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B. Percent Identity

SEQUENCE %ID SEQUENCE % ID SEQUENCE % ID | SEQUENCE % ID
HUMAN 100 PRIAPULA 39.13 MOSS 27.12 | PARAMECIUM 19.2
TASDEVIL 76.74 TRICHOPLAX 38.96 TRICHINELLA 27.1
PLATYPUS 75.07 APLYSIA 38.8 GLOBOSUM 27.06
TURTLE 71.85 LIMULUS 37.87 SYNCEPHALASTRUM 26.81
ALLIGATOR 70.16 CAPITELLA 373 LIGNANO 26.75
OSTRICH 69.69 SPONGE 35.36 KLEBSORMIDIUM 26.73
GECKO 68.51 SCORPION 34.13 CLUBMOSS 26.14
CANARY 67.87 OCTOPUS 34.1 FLEA 25.89
CAECILIAN 67.78 CIONA 33.31 BEETLE 25.84
COELACANTH 65.37 SPIDER 32.97 AEDES 25.48
STERLET 64.82 ROTIFER 32.76 AMPHIPOD 25.26
XENOPUS 64.29 HYDRA 32.12 COPEPOD 25.25
BSHARK 62.27 TICK 31.54 NEOCALLIMASTIX 25.24
ESHARK 62.16 SALPINGOECA | 30.31 WHITEFLY 24.71
GAR 61.72 TERMITE 29.94 WHIPWORM 24.28
DANIO 58.41 SHRIMP 29.87 STYLONCHIA 23.96
LANCELET 43.55 MUDCRAB 29.6 MIDGE 23.95
STARFISH 42.62 LOBOSPOR 29.33 BOMBUS 23.47
SEA_ANEMONE 41.84 GLOMUS 29.2 STENTOR 23.47
STONYCORAL 41.33 PVIOLACEUM | 28.96 DAPHNIA 23.2
SEACUKE 41.16 DPURPUREUM | 28.57 APHANOMYCESa 22.71
SEA_URCHIN 40.96 PALUSTRIS 28.15 APHANOMYCESe 22.62
SCALLOP 40.12 HALBUM 28.03 ANT 22.07
LINGULA 39.84 BARNACLE 27.77 BREMIA 21.61
SOFTCORAL 39.82 TARDIGRADE 27.65 PLASMOPARA 21.49
LIMPET 39.41 LIVERWORT 27.52 PYTHIUM 20.98
OYSTER 39.36 FUNGIVORUM | 27.18 TETRAHYMENA 20.77
SNAIL 39.34 THRIP 27.15 OSTREOCOCCUS 20.07
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C. Clustal Omega Alignment All Phyla.

PARAMECIUM MNV-LLEKELQKLAAGNYQ
TETRAHYMENA

STYLONCHIA

APHANOMYCESa

APHANOMYCESe

PYTHIUM

PLASMOPARA

BREMIA

AEDES MF'

MIDGE DODVVKRLLEKLRQQLKN -
BOMBUS ME KTFMDIFERAVT

ANT MD-SYQTFIDIFKQAAS—
WHIPWORM MVIQ-VLDELWSKLQSLKTSADKGD-
TRICHINELLA MAYS-TVDRIRDALNSLKDFIEGAD-
BEETLE

BARNACLE

THRIP MDKDIESLWLCLPA-KE:

FLEA MAS-IVEDTFKDLKLCIQT-KQGT-
WHITEFLY MA-EIDEILQDLSHIPSE-P--
TICK MSE-QIREAL---QRLNAS-DHLA-
TERMITE MMGS-ELIGFVEVINSCISG-NHLN-
DAPHNIA MEN:

OSTREOCOCCUS MA

STENTOR MER

KLEBSORMIDIUM MET-'

CLUBMOSS MDS-

MOSS MDK

LIVERWORT MDQ-

LIGNANO MSSD-DIRFVIDKFL---KDPE
COPEPOD ME-RLEEDVGELCELLSHLESSPGDIQ:
GLOBOSUM

PALUSTRIS MASQ--AAVE-]

NEOCALLIMASTIX MSTNIDI

GLOMUS MS LD~

LOBOSPOR MNSQLDLIRL~-SLVELLL PDNVDSQ-~-~
SYNCEPHALASTRUM MS 'VSV-SIEACLQDLSEALRTSLSLK-—=-————
FUNGIVORUM —=-MTKi TYISPSCDTLP HLEILLAGIFHLLGPNGETQGKKDVTD
HALBUM MFKNMN-NVDSIYQ-RIDGYLVKLHQSVGGTTSTS--TTATT
DPURPUREUM --NSP-INNNIYQ-RIENYLNKFFQTITDNQSQS--IDTTN
PVIOLACEUM —-MNNNNSNNSNNE--QVTTKLNI-VNNGIYQ-KLSNYLRKLYDIVDKF-— -
AMPHIPOD MAIE-SHN-

SHRIMP =

MUDCRAB MA RED-'

TARDIGRADE MASR

HYDRA M

SALPINGOECA MAAARS

SPIDER M

LIMULUS MTGHVG-!

SCORPION MNEITN-

ROTIFER MN-

CIONA MA

OCTOPUS MAR

CAPITELLA MAR

LIMPET MA

SCALLOP MAAS

LINGULA M -NLODLLCTLHSC

OYSTER MAAS-LLEDNLRSLNECLTTADNSS—
SNAIL MAA-TLEETLRSLHDQ---SGASA-
SPONGE MESRIESLWESLHSSSP-Q-
PRIAPULA MARTV-RIEDHVQTLLESLPSDDREA-
DANIO MAADTSTVG-GIQGYLLKLHSSLEDTVSTN-
ESHARK MAGPRGAAA-DTLSAFSKLHHLLSLSDVKS—
BSHARK M: A ~EVERRLOQLEQLLSAQDSRS -
XENOPUS MLLAGAGGSSGDG- QDGVASGPAESAA-GILGRLHQLHGLLSL-ESGV-
STERLET --MA- QPGSCSVGAG-GIQGNLHKLHSFLNATDAKS -
GAR MAGS IQGYLOKLHSLCGAGETKQ-
HUMAN MAGSGA-GVRCSLLRLQETLSAADRCG-
PLATYPUS MAGSVP-GPQGSLLRLORFLEAEDAGV -
TASDEVIL M. LOGSLLQLQELLSGGDPGS-
COELACANTH MA EE! PSAVE-GVSGYLLKIHSSLTVTDTKS————--—
CAECILIAN MS 'VPGVGGDSAV-GVQGSLLRLHASLSSKDPGL:
CANARY MA-GVQQCLLOLHRCLOPGDAGG-~————~
OSTRICH MCS

GECKO MAIS LPVA LQGLLLQLHGTLQSPDPAS -
TURTLE MAAA LPV IQGSLHQLSCALQDPDPGT—
ALLIGATOR

APLYSIA MAA-NVANFLQSLHDFIDASI-SS—
TRICHOPLAX MAS-NLSQLLIDLHALLNLQS-LH-
SOFTCORAL MTE-VIDRYLNQLNSCLKTLSSSR-
STONYCORAL MSD-LLNRYLTHLHSLPSL-DAPH-
SEA_ANEMONE MTD-AISSRLLOLNELVAEESPLR-
SEACUKE MAVP-QISAKLSDLYELLKSSRDTQ-
LANCELET M SLEARLSELHALLAESDHGH-
STARFISH MATA-DLPVKLSELNGLISTKSGLH-
SEA_URCHIN MAAA-ELQRHLAELHEVIDSGGTAH-
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NOSKCLET
TNLTE
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AALQATEDLQD
DQAEDCVQQ
VASKQCNQLLTN
GDPERAIGLILN

HDAKILIHR
KAKLCISN
D-AQAAENYKQR
E-ALPLAEEVER
---------------------- K-YIEAKSNISN---
NVAEQVND:
TSTSGTISV-
TDPESIIDE
SAEELVRRVED ~LCTNLT-
SETDLGVTVDD ~FCSQLV-

LKESKA
_______________________ TLNSAELLARS--~
DIAE. \VVD--—

APAMVDQLTSECTPISEAINSSKDFEGD:
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~INNNNNSFK-FENDLLLINE
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AEI-GLCSSKIMASEK- SFLEFLTNHVLDK-
SQI-SLCNSKIFNSDL~- NLFTYLENNRTYK—
ADL-AFISSKIF] SLLEFLRENSLHN.
RAAAELCCFRLFQTTPGQQHAPSLLSIMOL-~~QD~
RAAAEKCCSRLFHGSSGP--TPSLLDILOL-~~QD-
RGLAQQCTILLFQSHEPP----SLMEFLDQSGRMS~
RASAQQCTILLFQSAEPP----SLLRFLSTSAEFT-
----- RASAQQCTILLFQSTDPP--~--NLLRFLSSSANFA-~-~~-D-
PPSLPKKT-VYRQYYLDTLINSP---NGILSFLQRS-~-IKAS
SEV-YYAVELLLEWNEQK---IDVLRFLAKSLHILKS-~EK~

LKSFLDAL
GIIPFIKQHISEV-
GIITLLHKLLRKT-
SLVSFLKKHVATD-
ILOFIQKALKQD
~-NESVIPVLLNRQN LVPLLSKFRDFR
LLASGAIHAIFDAER ,LTAYVRET A
PSM-AFFSSKLLNSEV. SLLOFILKNRTDS
DEL-AFASSVLFDED. IFAFLEAAL--P
EDF-AFAASAVFDRDT IFCVVDRLRISR
EDI-SYAIAIVFDEDT IFSILESLLRVR
EDV-SFALALVFDRED- GIFSIVQLLLSIK-
NFKHNKYLAILFDEPE LVYRLQSKEV:
GLFPKLKKIAGEK--~~-]
GILQLLRTNKDAF-
GALQFLRLSLGNK-
GILTFITRTMKYK-
GIIKFLNDTSRVT-
GIMLFLRKALDKT-
GILRFMRYNGSTK-
SLLKIVSLSYGDQ-
NLLKFLERSVLIN---~-
SLLKYLEKTSTLN T

 IITFGRSVSKDQ:

 IIAFGTRVTKEQ: A

'FCAILADA S L
 ILKFLKLSIGSN: E LENAK-
GVLSFLRQL. LELYEECK-
GILSLLRNLLIVK-———- EBemm————— LRNVK-
KET-AYMCSLVFNEDL: ILTVFLKKTASLS FONGK-
KDR-SYVCSLILRKED iFLHFLEEAVNT! S LKDSL-
= NLLTFLRKTITRD--—-- ) FRGCK-
-  ILLVLNKNVSLA LKPSR-
- -GVTTFLRSNANQP- T EIR-
LIKFLKKIIQND: E FEGCK-
GVTTFLOKISKKN E YOGSNA
 IITFLNKTVNKD E FLGCK-
iLVSFVKKVVKOQ. E YDSTK-
LVSFLSETVTK] E FQTCK-
 IIAFLOKVAAKD: E FQSTK-
- SEL-AYSSSVLFNPDN  ILKFLHDVTTLE E FASCK-
- RDV-DLTCSVLFSEDR GVLIFLRRAIPLD E FKLAK-
NEL-VLQTSLLFAKEE ILLSFLRRSLSTE KLGTTGVEILRETR-
SQL-ALQSSMVFSKDT  LLVFLRKSLRFE E FRDSR-
SRL-ALHSSLVF SKDE; ILLIFLRKSLSNE E FRDCR-
SAL-DLNTSLIFSKEF LLAFVRKSLSSD: E FKDCR-
NEL-VLQTSLIFSKEN: ILLAFVRKSLNIE D FRDTR-
NEL-VLRSSLLFSKED JLLSFLRKSLSSE D. FRDVR-
AVL-ALQTSLVFSRDF - GLLVFVRKSLNSI-: E- FRECR-
AVQ-ALHTSLVFSKEF ILPVFIRKSLDIE E FRDCR-
AVL-ALQTSLIFSKEF ILLVFIRESLSIE E FRDCR-
NEL-ALHISLIFSKEI JLLIFLRKSLSSE E FRDNR-
SVL-ALQTSLIFSKEH ILLAFTHKSLGIE E FRDCR-
GEQ-ALHLSLVFSQEY ILLVFIHRSLTIE E FRDCR-
LPA-ALHISLVFSQEY ILLVFIHKSLGIE E FRDCR-
'VAR-ALQTSLVFSKED ILLAFTHKSLSTE E FRECR-
GAR-ALQTSLVF SKD: JLLVFVRKSLSME E FRECR-
SAQ-ALQSSLVFSKDQ ILLVFIRKSLSIE E FRDCR-
EET-EYVCSLVFAKDT iLISFLQKTOQ! E IQNGK-
AEK-AYCSSALFGQDY-————— GVVTFLRKSIGLD———~-] De—mm LDKCK-
TQL-AYCSSLLFNQDD: LITFVKAVVQLD- E FAKCK-
SEQ-AYYSSLLFSGET---—-— SIVSFLRKVITLD-———- ) FQDAK-
SELGARCSSILFDDKT I IRFLHKTIANQ: E FVECK-
TEQ-AFATSEVFHKI LLSLLKSIAAKE E FTGCK-
RDV-AYCCSVLFQEST- GITAFLRKTVTLD-: Q YLPAK-
NEL-AYCCSQLFNKDN:  ILVFLNKAIPKD: E LKGSK-
NEL-AFCRSELFQKET  IITFLOKAVSKD: E YGGSK-
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KKSLYQILAKYIKNYVQ- -EYLESIISTCIQNF-KKEE-SGV
~EYIELICKNCMSLF-KKEE-SNQ
-PYLKLLKDTCLRSF-RSDH-NSL
~T-TLRHAVAGHVGSITQACCILLLSSQL-PSK
~T--IRQSLASHVETLVPTCCNVLTSSQM-ASK
~H-A--AVARTHIVNTMKR-CQAIARSDW-SNK
~H-S--ALSKQHVIDLYKV-COQTARSDP-FNR
~H-P--ALSKQHVVDLFKA-COQTAHADS-YSR
~QLVR----KSVESVVRECVRFV-QSSSVSAR
~IYSKNIVDICTIYI-QNVSTSAIL
-PYIVGTKNVCQQAL-K-TRCSAL
-QYIQKIKYVCQIVL-KKKNCNYY
~QRKTMICFALKCA-LVDHLKGK
~HRKAIMRFTLRLL-KQDYLKGR

-CEAAGIRSTACLLS-GRPQETSA
-NYVVIIRDIAMSYV-QRTSSSAE
~EHIKEISKISIKTL-YTDKMAKE
-QHVEKIAGFCVKCA-QEDSQSSD

~KESFTLLKQLIDVF-K- ~CHVVQIKDLCKTCI-LLEKKAEE
IKNVLEIFGHLLEQFIE--———=—~, A--MS-
RVKALETMYECAWRLGERDGIGEG: --RIRATWDVVSGTV-RREG-SNA
~EYVIEIKEVCLQLMASSTK-SSL
~PYALFIRKKCYDLY-RRET-SNS
~LYCSLIKENALRIL-RIDE-TRS
~HYAALLKEKSLTFF-RRED-SKS
~PHVSFLKENCLLIF-RRDD-SKA
~TSLPKVKCLAESLLFSSIS-SAK
-QHLADFQVLSDSLY-FMNP-AAK
LTTCWLFF-SNSKELSA
--EYAIDIQSICQSLF-SSFKESSK
-EYIDKIRRISENFF-FTEK-AAR
~PYTEIIKNVHFGIL-NVDD-EAF
~PYIVDIKRTCLNLF-LNDS-TAR

~KYVDDIRKYTLYLY-NVEK-STK
~KYVGDITNYTLFLY-NADK-STK

~TAGLOFLIELMEAVVQQEALRK~
~GDILRFLSEFCTKK-
~VAALEFLAGFIQRLPA-
~LNCFKLLNDIIESSGS-
~LEILDFLPKLLDNVKK~

~PYSPDIKDTCILLF-SSDK-YSD
-QYVDDLRSSCLNVF-RSDG-YSR
~PYAADLKGICKLQY-NQDD-SAK
~PYAVDVKDACLQLI-TRDR-RAR
~PYLVEIKEASLSNY-MTDR-FTK
~PYTVDIKDVCVSLF-FRDR-FAK
~PYAVDIKDVCITLF-IREE-KAA
~PYVFDIKDVCVSLF-FRER-LAK
~TNLLDFIGDFLQKVGK-======= K--LL----PYAIDIKEACVSAF-SRDK-YAK
~EELLKLLSNFVKNLSR HIVPITDVCVFIF-MREK-SAK

-EDLLKLITAYMEKI

~EVILSFLAEYIAKVKT-

-IELLKFLQSYVMKMGK- -K- ~PYVVEIKDICLKIF-SQDH-SNK
~TELLKFLQSYLGQLNT - =======] R--VN----PYAVAIKDICMKLL-FQES-SSK
-EEALRLIGGFLKKRH; EHAVDIKDTCTALY-LRDK-SSK
~VETLSFLLAFLEKIGR- ~-PHAVEVKEVCMAVF-SRDR-LSR
~EQLLEFLHAFLLKAGS- ~ARTVEIKKICISAF-MRDK-SAK

~VQTLEFLLGFVQKAKE~ ~DHAKDIKDVCMSLY-TRDK-LAK
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AKEASLLPIMKIYKHS DQQ-ILVKLQV--HKNLYHILLQEC-

-NAFGD-DVD--LSKVITDVASIF-
EEYEI---ELD: KTVKEFVSLF-
V- DTINEFKTDE: ‘A
RNPVN-TLD---ATEQDGILHC-CLVLLDSLV-
-SSVLS-TESEELNFCYDELLHC-CLALIDSLK~
————————— EIFLD-N-----SEIYLEVYNNLLK---SISI-
TPA-H OMAADLLSKD. LTR-
~GPWNA-DLQ--ITPIVTKLFSMA.

--SHS-
-LEYG
S--VHSLDGRQFSPFITKLLAMKT:

VKAAGLRVMLALARWS -—
VKEAALRPLIKLIEVFSP-:

VKVEGLKLL----QFC:
VKKSAVHVLVALVEEK.
VKAESFNVLSALLDPT

K
-VQNQ--SK
-V0QQ--TK
-VQKY--TK

VQSSALDVLATLLNPD:
VRIAALKALVKLFTLHLK-TLEDG----E-KSA-

VOAATFEPIQKILHMKL----~' TDNINPE-VFG-
VOAAAFGPIKKILHLMSK-ILKEGSIVAE-SFG-
VQAMAFAPIKKILHMIPH-YLK--NIRAE-VFG-
VRCAALELLSVLLLRC-====~ VCYLSAD-ILN-

VKCATFPVLKKVLQLT:
KTKTFPVLIELLQRS
VKAKTFPLVIELLKLT
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162
163
163
158
157
l64
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170
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165
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171
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132
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170
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161
161
161
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l64
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l64
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LTAGVKGRIFQTLGVLIK: IYLHAFQSI--
PTQKVKGSIWNLIGIIFQ-
PSATVKGTIWTLIGLLHE-
CTQTVKGVILDVLGGLFN:
CTQTVKGVILELLGALLQ-————===—~. IRSWIEAAL--
-VFPDEVKT--VALP~- ~LIAWIEDQL--
-KFSAELKK--TVSP- ~LLGWIEHEL--
AMOTAKGOMLELIGHLVE KFPRDTSG--NVPP—————~- LLSWIEIEL--
LTNRFQQCLFELIGLMAK: R-KILDNMMRVA--
PPMRFQQHSYQLLEGLLSK I-ELRNQMIATV--
VNIKERSLLFSVLGTIAK- QEYH--IIFQQLRNDFIKQY-:
YRTEEKRFIFCIVSKIMK- —ITLKRLNNSASNEY-
LQSGVKKALFILMGSVAR- -YAL-QFANALSEEL-
LONGVKKGLFIIIGSLCQ- -ADYN--YAL-LFANIMSEEL--
KTDSVEEKTFIALGTFAK: HFQYLVPN- LRIVFLNGL--
APPTV] DQLHLLGALCQ PQQTAE-: E-RACTALLDEL--
SKPTVLRKVYKLIGALAE HLPHDINF- K-RLLDALMMDL-~-
LSSLVYEQLFPLLGILAR DFPYEMQD- RVQVLLYSQF -~
FSNTVMKQVYILLGHLGN: YFEVFNS - E-RFFNAFVCEIEE
LTPTVKEEILCVLGVIAE HQVATEP- D-KLLALYLAEL--
MPAKVVQKHLHILGIIVH-—————==—- KYPECLRP--EET----- R-LLLRIYLSEL--
NASKSKMEFLMLMGRLAQ: YFPNTLKE--KASR MINQILYEM--

NSKTVRGLILRVIGAAHVGMKLQGLTLDVLGEKVAA--EAPTAEW----LLKASCRVL--

MGSTLKGAIFNMLEGMLVS— -SFENELQD--KIEE- --LOILMIIKL--

TTATLKSNTFVMLELLVE- ~YFPEALHD- ~PIMNLALTNL--

TSGSLRANILITLEYSIE- -LFPSLYDD-

TNSTLKANIIQLLEDLIE- YFRESFEE-

TSGTLRSSILILLEYLVE-

TSEGVTQGLYRALESICK-

LSSTVSSQLRQMLARLCO-

LVSSVKCAILELFGACVR~- -DKQDPDQIKKRLLTTISSCI-—
-GQIS--HLHH-ILMQCVSTL-—

-IYTRHCIQTI--
-ILRVF-LANL-
~MVVRWCLTTI-
~TLKRWTLSAL-
—--MTHIFLENL--

FSQTVRGEIVVTLGLFTE

KVPSVVHHELOLLGLLTF - ===~~~ ALPEKAQS-
KGSTVLOHQLOTLEMLMY ~— == ===~ SYPONLRH-
KGSTILHHQLRTLGVLAK VYPENVRC
VGITIKQALYGFFGTMAH- ~KAPMVANE-
YSSTMRGELYNLMGSFAK VVPELMTE-
LTQTVKRDMLHAIGLIIS-~—==m=m== LSPAFAAS-
-YYPEDFIP- ~VLSMFLQEL~
-YYPEYMIS- ~LCDLYLNEL--
ITPTVKQQAYYLLGISSR HYPDCMOL--CSER LLNWYLKDL-~
LSSSIKANILSILERICW-——=m=m=mm= YHPEVISS-
TTSSVCCQVFQVLESLAR YFPGHMTT:
~HYPEFMSD-
~LFPEKMVR~
LTATVKGKIYYMLGVICE-=—==m===~ IYPEYMTT-~DSTK—~—===-] LLDIYKSSL--

VSSTVKENIFVLLGVVAE VYPEHMTS - FTGLCVTSL--
HOASVKRELYKLLGIFAE VYPEGMVN- LTDLCVRTL--
LPASVKESIYVILGLLAE--———————— IYPEHMTQ-
LVPTVKGNIYFLLEVIAE-————————= VYPEDITQ-
HSATIRGGIYHLLGVLCE WFPEHLVK-:
LTSTVKQGVYHLLGVIAE- -SYPELMVA-

'VHPSEMVN-

~VOPTEMLH~-
~VOPTEMLD-
~VOPCEMTY~
~VOPSDMLN~
~VQPSDMTD-

IPDTVLEKVYELLGLLGE VHPSEMIN
ITDTVLEKIYELLGVLGE-————=——== VHPSEMLC-
IADTVLEKIYELLGVLGE HPSVM!

-VOPSEMLH~-
~VOPSDMLD-
~VOPSDMIN-
~VOPSDMIN-
-VOPSDMLE-
VQPSDMVD-

LSQTVKQGIYCLLGVLAE
LSQSVKLGIYQTLGAFGE

193
198
194
223
217
210
210
209
183
203
197
203
209
210
198
202
188
193
198
196
201
194
215
199
198
206
204
204
193
199
178
208
197
211
202
199
246
235
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235
201
202
201
210
195
210
205
203
204
197
198
193
201
203
201
202
202
197
196
203
219
208
209
224
213
208
204
204
205
205
210
200
171
208
209
169
200
200
200
200
201
202
205
202
203
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~RKLDS-D-TAGVSAVLEI
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~AQAK--S-DKPEMLVMA|
~EQLKQSG-KDVTFVLIA
~EQLQ--~--KSPQLVLMA|
~EQLROSN-KDPLFVLVS|
-OKIKSDH-TKVQFAVIA!

ILKFFKQCLM-YHQ-FNQE~

NDLLAHFSN-LFDGA-CRM--
DRFCASFPF-DMNSKEDVF -~
TCLLHSFSQ-SADD--NPV--
TGFLHSFPL-DGST--DSE-:

SGFLFHFGT-CFED-
TEFLYVFPL-KPQE~-~~-K---E~
RGFLYSFQS-IVSQ----K---S-
TSALTAHGQ--~EN--DRL---N-

LFEFLSNYFCHFSL----E~

ISSKS-GILDLTVLE|

i TLIGLDFLLNGGIL--DPE~
AVLGLSSYLHSFEA-SAAE-
IRALDDLMFRADF--DRD-

IIYGLNSYLHSNND-IIIE-

~EQLKPN--AKQELTLV

IAF"
LI

€]
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=
12}
]
&
3]
»
<
w
o
]

0
a
=
=

-TELKKS--VAEHQ-VLS|

i~ALGAMDCLLSRDD-VTLD -~
JLRHF IFQF SDHF VKD~

ILNSLLLNFSSDFISG--SSK~-

INSLLVHFSGDFVSN---PK~-
ILDSLLFHF SGDFVAV---PK-:

LTYYLHHFPD-GAHD-
LALYLHHFPE-GIDD-
LTLYLFNFPE-GIDD-

,LTAYLKTNPV-SCDP--SARQATP-
CLLGLKEYLYNFSV-MCSE--DTE---N-

ICLi TGYLHSFTV-SVEE--DPQ---K-
CL( NEFMYQFPL-QDTE--DTE---K-.
{ALD!
CLLI

HGLMFTFTS-AHDE-~EPV-
'NKLLSKHTPYDLEE--GVK~
THFMVNFTQ-SADE-~-GAE-~
TSYLVNFTQ-QSGD~-~~-D-~
TSCLVNFTQ-SADD--RSK-~
SSILTNFTQ-SAEE---GK-~
ASCLVNFTE-D--E--DSQ-~
CLQGLTAYLVNFTQ-SSDE--GSS-~

¢

CLR!

LREGLTALMINFTK-SMEE--DPK-—

LREGLIALMVNFTK-SIEE--DPR--

LKGLSALMINFTK-TMEE--DPR-—

LMINFTK-SMDE--DPK-:

LMYNFTK-SMDE--DPQ-

CLRGLTALMINFTK-SVDE--DPK--

CLKGLTSLMINFTK-SMDE--DPK-~-

LR TVALMYNFTK SVDE--DPQ--—

q
5
5

LMYNFTK-SEDE--DPQ-~
CLKGLTALMYNFTK-SMDE~--DPQ-~

CLKGLT:

CLKGLT:

LEGLT.

CLRGLTSYLYNFTQ-SVEE--ESK--

=Ke——mee AEMRKS--GKPDMPVV;

(CIRGLDSTLVNFTQ-SVNE--GSI--

—KLENLIPMQMTRKT -KKPDMLIT
N KGNKSPDKQVT.

LRELTSYLTNFTQ-SVSE--GSK--
YLVNFTQ-SAAE--GSK--

—QQMTSKN —~KKPEMTTT.
-EQMESRT-RKPEMLVI

~QOMTSKT-RKPELTVL.

~QOMTTKT-KKPEMTTV;

QNLHEAPPEPPINLNONOPNNDNNNNNNNLOFPNNNNAPRKAEPVNAPERTAIIHISE ORI

GA!
{CLMGLSHLLVNFTQ- SVEE——NSK———H—

228
233
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258
252
249
249
248
228
244
232
243
251
252
239
243
228
233
238
233
239
231
255
235
239
249
244
247
230
239
211
240
238
241
239
236
285
275
281
274
239
240
239
248
237
253
246
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238
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242
242
242
242
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238
238
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249
250
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245
245
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249
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241
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243
243
246
243
244
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SLLYQALVTFCKP E DLSTFKVPIAACKCMKONLDI--FSHYLIIKT-NAL.
EDLYKMIKIGITEI--K----DVKTYSVINNALKVLTAYSHI--FKVQ--ILD-DSK.
DALYVCLKTAIQPI--L----DMOHKGVMKSAMKLLGTHINL-~-FKKH--VTR-HAL
DTLFQFIHVTLATA SGNLSRLAIVKACLGLLGKHMHL-~-FAAN--LVEADPY.
DKLFKYMHVTLATA----TSGNLSRLAIVKSCLLLLGRHIQV--FSEN--IVRSDTY
QQVYSYLTRILATT- VEGQLSRYNVTKASLQFLEEHGQT--FIDE--LGE-NGY:
KKVYSYLLTIFATT- ‘TNGNLSRYQVTNSAEHFLEKHAQV--FHEE--IGP-NSL:
KKIYSYLLTVFATT----VSGNLSRFQVTNSAETFLAKHAQI--FQQE--IGE-NGE:
RRIYLIVKKLSDWD--E:

ENMYSMIKMIINPE--S-
SELFNLIKKACNPK--N----DVHRLGHLKAALSLFISRVQF--FRHH--FLD-EYS
NKVYKYIETLAIPS--G----T--VKIANKAALTFLANNISL--FINL--MVD-KHK.
GRIFDYVARVINPT ELSRREAPRAALALLATHAAQ--FSKH--MYD-RYV-:
NKIVDCLWKTLLLV--D-
LRLYNMLKTMSYPG--D-
EKLYKLAKTICIFD
FKLFKCVKRSLTPS-
RRIYDCVTAVARK--
EKIHGYLLMLISRN--S-TVEKKAISFTPKAVLNMLAEHAAL--FNKW--LLR-QYK.
ACVVRIVTRAVAYR--V----AGQRHDMTRSALELISEHVRT--LRHE--FVK-VAP:

KDIFIYVKALLTPL--————~ KVGNYVVSKASLKVLSENAEM--FKEF--IRE-YSV-——
QLLYKCVTDIV-QK: DDLTRYAVLRSALKLLSRHASL-~-FRRR--LLK-DIMRKD
KRAYAYLEQVLYYR DMKRYEMIRAGLRLLARHAWR--FRLA--LFK-NSG--—
RRVFTCIEQVLWPR
RKIYIFLLQVVYYR
KQVYHLAVKVIAGK:

ETLYEVLKKICRM---PDHEAQVSRRGSMRAGLELFSAHSSL-~FSRI-~ILG-DVK--~
~-ILSTIRKMIIP---L---ENQTRYAVPRAGLIFIRDHAEN--FRNQ--LCS-DRD
~-IGGYVRRMIEP-~-L---GELTQYSIPKAALQIVIDHAAK~-~-LQDP-~FFE-NYA
VTITNLVKVILSID--V---NTLNRYEQIKACLQFVIDNGHY~~-ISKV--LFK-NCT
AYIFKCIMNSITM---V-
PTILOLVKTLVNV---P-
ROLYEADKTILDI---P-
QOLYHYVTMALNPP--P-
OLLYQYLYICLDPV--S-
OLLYQYIYICMDPQ--S-
OMLYQYIYLCMDPV--S-—

——QLVRYDIPKAALDFISSHGSL——FRQY——LTQ DAE
~SSQRFDIPRAAMMVVQRHTSL-~FKQY~--LTE-QSE
~STQRFEIPRAAMKIVARHSPL--LAQY--LAE-HSE
~SATRYEVPRAAMKI ILHHSLL--FKQY~-LTE-QAE
~NLPKREAPRVTLELLHQHAAR-~-FSSE--LLK-QHA:

SIIMKYVKMCILLT: DYSRYDVPKAALTLLALHSSQ--FNEL--LTL-QAE.
VQIYNYVKMAINPD--V--TVKMTRFQVPRAALDLFALHADQ--FRSM--IAT-DFE:
YFIFDTARKLISNT--E--KFSSKSSAITRAGLOQLLAAHAIQ--FNDF--IFE-DCI
YKIFCYARSSILSS--V----EHSRFEMPRAGLMLFARHAPQ--FNQF--LFD-DYE:
YQLFKFIRI-ILSK--R
RAVFNFIKLSLLSS--S-
AEIYKYAKTSIMQR--E-
YELFQAARSAAKPD--L-
YSIYKYCVKTMDON--I-
YYIYKYCKMALKQS--T-
YEIFKYARMAIDPK--V----DYTRYQVPSAGLKLFTKHAAQ--FSLY--LIE-DYQ.
YDIFKCTRMALNLE! ETARYDLTRAALTLLKRHASQ--FSQF--IYE-NHE:
YETFKFARMAIDPD--I----NYTRYDVPRAGLKLFSRHSAQ--FKSQ--LAD-DYQ.
YEIFNYARMAIDHK--V----EFSKYDVPKAGLQLFARHAGQ--FSQF--LVD-DYE:
QDIYKYTRMAIDPL. 'NLTRYEVPRAGLSLISRHAAQ:
RDVYDCVMRCTGQH--L~---SEIRRYDVAKSALWLLAKHAAQ
KEIFDYALKAISPQ--T----DIKRYAVIFAGLKLFAKHSSQ
KDIFDYALKAINPQ--I----DLKRYAVPLAGLRLFTLHSSQ--FGTC--LMD-NYR.
KEIFDCAVKAINLK--I----DIKRYAVPLAGLRLFTLHANQ--FKTC--LLD-SYQ.
KEIFDYTVKAISPQ--V----EMKRYAVPSAGLNLLALHASQ--FSSY--LMD-DYQ.
KEIFDFALKAISPQ--T----EFKRYAVLLAGLRLFAKHAGQ--FSSC--LMD-NYR.
KEIFDYALKSISPQ--T- ~FSSC--LID-NYR:
REIFNFVLKAIRPQ--I-
KEIFDFAVKAISPQ--V-
KEIFDFALKAISPQ--V-
KEIFDYAVMAISPQ--V-
KEIFDYSVKAISPQ--V-

~DLKRYAVPLAGLHLFTVHASQ-~FGTN--LLD-NYV:
~DLKRYAVPLAGLRLFTLHASQ-~FSTC--LLD-NYI
~DLKRYAVPLAGLRMFALHANQ-~FNTC~-LMD-NYR:
~ELKRYAVPLAGLHMLATHASQ-~FGSC~-LMD-NYR:
~DOKRYAVPLAGLQLF IWHSAQ-~FGAL--LLD-NYV:
~DOKRYAVQLAGLQLFGRHAAQ-~FGTF~--LLD-SYV:
~DLKRYAVPLAGLHLFSVHAVQ-~FSTC~-LLD-NYV:

ADIYKYARLAIDPK--V----ELPRYDLPKAGLNLIAKHAAQ--FCDY~-ISR-EAE
KNIYSFLRSAIDSK--I----NYARYDVPRAGLNFLARHASQ--YKEY~-LTK-DYE
KDIYTYGRMAINPQ--V----SLSRYEVPKAGLYLFAKHSAQ--FKEY--IAK-DYE
RDIYEFTRMAIDVOQ TLORYDVPRAGLNLLSRHAGQ--FQEY~-~-ICT-EHNV-—

LDIYKFASLAMDPS--T-

HTRYELNKAGLNMFAKHSAQ: 'GP’
KDIYQYVTMSVDPG——PYRSGTKPRYEIPKAGLNLIRRHADQ——FNEY——LYR DHE

276
279
276
307
301
297
297
296
274
294
278
289
297
298
283
289
273
278
284
279
283
280
301
280
287
295
290
293
275
288
255
284
285
287
285
282
331
321
327
320
285
286
285
294
282
301
294
290
289
283
284
280
288
288
288
287
287
284
284
291
306
295
296
311
300
295
291
291
292
292
297
287
258
295
296
256
287
287
286
293
290
289
292
289
294
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TLFD---QYIKILOHRNRDL-KECVQELLELFIQKISQOLDHS INDH~
-KVLGLISHNNRDV-KENASDCLESLMALLATELDSSYKNH.

-LTLKLCVNENMET-RDAANEMLVHIMOEISDGITIDSSIH

- LMLHCCASSNKKI-RKPAFACLDSMFATIADGFAAD-IPK

~MLLFCCTSSNKKV-RKPAFSCLDGAFDI IAQGLVCD-VAQ-
~YMRYCAASESKTI-KENALACANNVLAVIGEFLVQTQEES—
~YMKSCCLSDNKTV-KQHAFECSNSILOVLNSYLAEAKDDM~
~YVQYCCESENKTI~-KEHAFACSNAVLOVVNTYLSEVHDDS -~~~
-ILTTKWLRSSVED-RKVAIYALHSFHREIARQLLAREDLEESTS
~TLKKWINAKLYED-KSVGIFATNAFHQF IATTIENRNSIE-
~LLTNVAQDKNVKC-SQCGQYALRKFYRVIGHILKHKS -SEG:

-TLCRWLPIGKD--ERRVGKQALLTFYYIMANHITGQR~
-TLQSWLKLSWE-D-ISIAVPAIEVFHIQIAKVLLIKK-
~NLRKWLTNNTNKDNQTAVIETLKSVCRVIAKEIVDKE-TD:
-EL EL-QSLGTAALESFLREVASALVEHA-DR:
-FLLKWINSAG-ED-HKAGVSALDVFYNQVASILKDNT-SE—
-SLKTYVLLDKPGI-REISLNAFGKFIEESIKSLKSEADVA-
-ILLNLRVSKTSDV-ARLAGEAYEKFVLAMSDAFDSDASPS—

FWFL---ELRKWSNSKNPDD-HKIGWKSLSALFRSV] SGIDASS
TVLF IHSCLKSMCTHGNRDL-~--QNDTAMTSFLQQVAQALTDRKLSP -
AIYV---DLRNASQHONIDV-SRLGYRAIDQFLKTIAKVLKSKSAEQ-

~WFIQWCSSKNRDD-YKAAIPALDTFITVLSNILELQSSE-.
~DLKRWAVHTNSDA-RKLGFAALSVYLKQVSRSVIMHLEQG
~ALELWINHONKEV-KKIAITATESFLYEVSCYISSVKNDQ
~-SDSDSCDHHNKDI-KASAFRALEAFLQQSVAHMTKAGKSK-

-KL O)M-LHLGMSAMEAFLGQVSEMLVTRAEEG:
-VLLAWSQHNNKDV-SSLGMEALEAFFKQMAEMLATKAEEG-
-KLKSWSKHNNREL-LHLGTAAMEAFLTQISEVLVTKAREG—
-KLQAWSKHQNRDV-LHHGVAAMDAFLRQIAEAITEKAKRG—
-SL NKEC-RVVAVNAIGSFFREVSTQISDPSISR
-CLRSWSRHHNRDV-QIAGYAALEAVLKQIASVLVEGGEET:
-VMSKHCGHINAEL-KKSSYTALESFLKQVATLVAENIELH:

TVFE--
-VLFE--
SLFE--:

~VMAKWCGHTNGEL-KKVAHSALDSFLKQISLMVAKDVELH
~IMSKWCGHTNGEL-KKIAHSALDSFLKQVSLMVAKDAEAH-
~TMSKCCGHANGEL-KRAGYAALENFLKQVAAMVAENAELH-

~TMCKWCGHTNQEL-KKAGHSALDSFLKQISLMVAKDAELH-
~VMSKWCGHQONAEL-RKVSNSALDAFLKQV:! KDAEMH-
~VLSKWCGHTNAEL-KKGGHSALDSFLRQISLMVAKDAEMH:
~VMSKWCGHTNVDL-KKAGHSALDSVLKQISLMVAKDAEMH:
-KLLK EI-LHAGAAALESFVKEICDALVQRAQEG:
~VIYRWCRHRNRDI-RAAAFHALEEIMKQIAEYLVNEND--
~TLFDWCKRKNKEL-RVKGFAALEAFLKQVAECLVTEDFET:
-DLYRWCKHHNKET-SYAAYAAMEAFFQQISLYFVGRHGD-
-AIYRWCCHONRET-KYAALDAMDSFLKQVSEYIVLDEAEA-
-KFL DM-KSAGLSALETFLKLIAEQLVTNAAQK.

-KLYEWSQHPNRDL-KQAGYAALESFLKQISDMLVARHEKE

—-AFNKWSAHNNPAV-KAVGFAAQEAFLQQIAEILVERAAKR:

-MVYN---RLKY KWAGYDALQAFFKVVSHMLVENADKK—

319
322
319
349
343
340
340
339
321
337
321
331
341
342
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332
312
317
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321
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338
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340
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339
299
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328
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332
335
332
337
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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RFAAPVKAF IGE-WELKSLLGSLFKFSEKLMVVKL-ENI
RFASPVKSFMGE-WELKSLLSSLFKFSEKLMVVKI-ENI
RFASPVKSFMGE-WELKSLLSSLFKFSEKLMIVKI-DNI
LFAGACKQLLPS-QQLROLFSTVLTASQHAFNQAS-ELF.
LLSGACRQFLSP-VEVHTMFSQVLTASQHAFYQSG-DML
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LFAAPCKAV-DS-HHVDFMYTELIQRCKQMYLTEA-DTE
LFAAPCKAV-NA-KNVDLMYIELIQRCKQMYLTEA-DTE
LFAAPCKAV-CL-GDVDFMYTELIQRCKQMYLTET-DTE
LFAAPCKAV-CP-QDVDFMYTELIQRCKQMYLTET-DTE
LFAGPCKVI-NA-KDVDFMYVELIQRCKQMFLTQT-DTG
LFAAPCKVI-NP-NDVDIMYIELIQRCKQMFLTEA-ETT
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FFASPCKAFLGE-NDVKFMFSEMIQRSEQLFLODS-NID
FFAAPCKMFLSE-SDVKFMFSEMMORSEQLYFGTA-DSM
YFAAPCKLFMTD-DDVKFMFTEMIQRSEQLYLQQG-EV:
VFAAPCKAFMKE-ADVRFMFNEI ILRSEQOFLVQG-E:

402
415
399
418
412
411
411
410
399
406
391
402
411
412
394
405
375
386
397
392
394
389
421
390
412
409
403
409
394
405
369
399
400
415
404
400
447
437
443
436
402
402
400
414
392
418
411
407
403
400
401
394
405
397
404
403
404
400
402
407
418
407
408
423
412
407
403
403
404
404
409
399
370
407
408
368
403
399
403
408
405
406
410
406
409
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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NE--A-AVENFAVTLACRILEAYP
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VED-LMVTFIAQVTGSIFFLYP
ENYIGHSVILIGAFADIVNHFDR- -VED-FMVSFIAEVTGNIFYQFP
DERLSNLPSFVESLSNLALHLDE LTG-VFLSLLARLSVTVCHMYP
EKWKLQFPSHLKSIAVMISSLTT TSI-NLSFSLEVLSFNLVKKFP

EESAIHLASYIDAIARLIQQLEE

DDKIVGLNYYIEALSSIVSVTEC-
EEKIQTLPSYLEALASIISQLNE-
----- DERIQILPSFLDSLSSIVLOLQE-
HNEIYDEKIFQLSSFIESLSCVCSQIDS-
- DNRTHQLPTFVQSLASITKQIESKNENDKNPIGLPE-SYRTSLQRLSVLLIERYP
-ISD-ESLKIIEYLLVAMIENFP

~ERLSQLPTYLEALASIVGQLDT-- ~-VSD-TFLTSLEKLVVLVFGSYP

450
463
448
463
456
457
457
456
444
453
436
447
457
458
439
451
417
430
444
439
440
434
468
438
456
453
447
453
438
449
413
443
443
459
448
443
486
481
487
480
446
446
444
461
435
462
455
451
447
449
455
438
449
441
448
447
448
444
451
451
462
451
452
467
456
451
447
447
448
448
453
443
414
451
452
412
447
443
447
452
449
450
454
450
452
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA
AEDES

MIDGE
BOMBUS

ANT
WHIPWORM
TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET

GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

LRFGOFLERILSLELSAPLEKSKIY]

INLEKLLPRMVEL#LNPDD-KIKVY:\S
IYFPACLPRVVDLIKNS SDRETRV¥:AS
MSIBLLLROMRDLIAVTS IDRPVKALY:Xe]
IPISNILHOMKDLELTSIDRGIKSEV:N:
LPLNKIFDYIGSLIACDSTDRR AC
LALBSVLSHLGNLIASQOSSVRRVRVAS
LAMNEILSHLGTLIACKSSNRRLKVEIAS
IKLBTIIARVCALEVGSSDRKTKVYAS
IFLBNLIERVCOLALSSSERTTKILVAS
THFPKILPRIILLAONSGDRRTKViSS
THFPRMLPRIIALCDS SDRRTKILVAS
LCLBDFLPHLCDLIALSATERPLRVIVASS
IALBTLLPRLCDLIALSAGDRPLKVY:AS
VYLBKLLPRIVNVIALNSSDRKTRI Ve
LWLETFLPREVOLIALGSGDAQARTNe!
ISLBDLLPRLVHLEVNCSDRQTKE:VXS
IYLBKLLPRINKLYLDSNDRQTRI/V:\S
LYLBEMLPRIVESALSSSNRKTKVEVES
IALPAFLPRVVELRFAGDRQTKVIE
INLEKLIPRVVELEMTSSDRYTRE WS

IQLBOFLPRILHLIYLHTSEIKTR

LWL}
IDF]
IYL)
IWL)

LSF|

IYL)
IHL)
IFL)

IYL)
IYL)

IYL)
VoL
VYF|
IcL
IFL)
IYF|
IRL)
IYL)
IYF|
IYF|
IYL)

IYF)
IYF)
IYL)
IYF)
IYL)
IYL)
IYL)
IYL)
IYL)
IYL)
IFL)
IYL)
IYL)
IYL)
IYL)
IYL)
IYL)
IYL)
IYL)
IYL)
IFF)
IHL)
IFL)
IYL)
IYL)
IFL)
VCL]
IDL)

IPLLPRVVELEQSSTDRRTK

ISLLSRMVEIIALSSSDRR
IPLLSRVVELEWSSSDRRIK

IAAC

ISLLPRASHLIALF SQDRPTKVH!:S
IKILPRVIHLI\EKSSDKKTKI I

AAS

ICLLPRIVELEKSSSDRKIKVLEE

(TAS)

i LOBFATYMIGDQAVNGTKAVAQ-———=—- NT

AT
{FLH
AYH)
Y]
Y]
Y]
Y]
{LLH
{LLH
LH

o

TOASSIQGGOKKRGRDMENLI
.1 IYMIGKNASAPKGRGNQQOQ-
MVLYLC@MTATLPTAK-~THAS—
MVLYLC@KTATLPRSK-~SSAN-
MASYLC
MICYLC|
ILYCFLC
LILYVI
ILVLY IM
TVMYIL{
TTAYAT|
CVVFLL

[l
j=-li=-1 =}

[LLOATVMIFLS
LLHVTVETLS
SLHEV IMF ML

L.L

\CVLFLL

I IVLYIL

' THSRRSEDL--R-——
[KSAHAPSHESGDF TR~

101

IPLLSRCVALITESSSROSKVINVAECLHS I VLLMT!
[LLLPIELDLYEKSVNRNTRVNAEVLHIATLLFMIGKTSQQTDDY ~~E
INMLPRIVEL/NENSPDRKTKVEELLHALVIVMIGGSQSRSE-~~-—~ GD------
DILPRVMDLAESSPDRKTKIUETL.LHACVIVMIGRSAKQLTN
INLLPRILELSOLSSNRKVKIWSELLHET TT YMVGLNAHRIRDNSTM-KE~
[EFLPRIVELIESAPDRKTKI[JSESLHEIVIVMIGKSAFQLSR-~~0Q:
[EMLPRIVDLIENSLSRQIKV\{ISELLHSLMILMIGSSAFRARDAQD.
[ELLPRICDLAESSPDRKTKS/NNSEVLHALVLVMIGKSAHRPRQEKSA:
STLARIVELSTNANDPQTRT:VVABLLHE I LLYMLETNTKSEDHA -~~~
SVLPVIVTLIATRS THROTKV|ZNCELLHEI VL YMV(
ITILPSVVSLIENSPNRQIKVINNSELLHSVLLYMI
SILPGVLSLINEKCTIRQTRVLVNSEF LHSI LLFMI|
SALPRIAHLALHATNROTKVINSABLLHEVVIVLI
DLLPHVVDLIVNS SDROTRVEEEEL LHST I TLMIGTGAQKSQET - -0
[DLLPRVVDLIALNSSDRQTKVEV-EELLHSI I TLMIGTGSQQQEGI -~
YLPRVTEL@LHSPDRPTKV:VXSELLHI TI ILVGTHSEVSADK--R-
MFIPRVVELALYSSNRQIKV|AJSELLHELVIFMLEGIESQOQGKRT-S.
IPMLPRIVEL/ALHSGDRQTRT:VXSEL.LHMVL YMLEOGAGSGTHA--A-
[EFLPRILE I'ATKS SVRQVKVINNSEALHSLVLFMIGOGSMLPDNL-~Q:
FLPQVVHLIACNASDROTKVERSBL FHINLVI YMIGI SVQOPKEW-~0-
[KFLPRIVTLETTASORQTKVLVXSELLHVVTFMVGCGAQQQPEL--Q-
IRFLPRVIHL/NONSPSRQTKINEGELLHALVIYTIGKSVSEPEGY --S.
KFLPRIMEL/ATOGGERKAKIFNSELLHEITIYIIGRNAQISNVE--R-
IPFLPPILELATKS SDROTKVINNSEF LHSAVLYSLI
IAFLPKVVTLIATVSSDROTKVINNSELLHSLVLLML
IPFLPHVVELASTSSDROTKVINNSELLHSLILYCL
IPFLPHVVMLIATKS SDRQTKV:VXSEL L HEL.VLF SLGRGATQPGEA--A-
IPFLPRVVELIATLS SDRQTKV:VXSEL FHEMVL YMLGRSVOOPEGQ--0-
IPFLPRIVEL/ATKSGDRQTKV:VXSEL.LHEL. ILLCVGRSATOPAR~
IPFLPHVVELATOS SNRQTKVSINSELLHEL. ILY TLGRSAQOPGE T
IPYLPTVCELALSSSDROTKVINNSEF LHAAMLE VI
[VFLPRVTDLIALSSSDROTKV|ZNSELLHNLLLY T
SFLPRVTELMLSSSDROTRVENSELLHELYI YMV|
SFIPRISELNLSASDRQTRVEVNSELLHEVVAYTL
SFLPRITELNLSASDRQOTRVEVNSELLHEVVAYMLI
FLPHITELALSTSDROTKVIVXCELLHSIVAFML
ITFLPRITELALSTNDRQTKV:VXSEL.LHEVVVFMLEKGSQIPEGE-~K-
JAFLPRITELALSTSDRQTKV:VXSELLHEVVVCMLEKGSQIPEGE-~K-
FLPRVTELALTASDRQTKV:VXSEL.LHEMVMFMLGKATOMPEGG--0-
FLPRITEL/ALSASDROTRVIVNCEVLHSIVMFMLEKASQIPEGN--Q
FLPRVTELALSSSDRQTKIVXSEL.LHEMVMFMLGKASQI PEGK-~L
SFLPRIAELALSSSDROTKVEVCELLHEVVVYMLEKGSQIPERC-~-G:
SFLPRVTELALSTSDROTKVEVCELLHEMVV YMLEKASQMPEKD--Q:
ILFLPHVTEL/ALSASDRQTKV:VXSEL.LHETVTYMLEKASQMPEGC--0-
L FLPRVTEL/ALSASDRQAKVEVXSEL.LHETVAYMLGKASQMPEGC--0-
FLPRVTELALSASDRQTKV:VSEL.LHEMVMYVLGKAAQIPEGQ-~E
ILFLPRVTEL/ALSASDRQTKV:VXSEL.LHETVMYMLGTASQMPDGP-~P:
TFLPRVTELALSASDROTKVEVACELLHELVMFMLEKASQMPEGR--Q:
IPFLPHVVKLAOOS SDRQTK VSR LHEL.VL Y ALGRGAQLPGDR--0:
IPFLPRVVEL/ATSSSDRQTKIVXSEL.LHIALVLYMIGRGAQOPGGT-~G-
PFLPRVVEL“TSSSDRQT VBV FHELVLFMLEKSVQIPDAS
PFLPRVVEL&:KSSDRQT :VXOECLHELVHYMLEKSVTQPQGF-
IPFLPRVVELIATTS SNRQTKV:VXSELLHI{T. VL YMLGKGVTQPDVK~-K-
PFLPRVVEL%SSGDRPT VYCET. L HWLVLFMLGKGTQQPDOO-~G:
IPFLPRICEL/ATTSSDRQTKV:VXSEL.LHELVLYMVGOGAQQPGEM--0-
[RYLPRVVELALTSGDRQTKVINSES LHILVLFMLGEKGTQQPEQR-~Q:
IAFLPRIVELLTSSDROTKVIYXSEALH|

LVLFMLGKGSQQPDOR-~E
*

906
963
935
865
849
918
922
917
937
902
875
902
936
936
891
901
888
865
906
910
923
863
949
838
1021
908
972
987
996
907
883
931
990
1010
964
944
925
1042
1034
1011
966
939
936
970
903
953
959
955
953
964
947
927
951
941
972
958
951
953
960
969
967
958
960
975
971
960
953
955
958
961
962
952
922
961
961
921
958
938
951
969
956
968
975
975
979

27
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA
AEDES

MIDGE
BOMBUS

ANT
WHIPWORM
TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET

GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

LALHPLTRKRI!

DMALHINWTKRFHFAL

TITFAVHSSAVKRA
-DPINIKILVKKMRFYSMHPDSNKKL
--QKVAPLLEALYGHLRHPDPYRRL
--AKVAPVIKFVLSMFRHPCPQKR
-SSVNLEALISKICDYSINSSVHKOQL

INLYCVHPCKFKRL
—GPTNVQSVLRRLCSYCRHPSALKRL

1YSFCLEPCPSKRL
LRASATHPSHHORH,
-GSVNHRFILRALFGLIGHSSAEHRL
~SIANFKSAFRRVQALSNHPQSEKRR

-DSTASFYSRNVKSIVKRVCLLALHPASSKRL,
——————— KNINIKTVL.RLEYLWKHPDIGKRL

ﬁévsmsslsc“nr

~GGLVKVLLKRIMSMAAHPNAFOQOR
———PVERLLIKLHSFSLHPNSFKRL
—SPVNIKALMKRLYSYCLHPNSFKRL

AANING
VAL F
JNVLAF
2 ILAF]
VAL TF
GALLSY
VALVF
VAL VL
VAT VF
J\TAT|
ATV

VALAF
{eSLVF)
ASIaSE
{&VTF)
Y WILIF
2 WILAT
2L V]
VATV
BIILAT
JVAAST)
VAT SF)
VAT ST
{6 VAF)
{&LA

GSIM:\

VALAF|

ISLACHPNPYKRISEVAIVF)

NALAM]
VAL TF
VALAF
VALAF
ACIFN

VALAF
VALAF
GAIRGIY
VALAF
VALAF
VALAF
VALAF
VALAF
VALAF
ATIAYY
VALAF
VALAF
VALAF
VALAF
VAL SF)
VALAF
2 ILAF
VALAF
VALAF
VALAF
VALAF
VALAF
VALAF
VALAF
VALAF
VALAF
VALAF
VALAF
VALAF
VALAF
2 ILAF
VALAF
VALGF)
VAL TF

VALAF]

DGKTFSQCALS
ID-AQIERCWFD
[E-ALIDVYWIY

IL-KIVDEFWIE

K-PIINEHWLE

P-NIVDRYIFE
D-SLVNAFAFE
K-KLVSEHLLV

~ALVDVFTME
E-SLVDQFSFE
0-KIVDKFLFE
E-YLVDOFTFE
A-PLVNQFTME
E-SVVDEFTLE
S-ALVDQFAME
D-NLISVFLFE

D-ILIDQFVEN
D-ALVDOFSLQ
K-SLVDRYTFQ

~TLVDTFTFQ
E-VLLDIFTFE

E-MLVDTFIIE
S-SLVEQFVFE
~ALVDQFIFE
~ALVEQFVFE
T-ALVENFVFE
S-TLVDQFIFE
S-SLVDMFVFE
E-SLVEQFVFE
D-SLVDQFTFE
E-ALVEQFVFE
S-ALVDKFVFE

~ALVDQFVFE

~SLVEQFVFE

~SLVEQFVFE

~ALVDQFVFE

1056
1113
1084
1015
993

1062
1065
1056
1087
1048
1022
1041
1087
1086
1038
1044
1029
1010
1052
1059
1063
1023
1099
982

1168
1054
1118
1133
1151
1053
1031
1079
1136
1158
1110
1091
1072
1193
1182
1159
1126
1086
1083
1118
1052
1100
1103
1104
1102
1116
1095
1073
1098
1090
1120
1107
1098
1102
1108
1118
1116
1106
1108
1124
1120
1109
1102
1104
1107
1110
1111
1101
1071
1110
1110
1070
1107
1087
1100
1118
1105
1117
1124
1124
1128

30
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I-NS-KRRIPRGF-
K-PI-KGRVPRGF--.
K-PV-KRRVPRGF -~
K-AT-KRRIPRGF--
K-TS-RRRVPRGF -~
K-SS-RRRVPRGF -
K-AK-KRRLPRGF -
E-EK-NRRLPRGF - QC-GRPQTECRHK!
K-PK-KRRLPRGF -~ ~QC-GRPQTECRHK}
K-AA-TRRVPRGF--SPDK---VFCLSDVVMWLLV--QC-GRPQTACGHK!
K-TL-KRRLPRGF--PSTK--SSFCLSDLVPWLLG--QC-GRPQTECRHK!
K-EG-KRRVPRGF -~ SVCLEDIVMWLLV--QC-GRPQTECRHK!
R-AG-ERRVPRGF -~ TVCLLDIVMWLLV--QC-GRPETECRHK|
K-ES-QRRLPRGF -~ SICLEDIVMWLFL--QC-GRPQTECRHK!
SVCLLDLVMWLLV--QC-GRPQTECRHK}
SLCLLDIVMWLMM--QC-GRPQTECRHK}
SRKLEFAVRWLER--QC-GRPQTECRHV|

LSLWYLEV-
FELWOSIL-
IMKLWEAIV-
LRLFEQLA-
LKLEVTLS-
RQLFMAFA-
RRIFLSFS-
RRIFMSFS—
MEVEPKLT-
MEMFLKIL-
MELVVKLS-
MELYVNIS-
LTAYSNIT-
FISYQELT-
MEIFCSIS-
YRLLEALT-
IMKLVDCLA~
MEMFLKLA-
MVLFQRFA-
MELVHALI-
MELVYVLA-
LELCGILA-
JOKVEDVIA-
AODYWKTLS -
ILFSALA-
MALLSAVC—
MMLECSIC-
MRILSYIC-
IMRLLVNBGS
MTLYHEIC-
TELFDKFA-

~EI-GRLELTYAQQ@MOVFMELA~

MDLFLILN-
RELFGEFV-
RMLEFDSFV-
MDFFNEFV-
MSTFTRLS -
IALFGRVV-
IMLMFSQLV~
IMOLFIQLV~
TASLPGLA-
MELLASLA-
MELLESLA-
WALVGRFL~-

LFISFM-
AMAFFLHLA-
MDLVIKFA-
MELVFKLA-
MELVFQLA~
MELSHKLA-
MHLFHEF I~
MKLVYNLA-
MRLVCQLA-
MKLVYNLC—
MKLLHKMT-
IMMLVYKLA-
MKLVHQLA~
MOLMYKLA~
RKLLVQLA-
MELVCKLS -~
IMELFFEFV-
MVLFYELV-
MELFYEFV-
MOLFFEFV-
MELFYEFV-
MELFYEFV-
TELFYKFV-
TELFYKFV-
TELFYKFV-
MELFYEFV-
IDLFCKFI-
MELFYEFV-
IMELFYEFV-
MELFFEFI-
IMELFYEFV-
IMELFYEFV-
MRLVYNLC-

E-SK-NRRTPTGF--]
V-NK-KRRVPRGF -~
E-NH-RRRIPRGF--.
E-NK-QRRIPRGF -~

TVTLHHVVNWLVR--QC-GRPQTACRHQ|
TTTLRHLIPWLVR--KC-GCSQTECRHQ|
SITLIHMIPWLVK--QC-GRPSSECRHQ
SITLSHLIPLLIK--LC-GKPQTECRHQ
CKTLSHLLVWLIN--QC-GSPATECRHQ)
PPTLPDLVTWLLQ--QC-GRPQTECRHR]
CPTLSMLVIWLLR--QC-GRAQTECRHQ!

PAGV-
E-SK-NRRVPRGL--PEDC-

OLVYGLA-
LVSVLA-
LISKLA-
LVCQVT-
LVFNLS-
LVCSFL-

ILIYKIT-

SPTLSHMVMWLMT--QC-GRPQTECRHQ@MVLVYGLT~

1142
1198
1171
1102
1079
1150
1159
1146
1178
1145
1105
1125
1178
1177
1129
1135
1120
1097
1142
1152
1154
1114
1187
1068
1255
1140
1204
1219
1245
1144
1122
1170
1227
1249
1201
1182
1158
1287
1272
1247
1219
1177
1174
1215
1146
1191
1194
1195
1193
1207
1189
1164
1189
1181
1211
1198
1189
1193
1200
1209
1209
1199
1201
1217
1215
1202
1195
1197
1200
1203
1205
1194
1164
1203
1203
1163
1200
1180
1193
1212
1199
1210
1218
1218
1222
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_____________ SKTQKVI---KKNARELLV-
NREDSDI. S K.

DQIAEI--GQKMKLFP-KYPINRL
KFLAKR--KQGDNL-

TENMPDNPVKWIFSYYLQR--RGEKAIFK-RFAKISF
RMVN- M-TGS KAWLTQFQKNH:
RMV( M-TGS KEWLKQYQKSH-
AIVN. s KKWIQAHASTE-
------------- ALIS------T-S----TTEWMHNYETVQ-
------------- VLVD-~~~--K~S§~----IPEWMQSYELKH~
SSVD RS AEFVGEYLSDQ-
P V-CGV. KEEICGKILNVE-
EHV D-CDS KTIINNYIDTY:

ODT! S-Y, QETTQNFVQIY---GINRLND-IILKGLE

————————————— SKCK----G-YTN: (ONF INSHFDGS WM. RD-IYETY--
PLAP: A-A LRGLVA VR-LLEHA--

————————————— RYVS----D-CRS----TKDFIESVISIE---GNCSLLL-VAEGETS
-VLVD E-INT HMF IMONTGNF ---VIKSVIE-IGECSTN
SFLP- FIS SNYLNSLISTE DFVSN-LVEEN--
PKLP: APS QSYMSSLLQGN: PGFFVE-SFEGNLA
PLLP: 'V-CKS SWYAATH---SWTSIIR-ICEGSKE
PISV-

————————————— IISK:
PES. E S AVWFRSKLSPS--TPLEALLE-PFDVQHP
SALP S 'MHWFRERFTGT--QRLHMLAG-LFEKLPS
LSIP: S—---SAHWFRANICSG--DQVSSTVK-QFDVGMD
RLLP: A S LASWYRSKLDHG--ADMESIIG-VFNYEEE

PTDRRSRVRGGLARCLLTSSPEKRQQTAASPRQFFQALLKQF---KANYFYD-RWERFQP
RRTST: A-AQP: ILEKEFY TINKLIL-RVEHALT
SRMT ERYVFD-LFKLP--

PLI. Temm

DDYITN-ILETQRL
~TEQCVRSFSTDQ--EGTTMVLR-SIQPY~-~
NIWIQHQVKQ---HGLAALIK-MAEPPQT
~PLOWVKDHVNT-~--NGLSFIIS-VAEPRT~
~PIQWIKKQQPL~-~-DQY--LIS-IAESQAV
-LOSLVDQRF IKA--NRLDVLVGEVLERGGC
~VRDFIEKYVG-I--SKLSEIVD-ILEGGGE
-ESIKKLVD-IIEGGGQ

LALK GPGWPSK-AFFCGGF
LLQE: DGDDLFR-YFEGGGI
————————————— PLDTDP- GAPALVA-LVEQGSA
PFSP- GKNIIED-VFEAILQ

PCL FN KDYFSHLLETK-
------------- PNIS----G-VKD-~-~--IKDYFNIRLVNE
KLLPT---E-ERS TSWVKRKLTKY:
------------- PQIQ----G-IKQ-~-~--SEEFFQIFYEKE-~--GHNYFIE-RFEGGGE
PCVH E-IN RELFSVLLSQ-~--GNSEYFIQ-RFEFGMY
THVOQ N YFVSFDLIDIVDKSTIIKK-VFEGGGT
------------- PLIQ----G-IKS-~---TQMYFOAFLKSE-~--KQKYFIT-RFEGGGH

~-VQGFFQKFLKMES-GGPQYFME-RFEAYRL

DYFKAALDIQ-

PAMWLDEQLKQR---GPGFLIS-CLEGGG-
PSCWLADVLKER 'VSFLIG-KFESAGS

-ASLWLEEILKRN VSFLVN-KFEGAGS
~-LTAWLDDQVEKE---GIIFLIN-RFEGAGH
~PASWLDDILKKQ-:

~PAVWLEDILKDE-:

PNLWLKDVLKEE 'VSFLIN-TFEGGGC
PLLP: ‘NKS----PASWLNDILKEE 'VSFLIS-RFEGAGT
PLLP: NRS: PSCWLTDILKKE---DISFLIN-RFEGAGN

————————————— PLLP----E-CSS----VQTWMKKTVESD---GEDYFIL-RFECGFA
PLLP: VNS ADWMKKTHEDH----PSSFVH-RFEGGGG
PLLH: IGS AIWMKNTHK] DSFFVR-RFEGGGG
GASYFIN-RFEGGGG

~PATWMONTARER---GAEYFVG-RFEGGGH

1179
1220
1212
1136
1113
1183
1191
1178
1210
1170
1139
1157
1206
1206
1158
1161
1154
1131
1174
1186
1188
1136
1214
1086
1289
1174
1238
1253
1301
1174
1150
1200
1258
1282
1234
1215
1191
1321
1305
1279
1255
1211
1209
1249
1177
1227
1228
1229
1227
1241
1224
1198
1223
1213
1245
1234
1223
1227
1234
1245
1242
1233
1235
1251
1249
1236
1229
1231
1234
1237
1239
1228
1198
1237
1237
1197
1234
1214
1227
1245
1232
1244
1252
1252
1256

33
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PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA
AEDES

MIDGE
BOMBUS

ANT
WHIPWORM
TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET

HUMAN
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COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

QGEQN-YTSLR LDAESLSWQCRIWQFIHDR

FGDOIKQLKLAINSQSY-~

EQNYDDONDQLNHRLRSEAVRK-
D!

FREINVLLSQLBVVTFIVKN
~TMLSEKQKTIEMLTAQIEBCFNFLLSR
~VRT----TGVR-H: —---TDVVWYETLAASTESYVWACAP

SL-Y.
VL-G----LRD--~--DQVS-DP-~~~- KVWWDLANWMRYVTASLECYGWCSDV

~F. 1E NVWYETLAASTECYTWACSI

ITVDWLEQLSACIENYVWVVEM

ITIVWMDQLSASIESYVWYVDI
HGIRSAPNLQFIAEKKF----PIIINVYLWLEYLASSLBMYYWLIKN
————— ‘NGIATTPDLKHLSHIKAGIYGSIFKEICKWMESFLSSLBFYHWILTN

K- IEN-LPVNGILPFLRSLBCYIWLIKG
IKDISLASNVTPLLKALBYYMWLINK

E KL NNPIEEQLWLSSFEAVLBLYTFGLRS
S=mmmm VL----GSFSICNLQDRVIK-G-~~~~' TSIYALVLWLETYEAMIBGYVWALNT
NEDFTPIKWMQGLLCALBGFIFIIKN

LTGVYRDLR PVSWSAWLDALLAALBGYSWALQV

LRTTLPS PWDQALAWVFSLLASMESYIWLMEV
‘NGLNSKPTLEHLKQTE- ~FIFGDILKWMKNLYASLBFYVWLFEN

~LTVEPLRDRISP- 'YVKVISWLKNLHAALBFYSWLIGG

SE P-W- TLSAVCKFCDOLLGLLECYTWIFEQ

Smmmmm e GGITVTPTLKHLRN-E--~~~ VALVYVVRWLRMVLTSFBCYVWLFGE
GNFPFSARLEVYRHLLGL

EMSA---VE----~ YSE RATIQFIAVIQWSNWMIRM
DLEDVKKSTTNIQGAIBFVLWSSEC

L PP SPHELOQGLSSLLRSLRWYEWALSQ
N I-F T KSMPELSTALHSLHWYLGA
Y PH H PSLOQEQLWLTKFVRSIHWFEWALKE
D RP-F DV WSIEEARHQLAVFTRSLEWYAWALRQ
H N OQOHPLGPLRALLACLECHLWSLGG
R TE IVEVP S TSGLSLNTLMEFQALFESYNWILGQ
VN-T ~DDCOKSLTWLLSLRTNLIMYRYLVDR

v FP E -LOSKTVSLWLRQLTTALSGYTFLMDA
Vemmmmm II-E-mmmmmmmmmmmm S-NRN----~ LLLESGVKWANRLSICLEGFTWIIKN
PS-N VLHK LAAQQTKDWCSRFLSVLANYKWLIKE

T SE-T F--T. OPTAYRKWCTQLASILENY IWVLNH
R PT-Q VKKE NAPSCLLWLROLNCALBGYVWLIDR
------- DF---~SRLRYQ-~~~~LENPQ--~--SSVSQIQAVLEQLYVALBTS IWALQOS
ASAMPPKLD HVEFWMRRLOASLAVYIWYFGE

SI----HKV. APKIQV- KEIEFWFKSLTTSLNIYLWFFSE
NVYLWYFGQ

IGNVWLIGH

~KM-G--ISYVKNPTASSKH-IG

GYCWLIGQ

A. ~GL-G--IKHHTEPTSLA-T-AG IGYSWLIGK
D ~PD-KDAARALNAKEISSVFAVQ ICFTMSFDK
S CYSWIISA
P IAYOLVLSH
D VSYKSLSRWLEALQTSMECYQWAFSK
T LE---KT-FC: SLKVAVDWMEEVLGILBCYTWIFGE
N TV PS---FN-QON- DGLKPIINWLEGLHTMLBCYYWVFGQ

~KE-ILKTSLSTYQSFLDLTGPK:

~SD-V-SNSIMRCPQLE-IR-EH

~FQFGLLVTWLKLLNAPLBCYTWIFGQ
~LTIKILCGWFDHVIAAIBVYSWLFQQ
~FSLOKTCQWFDYFLAGLBCYIWVFEN

~MQPV---LNKEK:

~TH-G-KSGISACSTLLKIS-DT
~SN-T-KVGLVACPTLMSVS-DT
-G-T-RFTLKMCHTLGDIG-EQ

RMGLNQKPTMSRVQ-EN: FSLNAACTWFDLVLATLBCYTWVFGE
~FTLTSTMNWFDMLLAGLBCYTWVFGE
~FSLSSTLTWFDTLLAALBCYTTVFGE
~FTVKNAVLWYDMVLAALECYKWTFDT
~FSVQONAVSWFDHYLAALBCYIWTFGE

~--KYGLLSCPEMTAVD-SS

Vommmme G-D-RGGLCGHPTPSKVA-EN---~~ FSLKAVLSWFDMLLAVLBCYCWVFGE
SGILKAPTLAPAP NINIAINWLQSLOAAVENYRWLLKE
P ~GG-A-TCLS---NQQEGFE-AP ~ISMTTALSWFDHMLAILBCYTWVFSA

-DG-M-HTGIFNIPALHDLH-EP
-DG-G-CSGILSQTTLHDLO-EP

--LLSQPTLREIE-AP ~FSIRGTLOWMDLLLAALBCYNTFTNL
~FSVRAALQWMDMLLAALBCYNTFVRL
~FSVRAALQWMDMLLAALBCYNTFIGL
~FSMHAVLOQWLDMLLAALBCYNTFIGM
~FSLRAVLOWMDMLLAALBCYNTFIGL
~FSVRAALQWMDLLLAALBCYNTFIGL
~FSLOATLCWLDLLLAALBCYNTFIGE
~FSLRAVLOQWMDMLLASLECYNTFIEE
~FTLRAVVQWMDMLLAALBCYNTFIEE
~FSLRAVVQWMDMLLAALBCYNTFIEL
~FSLRAVVQWMDMFLAALBCYNTFIWM
~FSLOAVMOWMDMFLAALBCYNTFFEL
~FSLRTVMQWMDMFLAALBCYNTFFEL
~FSLRAVVQWMDMLLAALBCYNTFIEQ
~FSLRAVVQWMDMFLAALBCYNTFIEQ
~FSVRAVVQWMDMLLAALBCYNTFIEQ
~FSLSATTRWFDLVLAALBCSCWVFGE
~FNLRSMKNWYDYFLAALBCYSWVFSE
~FSLTTTKHWFDLVLAALBSYIWSFGQ
~FSLKETILWFEFVLAALBCYTWSFSE
NGILTYPTLADM FSLKETLLWFHYLLAALBCYTWVFGE

~FSLSAICNWFDLLLGALBCYTWIFGQ
~FTVKTAVSWFDLLLAALBSYCWVFGQ
~FSVKLACSWFDHLLAALBCYTWVFGE
~FSVKATITWLEYLLAALBCYVWVLGE

1208
1257
1261
1170
1143
1222
1218
1205
1253
1217
1165
1185
1235
1250
1196
1195
1188
1174
1210
1218
1230
1155
1242
1111
1320
1198
1268
1285
1329
1216
1182
1233
1292
1317
1265
1248
1230
1357
1342
1324
1297
1256
1253
1297
1221
1266
1264
1265
1262
1289
1260
1243
1268
1259
1291
1279
1265
1272
1272
1288
1281
1279
1281
1297
1295
1282
1273
1277
1280
1283
1285
1274
1244
1283
1283
1243
1281
1256
1270
1289
1275
1290
1298
1298
1298
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NLFTLDE-IIQF-D. DYLIT-TYNIHQFLRYF---—~
NFFSVQEELLQF-E: DIIDSFCTNIENFFNSLFKIQE
F-S DIKSK-LVDINVWMGNLYSFLA

TLGNASLIADAV-LL-DPVVAKRT--HDDEAVEG -PHRLFVAIAEFVES-GSREA
TLGNSSLIDENV-LL-DPSASMKRLLSTNADVON. ~SHRVFVAAKHFFAN----VD
LGDDAKTIIFST-S--GGSTALKRK-LDELEPTGSKSSSEHTTISWAVKRFLEIHGAIVS
LGDKTRGIFEIC-GSHSKKKSVKRK-HT-AEVSDTNENNCQQOTLSWAILTFLNCDGSRNY
LGEKTQVFLEKF--IKSRRENLKRK-HA-AEVNSTSFDTCEETLSWAISTFLSYDGPWED

SLLRNAE--EF LSASNLFAPVAYFLESVS--NA
DLVNSEQKNEL KHSVVLKIIYFFLKGFI--NK
DLLNMQCLFDNS-N SQ---KDEIFNCARNFIHVMNRIKI
KLLPIEMLFLDV-D-: KQIIFFCIRSFACQFWQIIT
KLISLEKWAHC--V- H -NEN LGALFISTFSRFAC
NRISMEAWNDY--L-m===m———mmmm e e LN--EDP----RVKSLL----~ FPC
KLSSTL: TCTTSIRYFLENVS--TI
GALPTDRPIS DSYLLDNIRFLMAEAF--K-
NI-PPVTLFDL: NSSKITPALMHFLESIV--GT
TLFTPTTLFSD

IIIDPGLLLK

RLLEPKNLFEVP-K. KP:

ELVKPSVLWGTE: LDNTSETRIFEAAVYFIQHVC--HR
GVIDTDKCDSD 'VDFSDQFEIFAKSVERRLD
RHAGGEF-FPAT RTMHFRAAGLFIERTAQNVE
GVREW- N EELEKKISEFLENDKKDED
QLLTVAELVPGQ-E EETRPGHPVVCLRRFLSSTADETD
QMIGLEEIEPLR-T: QIFSRIN
NIISIKELLDFE-R DCVIHIAS---SISAFLQSLLKS--
EMITTRELLGKT-R SSF: VVSSFLHRVFTG--
GLLDPQQLLGC! SRLCORLSDFFNETDPSLD
NICSMDELEKIE NSRIKDLTNLFIKKVYGTEE
GALTAQSIVLQ SDIVTSIVTFLDAAADVET
GIMEASAILDQT QSQLLPAFVHFINVYADTDV
KLLESSLFFKSR LNCFISSIVYFIINMSKKEI
KFVPPLDLITSS IMFRKAINYFLENLVQNDI
PGSAELLLAQLEK! AIMNTSTKFLEHCLLFPRELKRGDM
DMVTVMVVLNQP: SVLLDACRYLVIEVSKIVA
GFGELLI--QEG-R DSHRSMLLCADLYLRHWATKST
GFTDPVAISKD SSRIISNAFYVFLSEYALVDQ
GFIEPSALVNT! NGSTLLSTIFNVFVKHYALVND
GFLDPQMII S TSKILTTAFHIFPNEFALLET
RLVPSTVLLTHR-D: SNLLAALQLFLLNVVPEPR
GIVPAAKLLNHS-E LOLFSATTYFINEMALLTV
GIVPADKLLKCK-E SRILLASSYFLONIATKSL
VYVKADDMKNRP-E WKVFGDCLSEFIDKVVLRLV
RYLPAQKIF: S TSKLFTAIVYFIDEISLVNC
RLLTPRALLVDC-E MLLWGALAHFLSTFPRRS-
QLMLONMLCEEK-N: ASLISCIKVFNAIEHFLENIVKEPL
CLLEPSSVFK, SIQSKGTKIFASLEFFLSHFIS---
SVLKLSDIFND: AS-NRESKFFPSIEFFLKTLCIDFD
RLLNPKSLFSTK-K: SCIWSSVEIFLDKVASFSL
KILSPSIVWSGE-A NTSCLFKYLTYFMVNISAKSA
NLLSPEQMLQVA-E SNSQIIKAVCYFLEYIALSDL
RLMSPNQILIAS-N: KGTIIFQVLHHFMEELAQEDI
DLLTPINIFSGT: NTSKLFESLEYFLSNISLRST
NLLTPVDVFGGV- QTNVFKAATYFVDNIALADI
NLLRPEDVF T« H: SCIYLVLSHFLSSLALKDI
SLLNPDDIFSGE RKQSKLLQAMOHFLSQVVMEDM
GLLSPAKMFESS KGTRVFSSLQYFVTEMALGDL
QYVSPREIFSST-S SNLFKSIDHFLKCIALVGI
KLLOPTALFAGG-T- GKREERTCFAMVSDFMRPSGEE-—
RCLOLQRILGTC-E KSSFLPAVHFFLTELSMQDI
AMVKPSELLGTS-0Q: 'TGFMKAMNFFLKTLARHDI
HLVKPSKIMGTS-E NSSFLKALNFFLTNLARHDV
RFLKANTVLGKN-A EKSSFLKAAFFFITSLSMENI
HLVKPHEVLGAK-V- QSGFLKAIEFFITELAVQDI
HFVKPQQILGTQ-E KSSFLKAIGFFIAELTMQDI
RTVGALQVLGTE-A QSSLLKAVAFFLESIAMHDI
KTVKAHEILGTQ-A KSSFLRAISFFLERIAFHDI
RAIKAQEILGTK-A KSSFLKAVGFFLENIALHDI
RMINPREIFGTT-S VSGFLRAVEFFLTRLATQDI
RAIKPNEILSTT-T: QSSFLRTCEFFLQKLCLHDI
QMIKPDEVLGVN-E SLFLKAVQFFLDTIALHDI
RMIKPHEILGVN-E RSSFLKAVRFFLETIALHDI
GMIKPNEIVATN-T: ESSFMTSVEFFLEKLALKDV
GMIKPNEILGTK-M: RSSFLRAVEFFLKTIVLHDI
RMFKPENVLGTN SSFLRAVEFFLETIALHDI
DLMTLSQLFTGK: MFKSLEFFLRSVAFQDI
KMMSPEQIIGDK-A QLGSCKIFGSIEFFLSKLCLHSL
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA

TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET
GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

LEFYSEFTPY-:
VKFMVKNSPY-

LLQ-QL~-NV-TWDDN-WKN--MLFQLOW-~-~RGLIFDLFGIA
LF-YN-TDFMK~-QEN--MKEVLRWVQELIQVFNIFESL
VL-KE-SIFLQ-KDP--LE-QYQLIKOKKWIFLVFEVM
~APVVQYLMT-VV- ! DTSPSLAVVVTFGLLELL
IKLFTMTSFG-~-VPFVKYLMN~IV—m === m e LN-—==~ DOSPLISLVMAFGSLELL
~SNSSDVASQGAISTAAVAYTLVELL
~SASAEGAFEESRIGTVVAFSLVEIL
~SASADVQSRGCQIGVYVAYSLVDIL
~QFGSGWEAEHALVNRLGGYQLIELY
PLNVDMENGFVNRCAGYMIIEAF
--GG--TSDIKQLIVSKIGCYDLVAIM
~CN--DDAIKQIIVSKIGCFQLIAIM
~NPI-HQLYEKQLVTKTGCYNICSLL
--LEI-QTDCEQQOLITKIGCYKICAIT

L)
L

LHFYMMENEKRKSTIISLLAT-LI-
LQFYLMESIPKRLSVISVLAT-LI-
YTFYKLYIKN
KSFIRQKMNL

EDFFTETIST VITENLSNKILHFLLVGVL
LOFYTSH VPADSEPTEHQ LLEVL
VSFSVSTISK- ~-MKTDVGKQKHKLMSHIGSWQLLOHT
ELFYKNFFEE ~SASRAWDLKQAYVDRTCCFHLITIL
KVFYEGCIEN- --LSAKENEINTEIVSKIVALTLLEIL
HRFFVDNVT. LTSKIVALSCLEVL
REFYRHCIQD--~===~~ L@G-ML-N--VTLD-~--CRG-QLOTEHOLVGRIGAWNILEPL
~SFVERHVNE-~—=——~~ LLG-DIIQ-~ICEE-~—==~-, ARGGVEAFVHKIVVCALFEVA
VEFFMENHET IMK-DV. ANGLLCTLRSLNVLLSV
EKLMIYCTQQ- ~IKFT---EIYDSKEYLFRLREKTWILLIFERF
SEWFADKFED- -KEYSY-RTRTDAETEQTELTTRTAILSLLELM

TGWFTPRVTE-:

SIDAETEEECLVVKVCHYSLLELL
QOSLAGFN--ESETEEILLLARGCCRVLSCF
-VEVL---GS--EEKRASVLISKIGTFQLFGVL
-AAAPI-GD---ESALLQYLVTKAICFMLLEVA

RRFFSENMES---~
VRFFVQYIRE-:

RAAFVRHINQ-: ~RPLST-K----EHDQESQLLTRTACYELMDVC
IKFYSKHIKS- ~EQLIN-K----EDELCIQLNIHSSIFNILQIM
MDFFKKHINE RDKYT-RNV--DEKIY-YLNERAGSLTLLQIL
SEFYVLNIAR: KQETP-RST--DTEMRRDYIERECCYGLVHVL

ROLLR-RGT--DEEIRVDMEEKTCCIYLMOTF
~HTIN----TSDDEETKKTWMTK----KISYIA
~PLAP--KYLATATERKSSVVEKICCFKLTQQF
-PLQP--KYLSDSQERKSSIIEKICCFHLIEAL
~PLTP--KYLSDSQERKSSIIEKICCFRLVEAL
-CSLP--SRP--EQQ-LCVLTGKLAALRLLOLL

ONFLLTVISA PVH: R DEQ-HKTLVTKVGSFMILQIM
VSFSIDVIKI VM, M-S—--LTIQ: R DEQ-QRLLVTKIGSFKILQVI
MDFFSRTMKD-: MIT-IL-D--TKER--STT- ~AGLLIVQTCCFSLLELL
KQFFQRNILV- EKFN--KLL--QSKLASQLINKICSFNVLSLM
SAFYIKRLPA- -QDTP--LTS--~----TPAIVIKMCTFTLIDIL
INFFLSHIKE- ~ENLS--LA---SGVKDIHLVKRICCFKLLELM
TDFFVKNIRS-: -SKVI--KGS--EERIKAQLLIKIGAFQLTEVL
KYFFIDHIKE-======— ~SKRK--SS—------NEIQLVSKIGAFQLIEIL

IDFMSANIVS W- NLN-

~EPAFEMMCLNKKCVFQLIELA
EEHI--KYP--ESKWSYQLOMKCLAYRLLELM
AEMS--QLP--D-LMEQHLTDKMCCFQILEVM
~AKPT--KAP--EHAFEAQLTSKIGCFELLEVM
~AKLV--KGS--KAELENQLTTKIGCFQLMELL

~AKQV--KGP---~-GLENQLVSKTGCFQLIDIM
ITD-TL-S--AKLS--KSS--ESEIERLLTLKLCCFELVEVM
-AKLV--KGS----GLENQLTSKLCCFQLLELM

~QNLA--KGP--ESILKTQLTSKVCCFQLLEVM
~DPKLECQLVHKSCCFQFIEIL
~ERQYESQLISKICSLKLLELM
~ESVFESQIMMKIGCCKLLEVL
~SRFT--KTS--ESSFDNQLTRKIGCYKLLEVT
~SRFT--KTN--ESSFDNQLTKKIGCYKLFEVM
~SRFT--KVP--EAAFDSQITKKWGYYKMLEVQ
~ARFT--KSS--ESTFETQLTKKNGCYKLLEVL
~EAMFEGQLIKKNGCYKLLEVL

~SRFT--KLS--ESTFDTQVTKKLGYYKMLEVL
~ARFT--KSN--ESAFDTQVTKKTGCYKLLEVM
~GRFT--KSN--ELAFDAQIMMKMSYYKMLEVM
~SRFT--KSH--EHTFDTQVTKKMGYYKLLEVM
~SRFT--KSN--ESTFDTQVTKKTGYYKVLEVM
~SRFT--KSN--ETMFDTOLTKKMSYYKILEVM
~ESAFDTQVTKKMGYYKILEVM
~ETVFNTQVIKKMGYYKILEVL
~ESVFAHQLTTKSGSFQLLEVM
~-DLENQLISKLGSYKLMKLM
~TRFS--KAT--DSVFESQLVSKLCCFKLLALL
-AKEL--KPT--DPNFESQVTSKLCCFKLVEIL
-DPGFESQLVSKMCAFRMIEVL
~EAVFAHQLVSKICCFELIELL
~EASLRTQLTNKLCCFQLLETM

P--ETVFONQLVSKTCCFQLVELM
IIS-VL-E--ARLT--KNP--VPAFENQLVSKICYFELIEVL

VTFYKGHIHD-:

1754
1855
1844
1720
1678
1823
1820
1806
1869
1824
1746
1773
1824
1832
1737
1757
1768
1768
1808
1790
1836
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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1741
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1672
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1788
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1973
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1881
1863
2017
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1893
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1846
1893
1910
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1885
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1876
1922
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1923
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1931
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1926
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1919
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM L IFNRYASGWIGVLL
TETRAHYMENA Ii LFEKYSQQWFDVLV
STYLONCHIA Lj LFSAYAKEWFEPIA
APHANOMYCESa C] LFAPYAAKFVGPLV
APHANOMYCESe C] IFEPYAAKFVGPIV
PYTHIUM VFAKYADKWAEKLM
PLASMOPARA A VFSTYSSLWLPAVM
BREMIA A VFFLYSESWLRAVI
AEDES A WLKPYAATLIPPLM
MIDGE A VFVYYAKFLLGPVM
BOMBUS L VFQPYAKFFLQPIM
ANT L VFKPYARFALTQII
WHIPWORM Al IFLPYCYEWFDPVA
TRICHINELLA Al VFRPFYLEWISPII
BEETLE IFKHFSKYFTEPLL
BARNACLE Ci RPYGRWLLPPLL
THRIP L YFSTY.

FLEA M VFRPYAHHILTPIL
WHITEFLY Ci VFAPYASHFILSIS
TICK [ VLRVHSRHLVPALL
TERMITE L KFHPYAHHWMNSIL
DAPHNIA I IFRIYANFWYKALL
OSTREOCOCCUS ALLR-LNHELASDSDSDISMHSVCTSPSLLA-===========-=, ANPDVMLSLLTATI
STENTOR Ii IILI—RPQ FKKWADLWLGPIC
KLEBSORMIDIUM AKATVR-ARK LFQPFKREWFAPLI
CLUBMOSS ~ARK: VFARFSDTFFQPLV
MOSS ITK-TRK IFAPHAADWIRPYV
LIVERWORT ~TWR VFAPFAQVWFIPVV
LIGNANO LIN-CQD: IFQPYAHFWLRPMC
COPEPOD LEFIYN-CSE IFLPFCINWYTPIL
GLOBOSUM [ IIIN-VPN: IFAPFAKYWWRPIA
PALUSTRIS AAIVMN-VPE FSAN FA
NEOCALLIMASTIX ILIMN-YSD: IPYVNSWYIPLV
GLOMUS ARIIVN-VPE FEKYASLWIRPVI
LOBOSPOR ARIVIN-IPE FEMYAHSWIRSLM
SYNCEPHALASTRUM AKVIIN-LPA FEPYADFWIRPLM
FUNGIVORUM LETIVN-RPL. YFKAYSSYWIGAII
HALBUM LEVIIN-RQO YFYRYHKQWTPILI
DPURPUREUM IKIIIN-RPS YFERFHELWIPILM
PVIOLACEUM IKIIIN-RPQ: YFERFYKYWVPILL
AMPHIPOD LTN-TAQ: LFAPYARHASRAVL
SHRIMP M -NAR IFEPYAAHFVSTIL
MUDCRAB MMN-TSR VFAPYAVHFINPVL
TARDIGRADE ILIMN-VENVSSETET T TEEPDPTLPYFYQFAELFYGPLL
HYDRA ARIVIN-EPK: LFQPYAQFWFLPII
SALPINGOECA ITN-MPD FQ! RPIM
SPIDER ITN-NAE LFQPYAEFLMGPIL
LIMULUS .VVN-NAQ: IFKPYAGSLLDPLI
SCORPION FIN-NAE IFKPYAVFLLQPLI
ROTIFER IRAIAN-TES IFKPYCKFWYSALI
CIONA IIN-CEQ YFRPYAAHWITPLA
OCTOPUS IVN-TAE IFEKYASFWVLPLS
CAPITELLA I ES. VFRPYASFWFQPLV
LIMPET IFN-TSE VFQPYTKFWLRPLC
SCALLOP .VSN-CTQ: IFQPYARYWLRPLS
LINGULA ILN-AEE VFAPYAKFWLGPLV
OYSTER IIN-TAE IFRPYARDWIRPLT
SNAIL IIN-TSE IFQPFARLWLRPLC
SPONGE ILITN-RPK. IFQPYAKHWLPVLT
PRIAPULA ARLVVL-CAH: FRPCAASWLAPLM
DANIO IIN-TEE IFRPYAKHWLGPLM
ESHARK AKLIV SEE VFRPYAKEWLGPLL
BSHARK ARLIVN-TEE IFQPYAKEWLGPLL
XENOPUS AKLIVN-TEE VFRPYARFWIGPIL
STERLET IIN-TEE VFRPYARHWLGPLL
GAR ARLIVN-KEE VFRPYAKHWLWPLL
HUMAN ARLVIN-TEE VFRPYAKHWLSPLL
PLATYPUS ILIAN-TEE VFRPYARHWLGPLL
TASDEVIL IIN-TEE VFRPYAKHWLNPLL
COELACANTH ARLVIN-TEE VFRPYAKHWLGPFL
CAECILIAN ILIAN-TED VFRPYAKQWLGPLL
CANARY ARLIVN-TED: VFRPYAKHWLGPLL
OSTRICH ILIAN-TED VFRPYAKQWLGPLL
GECKO ARLIVN-TEE VFQPYAKQFLGPLL
TURTLE ARLIVN-TEE VFRPYARQWLGPLL
ALLIGATOR ARLIVN-TEE VFRPYARHWLGPLL
APLYSIA AKLVIN-CTK: VFQPFAKFWLRPFC
TRICHOPLAX IIN-RPK IFRPYAKFWLVPLI
SOFTCORAL ITN-LPE VFEPYAKFWLDSLM
STONYCORAL IIN-EAK IFEAHAKFWFNPLM
SEA_ANEMONE AKVIIN-QSOQ: VFEPYARFWLSPLM
SEACUKE ARLIVN-CSK: VFEPFAKFWLNPLI
LANCELET ARLIVN-NEE VFRPYARFWLSPLM
STARFISH IIN-NNE VFTPYARFWLSGLL
SEA_URCHIN ILVIN-AQD VFQPYARFWLSPLM
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2148
1967
1910
2089
2079
2065
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2101
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2044
2077
2094
2013
2035
2048
2053
2108
2076
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2078
1876
2275
2039
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2274
2058
2020
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2216
2144
2128
2098
2242
2244
2237
2150
2142
2137
2216
2078
2165
2154
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2140
2148
2166
2113
2168
2146
2198
2167
2166
2167
2186
2190
2177
2178
2176
2189
2192
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2173
2175
2180
2182
2171
2141
2180
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2138
2201
2161
2178
2200
2162
2181
2203
2220
2206
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA
AEDES

MIDGE
BOMBUS

ANT
WHIPWORM
TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET

GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN
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OLV. Vs NN E-GIHFMVV---BT L-SWASV
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2060
2186
2178
1996
1939
2125
2112
2098
2182
2129
2039
2073
2107
2124
2042
2064
2077
2082
2137
2105
2150
1994
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1906
2307
2071
2192
2219
2304
2089
2050
2104
2185
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2174
2158
2143
2272
2274
2267
2179
2171
2166
2245
2107
2197
2183
2186
2169
2180
2196
2143
2194
2176
2228
2196
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2197
2226
2221
2207
2208
2206
2219
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2211
2199
2203
2205
2210
2212
2201
2171
2210
2210
2168
2231
2190
2208
2234
2196
2211
2233
2250
2234
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA

TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET
GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

EYLOMHPQSRNKIC-SVI-NNLIML:
TRR-IASDKKQNLC-QVI-NKICRV

-SADKN-RKIFPoNIET
-LAHKE-KEIFKONIQT
-SADKT-KMIFNTNIET
-SPHPS-IFILRDNLYL
-SPNTS-AAILRDNLYL
NEESNFIMRDNIRA
————— SNVLL
NVLL

————— AYNER-SEIFRLNLEL
ES-TF-GONK-DEIQQLW-ETLIQKVIVTKTEKIS-KSIYNYNMNM
~DGK-AAAQRLF-EVLINKVLMKSD---N-HRVDKYNLGL

~VLNK-SQLNILF-GYLVKH
~IQR-NIASQFM-YFLMKN:

TNGEETKQSLGLDDDH:

VKIEN NS

ITLE-: SY:

VKLED SY:

VKLED SY:

LDPKD- S

YODQK- LD-QLDTLSK-SNISKFI-NFLIQN.

GEIRPPTSLE-NHLSKFM-NFLMKN.
K-LPVAFSTK-QLISKFI-NYLFKN.
PD-----D-S-PLLAKLM-CHLITS:

TV = =] -MGR-NIVGRVL-RYLCMN-——-—~ TPQTR-ADIFKYNLDV
T MGR VL-RFLCSN- TPHNR-ADVFRYNIDA
—GDQ-FRAQRVF-LFLIQH -VKHSN-SQVORNNLTL

SGS-ILASSLL-DYLVKN HNLD-SPVLQTNLYL
—————— EK-RLARQLV-QFLMEN-----ARHET-TAVFKNNVNI
~ML~-~--KASEVL-KFVMMN:-
~IGR-HAANSIL-EFLMTK:

IGR-HAASGLL-EFLMSK.
—=EA-KLINRLF-TLLIKR:
—EGK-SLVRGLL-EQLSRR
~KDR-YVASSLV-QFIIRN:
~VDI-AMTSHLV-KYIVON:
~EER-AMSSRLV-QFLMAN:
~EER-AMATRVV-DYLEAN:
~MDR-AMASRLV-EFVVRN:
~EDR-AMSSRLV-EFVMGY
~TER-AMASRLV-EFLVRN:

~KDE-ILANRLL-EFLMKN:
EGR-AMASRVV-SFLIAN: VFHTN-RQVFRNNLEL
—————— EI-LQANRLM-EFLMRN-----AFYPN-RSVLRNNIET
~SSR-RLTSRLL-EYLMET

-VHHAK-RAILRNNLEV
~MGR-ALTSRLL-HFLMAN: FHKT: EL
~LANRLL-EFLMHF" -CHHSN-RQVLRNNLEM
~LASGVL-RFLMKN:- -SYHER-KSVMKNNLEV

2103
2228
2214
2028
1971
2160
2146
2132
2220
2167
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA
AEDES

MIDGE
BOMBUS

ANT
WHIPWORM
TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET

GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN
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LKTLLQVWKDRV-E--IPYNIVYK-HLK. QPDETKKI SCVGI
LK! LLECWKDCI—E——IPYQ.VYN—QLK DPSSK: SLIGI
VREMVELWKDKI-D--IPTRVLYD-QFS DKST' NLSGI
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IRTVVECWKDCL-T--IPYDLIYE-RFA TDPNSKD -NSVGI
IKTVVECWKDCL-S--VPYSLIFS-RFS TDPNSKD: -NSVGI
IKTVVECWKDCL-S--IPYSLIFD-RFA DPNTKD: -NSVGI
IKTVLECWKECL-S--IPYRLIYE-GFS TDPNTKD -NSVGI
IKTVIECWKDCL-A--VPYSLIFD-RFS DPNSKI -NSVGI
IKTVVECWKDSL-M--VPYSLIFD-RFA DPNSKD -NSVGI
IKTLVECWKDCL-S--IPYRLIFE-KFS DPNSKD -NSVGI
IKTVVECWKDCL-S--IPYRLIFE-KFA TGDPNTKD: -NSVGI
IKTVVECWKDCL-S—--IPYRIIFE-KFS DPNSKD -NSVGI
IKTVVECWKDCL-A--VPYSLLYQ-RFS DPNTKD: NTVGI
IKTVVECWKDCL-S--IPYRLIFE-RFS TNSKIL -NSVGI
IKTVIECWKDCL-S--IPYSLIFQ-RFS DPDTKD: -NSVGI
IKTVIECWKNCL-S--IPYSLIFE-KFS DPNTKD: -NSVGI
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VKEMVEVWRERV-T--VPTKVIYE-ALS DKKD: NATGI
VKTLVELWKPVL-D--IPTSVIYN-YLS NKDPASNT NTVGV
IKTAVECWKTRV-E--VPTKVIHD-QLC DASSK, -NSVGI
IKTLVECWKEII-S--VPTSVIYR-ILA TPDPDVKD: SSTGL
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA
AEDES

MIDGE
BOMBUS

ANT
WHIPWORM
TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET

GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

ILTALQLIER-
I ISTLRAITR-
ILGTLRVIKC-
ILLALHLINK:
ILISLHIANK-

FTHVQS-VLGRFV-
FTHVQS-VLGRFV-
HRELVSLDLKGML-
YREIISMGIKNLL

FKILESKGLLAML
VDKLKPELIRLM

SSLNIIQK-
ICLKMIHE

-LVMATIINTGE
-LLAKL-
MSLKIIRR--LLEKL—
VALNIITS--IREKL-
TALKIVKA--MMVKL—
VCLKIVNE--LLRRL—
TALKIVKS--I@SKL-
TVALGIVNA--MVPKL—
-LLVQL~-

D HHEEEEE0

FQELKNKNFVQIM----SYSDEE-=-======—=e==- RORICLDIVYK-
HIQLKSKDFTQIM SHRDED: RORVCLDIIYR~-
FIELKNKDFCQIM -NNRDDE: RORVCLDIIYK-
YLQLKSKDFAQIM SHRDEM- RORVCLDIVHK-
YLQLKSKDFSQ SHRDE. Ri

YFQLKSKDFVQ RHRDDE: Ri

YLQLKSKDFAQVM- RHRDDE: Ri

YLQLKSKDFIQIM----RHRDDE-———======——- ROKVCLDIIYT-
FLQLKSKDFIQLM-~-~-NHRDDA-—=========—- RORVCLDIVYK-
YIQLKSKDFNQIM JKVCLDIIYK-
HLQLKSKDFIQIM- JRVCLDIVHK-

HLQLKSKDFLQIM- JRVCLDIVYK-
YLELKSKDFTQIM
YLOLKSKDFIQVM--~-SHRDDE-========—==—-

YLQLKSKDFMQ -NRRDDE: R

FLEINSKGLPSFL----THRDED-
YTELRNKGLKDML----LHRDES -
FLELKTKGFLNTL----THRDEA-.
FTELKGRGLKEML----SQRDDG—
FTELRSKGLNVMF ----EHRDEG—
FQEVQSKGLKELL----THRDES—
FLELKTRNFLGML----THRDDG-

FLEMKSKGIVELL-
FIEMKNKNILALL-

TSLKLVDG--MLPKL-:

2372
2484
2451
2243
2186
2378
2360
2346
2426
2383
2288
2318
2352
2371
2279
2305
2321
2321
2395
2352
2403
2232
2387
2154
2553
2320
2443
2474
2581
2338
2306
2367
2446
2503
2433
2413
2427
2529
2532
2526
2444
2416
2413
2488
2357
2455
2427
2433
2414
2417
2454
2388
2442
2418
2476
2442
2440
2440
2473
2486
2455
2456
2451
2467
2469
2458
2446
2450
2452
2457
2459
2448
2418
2457
2457
2415
2477
2435
2454
2483
2445
2453
2482
2492
2478

67



Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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VEPS-LVS. ILOQPMEILLLEESLLHGAGA EEPPL
LDST-SVRSISLASLOQPMEILLLEKSLIHSTTN EEPPT
LDPS-IVSSWALVELOQPMEIMLLELSLMHLSLP EEPPA
LNPA-NISTHELASLOOPLEILLLEKGLLHMKVP: DEPPA
IEPS-SVSSEELASLOQPMEILLMEESLIKGLVP: EEPPA
VDPS-AVSSEHELASLOOPMEILLLEESLIRGSVP DEPPS
LDPA-AVS. ILOQPVEIRLLEEALLRLLPA ELP-A
LDAN-CVSTEELASLOOPVEILLLEQOALIRLGPP: EEPSS
LDST-TVSTEELVELOQPV ILLLIKALIHLT“" EEPPS
LDPA-SVS. ILOQPMEVLLLEQGLIQLLAA EEPPA
LDPS-NVSTEELASLOQOPVEILLLERSLMSLVDT: EEPPR
LDSA-NVSTEELASLOOPMEILLLERALMALSPA EEPPS
LDSA-NVSTEELASLOQOPVEILLLEHALISLSPA EEPPS
LNPS-SVSTEELASLOOSVEILLLEOALVHLSSEE: EEPPA
LDSA-TVSTEELASLOQP! ILLLIQALTRT SSE EEPLS
IDST-SVSTHELASLOQPVEILLLEQOALIHLSTI EEPPA
APAS-EVGVEAIVENQQTLEMVVLEEQL IQASSAQ: AGTTS
IQSS-FAS! SQOPIETLLLEKQIMHLD-~T EEPPS
LEAG-KVTTEE IGELOOPTEIMLLEKQILOMAEDP ERPR
VDSA-SVST! ILOQPIETMLLEKQLLEIEG-K- SONSR
VQPS-SVSTINSLASLOOPMET LLLEKQLLSQE. EPKSH
LDPV-TVTVISSLTSKQOIHLEIRVLEEMLIKKSW-E: EERAT
PDAS-VIQQIEVISLOQPIEIVLLEEQLVQKAG-V: EEPRS
LVPS-TISTEELTEOOMHIEIRLLEENLIQKPW-Q. EEKSA
LDPA-ATISQEELTEROLLIEIRVLEEVLIKKSG-D: DERSR

2800
3012
2972
2631
2564
2807
2780
2761
2847
2838
2699
2765
2804
2808
2675
2733
2752
2753
2830
2792
2841
2619
2791
2512
2992
2711
2859
2896
3152
2748
2697
2773
2858
2915
2854
2838
2817
2973
2945
2954
2914
2882
2877
2916
2780
2916
2883
2934
2898
2835
2920
2851
2895
2874
2937
2901
2894
2905
2928
2943
2918
2924
2917
2927
2934
2931
2907
2915
2919
2925
2927
2916
2886
2926
2925
2883
2952
2900
2922
2950
2903
2924
2951
2966
2948

81



Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM DEIRKSFFHM
TETRAHYMENA LKNNQKKASRARGRKEMQIGEDDYEKDLDENEEDLEEERLLYESRKKQSEKKRLEVNYWM
STYLONCHIA AMGKQGNKKRKIQDN: ONQKNGTGFMFN: ~KVLDGNRKYWF
APHANOMYCESa ENVSTHAWN
APHANOMYCESe SRIVSMAWN
PYTHIUM SSADVTAEA
PLASMOPARA M KLKSNESLTEC
BREMIA T DLELNELVTNC
AEDES ISSR SSVTLEALHWI
MIDGE KRIKL: DNNDDIKLHHWL
BOMBUS KKIR RKYADDSSSKWL
ANT KKMRM DNYICNEETSKWS
WHIPWORM RRLSD: DSDSSMPLESAWI
TRICHINELLA KRLKOQ NETDRLWV
BEETLE R NOLSODTNLWI
BARNACLE KRPRLGLPP PAAEPARDRDRLIE
THRIP ATWNENVWL
FLEA KRSTI DNDEYNHWL
WHITEFLY KRQRL--DR MDETNLTEEANIWF
TICK KRTRK- EAAQACGPWL
TERMITE RSKTF' EPSTEEILWL
DAPHNIA KKPKRQ VKHOSSWF
OSTREOCOCCUS GSSETHE
STENTOR QSGIE PEVTRKNSEFWV
KLEBSORMIDIUM R SKRQKGRGGQ AVP. DETWL
CLUBMOSS A---AK TSQ D NAVTEEAWL
MOSS ~--5---SKRQKGKGG( ANR L PRPLEDAWL
LIVERWORT E DRNMOEAWL
LIGNANO LPTA---AKR )ESNDDNSA-————— DVGTGHADRHEEAYWL
COPEPOD KKKKIT SQDQGKVEYLI
GLOBOSUM TKKLKTF NRAVRKSPEAWV
PALUSTRIS KRSRTGR NASKKQSIEFWV
NEOCALLIMASTIX KSQ TIDSDNKRLWN
GLOMUS KRLRTT SLVASSKRPWI
LOBOSPOR KRLKTS TSHDPKRGSWI
SYNCEPHALASTRUM RKRT! ADIHRSKVOWI
FUNGIVORUM KTEDRGE
HALBUM KQYAQN OATISES!
DPURPUREUM KQQ EKDINSG
PVIOLACEUM KTTPDD NRVIDDAWN
AMPHIPOD KRQKRGVTSE LAQSSEDDVPKLMM
SHRIMP KKMRKDA--E L--SQDDSLWL
MUDCRAB ~ —mmmmee KKLK-TH--L NS--QLDTSTWI
TARDIGRADE KRARQK ASVKADYWL
HYDRA KRLRAD QQENYMVWS
SALPINGOECA KRSKMRRAR NGLTDDEIERWI
SPIDER KKIRHE HIFTQESNYWM
LIMULUS KKARRE NRSNSPATSLWI
SCORPION KRIKLN KPLISDELSIWL
ROTIFER KKVRLN PKDSSSEASILWI
CIONA KKQKTH PVLWI
OCTOPUS KRPRQS LNPPPTDVSTWL
CAPITELLA KRSRRD RSSRITQDTEPWL
LIMPET KRRKTE TTVSTDVNLWI
SCALLOP KRGRTD TLTISKEVPTWI
LINGULA KRARTS TVPSQETSTWL
OYSTER KRGRSD NAVVSTDTLSWI
SNAIL KRSRYD VTPVTKDDMQWI
SPONGE KRSRTN SNEVTETWI
PRIAPULA KRMR OQHTDTWI
DANIO KRAR! K RELPPDT--ERWI
ESHARK KKAR! R OELPPDTDVARWI
BSHARK KRSR R TQLPPDT--ARWV
XENOPUS KMRKEKEK: AEIPPDI--VRWI
STERLET KRAR! R RELPPDT--ARWI
GAR KRAR H RELPPDT—
HUMAN KRVRG---K: ARLPPDV-
PLATYPUS KKRR! K PQLPPDV-
TASDEVIL KRMR K PQLSPDV-
COELACANTH KRAR! R KELPPDT-
CAECILIAN KKMR K TELSPDV-
CANARY KRMR R TELPPDV-
OSTRICH KRVC! R AELPPDV-
GECKO KRMR K TDLSPDV-
TURTLE KRMR R AALSPDV-
ALLIGATOR KRMC! R TELSPDV--IRWI
APLYSIA KRARRE E--TLDADTVLWI
TRICHOPLAX KRIKTS ASEATSNWI
SOFTCORAL KRQKT! N--PSPESTATWI
STONYCORAL KRAKTS--T V--PPSEVTTCWI
SEA_ANEMONE KRMRTE--H S--PSSDTTAAWL
SEACUKE KRSKTS--H R--ETTREISTWI
LANCELET KRARTS S--PVSAETATWI
STARFISH KRARFV- R--EPSPEISTWI
SEA_URCHIN KRARTS--R P DEMSTWI

2810
3072
3012
2640
2573
2818
2794
2775
2864
2855
2715
2784
2822
2822
2688
2756
2761
2768
2851
2807
2856
2634
2799
2531
3022
2735
2883
2920
3191
2765
2716
2792
2873
2934
2873
2857
2827
2988
2957
2969
2938
2900
2894
2931
2796
2937
2901
2952
2916
2854
2938
2869
2914
2892
2955
2919
2912
2923
2944
2962
2935
2943
2934
2947
2951
2948
2924
2932
2936
2942
2944
2933
2903
2943
2942
2900
2970
2916
2940
2968
2921
2942
2969
2984
2966

82



Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM DLMDLHQSIGNKAQIE IINELFKDKP- 2847
TETRAHYMENA DLIDIYSHLNEKBOQIK L 3119
STYLONCHIA NLIDLYDQIGND] Q 3059
APHANOMYCESa QLHHVLOMVENEPYLL L 2684
APHANOMYCESe QLHHILQMVONESYMM T 2617
PYTHIUM HLYKILATEQKSNLLT! T 2862
PLASMOPARA LLHKLLSTLHKRBFL T 2838
BREMIA LLHKLLGTVRKRNFLTRLSIAC---ST T 2819
AEDES KLAELNHALNEYBILGBIFSDK---MD R 2909
MIDGE KLIELYYKMNEYBVIA®TIFTEK-: N 2904
BOMBUS LLTNLYKSMNDVBTVLSIFQNH- K 2759
ANT QLASLYKSLNDVBIVLSIFRGR K 2829
WHIPWORM LGRLYKALGGLENLREIFETH-- 2867
TRICHINELLA ELARLYKQCGELENLKVETKH-~ A 2867
BEETLE KLAELYK K| R 2733
BARNACLE VLAELYVQYGE R A 2801
THRIP HLAELYDGLGERBVAH| K 2806
FLEA KLAGIYQSMADYBTTQ 2813
WHITEFLY KLAELYYSLSESBVVL R 2897
TICK QMAQLYKSLGDYPT R 2852
TERMITE SLADLYKHMDEW| REIFHKY -~ R 2901
DAPHNIA HVANLYGDIQONVENVR] 'AHL-~— F 2679
OSTREOCOCCUS ALATLCKSIGHD] ..ALLIFVN —= A 2844
STENTOR ALTKVYEKMGL \NELWKVI-~— T 2581
KLEBSORMIDIUM QLARLYREIGEDBIVLEVLOEK: 3067
CLUBMOSS ELARLYNAIGEDBYVLSLYLNR-~ 2780
MOSS ELAELYKALGENPIVLELFGTH: 2928
LIVERWORT ELAHLYKELGEEBPIVLSVYQKK-~ 2965
LIGNANO ALARLYRDMGEPBQQLEALRRCRSRHNGQEGVDNNDDEER— 3247
COPEPOD HLSDLYRTA( KELFI( V-HEDT- 2813
GLOBOSUM SLAQLYKELQHIBVYERIYESR-—-VA-—————= Y-SLVT- 2761
PALUSTRIS QLARLYRSMNK! YRIFLYETR -V 2837
NEOCALLIMASTIX NLAQLYKSIGEN] 2918
GLOMUS ELSHLYKSIDGH] 2979
LOBOSPOR ELARIYKSIDEK] 2918
SYNCEPHALASTRUM DLASLYKSVDEAEIFQSILYVNH--~VA-——————, S-NDSA- 2902
FUNGIVORUM ELMKLYRALGDVBTRREIFENK---T. H-TDIS 2872
HALBUM HLRELYHALKEEPIVLELLERQ: M E-LPYT- 3033
DPURPUREUM NLRELYKSLKEEDI IMELTEKQ---MS——————~ D-IPFT- L 3002
PVIOLACEUM LRELYRALKEEPIILEILEKQ---SS-—————~ T-SEYT- L 3014
AMPHIPOD HLAELYSSL LOSS M. LHGNT-: Y 2984
SHRIMP SIAEMYKNLNMW R IKEET- 2946
MUDCRAB NMAELYKNLSMW| R RIKPET- 2940
TARDIGRADE GMYQLLQSDGQTBSIA A 2977
HYDRA ELAKIYTSIKDFBFVQ L 2841
SALPINGOECA YLGRLFKELGDYBTLHEIFSNQ-- A 2982
SPIDER KLAELYRSINDY| A 2946
LIMULUS RLAELYKSLNNY L 2997
SCORPION KMAEIYKSLSDY 2961
ROTIFER ELAKLYRSMNDY 2900
CIONA ELARLYKSLDEF] 2983
OCTOPUS ELAKLYKSINEY] 2914
CAPITELLA ELAKLYKSISDY] 2959
LIMPET EMARLYKSVENY] 2937
SCALLOP ELARLYKSVDEY] 3000
LINGULA ELARLYKSLGDF 2964
OYSTER ELARLYKSVKEY] 2957
SNAIL ELAKLYKSLGEF] 2968
SPONGE ELARLYKSLEDY] 2989
PRIAPULA ELARLYKSLGDY] 3007
DANIO HLAKLYRSLGDY 2980
ESHARK ELATLYRSLGDY] 2988
BSHARK ELAKLYRSLGDY] 2979
XENOPUS ELAKLYRSIGDY] 2992
STERLET HLAKLYRSLGDY] 2996
GAR HLAKLYRSLGDY] 2993
HUMAN ELAKLYRSIGEY] 2969
PLATYPUS ELAKLYRSVGEY] 2977
TASDEVIL ELAKLYRSIGEY] 2981
COELACANTH ELAKLYRSLGDY] 2987
CAECILIAN ELAKLYRSLGDY] 2989
CANARY ELAKLYRSLGDY] 2978
OSTRICH ELAKLYRSLGDS] 2948
GECKO ELAKLYRSVGDY| 2988
TURTLE ELAKLYRSVGDY| 2987
ALLIGATOR ELAKLYRSVGDY] 2945
APLYSIA ELSRLYKSTGDF] 3015
TRICHOPLAX ELSKLYKSIGYY] 2961
SOFTCORAL ELSKLYKSVEDF] 2985
STONYCORAL ELSKLYRSVGDY| 3013
SEA_ANEMONE ELAKLYRSVEEF] 2966
SEACUKE ELARLYKDLGQF] 2987
LANCELET ELARLYKSLGDF] 3014
STARFISH ELARLYKALGDF] 3029
SEA_URCHIN ELARLYKAMGEF] IFGAL---IK- 3011




Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA

TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET
GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

~YKHQYSYVRANQ----QLE-ELLDEINQEGYDEDTIDGRMVHYLQQEFEDTCMKLGOWE
KILKEISSKNKESERQNQFRMAIEDNLNNQVS----LDDRIQEYIQSEYQDTLALMGKWD
NLIKEAHCLRTKGSIDKGLK-VLEQAL-NDKSLTDCLEDHILCELENKQLDSKAELLKWD
OQHYKDAEAKYAS-M DN NVTILERQRWKSEQFHCLATLNRWD
OHYKDAEGKFKL~L- === ===~ DKSQ-~=-~-] DVSLLEQQRWKSEQYNCLATLNRWD
ASYRKAESVLTS-E- ~WETEP-DFAVAQAQFEANRCYWERLQCLETLNNWD
AAYKKAESTLRL-Q- ~MELLD-GDDFVIAKNDAMRCRWQRLNCMETLNSWH
SLYKKAESILHS-Q MECLD-DAT KADAVRCRWQRYKCLETLNNWE
EIYLOMIRD--N-Q A VAEQNFCFQSYFNCYAQMGMWE

]

GIYDKLIHQ--N-L. W- TSEKEFYYQSKFFCLEKLSDWR
LAYEEAYG---T-E S ELMKEHCLQGLFECLSNLCSWH
NAFTNAYER--T-E D. PLIKEHCLRGLLEAANNLCDWS

SVYTEALSK--L-D-
TIYGETFSN--K-Q-

DLYQSLIET--D-D- V- IERKDFYYDSYFKCFAHLGAWN
RHYEQTIRR--G-E D HLSDQAYFQCLSELSEWG
QQYFVALKD--T-K Y DNFYESCFECMAILSDWD
KCYERVVSG=~T=T=mmmmmmmmmm ) INETERQFHKECYFNSFAKLGHWD
RHYFEVYKD--E-T. Y SEKQROFVTQSYFKCTALCSNWN
DAYRNLVS IWDDAVLQCCRLLGEWT
MEYEAALSS--M-D. D ODGLSDYYYEALYKCLAHLSDWK
EFYSQVFK--SD-

NIYKNLLENVDD-

DEYLKIIDNSDA DIKQEIMRDYLECKGYLGQWE
QGYDKALNEMDE — === === === == === MDQD-SPEYSKLEADVCYNQRLECLESLTRWQ
VLYDKAINETP: EGTASKVEEDLWYNQRLACLVDLTRWG
DLYDQVIAIYE-~ -DGSLSGDITKSEIDIWYNORLACLADLNEWE
ILYDQALDTVDE~- -DSGSYGDOATQVEQDIWYNQRLACLLDLNNWQ
ATFDRLFRQADE- ~SGTESASAAADSATAVNNACOLARLDCLTRLADWS
KVYKNLVENL-=~D=========n=LOE~==m== NHLKQEVDIWQKGFYQSQSKLGKWD
NKYLEGLGSE N LDVSEAELQLWTTORLECMNKLGEWS
RAYKQALETE E KLEEHEADICHRGLVECLNKLGLWD
NIYSNTLENL N QTTDEYEVSLCEQGRLECYNKLGSWS
KHYLEALK E DVDDIEVALWEERRFDCFEKLCOWD
KVYFDGITKH FANE IHVDDVEQS IWAHGRLECLEHLGDWD
ERFMDAFGR FEN.- EADSRELELWQKEGLRCLEQLAQWD
AEYERGTKLLDEGA RKGE---EKISPSTAEIDIWENNRLECFTMLNRWD

I-TPSARETSLWENGRLQCYESLREWS
QFHLSESETSLWENGRLECYAKLGNWN
KTYDEATLKLEEGA IT ‘N--ITDAETNLWENGRLDCLTKLRNWT
KFYLSALS--SP-E V--E )SSEEQKIWEERLCATASELGMWG
PLAAENRLWEEWYSNCAAILGQWS
PDPAEVHLWEECYASCAAKLGQWS

DLYGQLIN--TR DDDSTLAVLQESHIRCLNELGNWK
HIYRKASQ--KE-N: WEIT PSYEEEEYWDTARLRCYENLGMWT
EVYKECMF--KEED---=======-] EEDD-————~| DVPACEVDLWEETLAECSLRLCDWG
MLYNKLYE--EA SD. EHDQAEKDFWDKSVLNCLNKLSKWE
QLYIQLYE--KT-V-==mmeeeee-] -WPDK——=——~] EPEQAEMDLWDDAILKCYDSLTRWD
KIYSKLYD--QT-E--========-] WSAE-———=-] EPNQAEIDLWDNAILQCYDYLTQWD

NEYGAALD S-E 'VSQSEQDLWLESLLKCCNELTDWK
KVYNEALH--KE-D- VSEVEKDVWEDCLINCFKNLARWD
KHYVTAIE LSTKEELCTWHHCYIQCLENLSRWD
QLYNESLA--KE-E -WDD! EHPTEAEINMWDSSRIECAENLTQWR
KLYDEALS--IQ-D-
KLYDEALGYSDS-D-

HLYREARQ--CD-S -WTD( EPDGLEQELWVDAYLLCVDQLMSWE
KLYNQALS--CN-D-=======——-] WDEN-—————~ PPTIEVDMWDESRMECLDNLSQWK
ALYNKALE--SA-D: HDPR PLEAEIDLWDESRMECLNRLTEWT
NLYKKAID--F--D-=======—=—-] WPQG————~ ESPPQVEEDLWEDSLLNAYSHLTKWK
KLYQRALE--M--E WGE DGERDLWDISLMQCLDRLTDWT
KLYNEALN--KE-D---===————-1 WDDG————~~ EPTITEKDFWEIAALEAYNHLTEWK
RLYDQALN--TE-E -WMD( [PMETEKDFWEIAALECYNHLTEWK
QLYDQALN--TE-E -WVD( NPTDAEKDFWDIAALECYSHLTEWK
KLYDEALT---E-T--—=======~] FSDG-————~] DPTDAEKDFWELASLECYNHLTEWK
KLYNEALN--TE-E -WTD EPAEAEKDLWEIAALESYSHLTEWK
-WMDE- TDTEKDFWEIAALECYNHLSEWK
~EPTEAEKDFWELASLDCYNHLAEWK
-WED( EPSEAEKDFWELAVLECYNHLTEWK
KQYNEALN--TQ-E-=———===——-] WLEG-—-——-] DPTEAEKDFWELAALECYNHLTEWK
RLYDEALN--VE-E -WPD EPTEAEKDFWELAALECYSHLTEWK
KLYDEALN--MP-D---===—=——-1 WSND————~- EPTEAEKDFWEVAALECYNRLTEWK
QYYDKALS-
KHYDEALS—
KQYDEALS-—
KQYDEALS—
KQYDEALS—

RAYREAMT- DPLEAEVDFWDDNRMECLNRLTQWQ
KYYNQAMD--CS-S: -WPD( EPQAEEEDLWEISRLECLYNLTQWD
KLYSQATN--CD-E: -WPA SPLOAEEDFWDDSILECCRRLTLWD
KLYNEAIG--TDDV-=======m=-] WIKE-—=——-] ELRQEEEDLWDVSRLQCLADLTKWK

—~KPQQOEEDLWDDARMQCFANLAKWG

—-SLQQIEEDLWDEARLECCNQLTQWK

—QPLAVEEDLWDDSRLQCYDHLTQWK

AVSQVEEDLWDESRLNCCNQLTQWK

ELYSKAIS S-D: -WGPD 'VAREEEDFWDEARLQCCNQLTKWD
*

2901
3175
3117
2725
2659
2909
2885
2866
2944
2940
2792
2863
2908
2908
2767
2831
2836
2850
2932
2880
2936
2714
2881
2614
3110
2818
2970
3009
3294
2852
2798
2873
2955
3015
2958
2939
2918
3075
3045
3055
3021
2985
2978
3011
2880
3023
2983
3037
3001
2938
3022
2947
3000
2977
3042
3004
2996
3007
3029
3047
3020
3028
3019
3031
3036
3033
3009
3017
3021
3027
3029
3018
2988
3028
3027
2985
3055
3001
3026
3054
3005
3026
3054
3068
3050

84



Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA
AEDES

MIDGE
BOMBUS

ANT
WHIPWORM
TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

KLDAQLKDV-TQL TDRELNANL---P---LIR-RT--FHKYMSI-~
DLANELIEI-NKD VLEQP-EKI VEK-MKILMLSLMQSDS
ELAKDMSEK-YH; KQ--L-SEI---P---FKH-A EKMIRAQT
TLLDDV- HPDRLWDQH---E-PFLEKHTKCFLEASIAIQD
KVLEEV- ESLDLWQQN---E-PFLANHMGYFLEASMALND
KLQKELGS TEDGALWNEE---P-PYLEQGVKHSLHSTLALIE
ALNSEITEA--—=m====mmmmm. ANADTNYLWKQR---P-PYLEQGVGHYLRSCLGLLE
~TKKNSNFLWKQR— OGVGHYLHSSISLSK

ILPKYVHSNRLNL

TLLPHLMKSELRMIL

WMFPWVFDVHVRKLI

IIPYACDAYLYA-—

FYLPFLLRSKIKLMM

HLPVFLRSKLKIAL

P--TETWNNLWDQG---FN--QEKLLPWYISGHLKDIL
HDQQPRLDSVWLAGND-EQ--REHLLPWLVVSKEQLAT
V--DNELDNLWNNS - --WY--EQKLLPRLLHSEVLGLV
V---DSLDEMWTEQ---WA--QEKLFPLLITSEIHKAL
L--DSDYDRLWEEDKKLWN--LENIAPWLFSSELHMF I
A--GNKWDRLWDGG---YS--EBHYLPLYVKSRVKTAL
V--ENNLDQLWTDE---WL--QEKLLPQILLSEIQMML

EIGSLNPKK- EPWNIR “RVRNALQNFIVGPAAREL
EIGEMLADV-RSGN-==========- FEADIAVADCGIAGEASGEGSRFSTAFRVAIRQPL
DVKNCLPEM-N:  LKMKSFM RLNQ
ELVDESLEQ-VTE----YDAHGRPMDADTQKLWADE-~—~—- NR} PYLRLFVLSA.KVPT
EIMEDALLQ-VKN----DE----TDEYDLEKLWHPK--~~-- LOBPYLGLFVKGALKVPT
VLMGEIEY] ME. D: DFKRLWEPT KOBIYLGYFIRGAVKEAK
LLLEDTLTQ-VRT-

RLSGVSKKLLLTPA

AVQTAVSKO: FNNLDEIWNV;
LLAASVLOD-V-====m—mm e e e ] DDNLNSLWEPE--~~—~~

ELAHYIMAD-L: 'TEHLWEAD

DLVDNVTDI NNNIESLWDNN

DLAETVLVD-I EDNLSNLWEDE

YLEANMMSD-L. DNDSQELWTED-

DIAMQVKDT-V. EGDYFCLWDVE

DLYDNTMVE-VEQR PQ---ELYRE!
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA
AEDES

MIDGE
BOMBUS

ANT
WHIPWORM
TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET

GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

IQLHDE-NINQSKFYNKAAMFCERCLR

NFNS--SEQIFEEIIPMRLKSYKRFANFCEQLLR

KVQT--AAQFDDOMKKTMAKTYFKFAQFSDKILR

TAKATTMTSMHVMY IEYLDKCLE
TSKATNVTTMHLTYIEYLDKIIE

TMV- LSRESEQSFSRCRVTFIEYLIDILF
SK. ‘QSQDDAPPAFLRCRLTYIEFLNDLLY
N- DLREGGSSRFLRCRLTFIEFLNDLLF
FDD:
LD
-SL:
-QY
-DV: LY FAKI
“EAADACLER%F GROLE
-KD ASS--FLTEQTAEAYLQIBQYCRNLLE
—Hi NNDINIEISTVTNCYKKMIQFNMH--—
E RYCFGVYN
--K IRFCNTALQ
-PR NSE QAVAKAYLQVIAKYCRAHSN
EMOGIKPDMAEAYF IFEKYFSEWKN
'TSKNVEHAVDASLRLIAHFEDAALK
QVRHTISALKFRFEDMILR
GSFA? LSSGDNGTAEREARRQSKASLKFERFCNDVLQ

PPSREMARTSFKFICFEDDLLN

ITTGSLSPHDTAKALLKF[EL
LGREKPKASRQLAKISLSFELFCDELLK

FADVGSSSLQCHLELIRFEDSCLL

NASPDQGKMLLEGSTFAHRLLT

VPSFRFQKGLIEVEMFVDKTLR
'VSASPKDKHRLRIFIHCDRILR

DMTEENKKIYLSIRTFEDQOSIK

LKPSMHAKILVKFRKFCDYFLR

DMVRKLRLNTASYEDKVLR

ENTRLRAECVWRLIEYCDNALR

QNKMYAKSQLKLILFSDEMIK

NNNN DTHKSKSAYLQFENFCDTELQ
NKQSNQTGSSQQLSSQVNNPQSNNNPSSQTSE INNFNLIEKTKIKSAHLKFANFEDNILK
KDQH DKKHKSANLKFEINFEDNVLR
IN: “‘“iLDGNLVSSYHIQTHISL FCEDCIS

VK DALNQDDSKKSDSDAHLALIYKYGEECVI
MOQL. NNLYEGAH-SHSKDIYMT! YCEDCLE
ERAVDAVPFLRTFQYCDQLLR

C KISTDLDSKLHHKAYMEMFLYCDELIE
PKFNNKPLDV====——mmmmmmmmmmmm ] LFPSATAYGSETLNAFVRLIAEFCADVLQ
'NDTNRK: AAHMELIINFCNRYLC

DAL: H: TQMVSTSVHCTTDPHMSLIAFFENKYLR
OK: MIEFDQATIGETYFKFEINYENKILR
KIKDSLKGSLELITYCDFYLR

NI EGSLQOQOKSYIALIKFEDEQLR
KSV: s VRESIGETHLAIRKYCNQFLQ
sQ VNKAYMSLiYHFEDQVLR
R ESFTEADAQIALSKFCDKFLR
SK. QTGYTRDMAFMAVIAKFEDRILR
N DKS--TVETHMA YEDKYLK
TR TCRYGLEEAYLALIQYCNKFLR
R DAVCLQODVQLALINKYEDKYLR
PL. TKDPVPTVQSLIELFGF DNALR
S. s LASSPSAAHV YEDYFLR
QSF. s QQHVNTHGIVEAYMTMEANFEDRRLR
QSL. A EHVDIAGVIEAYVNLIWNFCDRCLR
QSL: S DTVGVIKAYMTLEWNFEDRCLR
QSH. S TDQIDVRGIIKAYMTLYDFCDSHLR
QSR S TEHIDIPGAIEAYMTLUNFCDKRLR
QSR S ADHVDTAGAIEAHMTLINFEDKRLR
QPP S WSCGPAAGVIDAYMTLIADFEDQOLR
QSH: S DTGGVIDTYMTLMYDFEDKHLR
QSH. T TEHVDIAGVIDAYMTLYDFCDRHLR
QSR S TEHIDVAGVIEAYMTLYDFCDKRLR
QSR A DTTGVIKAYMTLWYDFEDTHLL
Qs S DHVDMVGVVDAYLTLISFEDQYLR
QSH. S [VDVAGVIDSYMTLWYGFCDQHLR
QSL. S FDHINTKSIIDAYMILENFCDTHLR
QSH. S MEHVDLTGVIDAYMILWYDFCDKHLR
QSR T MEHVNLTGVIDAYLTLWYDFCDKHLH
E VRQTAMTCEEANLELIAKFEDKYLR

SSYIE FCDDILR

NN QKNAESVRNLVT FEDRLLR
GK NTTQTSGTVDAMIAMYNFEDNCLR
T SSDGSTTCMV] DRALR
KSD: ESFVALEKFCDKILK

KA RODTSLDKSGIVDAF DKILR
C AYMALYSFEDRMLR

SH: S LSSSAKREEQSMAKAHMALYSFEDQLLR

3258
3585
3499
3084
3012
3308
3269
3252
3318
3336
3179
3233
3298
3288
3139
3192
3219
3234
3309
3244
3312
3035
3232
2932
3555
3191
3352
3401
3691
3219
3191
3249
3348
3369
3338
3332
3303
3462
3461
3450
3416
3379
3372
3404
3278
3494
3384
3452
3409
3358
3419
3347
3382
3370
3440
3397
3394
3403
3448
3444
3421
3443
3433
3442
3447
3444
3425
3432
3437
3441
3444
3433
3403
3443
3442
3400
3465
3415
3439
3456
3406
3434
3460
3470
3461

95



Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED
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~THTQFADVV:
SLSSRFSRQM:
~AGKTFEDNW-
~VANDFSVHS-

QVNKEFTEHV-:
EIITEFKELI-:

ETLDLMVREV-
ETLDLMKKEV-:
ETQDVMTRGV-:
ETLDLMAREN-:
ETLDLMAKEV-:
ETLDLMIKEM:
ETLSLMTKETL
ETLDLMTQEI
ETLNLMIKEM-:
ETLDLMAKMG-:
ETLDLMTREV-:
ETLGLVTQEL-:
ETLGLVTREL-:
ETLGLMAQEI-:
ETLGLMARETL
ETLSLMAQETL
~VVDVFNKKV-

-QN-LVEFFEPLIKKL/

-PE-SS-VIEEKVIQI!
TPF--NDWILSLLETM

PSPF--NDFILTLLEMM

--GPI--GKSIVRILEKM
DI--GMTIVAILEKL)

PI--RRTVLVILEKI

---5Q--QSFLEALLTRI]
~EA--DCYLDELLMRI
-SI--APLIIPVLKRI
-TPFINRSTPSI--AIAIIPIVHRL)
~SW--GCCFTEVLNRI
-S----NKFYSILERT
-SK--VTVIKPLVLKI
-GC--GGTVRRLLLRL)
~PA--AKLVAPLLLKI
~NR--SETIGPIVIRV]
-PK--VAAVSDLLLRL)

\V--GPHLFGLVDST]

- PV--GPVLHDIILRL}

B et SSAIPKLLIDI!

QL--HAV{ISPLTRRL
-PE--CNVFAKIMERL
-PE--GRVLARVLER

~RE--GGLFIGILEST!

-DS--GRVLIKVLEST!
~DE--GNILVPVLEN

-PDQGGSAVLPLLES

~EI--SKYFTPVVSKM
~VT--GLTLLPLVOQKI]
-PS--AQAVYPVIEKI]
-DC--GYTLIPLLKKI!
-SI--AHCVFPILFKL/

Q--GDTVLPILVSL)

-PQ--GPYILPILQET
-PQ--GPLILPLLLDI
-PQ--GPLVLPILLETI

TP--GRVLRPIVVQL
~VP--GPALQPVVERL/
-LS--GEALQPIVEKL)
~PE--GNAVHDILGRM

~PI--VVHLKPIIDGI
PE--APVVQQVLKTI

~-PE--AKAVQCIIEKI!
~PE--APPLHGIVERM
PE TAVQYIIKEI

~PQ--AKAIQKIIENT
~DV--APAVQPILTR
PK--AYATHDIVYNI

PE SAIHEILLNI}

TE--SPAVQPILLOT]

PE PAVQPVLLKI!

~PE--APAVHNILIRI
PE TVHHILTEL}

H HAVRPIILRI

~PE--SRAVHDILIRI
~RE--ARAVQGILLST
PQ--ATAVQHVIEET

KE--AVVVQHIIEEI

KE--ACVIQPIIEKI

KE--SIAVQHIIEEI
EE AVQHVIKEI

KE--AVAVQHVIQGL
-DQ--AVAVOHSVEET
~EE--AVAVQHTIEET
EE AVQHIVAET]

KE--AVAVQHIVEKI

KE--AVAVQHIIEDI

~-NV-RFQYFKRIFDDFI

DE--AVAVQHTVEET

DE--AIAVQHTVEET

EE--ALAVQYTVEET

~-EE--AVAVQHTVEET

DE--AVAVHHEVEET!
PE DIVEPVLTKI]

PE RAVQEILFRI!

-RE--SHAVQGILQDL!

PE KAVHGIVSEI
~KE--ARAVHGIVTEI]
~PE--ADGVAGIVKAI!
~PE--AVAVHGILTRI!
~PE--GPAVHGILTDI!

~-PE--SLAVQGILKAI]

3370
3730
3604
3177
3102
3404
3365
3348
3408
3425
3267
3329
3370
3377
3223
3286
3309
3326
3398
3338
3398
3119
3348
3037
3673
3300
3457
3511
3798
3307
3288
3349
3449
3467
3442
3430
3391
3553
3560
3552
3506
3469
3462
3492
3368
3589
3481
3549
3504
3461
3522
3431
3479
3469
3536
3492
3494
3499
3544
3538
3517
3540
3530
3539
3544
3541
3522
3529
3534
3538
3541
3530
3500
3540
3539
3497
3560
3513
3536
3551
3512
3532
3556
3567
3558

98



Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA
AEDES

MIDGE
BOMBUS

ANT
WHIPWORM
TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET

GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

'VYQFNVEYQTRKEFKP---DSEA-

~SKMFDKLHQCIPKNY -
~QEIYEALHKEMPHYY -

~VQKTQLFQKLSKYYEKTFRNLNAWA
NARFHRLAALL QDHTLNQFV

PRFHRLSAAL RDVHLDQFV
KTDIRRLTTLL: 'MEKFV
KVDLRRLEVLL: ANPVMEKFV

~TNSVMEKFV

~DIPKLDRFV

SNPTIDMFM

R-PEIDRFL

KAEEYERFL

~GSEVVHEFT

TKIVKEFI

~TDEGANKFL

~NCRLPERLV

~DSSFQIPLV

KNSLIDRFI

CDYGTEKFL

KLPLVSEFT

~TDPVIDIFL

SSLGVEVL-—=====~. A--QSETRLLESKL-—~~~ LTDLTWEMFL
N--RDISERISFAL ASSLHDGF(l
-VK--KGFKSLEWKILE-EKFQDFGFLDNFI

HNPLLDQFV

~KSPLFEGLV

~RNPLLEGLV

TRRLATLL KSVSLEGMV

ROAAERLWQRL--RR---LPLVEEFT

MPIFYKLTAKL--V. VHDSIL
TKYPNALRFPFSISCEQYQFDAF -~ ~N-~APN--AKLIERLKSSL- ~QSAMHDKLA
RDYPSILYFPLSISSEQYTFGND---VGSORN-~KKRIEALKTII~ ~SSPLLEKFK
LSFPNALSYPLNISCEQYNFETEISSKNGINV--EEEVKKLKEII- ~YDEQNENFI
EKFPGELYYPLTISSEYYKFDEN--NPLTREN--KAKIQELKQMI~ KCDVTDTEV
LQYPNALYYPLTISAENFAFEQ---GPAGEKC--MQDVAFLKKTV- FSPLKEDFI
KSYPGLYYPFRISEEHYSAIG---SRLEKKN--REETEKIKQTI~ YSPLMEDFC
EKYP! SEDDSLOSP ~KDELIDDFI
SNYP SEQF ~~~GP—=~—=~~" TA--KKLTAKLEQTL-~~~~-] KNPLIDTLI
KYYP! SEQF- P MA--KKLSVQLEKEL SDPLLDRLV
KYYP! SEQF-~--TP- ~-VA--LKLSLPLSNLL~-~~-~~ QHPLLDSLI

HGSDV--RATCVKVEEIL--DTK--CRLLQPFL

SKQFTFSTV-

SSYP  EEKLKFSGA---ASSTQR--TFF-TNLVRMVT-

LTYP ISGSYKFSNS—---KSDSSN--KKFVDKIKAIL--EKE---TLITDFV
KEYP SKGYQFDNS-~-~-NLGRKN--KAFVEKIESLM~-~-GVV---PLVDDFI
TNEPI ) YEMYKFPDT---LQGKEN--KEFVMKLKSSL--SQL~-~--KLVDEFV

IEYP MSTENFKFSNE---LN--EQ--SDFVQKISRHL--NTQ--LPLVEQFI
RDYPQI\IVFPFKAAFEGYKFEEN---EAGKKN--KQFVKKVKHHL--KQE--VPLADEFV
CQYP [EGFRFEGN---DSGTQN--RKFVEKLSCRLNSKTL---PQVFTFI
DIYP HNYKFTSD---AVSSKS--KSVCDRLHQML--SKN---PLIDRLI
TEYP EGFEFEDS---AQGKKN--KEAVKKLASILTEDKV---PLVNKFI
TMYP! EGFQFGDK---PHDKKN--KAMVERLANLLNEENV---PLVSKFI
REYP! ECYTFERS---SEGKEN--QAVVERLDFSL--SKI---PLVETFI
ETYPI FKLSSEGYKFTNK-~-~KD-=-~~-. EAFVTKLGSTLGDEQL---PLVPKFI
TEYP ESFTFGST---AEDRRN--KQGIEELDALLSEERV---PLVRTFI
DTYP ISSGYKFGHN---NS—--EG--KELFEKLKEKL--Q----SQLMDEFI
ESYP REHYTFTVD- STCMDMSQLQQLV
ECYP SENYTFEES- DKG---GVIQGFV
DSYP SESYTFEQT---ARGNTN--KEFVERLKNKL--DKG---GMVEVFI
DSYP SENYTFEPS---ANGNKN--KEFVERLKTKL--DKG---GVVESFI
ENYP (GESYNFEDT---VVGHKN--REYVNRIKSKL--DKD--~-NVAQDFI
EYYPI SENYVFEDS---ATGHRN--KEFVARLKSQL~--DKG-~--GVVKNFI
ESYP PFMISSETYQFEDS-

DNYP! SESYSFKDT -

DNYP! SENYSFKDT -

DNYP! SENYSFKDT-~--SAGHKK--KEFVLRIKSKL~--DQG-~-~-GVVQDFI
ESYP SESYSFEES---PKGKKN--KEFVARLKSEL--DKG---AVVEDFI
DAYPI SENYSFEDT-~--ATGHKN--REFMLRIKSKL~--DKG-~--GMVQDFI
NTYP ISESYCFKDT-~--AAGCKN--KEFVERIKNKL~--DRG---GVVQDFV
NTYP ISESYSFKDT~-~-~-VTGCKN-~-KEFVERIKKKL~-~-DRG---GVVQDFV
NSYP ISESFSFQDT~---IIGHKN--KEFVARVKSKL--] ~GVVQEFV
NSYP SENYSFKDT - ~GVIQDFV
HNYP SENYSFKDT - ~GVIQDFV
AEYP FEGFKFGST- N -IPLVNLFI
DEYP! INEQYTFEET---SVGRQN--KTAVSKLSSKL -~ -LPLIESFV
KHYPQBLLYPLKISAEQFKFGGS—---IEEQKN--KKFVESLNESL-—-S—-—~ FPASDDLI
KRYP! WYPFKISSEHFVF! EDGKAN--EEAVKRLRSSL HPLLDDFI
KNYP CYAFKVSSEQFVFDSS---PEGNTN--RKAVERIRKLL -~ SPLMDSFI
VEYP! .VYPYKTSSENCKFSKD- —FPVIDQFI

QEYP .VYPLKISSENFEFEDS- SVI--YSLVDKLI
YEYP CFPFKISSESFTFDES- ESI---PLLDDFI
KDYP! VYPFKI SEDFKLGDK———SKEKQR——KDAVKEIEDIL——STV———PLVENLI

3415
3774
3655
3220
3145
3443
3407
3390
3454
3470
3311
3374
3416
3420
3269
3333
3354
3373
3444
3384
3446
3164
3387
3089
3715
3342
3499
3553
3846
3352
3335
3398
3501
3517
3491
3479
3436
3595
3602
3594
3556
3518
3511
3542
3415
3637
3531
3599
3554
3510
3573
3483
3529
3521
3588
3542
3542
3551
3591
3591
3567
3590
3580
3589
3594
3591
3572
3579
3584
3588
3591
3580
3550
3590
3589
3547
3609
3562
3585
3600
3561
3581
3607
3617
3608

99



Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM EALNQLTHPEHRLOAYLNQIKDNSEDID:

TETRAHYMENA YHLNQITHPEHRLIYYLEYLKSQFLSFQKIHNTYS--SQKDYVKLNKAVE-!
STYLONCHIA

APHANOMYCESa

APHANOMYCESe AALHGLHHPEIRLKEALRYLSDVVE: SKP AKEASKI

PYTHIUM AALRLIHHPELRFKEGLREVSKLLE: SGK. S-EAKAK

PLASMOPARA AALGLIHHPELRLKEGLRKIANLLD-======~ ENR----TS-DARQT--==========
BREMIA AALRLLHHPELRLKEGLKEISELVE: DNR TQ-DARHK:

AEDES SELSQVVIPSMKISKIITDLRMARC

MIDGE KCLQCLVVPEKMIQAHFKDFEFEI!

BOMBUS TALHYVVKPELYLRHYLIELRKNLS:

ANT QAIQYVVQPKLYLKHYLDNAIKDLS:

WHIPWORM KSLVLLSHPDVMLRDAFEELECVTL: HEMPLEKGLGREM:
TRICHINELLA DALNLLSHPDIHAIDELESIILNI -NEARKEA

BEETLE KALSFIGIPAAILIYYVRKIVKLI LGQAK:

BARNACLE AELGRLGVY: RLRSLCRHLQVGQLE--
THRIP KALSCLTYPSIILKDYTNKLTEAMK. ~INWLSLKEICDEFSYIHKESG
FLEA EAISCICLPEILLINALGKLTDKNY: ) L
WHITEFLY KAMACLCLPDVKLKSFLGRLKTSLE: ~GKCAV-

TICK EALELLQFPDVAFKNWCESMREALN ~SVDVR

TERMITE RAFSCLGQPRKMLYHFVEKLEQLLN -P

DAPHNIA KSIDYLKPPEKAARQLLNSETY. KDFPI
OSTREOCOCCUS RAIELLHFPANRLSFWRQQLYLREC H DKYSCNDL:

STENTOR EALDILTYPEHRLKSFLDLIKDSIM N- S, YINYL.
KLEBSORMIDIUM TALSDLSHPNLKLKDWLSEISMRLQ RR DNQGAQEA

CLUBMOSS RALEDLTFPEKRLFDGLCEVKSCLM St NRTKARET

MOSS RALEDLTFPQORLKDGLLQILNFLF: TN:- DSERAQLV-

LIVERWORT RGLEDLTFPEQRFRDGLSQMKNCLI A DKERALAV-

LIGNANO AQMGEVCLPACTALDWLSSAKRS I QTERLREL.

COPEPOD QGLGLLVFPSVAINDLLKSCKELQSN-===~~ FPS----YWMQKAKEE--=========m
GLOBOSUM VELRRLEDPAHIFKDLCERFESLIS---====-, SSLP--AKQASIKKA-=-=========m
PALUSTRIS FELQRLTEPMHIFKDWLERTDSLIR SGRP--DKEAAIVAA
NEOCALLIMASTIX ~SKEKSSKKIENLKEY:

GLOMUS RNYSGVDKTAEIKAS

LOBOSPOR NKTR---NVEQIMAL
SYNCEPHALASTRUM ~NTET---DKEYIQAM-

FUNGIVORUM SK. RSQQAIKST:

HALBUM STP----INTSEIQKL:

DPURPUREUM SPT----KDISAISIL:

PVIOLACEUM QEFLRLTHPEHRFKDYMEEMKALLK-~~~~~-] MAP----INSQLICKL-==========
AMPHIPOD EAITLVTEPFGDVKVDVRNAERLP: St SKANKLKYI

SHRIMP ~KMEEGLSEIL

MUDCRAB ~DIEVALNNL.

TARDIGRADE ~-KKDQLKQE:

HYDRA KALYQLSDPVSLVKDFLEQIKGYV: N KDEIRKC

SALPINGOECA TELKCLTNPVMAYMDWLEEQDQAIK.

SPIDER TALDHLSVPSVIFKDYVNELVQSVS:

LIMULUS KALGHLGVPYGVFKETCRNITSLKK.

SCORPION NALDSLSVPELLYKEYFKEILQMKK=-~=====-] DK-~-=GDKNEIVKL--=========u
ROTIFER TALEHLNTPKLFFNDLIMDINNNLK. KNDVIMKL.

CIONA RQLRRICHPSIAFKDWKEDFTNLFCS: KET: SRMKHIV!

OCTOPUS SSLESFAEPLNVFKDWFKNALQLYS—=====~. KTN----PKKQEVIEL--==========
CAPITELLA FSLEMMHEPAVIIKDWIMDMKNAK( )SLSMAYVKER

LIMPET ~RNKSKIMEK:

SCALLOP ~QDKVKIKEL:

LINGULA ~RNTDAVQRC

OYSTER ~PDKKAMKEE!

SNAIL -P-AAETIKKK

SPONGE —~RDKNATIKRV:-

PRIAPULA ASLEQLSSPHMLFSDFVADARPLLM RRADFPAR

DANIO DALQQLSNPEMLFKDWWDEVKNQLD KPN----LDKKKMKLQ

ESHARK NSLEQLSNPDMLFKDWVDNFRSKLE: KKE: NKTQLKNL.

BSHARK HSLEQFSNPDLLFKDWANDFKTELE KKV----KDKKLLKNM

XENOPUS RALEQLSNPPMIFQDWWEDVSNEL: KPN- 'NKNKIKEL

STERLET DALQQLTNPEMLFKDWVEDVKKELE ~TDKKLLKNM:-

GAR EALQOLSNPEMLFKDWLEDARNTLS: ~TDKKDAKKM:-

HUMAN NALDQLSNPELLFKDWSNDVRAELA. ~VNKKNIEKM:-

PLATYPUS QALEQLSNPEMLFKDWVEDIKIELT: —INKNNLKRM:-

TASDEVIL ~VNKKKLEKM:-

COELACANTH ~RNKANLKRM:-

CAECILIAN ~RNKNNIKKL.

CANARY ~RNKKKLKEM:-

OSTRICH ~RNKNKLQDM-

GECKO —~RNKENILKL.

TURTLE ~RNKNNLKEM:-

ALLIGATOR

APLYSIA

TRICHOPLAX RALEQLSQPDLVFKDWVDEVKGLKK: SIAESIRIC

SOFTCORAL QALEQLTNPEMVFKDWMDEVKVLL: TK- GNAVKIRES

STONYCORAL AALEMLTNPEMVFRDWCEGPMKQLLE----DQIKR NDSQAVKQC

SEA_ANEMONE AALEQLHNPEMAFKDWCDGEIKQLL: ~QT----KNKKAIKEA-

SEACUKE RALDQLNHPGVLFKDWADDELKPLL: ~QAEK-~-~--RDNVKIKKA-

LANCELET GGLEQLSHPDQLFKDWGDDADLKRLLKVDPKKRTK----EDKVTIKRL.

STARFISH CALEQLNNPEFVFKDWADDVMKPLL: ~RDKNKIRQA-

SEA_URCHIN ~RDHPAIKQE

LALQRLTHPGFIFKDWISVIN-SKM

3443
3822
3691
3256
3180
3478
3442
3425
3484
3503
3346
3409
3457
3455
3302
3358
3403
3403
3477
3417
3475
3192
3422
3125
3750
3377
3534
3588
3879
3390
3373
3436
3541
3557
3528
3516
3473
3632
3639
3631
3592
3554
3547
3577
3450
3672
3567
3635
3590
3543
3611
3520
3570
3558
3625
3579
3579
3586
3632
3625
3604
3626
3617
3626
3631
3628
3609
3616
3621
3625
3628
3617
3587
3627
3626
3584
3646
3599
3621
3640
3597
3619
3651
3655
3645
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA

TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET
GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

~=TVIDKI----QEDF-FS-
~EYQKIIDRILKETEEDL-FQH:

~KREDFYGSYNLA
NINADHMGSYNIK
DLLGDQVGSYNRK-
LGNQVGAYNRQ-
LGNQIGVYNRQ
LGGOIGHYNRD:
LGAQIGRYNRE:
LGGQIGRYNRE--~

'YRKLVHDLANEA F. PEISPDLGREHQKLIP
——KMFQDAVKVFYKN F ENNENLKGTSFSIIHE
LKKVYPNLREN---K--H: D PKPGIIFNK-IASYKN
LEKVYPNSSTHAAEE--K. N- PQPGDIFGKEIASYEE
IAKISARLLLSDYK---P: DALGTVWK-~--~
IAKVYSFVTFADIR R DFLGSFWKCY--

—==IVHDFVLKEMFI-KADS-========—————— e RDSDLLQGNMFKSITK

- KAAGALADWGGLAAVL-SDPP: EADRQLLRLCGDNGE
GPSQCAGNFFHSYKHKEHI IPALFDELCAAISE
——————————————————— ONLHPLRGKAFEAMTK

NIYSLIGDLKKDVIE

~-KLYADGVRQLFGGQOGRDL~-A~~L
~===NCDSLHHMYDTMMKEL ~F— =P === == = = mm— - e SSYGKIHGALFKDIQE
------------ FQSKYLNL----PPPT A YS

S

IVHRHFSDVVK

IEVMLLDL-AVV-
'NEMHKSI-I

DDPLLGPINKR
IKNPGVYNKK:

ERQAGDDLL
ETRQAGEYNVK.
PVRQTGEYNLK:
SLRGAGEYNLK:

LRRE.

FEEMAAYC-LTQ.

[VIHEYL-IEPP:

NKAGTIYMK.

OKMSSFL-LKP:

PYHGIFAKE

- ~YQODLHRLV-LD-V: 'NPRLGSIAK,
-YRQFSELL-LSPT YGVIPKA.
FAEIYADL-LDS TDETIGSYNKK:

EIYNDC-FNP- TVRGDYNLK---
NSEIYDDS-FNP: TVSGDYNIK:

TEIYNDC-FNQ:

VADHLK-V-
~YAEINQCV-FRQ!

T

~YKSINDLL-LSANSRQS
FKHLKSEL-LVTSSTT
~FTRINDKL-FNPNAAEK
~FQEMWQDI-FDAGNQDN
------------ YKKLCHEL-FNYNPRDK

FKDLNNNL-IDLE

~YQONMFNDF-FQCIPPAASEE-SSLY~

'YKDMCSSL-FEE

~YKEIYNML-IEYKETQDTSSTQL-SY~~~-MTQTTNVGMGEYRKK:
~YQEMYRQL-LEPSQGT-LSSQQD-DVFSTQTSSQS I TEMGQYLRK:
------------ YTQMYSSL-MMTQRQA--GGVSQ-DI

YQIMYKKV-LEFTET

'YKEIYDML-L]

)SGTQ

FRKIYASL-FDTTRRSQ:

Y--MTELL-GDA

YWS'
SPRFGSYRRK:

'YSEMYSNL-ANA

____________ YDEMYSNL-ASL.

APGIGAFRRR:

'YKEMYTNL-GNP-

'YEEMYSAL-GNP-
YEEIISVL-GNA

-YERMYAAL-GDP
~YEGMYKTL-GNL
-YEEMYAIL-GTL
~YEEMYANL-GNL
~YEEMYMNL-GNL
~YERMYKNL-GNL
~YERMYRNL-GNL

'YDGMYQNL-GNV:-

~YEGMYRNL-GDL~--
~YEGMYGNL-GNL--

~FGAMFQLL-MDCRKRTK:

TRGTESGPFRTK-

FRSIYKQL-FDS

ATDSS!

~-YDEMYDSL-LDFRSASQDSSMSSLFGSQSSDLESQSVGFGPFRRR:
~CHEIYMNL-. INHRSTVTDTGAG————SSQDSQSSPSVGFGNFRRR

YOQLYQQL-FES

GGPSS:

QPAA

SSQTVEPGPYWKK:

3467
3855
3721
3282
3206
3504
3468
3451
3513
3534
3375
3442
3480
3480
3334
3394
3436
3426
3508
3453
3509
3215
3444
3145
3777
3404
3561
3615
3905
3411
3393
3457
3563
3578
3550
3539
3495
3653
3660
3652
3618
3582
3575
3600
3478
3699
3595
3662
3615
3567
3649
3539
3603
3597
3667
3617
3619
3624
3667
3653
3624
3648
3639
3648
3653
3650
3631
3638
3643
3647
3650
3639
3609
3649
3648
3606
3687
3635
3650
3672
3630
3650
3695
3695
3678

101



Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA

AEDES

MIDGE

BOMBUS

ANT

WHIPWORM
TRICHINELLA
BEETLE

BARNACLE

DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET
GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN
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KEGSRL-LDMN-IKIFDEAT-KKILETV:
PEGSKL-LNIK-CDGFNKTV-GPLITKM--~
KGGAKL-FDMK-HDAFRKAS-DSLWGSISEE~
KDGSKL-WDKR-KD~
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KNGDKL-TSMN-VKEFQSMV-RKINEVINKH-:
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3501
3899
3765
3322
3249
3547
3511
3494
3545
3567
3404
3477
3518
3521
3373
3411
3460
3451
3538
3484
3542
3244
3487
3186
3820
3447
3604
3658
3948
3444
3430
3499
3606
3622
3595
3578
3538
3696
3703
3695
3656
3625
3616
3646
3519
3740
3637
3704
3657
3609
3691
3579
3644
3625
3715
3661
3663
3666
3709
3693
3664
3686
3679
3687
3695
3692
3670
3677
3682
3686
3689
3678
3648
3688
3687
3645
3730
3675
3688
3714
3662
3692
3745
3737
3719
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA

AEDES

MIDGE

BOMBUS

ANT

WHIPWORM
TRICHINELLA
BEETLE

BARNACLE

DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET

GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN
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3543
3932
3804
3357
3284
3582
3546
3529
3582
3604
3436
3513
3555
3558
3410
3448
3497
3487
3575
3521
3580
3282
3523
3224
3878
3489
3650
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3986
3481
3469
3536
3643
3659
3632
3615
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3733
3742
3734
3691
3662
3653
3683
3554
3777
3672
3740
3693
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3727
3614
3681
3662
3752
3698
3700
3703
3746
3730
3701
3722
3716
3724
3732
3729
3707
3714
3719
3723
3726
3715
3685
3725
3723
3682
3767
3712
3725
3751
3699
3726
3782
3772
3753
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM ~-NEFDIQMIPKIASFDQGMLVLSSIRKPKRIKIY[¢f 3596
TETRAHYMENA AVITEPYKESHIKIQSFDSQILILQ IRRPKRLCIY(E 3988
STYLONCHIA 3858
APHANOMYCESa 3411
APHANOMYCESe 3338
PYTHIUM 3636
PLASMOPARA 3600
BREMIA 3583
AEDES 3635
MIDGE 3657
BOMBUS 3489
ANT 3566
WHIPWORM 3608
TRICHINELLA 3611
BEETLE 3463
BARNACLE 3501
THRIP 3550
FLEA 3540
WHITEFLY 3628
TICK ITI 3574
TERMITE LRLPLOVTIF[& 3633
DAPHNIA LKVETFRDEIQYLOSKQOLPVRLTIV|Y 3327
OSTREOCOCCUS IAPPDASKHVTVMGFAPDVQIFASKORPKKII! 3577
STENTOR 3277
KLEBSORMIDIUM 3931
CLUBMOSS 3542
MOSS 3703
LIVERWORT 3771
LIGNANO RDSLTASLAKPQPELHIRIAGFGDTVRVMS 4046
COPEPOD  Fe====—- SRPDTTRHITISSFEPGLNVFEP) 3534
GLOBOSUM 3522
PALUSTRIS 3589
NEOCALLIMASTIX 3696
GLOMUS 3713
LOBOSPOR 3685
SYNCEPHALASTRUM 3668
FUNGIVORUM 3630
HALBUM 3786
DPURPUREUM 3795
PVIOLACEUM 3787
AMPHIPOD LRSPVVLKMH 3744
SHRIMP IMRVPMRIIIR 3715
MUDCRAB 3706
TARDIGRADE 3736
HYDRA 3607
SALPINGOECA IRRPMRLTF 3830
SPIDER LTAPRRIT 3725
LIMULUS LTRPRTLT 3793
SCORPION LEKPRCLT 3746
ROTIFER LRRPKCIT 3698
CIONA IRKPCKII 3780
OCTOPUS LOKPRKIIT. 3667
CAPITELLA LRMPKIIVI 3734
LIMPET LRRPKRITI. 3715
SCALLOP MRKPKRVVI 3805
LINGULA 3751
OYSTER 3753
SNAIL 3756
SPONGE 3799
PRIAPULA 3783
DANIO 3754
ESHARK 3775
BSHARK 3769
XENOPUS 3777
STERLET 3785
GAR 3782
HUMAN 3760
PLATYPUS 3767
TASDEVIL 3772
COELACANTH IRKPKRLIIQE 3776
CAECILIAN IRKPKRIIILE 3779
CANARY 3768
OSTRICH MRKPKRITI. 3738
GECKO IRKPKRIIT 3778
TURTLE IRKPKRINI. 3776
ALLIGATOR LRKPKRIII. 3735
APLYSIA LRKPKRIT 3820
TRICHOPLAX IRKPLRLTV( 3765
SOFTCORAL VKAMSSLRAPKRITIL 3778
STONYCORAL ~ K-====e- ‘TKPLPEYHVKIVGFDEKVQVLP; IRKPKILI I 3804
SEA_ANEMONE ~SKPMPEYHVNIAGFDEKVLVLASIRKPKRVTI. 3752
SEACUKE -SKPLPEYHVKIAGFDEQVRELOSLRKPKIIKI: 3779
LANCELET ~VKPLMQYHAKIAGFDQRVKVMSSLRKPKRVTI. 3835
STARFISH ~SKPLPEYHVKIAGFDEQVKVLS; KPKRIVI. 3825
SEA_URCHIN 3806

-KKPLPAYHVKIAGFDETVLELSSLRKPKCITI.
. P
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA

AEDES

MIDGE

BOMBUS

ANT

WHIPWORM
TRICHINELLA

TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET
GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN

TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN
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VFDONPE®AQRR--LOIREYKVVPMITQVGI IBWVQGEMPLKEFLDK
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IILSRDAT®SORN--LOLKEYQVIPMTARIGLIEWLENNCTLKEFLFD
IILSQDAA®SORN-~-LGLREYQVIPMETRIGLIEBWLENNCTLKDFLDS
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3469
3396
3694
3658
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3693
3715
3547
3624
3666
3669
3521
3559
3608
3598
3686
3632
3691
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3635
3335
3989
3600
3761
3829
4104
3592
3580
3647
3754
3771
3743
3726
3688
3844
3853
3845
3804
3775
3766
3794
3665
3888
3783
3851
3804
3756
3838
3725
3792
3773
3863
3809
3811
3814
3857
3841
3812
3833
3827
3835
3843
3840
3818
3825
3830
3834
3837
3826
3796
3836
3834
3793
3878
3823
3836
3862
3810
3837
3893
3883
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA

TRICHINELLA
BEETLE
BARNACLE
THRIP

FLEA
WHITEFLY
TICK
TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET
GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

EHQEEEGLE----========- LFKNKALSKRDEYAAKAAK---RQGQYNE:

EFQEKMGSKEIL IAQDNEGLRMRREWLKQL-~-~--DRKGGLA~
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ALTDTEKRPY: KNLVK: YGD(
SYRENETKCY( EARAL: YGKN-
SFKEGEAKCLD: EAETF YRTE:
AQSPQDKVSLET- -ASFARYDLIRKQLKISDKKAIRTYAGGEK-E-RL
DD---EKKVL: H-GPSGPIKKYKQFYGK: FEN:
GMTDAEREDAKKR-—————~- K-ATQLPQNHFSQFANR

GMSETEKKQFY KRDGNLAQSEILQWD

MFTKKDQERIN: QAEKKFHSYMKSLSK:
AMTDKEKESFR--=========-] ESDPKMTFYKFLLSK:
DLVNEAQNNY, EFIY
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TMTEQEKAQOK-
NLTEQEAKFV:
AMTEKERTAYF:
SDPEKK--SL~
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SMTEAEHKVYT TTGPVALFTTWLQK.

3681
4082
3954
3500
3423
3732
3696
3679
3727
3748
3575
3652
3697
3701
3543
3587
3636
3626
3716
3656
3720
3407
3671
3364
4025
3636
3803
3868
4127
3605
3606
3673
3780
3791
3767
3749
3728
3883
3891
3884
3824
3795
3786
3838
3691
3921
3812
3881
3834
3779
3864
3750
3825
3805
3894
3837
3837
3844
3883
3878
3839
3862
3854
3866
3870
3867
3848
3855
3860
3867
3863
3856
3826
3866
3864
3824
3911
3855
3866
3893
3831
3860
3926
3915
3897
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA

AEDES

MIDGE

BOMBUS

ANT

WHIPWORM
TRICHINELLA
BEETLE

BARNACLE

DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET
GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN
CANARY
OSTRICH
GECKO
TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

KNKNFEVI-GVLQCENATDVVSNF——————-]
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SDVTTLYG-QMYMKASRTETVKAF -
VGDARQHV-TSYTRCDRTNTVASF -
EKGIAQYI-TMYKTAKRTETVRAF.
SKGQEQYH-EVYKKASRTETVANF-
KHDVGAYM-LMYKGANRTETVTSF-
KQDFGAYM-LMYKHASRTEAVTAF -
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SVGPQRYG-SMYKRASRTETVMAF —

AQGISRYH-AMYRNASRTEAVTSF-
AQGVPRYH-VMYRNANRTETVMSF -
NAGLVNYV-SMYKKASRIETVTSF
ENGIARYK-TMYSRANRTETVLSF.
IEDFARYM-PMYKRASRTETVMSF-
GNWQMMYD-RVYMKYSHTETVKEF -
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3732
4128
4000
3548
3471
3780
3744
3727
3778
3797
3625
3703
3746
3752
3591
3645
3686
3677
3766
3699
3770
3452
3723
3415
4076
3687
3854
3919
4173
3650
3657
3722
3829
3840
3816
3798
3779
3934
3941
3934
3870
3841
3832
3889
3736
3972
3863
3927
3885
3830
3914
3797
3876
3856
3945
3888
3888
3895
3933
3929
3890
3912
3905
3917
3921
3918
3899
3906
3911
3918
3914
3907
3877
3917
3915
3875
3962
3905
3917
3944
3883
3911
3977
3966
3947
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM IRDKFLI Al ILf 3789
TETRAHYMENA LKERFIRI YIL 4185
STYLONCHIA IKNQFTK] IEASYLT! 4057
APHANOMYCESa LRESFATSLEAF ISYVL 3606
APHANOMYCESe LRETFSTSL! ISYILS 3529
PYTHIUM IRDQFAS] LH FSA®SYILY 3838
PLASMOPARA VRDNFLKSLEWFSA®SYVLI 3802
BREMIA VRDHFLKSLEWVFSA®SYIL 3785
AEDES LRGNFAKSLM. WIL 3836
MIDGE LRONFI' L 3854
BOMBUS MRRNF I IIHWIL 3682
ANT LRRNF 3760
WHIPWORM LRERFVASLIAATSVETYLL 3804
TRICHINELLA LROKFTVSLISMCIINYL] 3810
BEETLE LRNNFIKSYRIMCASHWT 3649
BARNACLE LRTRMAESHELLCARNGWLL 3703
THRIP LRHSFIT TLEIMHWLL 3744
FLEA LRHNF TEWLL 3735
WHITEFLY MRNEFL( ISHWIL 3824
TICK LRSRFVLSHETL \HWVL 3757
TERMITE LROSFACSYRWLCIMHWLL 3828
DAPHNIA LRNRL QCLALWIL 3510
OSTREOCOCCUS MROAFAASL I VA 3781
STENTOR LRKQFIHSL ISI II I 3472
KLEBSORMIDIUM LRGOFARSLIALST VA IDF 4134
CLUBMOSS MRSQFARSLEVMS I TAl [TLIDMQT! IDF 3745
MOSS LRSQFARSLEVTS I{®GYVA( ITLVDMRT} IDF 3912
LIVERWORT LRSQFAKSLEVISI®GYVAS ITLVDMRT} IDF 3977
LIGNANO MRDTLVR L MLCLDSGKMIEIBF 4231
COPEPOD IRKNFITSYRVLSVMOWIL YLVCOKT IDF 3708
GLOBOSUM IRGEFANSFIALSI®SYLL [FLVNLKNGKIV[ET] 3715
PALUSTRIS IRAQFAKSLIATLNI®SYLL FLIDMTTEL 1| 3780
NEOCALLIMASTIX IRNEYANSL ISIeSYIL [ ILVNKNSGQLIEI 3887
GLOMUS IRSEFIK| INI®GYLI [FLVDTTKGSLIRI 3898
LOBOSPOR LRSEFTKSLIATNVESYIL [FLLDMSSGCLIYT 3874
SYNCEPHALASTRUM IRNGFANSLEVTSISGY VL ILMVDLKSGRLVIZT 3856
FUNGIVORUM LRSQFAKTLEVF \SYLT| [FLFSFT! LIEI 3837
HALBUM IRNSFA TFSI®SYIT [FLISQKDGILIET 3992
DPURPUREUM IRNSFA TF ISYVT| [FLISQRDGTLI(EI 3999
PVIOLACEUM IRNSFARSL IeSYIT [FLISQKDGRLIEI 3992
AMPHIPOD IRTKFCSSHEWLSIHNOWLL [FLVD I 3928
SHRIMP LRSAF L TQWLL [SLVSLKTGRVIEI] 3899
MUDCRAB LRSLF L ITLVSLKTGR' 1T 3890
TARDIGRADE VRNLFA( T eQYVL CMVSTETGLIF|4I| 3947
HYDRA LRKNFISI: LEIMHYIL LIL IDEF 3794
SALPINGOECA FROLFGREILIATMNI €0V IL, MIDLRT 1] 4030
SPIDER LRTKFAKSHEWICISOWII| [FLIDKT EIEI 3921
LIMULUS LRSQFVISHEWLSISOWLLI [FLIKTDTGKELEIDF 3985
SCORPION LRYNFITSHRWLCISOWLL [FLVSTTTGIEV[EI] 3943
ROTIFER LRNEFI YIL [WMIDLKTGRAIEIDF 3888
CIONA LRKRFT L [FMLSLTTGE' T 3972
OCTOPUS LRTGFTISHEWLCI®HYILY LMIHQGT[.M IfeI 3855
CAPITELLA LRGNCATSHELNCIEAYT [HMVDLT: MIIAT 3934
LIMPET LRCELV’ ISISQOYFL [FMINL I 3914
SCALLOP LRCTLAVSHEL VS IQYIL [FMINLKTGOMI[ET AF| IT--QFLLIP 4003
LINGULA LRRHFAISHI\LLCI®HYIL [FMVDLE MIET AF| IT--QF LPVP} 3946
OYSTER LRCKCASTHELISI®QYVL [FMINLK MV{E|T AF| 'T--QFLPIP 3946
SNAIL LRCEMLTSH I®HYL: [FM Gl I AF| 'T--QF IPVP) 3953
SPONGE LRCTFIQSLEVINI oYL FMVDMETIQL IDFGHAFHSIT--QFLPLP) 3991
PRIAPULA LRTHFIK 1 HYVV [FMVSQEL MV[eT A [PRCCLPIP 3989
DANIO LRSHFSSSHEWLCISHWIL [FMINTE IET AF| IT--QF LPVP} 3948
ESHARK LRSHFASSHILMCISHWIL [FMVNLE I AF| IT--QF LPVP} 3970
BSHARK LRSHFASSHRL II [FMINLE I AF| IT--QF LPVP} 3963
XENOPUS LRSHFARSHELL HWI [FMINME' IG)! 3975
STERLET LRSHFTCSHE II [FMINME I 3979
GAR LRSHFASTHALI HWIL [FMVNME I 3976
HUMAN LRSHFASSHILICIEHWIL [FMVAMET pIGH 3957
PLATYPUS LRSHFARSHILL HWII [FMINLE I 3964
TASDEVIL LRSHFASSHILMCISHWII [FMINME Gh 3969
COELACANTH LRSHFASSHIMLMCISHWII [FMINME I 3976
CAECILIAN LRSHFASSHILICISHWII [FMINME I 3972
CANARY LRSHFASSHILMCISHWII [FMINKE IoF 3965
OSTRICH LRSHFASSHLMCTSHWIL [FMINKE L 3935
GECKO LRSHFASSHINLMC ISHWIL [FMVNME I 3975
TURTLE LRSHFASSHILMCISHWIL [FMINME I 3973
ALLIGATOR LRSHFTSSHELICISHWIL [FMINTE IIET 3933
APLYSIA LRTSL THQYLL [FMVSLKTGHMI(EI 4020
TRICHOPLAX LRSHFARTHET TgHYL: [FMIDRLTGGMI(ET 3963
SOFTCORAL LRAYFAR MEI®HY IL SMVDLKQ.K IleT) 3975
STONYCORAL LRSHFASSHIXCLEI®QYILY [FLVDMETGGMI(¢T 4002
SEA_ANEMONE LRTHFAR ICISOYVL I 3941
SEACUKE LRTHFAKSFITLCI®OYIL I 3969
LANCELET LRSHFT IO Y VL I 4035
STARFISH LRSHFAR{ ICI®OYIL I 4024
SEA_URCHIN LRAHFARSHEWVLCI®OYIL) I T--QFLPIP| 4005
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Supplementary Figure 6 CLUSTAL OMEGA ALL PHYLA, EXPANDED

PARAMECIUM
TETRAHYMENA
STYLONCHIA
APHANOMYCESa
APHANOMYCESe
PYTHIUM
PLASMOPARA
BREMIA

AEDES

MIDGE

BOMBUS

ANT

WHIPWORM
TRICHINELLA

TERMITE
DAPHNIA
OSTREOCOCCUS
STENTOR
KLEBSORMIDIUM
CLUBMOSS
MOSS
LIVERWORT
LIGNANO
COPEPOD
GLOBOSUM
PALUSTRIS
NEOCALLIMASTIX
GLOMUS
LOBOSPOR
SYNCEPHALASTRUM
FUNGIVORUM
HALBUM
DPURPUREUM
PVIOLACEUM
AMPHIPOD
SHRIMP
MUDCRAB
TARDIGRADE
HYDRA
SALPINGOECA
SPIDER
LIMULUS
SCORPION
ROTIFER
CIONA
OCTOPUS
CAPITELLA
LIMPET
SCALLOP
LINGULA
OYSTER
SNAIL
SPONGE
PRIAPULA
DANIO
ESHARK
BSHARK
XENOPUS
STERLET
GAR

HUMAN
PLATYPUS
TASDEVIL
COELACANTH
CAECILIAN

TURTLE
ALLIGATOR
APLYSIA
TRICHOPLAX
SOFTCORAL
STONYCORAL
SEA_ANEMONE
SEACUKE
LANCELET
STARFISH
SEA_URCHIN

QVFEGLAKPIG--LGGLYKSQFVKIMSALRKKRHILLDFC|
RIFTNLMSPIG——INGIFRQSMISSMMALKKKRNILLEFC
QQIEGVIAPHP--LEGVYKQTMVHALNALKHRKSLIMDTC]

LRGVLQPHD--ASLLLQQDLAAVLDALRGQQQRIDSVMI

ROLOGVLQPHN--AKLLFQODLAAVLEALRGOHQRIESVM|

LQPYD--GSNLLIQDMOAVFEALREKKQVIESVM]

ROMNFVFQPYD--GPSLLAREMQTVFDALRSKRQVVESVMI

FQPYD-~-GANLVCQODMOAVFDALRSKRQVIESVM]

VFINBPLIEQIK
VFINBPLVBWVK
IFVKEPLLBWVK
VFLNEPLLEWQT
VFLNEPLLEWQV
[VFLHEPLLBWQ0
[VFLHBPLLEWQ0
[VFLHBPLLBQ0

MVYTLRCLRDSRKLLRSCL)

FVN T
'SHFVNVVEPLG--VNGMIRKNMNHVMRCFRHFSQTILICL)

PQILGLLKPFT--EKDLLKTIMIHTLQAVRNDQGPILSC)
PQILELLQPFT--ERDFLATIMTHAMRALRNDQGPILACMI

LCGVCDPVG--VNGLLRSSMVNFLRSLRDNGQLLLN;

KQFVGVVDPVG--MHGLLESTMKYCLKAFRDSSY ILLNT}

PHIVNLMEPLG--ATGLFREIMVHCLRSLRSNSASLLST

AQLAGLTAPLG--PAGLERHTLLRAVRALRS SRHLLAAAL
PHIVHVEIQPHG--TKGLIQETMVNALRALRADPEILLATM|
PHIMNLMEPTA--AFGLIPRVMVHALTALRDARSVLYATM]
PHILDLAEPFK--EFGLLRESMVSALKCOKDNQHVLLATM|
POYLGLLEPLG--KEGPLASAMODALRALRAGAESILDVL

[ IFMHEPLINWLE
VFIQEPSMBWFE

LMPFRLEPHIVSLLOQPLE--ETGLFRETMIHCLRTLRNNYDMLLATMEVF PSIPWLE
VVPCRL! A.FQFLIPILS——LNGSVRDSMVHTLRVAKAESGSIIAAL F! IPTLNWLK
LVPFRA! PALLDVLAPMS——ARTWLETDMARTVKAL.NGSTLLKGV' IIFLREPLIBWER
LMPFRMTROFLSLMSPEG--PQGELRQSMIICLKALRKHKNIILDCCEVFRNEPLLEWIK
LVPFRLIRQFAQLLRPLD--TLDLLKIDMTRVMTVLOENKDVLVAVMBVFVKEPLVBWRN
LIPFRLTPQLTNVLLPLD--SLGLLKNDMVRVLSALHKSRQMICAV) FVREPLVBWKK
LVPFRLTAQLKNFLLPLT--AVGLLRSDMVRIMTALRGSRGLIS. KEPLVBWRQ
LIPFRL ILLNFLLPLD--ALGLLRTDMVHTLAALHASREVIS. KEPLVBWKN
LVPFRLTRQICGAMGPLP-PSQGAFVRCLGHCLAALRRERELVLSVL@VF I SABWKQ
L 'PQILAVMEPLG--THGLFRETMVQVLRCLREHPEMLISALNTFLOEPTLBWIR
LVPFRLINQIEK: F‘LLPLG——VQNLMVHPMTNTLAAIIEEKDGLINAL [IF" IPLIEWRK
LVPFRLTROMELALEPLG--IPVLLEYPMINVLTALRNRKDVLLNALNIFIKEPLMEWRR
MVPFRLTS! VDCLDPLG——ISVLLEIPMIYIITVLRENSEILLNA_. I IF INEPLLBWRN
LIPFRLTKQIETLMEPLG--SKGLLEYPMIKILQI KDILLN; IIFVKEPLLBWLN
LAPFRLTROLVAFLNPLG--TKGLLEHPMVC IMKAL( KDVILNT} FVKEPLLBWRK
LVPFRLTROLVGALAPLG--VTGILETPMTHIMKAFRSEKSLLLNT FIKEPLLBWRK

MPFRLTRQF IGLLSPLD--ADGFLKFNMTYTLEALONGKEKLLNT FIREPLIBWER
LMPFRLTRQFTSFLMPLD--SVGLLSHNMTHTLTAIQNNKDFLLSTY FVKEPLIBWIK
LMPFRLTRQFTSFLRPLD--SVGLLNHNMTYSLSALQSHKDILLTTY FVKEPLLBWSK
LMPFRLTRQFTSFLAPLE 'VGLLNHSMTYTLGALESNKDILLSTYN FVKEPLLBWSK
LMPFRV IVNVAQPFT--TKGII LOALVSNKKVIL: FVKEPT! E
LMPFRL; IVNVFQPIG--QVGMLKEIMVSALGALQESRHVLTAVLEAFVKEPTKBWLD
LMPFRL! IVNVFQPLG--PVGMIKDVMVAVLGTLOESRHVILSVLEAFVKEPT) E
LAPIRLTRQFFNLMAPQC--VKGLLQQTMVHAMRALRAERQILLATMBVF IQEPSMBWLO
LVPFRLTQQMLNLLLPLK--DVSPYKQSMIVVLOALQOHSKMLISTMBIF INEPLIBWON
MIPFRFTKQLEAVFLPHK--KEGLVQEVMVHVLRALKANQRLLLST FIKEPSLEWQQ
LVPFRLTP YLQLMAPLK——VKGIYAATMIHALKAIITKRDLLLN IIF IKEPTLRWMN
LIPFRLTPQYLNLMLPLK--EKGLYEATMIHTLNALRKNHDLLLNF FIKEPTLBWKN
LVPFR! 'YLNLMLPLK--EKGVIEATMISALSALRDNADILLNTMBIFIKEPTVNWQOE
LVPIRLTRQILKLIAPLE--QRGLFESSMVHCLKALRENNDLLVCILBVFIKEPSIBWIG
LVPFRLENQIINLLSPHS-ATHGELRHVMVRCLSALRSRTDTILPLLBVF K
LIPFRLTROLONVCLPHG--TKGTFERTMVHCLESLRSDKDLLIHTLEIFVREPSFBWLK
LIPFRMTROLRNLLLPLR--EKGVIEGTMVHSLRALRQHKEQLIST 'FIKEPSLBWON
LMPFRI IINLELPLG--IKGLLENTMIHTERALRODYDLLVNTMBVF LN
LMPFRLTKQLRNLMLPLQ--VKGLMESTMVHALRALREDYDLLLATMBIF LV
LMPIRLTROILNVMMPLR--EKGLIESTMVHALRALRANYDLLLNTM FVKBLSVBWLA
LIPFRLTROLRNLMMPLQ--VHGLMESTMIHTLRALRNNCDLLLNTMBIF LV
LMVFRLTRQT NLILPFK——VKGLLENTMIHVLHALRQNHDLLL T} FVKEVSLBWLQ
LMPFRL! FVNLLLPHK--VSGQLRSCMIHTLRALRHSPTLLLNT FIKEPSLEWES
LMPVRLTROFLOLLLPHEGQRRGLLYQTMVHTLRALRDNHRLLLNTLBVF IKEPSTIBWKA
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