDRVA-G-
FMRK DY-PEPD------ EVPPEVISIYNSTRDLLQ-E-
IKKK PS-V-MT------ HVPYQVLALYNSTRELLE-E-
------- L-HNE f----------TSFHRS-----==--cmcuuuuu
MKQHRTE- GLKPMDPEMKSVYLE-M-YRDLLEK-D----- EQ
VSEH d SQLPGPQPL-=============mmmmmmme oo
VAIHMBRLYERYNRRG-=-=—=======-=== APP---————mmmmmmmmmm e
SQPE VK TQPVPKAALLNAIRKL------- H-====-- VG
VDGD VK THAVPKAAMVTALRKL------- H-=====- AG
QRELLIPL-ARKS S OR-BTSRPVSRGALKTALQRL-~~~--~ R-====== GP
ERAL K HTSR-[RITRPLPQAALTRALRRL -~ -~~~ Q------- PK
MNE== = === = == = = = o e NALKKSTYPIDINHSIDNKTHTG
————————— LGS DOP-BVIlDKADVEGMVIPSHVRTQYVALLOHSHAS----R
————————— ULss SQA-ETIDSADVEEMAI PTHVRSQYVALLQGSHAD----R
LTHLl;F Q.EK'I;.KES—SA--—VELPKPIFDGM----TLSHPDDS——--T
ARPWDMTR-PL-KRALSRGPRA-JAMRLRL--~TPPPDLA-------~ MLPS---=---

SAPWAAGL-QF-RJAVE@QAAAS-ELRDLPGLPPTAPPLLARL---~LALCPNDS---~-R
end straitjacket -fl-- TGF-f

——————————— NQEKGNSYFNNFMGASFTRDLHFLSITTNGFNDISNKRLRHRRSLKKIN
TVWNRMESIDESHLSINDTYGDHIMTDFFDESSSSQMQGDDANTVNEFLIDLNKNQAKKS
EDF---======= LEEDEYHAT--============——————m e TETVISMAQETDPAV
DGS--======== LEDDDYHAT-===============——————— TETIITMPTESDFLM
——————————————— KHDLYGG-=---==============----~VLDKITLEPNRK--~-
ESAD------ PEPEPEAQYYAK-~————===============—= EVTRVLMVDRNNATY
KASRRAAA-CERERSDEEYYAK-———=========——————ooou EVYKIDMPSHLPSET
MHGEREEG-CTQETSESEYYAK-============—mmmmmmmm EIHKFDMIQGLAEHN
B
DMGVE-----~- MSFYTA============——mm——mmmmm oo KDPSYGEN----~
RGG= == === == m = m NTVRSFRAAAA------—
GGG===== === == m e NTVRSFRARLE------~
KVGmm === === = e e e e e e EN----- G-—-—-- Y
KVR === === = = = o e o ED----- G-———-- R
RRE= === === = = == m oo o o Tommmmmmm -
S T
KNG-E------ MSHNDYEYFNDYSVQ-=-=========~ THDKNRYHEGRSSIGYQPATHN
SRGKR---=-~ FSQNLREVAGRFLVS-=========== ET-==——mm——mmm——mm S---
SRGKR---=-~ FSQNFREVAGRFLMS-===-======== ET--——=mm——mmm——mm S---
KNK-E-----— LDDYYARTSKKFILL--===-====--= NR--EEVECNRARDGKSNP---
-GGTQ------ LELR-—=========————————— oo LRVAAGRGRR-------~
SSGDP------ LRALLL---LKALQG---==-=-===-== LRAEWHGREGRGRTGR---—-—
end straitjacket -fl-- Activin
RLNQNPKKHQONYGD=-=========~ LLRGEQD----- TMNILLHQPLTN-=-======= AQ
DIPINTNDE-EYES----====-=- ILSHISS------ IY---IEPEEIQPHVRHNRKVD
Q-====- TD=======——————————————
Q-=-===- AD-====———mmmm e ——— e
=SWICLTPE-===== === e e e e e ——— e ———
EK-==-- TK-mmmmm s e e e
VCPVVTTPSGSLGS
ELAVC--PK-=-=—--m o m e e e e
-LTE--HMKNLYENFIDEDSNEDGNLVRAIEPAVGKFEGQEVLVEADVEG-FDSHESIMRA
————————————————————————————————————— PSQLVAKIIDVTN-DLERSDILQA
-GTP--QTKG--=======-—-—————m—mmmmm—mm— e LHT@PNLTS-LTKSENILSA
=MI-=-DQKP=======m—— e m e — e — e —————— VY LTS-MQDSEMILTA
VEIE--DDIGRRA-=-==============- EMNELMEQTSEIITHRAESG----T---ARK
VEIP--HLDGHAS-----==-=========-- PGADGQERVSEIISEBAETD-GLAS---SRV
-LLE--H-----=---------mmmm e DQRQEEYEIISBADTD-LSSI---NQT
B GN---REKVISHATII-DKST-STYRS
IEYE--NQKGHHESFADDHEN-------- IDHEDFFGNTQEIITJAEEG-TQYR---QYR
_______________________________________ TH___________________
——————————————————————————————————————— TH===— e e e e
_______________________________________ SM_______-______-___-

Fig. S6. Pagel

12



begin arm -f2-- o3 TGF-f ————————————- p3--

DmMaverick
DmMyoglianin
MmGdf11l
MmMstn
CeTIG-3
MmTgfbl
MmTgfb2
MmTgfb3
CeUNC-129
CeDAF-7
MmBmp 3
MmGdf10
MmInhba
MmInhbb
MmInhbc
MmInhbe
DmActivin-beta
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

DmMaverick
DmMyoglianin
MmGdf11l
MmMstn
CeTIG-3
MmTgfbl
MmTgfb2
MmTgfb3
CeUNC-129
CeDAF-7
MmBmp 3
MmGdf10
MmInhba
MmInhbb
MmInhbc
MmInhbe
DmActivin-beta
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

DmMaverick
DmMyoglianin
MmGdf11l
MmMstn
CeTIG-3
MmTgfbl
MmTgfb2
MmTgfb3
CeUNC-129
CeDAF-7
MmBmp 3
MmGd£f10
MmInhba
MmInhbb
MmInhbc
MmInhbe
DmActivin-beta
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

377
350
160
139

38
133
157
131
109
125
129
128
135
162
114

467
421
222
193

187
218
191
156
170
181
185
204
216
163
154
746
165
165
213
395

DAN[JHEDKIDEANVRLMLY ---SSSLATNFRRGPGSRKNKISQISGNDNI
VF DS------ SYSDWS-—-—=====—==- LH@YLRGWDWIS-----=======-
~CH@HFSPKV----MFTKL~~---======~ LWYYLRPVPRP=============
-CFRKFSSKI----QYNKWV-==========~ LWMYLRPVKTP-----=========
CFOMSHNSINHEILSASLif-———=======——--mmo——um IDPKD======m=mmmmmmm
-UF@NTSDIREAVPEPPLWS ———————--—-~ LRBORLKS = ======m==m === mm e -
14 ST---MEKNASN@V-------===-- FRYFRLONPKA-==-=========——
VF SS---VEKNGTNWF------====-~ FRYLRVPNPSS-=============
EfJHGY#RR--RDSFARR-RS-=-RQIR--=========== e
TWTVSHIE I~ = PAKDS == == === === = = = = = = e e e e e e e

YWGE--LVNI---S@SC----========——oceeopouuu E ——————————————
YSEP--PRWPRAREWYFC-~-=============———K===PR-=====—mmmmm
FESK——EGSDL—S E----——=== gEFLKVPKAN ——————————————
SN--EGNQN-LFj§V--------- SLWM@YLKLLPYV-—-—-----—=—=-—-
HFSG--RMASG-MElR-----------~ QTRFMFFVQFPHNA --------------

SAQN--RRVPS-QKWSIRSAQIHIRIDKPHSLWMEKAKSLPE-----=========
VUEQ--RLPPN-SE LRWFQEPVP-R-======mmmmmmm
YEQ--RLPPN-SE]| LRWFQEPVP-R-=======mm———

Activin-a3 ---p4--
ERHCNFGDVNLNQS----NKNSSQ YQLLSANRR ————————————— RKITSRK-
-AHQ---PGLLEEI----KKQPRK HRAIRVANTT-----~ SFNPK---VKMFE-
-------------------------- ATVYLQILRLKPLTGEGTAGGGGGGRRHIRIRS-
-------------------------- TTVFVQILRLIKPMKD--------GTRYTGIRS-
f{YE---VDEL--------- FGELQYVDR---
---------------------- SVEQHWEMYQKYS—---=---=--=--=-NNSWRYLGNRL-
————————————————————— RVAEQRMEWYQILKSKDLT--------SPTQRYIDSKV-
————————————————————— KRTEQRMEMFQILRPDEH---------IAKQRYIGGKN-

*VFQLSTSINITEKGIDKA ------ IIFR---
------- TALRRQ-KRLSPHSARARMTMEWLR------FRDDGSNRT------A-LID--
——————— TALRRF-ERLSPHSARARYTMEWLR--~----VREDGSNRT------A-LID--

_____________________________________ KEGIGIE_-________-_____
--p5--- -p6-- --- ag---- -—=f7--- -- p8- bowtie

-IEFGNVGFQETRTORIEFB-FBKAERSWLNKS - HEN GIE --CDKCKSIG--ARILS
----FRHSIPSGLGQ@VA KSLWGNLGS----~ NYUTQEML IKGAE-TWMK=-~---~~
----LKIELHSRSGH@OS I8~ FKQVIHSWFRQP-QSNWG IE@NAFDPSGTDLA-~~===~
----LKLDMSPGTGIfOS I-FKTVHONWLKQP-ESNG I EMKALDENGHDLA- -~ ——~~
----FE---IRETLDKYHF8-#8H LFHKWMKQK~SSDKMIKME I TNSNTQNVINALSVLR
LS QWLNQG—DGIQGEBEgAHg§_DSKDNK ——————
LS EWLHHK—DR SLHCPCCTFVPSNNYIIP
----LP---TRGTAE@LSFl§- @D TIyREWLLRR - ES GLE SIHCPCHTFQPNGD ILE

O Q

---VDVVRPYRDSVSE@LSKE- MO L#RKAKQNEE - FLUGFNTSRAHELPKRM- -~ -~
IMKAARRDGE-LLWSAQWDTGEKDPGVPR-—---=~

SMORLLDQG-KSSWDVRMA-- CEQCOESGAS--~-~-
ALFERG-ERRMNLDJJQO- - CDSCOELAVV----~-
YQLL-MGPEAQAACSQG-HLTWEL--V-~ PESQVA---=-=-===
HALT-WPSSGLRSEDSG-VVKMOLEFR-- PLDLNSTAAG--~-~~

KEB- D TRREWYGHT SHEKWRLLiD-- CTGCGGRYSL-- -~
-SRLV----STHESGKAFS- FWQQLSRPR-==========————————— ==
-SRLV----STHESGKAF{§- FWQQLSRPR-============———————————

-~LLLSEKVVDARKSTRHIFP
-WNVVEKKVDLKRS
-TLTSQYVVQVNAS
-FRTFLAEHQTTSS
----ASFQVDPKNL

Fig. S6 Page 2
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DmMaverick
DmMyoglianin
MmGdf1l1l
MmMstn
CeTIG-3
MmTgfbl
MmTgfb2
MmTgfb3
CeUNC-129
CeDAF-7
MmBmp 3
MmGd£10
MmInhba
MmInhbb
MmInhbc
MmInhbe
DmActivin-beta
MmLeftyl
MmLefty2
MmInha
DmDawdle
MmGdf15
MmGdnf
MmAmh

bowtie—-f9-- no-f9°'- --f10-- --a5--

520 DFSPSTPPR----=========————————— STASSDEHLNLMPINI IGHGTLN----
463 —------ SLVVTTD-=====================c NTSKNELTJHIEIG---------
269 —------ VISLGP--==============——————— GAEGLH wEERVLE ---------
240 ------- VTFPGP--==========———————m— GEDGL EQKVTD--------~-
135 oo

232 ----- LHVEING------ ISPKRRG-DLGTIH------ DMNREEFBBIMAT PLERAQ -~~~
269 NKSEELEARFAGID---GTSTYASG-DQKTIKSTRKKTSGK LLPSYRLE----
241 NVHEVMEIKFKGVD---NEDDHGRG-DLGRLK---KQKDHH MIPPHRLD----
191 ——mmmmmmmmmmm e RPYA---—======== EMIRKSTgga@tY SKVNHTLDTVSV
216 o VDNYRLQLSTRPK---~-
229 —------ LFFPEPYI----LVYANDAAISEPESVVSSLQRHRDTAGTG----~ PR----
233 —------ PSSHMPYI----LVYANDLAISEPNSVAVSLQRYDEPAGDFEPGAAPN -~~~

254 ——----- LVLLGKKKKKEVDGDGKKKDGSDGGLEEEKEQSHRIZ@BMOARQS ~~~—— -~

207 ==mmmmmmmmmmmmmmm——ooo HSSL-ILGWFSHRIG@YAAQVRVE-————=-~
204 —=mmmmmmmmmmmmmmm—moo LPRLLLDTAGQQRISEFK IRAN-------~
794 —------ HLFQTSKLRGN-—==========~ SSDYLSTNPNRISGABIHTESS————---~
195 = m - QVSVQ-———---~
195 = - QVSVQ-———-=--~
213 mmmmm AHTRAR------=~
445 —------ EIIS-—-=—=====——mm———mmm——ee VDKDY RIggIBIDMONR -~~~ —— -~

Fig. S6. Expanded Activin+TGF-f subfamily prodomain alignment indicating structural

conservation. Sequences from Fig. 6 including underlining and presented as in Fig. S4.
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DmSCW
DmGBB
MmBmp8a
MmBmp8b
MmBmp 6
MmBmp 5
MmBmp7
CeDBL-1
MmBmp10
MmGdf2
CeTIG-2
MmGdnf
DmDPP
MmBmp2
MmBmp4
MmBmp15
MmGdf9
MmGdf1l
MmGDF3
MmNodal
MmGdf5
MmGdf6
MmGdf7

DmSCW
DmGBB
MmBmp8a
MmBmp8b
MmBmp 6
MmBmp 5
MmBmp7
CeDBL-1
MmBmp10
MmGdf2
CeTIG-2
MmGdnf
DmDPP
MmBmp2
MmBmp4
MmBmp15
MmGdf9
MmGdf1l
MmGDF3
MmNodal
MmGdf5
MmGdf6
MmGdf7

DmSCW
DmGBB
MmBmp8a
MmBmp8b
MmBmp 6
MmBmp5
MmBmp7
CeDBL-1
MmBmp10
MmGdf2
CeTIG-2
MmGdnf
DmDPP
MmBmp2
MmBmp4
MmBmp15
MmGd£f9
MmGdf1l
MmGDF3
MmNodal
MmGdf5
MmGdf6
MmGd£f7

——————————— RRQAEP-——==============—--
----------- THLSSHQL--==============-~
----------- RPRAQPAAA-—————==========—
----------- RSRAPVGAA-———=======--—--~
----------- RPLHGLQQPQPPVLPPQOOQOQQ000

-KD---KLK--PDPSTLVEIEKS
------LSR--PSEDVLSEFELRIB#SM
GGR---RSG--QSHELLRDFEATBSOMFIGBRRR--Q--PS—==========————————
----LADDPTLPSILDLAKEA-=-=-=-PG========= KEMKQ================——~
---GTDRSGLLPPLFKVLSDR-==-RG========~ ETPKL==============———m
PAPASMG----PAAALLQV-----~- -E&GrErBRSVPTHR-
- MHE KA P-HRFO-
APTRAALPL--WTRGQ
PRE[--KEPFR

NIVERBRTLGY----QEPHW
NLVEYBKEFSP----HQRHH
NLVERBKDFSH----QRRHY
NLVEHBKEFFH----PRYHH

AHSLNRKSLLAPGPGGGASPLTSAQDSAFLN
AHRLHLP--PRTPLTTQSPPLASLHDTNFLN
-QGFSYP--YKAVFSTQGPPLASLQDSHFLT

———————————————————————————— STPASNJ SVEDAISTAAT---EDFPFQK
———————————————————————————— AWLSPDREVEHMAQEVS----H---R-LDDGS
ARALPRR--—=—=============— ER-—=====—==— =
—===PKP-======—————————— GLLTKS HKDSKID-DR---F-PHHHR
—===HRL----======————————— ERAAS HEEAVBELPE---M-SGKTA
GTGLEYP-===========—————u ERPASRENTHREHHEEHLENT PG---T-SESSA

——————————————————————————— NRTI RLVKPSANTVRPPR-GSW----HV
——————————————————————————— SRSHLYNTHRLS PCAQOBOAPS-NQVTGPLPM
—=RPCHV--=====———mmmmmmme EELGV RHIPDSGLSSRPAQPARTSGLCPE
==DLCYV--=====—mmmmmmmmmo KELGV OLLPDQGFFLNTQKPF-QDGSCLQ
————————————————————————————————— RELOAQDVD----------VTGQN
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Fig. S7. Expanded BMP subfamily prodomain alignment indicating structural conservation.

Sequences from Fig. 8 including underlining presented as in Fig. S4.
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Fig. S8. Expanded All family members prodomain alignment indicating structural conservation.
Sequences from Fig. 10 including underlining from Figs. 2, 4, 6, 8 and 10 are presented as in Fig. S4. Note that
on the top half of Fig. S8 Page 1 there is an exception to the presentation of accurate numbering (shown by a
double backslash). We removed a completely nonconserved stretch of 25 residues from Activin for efficiency of
presentation. This allowed the unexpectedly conserved cysteines in the Association-region of ten proteins to be
displayed near the structural features of the straightjacket. In the Association region unexpected cysteines
conservation is underlined in red with known cysteines in TGF-f1-3 underlined in black. Accurate numbering
for Activin resumes with the next alignment set below. All other numbering is accurate throughout. Also note
that in the top half of Fig. S8 Page 4, the dimerization region 38 displays unexpectedly conserved cysteines in
eight proteins underlined in red. Known (38 region cysteines in TGF-$1-3 are underlined in black. The features

of TGF-B1 not conserved are a3, 5, B9 and a5. Features of BMP9 that are not conserved are 5 and p9’.
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