Supplementary material

Figure S1: Tree of life
Opistthokonta - Animalia - Vertebrata

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.

Homo sapiens hydrogen voltage gated channel 1 (HVCN1l), transcript
variant 1, mRNA. NM 001040107

MATWDEKAVTRRAKVAPAERMSKFLRHFTVVGDDYHAWNINYKKWENEEE
EEEEEQPPPTPVSGEEGRAAAPDVAPAPGPAPRAPLDFRGMLRKLFSSHR
FQVIIICLVVLBALLVLAELILDLKIIQPDKNNYAAMVFHYMSITILVEF
MMEIIFKLFVFRLEFFHHKFEILDAVVVVVSFILDIVLLFQEHQFEALGL
LILLuvAI INGIIISVKTRSERQLLRLKQMNVQLAAKIQHLEFSCS
EKEQEIERLNKLLRQHGLLGEVN-

voltage-gated hydrogen channel 1 [Xenopus laevis].
XP 018099695

MAGCLRHFTSVGDDTKKREWKEEDVEVAHEEEKKNTPHPFIASYSLRGAL
KWLFSSHKFQIVIISLVILJALFVLVEVLLDLELLAEKVDHIIPEIFHYL
SVSVLSFFILEIAGKLYAFRLEFFHHKFEVFDAAIVVISFIIDIVYISRE
DIFNAVGLLILL|LVAIVNGVIVSVKSRAEEKIHKLEENQRSLLEKV
TQLEQQSAQQEQE IARLQKLLKQHNVFPDS—

voltage-gated hydrogen channel 1 isoform X1 [Xenopus laevis].
XP 018104580

MAGCLRHFTSVGDDTKKREWKQEDVEVAYEEPLKNTPHPFIASYSFRGAL
KWLLSSHKFQIVIICLVILPALFVLVEVLLDLELLAEKVDHIIPEIFHYL
SISVLTFFILEIAGKLYAFRLEFFHHKFEVFDAAIVVISFIIDIVYISRE
DIFNAVGLLILLJLVARIVNGVIVSVKTRAEEKMHKLKEQKGSLLEKV
AQLEQQCAQQEQEIGRLHKLLQEHNVFPAS-

Pan troglodytes XM 016924207

Macaca mulatta XM 028829869
Balaenoptera musculus XM 036823351
Mus musculus NM 028752

Rattus norvegicus XM 017598517
Danio rerio NM 001002346

Lacerta agilis XM 033159246

Gekko japonicus XM 015415738
Microcaecilia unicolor XM 030220075
Petromyzon marinus XM 032947247



Opisthokonta - Chordata - Tunicata

Eukaryota; Metazoa; Chordata; Tunicata; Ascidiacea; Phlebobranchia;
Cionidae; Ciona.

Ciona intestinalis voltage-gated hydrogen channel 1 (hvcnl), mRNA.
NM 001078469

MEGDNCNKSRHKSHNMINPNYASVRCTQPLPSVIQLRSRNKMIGITEDPS
SDSEPVSSNQPLLLTNLSYEVHTENDNNNHERPAPQEQSTONTMISMQOSE
QOKSDRFTASNLGMFQYMKFEIGEDGDDHEEEAILTNREKLRHILHSKPIH
VAIIVLVVLISFLVVGELLIDLKVIIVPHGNPAPEILHGFSLSILSIFMV
EIALKITADHRHFIHHKVEVLDAVVVVISFGVDIALIFVGESEALAAIGL
LVILIL.VFII INGITIVTVKTKADDRVHEIKKKNSELELQIHNLEEKLS
QOKEQDMSRLHEILRCNNIDIPPTVPLTTSVQIHSTTTASADV—

Ciona intestinalis voltage-sensor containing phosphatase (vsp),
mRNA. NM 001033826

MEGFDGSDFSPPADLVGVDGAVMRNVVDVTINGDVTAPPKAAPRKSESVK
KVHWNDVDQGPSEKPETRQEERIDIPEISGLWWGENEHGVDDGRMEIPTT
GVGRVQFRVRAVIDHLGMRVEGVFLIFLDIILMIIDLSLPGKSESSQSFY
DGMALALSCYFMLDLGLRIFAYGPKNFFTNPWEVADGLIIVVTEVVTIFY
TVLDEYVOETGADGLGRLVVLAJLLVVLAR I FY SHOOMKASSRRTISQ
NKRRYRKDGFDLDLTYVTDHVIAMSFPSSGRQSLFRNPIGEVSRFFKTKH
PDKFRIYNLCSERGYDETKFDNHVYRVMIDDHNVPTLVDLLKEIDDAKVH
MTSDPDHVIAIHCKGGKGRTGTLVSSWLLEDGKFDTAKEALEYFGSRRTD
FEVGDVFQGVETASQIRYVGYFEKIKKNYGGQLPPMKKLKVTGVTITAIQ
GVGRGNGSDLSMQIVSERQEVLLCKFAEGYNCALQYDATDDCVTCEVKNC
PVLAGDIKVRFMSTSKSLPRGYDNCPFYFWFNTSLVEGDHVTLKREEIDN
PHKKKTWKIYRDNFTVKLTFSDAEDI -

Polycarpa mytiligera GIUT01151021
Salpa thompsoni GFCC01108773
Oikopleura dioica GCJIN01019160
Phallusia mammillata LR785897
Aplidium turbinatum 0U964926
Ascidia mentula 0X387201

Styela clava XM 039415523
Clavelina lepadiformis 0X392441

Oikopleura dioica comp23289 cO_seq2 transcribed RNA sequence.
ACCESSION GCJN01027812

MSENSSVVESTPFLEILKSDMTCWEKTSRVVHKLLHSHTTQAILLELVLV
ICAVIACEIVFDEKVKTHNDYCGANSTLCQEEIDNEQTKKWKKIYKALYY
TSLTLLSVEVVEFILKIVESAKKFLKSWVHIFDALIVISSWILMLIMLNK
DVKNGMIAEFLIAFIVIILIHGMKEALEEANELLHENMEEEIHALKAENN
KLKEELLAVKDR-



Oikopleura dioica TRINITY DN2869 c0 gl il, transcribed RNA
sequence. GKAI01006710

MDNRISKEFESSDTEAYLERTPVTISEKIAHFLHSSTCHL IVIVLVLVICA
FVLTELIFDGKLDTYAEYCDPTPSCSEQSHKLHHWEHVTHVIHICSIIVL
TIFMIEVILKVIYTREHFFSHKIEMIDGVVVLLSWILDLIMLNPNLVGKW
AEFITT FRFLIL INGMILSAKQAADKRVHEQKRKVQELEKELVDLKKQYE
TONNQ-



Opistthokonta - Animalia - Cephalochordata

Eukaryota; Metazoa; Chordata; Cephalochordata; Leptocardii;
Amphioxiformes; Branchiostomidae; Branchiostoma.

Branchiostoma belcheri voltage-gated hydrogen channel 1-like
(LOC109464640) , transcript variant X1, misc_RNA. XR 002139895

MDKLKNAFKFELFONDDSSSVITSSDATSSSGNAEPKTFREKLLHVLHST
EFQVAVVILVIVICILVVFELLIDLGGIKLCEEAVRAECESAGTTATMTP
AEEAEKEAECDHPAPEILHYMSIAILTIFLIEIMEFKVYAYQKDYLKHKME
LFDAVVVIISFCEDVAYANHE DAFDGIGLLVVLIL.VTII INGILMSVQ
HTAEKKINAHKQARQEVOEELNKMIAHAHDLEKEIDLLRKTLRENGISVE
SIPRTPEVSSSQVKVEAEITPTTEYATPAHFSAFSGODDTQA-

Branchiostoma belcheri uncharacterized L0OC109463761
(LOC109463761) , mRNA. XM 019760615

MTPCDGEKKPPPSGEATVGGIFPDEIAVIKKQAQNDKRRPLKIVIIAGVA
VMAVLAIGVLLLITRPSRHGVVTCSLNFWTGKQLLHETVETDKDAETDAF
YTEGSRGEAAVMYDHSSMMKAFKLSRSNKTCFIFEETQGEKNAVKKTAEE
LEEKQDGSLQFAEYGGAMLMTVDTERPARPVLSQKLONFCGOLEPRWAKL
TPATEEEQQGDRVEI IMPAEARDMGELAEMPVGPGNEKETPPTPSSTHPL
TESRDHHHDNQDCRHKLKHMLERQSVHIAIVVLIVLETLIVIMELLIDVR
VIKLCPDPPDVCVPKAGHNGTTGLVTTGAPGHHVIDAGDHGTGGHEECHH
VLIEVLHVVSILILCIFVVEIALKIYVDRLEFFKNGFHVLDAVVVLVSLG
LDIASLVRPSAFTDAGGLLILL|Ll I Tz VNGI I ISVEEEWEHKVNHLK
HEHQLVERERDRLLKENALLQKTLTNHGIDIPKLPPDSGDESTCEFEFE-

Branchiostoma belcheri uncharacterized LOC109467017
(LOC109467017) , transcript variant X1, mRNA. XM 019764911

MPRFKGQOQHHETCRHLAVEDVMVADELGLGMSSADLYNRNVEGDFLDLE
AAT FCDIEEEKTCKQRVQQLLDGPATQITIVLTSWLLSHVLLLILLVDLS
ATHFHHDKMVARITHWVGLGVLSVETVEVLTRLVCHOMQFFDKKIEVLDL
AVVITIACVPMIVVSVELAPSTAWDGESLVI ILII.CYIVVQGCVS PVRE
EASRKVHVLLOQAQRRAHQELQTLYLMHDENQEETHRLRLLLGRREAEEDN
VSQOQLOVALERKDSQYVAQLIHTIEQRQGRNKGRORDGGRDSPYSTIVVH
AHQLSDSNDVPSGTIASRLSESTTGDSGICEETRPQOQOTNDESRNHANSS
GVTQLPKCGQOQALTVVEPRGSHQOHSNRSPCSNSKRNPAVSSCDMDRIDV
IGSEITLQHRNDSTGKKFLDGKLPSNKDSRLLEFRDNKSMPSNGKVSHSKN
KVSEIKVNKSLDDDHKKAVSMDNKTVSKNNTATAQTNGKVRKGKKKAGSG
DSYVNGALLLEMTELQQKGDTGYCNEIVIEQFYONGNAPATAL-

Asymmetron lucayanum GETC01094801 GETC01046531
Branchiostoma lanceolatum JT904261
Branchiostoma floridae GESZ01013291



Opistthokonta - Animalia - Hemichordata

Eukaryota; Metazoa; Hemichordata; Enteropneusta; Harrimaniidae;
Saccoglossus.

Saccoglossus kowalevskii voltage-gated hydrogen channel 1l-like
(LOC100367669) , mRNA. XM 002734179

MWNESKIHVPYIRNSCDCFSYHHHYHKMDGEFGFKRMOESKQDGQLRVITK
DDTSDSLASDSQDEATKKEFNGFRGTCLAVMNHHYCQVAIVVLVILBVIF
VLAALVLDMQMSTPSDCGNSTETQEFEENTASAVLHYCSLTILSLEMIET
SLRIYCMRLEFFKHKLEVFDAVIVIISFSFDVAYAISPDTFHDILGLLVI
FClV VI FNGVLISVKNONEKKLAAQRRKCSELEQELEKFRQYCTVQE
NEIELLRDELKKHGITLEAEEKKERPQSLTQVDVIVEVNKVNEKTIESLD
RKDFKEDIDAVDYSDVTPDPPSTETDKSPTRSTSSTIPESPQEPDYGSNC—

Saccoglossus kowalevskii voltage-gated hydrogen channel
l1-like (LOC102802600), mRNA. XM 006812030

MAADEESHQGPVTIVRDGFENRSSTPRSFSTPDLITATHRRRPRPKYCMA
MERFINSVIVQVIILLMVVLICLIATTETLVAYRRLKFDSSKTAETVITV
LHYVCLFFFIVEVFEVIFRICAMGVEYFHQPMQIVDGLVVFLTFTLDVSL
WLAPVSHPALHTLSFLIIIJMGLHLIIKGITDRVREDADVQIELERIMR
RNIEACADKLQQQCDQONKEIAFLKDLLQQHHIESLQSNGSVIHTDSETL
KKAESSSSSTAGTIDGSPIDKRKCSVDNIAVTNDHYATATSTAILQSAMD
DVINRSQNIENIEKDKDEVKTSQDNQNITIIEETPATPLKECKAVSVSMP
QIGTAANPPIRYEDLDTLNLELAEIRRLSQEALLQDFTTPLEGINNNNIE
SIAIE-

Ptychodera flava GDGM01225783



Opistthokonta — Animalia - Arthropoda - Insecta
Eukaryota; Metazoa; Ecdysozoa; Arthropoda; Hexapoda; Insecta;
Zygentoma; Nicoletiidae; Nicoletia.

Nicoletia phytophila proton channel mRNA, complete cds.
KT780722

MWLKMDAHKRLSEDLEKVIMKEDGNSSIMTEPDHNIQPSKTVRERLRKLL
HSHKFQISVITLVIIPCLLVITELLIDLEMHEEESLAQHVLHYCSITILS
IFIVEIFLKLYAFRQEFFKHRLEVFDAIIVIVSFALDIAFRNSRDALSGV
GLIIILJLilVARVLNGVVLSVKMOAEHQLEREKQRGMALEGELSRCRQV
CAAQQRELDVLRAVLQHHGLDQQLPDGNRVDVVADVEKR-

Extatosoma tiaratum GAWG01024136
Aposthonia japonica GAWU01255994
Peruphasma schultei GAWJ01019192
Aretaon asperrimus GAWC01068486
Medauroidea extradentata GAWD01057497
Ramulus artemis GAWE(01048256
Sipyloidea sipylus GAWF01047109
Clitarchus hookeri GFVY01085196



Opistthokonta — Animalia - Arthropoda - Chelicerata
Eukaryota; Metazoa; Ecdysozoa; Arthropoda; Chelicerata;
Merostomata; Xiphosura; Limulidae; Limulus.

Limulus polyphemus voltage-gated hydrogen channel 1l-like
(LOC106464594) , transcript variant X1, mRNA. XM 013924749

MEDTTEKTGDSTSIATNLESDPDIQPLITFRERLTKLLHSYKFQVGVITL
VIVICLLVISELLVDLNILSVNSHSSAPHVLHYLSISILSLFIIEIGAKL
YAFRLEFFHHKLELEFDAVIVLVSFALDITFRDKESAVSGVGLLIT LIL.
VAIVLNGIVLSVKTQADHKLAKEQKKRENLEQELARSRDYIAALEEEVET
LRRILKDNNIKELPPTVIDNGAFKCTTLNVVAEVNHMIT-

Limulus polyphemus transmembrane protein 266-like
(LOC106463214) , mRNA. XM 022390662

MRNSDPLVWGLTGDTSLDDDGPTRLCEKIWATVNGKVFSAVIVTLVFVIG
LVIFSELLIDFEVVQDPOWKTSLNCSANVSGLVEFSSAGANSPKLRMAKDI
LSYISIVILITIFVFEVGFRLVSGRARYLIQGMEICDAIVVLVAFGLDIAF
LTTPSKKGAGKEAAVLI ILLIL.IKII LOSVIDNTRLEMGHFLSICERE
KIQAEHKVDILILKVEDLEHEVAYLKEKLKKTEKESLYAKRQRKKDGYSS
TOHKHPTITIGVETSPARHPCTGTQTAIVICEQHIPEEKVTKEQVMDMRT
FADVTSTRITIADALCMVTGNPNQFLRSPTTGGSTVKDGTTSHCRIAGDFE
SGYISNVSGITWDKAASRIPTLGTRTTLKCPESSPESGYGSSSSARNPAA
SSVSPLDTGTETASTSTGSSKHTDTVFLFPDPTGORREVELGVEMDILEE
ISEIERVKHIEFDPNKODQDIPMTSL-

Limulus polyphemus uncharacterized 1L0C111087200
(LOC111087200) , transcript variant X1, mRNA. XM 022393049

MRNFSMFENSKEELMRNSEPLVWSLTGDESLDDDDSTRLCERIWVSVNGK
VFNAVIVTMVFVIGLVVFSELLIDFEIVQDPHWKTIRNCSANVPALIFPS
SEAVSPNLRNTKDVLSYISIVILIIFVEFEIGCRLAVGRAKYLIQGIEICD
AAVVLVAFGLDIAFLTTPSKKGAGKEAAVLIT LLIL.IKIVLQSVI DKT
RVEMGHFLSICEREKAQAEQKVDILILKVEDLEHEVAYLKEKLKKSEKES
LCAKRQRKKEGYSGIQQKHPKITVGVETSPARHPCTGTQTARAICEGEIL
DEKATKRKVMDITTFAEITATRIIAKALCVASPDSGQYVREFLATKDAVGI
SGTTLCRRIDGSFESGYGSNTSGMTLDKTTNCIPSVGIRRTVKCPESSPE
SGYGSSSSARNTVATSVSPLDIEMETTSVSTGSTKQTDTVEFLEPDSANQC
RKAERGVEMDILEELSEIERIKQVEFDPNKQDEDIPMTSL -

Parasteatoda tepidariorum XR 001584685 XM 043048148
Dermacentor andersoni XM 050188908 XM 050168704
Ixodes scapularis XM 029987868 XM 042290414

Varroa destructor XM 022812381 XR 002674557
Metaseiulus occidentalis XM 003738312

Tachypleus gigas GILM01000651

Carcinoscorpius rotundicauda GILQ01010360

Piratula clercki IBTM01003006

Pholcus opilionoides IALF01028455

Zoropsis spinimana ICQH01009853



Opistthokonta - Animalia - Arthropoda - Myriapoda
Eukaryota; Metazoa; Ecdysozoa; Arthropoda; Myriapoda; Chilopoda;
Pleurostigmophora; Scolopendromorpha; Cryptopidae; Scolopocryptops.

Scolopocryptops rubiginosus strain wildtype

MENHHKMSDDLERVIMKDDSSSSVVTEEDPQLOQFQTFRERLAHLLHSYK
FQVAIVGLVILICLLVIGELLIDLRILEIQEHDYGAGEADLSICHQVLHY
MGITILSMFVVEITAKLYAFRLEFFHHKMEIFDAVVIIVSLSLDLAFLDK
HNALNGAELTITITI LIL.TTII LNGIVISVKTQAEHRLHRERRIKEALEQE
LAKYREYCTEQEQEIEALRGLLRKHGISENEIIESPMTLINQMDVIAEVN
HTNEQNDKLIA-

Scolopocryptops rubiginosus strain wildtype

<YFSLTILSIFIIEMLLRIVSGKVQFFKQCMELEFDAMVVFAAFSLALSFL
TTPKDGRNVAIFVVI LIL.VKL IVHSVIHDTKROMSHIINAYKRDKIQA
EHKVELLILKVEDLEHEVAYLKEKLKKTDKEAAQRKKHLRVSSQLAEFPI
TPQIEKYNPLFHNPILSQRPPPEGRTESPPRDODVERLERFAECTVKATIL
RTASNELISKDRWQOKROSQRRRSAGASDDIHEASSSSSNIIGASSSPTE
LROLTDTDGAEGLLSNNSAACFRVAQSSQEELDELSEIERIKKIREDPTK
EEKNIPVTAL-

Henia illyrica GESB01025859 GESB01004335
Schendyla carniolensis GESL01004004

Scolopendra cingulata GCAP01021964 GCAP01017169
Lithobius forficatus GCAY01038678

Cryptops iheringi GJOG01009205 GJOG01023410
Strigamia acuminata GESK01000419

Scutigera coleoptrata GCAQ01037316 GCAQ01012485
Polydesmus complanatus GESI01001010

Himantarium gabrielis GCIL01017378 GCIL01018683



Opistthokonta — Animalia - Arthropoda - Crustacea
Eukaryota; Metazoa; Ecdysozoa; Arthropoda; Crustacea; Branchiopoda;
Diplostraca; Cladocera; Anomopoda; Daphniidae; Daphnia.

Daphnia pulex voltage-gated hydrogen channel 1-like (LOC124207115),
mRNA. XM 046604416

MESTKEMLLPRPEVDGIQQSQIEMVITVGQDPGMRLMNDAQVDQORDALLS
KDIVLHPSHVYASDPNLAMMPDSSSRARLRRILSSHRFQVFVVSFVIVIC
MVVIAELLMDLRILGMMEEYGMKNRNKVSLEAHYIVPDVLHSISIATLAM
FLLETVIKIAAFGLSFLRMGWEIFDTVVICVTEVLDVLMOHSHSSTNGLG
LFIT LIL.VAII LNGMVRSVRSQAVRHVECEKRRREVLEDELLKYRELC
OROKKLLAEMENLLKNHNIPLPDNLVMLPSP-

Amphibalanus amphitrite XM 043361853
Pollicipes pollicipes XM 037237188
Homarus americanus XM 042376150
Eriocheir sinensis XM 050860406
Cherax quadricarinatus XM 053773827
Procambarus clarkii XM 045762000
Penaeus vannamei XM 027375813



Opisthokonta - Animalia - Nematoda
Eukaryota; Metazoa; Ecdysozoa; Nematoda; Chromadorea; Desmodorida;
Desmodorina; Desmodoroidea; Desmodoridae; Stilbonematinae; Laxus.

Laxus oneistus TRINITY DN84728 cO_gl i3 9dedup, transcribed
RNA sequence. GJNO01007626

MTGHVYKKKRPLSAHAAVGGAGREEECVIMNTEGDGSSSVTSESEHGNEH
QPPRILHGRSLREWLDAVLHSTKFQVLIVCLVIFNCLVVIVGLLIDLKIF
ALERKNNVAAEILRYVGIVIVSLFVLEMALKVLVLGKRFFKHKMEMFDAV
VVILAFSLGLSFGGRENSADGFGLLIML|JLvSILNSMITSVRKEAER
KMAKERRSRRALEREVAKLREYCLQQECELQMYRLLLQONNIPEPTVLRP
PPAPRTLSVIAEVNELDPPGTATFLAPLSAPQSGTDDSSTNSGSFEGPLC
SDRPPANG-

Trichinella spiralis GEBN01052808
Plectus murrayi GGJS01022439

Koerneria luziae GIUA01076674
Trichinella patagoniensis GECA01018136
Trichinella zimbabwensis GEBX01035233
Trichinella papuae GEBW01009651
Trichinella pseudospiralis GEBS01033974
Trichinella britovi GEB0O01040153



Opisthokonta - Ecdysozoa - Priapulida
Eukaryota; Metazoa; Ecdysozoa; Scalidophora; Priapulida;
Priapulimorpha; Priapulimorphida; Priapulidae; Priapulus.

Priapulus caudatus voltage-gated hydrogen channel 1-like
(LOC106809460) , mRNA. XM 014812541

MKGLGVQGEFKKVSEDLEKVIVRDDATSMSTVESEEDNFRTRMPLHDRVNA
LIHGORFQIFIVVLVI IlVLLVIAELLVDLKVFEME PGDSGEDASESAIG
EVLHYASLAILSLEFMVEIVVKLYAMRLSFFKHKLEMEDAVVVVVAFSLDI
AFTTNKGGAVNGLNLLVI LIL.IAIIVNG ITLSMTAQAEKRLHREKRER
EAVEDELGKFREFCARQTQETERLRDLLELNGISAHKVERTAFGSQLQVV
AEVNDIITSKKLEADT-



Opisthokonta — Animalia - Lophotrochozoa - Mollusca

Eukaryota; Metazoa; Spiralia; Lophotrochozoa; Mollusca; Gastropoda;
Heterobranchia; Euthyneura; Tectipleura; Aplysiida; Aplysioidea;
Aplysiidae; Aplysia.

Aplysia californica voltage-gated hydrogen channel 1-like
(LOC101848758) XM 005100609

MKLDGLRKMODDLVKVIERDDTSTVTSDSDETIARGPKTLRETLDDVIHS
QKFMVFIIVLVVLICLMVIAELLFDLEIVKLGEEHHYIPKIFHYGSLGIL
SLEFLIEIGLRIFVLRLDFFKHKLELFDAVVVIVSFILDIVEFRDNEDAATG
VGLLITI LIL.VTIIVNG IVLSVQKQAEKKIEREKHLREECEQELAKFEFRE
YCMAQEAEIEVLOGLLHKHNIEFTTNKITRPESRVQVDVVAEVNSMTAVA
ETDIPLSPSQPGEQEISLSSGDNVTDAVVVV-

Aplysia californica uncharacterized LOC101850633 X1-X4
XM 005093050

MRMSRSIEYPSEKNGEPSCIEAEQRSGETKMLKSEQSQDEAETSDWSENE
DSHSGKLDANgCKGKLAAFLKTNLVQYSIIALVILICLIIVMELLIDMNI
IVFPEDDPHHPPGEGSSHHPVAFASRSSNLTGDNHTVYPAHHI HT HHDNS
SNLTMYGNDSAHAAPVHHHTNKEKAEHVLHALSLTILSTFMVEVCVKIYV
EGKHMLKQKAEYFDAIVVIVSFTLDITFSFVSVSKAASEAAGLMVILILI
IVTIIINQVIMSVKLDANKKMEVHKKARRKLERENKRLQAKIERLEREVA
TLKOKMATSSTPOMSFEMQSGLSVERSPSGEMRENSAQV -

Aplysia californica uncharacterized LOC101855857
XM 005094218

yGDAEPRAHPRPRGQASPFMPBLRKRGEKLLHSKYVVILVIILTVTICAL
VIAELILDLSSVKKTQGATEAMTLSFVEKIIKKYPDEVAPLHSLTDVFEE
LNHADIVWNNTRNSRGHDLDPDLERNLHHHHHKNRDALHTSVTTPTSVPV
VGGESVAEGWPLSSDTPLGVGNESRALRTLWIQKRNYSSNSREFRRSNRND
SLRDSSAVLSRLLERTRLETIEKVLSKLSRRRKRSSEETGGLTAEYEATDS
GEAGDTSRNSQELEDEVLNSDEFFENNYGKNNGKTYLSSLTGLIVKILTMQ
SNETGPILGGPARYAEAPLTVESAGKGEGKGAKHVSDODILHKYRLEFHH
SEDMETAHKLHYASVAVVSILLIEVTMKITICAGSHFLKRKIEVFDAVIVV
ASVIVDLIFIKGLNQFPVDDST FVLAFLLP.VIIVVNgLVMAVI DHEHV
KLRLLYSRKKKLDKTVETLRNEVDELKGMMQDIRQFCIKEGIEASRIDSL
LGKFAPRRRKDSKFYTLVKLVMSTASINNNNNDNDSVSSSSMENDLRDYA
NRDSVLNEATSNENTVTSLKQYLSVPFFSGGNRSNTLDIESRGSGRSGGS
PSIYITSPASDDEAPVFSFDIADEDDVDMSNDQODDAGSQDDETSIQAGSD
AATIAVTSAEVNTVSPNVAFYVGSQSSLCSVHSQEDIRTVVDTNDNYERN
FPMCGVPCASGGEDLAAAALDDVISNSPTVNSNSWGPSRHYSRELTVPCC
TLSLSAVTNTTSTATSYPSSSNNTNNNSNSNNNNNNACAETHPLLGDPPP
GONMTRSVSDNCDVTATQYGARTCGGRYGSPVPMRRKPCLSEKRRSYARA
RSESIENQEFIPLMSQGANKGRVRHHSDLEGRPSTRKDDLKRSRSHSPSP
MVLLGVPGQTKKYSDPPPSYQAASRSMNDVSSAGKGQSGNPHANNLGKDG
RILRRSCLSLTSEGRKRRGKSPQRVSEFKVS-—




Aplysia californica uncharacterized 1L.0C101862058
XM 013086351

MRODVEFTITPSTKAHGTQQVPPSPGGILKTPGKVSCNPNGKFRPGPQGAG
MRRSVSVESTSTFDPSELERPGNLSSRQRCOQRRLSVLLHTHVVLILVCTL
AALIAVCVIGQLICDILIMBEKLDHFEVIDDQLTDILFDHIPKLNQSLHP
KWNLDAILDVLTGRDHHSNDGPVPTPAPLASNLSSLMSVVNSSVLONEFTH
MNQSALHHRVRRAAKQEVPGHEVDHGLLYDLTHTFHLGSMVILSLLLLET
LLKVFAMGKKLRHHKLEVEDAVVVAISWALDVAFWEGIWAHPGTTAATIL
IYML P.WIIVNS FVLVIQEKDHVQLKIVKQRLRQSLKKSKEFTDKASS
YRHEVKALAGLCRKLGANESEITACSPSGKACRRGSIHSVLERAASLTFEI
STLSSMGSLPSLEDMGEMSSDEEDSRPQHQODLDRTTSQAPTLKSAESSTT
LDSGSVVLSIDNDTGGGMEHPVFDDASNSSTKSSDVKHSADKGKREVERT
SSSDSAPPSYHIAVSKTDSNTRL-

Aplysia californica uncharacterized L0OC101857936
XM 013080089

MRKITITSSKMPYRKKSETIPKAWSMETLPPPGMVTSRPLRKKGLFHTQTC
MEGSWQVLAAQTLKIASINGLGELDKLENELEDETIRYENRSPSKTAVGRL
RRQGQHQLHSKVVLLIVVVLNVIICLLVMAELTLDFHHVgHRLQNKLDML
ESFIYNMITKHAPVLDNIPRSPRKSNVLLOKILDANVVWDTSQPNVTNEFA
SNCAHLLKSTAENASQSLTGYMSNMLNNSDWSEPNACFQPYMAAQNTTVN
SAAANQKYMLSTDGOQTNEKLTIVAHKLHYTSTSTLSVLVVILLLKMICSG
KRFFRSRMQVEDGIVITII SFILDLVFIEGVTILKMDDFVLILTFLLP.I
LIVLNgLIVAVLDKQRLNLKIIYTQKKKISRNLSEVNNKMEVMQRHIEVL
ONLCSSRGLADGDVKKVLGRELSTASAKSGSSQKNGSSGGLAGMMALGKL
AFQAADAFAPITOGSRKSHTPKTTKONKPALNGSAPNLLTPTEEDPPTPP
HLAHSMSQPQOGESNTTSSNSHVNTVAADIEDTSRPSFTLHNETGSAEGTE
SGIGGSVGGGIDGSGVDDKTADKENTPPTPTPIPTHDTYLDIESQPNANT
GLETSDSSTGVNTNVATTTTSPDSVTVQIANGSGPPMDLDSNSNEERKTS
VSLPDFSDDIHLEDSDVVSRL-

Aplysia californica uncharacterized LOC101852977
XM 013090418

MSPGILKGPSTPRVDRPPVTISTSVRLSAQHGHRNGVGKQARMSTGLLTG
CRQRTLKCINCRPFLIAICALVVVECACVLAELMVDLOGIKFRFENEELE
IKRFVLHLRTKYPGAFSDDRARTMTDVINLLDQAIVLRTRQDLLTPPKAP
CFCPCANETSGPAAALRNSMSPAGSKQOMKSHGKVQPLGVVDGGDLSRVPR
QKAQPDKYDKTRQEMIFTTPNVELTHTQIDITSSSSSSSSSSSSSSSSSS
SSMSSPPSSALSSKLTTAQAGDVTTGAHDFGQAGSESRFRRSSGNHDAPK
METVNTSGSKQMLLHSRVASFSLNTPPPGDPLLRLNWKGNHPVLSNTSEQ
SSGKSQFVFSFSQOKIHRALREVGLORLALGRRLMGVAIENDQPTPAGHPI
SNVISTHLPNHDAMTTTEAEAVTISSPSLOSGFSAHKSTADPVKGWVQQT
TKDTVLGAITPESDSEDSLONHNEGSSPSDVPTRTSVTDPPASPAPISKR
ATGTLTPDSQVFTKREDDIQNSNMKNGRDPEGSLSRQOQAGEQFLNIQES
DIPESVDRNTSGNKSVSNASLSQRAPLPLPONAAVHQFQDAPVPQSONPP
SPQIENAPLPLSQKAPPPFSQSKPPNGSSSSPGTNHLTSLGDVEVLEINN
VIDSFFLVAEFLPDHHGSNDTKFIQYNSEYRKIYKTSKALHFISLSILSV
MVLETAVKLFCTGCGFFKKKFBVFBAFIVVSSFALBFVFLDSRWYETGKD
ATTILVLLLEvV I vNSFLMTMKHKHHLOMMNMKRAKKKAELKSAKLQ
TLLSEVRKDVQLLVALCRSHDIEEKDVQACLYGKGRRSVTLSAMSTCTSL
MLISTLGKDAIQEDDIYGKVFKEALNEGDNAEIDTEIKQAEEAAIDAATE
LDEQIEARKKSRKYKSKKALVKRSYTVPRRSASVEIPDPDINENNSNIFY
VNDGYLTAHASSPRNSELLMVESGGVAGVRSGLRRGNFTLVGTPPPLPPS
GSSEENHHRLSCSRVEEESSSTDENSEDALSLTAVTTDLSPOQEQQQQIQ>



Aplysia californica uncharacterized 1L0OC101854637
(LOC101854637) , mRNA. XM 013082371
ETMEDDSTKNSRSCECTSLQHSVCLISMVITLTIVSALAVTGEMLLDFHF
FTVTETISQDNQSLAGEAPFREDKDVMDILDTVFIYTSLCIAGLFGLEIL
LKIAFLRMRFLRHPWOILDIFVVSGTLGVEIAFHFLDLPYDSLYAVSYVV
LLIL.VPFVCNIRANLIREELEEDMELYRCGRQKAEERCSWLEENLNQQ
ANITKGLEQTLLGLKPSSMEDEESSHAETQDNSQPSAAGSHVTTNYGONG
PMMSEQPSVQSSRKDONQKKRLHRSKKRVESDNAEMEMSEFNKDNPRPDH
ARKRENIESSNFSESGTKRELKDKGDNSKAEHIDTSEVQLRPRGY SDNML
DESNTNSLPRSEASLNSSSSTPRPGQINMRORKRRSSTSEYIDYSNLSSP
EQDKVEYDDVKDKFSSCPSLDHSTQSGEKERSVKSPELWTGKKKEVIEGG
TDEVDGGTKEDADNGSTIKKTDSSTSDASSGVSSEVSVNGKRERRDRKKYK
RETSCPEYVITQRMSITNDESKLLDESHTTEDPSMYDNMAFLNDEDTGLH
VLAEFDGSKTYRNEDGIPMTSL-

Crassostrea gigas xM 011420311 XM 011429833 XM 011440664 XM 011458201 XM 011454844
XM 020070532 XM 011450860 XM 011440929 XM 011436069

Mizuhopecten yessoensis xm 021517539 xM 021506621 XM 021506642 XM 021492263

XM 021492266 XM 021497401 XM 021497397 XM 021497398
XM 021512362 XM 021497391 XM 021497611

Lottia gigantea xM 009053636 XM 009064134 XM 009063093 XM 009055697 XM 009059372
Octopus bimaculoides xM 014933788 XM 014930220 XM 014931773 XM 014930385

Limacina antarctica TR73269 c0 gl i2 transcribed RNA sequence.
GDRM01043900

MVTTHERGGEGSVGGASEDTSHATLKATNSRYRFPHETHNGTKTGDSPTK
KPRRHIGDGGLISILAAQTARNVGSAFTKIEEKIDKEVEDDLLYEKRELK
NKVDRFRHQVEAFTHSKPVLLLVVFLNVIICIFVGLELVFDFLYFTGGLE
NPTDMKSINGTTCYPETGSFKTFGDLSHYFHYASIGVLSILLITVEFAHVE
GSGKRFFKHKLHTCDFIVIIAAWVLDVVLYKGINSFTRGTAVILLMVMLL
LIVLIVLNSLVVILVDGQRLQIRVMYTTKKKIQAELDDSKAKGGDFKQQL
EHVRTFCLSRGLKEHEFERILNGGAPHTYTNGDLNGNVQKGKGHKENGID
GTPPRHGNVISRQFKKISQVMAPARRSVSEDVSSPTSSNGLSNGLSNGLS—-



Opisthokonta — Animalia - Lophotrochozoa - Brachiopoda/Phoronidae
Eukaryota; Metazoa; Lophotrochozoa; Brachiopoda; Linguliformea;
Lingulata; Lingulida; Linguloidea; Lingulidae; Lingula

Lingula anatina voltage-gated hydrogen channel 1-like
(LOC106176220) , transcript variant X2, mRNA. XM 013558499

MDGFKKLHEDLEKVIEKDDSNSSTTTSEMEDPKHSKQTFRQKLRHILHTN
KFQIGVICLVILICLLVIAELLIDLEVFEIGEAKDELGPAKVLHYMSITI
LSIFLIEIFTKIFAMGLDYFKNKLEVEDGIVVVVSEVLDVVEFANQEGAYG
GIGLL IVLIL.VTII LNGIIMSVKKQSEKRCLRERMLKEAAEQELAKFER
EYCAAQEKEIEELQALLKKHGIDFPKIEKPVEVSTISVTAEVNEVDGYTK
RPDDSNA-

Lingula anatina uncharacterized LOC106178050 (LOC106178050), mRNA.
XM 013561049

MADRDDGSRRLEHT IDNVENGTKKQTYQQWLDHY LHCQLANSVILVLVVL
BSLIIYMLLLIDIGIIHALCTCSLAEDNHSSTINGSSTAGFTNKVLPVPN
SQVNLAGEILHYISLCILCLFMLEVILKLVARSGAFFKYKLEVLDAVLVT
LVEVIYVVYSFDIIPSTAKDGVGLLIVELEIEVIGAALELRKEATE
KFSRERKARIEAECKAVEAISQQEWDQREISSLKEKLSQYEDRLQPSTQA
PEIKSALKSKSSSTKKTEQGGGRFKKKPTSQPVFTDFHDDHDQHTDDHRI
SFDDKRRLSESKKPKKYQPAITSTAFGYDNESYDGSLDAKEEEKDVDIPL
KXLQERNMGLTYSFNWQHSLEFDFVRLLS-

Lingula anatina transmembrane protein Cl50rf27 homolog
(LOC106155662) , transcript variant X3, mRNA. XM 013530614
MASTL.LWRNPSAANCNVKKKKKYQGYICLSSQFSFLRHKSFEQELEDDNID
DDILQTEIEAQAQAEKSCHEKLVEVLESNPIQVAICILVLIIAVLMVSLL
MLDVHIVQAKCNANQEDISKLIDAIDSRMPGALAHVHGADVTLSDIINSL
HGETNSSHGSSSHSVHKRDLSSVAHLLDAVQEGAETVMGSSSSEGGIFLR
RLLYKEETQGDNDSTLEVHVSSDKLAANESHSKDAHGDGHGGHSLIENVA
HALHISSIVILGIFLVEVILKCYALRLSYFRKKMELVDGIIIIISETVDV
IFYDGLGGRSGVDAASLLI FFLM.ML.VFNG FLVTSRKRLKFRLTLOMR
ARKRAEAKISDLDVRIGFMEKELDSLRSLASKYGAKNHEVLNCKPKASVH
KNVTAKEGISSMLCASMSMMHHFASKENVAKNEQMAQITESEEVIEDDNS
NRINPFMLSPLKGKASQMNTKDSKENETTVTGSVKPDPVDTNISSPSGQT
KEASALNDVKIDMEDHRENDADIVANPNGKNECSATDDKISSPAPPQPSP
QAQKSKTODLNERNGTLPSQQSTRSRGALKRTSSVDDONMSSCDDQGTLP
TSGEPTPAHPPGEVDGSENLQQKSDTQTPSDCNKLNNVAAKNATILTNGD
VISNGM-



Lingula anatina uncharacterized LOC106156217 (LOC106156217), mRNA.
XM 013531343
METQITSRODSVAMEKDKTWEKAAKVSFRKRLTKYLYSYPLLMATSTILST
AlAACVVGEVLIDLTLTNGKTEAAESYVTSIRQALYDRFPHLKSIATESV
SDLIRKISNIHCPRPTTSESTVSHAPTQTEEPGVLYLNVLTGSLTKQAVP
GQPSNCSLPGDTDQCPHALEHVLKEIGHVLHMLSLFILSSIVFVHCLRII
ATKRRFFQYKFQVFDAAVVTISLVLDLAFLKGIWSDDTGEAAVLVLVLVP
.VIIIVNS FVMTVKEKDHIAMKMVKSGRKKALKRVSDLIKQAERHKQET
RALRGLCKKFEAPEDAINACKPQVGNENRFRRRSSGASLTMLASLAAFGS
LGLDPSKVHPSDDEESEDGSQPYLPTSLHEKSSSVNSETTENRAVDDDSP
SNNNFGDSFFSNDDTDKNALDEYNENETCVELQSTRQEQQKENDKFALVE
LPEKKPRSFSVSSIGTASSFLKSPIKRLRSLTYTEGNGADSEPRSSHTAT
LVDNMEIPNEQNEITHC-

Phoronis australis GFSC01012821 GFSC01079495 GFSC01010288 GFSC01051093
Phoronis muelleri GKAW01058824



Opisthokonta - Animalia - Lophotrochozoa - Annelida

Eukaryota; Metazoa; Spiralia; Lophotrochozoa; Annelida; Clitellata;
Oligochaeta; Crassiclitellata; Lumbricina; Lumbricidae;
Lumbricinae; Eisenia.

Eisenia fetida Ef Cf 16012018 18296 c2 gl_il, transcribed RNA
sequence. GIKG01069578

MVOMRMEGEFKKVKPSDDMERVIEKDDSNSSMTTEYDEGKAYPAAWRDHLS
LTLDSIKFQIAVVCLVVLSGLVVVAELLISLNVLELHMQSIVPQVLRYIV
IGILSVEVVEVVLKIFAWRLSYFRNKMELEFDGAVVAVTFALSMPESSNSS
FHSS IGLLVLLIL.IVIILNGI ILSVKAQAERKLRHERHIREALEQELA
KFREYCASQEKEIELLQAVLRKHEINYYPAEKPVAVETISVVAEVNSICE
DOQOOOOHEFHCEFAGR-

Eisenia fetida 59034, transcribed RNA sequence.
ACCESSION GIUK01058977

MVESMHRVSQYGGRCDWLKNDQFLRDLEGDSVDAEILDEELRLLOEQQPK
TCRGKTARVLETSPLQIAMCVLVLIIAGVVIAEILLDLHAMRSQQRAATS
DLVOQAMVEFLKDQYSADLGDYHGEGIGYILDKIRLKONPANGNSSTTAETN
VITRSKRHQTLPOQPDKWTLLLATSVPVMPTPFEVGLREKPSEPEPLESLYG
SSKVHKGPSFLDTKVPSFMPGHSRADVDPLSVGLARVSRRAVNGEFSGLEE
PRRKRYIRQARHKNDQDNDEFVIARVTRTPVVGSRDEGSSSSSRGFIYTEP
DSDAAAVKRSAELASESVVVRSHDNEEDDDYEGKADGGDHHLTESFTIKN
TYAEKLLKIAHILHYGSIAILGIFVIQVFLKIFGMGPEFFKNKLEVEDGV
VVMASFTIDLIFVEGITGTEGEEAIALITII FLL.I LIVINGIMVTAKKR
QEFRIKLOQKRACRRAEKKLECLDDELSWKEKETITHNLKNLCLRKGASEEDV
VRCRPKRSPFFAKMDTSAGLSSIASLSLGFTMSMRSSDSRMRLPIAHSLV
SLSGHRQTVHDVHSSSLGNPSMSLNRSGOWPRSRKPSTSTVRSSDNQSLP
VSMRQLTESRSMEKIAEERPKHQLDLSIMSSSTSMQSLAADSISNCCPVT
SGLGLLPSRSIANDRVVAAAVSGLTACNSSRPQPSESGGGIPDICIVISD
ANGSTQVNSSRERKRSACQAASSSDDSEGRPSPAESVLSNPDHGNNRTVQ
FYVETPTDMSMENIASTSASTAGAANGDGRCANDEFSSPSTSSQIVNGPAS
RLPSPPADTDROQOOQOQORESGGSLTSRWLSKLRRSSKSRSHHENQVASSS
DKVRRKPVWVSPEFAQAKEKKTKETFL-

Glycera dibranchiata GASB01008782

Megasyllis nipponica ICSJ01060984 ICSJ01016660
Platynereis dumerilii HALR01262921

Notospermus geniculatus GFRY01018744

Alitta virens GINIQ01122785

Lumbricus rubellus GIKI01097867 GIKI01020978
Arenicola marina GJHO01023177

Paraescarpia echinospica GHDM01078138

Hirudo verbana GGIQ01040411 GGIQ01076257
Harmothoe impar 0X381720



Opisthokonta - Animalia - Platyhelminthes
Eukaryota; Metazoa; Platyhelminthes; Trematoda; Digenea;
Strigeidida; Schistosomatoidea; Schistosomatidae; Schistosoma.

Schistosoma haematobium Voltage-gated hydrogen channel 1 mRNA.
XM 012937229

MDESNKELINNVPHSRAKTRPSGKCTLARKRLKQVFNMRKYYLSVIGLT
GFEALLVLCRVILETESLRLPPGNTQRLILEGQLALECLSLETLTLEVV
EVPFKIWAMGIRQWGRQLLFIIDGLVCAVCFSLDIYNIYRHSSRPSRGI
TSSKVLELCNYLHITSQADTASTFAEIFGLVIVY[JLlY IKfF IKjTvET
KSKQSTIKRIQELQQVYGEADQRINQLENILQEQIDRKDNHRSISNVILD
NKQGQQOTTRPMSKVNY SNRPAPRQFSNIER-

Schistosoma haematobium hypothetical protein mRNA.
XM 012937230
MSMIENDERNFSTKKENTMKHKRRQISTESNQCQSDVTNGLLLPVNEIT
EIPIETILTPAPPPTPPPPPTTTTTTTTPTVTINTIQSCNEKYKLLFSR
ILDCKLFHMIIVGLCALIGILVICMLLLEIESLKLKLTHLRYRLNFTSF
IFECISYTIILLFLIEIPIKLWTFGYQFYQYQWIELLDVEVCIISETVD
TYNIHRHIMETKLNKMNNTMNEYTIDDNLEQTLHTT IADAAGLLVLFIL
.VIIIVNS ITVSVTATHERNMKSLKEAHHISLKRIYELEQLLODNGIS
IPSLTPKSQSILAKIF-

Schistosoma japonicum FN318210
Schistosoma mansoni XM 018790876
Opisthorchis viverrini XM 009166151
Heterobilharzia americana 0X104105
Dicrocoelium dendriticum 0X104059
Echinococcus granulosus XM 024492501
Spirometra erinaceieuropaei LN077116
Hymenolepis microstoma LR215995
Macrostomum poznaniense GIJT01038552



Opisthokonta - Animalia - Lophotrochozoa - Bryozoa

Dendrobeania fruticosa dbe tr88007_c2 g3 i4, transcribed RNA
sequence. GJXY01266092

Eukaryota; Metazoa; Spiralia; Lophotrochozoa; Bryozoa;
Gymnolaemata; Cheilostomatida; Flustrina; Buguloidea; Bugulidae;
Dendrobeania.

MKGIGSFGKAGPDDLERVVEKSDTSSSIVSDDIVKPPQTIREQIAETITHS
RKEFQIVVI CLVAIICLLVVSELLI DLKAFEQEAKVGHDITKSTSSGGEHV
TNGEGSNVKKLEDAEKREKASLLAAEVLHYFSIAILSIFLLETICAKLFAM
GROQFFOQHKMEIVDAVIVIVSFALDLAFIDHERLASAFGLLVI LIL.LGI
IVNGVVLSVKTQAEKKIAKEKGLREATEAELVKFREYCTAQEREIEALQL
LLTONKIEFTKMAKPSLPVSTIDVVAEVNQFIEATKLASGGGGEGGGDSS
VL-

Dendrobeania fruticosa dbe tr82209 cl gl i3, transcribed RNA
sequence. GJXY01243660

MTGSELMEIDEKLSRALREDSVDPAVVLEELKSLNDDVLDHSNTRCRVRL
ERVLESTPLEIFLVVLVIVBVIILLAMLLMDLNVLHLYLEDGNNAASKLS
TALQTNCRGNPELNLYNKSNLIIITRHLEHDGCIWDPHSTNYTISDSASS
EAQSPNHVTQHHRRRKRSAAPPKEGSNPTIAILLEAGHILHITSVLILAI
MVVEVVLKIFALGAKYFKGKLEVIDGIVIIISFAMDLYFIDGIPSEGVNN
GATVLIIFLLJI LVFNALLVTAKKRLOFRIRVQKRMRKSLEEKIELLN
DDITHYEDYIENLKRLAKRHNVPDYEMKACKPLVRQLKKANTSAGLASMM
OMSMGLMQOGMNNMKVADKPRSRIVDNLRNPPTETVETDKESASAADVLVN
AMDATMAANSTVDVVHDTSQHILPVPMMTAMAT SNGSVHRS PHRSPHRSP
RLPHTSTSVANGTRTIPSMEFAKAVATGSPKSNEALLLNWNDKSDKENND
PNSNQONITSLS-

Dendrobeania fruticosa dbe tr59641 c0 _g2_il, transcribed RNA
sequence. GJXY01200275

MTIPHDPVQRKPPAKKQKFHESLAKICVNHKFMLEVLIVSVGBALLVATE
LTVDILAIKIQKEEVCDTKEILKYLKREHSGQLDELFFNNSIKAILYELK
TRNDHHYHHKRDVSAVLESEDIKVRRKRAAPPKKGKGEIKESPLSSVLLE
EVAHACRYGSIALLSCMFLINIFRVYAMRKDFFHSKLQVLDAIVVIISLL
LDISFLPQVWTFTDATLTAIPIIIGLS[JvVjVINNSLINLHEKDKILLS
RETALLKDSEKRNRHKKHE I YNLRGLCRKLGAEETDITACAKLVKT IKKK
RFSKISLASGIMSVNSLAFLGTLSREKQPHEPNLDRVESFTKTDETKSDE
GFDTLQORSSEFLRRNORGSSSNKIPARRAGSRMSNVSSIGSISMASSEDR
DLDDDIDNTSYERATETSDTDNDDSDGRGSKSDKSDKSQRKFE-

Terminoflustra membranaceotruncata GIMX01037542 GIMX01141019 GIMX01229943
Fredericella sultana GHLZ01039460 GHLZ01006033

Membranipora membranacea 0U612068

Bugulina stolonifera OW285188



Opisthokonta - Animalia - Lophotrochozoa - Entoprocta
Eukaryota; Metazoa; Spiralia; Lophotrochozoa; Entoprocta;
Loxosomatidae; Loxomitra.

Loxomitra sp. KK-2020 isolate Shimoda Marine Station
trll5673 _c0_gl_i2, transcribed RNA sequence. GIMU01079853

<VEKQLEEAEADASRQEEEIASGLRRKIHDLIHKRWFQIVVVTLVILESL
IVVAELLIELNVLGDVMKKVCNGTGHEIEELNEEFLFAAEVLHFCSIGIL
SIFLVDLALKLYAMRLDILKHKMEVEDAFVVVVSFSLDVAFIGMEGGEAT
SLLIVLLEVT I INGLSITMKSQADKKVRRLIKIKEALSLEVKQLRVD
LARSELLIKRMNKSLEQNGLEVPGVNENSVLRKSLLPVRTELYTDCSDV-

Loxomitra sp. KK-2020 isolate Shimoda Marine Station
trll2662 _c0_gl_il, transcribed RNA sequence. GIMU01076890

<VILFLFIIELLLKLEVMRWEFFHHKMEVFDAVIVIVSFSLDIAFINQEV
AQASSLLIIL VT I INGFSLTIKTKSDREIHRLTRIKDFLHTEVKR
LRMELARVESQNRKMIRVLRRHEIQTPILPTSEVISPK-

Loxomitra sp. KK-2020 isolate Shimoda Marine Station
tr203811_c0_gl_il, transcribed RNA sequence. GIMU01203676

<AFEGINLLMI LU I T IVNGLIVSVKAETEEKYHHILHHKQAVIDSL
KSKLDRCQSLMVKHSVTIPEGLLHSMDELDAPPFPAITPSTGNVCATCNI-

Pedicellina cernua GIMK01062983 GIMK01039117
Loxosomella nordgaardi GIMJ01039792
Barentsia gracilis GIMW01064503 GIMW01098986 GIMW01061213



Opistthokonta — Animalia - Lophotrochozoa - Nemertea
Eukaryota; Metazoa; Spiralia; Lophotrochozoa; Nemertea;
Pilidiophora; Heteronemertea; Lineidae; Notospermus.

Notospermus geniculatus TRINITY DN199650 cO g2 i7 transcribed
RNA sequence. GFRY01018746

MDGFKTFKKLDDDLQRVIEKEETSSSVTSESDETKHAMMDHREHLKHLLH
TNKFQICVIILVILBCVIVIAELLIDLKVFEMEGGKNAHDSIAPHILHYI
SIAILSIFLVELGVKLYAFRLEFFKSKMEVEDAFVVVLSFALDIAFANDE
GIIGGLGLFIVLLvTILNGIVLSVKIQAEKKLARERSSREAVEQEL
AKFREYCSAQEREIEILQGLLKKHGIEFQKMERPIVINKIDVVAEVNEYI
EKTNSENFSSA-

Notospermus geniculatus TRINITY DN203828 c2 g3 il transcribed
RNA sequence. GFRY(01079887

MKTSSSSGTVPISEEDTTESPVSPSPRLVRHESLDTGTPKONGSVASSLH
VKFTVGASDDEDDEPHYRRPRSRKNSSEFGILDLNEDWITRNHFLEKLEAD
SLQSDVIQAKLAEIAEDTVKEKETCRRKLAKHMTTTAFTIFILVIALLIA
TVTITAVILOIHSEHDEITVRREQHKKEFSKFTKLAYGNKVDLDNVLSGKE
MIDRVEKYLNKTONATASAANATKNIHKRDVSEEQQYYKTIEISRRGHGS
ROGRSAKGQGRRKRRSETADDKDRGERVLVRRKRAAATAADGTPLEFESKT
ALTLANVAHNLHYCSIALLSILLIEVEVKIFALGCEFFKSKVEVIDMI IV
SVAFFLDVYFIDGVMDNVAATILLFIIQMIIVCTTLILQDRKRVDFLLDV
VRDSNDANKKKVQEYQERNNSLETAVOQRLTAVAKYNGATEAEIKRCVDIT
VIVNKVEETKKSPKKPMFKSLOSVEFTNVKKRRKKKAGEDLDQTESTDSKS
NPPKRRLSTDLNVQLVHRQRMASHANIHPSKTHRHSLHILHSLHHHRHDR
RRLHDTDDIKONGDYHPEHGSGEGSFRSPVNRRRLHLLGGHTNLEHEEDL
TSPRETEVSSESPAQSPSVSRTNSILKDCSSPREFKKKDVCSPNVSRSSSL
SRSONDSGFDNCGEFSKADEHQERGKPSDIKGSVNGDVGIGDVRGNLPMNK
EGDTGVSSDGTGGKEGDSNDVTFKNSGDTKSERECERSRESDSVTEALSP
QSNTNHMKTGDSCQKKLHGILKQPSFEVQPADNONKPSDEAHSPTVDTAT
INDDDEDTGL-

Notospermus geniculatus TRINITY DN198369 cO_gl_i2 transcribed
RNA sequence. GFRY01070393

MELMKIADNINNRNARKPRLHPIRKEPERLTKIESLRRRINRFLNSHHVL
ILICALVVIIAAMSIGQLMIDLYMIREKFGKAEESLLHLVDILKKDYPYI
NAYQVNTIEDLLHAIDYGKRDLKQTPEKRTTRDAHVNLNEAPPNELSSSV
SGLPOOMWNYKRKREISPRSKDKRERRDDVTNVPEFFQTSAEGKSQSLRNI
LOTSSESQATGFHASVTMAVDDSLNHRTTSLPYTAVVINDKTKLPPKGGA
MKEIGGKSVDLDDPVIGYTVNKTIASDYMRSKTGNSSCDCSVVQEKNSTQ
LCHCEDDYHLLMEIAHSFHLGSLCILSLMTLEKFMKGLSQGKSFLKRKLE
IFDTEVVI SSFVLDIVFLQGIWSTAEKDAALFLVCLLP.VIIIVNCFVM
TMKORHYTIRMQOLOKHARRKAQKKVKLFKKHLERLKRQIKSLKGLCRKHGA
EEREINACAFVFTESRRRKSSLPVNAMSTMASLALIGVIGNDPHMPRQQOD
DMEEVDLDTLDEKDEEEIEELDEVENELMRIEEEPVDQGVOMNGNCHRDR
KVSTISGTESIEISCGSVSEFDDSGSPTMERRLSDDSIVDIGAISDDSYAD
TGDSDGGNRKDEKILKSRRESTTDFLYNSKKSFKKRKKKK-



Opisthokonta - Animalia - Placozoa

Trichoplax adhaerens hypothetical protein (TRIADDRAFT 54341),
partial mRNA. XM 002110878
Eukaryota; Metazoa; Placozoa; Trichoplacidae; Trichoplax.

MIDDGDNNSETLFAVHGDNEGMNPPQSVTWRSDHRAKLRQLIYSHKVHIA
IVVLVILIALIVIAELLIDLSVIKVHHTSPLARAFHFTSIAILAIFLVEI
VLKLYASDLAFFLHYFEVFDALIVIVSFVLDIAYSNSEALSGVGLLVVLI
L.IAIIVNGI ISSVKSQANDKIHHLRRELEKTRSYLEQKLDRKEAEIQL
LKKVLTDRNIPIPKPLLEVDLNGNSTAQANGSASEEITVDIAGSSAKSTS
SAYIG-

Trichoplax adhaerens hypothetical protein (TRIADDRAFT 54343),
partial mRNA. XM 002110360

MSKKVKTEDKDSYIDILDEESASVRIDHANHTLQONSDCLHKTEEIMEHP
I TQLILILLVFIICGIVIAELLIDRDAIRVEDVEDVKEAFHYTS IMILGI
FLFEVALKICVEGLAFFLHYIEVLDALVVIISFIVDIMSLVPYFYNHVEN
LICYARAAENKLRGIGLLI ILIL.IAIIVNGI IASVKKHMRKRLETITE
DRNRCRRKLNRAIKVARAKVEEIKLLEGILEKEGIEYRQIVAKTEQGDGD
PAEVKLVIEEDIIDDKDNLEEEHKSIDGKEESKSNQEEKSKSIDEKEEGK
GNONEEGKSVDHKEEDKSLETGQTEKSEKDAQEGDKRSSRGDSDAASHHS
ERKADDAKDNKEEVEPEVLVYT-



Opisthokonta - Animalia - Cnidaria

Actinia tenebrosa voltage-gated hydrogen channel 1-like
(LOC116299624) , mRNA. XM 031708302

Eukaryota; Metazoa; Cnidaria; Anthozoa; Hexacorallia; Actiniaria;
Actiniidae; Actinia.

MDPDDQQLVGRLSFDELSTDTAEMEVGGAGDSNLEVVPSTPWWKDNRAKL
RELLHSQKAQYTVVGLVVLPCIIVIAELIVDLQILKVHHDNPAPHILHYI
SIAILSIFLIELILKMYAMGLDFLRHKMEVEDGIVVVVSFALDIAFSGSE
SAAEGASLLVILJLEVTIVNGIVMSVKIQAEKKIEQLTAENDELKEE T
IKIKTRNAELEKEISALKGQ-

Nematostella vectensis XR 007308022
Acropora millepora Mz029046
Pocillopora damicornis XM 027201316
Stylophora pistillata XM 022939457
Dendronephthya gigantea XM 028555994
Xenia sp. XM 047006720

Hydra vulgaris XM 047284425

Acropora digitifera XM 015907824



Opisthokonta - Echinodermata

Anneissia japonica voltage-gated hydrogen channel 1-like
(LOC117105210) , transcript variant X1, mRNA. XM 033246280
Eukaryota; Metazoa; Echinodermata; Pelmatozoa; Crinoidea;
Articulata; Comatulida; Comatulidae; Comatulinae; Anneissia.

MDTKIDSTNDDTPEFQETKKSGEVKGTDMGEFLNLTGNSKSEDQENIVKNEN
IEVRTAPPNQPAVTESADTFRGKLQRTLHSHWFHGAIIALVLTICILVIC
ELVLDLSAVENENKACEGEGDEHKEEDTAEKELTAALVLHYMSIAILSIF
MVEIVFKLYAFRLEFFKHKLEVEDAVIVIVSEVLDIVELIYEETFMAVIQ
LLIFLIL.IVIIVNGLVI SVESKAHEKITAQKQLREEAEEELEQLRKYC
DOQERQLELIMAEARKHGIVLNSISKLDPPKHRKQFKVDVDVNGPPLDST
TNKKSHODGFTNVTFDIQDEPADGKTGIS-

Acanthaster planci XM 022240659
Strongylocentrotus purpuratus XM 030990962
Patiria miniata XM 038200083

Lytechinus variegatus XM 041600440
Asterias rubens XM 033772565

Paracentrotus lividus GCZS01131405
Echinarachnius parma GAVF01025219
Evechinus chloroticus GAPB01008884
Holothuria scabra GHHS01281259

Loxechinus albus GGVM01158715



Opisthokonta - Animalia - Porifera
Eukaryota; Metazoa; Porifera; Calcarea; Calcaronea; Leucosolenida;
Sycettidae; Sycon.

Sycon ciliatum, transcript: scigl.0025458_ 3, transcribed RNA
sequence. HBWS01076755

MDTDYQSYKKYEAKEKERNEEEDRVAENINLSIRSWRDLIDREHLKKFLT
YSQKVQIFIVVLVVLECTIVLTELLIDLGIIVKNLCEHDSDCPLLSISPN
GTINTTETEGYYKCFKNLEQTKCEFHDGKKRCLSEDISPDIDPAYVLHIF
GIVVLALFLVEIILKLYALGLEFFHHKLEVFDAFIVIISFSLDVAVSGNE
DAWEGVELLILL|JLVAIANGVIISVKKEAEKKAEHLOGKVEAFQEEV
RKLKEKLAEAKLKGYTAYEDSDNEATPSSGGESQAQDLHVPYNAPGEVPA
TDTAEA-

Sycon ciliatum, transcript: scigl.0041756_2, transcribed RNA
sequence. HBWS01116653

MADSDKEGGGAAANDSSITLETLHQQDSVGSPPSDTTTAASSASSHGRGV
DIKISVDDIDGPRENERPPSIEENTDAHHSDSNPGSALVPPNSADIKRVA
SVEIVPPEELPDIDDENFDELQHVYDDETVVQLKDAWRSRKHLANFLTLN
HYFHIFVIVMVALBVMVVLVELILDLELIRDNECRKDSDCPITRRSNLSD
TSSIQSCSYDTNFSHCIYIHGKHSCQLEETHHDIDPAEVFHYLGIAILSY
FNLEVLVKLFALDIKFFKHKLEVFDAIVVITSLVLDITIGGEGARESVSL
LILLJUEz Tz FNGITLAVEEREKEKRHKLKHDKDLALKDVDRLOKIVH
ELKVEIHEWRSRAHVEPTYKGLRHADELQSMIAEEEKKHHADGKHHGHHH
HHHHHHGKNHHGKNHHHGHKNHLHGNHMQAPSSDSNHSLNSHGSAQSADK
AV-

Sycon ciliatum, transcript: scigl.0080075_3, transcribed RNA
sequence. HBWS01098561

MSDVSAATEAGTPGLFEVLSDAEGARSSSGNTSRQEDTAKSASPTKSETS
SSGSATKSGTSSRGDPPAYDDDHHAAY IAQQKAAVHRTTFELDGRPLPDL
EHHYYDEFHDPEPEDEPSHDFKDFWRSHENFKAYLTKNHHFHEFIAFLIV
IBILIVLGELILDLEILRADECAHDHDCPLVEATVNGSMWDCSENSNYTT
CLYKGGRHTCVDEYTKADKDPSEILHKLSIAVLSCEVLESIVRLVVLQRE
FFKRKLEVFDSIVVTTALFLDIFVHHGAAVALLLEVLEvTr INGIAT
AMESREEAKRHELRKQNRCARHELVRKRETVHLLRIELMEWKKAAAVFHE
AEHFTVAAPMPTG-

Oscarella lobularis GIUN01026972
Hymeraphia stellifera GKDX01077406
Cymbastela stipitata GHWA01021218

Aplysina aerophoba HANI(01325610

Leucetta chagosensis GIYV01003700 GIYV01008849
Eurypon sp. GKDW01052485

Dysidea avara HANJ01327516

Halichondria panicea HBWD01528479

Halisarca caerulea GFTQ01354451



Opisthokonta - Fungi

Eukaryota; Fungi; Dikarya; Ascomycota; Pezizomycotina;
Eurotiomycetes; Eurotiomycetidae; Eurotiales; Trichocomaceae;
Talaromyces; Talaromyces sect. Bacilispori.

Talaromyces proteolyticus uncharacterized protein
(BGW36DRAFT 366576) , mRNA. XM 046214761

MASSADPSQPLLGDQOQIERRQQOQRSDDVTRKSSSPSASHDLLRRITES
HFIGNRMPSWSSRGDGGEYGHRYHDYYNEYYREEPSSSIPRLRAKARSAL
SSKWGHYAVLFLVAVBVACIFAEFLIELHTCELRERHQVVDRRWEIAQEA
LGLSGLIFSCLEMVELIVTVLSFGLHYFKSKFHIFDAIVIVVAFVEDVAL
RGLVEELGSLVVILJLElVF I IEEMSEVSAEMMEKYEDE I DKLKHENMK
LKRKLRGYGDEDDDMEANAGGDEEEDNND-

Aspergillus ibericus XM 025718342
Botrytis fragariae XM 037341616
Aplosporella prunicola XM 033538120
Grosmannia clavigera XM 014317838
Hyaloscypha bicolor XM 024883444
Phaeocacremonium minimum XM 007913592
Penicilliopsis zonata XM 022728519
Lachnellula hyalina XM 031151652
Venustampulla echinocandica XM 032013960
Sporothrix schenckii XM 016736437



Opisthokonta - Choanoflagellates
Eukaryota; Choanoflagellata; Craspedida; Salpingoecidae;
Salpingoeca.

Salpingoeca urceolata compl7136_cO_seq4 transcribed RNA
sequence. GG0OY01009290

MATKADDPFSASASIGRSTLTLAMSALGVSNAAEVYIRTFPIGAVPRVLS
GPAKSFROQRVHDWLERKHVHNFLLFL IALIVL IVLAELLLEFEDCRLELH
DLEHDSHSNEGKIERIKKAEKGLRIVTLIILSIFMIEVAAKVYVLRQTLE
RHKLELEFDVIVVIVSFCIEVEFLKGFERRAASIVVI FII.LTII INGVAV
ALELRMEEKVTMLKHAVFDFROKFSVAEAHLASLRAQLANVQAQAASHLQ
DEVAEMOSTTRRVQRLLTEPVVSEELETVLSTSGRFEKAQEGYVPPGNSL
LVSGHGPDPLAPYRAKSSPGPTNTLNKSRVIWQVTDSDDENGDAEHVYRA
RSLPTHDLPTPODSVELHADTNTQODDPESPQPGQSPDVGWASKV -

Salpingoeca dolichothecata GGOK01012774
Salpingoeca kvevrii GG0OX01017848
Salpingoeca punica GG0z01029229
Didymoeca costata GG0Q01021484
Stephanoeca diplocostata GG0S01015804



Opisthokonta - Ichtyosporea
Eukaryota; Ichthyosporea; Ichthyophonida; Amoebidiaceae;
Amoebidium.

Amoebidium parasiticum JAP-7-2 G13375_ 050632 transcribed RNA
sequence. GAKF01050632

MVYGNHLORHOTRVAGGFHITPHLVLKEPQFEKAEGKHWRNQLRDFTIHSK
RVHT IMLVLLVLIVMLVI TGIALEIQONLSGALHLCESTVESCVAKESCTM
RDFENHALVTAEHWTAYLSLAILATIFITENLLLIVALGPIGYFSNLLYAL
DEVVVITSEVLETLET DKPEEGLLVLY.V.FVIIAHTFYE TNVDEELER
VKHAIKQAERELLAMSLTPEAQKEAHEALAKRMAESYPDAAGAILSAALH
YAEHNKHGKTPQSDPMEVKSSTEGEEEATVQQORTP-



Archaeplastida - Chloroplastida/Chlorophyta/Charophyta
Eukaryota; Viridiplantae; Chlorophyta; core chlorophytes;
Chlorodendrophyceae; Chlorodendrales; Chlorodendraceae; Tetraselmis.

Tetraselmis striata, TRINITY-DN8512-cO-gl-il, transcribed RNA
sequence. HBPS01066517

MERSGSSAKAIKPVRLDRKSMTVLDRQLSIALKREQSTKRLOQQQSGGRP
AKEQPEGKGAVEGAEEEEVKHHWRRRLLHFLHIRWVHTTMTALLILPLIT
VVTSLELQIQSSQKKGQAKSICLHEYETGHAMPTYMENNTTCNPDGLHAC
DYTEQEPYHMAHTLHSAELGLAYISIAILSTFLLENLAMVAALGWNFFRH
FFFVLDIVVVAVSLALEIVAVASAHLELTVGNILIVAJMElrrlfvaEGTY
FLEHSEEAAHEVDDKDAGDSMGKKQSQVENGTTV-

Ulva lactuca GFUR01058327

Ettlia oleoabundans GFXW01038773
Chlorella sp. GGGA01109849
Nephroselmis pyriformis HBHO01063905
Chara braunii GGXX01073780

Chlorella sorokiniana GAPD01037882



Archaeplastida - Chloroplastida/Embryophyta

Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Bryophyta;
Bryophytina; Bryopsida; Funariidae; Funariales; Funariaceae;
Physcomitrium.

Physcomitrella patens voltage-gated hydrogen channel 1l-like
(LOC112276685) , mRNA. XM 024508236

MDAHGRTDLEGADWDDSATTALLPEREPQDAGDGEMPDPGDASSLGSALQ
EVSKAWRKRTQAQRLSAQRWIEQETHVPRRARWREELAEALEATWTHVAT
VVLLLVBLAATAIDILKTMHNKSHDLDVCVDLVESCQGCIGHFEHSAEWK
WIYWTSIVILVILMLNVLGLIVAFGRSFFLHPLYVLDLVVVSTALGLEVL
LDADTAGLIIILTLIVl[VARGIFEVTDEAWEKS IRELETQVKGVQDAY
ERAQEALQEKNRELGEKDGRIAELEARLESGSTPF-

Physcomitrella patens uncharacterized LOC112285145 (L0OC112285145),
mRNA. XM 024525718

<LNDCIAMVESCTSCGSYFERREEWKWITYWTSVAILSLLLLNVEFGLIVAF
GMAFFLHPLYVLDLIVVCTAPVLELTLHTDTAGVI IMLTL.IV.VAHGI
FEVTDEAWEKDIHRLETQVQAVQSACDEEQVLLOERDQOQIAELEARLREL
TVIET-

voltage-gated hydrogen channel-like protein [Arabidopsis thaliana].
NP 001321473

MNIINTGTVDNVEEFSIONLIKSWCRRRKWRQLCNESPKQQOEELISINQO
WRI TLSNFLESYQVHLFTIFLLSLII ILTSLELSSSLLSCTSVKKTETEN
EWFRWGGTVILSILAVKSMALVVAMGKSFFKQPGCVMDGTLAIVALILQV
LLEKKGTGFIVVVSL.VL.VVETAFELSDEAIEVQIDGI ISQFQALSKE
NRTLLETLAEKDEVIKMLEEELNRFKENGDIPEFVKP-

Selaginella bryopteris GEMU(01010353
Bryum argenteum GCZP01005159
Sphagnum palustre ICRE01047567
Triticum polonicum GEDT01074033
Ginkgo biloba GHLL01415143
Marchantia polymorpha GEF001020457
Selaginella sellowii GIMF01015262
Dicranum scoparium HANF01033133
Isoetes echinospora GGKY01088505
Lygodium japonicum FX959670

Pinus sylvestris GHKW01007963



Archaeplastida - Rhodophyta
Eukaryota; Rhodophyta; Florideophyceae; Rhodymeniophycidae;
Gracilariales; Gracilariaceae; Gracilaria.

Gracilaria vermiculophylla Cluster-14487.30734, transcribed
RNA sequence. GILD01028259

MATDQQEAAAAAKIGCAPLKQANLQOPQPMRRPSLASSSRRGSLLSTNSM
YFGIPTTADAEDHAEERHGTHSWRYRVVAFLHKPRVOKIVMGLLLTBVIL
LFVELFLLATFPHCSIIERDGLSCVPANGTTIAAAAAAAAAAEQEEVEHR
WLLVAATRFLAGGGGSGDDHHGDSAICEEGYEWNGLEAGCDEYKWSVVHT
LETFIFSLTVIILSLFFIELTVEMLALTPQIFFROFWFLLDYVIISISLA
LEIAFRVKREDVYQSFAGLLVVVIl|E V1 GEGIVEVTHENEENGMREL
FQYVQOLEGLLQTNDIALPGCAQHIHHVHHDHAQHLLDVIEGSVAKQTPS
RVRFAGEDSDIIMDEEGKGDDESSAADPEKRWDTTSL -

Rhodella violacea HBJD01001165

Timspurckia oligopyrenoides HBFP01003029
Madagascaria erythrocladioides HBNE(01039390
Devaleraea ramentacea GFTF01008765
Devaleraea mollis GFTE(01010127

Laurencia pacifica GFZU01160101
Erythrolobus australicus HBGI01005155
Rubrointrusa membranacea GFTD01034059
Kappaphycus alvarezii GGUP01041343



Sar - Alveolata
Eukaryota; Sar; Alveolata; Dinophyceae; Gymnodiniales; Kareniaceae;
Karlodinium.

Karlodinium veneficum voltage-gated proton channel kHvl mRNA,
complete cds. JN255155

MDRILHHAVHTVHTSKSARDAEGHGTWQSKLNEALNSSKVHTILNVLLIC
ILMTVIIGMLLEQYYSDSQVQGLTEAFKDCLEKRTFCPDPSHLAHYGNHD
LHEWAERMEYASLAILLIFLLENMLLVLANGCRFFANPFHILDIVVVVVS
VGFELQGILGEGHDAGIGLVVFAIT.FIILGHGIHEMHEEHEAEDHGEH
RVSDAAGSLEAPLQKGSFEQHAKGTSGVHHARSQASSNREGREGCCVQ-

Karlodinium veneficum, TRINITY-DN53119-cl-gl-il, transcribed
RNA sequence. HBOS01067516

MWRTASATGTKKSKIRRIVPHILDEISHEATHFRRLLLHSKPVHFTILVL
LIA.GLICLTCGVLEAHYLHGKSDDCQNYVNKCLIHHRRLVNWPGRPELE
LPSWLRSPWMSDAGAEEAWASNAELLLDEEFQDDQAPRMLSGSASSSSAS
STGSSASSSSGSHGSSGSHSSASSSSGSHGSSSGECAGHPHFGDHTLHDT
EITLAYISVGILSLFLVEQVLLIVDLGKEYLKPMFILDEVVIVSSLLIET
LVVNMTI GGLLVLAIT.FAIVGHGVFEAKEMI EEMIGEDDDTVKNMMDA
WKELTPERWEEILHSGSAEILRESGVTPAEIKLGEALGNSPAVAMRALAF
ARGWKQKLDKKKAKRLSGSNPKROMPGASLOTTATVGKGHSEH-

Alexandrium monilatum, TRINITY-DN21304-c0-gl-i2, transcribed
RNA sequence. HBNR01032293

MLAQGRCVHSRVGGQPCLRTLAHARSAGGAMGHEHQSEGEDDILAAGSLI
ALPLRFMNSTAGHLLLFFLLVLJVMIVVASGFLDTQYLLSQTKDCKGYVT
ACTNHSHSRRLGNDGREEQHARLRLLASSGGGSSAPVDCSADPHFGDHGL
HDAEVILAYISIGILGVFLIEQMLRVVGSGCRYLAKPLHVLDICVITLSL
VLEVLVTHLPLAGLLVLGVl|JF A TGY TTAEGLHDIHKVRPAFGSMAHG
AIEAVWPRLPEHRWKALASRSSMELDLEMMEVNLAAEIAKTSPGFVLHAL
ARENERLRTPRSNPAVLTEMTDATEAS-

Karenia mikimotoi isolate RCC1513 Kmik DN141715 cO_gl_il,
transcribed RNA sequence. GJRC01038612

MSGKVHPEMAVSGESQQOVDTVKAEVQEVKEATLDDEATLDDDAYNEREDK
ETNRLKQLVEQMRRENEADRLOAQQORRAALFVKAKDEEKEMGHDHGKHSW
QTRLLHRLHHHYFQGFLICLLLLI\/WWVELFLEAQYPDCDI IKRDAVS
CVPIACAPSTHGSTSSHSSSSATTSSHSSSTSSGSSSSHGRRIAGMEEGD
WEYGODAWSWPAEEPLGLLSWESRGRLLSGDSHGPTCKDSHLYSPMESAK
ATCDEHKYGWLHTVHHLLVGVSVFILGVFFVELILLEFTCLGCGEFFKNPLY
IADLEFIVSVSLILEFLLMS FTEQSLVSLMLFAIF.FV.VAHGLI TSVHE
PMSHKCEHMEDIVEQLNARNEKLARAEKRHMKMIDFLLKDSKDPKAAKAA
ALKAAKAAMATIEYPQAPDHDRGPRESARAPEGDAAPFLAEHSER-

Scrippsiella hangoei, TRINITY-DN19376-c0-g2-il, transcribed
RNA sequence. HBPM010144091

MSLCTRHCSWKLSDRLRSGWRKTLGEAVE GTWAMAVCLLLFVILICTFI
DEITIQONTDLLNPKYEDQGEGVAKWCEHISLVVLVLFMLELSLGVVAFGKR
FFSHIWYLLDFGVVLMSLICE IVSRFYDTDGAQLLAGILILLIA.FFAF
GFDILMLRHKVHEFEEEHNVNGNEPTPAPALAELDQENRT-



Karenia mikimotoi GISR01074873
Breviolum minutum GICE01010199
Pelagodinium beii HBNF01018002
Symbiodinium sp. HBTG01074859
Durusdinium trenchii ICPJ01008996
Lingulodinium polyedrum JO744110
Selenidium pygospionis GHVN(01105692
Gonyaulax spinifera HBNG01058504
Prorocentrum donghaiense GHMW01205561
Dinophysis ovum GKBT01018307



Sar - Stramenopiles

Eukaryota; Sar; Stramenopiles; Ochrophyta; Bacillariophyta;
Mediophyceae; Biddulphiophycidae; Eupodiscales; Odontellaceae;
Odontella.

Odontella aurita strain CCMP816 TRINITY DN47737_cO_gl il,
transcribed RNA sequence. GHBW01044937

MSTTPMKOKSTLKRLOQEEEEEAGITTTIRCEVPEKEEVWEVDHNTKEGNW
RRKLIRIVHSTNAQLILGFLLLLIVVFLFTQVFLDAHFPPCYAIIGKAEC
SQGELICNPKPSGIIIVDQILYIGSVSILCVFLLELGLLEVCLQIQFFRN
CGYWLDEVIVLTSLILELVLHGSSDASAASVVI IAII.LIIIGHGIFNS
KRRQITARMLADEEDLYTIHDHEPYEDSSDEEDYPDKEEEYGSDKVIRRLS
HRIVKRRSYLAKQEDKENGPHL>

Odontella aurita strain CCMP816 TRINITY DN117390 cO gl i6,
transcribed RNA sequence. GHBW01194335

MAPQEQGDHFVDESETPSSHSKVGRPPVHIPTDEEVETHVQELHGHDDWR
SKTLHVLHAKPITFTLLGLLVLBVFILFAELYLGAEYPSCTIIERDAISC
CPAEEGAGGDHGGGTHRWLQEMQE IVSDKGFYRDAADKWT SIGSSGKDWS
RALAEETHDDHADGSHAEEAVERLFHDEEDGHGDDHGDEHGDDHGDDHGD
GHSVASASGHGAHGDGHHAHSYCTNGLTDMDPAKYPAACDPHKYEALHHA
HHVLFWLTIAILGTFFLELSIMIVCLGCTFFTKPFYVLDLEVVTTSLLLE
LTFHEVDQESLASLAGLLI LAJLE VI GHGLVES TNKWQAQKHERLLK
YIDQLEGLCKDNGVELPDRQSIRNLKLLNDEESSTE-

Odontella aurita strain CCMP816 TRINITY DN105452 cO0_gl i4,
transcribed RNA sequence. GHBW01145983

MSPHDSRDSATDVPARPTMQLAGTTSDRKADAKVTALSRSESVSENEDPS
EDSNGCEFGRKTRRFKPAIPTSEEELDKVEERCGONSWOMKAVKEINSGPL
QKLLVSLLLCIVI ILFIELYLDASYPSCHTVSRDAISCCPAGCSEEKGYV
DKYDDHKDEYDDGHRFLGGSGYGYCEYPLEDTHHPAACDDHKYEGVHKAH
TILFAMTITILSFFMIEILVLIVCLGPMLEFFGRFLYVLDEFVVIGSSLSLE
IVFATMDDAAAADVAGLLVVFIL.FV.IGHGLVASTHEMATHKMNKLKK
YTRALEEEVIRCGGVLPESKWSLGLLEETASNHLSSGGDSTSVKKISVEL
GGRVVNTEHLVSKRHTTAGSAEDTERETSSSDVDTKDAFVDNALAA-

Odontella aurita strain CCMP816 TRINITY DN85551 cO_gl il,
transcribed RNA sequence. GHBW01102851

<GGASAGHGYCEYPLEDTHYPASCDDHKYEGVHKAHTVLWGITIAILSFEFF
LLETLTIMVCLGPRTFFCREFLYVLDLEVITSSLALEITFATLDDRKAADIT
AGL IVVF.V.FV.I GHGLVASTHEMAAHKMKKLKKYTRSLEQEVIHCGG
NIPESKWSSQRTLOQLSDNSTTVRDTMPSEDSGREA-

Phaeomonas parva HBGJ01043600 HBGJ01042220
Aplanochytrium stocchinoi HBIN01016972
Thraustochytrium sp. HBSU01005162
Nitzschia palea GJPG01004537

Navicula sp. HBQT01027484

Grammatophora oceanica HBGK01048152
Heterosigma akashiwo ICRV01078048
Chattonella subsalsa HBNW01021031
Thalassionema frauenfeldii HBLL01017232
Licmophora paradoxa HBMT01029076



Sar - Rhizaria
Eukaryota; Sar; Rhizaria; Cercozoa; Chlorarachniophyceae;
Amorphochlora.

Amorphochlora amoebiformis, MMETSP0042-doi:10.5281-zenodo.249982-
Transcript-23202, transcribed RNA sequence. HBEM01014674

MLGGPRTTNLQHASSDITAYGHQGGMKPEDEENTKVSRAHTQPMVGRERQ
YRRPRRRAPFQSPDGKWRGE IRNDFALGHPILKHFIRPPGRLEGHHGEDW
HHKLNRFLHHHRTHLVLNILLIVVVLIIIAIELEFAFKNSEIQDLEHAC
EEVEAMHAGASCPSHPGDKSLEDGVRGVEYASVGILCIFAIDNLLLLLAN
GKEFFRNPLYLLDAVVVYLAIIFETVLSGDGGLAGGIIIIVRNFvlzc
HGIYETTHDSPQKQDEKSRDITLKRASIGSAPDQKTSPDVENAVKT-

Amorphochlora amoebiformis, MMETSP0042-doi:10.5281-zenodo.249982-
Transcript-22745, transcribed RNA sequence. HBEM01014165

<AGSPGRMAVDPFLOATTPLVRPDAKKNVSICSCCMTYATSYHTKADHMG
DCWQRSLLRFLHNAAVQDFLTFLLLLIIICVVSEILIEHYSQEGIEVPED
LELGLKYTSLSILITFCVEIFLYIVAKGLDFFTEPLEVEDMEFIVAGSLYQ
DVVYEEAT GGLLMLL.V.FGII FHGVWATEHERCATRIRQLESKVRYLR
KKNKQLESQKVNLLHHEMYSDDGGSSKAGTMERL -

Bigelowiella longifila HBMKO01033472
Lotharella globosa HBIV01019936
Chlorarachnion reptans HBKK01013759
Lotharella oceanica HBHP01002709
Bigelowiella natans HBQC01075387



Haptista - Haptophytes
Eukaryota; Haptista; Haptophyta; Prymnesiophyceae; Isochrysidales;
Noelaerhabdaceae; Emiliania.

Emiliania huxleyi, TRINITY-DN7767-cll-g4-il, transcribed RNA
sequence. HBNU01018021

MAEIQTLQPPPTSRLEGGRVKEVHSPEKLERKLKANPRENTLRAKRQAVY
AAMDALEAAGASEVTSPKTRYGARAFGKPLKAQLLSARAEVEKAHAEHGA
DSWQRRCLHLLHSHRVQLFFILLLVLPMLIVITEICLDLEYPSCRLAKRD
TVSCCAAGEEGEHHTLRYLAEAEHGGHHSLCGKGTVEGPHGVGCDEHAHP
AVHTAHAVLTWASVAILSLFEIELLTLLAASGLRDFFSNVYYVLDIVIVS
ASLVLECVFYNTAGLSDLIGLVMFLJLljL L1 GEAMFASTERASSTDNL
KEVVRELRAELDLLSEWAEEEERASARAPPDDPGVDDIG-

Emiliania huxleyi strain CCMP3266 Ehux3266_trl0784,
transcribed RNA sequence. GIZZ01010784

MOSQORRGAKWVSADSEARALSSRRGSYAWQTKLLAFLHSPRLOALLTLL
LVCIVIAVFGELFIDAEFPSCMYVLRDAIPCCDSGCIGAGDYSAAAAADA
IQTILSLGKSVQGDLHLEHDETRAEICAGQGHSHLDSTGRIGCDSHKHDL
AHKFHKFLFRVSLTVLVVEFELELLGLIASLDRAFFRNPLYVLDLIVITVS
LGLETVFRVFSMPEQDLAMALT IV.L.FV.I GHGIFASTHSVAKEKSDK
LHAETIRALEEEYTRALNQAASLATTTRPTRLASAPSSTSGSPSATRPPPF
RGRSASEASAATHDLQGAGGEKLADGVAAALSQRSNTPTSPVGAPAMRRP
PAAAPLGAAHRALQLGPSSSAARTGMPGVGTRMGAGEAAAAERQAPPAAE
PEPAEGAAAAESVELELDALDMST-

Calcidiscus leptoporus HBER01001684

Gephyrocapsa muellerae HBRT01056448 HBRT01109117
Coccolithus braarudii HBEY01039257

Scyphosphaera apsteinii HBMI01021482
Gephyrocapsa oceanica HBTM01082732 HBON01067641
Prymnesium parvum GBYI01026351

Phaeocystis sp. HBQW01022812

Phaeocystis globosa HBRY01039040



Haptista - Centrohelida
Eukaryota; Haptista; Centroplasthelida; Pterocystida; Raphidista;
Choanocystis.

Choanocystis sp. FB-2015 ¢53027_gl il transcribed RNA
sequence. GDKX01062209

MEHNPQRDSLRQPISEKYAAKRASHGSLEARLVDTEFKMLDRNANGLVNVN
ELRVLVNTYLETPLETEEIVDTLOQLLPDKGLAPDPHKSIKLNRDDFLKA
MIHFREQNSFPTPLMTRLHSDPITENGRSALSTSKPCLSERQEHHVVNIS
ASNPNLEEHROQMTRKSTRORLSRALLNLPDDLYVSGETTLPSKSQSGRSS
HSASLAELVEEPENPKQEAKIENRDRSARVALAQHLNSTAMQVLVVFEFLVL
VIAFVVIAELMVLSMPCHVPEPCGLSNFNATETLDGFGQCLSKYEHTCES
FHSIMSVLRWSSKGILMFFLAQIICLALCVGWRFFKQPFFVMDLLVVSSA
MALEFSVS LRGGRMIVFVLL.FVIIAHALATT IDIHISNMERRVMRQOTG
ADVRAASTLOREIRSHOQTNRAVMERIQANSNRIANEEEFTIESLKMEELR
DMILRERNHTSEVKQRVKELQEILTVVQGHMEAKRSQFKNRHIKHOARQH
PGLAVQYSTSSSRSVSTAGTIHHRDPVV-

Choanocystis sp. FB-2015 c20243 gl_il transcribed RNA
sequence. GDKX01034169

MWVEGKGVESLEGRLKETFKMLDKDSDGHVDVHDIKVLLELRDQQPRTDA
EVIATIINRILPGKTHLAALTRKGKVTVSEEEFVLAMLHFLSNEATERAID
HDDLHNAFIDHLLDLPESDQSVTIDVDKSSKASRKSFAAARKSFAHAGQA
VKQARKSEFANMALATRDAELDSDRAKAAGLAGFLNARVVVASRLNSTPMO
ALIVLLVILIAFAVAMEIVLLGVQCKTPSECYAPSAEVHHKAGGGVVTDG
SKYDATTCLHKFDHVCHAVHQIEYILKWISKGILLFFIAQISILAVSIGI
RSFLROPFEVLDEVVVSVALGLE FGLKNAGGALLGFVML.L IIIVHAFA
TTLDVHKGTVERHILRQEKAEAKEALQIQRAIQEHRKLGQPLVNAIRHKT
IRRIEKRSALGKSPRLSAMTNESGLAATPVSHNMSVSSATTLPDISITLV
ETEPEVRDEEYWMGRVATLEAELKEDKVHVRELESKEVDIQONTLTTVYAH
LEGKKQRFLEKVLKONQALNIPARGSLLEFTKEMQQIQPK-



Amoebozoa - Discosea
Eukaryota; Amoebozoa; Discosea; Flabellinia; Dactylopodida;
Paramoebidae; Paramoeba.

Paramoeba aestuarina, MMETSP0161-doi:10.5281-zenodo.249982-
Transcript-29362, transcribed RNA sequence. HBKR01021517

MGVIKGGLYSTEGMWKHNSTKRDKVLHVIHHKYTHFFITALLVIBLCVVI
TSISLEIEYLTSEVTDLEECVHECFFGDEHDEEHRSLTQQSFRQSNHETQ
EKNTNEALKRREEREREREEYRESRQNDDSDHDEEKSEKFLECEATAMFE
DDDDNWGNGNLKEAEEALAYVSIAILCVFIIEHMILFGAMRMDYLRSPIL
IFDFFVIAVSLALEIIFQGQPEAGLLIVAJANF I I LEGFHESTSDEVY
KETVHALNSKREDILNIYAALDDRLLVGASKKEAMENVAEQYPETIFEIL
QILGHHFQKDKQEHLHIKDTIEHRMHPTPSRTHL-

Balamuthia mandrillaris strain CDC-V039 BamaA(01l0555t1l,
transcribed RNA sequence. GISS01003879

MAEHGDATPLLPSHGREAIGNGNHSRWRWLLDYPHQRKVKRETAAGPPSG
LRALRLSMARFLEGRFMQYFLLALLVL.VLVLVVELGIMEAS CESGKEKS
DHTFHITIEQVLRYVTLSILSIFAFELLLLLLALGLDFLKHPLYIVEVAIT
ATAFVLEIGLRHLOQAISGLLVI FIL.LLILVHGVI TAQODLHRNTKQNL
EESRARVHELEQEVERLRRRGSLRD-

Balamuthia mandrillaris strain CDC-V039 BamaA(008510t1l,
transcribed RNA sequence. GISS01013796

MTTRRTSSGRREKDEGAHELERIDHHHQEEEEKGESSEGKDEEAVNPLGK
TKOKHLREQHHKYQHCKHPHHHHLLETTRRGLVGKFGWLLGTHKYPHQKK
RERLEKAEHFPKIHRIRVKIAQFLEDPRFQYFLVALLLVIVVILVVELLL
LERTCEGEEENEEEDHAVHVVEEVLEWETVTILSIFALELLTLFFALGLD
FIRHPLYVVDALIVAAAFVIEVVLRDTLAGSLLLMLIL.I IIIAHGI IT
AHQELHHQTKKDLHVALHRINELEKLLAEA>

Paramoeba pemaquidensis GEWA(01008129
Balamuthia mandrillaris GISS01013796
Tubulinea HBYL01016471

Acanthamoeba sp. IACY01017688
Acanthamoeba castellanii GJzZG01027302
Vannella HBXS01019840



Amoebozoa - Mycetozoa
Eukaryota; Amoebozoa; Evosea; Eumycetozoa; Dictyostelia;
Dictyosteliales; Raperosteliaceae; Raperostelium.

Raperostelium potamoides strain FP1A RPO_TRIN CL14637,
transcribed RNA sequence. GIOX01005152

MALVKGRYKFPFHFAKNSPRHKARRLWRRKLGSFLESNRVQIAIVALIFL
ILI IVIIELFLEEHYKSQCAEEHEIPHVIHRLENALGIITLVLLGIFEFE
ILLLLFAFGRDFFKHPLYVEDAIVITVSI IVEVVFRDTAGALLVVFIL.
VV.I GHGIAISVETHDKKKYKELKSRYRKKVEDNKVYLNQINVLRNRMGE
IATSPPNLSEVSANTSSIFSPSRSNEIQSPNSTTPINEIKDDISDLSADS
DEDNFNEKLKINSNNNNP-

Hagiwaraea rhizopodium GIOY01027566
Raperostelium gracile GIO001028008
Physarum polycephalum GDRG01015357
Heterostelium gloeosporum GIPA01000642
Cavenderia multistipes GIOI01021321
Tieghemostelium menorah GIPF01006404
Cavenderia bifurcata GIOH01013395



Cryptista
Eukaryota; Cryptophyceae; Pyrenomonadales; Chroomonadaceae;
Chroomonas.

Chroomonas sp. DcOl RNA, 13hcomp50078 cl seql.pl, mRNA
sequence. ICPR01036203

MMNAPYFPQVGMGFGQHPPPFGLSVDGGEKHEHHAEAQAAHDAAESLVHK
LRTHGERLLKSGARRFRPIRSYWLTADQERDRVIEKHGEDSWQAKVVDEI
QSRSVQALLISLLILPVIIVAIELFLEAEYPPCVIVKRDAVSCFNATALV
GMSAAALESSTHARAKILSPRGEGTLKHAAAATRTEALHTHTPENGTVHE
GVVEGGEHHDVCEEAGLISTGFEASCDKHKWSRVHDTHTTFLWISVAILV
AFLTELLALLACLAFDFVRNPLYLFDLVIVLVSLVLEIVLEHVGEVQLSA
LSGLLVFAJIile vz 2AHGLATSVHESEAASHEE I TKQAEELHKQVVELR
AKLAGSARRGLMAR-

Geminigera cryophila HBHS01020640
Teleaulax amphioxeia GKBS01005298



Discoba - Euglenozoa
Eukaryota; Discoba; Euglenozoa; Euglenida; Spirocuta;
Euglenophyceae; Euglenales; Euglenaceae; Euglena.

Euglena gracilis comp31701 cO_seql transcribed RNA sequence.
GDJR01054876

MSYFDDTEVGAPAPSVEATKVEDGCPIDCHKLASPSKAPTLRQKVHHFEFLS
CRPFKIFMMALLLLILILVMASVLLETGSLQVSLDECERSIHDCEHICSN
STDFTATATNYCTNTHGQTCHYNHPSLATALHLAEKVLAYISIGLLSEFFL
LERLVGIICEGLKFFSCAFKVFDFVVIIVSLVLEILFLGQPGVGLIAIGI
F.FVII GHGFHEAEELTHPVDEFVKEHKAALFALHRRLLGVPGLYGTEG
AVLAENAAAVREALALLEQDGEFGGLLLGIADAAVAGHRQHQEKEQLHYWK
LO-

Euglena longa GGOE01032297
Neobodo designis HBGF01052964

Figure S2. Alignment of Hy1 and Hy2 from Xenopus.

Query 1 MAGCLRHFTSVGDDTKKREWKEEDVEVAHEEEKKNTPHPFIASYSLRGALKWLESSHKEQ 60
MAGCLRHFTSVGDDTKKREWK+EDVEVA+EE KNTPHPFIASYS RGALKWL SSHKFQ
Sbjct 1 MAGCLRHFTSVGDDTKKREWKQEDVEVAYEEPLKNTPHPFIASYSFRGALKWLLSSHKFQ 60

Query 61 IVIISLVILDALFVLVEVLLDLELLAEKVDHIIPEIFHYLSVSVLSFFILEIAGKLYAFR 120
IVII LVILDALFVLVEVLLDLELLAEKVDHIIPEIFHYLS+SVL+FFILEIAGKLYAFR
Sbjct 61 IVIICLVILDALFVLVEVLLDLELLAEKVDHIIPEIFHYLSISVLTFFILEIAGKLYAFR 120

Query 121 LEFFHHKFEVFDAAIVVISFIIDIVYISREDIFNAVGLLILLRLWRVARIVNGVIVSVKS 180
LEFFHHKFEVFDAAIVVISFIIDIVYISREDIFNAVGLLILLRLWRVARIVNGVIVSVK+
Sbjct 121 LEFFHHKFEVFDAAIVVISFIIDIVYISREDIFNAVGLLILLRLWRVARIVNGVIVSVKT 180

Query 181 RAEEKIHKLEENQRSLLEKVTQLEQQSAQQEQEIARLQKLLKQHNVEPDS 230
RAEEK+HKL+E + SLLEKV QLEQQ AQQEQEI RL KLL++HNVFEFP S
Sbjct 181 RAEEKMHKLKEQKGSLLEKVAQLEQQCAQQEQEIGRLHKLLQEHNVFPAS 230

Figure S3. Cephalochordata sequences

Opistthokonta - Animalia - Cephalochordata
Eukaryota; Metazoa; Chordata; Cephalochordata; Leptocardii;
Amphioxiformes; Branchiostomidae; Branchiostoma.

Branchiostoma belcheri voltage-gated hydrogen channel 1-like
(LOC109464640) , transcript variant X1, misc_RNA. XR 002139895

MDKLKNAFKFELFONDDSSSVITSSDATSSSGNAEPKTFREKLLHVLHST
EFQVAVVILVIVICILVVFELLIDLGGIKLCEEAVRAECESAGTTATMTP



AEEAEKEAECDHPAPEILHYMSIAILTIFLIEIMEFKVYAYQKDYLKHKME
LFDAVVVIISFCEFDVAYANHE DAFDGIGLLVVLIL.VTII INGILMSVQ
HTAEKKINAHKQARQEVOEELNKMIAHAHDLEKEIDLLRKTLRENGISVE
SIPRTPEVSSSQVKVEAEITPTTEYATPAHEFSAFSGODDTQA-

Gene:

Branchiostoma belcheri isolate BF01l breed outbred unplaced genomic
scaffold, Haploidvl8h27 scaffoldl, whole genome shotgun sequence.
NWw 017802379

Branchiostoma belcheri uncharacterized L0OC109463761
(LOC109463761) , mRNA. XM 019760615

MTPCDGEKKPPPSGEATVGGIFPDEIAVIKKQAQNDKRRPLKIVIIAGVA
VMAVLAIGVLLLITRPSRHGVVTCSLNFWTGKQLLHETVETDKDAETDAF
YTEGSRGEAAVMYDHSSMMKAFKLSRSNKTCFIFEETQGEKNAVKKTAEE
LEEKQDGSLOFAEYGGAMLMTVDTERPARPVLSQKLONFCGQLEPRWAKL
TPATEEEQQGDRVEIIMPAEARDMGELAEMPVGPGNEKETPPTPSSTHPL
TESRDHHHDNQDCRHKLKHMLERQSVHIAIVVLIVLITLIVIMELLIDVR
VIKLCPDPPDVCVPKAGHNGTTGLVTTGAPGHHVIDAGDHGTGGHEECHH
VLIEVLHVVSILILCIFVVEIALKIYVDRLEFFKNGEFHVLDAVVVLVSLG
LDIASLVRPSAFTDAGGLLILLIL.I TIIVNGI ITISVEEEWEHKVNHLK
HEHQLVERERDRLLKENALLOQKTLTNHGIDIPKLPPDSGDESTCEFEFE-

Gene:

Branchiostoma belcheri isolate BF01 breed outbred unplaced genomic
scaffold, Haploidvl8h27 scaffoldl, whole genome shotgun sequence.
NW 017802379

Branchiostoma belcheri uncharacterized LOC109467017
(LOC109467017) , transcript variant X1, mRNA. XM 019764911

MPRFKGQQQHHETCRHLAVEDVMVADELGLGMSSADLYNRNVEGDFLDLE
AAIFCDIEEEKTCKQRVQQLLDGPATQITIVLTSWLLSHVLLLELLVDLS
ATHFHHDKMVARI IHWVGLGVLSVETVEVLTRLVCHOMOFFDKKIEVLDL
AVVIIACVPMIVVSVELAPSTAWDGEFSLVIIL|JIfifjcYfvvoGCcvspPvRE
EASRKVHVLLQAQRRAHQELQTLYLMHDENQEEIHRLRLLLGRREAEEDN
VSQQLOVALERKDSQYVAQLIHTIEQRQGRNKGRQRDGGRDSPYSTIVVH
AHQLSDSNDVPSGTIASRLSESTTGDSGICEETRPQOQTNDESRNHANSS
GVTQLPKCGQQALTVVEPRGSHQQHSNRSPCSNSKRNPAVSSCDMDRIDV
IGSEIILQHRNDSTGKKFLDGKLPSNKDSRLLFRDNKSMPSNGKVSHSKN
KVSEIKVNKSLDDDHKKAVSMDNKTVSKNNTATAQTNGKVRKGKKKAGSG
DSYVNGALLLEMTELQQKGDTGYCNEIVIEQFYQNGNAPATAL-

Gene:

Branchiostoma belcheri isolate BFO01l breed outbred unplaced genomic
scaffold, Haploidvl8h27 scaffoldl73, whole genome shotgun sequence.
ACCESSION Nw 017803191

Figure S4. Chelicerata sequences

Eukaryota; Metazoa; Ecdysozoa; Arthropoda; Chelicerata;
Merostomata; Xiphosura; Limulidae; Limulus.



Atlantic horseshoe crab

Hvl:

Limulus polyphemus voltage-gated hydrogen channel 1l-like
(LOC106464594) , transcript variant X1, mRNA. XM 013924749

MEDTTEKTGDSTSIATNLESDPDIQPLITFRERLTKLLHSYKFQVGVITL
VIVICLLVISELLVDLNILSVNSHSSAPHVLHYLSISILSLFIIEIGAKL
YAFRLEFFHHKLELFDAVIVLVSFALDITFRDKESAVSGVGLLITI LIL.
VA.VLNGIVLSVKTQADHKLAKEQKKRENLEQELARSRDYIAALEEEVET
LRRILKDNNIKELPPTVIDNGAFKCTTLNVVAEVNHMIT-

Gene:
Limulus polyphemus unplaced genomic scaffold, Limulus_ polyphemus-2.1.2
Scaffoldl698 Sequence ID: NW _013667308.1

Hv2:

Limulus polyphemus transmembrane protein 266-like
(LOC106463214) , mRNA. XM 022390662

MRNSDPLVWGLTGDTSLDDDGPTRLCEKIWATVNGKVESAVIVTLVEVEG
LVIFSELLIDFEVVQDPQWKTSLNCSANVSGLVFSSAGANS PKLRMAKDI
LSYISIVILIIFVFEVGFRLVSGRARYLIQGMEICDAIVVLVAFGLDIAF
LTTPSKKGAGKEAAVLI ILL|JLilt k| L0SVIDNTRLEMGHFLSICERE
KIQAEHKVDILILKVEDLEHEVAYLKEKLKKTEKESLYAKRQRKKDGYSS
TQHKHPTITIGVETSPARHPCTGTQTAIVICEQHIPEEKVTKEQVMDMRT
FADVTSTRIIADALCMVTGNPNQFLRSPTTGGSTVKDGTTSHCRIAGDFE
SGYISNVSGITWDKAASRIPTLGTRTTLKCPESSPESGYGSSSSARNPAA
SSVSPLDTGTETASTSTGSSKHTDTVFLFPDPTGORREVELGVEMDILEE
ISEIERVKHIEFDPNKQDQDIPMTSL-

Gene:
Limulus polyphemus unplaced genomic scaffold, Limulus_ polyphemus-2.1.2
Scaffoldl350 Sequence ID: NW 013666960.1

Hv3:
Limulus polyphemus uncharacterized LOC111087200
(LOC111087200) , transcript variant X1, mRNA. XM 022393049

MRNEFSMFENSKEELMRNSEPLVWSLTGDESLDDDDSTRLCERIWVSVNGK
VFNAVIVTMVFVIGLVVFSELLIDFEIVQDPHWKTIRNCSANVPALIFPS
SEAVSPNLRNTKDVLSYISIVILIIFVEFEIGCRLAVGRAKYLIQGIEICD
AAVVLVAFGLDIAFLTTPSKKGAGKEAAVLIT LLIL.IKIVLQSVI DKT
RVEMGHEFLSICEREKAQAEQKVDILILKVEDLEHEVAYLKEKLKKSEKES
LCAKRQRKKEGYSGIQQKHPKITVGVETSPARHPCTGTQTARAICEGFEFIL
DEKATKRKVMDITTFAEITATRITIAKALCVASPDSGQYVRFLATKDAVGI
SGTTLCRRIDGSFESGYGSNTSGMTLDKTTNCIPSVGIRRTVKCPESSPE
SGYGSSSSARNTVATSVSPLDIEMETTSVSTGSTKQTDTVELEPDSANQC
RKAERGVEMDILEELSEIERIKQVEFDPNKQDEDIPMTSL -

Gene:
Limulus polyphemus unplaced genomic scaffold, Limulus_ polyphemus-2.1.2
Scaffoldl865 Sequence ID: NW 013667475.1



Figure S5. Sequence alignment of two putative Oikopleura dioica Hy channels with Ciona intestinalis
Hyl
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Transmembrane prediction using TMHMM of Oikopleura dioica sequences identified only three
transmebrane spanning segments.
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High-resolution image

Consensus prediction (TOPCONS):
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High-resolution image

Predicted signal peptide and TM-helix positions (position starting from 1):

TOPCONS TM1: 36-56, TM2: 91-111, TM3: 122-142, TM4: 150-170
OCTOPUS TM1: 36-56, TM2: 91-111, TM3: 121-141, TM4: 149-169
Philius TM1: 36-58, TM2: 90-113, TM3: 123-142, TM4: 154-170
PolyPhobius TM1: 37-58, TM2: 91-113, TM3: 125-144, TM4: 150-170
SCAMPI TM1: 37-57, TM2: 89-109, TM3: 123-143, TM4: 153-173
SPOCTOPUS TM1: 36-56, TM2: 91-111, TM3: 121-141, TM4: 149-169

PDB-homology ***No homologous TM proteins detected***

Sequence and predicted topologies: (i: inside the membrane, o: outside of the membrane, M:

membrane region, u: non-membrane region but location unknown)
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SPOCTOPUS MMMMMMMMMM M1iiiiiiii MMMMMMMMMM MMMMMMMMMM MoooooooMM
PDB-homology
151 191
Seq. AEFITIFRFL RLINGMILSA KQAADKRVHE QKRKVQELEK ELVDLKKQYE
TOPCONS MMMMMMMMMM MMMMMMMMMM  1iiiiiiiii iiiiiiiiii iiiiiiidiii
OCTOPUS MMMMMMMMMM MMMMMMMMMi1 iiiiiiiiii iiiiiiiiii iiiidiiiidii
Philius oooMMMMMMM MMMMMMMMMM iiiiiiiiii iiiiiiiiii iiidiiiiidii
PolyPhobius MMMMMMMMMM MMMMMMMMMM iiiiiiiiii iiiiiiiiii iiiiiiiidii
SCAMPI ooMMMMMMMM MMMMMMMMMM MMMiiiiiii iiiiiiiiii iiiiiiiidii
SPOCTOPUS MMMMMMMMMM MMMMMMMMMi1  iiiiiiiiii iiiiiiiiii iiiidiiiidii
PDB-homology
201

Seq. TQONNQ
TOPCONS iiiidi
OCTOPUS iiiid
Philius iiiii
PolyPhobius iiiii
SCAMPI iiiii
SPOCTOPUS iiiid
PDB-homology
Figure S6. Multiple alignment of Hy channels.
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TLS--SDASG PLDRHKQ--- —-—--—-—-——-- —-—--SRKTQDG FERIKTFREK
GFRRLSDTTK PSEGNDQQORV IVKDDSSDSV VSDSHDGHPA RTEPLSLREK
GLRKMQDDLV KVIERDD--- —-——=————-— TS TVTSDSDETI ARGPKTLRET
GETKMLKSEQ SQDEAETSDW SE-—-—-—-—-—--- —-——-NEDSHSG KLDANSCKGK
----MENSEE FREGTEN--- --———---—-—-- —————————— ————— GCKAK
SDPLLHEHTG PRSLRQRP-- —-—-—-——-——- -—-IYLPEEQG QRITIAQWRRA



amHv1l
kvHv1
kvHv2
ehHv1l
ehHv2
egHvl

hsHv1l
ciHvl
npHv1
etHvl
spHvl
acHvl
acHv2
cgHv4
aoHvl
amHv1l
kvHv1
kvHv2
ehHv1l
ehHv2
egHvl

hsHv1l
ciHvl
npHv1
etHvl
spHvl
acHvl
acHv2
cgHv4
aoHv1l
amHv1l
kvHv1
kvHv2
ehHv1l
ehHv2
egHvl

hsHv1l
ciHvl
npHv1
etHvl
spHv1
acHvl
acHv2
cgHv4
aoHv1l
amHv1l
kvHv1
kvHv2
ehHv1l
ehHv2
egHvl

TRRSSMDDQL
LHHAVHTVHT
RTASATGTKK
EAAGASEVTS
ORRGAKWVSA
DDTEVGAPAP

o

160
LRKLEFSSHRF
LRHILHSKPI
LRKLLHSHKF
AKLLLESPKF
LHEIMETQKFE
LDDVIHSQKFE
LAAFLKTNLV
MRKVEFHNPIT
ARDFLSSRRG
LNELLHGDKI
LNEALNSSKV
RRLLLHSKPV
CLHLLHSHRV
LLAFLHSPRL
VHHFLSCRPF

LEKRTFCP--
--100aa---
AGEEGEHHTL
SGCIGAGDYS
EHICSNSTDF

-—-—-—-GECAGH
TVEGPHGVGC
HLDSTGRIGC
-——--QTCHYN

PADELKEMGQ PGTTAAVMAS TVCLTEDDTE

SKSARDAEG-
SKIRRIVP--

PKTRYGARAF GKPLKAQLLS ARAEVEKAHA

DSEARALS--
SVEATKVEDG

170

QVIIICLVVL
HVAIIVLVVL
QISVITLVII
HIVVLTLVITI
HIATLVLVVI
MVFIIVLVVL
QYSIIALVIL
HLIIIAFIVL
HYLVLLLVSV
QYAIVVLVII
HTILNVLLIC
HFTILVLLIA
QLFFILLLVL
QALLTLLLVC
KIFMMALLLL

RYLAEAEHGG
AAAAADAIQT
TATATNYCTN

KITIQPDKNNY
KVIIVPHGNP
MH---EEESL
GVEKSEALET
ETDKEEKEVT
IVKLGEEHHY
PVHHHTNKEK
-——-EEHLREE
GSHVAIGWGV
RAGSEHHDNS
AHYGNHDLHE
PHFGDHTLHD
DEHAHPAVHT
DSHKHDLAHK
HPSLATALHL

270

CP-——————=

LLVLAELT
SFLVVGELL
CLLVITELL
LTMVVAELM
CILVIVELV
CLMVIAELL
CLIIVMELL
IATILLVVLL

ACTFADFL
ITIVIAELV
LMTVIIGML
GLICLTCGV

LIVITEIC

IAVEGELF
LILVMASVL

AAMVFHYMST
APEILHGFSL
AQHVLHYCST
VEIALKFISI
AANVLHYISI
IPKIFHYGSL
AEHVLHALSL
LEDGLHYAAL
TOKVLAIVGL
ASHVLHYIST
WAERMEYASL
IEIILAYISV
AHAVLTWASV
FHKEFLFRVSL
AEKVLAYISTI

180

IDMNIIVEPE
VDINVIQVRA
IELHVCELT-

LEQYYSDSQV
LEAHYLHGKS
LDLEYPSCRL
IDAEFPSCMY
LETGSLQVSL

TILVFFMMET
SILSIFMVET
TILSIFIVEI
SILSIFVIEN
GILSIFMIEL
GILSLFLIET
TILSIFMVEV
TIISLEVVEV
VESCLFMLEL
AILSVFMIEL
ATLLIFLLEN
GILSLFLVEQ
AILSLFEIEL
TVLVVFELEL
GLLSFFLLER

CPANKNHREK
-—--HGTWQSK
DEISHEATHF
EHGADSWQRR
RRGSYAWQTK
PSKAPTLRQOK

OGLTEAFKDC
DDCONYVNKC
AKRDTVSCCA
VLRDAIPCCD
DECERSIHDC

IFKLEVFRL-
ALKITADHR-
FLKLYAFRQ-
LETMYVLRC-
LIKIPVEFRM-
GLRIFVLRL-
CVKIYVEGK-
VIKIYIEGK-
MVTVFESFGK-
LLKIYAMGF-
MLLVLANGC-
VLLIVDLGK-
LTLLAASGLR
LGLIASLDR-
LVGIICEGL-



hsHv1l
ciHvl
npHv1
etHvl
spHvl
acHvl
acHv2
cgHv4
aoHv1l
amHv1
kvHv1
kvHv2
ehHv1l
ehHv2
egHvl

hsHv1l
ciHvl
npHv1
etHvl
spHv1
acHvl
acHv2
cgHv4
aoHv1l
amHv1l
kvHv1
kvHv2
ehHv1l
ehHv2
egHvl

hsHv1l
ciHvl
npHv1
etHvl
spHv1
acHvl
acHv2
amHv1l
kvHv1
kvHv2
ehHv1l
ehHv2
egHvl

EFFHHKFEIL
HFTIHHKVEVL
EFFKHRLEVFE
EFFHKCLEVE
EFFRSKLEVE
DFFKHKLELF
HMLKQKAEVE
HEFSDKWEVE
GYFSSKFHVFE
TEFFKHKMEVE
RFFANPFHIL
-EYLKPMFIL
DEFFSNVYYVL
AFFRNPLYVL
KFEFSCAFKVE

e
360
IINGIIISV
IINGIIVTV
LNGVVLSV
INGIAVTV
NGVILSV
IVNGIVLSV
IINGVIMSV
KIMTEIQYCV
KITEELQSAN
IVNGIILSV
LGHGIHEMH
GHGVFEAK
IGHAMFAST
IGHGIFAST
IGHGFHEAE

o

410
NKLLRQHGLL
HEILRCNNID
RAVLQHHGLD
OKFIQSNGLE
RNTLNQHGIQ
QOGLLHKHNIE
KOKMATSSTP

HHARSQASSN
LRESGVTPAE
RAPPDDPGVD
LASAPSSTSG
NAAAVREALA

310

DAVVVVVSET
DAVVVVISFEG
DATIIVIVSFA
DSIVIFTSLV
DGIIIVISEV
DAVVVIVSETI
DAIVVIVSET
DAIVIEFVTEG
DALVIIVAFG
DGFVIIVSFA
DIVVVVVSVG
DEVVIVSSLL
DIVIVSASLV
DLIVITVSLG
DEVVIIVSLV

R
370
KTRSERQLLR
KTKADDRVHE
KMOAEHQLER
AAQSEKKLEE
ETQAKKKIEQ
QOKQAEKKIER
KLDANKKMEV
RREVPEAIDK
EDTLEEYEHE
OMRAEKKVQA
EEHEAEDHGE
EMIEEMIGED
ERASSTDNLK
HSVAKEKSDK
ELTHPVDEEV

IPPTVPLTTS
QQLPDGNR--
IPPHSSCPSR
IDDDYVAKKP
FTTNKITRPE
OMSFEMQOSGL
REGREGCCVQ
IKLGEALGNS

SPSATRPPPF
LLEQDGFGGL

320

LDIVLLEFQ--
VDIALIFVGE
LDIAFRNS--
LEVIFLNH--
LDVVSLIY--
LDIVFRDN--
LDITFSFEVSV
LDLALAFSPV
VDVALHGI--
LDIAFSNE--
FELQOGILG--
IEILVVNM--
LECVEYNT--
LETVEFRVES-
LEILFLGQO--

-
380
LKOMNVQLAA
IKKKNSELEL
EKQRGMALEG
EKDLREEIEM
QOKHLRAEVEH
EKHLREECEQ
HKKARRKLER
EKLAQEKADW
IERLRQENTY
VMKENAELQK
HRVSDAAGSL
DDTVKNMMDA
EVVRELRAEL
LHAEIRALEE
KEHKAALFAL

QFSLNQLNVV
--SRVQVDVV
SVERSPSGEM

RGRSASEASA
LLGIADAAVA

330

-EHQFEALGL
-SEALAAIGL
-RDALSGVGL
-HDAATGVGI
-EEQFAVLQL
-EDAATGVGL
SKAASEAAGL
SSAVRDSVAL
-—--EEELGSL
-QGGVDGVSL
-EGHDAGIGL

-AGLSDLIGL
-MPEQDLAMA

KIQHLEFS-C
QIHNLEEK-L
ELSRCRQV-C
ELNKCVDR-S
EMEKFRRY-C
ELAKFREY-C
ENKRLQAK-T
LARRQGHT-K
LRORLNVS-L
ELEQLKSK-C
EAPLQKGS-F
WKELTPERWE
DLLSEWAE--
EYTRALNQAA
HRRLLGVPGL

-—--NSSEGH-
VEMNSADKHD
AEVNSMTAVA
RENSAQV-—--

ATHDLQGAGG
GHRQHQEKEQ

340

390

-
400

SEKEQEIERL
SOKEQDMSRL
AAQORELDVL
KKOQQOCYILFL
AAQEKEIEVL
MAQEAEIEVL
ERLEREVATL

SNADPMD---
AQLESELTTL
EQHAKGTSGV
EILHSGSAET
-——EEERASA
SLATTTRPTR
YGTEGAVLAE

TGEDEGEGEE
ETDIPLSPSQ

EKLADGVAAA
LHYWKLO---



460 470 480 490 500
spHv1 GGGDGNTRRH EKEREALGEH TITLTTDDNV NTIQADYHPQ DTTFT-----
acHvl PGEQEISLSS GDNVTDAVVV V-——————=——= ——————————
kvHv2 PKROMPGASL QTTATVGKGH SEH-----——- - ———---—--—-- ——————————
ehHv2 LSQRSNTPTS PVGAPAMRRP PAAAPLGAAH RALQLGPSSS AARTGMPGVG

510 520 530 540
ehHv2 TRMGAGEAAA AERQAPPAAE PEPAEGAAAA ESVELELDAL DMST-

Hv sequences were used from Homo sapiens (hsHvl, NM 001040107, Ramsey et
al. 2006), Ciona intestinalis (ciHvl, NM 001078469, Sasaki et al. 2006),
Nicoletia phytophila (npHvl, KT780722, Chaves et al. 2016), Extatosoma
tiaratum (etHvl, GAWG01024136, Chaves et al. 2022), Strongylocentrotus
purpuratus (spHvl, XM 030990962, sakata et al. 2016), Aplysia californica
(acHvl & acHv2, XM 005100609 & XM 005093050, Chaves et al. 2023a),
Crassostrea gigas (cgHvl, XM 011429833, Chaves et al. 2023b), Aspergillus
oryzae (aoHvl, XM 001825513, Zhao & Tombola 2021), Acropora millepora
(amHv1, MZz029046, Rangel-Yescas et al. 2021), Karlodinium veneficum (kvHvl
& kvHv2, JN255155 & HBOS01067516, Smith et al. 2011), Emiliania huxleyi
(ehHvl & ehHv2, HBNU01018021 & GIZz01010784, Taylor et al. 2011), Euglena
gracilis (egHvl, GDJR01054876). Transmembrane regions are shown in yellow,
the totally conserved tryptophan residue within S4 in red, selectivity
filter residues in light (D) or dark (E)purple, voltage-sensor positively
charged residues in dark (R) or light (K)blue.



