Supplementary Figure 4: CLUSTAL All phyla small

SUPPLEMENTARY FIGURE 4: Clustal Omega alignment of representative DNA-PKcs sequences
from all major phyla (short list). DNA-PKcs sequences from representative species from all
major phyla were compiled and analysed by Clustal Omega using default settings. The %
sequence ID is from Clustal Omega. In the alignment, identical amino acids are indicated by *
(blue/bold), highly conserved amino acids by : (blue), and similar amino acids by . (purple). The
human sequence is highlighted in yellow. The catalytic amino acids are in red and the
autophosphorylation sites and highlighted in blue. For additional information on organisms and
scientific names please see Supplementary Table 1.

Genus Species Alternate
Sequence i ope Percent ID
name/identifier

HUMAN H. sapiens 100
ESHARK Callorhinchus milii Elephant shark 62.31
LANCELET Branchiostoma belcheri 43.54
STARFISH Acanthaster planci 42.49
STONYCORAL Stylophora pistillata 41.25
LINGULA Lingula anatina Brachiopod 39.64
LIMPET Lottia gigantea 39.55
TRICHOPLAX Trichoplax sp. Placazoa 38.78
SPONGE Amphimedon queenslandica 35.51
SCORPION Centruroides sculpturatus 34.07
ROTIFER Brachionus plicatilis 32.79
TERMITE Cryptotermes secundus 30.31
SALPINGOECA Salpingoeca rosetta Choanoflagellate 30.18
SHRIMP Penaeus vannamei 29.76
GLOMUS Glomus cerebriforme Fungus 28.88
HETEROSTELIUM Heterostelium album PN500 Amoeba 27.87
MOSS Physcomitrella patens Simple plant 27.39
TRICHINELLA Trichinella pseudospiralis Roundworm 27.05
FLATWORM Macrostomum lignano Platyhelminth 26.63
STYLONCHIA Stylonychia lemnae Ciliate 23.79
APHANOMYCESe Aphanomyces euteiches Oomycete 23.19




Supplementary Figure 4: CLUSTAL All phyla small

CLUSTAL 0(1.2.4) multiple sequence alignment
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Supplementary Figure 4: CLUSTAL All phyla small
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AAKHFFA-———————————————— L ity VDEPTQARNRAFEGVCKLV--—
RLSDFFNETDPSLDPGRLALSASVS-ASS———====— AYSNSISEIRASAVTIRCQLIVR
NLYSFLADHIVIKFVKNERKSL-=————————————— DKLLICKEDKEILTKSRMVLITQ
CSLDLVN=-SIVI-===———————— Ge—— RHFPNLSKAQRNRLNKTRCKSFVA
AFYVFLS-EYALVDQSH--——=====————— P AMASLTPREIDQFMTLKCQTLEH
AINYFLE-NLVQNDIEYLTTPDAMEIDDGEYFIKNVGSENILTPAQKLOWLTRKIQIIEH
SISAFLQ-SLLKSQD-====——— S——————————— IHQFLDLTPGEQDELQKLRYEATTH
AAVYFIQ-HVCHRDASSVTCLLSTD-———--— TK----DVLEITPWEAESFDRTKCFVTIR
ALAHFLS-TFPRRSE-=-—————mm e —— LKRHDTPAEAAAYRYLKCTVMVR
SVEIFLD-KVASFSLONFLSHNYTE-=———— A-m———— HILFSPNEIDEYNGLKCTVMIR
ATTYFIN-EMALLTVSEYMKNHDAF - ——=—==————— ONAVATPYETEATAKLKCTVIVR
SIEFFLK-TLCIDFDQRVQAFFTHE-—-———— SV----KKQIFSPKEKDEYLRLNCFIIVR
SIDHFLK-CIALVGIEGVVNSPEVA-————— M-—————— ATSIHERGEYQRNKWCTIEL
AVAFFLE-SIAMHDIIAAEKCFGTG-——---- A e GNRTSPQEGERYNYSKCTVVVR
AMNFFLK-TLARHDITAAEECFTLG-——--- VK-———- GVLFSPREREEYNYCKCTIIVR
SLEYFLS-NISLRSIDEVSKLFKES—=———— S=———=- VEYFTPREIEDFNRNKCTVIVR
VLSHFLS-SLALKDIEAAADLFTKG-——--— LD————- RKIFTPWEVEEYNRSKCTVIVH
SIEFFLS-KLCLHSLDETVKLLYSK=-==——— ST—==== LOLFTPREIEEYNMCKCTTIVR
SLKFFLS-HLAMFGITEATSCFTSG-—--——— PSR--GMGDIFTPKEIDDYFRAKCTVIVR
SLQYFLS-SLSLLDITGAARGIEYG--———— GSKTSAFHQVFTPRESEEYNQEKCTVIVR

ALEFFLT-KLALSDIDAAARCFESH-———--— GA-——-- ATLFTPRETEDYNYGKCTVIVR

————— TLAINSETS---LPLLSKQVDQSGLVDNKFLEFVVQARIEPGRV--GLKEFSDTQ

TAALLQLLAGKQPDC——====— LKDLLQGKENSNGLWTALARATLRPQLL--GFDAQD-PS
FLRYLDQLDEESLLA-——====— HADLFQKNCNFNLIHFCVQIMVIPLIHQLQVLVED-QE
LCKLIAALISCONLN-——=—==— NYQGFLKLLLYPNTWNAFLKVACDPKSL--GFRLYS-KQ
VYALFSMLLEKYNYSQ-===——===== VMETGGLQLLRVVGVSLLTPAVV--GYRTID~-NN
LIGFNIVLFKETDPNN-—-—--— VESLWNSNINGKQFYKLLGNCLLRPNII--GLDQLP-DN
LMKFCSQVLNAQSGYAEIEDLALRTIFMPDQSRYFQQLLCLVLLKPRQL--GLVISE-LQ
LLDMISTVLKSGEA-————==== GCLPHSLLNLQLWQLIVACVLHPGSL--GFDLYN-TE
VLDFVRTVLRVDA-————————— SALPTKLWSGECLDFICKAVLMPIML--DFDPSD-PE
LMDFLETIFANYSKE-————— SLDVIPMSLWNSNFFGLVINMTLNPTSL--GFSLKN-LE
LLDFVSVVLQEGPKV—-————— ASLLSQHSVWSATMFSLLTCCTLDPASV--GFDIKD-TE
LINFVTTIVENYHLQ--————— LNTIPSTFWSINFWNCIYSSVLNPKFL--GFDMTD-TY
LLTFIELLLTKHTSET----VSFEYVPDSLWSQELYTIVMDSLFYSSLV--NTAPDD-PS
IMEFTTTLLN-TSPE-————— GWKLLKKDLCNTHLMRVLVQTLCEPASI--GFNIGD-VQ
IMEFACLILEGLQQD-=-—-- CWKVLEKDLLNSDLFELIAMVVIDPTSI--GFNMAD-VQ
ITNFLSVLIGKYPKD-=-——- AIKVIPGTVWSDTLWELLIKCVVQPQSV--GFNMGD-VE
LLDFLCSTISKSGSH-———-— LEQVVPSNIWCPDLWILICDCVLNPSAL--GFNMGD-VE
LINFLAVLLOMSPTS-———-— IIEGIPRQIWSQNLFEMIFLCILTPHQL--GFNVGD-IE
VLNFLTILLQDFPQE-—-———- TLKTLPPEFWSEDLFEVVLSCVLEPGVV--GFHMGD-VE
LWDFLTVLLENYASD-————— AVKVIPKSIWQDSLFDLVVTCILQPTVV--GFNMAD-VE
IMDFFTVLLGAFPQD-—-———- AYKVVPDAVWKSPLYDMVVTAALEPTAL--GFNMGD-VE
Vemmm e e WMNLCQS---LLRRONLLFRNVLLQVLSN--SPY-—
L MAKLLDC--LSTAWHAVARNLAPVGSSYRSSIVSAIAAELELAGQSVTV
L ERQLRNQ--SELLLRKLVAI-==—=—— KNL-DLAKIIKKDIVP-SMRCIN
Frr——— o FECISQD--VRLLFLALKNN-TFLVQQVSTSMKEYLTQFYPW-P—————
NNASNSGNNKQVNELPLNLIVDRVCQLIVN----QGDKYRDTLIGYLGEMISS-S-SCNL
IV KQKLIIQ--VETLLKLFKK----LSINNVTQLAQDLAEIA-—-—--— FSDE
R AQDLAKL--ASKVLTRFTQ----LSSNLKSEMVELLRRVIEG-DDPAYD
Vo TDGLPKN--LIQLLGVLQET---LPSSQLEELNSELGKAVSS-M-QTDV
I EEKLPKK--TGVVLASLCLS---G--EPRTNLVAAMRTTLAS--DECDL
I FSNLSPK--IRQFYKLVIQN---LPTDKQNKFRQQCQQIILD-SRELNL
Vo SKHLPSR--LEEILGILARR---GPSEVIGEYSDYLEKQLQK-P-ENDI
I FNQFPKE--TRTLLKVFYEY---MPKPLYNNFNEHLYEYLE---SKCNI
Tm———————— AKRISEA--AVSCLTAMCTS---LPIDVKONLIAYIASNINT-GQTNNV
Ve s ssssssns MAHLPDV--CVNLMKALKMS —————— PYKDILETHLREKITA-QSIE--
Vo MKNLPNV--CVKLLNAVMKS - —==—— PFKETLVDSVRKRITA-QSIE--
Vo MNNLPSE--VPTKLMFVGIT-====————mmm - ——— NFSDL
Vo MMKLPEQ--MEQVLRIFSRY---LPPKALDMFRRTLKSKLDS-G-SYNL
Vo LEKLPQQ--MKDVCGLFQMK-~--LPKDKRELMIITLKELLSR-NRSYNL
Vo VEKLPEQ--TGVLCKLLVQR---LSGECLERLKGTLEKKIAL-GSHCNL
I MNNLPKT--TRKLLRLMSTH---LPANLRNNLSKAVTRSVTK-SSHHDL
I MEKLPQE--TKQLLLLMCRS---LPSQQGALLKSQVAAKLSR-RSSHDL
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Supplementary Figure 4: CLUSTAL All phyla small
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————————— RRENLFDMDSNLVQWICATYSELHKINFWSHDQQE--———=====—=—====D
QORLLPQSGLAS---DPPSVAGAVRLARGVRALRDCGL-LADSTA-———==== DEKRQILD
LNHMTVDN—-———— VONYHPKMLMSMCLGYLKLASIDPNIKEYLI-—-———=—===— SFRSLPT
————— DVE-SVVTCDSHLAIEQQQLLNVYGMLVEVGL-QSVVEL-~~-———--PRAEFLWT
GEIGVLI--———-— TTEGTDRLVSLINGYNILQKQSI-LDVTLK-=====—=— FAKLSLPA
VDLLNIEL-———-—- DKSDPTYYDQITHGYLVLSSSGL-FPDLLEHEMTSYMNTSSKL-YD
LNNLSFSSKISGKPKALSLEDALSLVKGYQQLSQVKI-LPLVLN=-———=— KVRAGKLGER
LSNLQDSL-RN----DKVTLEQRQLLKGLEILHKCGM-LSHIVKELPNQYGLDGNQIVKH
LRMVRDVL----PGRDIPAPLIKNVVSGVQQLLAADL-LDECFF~---T----DRDAFGRE
————————— DFLVLKDIDWINLSQTIAGYEILSDFKIFKITT----=-=====—=======D
IKMLPLSL-SETA---HINLRSRHVIEGIGILEKSGW-LAKCNV---V-SYSVAKELVDW
YNLFPLNL-ND---KDLKILEIQEMLLGYEQLIENKLW———-— P---KQONCNKSKKLACD

INRLPVSY-NEST-TSSGILLFNRLVQGHIYLAESNKCLSDVLK---SMGISEEESLAMR
—--ELCAVN-LYGPDAQVDRSRLAAVVSACKQLHRAGL-LHNILP---SQSTDLHHSVGTE
--ALCNVD-LYSPGARTDHAGLRSILSACQQLHKADL-LNSAID---CEAGSLSSSLSLK
FSLLTNLS-LN--NPVVGHTVLQHLVSGYILLNKTGL-LVNTNV---QQLVF-DTVYKVC
LKKLPHIL-SGPSE---DHMTDSHLVAGYQLLHKTDF-LLPALK---DGGHS-AENVSNN
PDLLPIRF-DRDNELNIDFERLTFLIKGYKQLLTMGI-LKTTPA-—--D———-— HKDLIEK
FDQLPFPL-SNPQEHQVDCLRLAYLVQGYQQLHCAGL-LLPALK---AQARNASEEYAVK
TKLLQSMF-GRDEGLTTDHGKLIHLVKGYEQLHQANL-LSAATT---G--HGSGSSFAVK
FSHLPEVS-AG--VAELDHVRLTLMVSGYQQLHNAGL-LLPA-L---G--TNSGKSLASE

*

IANDFAN-————————— MATAE-————- RKNNTRSPIRDQIARTAMQTAIEMGWDLASFI
RCCQLAE-=-=——————————————— S---AQTTQQHPVLPQ----LIDAALTYAL-NDSAL
IVEAWF————————— e e DIDTPISNESARVLVKFLSKLEI-PNETL
TVADVY—————mmmmm e FSKRIGLPPSKLGMVKQIFRVAALTGS-AVDVL
MTSTLFDYLN-———=————————————— EHVDNITPAHLIVYKEILVFILSTGHIQPSKL
YILAIWKKFN-———————————— — ———— NLRDVSDPLWVELIRKLLSFALSLSK-YNGAI
LILTVFG-=====—————————— I-————- EQECPPSLQPITAEMVNLAMSLGV-NATFL
LFSALVE-==———————————— GQ-GDMKRTVVLQPAAFSYAESLLKFAFLLNK-EVTTV
LFAALFEY-—————————————— ————— SHTSTPEPTNLAMAGLLADLALSLSV-PKSQL
MSKFVF————mm————— DLSQEETESQ-===———=—— TTTEAKRKLFSLCLSINR-N---F
LCGSIFKEQN----LSVS—====——————— GISPHPSLLKFLYTVMQLAITLDP-KVKHH
MLSSVWE—====——=—=— SCILE-TEIGCC-IPILNPSVLNFGKKMLTVALKLDI-SSEDL
LYTNALT-——————— IIRGISSSPGDGTP-GYYMPPLHKLTGELLLKLGLELSD-SVEPF
LLSLVY=-=————————e KGIAPGDERQC--LPSLDLSCKQLASGLLELAFAFGG-LCERL
LLSVVY=mm———————— KGIAPGDERKS--LPSIDVSSKQLADGLLQLSFSLGG-QCEEL
IYPQFFLGMNIPVSVPFSGIYE-EKGKLKKIITLTPAASILGKSLLDLSFKLGL-KDNVL
LLOQTLF-===——————— QAVSEEDQ---FRLLECSPSTLELSRKLLELACSMTD-KPAQI
IMKSVV=-——mmmm DCFRGREMNGD--RTALSPAQQKVAAELLDLAFELNE-TIDIF
LFTAVY——————————— DGVKPSLNVGLQ-TVILDPASQHLASKLLDLAYDLGL-QFNYL
LFITVF——————————— DSLTTSDEAGKLLQANLTPLSVELAESLLDLAFLLGI-EAKML
LVSAVF === ———————— KSMVTRKD-GHPTAASLPPSFHQLTGGLLQLACQLHP-QGHDL
LKSTDENYDLFAS—=———- TF———————————— DSSLHKSSIWLNVAVGFMSNIENYES
LOPLVT - m e e e e LLTEHSAGLDLLNSYKPCLTAYFS
CEWLTKKHL - === m e e e e e e e e LYQKSSDLLLSYIA
IKLLMNTESVRLA-—==—————mmmmm————— ECTSLCSTKGELLIANFSDEIALILC
LEYLLPPIKVLTKSTTTTTTTSSTITDKQLEEEEKRQQKQIEHQSNFYKTYHSELIEYIS
NOWLLSDIIGFPS—===————————————m———— DNSTFYYQNGTIYCQKFSSVINEHMS
VNLIMDEKSVGIS-=====———— - — - —— TNRKLTSGEVFYMNFRDTIVHQVK
ICCIKEQASIQNP——=——————mmm ATHSSVLHGDYFFVTFRSAILEHML
LAMLRDDTPTPQAGHSLSTML—========— ASASKSATQTTRGALFYDTYRTVLAPYIA
LTKILONYL————m e e e e e e e e e EEQSANVTLSYFRAEIFTQCL
LLSWATNSDTVSG-=———- TS——mmm e GQEVEKGSHVLSILGPKLIPQFL
LKKLLDEQQLYVS—==————mm e —— NLKTKTRRGLIMFSTYQQEISLFAG
LLLVLSPAQSG-=====————————————————— AGASFAAQDGLLLYITYSGLINNKLL
VSLLLNPAVLSTA-—-—=—— SL-—=————————— GSSQGSVIHFSHGEYFYSLFSETINTELL
VSLLLNTMELSVP——===—— LS—=————— GATQKNFITFSHGEYFYSLFSETINAELL
ITALLNDDMIQGK-====————mmm o —— TPSVNLQHGEAFFLMFKSVICQYIA
LGAILSKTKTK-===————m e e e e e NONSSQONFYAMFQSTINLYLM
FRYLLDETKLYGD-=====————————mm————— S-NSATATLGMTLYYTFNSNINAFLA
MESIMEDSN-==———— e e e e — DNPGSSCGCTFYRIFQTSINGFFI
VSCLLDKTALFSG-======—————————————— R---SSTSKGAVFYTTFKTKLNGEMA

LDCVMNKTPLMTG-=——==—==———————————— GGKKSSTFQGMVFFSTFKSCICQQLI
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1471
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Supplementary Figure 4: CLUSTAL All phyla small
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CALNTFQRVLEANPKSSD-=======—==— GLAPYVNDFAKYALS-=======————————
ANCQSLLTILAASPLLKAATAPATAAATIARLPALAAILESLAAS----VKRTALSKQGC
ENWNHFKLNVGEYLIIKAKDEP-—-———-— SLYAVFIPILEKLSQ-—-====———— KTPN--
TNAELFLKHL----KEASRCQP-——-——— DVVGRALFHTVSVVVH-===——— SSDLRKK--
KNFESFSPLF----IDRIVQTN-=———-— HIDTILNDICIYKQTIQFNNTTDKQSKKN--
RNFREFAKIF----FDNINDFTRDOQMNIDIIKDLILNLIDYLIS-=====— KKDTQQS--
FFYKDCLRLI----LEAAAEKQ-———-——— AARMLLIALLDSYLK-===——— PSEMGAS--
ACFEHSVSCL----IKDISANN-—-——- VOWVISTVTEILQYYAK-—————— IRKSKHQ--
RHFKVFAEQL----LPHVGDGR-=——- VYRLV--HDAARALVTG-=———-— DTEMRR---
NFYSDILDFL----FSKL-SSK--——— FSKILQFLINFVEFIAM—-—————— DKHLRKT--
ESPDDALSRC----VEMIREGR--——-— FLPAMGFASALLTCLIR-=-==——- NADIRKK--
INSKHFISSL----MNNINKSK-=-——— TTVLKILVGILDSIGK--==——- VKEFRYR--
LHIKMAIDVL----LKNAKTHP-————— QQVSVILNLLLEYVQK-———==—— DFKINNNNN
KNLDLAVLEL----MQSSVDNT-———-— KMVSAVLNGMLDQSFR————==—— ERANQKH--
KSLKSAVTQL----MRSASENP-———-— KMVSTVLNGMLDQSFR-=====— DHTVRKT--
ENGRTIIPIL----TNQAKTHG-—-—---- RKVNSILGATVDYIAR-——===— DRTLRKK--
KEAKYFIPEL----VNYASKES-———-— SVVSSVLSSLLEQISR-===——— DRQLRGG--
KVSNRCLPMI----LDLAASKS-———-— FMISGILSGLLDFILR-===——— DRGLRQS--
ERANIHMANI----LMKAASSP-———-— FLVLSLLNGILDQVIR-====—— DKILRTR--
VOAQKVIPLL----VREGGKDV-==——— TVVSSVLNGLLDYLTS-====—— SREVRRT--
KTCAESLPVL----LOQLTAEP-———-— VWVGSILHGLLDHLAK=-=————— DKTLRKK--
—————————————————————————————— TAAKDQSSLLKILDQVFNNFQDV-K----S

ADDTPKQLASQILAKWTLV--QQLWDYG--~NDDCRFSVLGILTNLLAVDAELVKSN-~--
—-—-YYKILLRSVPENWNEQERTDFTEFE---VATSKVKIYTFIANACQVQLR--DRS--N
---YGRELALQILQIFGQE--LLYWADVVVSNETLKMLWLKLMMKLILIDSKIT----- E
——--DMKSIMIPFLIKISS----HLLKDV--GKTTDKENIIEFTKNLINIDTPTFFET---
————— VEFLIHLNSEFYFL--KSFVKI---CT-YDRHYLLKLWNGLFMLEPNLLRRF--S
--ITKSSFMQEFLQHIEVL--APLCRAG--SSLTLRLFFLDILHKLLMLDTGKDVVLNIK
DSTTLCAFERSIVNHWNKL--SSFVEGN--SEQVYQ--LLGLVVNLARIMPQPDRGL---
—---YADEFFTAFLDGFLHV--RTWINSA-GAGSETHVQGMRLVSAVVRCGVRPETAQ-~-R
—---NGQKLILKVFESWPKF--EPYWSFE--SQ--FKILMISLLTKCLMIESPQ-———=—--—
---YSVKVVQSFLKHWPTLAAQ----AG--KTSLHQDSVLSLLSSLFLIDREGTIKSH-C
—--YGKDIINSIMCQWSRL--QQCLEES--CDIDLONDIITLITKMFLIDSSFIKGN--V
NKETVETLCTELISHWQDL--SLWWEDG---SKDLKSAAVTLLQKITIALKPKLLLKS--A
—-—-—-QGLKLATTILQHWKKC--DSWWAKD--SPLETKMAVLALLAKILQIDSSVSFNT--S
—-=-QGVLLVSAVLTNWTRL--ESWWSEN--SSAESKMAVLTLLSKVLQIDSSVSFSS--N
—---EGPNVASTILSEWKKF--STWWTNN--APPELONLAISLLTKVLLIDSRVTSHT--S
—-—--EGKTVVDVVLSCWSQLQLQQWWAPD--SPQEVKMSALNLLRKMLLINGKVVSDP--T
—---KGIHISKKILSSWNSL--KCWWLTP--DAQDLLQISVNILNKCLTLDPQFATQS-~-N
—---NGSSFVAVLLNNWTSF--EIFWRTH--SAMDLRHSILMILKKMLILDPAKVTDC-~-N
-—--HGMSVHSAILTQWDIL--MGGLKKG--CSTDLQSFALLMLRKLLQIDAKFVSDT~--T
---EGAALCDSLLQSWPKL--APWWEEG--ALQDSKSTALTLLRKILIIDSQVSRDP--A

LALF---DCAL-GIKQVLCDK-========—=— SKAASLKVDAMHIIPHMLKFS————===—
——————— DQVFVLFVGVLNS-=—-========-RVNFDLIVNGLALLGYMCRNPS-———-—
HYAIKFIDHLCEKVSKYLKE-——=——=————— RYPVHIKREVLNLVGMIYNLETQRENEF
WPEF---APMASAYFMLLNDQ-=========— SLTLDFKNRMLSLLAGFCTFD-=——===—
KEGY---DFVYQLLINYLNR-===——=—====—=— SNSLAFKNKALVLLPDLLLFPK-====—
LEEF---QONLFRENYEAFLDK-———=—===—=—— QIDLEFKNEALDLLPFYFKSDL-———-—
YSSF---DFITETFLSFLSCSSEDATNSRLGSSAAFTLRTTSMRLLPFFFSANVD—————
-ARC---EALQKWVITQLTSR-========== DLOLHYKSRALDLLVCLAGPQ-—====—
HANF---EQVLEVYKRFLEDR--=====—=——— AVDMTSKRVALQLLGPLCKGT-====——
-PKN---EKVFQMYFEFLTDE-====——=—===— KSMLNFKAKVLDLLHFFTNSP-=———-—
TSSR---SDMVVFYNGLLADA-—=====—=—==— KVELQAKIKVLKLLPFFFTMG-=———-—
NYDS---NSIFFSFITLLQKS-=======——— EMSLEFKICVLDLLPFFLC-=====—=——
DVS----KPLVDMYTAMIGDE--====———==— KLELNFKAVMIDLLPSFLLLSS-———---
HGSF---PEVFTTYISLLADT-—====————— KLDLHLKGQAVTLLPFFTSLT--—————
HEAF---AMVFHTYTTILTDS—=====——=—==— TLALNLKSQAMIILPFFAHLP-——————
HPSF---STIFEMYQTMLVDN-=====————— KTNLAFKNKVLDLLPFFAMAQ--—————
HPSF---SCVFSMYQSMLTDT-—======—==— KSSLLFKCKVLDLLVFFAKLP--———-—
DSSF---ETVFNFFLSLLSGT-—=====——=— STSLAFKKYVLDLLHFFLVSS———===—
RLTF---PSLFEMYLLYLKDK-==—=====—— STTLAFKGQVLELLPYFTKST—-———===—
HPVF---SSVLEAYSFMLTDA-—====—=—=—==— STSLTFKAQVMDVLFFFTSLP-———=——

HPAF---QPVFTMYLDMLTDS - =====—=—=—==— RSTLPFKSQVLDLLPFFTVLP-=—————

1442
1667
1562
1566
1710
1665
1596
1571
1583
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Supplementary Figure 4: CLUSTAL All phyla small
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PDCTEIMTEGIAHLVVHDFPVNSNDITK-GTVAFDAFEMLFQSYLFVLVKSSQIVLLKTL
TERAERLSSQLKLLCSETVLMRCSNQLGINSHAYCQYVRAFRGLLLAQETSEHPLLLEIL
VHDKDNINFSLRTLQSQFFPIKTRELVR-NSNVYNNFHIIVEGFLSLLILSKNLKVLRMI
-RHACELGRSLKLFMVNNFPLKSDEFAK-GTAKYDQHVAACQKILFAFGCTGSPIILELL
HHNYNLIQEKLNEIVVYDFPLSSKDLTK-GSPIYNEYITTIERFLNTLEITCNPMIIDTL
—-PKEKIESCIEFILYQQLPTDSKDYSKFGTKKLNEYLSVLDKMFKAMVRSRSVSLFKIL
SGVHSKLIRILSGIVTDYLLVREADIPQ-GSIQRSNYTQLLNQLLAAVSVSHSLELLEVI
EDTNQELRSALQTLREQHFPQLSTELHS-GSVGYSGFVNAFRKILRGLEESGSCVILLSV
QHVRTECAASLNAFCQASFPLRSREYAV-DSTQHREYIAALDDILDALVLSGSLELLEVV
————— KFKVSLSQF-MSQLPLRSQDLAK-SDDIYKDYLNVVHKLLVCLELSQNLDMLSLL
EDIAKSVSEALEMLSLNHFPLHSTEFSE-GGARDREYHQAICEILTALELSLSPILLQFV
DAFLCKVQAALNDLFTNHFPLYSSELKP-GSSQYNDYHLAFTKLLIALELTGNEMLLKFV
PEHQSQLKGSLNRLVSLQFPLTSSELPA-GGPLLNEYTNIIEKLCNSLVASGSLVLLELI
GGSLEELRRVLEQLIVAHFPMQOSREFPP-GTPRFNNYVDCMKKFLDALELSQSPMLLELM
EENLAVLRHALDQFVAAHFPMKSDEFPK-GTLKYNNYVDAIKKLLDALELSQSPMLLKLM
ETYITKLKSSLDRFVADNFPIKSNEFTK-GSPRYQDYISAINKILLALELSGCSMLLELL
EKETQQLKACLDRIVADHFPLRSSEYAV-GSPKYQEYIMALSKILSALELSGSLMLLELL
DKRIRELREHLDRMIVDKFPLKSAEFVV-GSPDYNDYVACIDKLLANLIKSGNLMLLEVL
EEYLRRLKEGLNAFVTNNIPLKSTEFVT-GGPQYNDYVQTIDKLLAAFVNSRSLILLEVL
DGEQTKLRSALDRLVADNFPLNSSEFRV-GSPKYIDYAGALNKILTAMVLSGNLMLLEIV
QTQLAELKARLDRMVADNFPLKSAEFPA-GSSKYNDYVGAVTKLLSALELSSSLMLLELL

FQSLKEKK-SHAFYSAIQDALESFALEVPMCRIYPICVELLQLLFDFG-==-=====————

SILVCKER-QHALEAEFQQCLNRLLLRIPIQ----RCRDFVTWPWRLFRGDS-~---GGGG
YNSMREWK--TTYEPSLKRTLKIIIEQSINK----MPLHQFKQTFSQFMDEFMNRQIDLS
LSMVCREQ-SHPIASDLKHQLQKFSSRANSA----VLENILELLDKMFFN----P--SGC
LQVLKEQD--HSHITHINQSIERFIVRTNDS----QAKEVFSHCFAMFMS—=————— ND-
IPTFCRES-DHMYGEEFQRQVSEFLSKLSRS----KYVDTMDIAYGYFTN-===——— ST-
FPLVQTPN--KISSRAVSEAVEVFAESLEDN—-———— REAAFNLCLTMIMD-=————— RG-
VAMAASES-QHVLEDQIQKSLQIFIKRLEDK----QQVKAIEAVFKVFVD====——— DQ-
VTVHQREDRTHVHEDHIQRKLRDFIVQEHTD-———— APQATIELMFQIYLA-—-==——— ET-
IGVVCREK-EHLCENQFRESLERFIKRLSSE----KQMEIVKQNWSNFQS—===——— SDD
VNLFCRED-KHRYEEVMHESLEKFMKKLPLL~----KQQETLKHIYDMYND-====—— PTC
IQIMCRES-THLLEENIQKCLKKLCKRTDSN----KERLIAEVPLKMFLE-===——— DEL
INIMCREV-RHVCEEKIQTSLHQFISKLSED-———— GVDALKFVYEMFKN--————— DKD
TEVLCREQ-QHVMEELFQSSFRRIARRGSCV----TQVGLLESVYEMFRK-—————— DDP
IAILCRDS-RHVMEEGFQVCFQRLAKTGSCE~-~---KQVALLEAVYGMFEN-—-==——— EGG
ISIFCRES-KHVYEDEIQDVIARYTKRLVIY--—--KQKLALDIPYKIFTS—-===——— SGS
ISIMCREK-NHVYEDRMQESLVTFIRRLPTG----HQKAALDVPFNIFTK-===——— EGL
ISVMCREK-KHAYEEQIQKSLLLFISSLIPK----DALGALDVPFKMFVD—-===——— DKS
IAIFCRER-QHVHEDQIQQSFIAFIQRLHPEP--DQAKAAMDVCLSIFFN—-===——— ERD
ISIMCRDE-KHAYEDEIQESLAAFIKRLPEE----KQTAAFGVAYQIFCQ-—==——— ENS
ISVMCREA-KHVMEDDIQTSLSRFIKGMGAD----RQKPALDIPYGIFRR-===——— EGS

LDDYIRTVLHRQVFSRLVHQLEEAAIIKLFTMTSFGVPFVKY-==LMNIVL—-==—====——

FTGFHREQLVSRVLAPLLTQCHGSVLLDFVAT-==——— DDCLEYCLTCLLNAQQSLAGFN
VDDNLRWAIMKKIILKILESCSQEFLADIMIE-————— FTPQ---LEIVLKESIFL--QK
VCASLRLALLNEFFIPFLHSLKNDLLLTWTCR-———-— KIQT---LVSCLTESLTL--EI
YODELKITLIDKFCVPLIGHMKQQVLIQLFAQ—-—===— HLSS---LMSIIQPLAPKYLAT
YVS-FQRIITIEMILSPPLLQGPKIFVMDFFKK-——-——— HINE---IIDLLERDKYT--RN
KSYELRRAVVEVIFEAFVNSSSMEFVTVWYSQ-————— HISD---LFYVLKQSSSM--LS
YDPSVRLGCAQRFVRPLLQGCRRSAAREFYRH-——=—— CIQD---LOGMLNVTLDC--RG
NPLFVRRGVAQRVLATFLQACKLSMCSAFYIK-——-=—— RLPA---IMSLMSQDTPL--TS
——-ERKFLLFEKVIFIFLKNCDKPVFIDFMSA-————— NIVS---LIEVLN---WN--LN
IKQONLRYNIMDLVLTPLLQQAEAVPTQNFLLT-———-— VISA---VMAGMSAPVHG--RS
YPSDMRIHIIEKVFRVILGMISKITLKYFFID-——==—— HIKE---IMQIVKSKRKS----
FPVAAVKGIGERLCVPLFTECSSAVLLEFFVL-=———— KISD---VMCIMEAKLAR--VT
RLSFTRQSFVDRSLLTLLWHCSLDALREFFST—————— IVVD---AIDVLKSRFTK--LN
LSNIARQSVMDRSLLTLITHCSLDALKEFISK-——===— IIKD---AMGILQSRFTK--TS
YPSATIRIAALSRVCLPMLRLVHKSAVIEFFLT-——=—— HISF---IMSEIEAKLVK--GS
FPNEIRRSTLSRVCVPLLRLCHQSSLSEFYVD—-==——— HIKF---ITDTLSAKLSK--SS
YRPDIRRAAIERVCLPMLQKASLKITKDFYVS———==—— HIKE---IMDIIETKLVK--TA
YOTHSRRAVIERICITFLLKTSTTARRAFYQD—————— QIQK---LMSVLEAKELK--PT
FSKEIRRAAIERVCIPLMRLAGVKALSSFFKE-————— CIKN---IGGIIDAKTIK--AP
FPNEIRRSALERVCLPMLRLVHPAALTEFFTD—-==——— HIRE---IMDIIGAPQTK--AG
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Supplementary Figure 4: CLUSTAL All phyla small
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--NDQSPL-ISLVMAFGSLELLYSCLSGDAIR----HSVNPVYA----DAP-AKGNEL-T
ESETEEIL-LLARGCCRVLSCFYMACGLTELALPRLCDAFKRFYSRQPAAQKDPDRSL-S
DPLEQYQLIKQKKWIFLVFEVMFRRLKPETIR-~---QQVHKKLY----GES-SPGNEL-T
QTDCEQQL-ITKIGCYKICAIIYNELDLECLK----NEVNVSYL---GSDS-QMKNEL-TI
AIERKSSV-VEKICCFKLTQQFYESLPATVIR----DQVNPYFT---GDKHDAKGTEL-T
VDEKIYYL-NERAGSLTLLQILYLRASEEDVYSEK-GEIVKAYC---QSRP-LKAKEL-T
AEREFEDL-FKKICHYELLELLYSKADNVSIT----KTIAPVFT-=———————— SSDL-M
QLQTEHQL-VGRIGAWNILEPLFVHLESSELESKE-CVITAAAF---PGAV-KTGKEL-I
T----PAI-VIKMCTFTLIDILFQRLNTTDLYGKS-AVINKTYCEAAGEPV-NDKGSNLT

EPAFEMMC-LNKKCVFQLIELAYKRLHKDEIFFTN-AKICMAYETIKFGCV-KDGKEL-T
D-EQHKTL-VTKVGSFMILQIMYSKLPREKLFAPG-SEINAAFR---PGD--QSGKEL-T
—--SNEIQL-VSKIGAFQLIEILYTYLSKEEVS-KE-SQINCSY-====——=—=== GKEL-T
DPKLECQL-VHKSCCFQFIEILYTRLPSSLISSME-STVNTAYC---NGSP-QTGKEL-T
ESTFDTQI-TKKMGYYKILDVMYSRLPKDDVHAKE-SKINQVFH---GSCI-TEGNEL-T
ESSFDNQL-TRKIGCYKLLEVTYIRLPKDDIYSED-SKINRAFH---SSSN-MEGNKLLS
KAELENQL-TTKIGCFQLMELLYSRLTKDEVNSKN-SVINEKYC---QTKV-ETGKEM-T
ESEIERLL-TLKLCCFELVEVMYSSFPKEEVNSKN-SKINLKYC---GGKV-ETGKEM-T
—-DLENQL-ISKLGSYKLMKLMYSKLSKQDVNTAE-SSIVKAYT---GRPT-EDGKEI-T
DPNFESQV-TSKLCCFKLVEILYSQFSKSELNTLE-STINKAYV---GGDV-KTGKEL-T
ETVFQNQL-VSKTCCFQLVELMYSRLVKEDLFSMD-SAINKAYT----NDV-KTGKEM-T
EASLRTQL-TNKLCCFQLLETMYSRLPKEEVNTPP-SRIVRAYK---GEEV-KAGNEM-T

MRL———CKAASQKSAN————————— o PENSCAVAAYRCLLVTVRKT
NWVSVQCYDLVTQSF———————————— P--RCRESARQMQCEAYNLLVHCIKAA
KSLIQLCTLAKKAPIDGFVNFVKDSIKSEFPQYN--SPLQVQRQYACAAYTCLTAIIMGT
KKLVSCAVGAKKEFCR-—————————————— DSKLDSIQKHFFEYRCAAQNCVIALVKKT
AATMKAAHLAKSEKLA-—————————————— TDEQHVTRVLATKYHGAAYSALASVVATT
RKVMEKAHKIKSRADK—-——————————— DDNGNKLV--SEANLHFRCEAYNALAAVILCT
RQAGDTCHGKLDPEYK—-—————————————— LYPEN--LSTWRELHAAAYNCLAAVILCT
SDLTSRAYKYRSETLH-—————————— DNLTGNVQL--VELFRQSQCAAFNTLVAIISNV
T————NTCRALRDTVT——————————————— GEESL--VELRRQASCAAYNALTTVICKT
KEVLRKSRKHMNEYVNFN——————— TGQESAKIEAN--KDLERILHCSAYNCLISLFIRT
KEIFRYAAKISKGELR-—————————————— HDQTH--AELRRLCACAAYNAIIAVLACV
REATGFATAARKENLE-—————————————— GESIS--KEFCRKYCCAAYNAVIAIICCT
QAITKCCHGAKSEDLH-—————————————— GDRTH--YETRRQYHCHAYNTLMSVISCT
KTLIKLCYDAFTENMA——————————————— GENQL--LERRRLYHCAAYNCAISVICCV
KSLLKLCYDAFTENMT——————————————— GEKQL--LEKRRQYHCAAYNCIMAVVTCI
QKATKCAHEARSEDTR—-—————————————— GETEL--VELRRQYHCTAYNLMISIISCT
TAVTKAAHEAKKEDVR——————————————— GEKRL--PELRRQYHCAAYNALMAIITCT
KSITKAAHACKSDDLR-—————————————— GETRS--VELHRQCCCAAYNALISVISST
LAITKAARAASTIEDMR—-—————————————— GETVA--LELRRQFHCAAYNALVALICCT
QALTKACHAAKSEDTR-—————————————— GETNA--LELRRQFHCAAFNALIAIISCT
TAITKFGHAAKSEDLR——————————————— GETGL--LDLRREFHCAAYNALIAIISCT
*
QTQEKFYTQLLFADQ——————— IWPKIVDQSQDYIFE-TETTSFPTKYLSDARKRTQLR—

SDKERSYLP-PFTENAAKRKF-IFDNIVPTDVDYQLP-LOVEQSASRKQYLVSVRPAASS
QTKENLFSQFLFATLRDKGEECFWNVLIDQEKAYNFE-VETNFNYIQLKQIEFKIEQAN-
QOSHLKHYEGFIFND--—————— CWESIIDKEVKYEFD-REIQEEEQSAGKMYYSRQDRPS
QTKETFFHVFFFKENKEKNEY-LWENIIDLEQQYNFE-PETNFQISS—===————— QLSS
ONNPVFYKAFLFAENTSKGEL-LWENIIDLEIHYKIK-IELNQPFFRTKVD-DFRSRSGK
QIDEKWFNAFLFSEK---SRP-LWQHLVDLTKVYDDMSVETSQSSIISQTVKGMRADLKA
KCELRFFTGLLFSENKAK-EV-PWGKLVNCNKEYALA-LDWEEIPARRKQLVSIRCQARA
QTQEKFYSAFCFKEATGKVRD-CVFNLIDEKRKYTFT-TELPAAMSVRSKCVLALREGEA
QTEPKLYLAFLFKDDPSKNEF-VFEPLIDKIKSYNFC-VEMENFTQRKTKFISIRDEFKV
ONDLRFYTNFLFSANPTKGEV-IWECLVDCSRNLEFD-VEINFKPASKKRFVAVRQKLRE
QTDSKFYSTFLFQENFAKGEY-IWENIIDLNKEYTFP-IELDT-IERRRKFISVRHENRE
QSKPQFFVGFLFKEDVVKGQL-LWDNIIDCEKKYEFQ-VDFEAPLKRRKQITSIRDDLKQ
FNELKFYQGFLFSEKPEKNLL-IFENLIDLKRRYNFP-VEVEVPMERKKKYIEIRKEARE
FTEAKFYQGFLFSEKAEKNIF-IFENLIEAHRTYNFP-VEIEVPLEKKRRFISIRKEARE
QTEAKFYNCFLFSEKPSKGQF-LLDNILDCEKMFEFK-AELDSPLERKKRFVSIRNEVKE
QTEMKFYTGLLFKEDLAKGDF-LLDNIVDONRKYLFE-IEITSLPQRKKRFVSIRSEAGA
QTEMKFYTVFLFTENVARKQF-LWENLIDMEREYAFE-IELSYQDKQKTTFRSLREQSRS
QTDLKFYVAFLFSENPIKGQL-LLDNLVDCNRTYTFE-VELSAPLERRKQFRMQARIPSP
QTDIKFYNAFLFSENTAKGQF-LLDNIIDITKNYSFE-IEMNAPMERKKRFVSIRNQIQD
QTDMKFYTAFLFQENTAKGQF-LLDNLVDTNKLYQFD-AEFSAPVSRKKQFVSIRQELRG
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Supplementary Figure 4: CLUSTAL All phyla small
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——G=GDmm IS—————— QIKANNLINEYNEKFNSA
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AVA— oo NSQSRDLKYL--SSQYLQDSSLSQSLD-————
1 EAIVSNNLKYL--ASQYLADSSVTQGGA—————
RRTRG-————————mmm oo KGSLSQTASTI--SSQYMHSASLSQEPA—————
QRR—————— oo ETLGFASQSVRYIPSASQYLFDSTLNEDVT-————
1 TTAAATAAARRYL--PSQILADSSLSQDAA-————
IKA-DTNSR-———————————— SAN--YISTMHSTSSL--STQNLYSSSLSEELS—————
TAR-EEGA-—————————————m— o VVA-GTVQYM--ASHYLSDSSLREDMS —————
LNS—NKTLN————————————— FA———————— SSLKYA--PSQYLSDSSLSDDVS—————
STAAGNSSG-———————————— SPS—--SSPSTRPRYI--SSQYLSDSSLSTDVS—————
AAN-GDSDG——————————mmmmmm e PSYMS--SLSYLADSTLSEEMS—————
AGD-GDSGE-—————— e PQYLS--SQSYMADSSLSEEMS—————
TRQ-GEEEE————————————— SL———————— FSSYNI--STQNIEESSLSDDLN—————
QGD-GNSQD————————————— SAES-—————— SVHYL--ASQYLADSSLSEDVS—————
SVS—SESAD——————————o—— EADSGIAMAP--SYHL--SSQYLADSSLNEEIS—————
------ KEN-—-——————————SLEESAGRTGLSIHYM--YSQYLADSSLSEDIS-—-——
TVA-GSSSQ-———————————— QSDSGIEMSGYTGRYL--STQYLANSSLSEDIQ-————
QODS—Po——m—mmmmm e EAG-———————— SSRY--MQSYLAGSSLSEDIS-————
------------ GEQLS————————— e __SNPTSEET
—QFDRLVTADLSNTSDSASLATASLS-—-LSTSSSFAINQRRSRKNR--FHNQTLTATRR
MVFETQPDKIN-IKSEEEKLQKLLNN———-KKQ-————— NTNQDQNMLDKSAADEDSEIQ
—QFDFTESLEARTHC —A——————————— oo ET-RTESANDKDVMK
—VDTSSSTTST—S——————————— e TTTTSNNNNLKIVASA
—~LFKELPDESE-GESKNEH-———————— oo SDTIPMEIDERVENK
—VIRTFVGGIRKEETSAAGV-————————— GAG----LLLDEESPSTETNIETAEQEEII
—~LFDFSTSVVS—TEARPGH-—————————— e DEK————— TPKESGAES
—QLEALRQGADVGESQAVEDASSSSSSPPSSDGPTFGLDMDASEDSPGAPSNI--PVYVV
—VFDFSVHSSY-NQ——~AYN—-—————————— [<J—— QSSVTRAPSFRRSYTDDELNSQE
—QFDFNNSVVL-AMSQTEK—-—————————— SSE——————————— RVTGANEMGG-——-VL
—QFDFSSSELA-FSQDMKN—-—————————— KNR-—————— KEEIDSNPSNEAKDDDLVSN
—QYDFTLPHHH-QYGSVGG-—————————— GAST----ESSSIDEDSGNSQEASSYV--V
—QFDFSTGVQS-YSYS8@D-—————————— [ — RPATGRFRRREQRDP-TVHD
—QFDFSTGVQS-FSYNS@D-—————————— - S RGHAVRSRRKEQAELSVVQS
—QYDFNSGTAQ-VFFSDIF-—————————— SDL————— TSSSNVQPDQFNTTV
—AYDYSGSLQG-ERSEPVP——————————— - T RTRQR-AVSEEAAVPAEA
—QFDFNSSTVQ-GYSENNS——————————— IRQIPT-——————— RETGDSEKAKTIINKF
—QCDFSSPIQV-HSGTEAR-———————————— QPLYKLNESSSTA--—-EQTDDWYEV-—
—QFDFSGGVQQ-FNASIDK-——————————— DQSLSQRSSVPHIKKRYSNEETPTVVVQG
—QFDFTSGTQV-KHSQTFS——————————— STQERYSQASQGSSRLOARQQQDSSVNIHG
$2056
EDEVLELDILNMHPCMIPLMQTIKHMETLFHSQW—-——————— SN--TAMPGWIEKVWFNL
NLIVLESDSVNDHPCMATMVALLRHMKAFKLIPQ-—-LPEGVKP--TQMPKWMQONMLOKV
DVSQLELDNVNKHECMKNIKRC IDKMSELFKREW-————— DQONT--NEMPKFMQNLCLET
FYSKTKLDLLDQHPCMQAMVNVINYMDHMGMIPY - ———————— EAGTPLPAWMASMRDFL
MNMPIELDKINSNPSMQPMLKIIDIYQERFRESI—————— DQSP--NDMPKWMNELYLKV
SKLELEIDVFNSHPCMKMIIRVIDRLHSQLTKPV—-———————— DPVESMPGWMNDIYKKF
ETTALDRDDFDQHECMPVILRLAEHVHVKFGA———————— NYQP--GVMPDWMKSLHATL

TEVILESDDLNMHECMATLCGVIEHMVDQGISPTPDA---ETKD--AALPPWMESMRKCL
EDSQMEMDELNSHESMVSLMGLIQRIQAVHAESKPQRNEDGLILPSSTMPSWMSNLLKSF
QSVEIELDELNQHESMDNLISLFQSLVVNKITPI-~--YDNGQLP--SEMPPWMTFVHKKI
MPVHMDQSDYNGHEVMANLTAVINHMVDAEIMVL---HKGDTVPKATDVPQWMTLVQQKL
ITVELEIDDLNQHECMNSLTMLVQHMEKIQLL-======— SSSP--KEIPKWLDNLCKKL
SEEQLEEDDLNIHECMTPLMKLLDHMIINKITPA---PSGD--S--PEMPPWMTPLHKRM
DVLELEMDELNRHECMAPLTALVKHMHRSLGPPQ---GEEDSVP--RDLPSWMKFLHGKL
DIMELEMDELNQHECMPAMIALINHMORNNITPQ---VEEGKTP--QELPPWMKFLHGKL
DYIELELDELNQHECMATMVALIKHLHT--VITP---VLKGTIP--KEMPTWMSYFSEKM
DYEEIEMDELNQHECMTAMTALLKHMORNKITPD---VVS--NP--LDVPPWMKYLRDKM
ADEELELDDLNKHECMEALLTLLDHMAVNKINPA---IEKDTTP--SEMPSWMVALRKKA
SEDTLEMDDLNRHESMAKMISLLKHLVDKKISPE---QVKDVPP--TDMPAWMAPLHKKI
EYIEMESDALNQHECMASLTAVLKHMQANKITPE-~--IPEGSKA--SEMPGWMASLQKKL
DFLEIEMDELNQHECMSSMSAVLQHMARNNITPQ---VQKGAAP--KDMPPWMSCLNKKL
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Supplementary Figure 4: CLUSTAL All phyla small
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PKLDEFHYILRDICHLVVDTWHLETIDYD-—-————————— LSQFVKHLIAVSPNTSAAIL
NGGQGFHTLLVDIVYFFV-AWSGTAIPEDD----LGDRDLVERLLDKLTGLCYDKERRIF
NGGKGFHYFMRDLCTLLI-SWNY--IPEDN----TKNRLLCTNVVNTLIKYSADKTKMIF
FGSNILHYFRVDLIVVLF-EWTAHLKEDE-———— ATPKDSLNDLLKFCVKHCWSKSGKVF
TGGQGIHYFIRDIAMLLL-SWPNIYQDQKLDQLDTLSKSNISKFINFLIQNSYCADRQIL
SYGEGINYFIQDLCAIVT-VWGSFITLE-S—----YQDKVLIYELMEFLMKNSYNESRIVI
SGGLKFHYMLRDICVTIL-QWNVASAPDG-———————— RLATNFVHHLISVADHGSNQVL
VVGRAPNYLLSDTVAMLA-DWCRKTTSLPA----KSDHHLVSQLLYLLISKVHHDRRDVF
PETPGFNYFVTDLCLLLL-TWADTAVPQDD----SE-KRLARQLVQFLMENARHETTAVF
RDLAQMDCFTLDLMVMLL-SWGSIQKPDQS—---E--AKLINRLFTLLIKRCYHENRAVL
TIGDKINYFFCDVMVMVM-GWGSKAVPQDT--—--VMGRNIVGRVLRYLCMNTPQTRADIF
TFGREINYFILDLMVVLL-SWSSIAIPEDS----SIGRHAASGLLEFLMSKCFHIRKDVF
GGENGLDYFTVDAIATML-SWSSTAITIED———————— RFLGSQLLEYIMLRSNHKNRSIL
NGGEGIHYMVVEIVATIL-SWIGLATPTGV----PKDEVLANRLLNFLMKHVFHPKRAVF
NGGDGIHYMVVEIVVTVL-SWITSVATPKGN----MKDEILANRLLEFLMKNSFHEKTAVF
LSSDGINYFNVDLIVMMM-SWHTTSIPQDT----AEERAMSSRLVQFLMANIYHKNKQIY
MPDEGLNYYVVDIMVTVL-SWSSVAVPQDT----AMDRAMASRLVEFVVRNVNHDTRQIF
KESDGIHYFIVDLMIILL-SWADVAIPKDV----DE-ILQANRLMEFLMRNAFYPNRSVL
AGTEGINYFIVDLVVTLL-SWSTTAIPEDS----HNDRHLASRLLGFLMSRTRHRHRSLF
TGGEGIHYMVVDVVVVLL-GWVTVAIPEDK----RL--—--ANRLLEFLMHFCHHSNRQVL
ASGEGINYFIVDLLVTML-SWGPVAIPEDS----AMGRALTSRLLHFLMANAFHKTRAVM

. * .

RDNLYLIESFLFRYPSQC-RFLNGDAIMDMIGGDG~--N---DKLDTARHVAGMQIVAMLL

KNNWRLLDALIRSWRSRV-HCVPYKRIFDLLQ--Q-=————— TEEYTAAAAGLQLYNAYL
NTNIEIIAGLLHRWKKLV--AINKDVISMMIGMDD--K---KPESNLWKMTGIQILALAV
KRNLRIIETMLVLWKSFV--TLDPSLILEKICFPL-=-———-— GNE-NENVCGISILCLCL
RNNLNILKLFVERWKGLF--SVEKKSIVEALATPV--TNFKSKAR-QVRSTALIQLSILL
RNNILIIKAIFEIWSELI--VVPTHVIHELFSDSV-=————— GNV-DKVYTGLQLLGVVL

RANIDIIRLFLENWKGSI--SLERGQLLQYLISGGRNPDMNDRNIKMKRLVGLQLLGAIV
KHNLELIRTVVELWKPNF--DIPVQLLYDMIM--K--H---DRKDPTVSEPGIQVAAIIL
KNNVNIIRLLLERWKDAVQDKVPFKVIVDNMS--S--R---QMAS-KDNLSGLHLLSLIL
KNNIELIKTMTECWRDMI--QVPVELINNFLT--S--N---DH---RKLSTGIQLFGVVL
KYNLDVVRSVVECWKSLL--TVPYTVIYSLME--V--K---DGAE-REVEAGLQLLGIIL
RNNLEMIKTVVQCWKERL--DIPTYIIFESMR--N--L---DTKV-KDNIVGIQLFGIVV
RNNLEIVRTMVELWKDKI--DIPTRVLYDQFS--N--S---DKST-VSNLSGIQLVGIAV
RHNLEIIKTLVECWKDCL--SIPYRLIFEKFS--G--K---DPNS-KDNSVGIQLLGIVM
RHNLEIIKTVVECWKDCL--SVPYSLIFSRFS--S--T---DPNS-KDNSVGIQLLGIVL
RNNLEMLKTVLECWHDRI--EIPYKIIYNQLK--S--E-=====—— ENKSVGIQLLGVVI
RRNLELLKTLVECWKGRF--DMPTKIIYDNFS--D--R---DPKS-KTNTAGVQMVGVFL
RNNIEIIKTAVELWKNHI--EIPYRIIYKNFS--N--P---DKDK-KDNSTGIQCLGLVV
RNNLEIVKSVVEIWKSIL--HVPAEVIFNSFS--D--P---DPVK-KDNAVGIQLLGVVV
RNNLEMIKTLVECWKEII--SVPTSVIYRILA--T--P---DPDV-KDSSTGLQLLGIVL
RNNLELIKTAVECWKTRV--EVPTKVIHDQLC--G--S---DASS-KANSVGIQLLGVVL
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Supplementary Figure 4: CLUSTAL All phyla small
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SLAFDATSPATSFE-————=——— FLLR--NAR---AKLENNLLTRMV-SMHKTTPILAADI
SNALPYFNEQQGVNVGGVDS—==========——— PQILAALVRLLN-HSRKEVYSPCAGV
SFDILVIEKPENIGQTNVNQREFRFQEQNENQLGDKLMNSLLKILE-SKKKQIIQAASET
NTVPETFSFLTD--=-==PNYE-=—-—————————— SGIFSHLVRLLS-LKNVKLFKLAAFV
SNGYAAYDKEND---SEISE-——=——==—=————— FKFYQILIDCLT--EYKELYDAASEI
AHDKPLFQDEVGLDLGGLTS—============= DKFYMDLTNNLLNHVNSNVRALAAEV
GSGIPIYDPSCD---FSTSE-====—————=———— EHICEALLNNLN-VKTKEVYEAAAEL
ANRLEPWSST-———====— GRK-———mm e LOFLRALLRNID-TEKRSIFQSSAEV
ANDMMPSESDVE--EAGLSM-======—=—=—=—=—==— RSFFQILVANLM-FKSRSVYRTAAFV
SNGIENYEYP—-———-- MDISR-=====—=——————— LDFFKSLINCIK-EPSKLIHAPAAEV
ANGLPPYTVD-—-—-- SETEK--———=———————— KRCESLVIRLLG-AHYASVYGAAAEV
SNGLDPYQNT—=——— SRIDK-=-—===———————— ISYLKTLTVNLK-NKYKEIYESASEV
ANELNPYDTNTA---GSLDQ-======———=—=——— GLYYKIFVNNLT-FKYKLIYAAAAEV
ANDLPPYDPQ—-—-——-— CGIQS—=-====———————— SEYFQALVNNMSFVRYKEVYAAAAEV
ANNLSPYVPK-—-—-- CEIGY--=-===———————= ERYFQRLVYNISLTRYKEVYAAAAEV
TCKFPPYGPD----- CPVDR-===—————————— HKFFTTVAFLMC-DKSKPVYTATGEV
ANKLPAYSYT—-——-- SEVDR-=-———=———————— EKFYKALASNMG-SYWKTSSAAAAEV
ANGLSPYRYDV—-——-— EVDE-——————————————— MLALAENLQ-FKYKEVYEAVAEV
ANGLFPVTSD-——--- STIDE-=-—======————— DRFYGTLVNNLT-FKYKDVHAAAAEV
ANGLHPIDKA-—-—--- SDIDE--——====—————— ERFYAALSYNLK-NRYKMVHAAAAEV
ANQLPPFNPSTS---GNIDR-=-=====———=—=—=—— EQFFSAVAKNLQLTRYKDVYAAAAEV
AGLVLKHMHSTTF-——====— QTSVETQLALFFQ-———— EEKPDRFLTCVKQ---VSFHYP
TGLCLRQMVTAQS-V-VPAFYKQVAEQLGKML—————— TARPDAGLHALAQ---VSRCCP
LGKILNKQPSLVA-=-—————————— QSTHPLMNN--EITERHDVFVHSIEK---ITREYP
CGLSLKVLNELQT-D-=—--- CEWLLKNMKAVMSRMTGTMLGRSKCLFCLHE---ILPNYP
CGMILQFNHKHNI---QSVFEKLLKDKISSFLS—==—— QSDYQRALNCLYF---IGLHHP
CGLAVKHLRKYHCSEALSSLLNPMLQKISGMYQQALSNESDMKNFLTVIHH---ISMHDV
VGITMIYRKESRQ-VNEEILEAKLHKILKQLYR———--— EAEYERFLNILNK---ITIRHP

AGMALELLAANGSGMLEGDDAEFLSGIVDKLNL---TKDQSKDKFLTCLFA---VQEYYP
TGMLLSHFKSKGRGRLLDELMNEVVARLDQLKKD--DDATSKERLITCLHELCNVNTGHP

VGMLLKRFDSHDK-EYFENTVS---HLFEILR-———--— EADTSLFITSIHK---IQLNYA
MGLILKYTSQKDG-SVEA-LEDAVVKRVTELT-———-— VKMQOGQGLTCIYN---IHKHYP
CGMSMKYYFDKDD-DVYSEFCKIVKTEISSLN=-====—=—— AKDQYLTCLYK---INTHFP
LGMIMKRMAESYD-PFLDRLEEMVGEQLFKLSQ---PLEKSEDKFITCLHK---ITLCYN
LGLILRYVMERKN-ILEESLCELVAKQLKQHQ-———-—— NTMEDKFIVCLNK---VTKSFP
LGLVLHYFAENEK-QVDGLVHDLIAKELKQLQ-—===— QSKEDKFIVCLSK---IVKNYP
VGMILKYLEVKEQ-ETEGEFHTYIINNISSLQ-———-— LSKPDNFIYCIHK---IHQQYP
VGMCLQDLDQHDK-DFKEEYVNHLHSVLSSLQ-————— QSNPDTYMLCVYK-~--MHLHHK

LGMIMKHLASVKK-ETEGPIFDYVTQHLSSMVS---AGRMDVARFILCLYR---VQLHYP
IGLLMMQLAKVKK-IFDGPLHDMVGQKLLSLVN---RAKPELDKFITCVHK-~--LKLNYP

IGMAMKQKADVDK-VTDGFLHSIVTSELTKIS————-— EIKPDVFVTCIHK---LHFHYP

IGMIMKYMADVEK-VTEGSFHTQVERYLLPLQ-————— VNQODVFLTCVHK---IHLHFP
* s . . .

PIVD-ESTLNRLMSIFPRIWVQDTLLLCTLDIVYSSNFQA-—————===— AEIFR-FLRPH

RLAC-IEFRQRLLFQLPHLTGDSLA-D-CLVCLAAAATAAAVDSDNCRWPNAAVELKERG
ELLIDRKIFMKLLSFVKTLTGSMRA-S-ILKSFERFINVCRQRKKIEDINEIAMSLLADS

EFAL--QFCNDLLDWFPSLHGDLKT-A-CLEGFFAVSKYK-===————— GDFFEELKSRG
SFIL--QFQLKLLNILPQLSNEIRL-V-AFNVIYWIADDI--——====— PELFIKLKSAN
DVAV--RFLKYVFGILPRLLNN-KI-L-ALEIISFCAGHD--——=—=—==— PDLFTNLQRDR
GFLE--GYAEMVVDQLSRLFGAYKV-N-ALDTLLRFPKAD-====——=— ANLFNQ-ISRS
RIVD--AFMNHVLFHLPKTYGIFRT-M-CLKIVYSRLEILG-====—=-— DDTYAEMKSKN
PVVD--HFVQRLLFLAPSLPGQFKT-M-ALETLLWRAEDI-=————==—— PDLFRELQGKG
AISE--RFMTKLVFFLPQLYGDFKK-M-CAESILSSIRVL-—====——— QDPL--FKSKN
SFVK--RLINKLLNLLPKLYGIHRK-N-VLECLIAHSATM--——===== EDIYLHLKEQN
IFID-SSFLNKILYMLPNVHGIFRK-Q-ILEIINSHVENI-———===——— ENAFAELKNQG
KIVP--RFVEKLLFLLPSLQGVFRS-S-CLEILDTQADVQ-====———— PQFYLKLKDKG
PLAD--RFMNAVFFLLPKFHGVLKT-L-CLEVVLCRVEGM-=-==————— TELYFQLKSKD
PFAD-RRFLNQVFYLLPKLHGVLKT-H-CLEVVMHRAETI-—————==—— IDIFQELKNKN
PTAD--RLLNKLLFMLPNLNGESRR-L-CLEVVHGRIGQI--——===== DNVFMELKTKG
PIAE--RFMNKLLFMLPRLHGEYKR-H-CLEVISSRVONM-=———=—==—— ENAFIELKNKG
IIAD--RFVNKVLFLMPSLYGEFKT-K-CLEITILARADHI-—====——— KELYTELRNKG
PIVD--RFVNQILFTLPSVHGDFKS-Y-CLEILCSRVEHI-—————=——— PNLFTELKGRG
EFAD--HFTNKLLFMLPSLHGQPKT-L-CLEVVASRVSHI -====———— PNIFLEMKSKG
PFAD--RFVSKLLFMLPKLHGIFRT-H-CLEVIRGRVNVI--——————— DNLFLELKTRN
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Supplementary Figure 4: CLUSTAL All phyla small
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LPRLLRHNNPDVP————————————— LRLIDVMTKLWPNLSED-—====—=—=— YOMV=-———
FFDSLKRLFALSSGGSASVSAESRVPONSLALCERLLLLLOQQERLADAEQAAIKQQRVW
EEILADISDENQQ-=-===—=====—=— SFLILITQIAKLNLDTG-==———=— DKLMQR---
FLKVFSLRYERDQ-———====————— MLGMYIVKNLHANLTVE-=————=—=—— NISD----
LDSLIRIREEQTQ-==========—— ITILKILFKLIKNNYTT——————— DQTLLQI---
LLGFLKHRDENEQ--=————=—=—===—— LLALRILAGILQEIEVS—=====—=—=— TFEY———-
LPKLLAHRDEIAQ-=-=—==—=—===—=—— LKILQLLSQLLKNVNQD-—=====—=— TIRTR---
LFKTLSDRDPDQQ-==========—=— NLALSIVHKMVPHLKPE-——=—=—=—— QLEE----
LLSLIKHHHTETQ---————=—===——— AVVLSILKVLLHHLNAS-==——=—==—— SIKQ-—--
FIDMLTHRDTPIQ-——=====————— LICLKMIHETLDKQTDE-—-====—=—=— DLDR—-—---
LLDILAKKEASTQ-=-==———=—====—— LVALQLVNAVMPRLTPS——======— QLLY----
LLNMLEHRDESIQ-==========—=— FSSLNIIQKLLKELDID-=====—==— KMLN-—--
FHTMISHRDEATQ-———====————— TASLSIVQKLLVQLTND-====—=—==— QLSE——--
FVQVMRHRDDERQ-——=====————— KVCLDIIYKMMPKLKPV—-———————— ELRE-——-
FVQIMSYSDEERQ-——=====——=—==— RICLDIVYKITIAKLKAE-———===——— EVKV—-——-
LLSFLTQRNEKTQ-===—==—===——— LVALNIITSIREKLKSK-—====—=—— EMSS—---
LLTMLTHRDDSTQ-=========—=—— AVCLKIVNELLRRLOQPD=-==——===== EVLY-—-—-
LKDMLLHRDESKQ-=======—===—— QVSLDLVRAMLKNLDIS—=======— QILY----
LKEMLSQRDDGIQ-==========—== IGVLRITIKHLMKKLTIP-—=—====— ELKF———-
IVELLTHRDEGTQ--=====—===== LVSLKLVNAMLPNLKPD-—=====—=— EILY-——-
FLGMLTHRDDGLQ-—========—==— AIVLQIVYALLQKLKVE-=————==—— ELLY-——-
LLSGD=========== CSVLFAFENESCQOMKVLQFVISIDKL-S—========———————
LLAAVGEMCLASTGAGAGSVAALTLPQARRQAYQILATWYPTHP - ———=———————————
VLPRL-—————————— KQLFQHNKNDYSRGLFYDLMVYLYDQFENFK-—=====——————
LVSS=—==mmm— e FSSVIGNFSPSCRRAFAEMCCSLYTKLSSLND===———=— SSEN
INLLL-—————————- DCRFNQSPNETCRLLYYDIFMWIHDYLEKDVID-====—====—=—
YIDGL-========== IESFQDHPNNDCRRTYYTILVKMYNKINGT-=====—===—————
VLPVL-—————————— CDNFNGHENVDCRREFYEILIYLFKNKGMDK-—=====————==—
LVHE-——————————— ICKFETQRSVKCRSVMYEILKWIYDHCQDIG--=======———=—
FLPSV-=————————— TANCCSHDDYTVRAIAYDILMAVYDQKLSHERGDVVLADDETAA
LMPH-—-—————————— LEKFIHHPHLSCRYQFVLILISLYEIYQFKVN=-——=—=———— QIGS
FMPG-=—————=———— VVAFASHPAPSCRETMYDVLFWVYDNFSNND-==————==—— TED
VFPI--—————————— ISKVHKSAETICRKVMYEIMMHAYEKFNTKN=-==————==— GIK
IVPIL-—————————- IASFSKHGSIQCRIVLYNILMRVYNKLCTDDQSE—-————— SDDS
N s s s s VVEFVSHPSTTCREQMYNILMWIHDNYRDPE-SE—————— TDND
FLVP-——————————— VIAFISHPSPVCRERMYDILMWIYDNYRDAE-SQ-———=— SDPD
LMDS—=====———=—— ITAFSHHPSTLCRKVMFELLMWIYDNYREDE-=—————===— CTE
FLPA-——————————= VTAFSSSPSMPCRGLMYDILMWIYDNYRDEN-==————=—==— NAT
LAEL-—-—————————— VATFKTNPSAACRQKMYGIFMWIYDTFRQEIDK-————===— NDE
IFPL-——————————— LTSFVSHPNLLCRDLMYDIFIWIYDSYRADEAFQ-————— AEEG
LLPP-——————————— VRTVFNLPSPACREVMYDILMWIYDNFRDEE-SR———==—— TEDG
LLPS—====——————= VAAFASHPAPECRRTMYDIMMWIYDNYREEA-SQ-———=— QE-S

——---VPAVQLISLKALSSRIADVRERAYEFWEK--QL-PSSCHDRLLALFGPLYHDQTTE
————— NLCAPALLAGLTDSAESNRAWLLEFWSRNSGL-PSEASARWFALLSRCHGNNTAD
————— PLVKSALIRGLSDKTKVVRNKLISFWSDSSRL-GLDPNQRLLQIMNDLYTQEEEN
SKAALATTKMHLLTMLSDSNKSIRQLVYNFWCDASRL-EISTSARLLNCLSQLYTCATES
——=--QNQIRLTLLIGLSDDSEAVKRKLLEFWDTSKEL-SLSTVQRLMQLFEKMYTKETES
-VEIKHKLKINLLRGLIDTDESIQQALIEFWHAQEEL-SHNTFTKLKELIGNLYSTESEN
—----ERLVIQSLLMGLCDSSDIVRASLONFWHLQLS---QDVRHRFLELVNRIYDPCLEE
-GVLIEEAKGILLKGLRDDDPHLODSIFEYWNSDAQQRDASTSDRLLFILTDLYCPATEH
LTETAQLARTHLLLGLQDSSPKLRQSIVAYWDQEKRL-ARNPVQRFYDGLTSLYVPEAEE
TSQILNFSKENLLKALIDEDTSIRVMAQNFWTEKADM-PSNTIDRMLLIVEKLYSPKTER
GHQLESQARGVLLRAVKEEDAALRQIVLNFWLQGARS-MTLT-QCLLHILRKMYSPESED
EKEISRYAKEMLLHGLADSDLTLRLTVHNFWSQNNHL-PAETFSRIKAVLQKMYSPEIEH
VKMIRSISRDQLLLGLGDESNEVKLKMYEYWNQESNL~-SSNTLDRLTQLLVTLYSKKTET
SQEIFKLAKDVLIQGLIDENPGLOQLIIRNFWSHETRL-PSNTLDRLLA-LNSLYSPKIEV
SKAVFVTTKDTLLQGLTDDNPALQLYVRNFWGHENRL-PTGTHDRLMAILRSMYSNKIET
GHEIMLKTKECLLKGLGDEDMMCRLLVONFWSSDTRL-PTGTLDRMVAMLEAMYSPSTEQ
VHQIMSRTKDALLNGMSDKDLGLRLRVMNFWSHESRL-PAGTLERMVAMLEAMYSPSVES
TKQLINFCKDQLLQGLNDSSEENRLQLINFWSNNNRL-PSGTLERLSSVLYALYSPNAES
SADILADAKDHLLQGLADDHRDLOQLKLRNFWSDEARL-PGTTLERLVEVLRALYSTTTEI
ADDILCMAKDTLLQGLSDEEASHRLRVSNFWSHETRL-PTGTLERLVAMLECMYSPGTEH
AGRVLGTAKDCLLQGLSDEESYLRLLVONFWSHETRL-PTGTLERLVAMLECMHSPRTEP
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Supplementary Figure 4: CLUSTAL All phyla small
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Supplementary Figure 4: CLUSTAL All phyla small
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Supplementary Figure 4: CLUSTAL All phyla small
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Supplementary Figure 4: CLUSTAL All phyla small
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———————————————— TRKALEAEERGDYLTALNLYKKAIDF--DWPQGE------SPPQ
———————————————— TQSALLAEARSDYSEAAKQYDEALNK-QDWVDGE-—------PTE
———————————————— THTALLAEAKSDYAEAVRLYDQALNT-EEWMDGN-------PME
———————————————— TQEAMMAESKGDYQTANKLYDEALSI-QDWAGED-—------PLE
———————————————— TODALEAESRRDYKTASHLYREARQC-DSWIDGE-------PDG
———————————————— TQRALEAESRHDYAAAVKYYNQAMDC-SSWPDGE-—------PQA
———————————————— TREAMEAEARGDYSQALKLYNEAIGTDDVWIKEE-------LRQ
———————————————— TKTALEAEARGDYSTALKLYNQAF-E-MDWDEGA-------VSQ
———————————————— TYEALEAEARGDFKKAVELYNQAMQE-TEWPDPQ—-—------PLA
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Supplementary Figure 4: CLUSTAL All phyla small
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LEQQORWKSEQYNCLATLNRWDKVLEEVES——————————— e LDLWQQNEPFL
AVNNACQLARLDCLTRLADWSRLSGVSKKLLLTP————— ADGEEGSGLADRLWSRV--GV
HILCELENKQLDSKAELLKWDELAKDMSEKY-HS—————————c—oo KQLSEI-————
AESNLLYEARIRCLEMLNDWKGLETWSTTFS-AS————————— GKTAKLNQIWETD--YL
RETSLWENGRLQCYESLREWSNLKANFIAYY-PG-—-—————————— GPQSVFEEQDEAT
IEVALWEERRFDCFEKLCQWDDLAETVLYDI —————————————— EDNLSNLWED---EL
SEIDIWYNQRLACLADLNEWEVLMGEIEYES———————— MEGDNSEPDFKRLWEP-—-TK
~LSDYYYEALYKCLAHLSDWKGLNNQVRRQV—————————————— ENNLDQLWTDE--WL
CEVDLWEETLAECSLRLCDWGELENNTLTCINPDVEYGEGTDLAEVIDANNIWVQP-—RL
SEQDLWLESLLKCCNELTDWKAMCEWSMNG—-——————————————— NTLDQLFEDA--YS
AENRLWEEWYSNCAAILGQWSELENFVEKRFLQDD-——————— DGEVDLNRVWLLP--KP
AEIDLWDNAILQCYDYLTQWDLLQLSIINRL-DEN-——————— QKQPNLNKIWEEP--YY
VEEDLWEDSLLNAYSHLTKWKDLEKASTCNI-GE————————— ETNSKLEQLWKDS--YC
AEKDFWELASLDCYNHLAEWKSLEYCSTASI-DS————————— ENPPDLNKIWSEP--FY
TEKDFWEIAALECYNHLTEWKALEYCSTVNI-DD-———————— KTPADIENIWSDT--FY
AEIDFWDDSRMQCLDHLTQWKDLETVCLTAT~DN————————— TELPNLDKVWEDT--LY
LEQELWVDAYLLCVDQLMSWEELGTEAMDCI-EG-———————— LEETGLNKIWEDA--YY
EEEDLWEISRLECLYNLTQWDKLEYLSLVNV—-DN-———————— NDPPSFDKIWEDN--YY
EEEDLWDVSRLQCLADLTKWKELEKCSVESI-DD————————— KNPPDLDKVWSDT--FY
VEEDLWDESRLNCCNQLTQWKELQNYSTVNI-DD————————— NSPHDLGKIWSDT--FY
VEEDLWDDSRLQCYDHLTQWKNLYEVSTVNI-DE————————— DSPPNLDKMWDDT--YF
* * . .
A-———NHMGYFLEASMALN————————— D---NDRLKSFFGSINNQSDKQRYLNSRFPDI

QONVCKNALSSYMLSSTRLVCDKPESAIGSDSESAEFMDFLRCTTDNDSVRTQFESEHAEL
———————— PFKH---AEKMIRAQIR---TDEYWNNLTKQIAFWQKDQVSKAYLDKNFNYE
IN---MHLPVFLRSKLKIALTSDSA---A---LEELSAFVEQNQTVPKNREILENRHSGL

RH---EMMSHFLQYSLKVK-====—————— ENWPDLYQFMGSL--TPSQHQYMESSFPGE
QOD---IYLQHFVHSFFKLSLSDD———--— NSEYRQRFFDFIDGAMNNQYQKSLLTTQYPIE
QE---IYLGYFIRGAVKEAKY-—————————— HGLLTEFVQSSSEILPKRQFLLNEFSTQ
QE---KLLPQILLSEIQMMLDKG-—---- VDSKREQFLQQVDRWLRDRDKSDYLSSHYCEE
LQO---RHLPHLITVRLELGISAV—-——--— V---CACLQAFVEAARPHDDRWAHLQYHFAME
IE---NVFPYAFRSKLKLILQEDEN---EQKKHKDLIRFINGL--EVEKKKYLEQSFCQE
TA---TALPALVHSKLMNILDGSE----T---DGNLIAFIDQSMGDHRHRSMLEGDLPLQ
QE---NYLPFLIKSKLKLLIENR-——---— N---DQSLLCFIDSALKEENKKKYLEENFSEE
QE---HYLPFVLSSKLKLWCTDD-—--— S—---DHGLASFLDKSLSEEANRSVLESHYPQE
QE---TYLPYMIRSKLKLLLQGE-——--- A---DQSLLTFIDKAMHGELQKAILELHYSQE
QE---TYLSYMIRSKVKLLQSGE—-—---— V---DQSLLTFVDRAMKVEQRKAVIETYYSQE
QE---HYLPYIIRSKLKLLLLGG-—---- D---QQSLLTFVDTSMKTTEYRAVLESRYSME
QE---HYLPYILRSKVKLLLQGNE----D---QQDMLDFVDNSMNVEEQKIFLEARYSEE
QE---NYLPLFLKSKAKVMCENDLA---G---SDDFIQYLNKSLANDEHLSVLENRHCDC
QE---HYLPHLITSKLKLQCQGS——--- G---DMTLNEFVAKAMKTSERAALLRSRYSDS
QE---LYLPHMMRSMLKQLMEGG—-—---- E---DETLLQFIDASMSDADKRAFLEARYSEE
QE---HYLPFTIRSKLKLLLEGE-—--- M---DQSLLNFVDSAMQKPDRKALLESRYCEE
LAATYLQCQQOTSDAQAAVEDFYQTCLNQWSSMPTAHQKR————— QLERLPNAVFLDEVLN

LASVLIKTGKYHNAMAYVDSALDRVLNNVSSVPALQRQF--HLSNMASVHRLTELRESLT
LAINSLTCKDYDRARFYLDKETNELLSQWKNLTKLSQVA--QHFLVQRIQKIYEMREFLQ
LVLLNILREDFTKSQYFLNVAIDSFLKCYPTLRVCDVTA--RLKLVQDLLPVSETAKFLH
LAFLEITRSDFNRSQYYIQKFYRLFRDQWASTHPLALAS--RHRILQPIQKVVEVEEFLG
LALSSVTKKDLEQGRFYVRKAFDNFLFAWSTLHPLAIGT--RLGKLSSLQQIVEIEEFLN
LATLAAINKEWDRARFYLGQCHLIFRROQWSALHPFALGS--RHQRVRQLOKIVELEEFIT
LAATFLIQDKLDQAQHQVEHSLTMFLDSWAALNPSSHNL--RTKQLLDLOKTAELKACLA
LAMLSVLREDFDLARYHLSQALQRFLDDWTTLSPLMTET--RRASLORLQCMVELQEFLD
MALISLHONDLSAANYYAHLAIQKYLTEWSSTNKTIKQN--QINKLQSLQSIVELNEFLK
LGVLAAHQEKFEQANVYANTATSMTLLTLSQYSVLTPNP--LLDTLONVQLLTELSDCLN
LALLYIIQENYDRAQYYSQLCLODFLKEWSSLNVLMPII--RKTKLOSLOKHIELQEFLN
LTLSYVLRDDYDRAYYYLSLSLKAKQQIWSVQDGISSSTGAVSSTVQSLORLTEMNEFIT
LSLLYLLQODDVDRAKYYIQONGIQSFMONYSSIDVLLHQS--RLTKLQSVQALTEIQEFIS
LSLLYILQODDVDRAKYYINNCMEVFMONYSSIDTLLHQS--RLTKLQSLQAVTEMQDFLH
LSLMYLWQODNYDRARHYANLALQKFLQODWSSTDTLIVAS--RTSQLQTLOQPLVELHEFLT
LALLYLFQEDYARARHYTSIVFKTFLODWGSIDTLMTTT--RIGKLQILQOKLTEMQEFLD
LALTHVLLEKYDRARYYLDFSIQKFLQODWSALDSTLLYS--RASKLQSLOTLTEMQEFLQ
LALMYVLQODNCDSASYYAALSEQSFLSDWAGLDSNLRSS--RSIKLQSLOKITEMQEFLE
LSTLYTIQEDYDRAMFYLANCRQSFLHDWSGLGPLMISS--RRAKLQCIQRLTEKQNFLK
LAMLYLYQDDYGRAKYYVGNCTDAFLQEWSGMDRLMTSS--RAAKLQSLOKLTEMQEFLE
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Supplementary Figure 4: CLUSTAL All phyla small

APHANOMYCESe
FLATWORM
STYLONCHIA
TRICHINELLA
HETEROSTELIUM
GLOMUS

MOSS
TERMITE
SALPINGOECA
ROTIFER
SHRIMP
SCORPION
SPONGE
HUMAN
ESHARK
LIMPET
LINGULA
TRICHOPLAX
STONYCORAL
STARFISH
LANCELET

APHANOMYCESe
FLATWORM
STYLONCHIA
TRICHINELLA
HETEROSTELIUM
GLOMUS

MOSS
TERMITE
SALPINGOECA
ROTIFER
SHRIMP
SCORPION
SPONGE
HUMAN
ESHARK
LIMPET
LINGULA
TRICHOPLAX
STONYCORAL
STARFISH
LANCELET

APHANOMYCESe
FLATWORM
STYLONCHIA
TRICHINELLA
HETEROSTELIUM
GLOMUS

MOSS
TERMITE
SALPINGOECA
ROTIFER
SHRIMP
SCORPION
SPONGE
HUMAN
ESHARK
LIMPET
LINGULA
TRICHOPLAX
STONYCORAL
STARFISH
LANCELET

TVRN-———————— ASSTIESCILKWKSITPLVQADTLKTWSSYYLI—————— RNLGYDVLT
LLTGDRRRQD--VVSSTADLLAKWRQRRPDFIRDACDSWERTVAV—————— RLLCANKML
SIKQEGLQTKSDIVPQVIKS IHKWMARVPSYAFDTIVVWDDILTA-————— RNLYIDLYK
LLHASE-HLK---LESVVRLCRFWLRYGLDVETTLTTTADDVVLN-————— RKTFLEMFG
LVTNDKRAIE-—-VDKMEKLVSLWKTRYPS-SFDDILVWDDLVSF—————— RSVLLEKIY
LIQSSE-————— KDQIWDSMISHWERRFPSKTLDSSNTWDDIVTT—————— RQSILKEMA
FISKPE-—————— AGELSRLLSGWHKRWPSPNFDDVEAWDDIAQN—————— RLLFLKYIQ
FATNGEHSK---QELLAKELVKRWNKNVPS-AFDSLLRWDIRAMY - ————— RKKFTNRID
FVGQET-NLA--SETSVNTLLSSWSKRTPTPYKDPIHVWDEVTIF—————— RRVYFSKII
FINSNQ-AFTVNLAKKIDNLIDVWTDSMPNMQTDPPCTWDDVITN-————— RSIFFEFIE
NVKYADRDFY-—-SSKVKQTVTSWKKQKC——————— RIDDNPLMTQCLASYRDLYLHLME
FIDTYR-NID---EYHFKNLTDRWLKRYPD-IFDSVNIWDDIIMN-————— RSLYMEKIV
FMKSND-NFS--SPGPVNNLLRKWRKRFPDPKLDPVPIWDDIITT-————— RWMMLRKIS
FISKQG-NLS--SQVPLKRLLNTWTNRYPDAKMDPMNIWDDI ITN-————— RCFFLSKIE
FISKEY-NFI--SEVPLRKLLRTWTGRYPDAKMDPMS IWDDVITN-————— RCFFLDKIQ
YISNEN-DIT---HTTANQLLKSWQKRQPHKLLDPVNIWDDVISQ-————— RNVYLDHIS
FVSNED-TFQ--DSQAALSLVTRWQTRSPDPIVEPCNIWDDIVTN-————— RCLYVDQLC
FMDDGR-NFE--SVTPVLSLISKWSTRFPNEVIDPINVWDDVIVN-————— RCMYLRKIL
FIAEEG-NFS--SPMPVLSLLNKWYSRLPHPILHPIGVWDDIVTN-————— RVLFMSKFL
LAIKPD-LQEAIGCQKSLELLDRWSGCHLDSKKDPINIWDDVVSN—————— RLLYMDKLG
LISNDR-NFE--TPWPVTRLLEKWSSRYPDNRMDPISVWDDIIAN—————— RCLYLDKLN
* *
AHSQGQAKGD ————————————mm DSIIREVMAARVHAMLSYAEAAVES
LV——=—DGLDDL—————————— e AAGKRRFNAFAGEQLLLLAEAACLQ
FRLKDEFTTSL—————————— o KQHKDLADIGAILQVQCAKGSYRM
KGLVDSGISVS———————mm e DVRQSLLPFRLQFGYQYLKCAVRQ
ERFIGQNNNDEA—-—————————— e KEDGVKNLLIRERAELYHQMSKGARKL
ERIKLNRF ———— - — o mm o NRMKVSLESQSLLKMSSTARIQ
EHFNNPVQRNSFD———————— oo DKFCNSISSLIDAERAHLHVAVANGLMEC
OMLENTGASNA - — = — —— — oo LSRTELAMVDSALYQ

HGCYRPRYGAKAA---EMLQQV---DLTDSRAPLPARIRRRLVVEDAEQCLRMAHQSSEQ
EKYLNSVCLTDPETSTTFLGDSVMNDFDEDLSNYSKKLKKKMTKTTFLMKIRFAQAAQSQ

KKLPEDSL-=—==— = mm e e e e e — DVSNLIKDTKNFTHRFVIRAALHN
SKLQETNNQST-S---FSLEESMDTSIVDSEPNSYFDSEKFLKEQRLKMKLKFVEAALLQ
TKLQODSVLSQQCE---YLLDDDG=========— SSCSVDSMMKNENINMFMRAADAARTQ
EKLTPLPEDNS————-| MNVDQDGDPSDRMEVQEQEEDISSLIRSCKFSMKMKMIDSARKQ
ERLVSVQADES ——--- MEVDREGEVETRMEVDKEEEDINMAIRSCKFNMKLKMAESGTKQ
QCLAGKNKES-——====——————————————— — | QEMDEGDMFHQSKLRLYLAMAESCKEQ
HKLSSVQEEFE--————— e e e e — EEDKFREKRLQFILAQAESAVEQ
LOYRVIQTAFT——-—— ST-EDSMEIDGEDRVIYTFPALKKRIAEEEVSLYLKLADTARLQ
QKFEAMGA-———==——————————— EERSGI--CLDDIKDKFFKQEVELKLCMANAAKEQ
SRFIRSES-——===——=———————— Q0AGE---EETALEKRILRERLWLELKMADSACQQ
DKFEQMAA-—=—=————————————— RGVLDTEVGGEPFSHRAQREQFLLRLVLADSAREQ
NVLALAGRLLTEYRTLCDENSLP-———-— KLSVHMVKVYASQVSKLASQ-==========
SQPAVALIHLGRARKYCTQTSATSTRGSSPTSVAWRAACAKAWTTAALS-L---D-—=--T
GLFDSSDRFLKRALKIRADED-=———— KNSQNMKIVAPIIKLKCEQFKVDTMNLNFADKG
NNHGVLLQRLODKHLLLEAS—===———=—=—==—=—— NYETWALLQLANCAN—-—-——— AVKSRT
GNIIVSEAYFRLAVKSYPKTR-=———— ENDLAFPLVSSLIKIYCLKAKNST---TQVETL
RNFEVARVCLNKIRNLRLID====—=—=— DER----LSYCQFKLNLREAQNTI---DTEKKA
GALPVAQSYINRYMSSKFEF-SA----KHRLDFRNFKALVRLQCLRAERDE---SANNRI
ENFYIARKYLREAREKMSNS —===——— GTDMELQCSLAYSKAKWLQAQLKN---TTDEKL
GPLKVAEKYHKIVHHILNTYTFDD-DTRLDLNLQQAHGLVAYHLHEFNL--——— GVREQK
GNFKLSLDKLKQSRSILKIKNSD----FLDLQLIWNHCYLNTHLNKCKQ-A---NSKESL
SNYHLANRHLKKISSLSEDE-————=—===— YSKAQFYFLMAETHILRGQGKQ--——-— TDRL
GNLQVAVKHLKWSQQIAKEL-~-K----ADHHWINCIHLYCKIDLKKAKN-Q---NYPEQL
SNYPVAENYLKIVEKSILKDFPD----NYFIQLRWLHSLIKVRLDRIHQ-D---PSPTDM
NNFSLAMKLLKELHKESKT———=———— RDDWLVSWVQSYCRLSHCRSRS-Q---GCSEQV
NNFAVAMKLLKELHKESKA-—===——— RDDWAVKWTHTYSRLSHRRSQR-Q---ARPEQV
NNIALTLRILKKTNSAIKSV--D----NEELKVEWSQLYASTHQKKIISND---WSEDGI
HNFPVAKKKLKIIESEVKSL--S----ESPVLIQFYHCYAKLHNKITEVTM---DASATL
SNYPVAIKHLRQTLYHINQELDK----DELLTVKWTHIYTKVHCDKSLL-T---PPDERL
GNYAVAHRCLKEALYKIPQG-=-==——- NENLNISWSHTYAEVHFRKIQT-L---TAVGAV
GNFSVAQKHLKATHGSL-SA-===——— HEDLKPKWTHSYVQMNQQKILT-I---ELKEQV
ANFPVALKHLKNTLKDF-TE-—————— DDPLRLRWTHCYARLHQKKASL-L---TGADKL
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Supplementary Figure 4: CLUSTAL All phyla small
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~KLQAAS———————————— GLHGNDRARVISQ--—-VTNYYAALTRLFE———————————
DRNFDAM——————————— SVA—————omm EKVAKVRRQLISPSPTWE-——————— ELL
DKLQOKIVKVFDSKMQESFGED-————— QQFQEDLRTEIKCILLK———————————— QKLE
AYLMQALNLFDL-—--KRISDP—————— EV-NVTEGSSADQFALIGMLFD--—-NVAETVV
DRFIKAL-———— KFVESKSDE—————— DSIKNNPDNLQRYKRLHGNIQW-—--—EIYQLDQ
EILLALS-———- EEFKKVKSS——————————— DSRDDIKMRIIESETYG----LLVSELD
030 170 ]0) ) VYIETERRKLSKHPEFLPEFQM—-————— EQADV
KLGLDSWSVIEDQ—————————————— RFEQYPMLHAETLQHVSVMAAGILQ
H-YFRAF-ARDLDRLNKCSADLPPSKSG----AHSLYKAEVLLSLGKIV--—-PLCPATD
ESFFESMVLREILKYDSISDTFKNNQKNY—-————— LYQEQRVLHSKFSK-—--FLIESLM
KYLVEAWA-—-—-KYLGRVSSM-————— SILDQNPRVEIQYLKLESHLCL----EICRAIQ
DTLLCAH-———— KQLAKLDLHFP——————— KKLDVSTMNHYLLQSEIIE-—--MAADIVK
EAVISLT-———— COMDNFKGRLGGSGKGAIS-SKPFISQHHVLLGKLLN--——KMAEIFA
LTVLKTV-———— SLLDENNVS-—————— SYLSKNILAFRDONILLGTTYR-———IIANALS
VTVLKSI-———- PLLVEINV-—————— DYLNTHTRILRDONTLLGSSYC---—ILADALN
NGLLTTI-——————— GKFNDS-———-— DVLKSKPDLYRRHHVLTATSYE----LLAESCL
SPVLGAL-—-——— GLLERKRDH-————— KLVKESNVLTRRHLVLQGNIFD--—-SVTSSLL
KTLLTAN-———— SQFEKVKDL—————— SVILENTTLMREHLLLRSRLLD----MTSKILA
ETALLVA-———— GQLDKFSAS—————— KILEIEPLRGIQHHILRSKTFD--—-ILCKAML
MTLLTTF-———— DPLAKLSNT-————— PALTGDYCLTRHHHTLTSKSYD----LVAIAIQ
NNVLTTF-———— EQLDKFSSC—————— RVFEEDLAVAKQHHTLTSLSYE--—-IVAHALT
Ne Do m o e EVLELISTMPPDAQAE--ICGWQARGLMES
AAGLCDRASAA-————————mmmmm e — LLRIQLASSPPSTGQANM————— RAEAEA-—
RRMLNT —— == — - — o mm oo IFQGVSAEKEIKH--LQRYQKDCTT-—
ASSENT——-L——————————— AEFCL-—--SR--WISKTDTADISEL———————— VTM-—
KLGSNL-—————————— VMENLKK-——-——— NGLTSLSSLPTT-—————————— RLSSE--
R=RVPN———m oo RNLLKIKHNKNY————————— oo
NARVAWAT —— == — - ——m e LSSQSGEGATSQDITACFA-————————
QLEQQPGVLT-—-K-—-LPAAE——————— VKKLADRIGAPDCSQDTL-MQN—-————————

DMGDDW—-=-T=====———— EDNQY--———— MQVLSKKFENANGKESW-QRE-====————
YNDVHA-—-E-——————————————————— KIQELTDTFSIQSKSKL-EID-=——=—=—===
TPEDGM---LAL-S---ALSNDGN-—--—-— TKLNSLIGGTPSTSTKAI-SEG-——===———
SEPACL---A---E---IEEDK--——---— ARRILELSGSSSEDSEKV-IAG-—-==—————
KEPTCL---Q---R---IKEDQ--———--— AERVIEHSGSSSEEIQEV-VIG-===—————
AAELPQ---S---L---SSKTCDK--—--— LKNL-LKTDNLDKTQVNI-VSD-==———===—
SLPDFS---S---V-—=-SPRDIQK----- LVEAASCSMQNA-DMQEI-ING-=-==—=====
ESDASI---L---D---LLN-EKK----- ESLYQLANVNQHDSKEKI-AAK-—————===—
DGGVVI---A---T---L-ESQAK----- NALVKLCRIDETESQKKV-VSD-==——=—===—
KGGADI---L---T---GLRNVGK----- LDKLLGLVGQNATRPEQI-CST--———===—
QEGGAI---L---T---GLKDTRH----- AQLLTAAGVSPDTSVDQT-ISS—====—==—
SDFQREYGDPST---SVK--——- LS---SAAL-EIFQYQTSKATNVTTMHLTYIEYLDKI
-FDKSALSNLQS-=-A-=————— ASKADGV=-====—— GFADVGSSSLQCHLELIRFCDSC
-YLDRSFKTLDQ---VIKKVQT-AAQ-——====———— FDDQMKKTMAKTYFKFAQF SDKI
-CYGQAFRYLKL---SCQ-——====—= Y¥SS—-===m—= QLNIESPKLTEPLMELSSFCDRI
-LFSLAYQSYSQ---SIQ-——--- LYDSNS—===——=—— NNNNDTHKSKSAYLQFGNFCDTE
-FIERGYNLFNN---ATK-——===—— El-————m=—— SLOQLKPSMHAKILVKFAKFCDYF
-LLGSAFKTYST---ALD-———===== NDDPLS-EITTGSLSPHDTAKALLKFGLFCDEL
-LKQYGLSSLKTAAEVVT - = === mmm————— PRGNSEQAVAKAYLQVAKYCRAH
-RRAGQFAYVSPFGDRVGNVPSHAPKFNNKPLDVLFPSATAYGSETLNAFVRLAEFCADV
~LMKHGVDNL === == m e e e e e e e e e LKIKDSLKGSLELATYCDFY
-LLSCSYKSLQL---AVN—-———— CAEGKLVKSDAL--NQDDSKKSDSDAHLALVKYCEEC
-LFCKNYEYKCR---AID----- IIQEVEQ--K--—--MIEFDQATIGETYFKFANYCNKI
-LWIQALSSFNA---GVR-——---— SGTTLN-———==—— PLTKDPVPTVQSLEELFGFCDNA
-LYQRAFQHLSE---AVQ—--——— AAEEEAQPPS----WSCGPAAGVIDAYMTLADFCDQQ
-LHRKTLHYLER---AVR————— KAEEEVQSLA----GEHVDIAGVIEAYVNLANFCDRC
-LLOKSHQELKS---AIS———--- DSVVTRS—======—=— RSESFTEADAQIALSKFCDKF
-LVDRGYQYIKE---AVD————— IYEEDS——=====———— SNDKSTVETHMALAKYCDKY
-LTSHACQALHQ---AVK-——-— ASKEERG--====———==—= GSSYIEAMMMMVNFCDDI
-LMTRSFVSLQS---AIK-—-—--- AAKNAEG--K----CNTTQTSGTVDAMIAMVNFCDNC
-LYSKAYSELKQ---AVS———-— LADKDD---A----VTSQSERSMTEAYMALVSFCDRM

-LLOKGHACLQK---AVK-——-— LASDEEKARQ----DTSLDKSGIVDAFMAMVGFCDKI

2932
3612
3424
3216
3387
3311
3277
3233
3374
3284
3296
3335
3365
3342
3360
3291
3320
3339
3374
3388
3375

2962
3647
3453
3246
3417
3328
3304
3270
3431
3327
3328
3362
3403
3376
3394
3326
3355
3374
3409
3424
3411
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Supplementary Figure 4: CLUSTAL All phyla small
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N S N SSTDLVNQFVTNVLWGMSMADK-GCSAYFPRVLGLLRE
LLEAAPNQQPQQ-=-===———==— FRAALRAQAVDSVTSAMRCGSQ-EASIRFPRLLCLLGE
LRKMENDQCRYVITNSLKQLNKSEEQVARDSIKYGLLSLNHEYQ-NASDITPRLLDITSK
LRKNGHTS-———————————— LVNSECACVMVRSILKSMKNGSH-LARQLFPRLLSVMEK
LORRGDQS-———-- E-m————- DSNRLAVSVVNSIMNAIKQEIP-GAIEKFPRLLEIISQ
LRKLDFTEEQTQTI--————— FDPAQYASNVVESILQAMENGSK-EATELFPRLLQIIEK
LKLSQQPEERSQMTQHHLFGLPQASDLSLLVVRHMLKALALDSTLQAQHAVARLLSLVGF
SNTS—-————————————————— REDNFGTDIVTSILRAMRYGSK-DARQLFPCLLQLPGL
LODRIAMP--KD======—=—==— SMGRVKQVFVETALAAMRSGNV-LMRQYFPQLLNLGER
LRIAENDN--NDFEKLTLIGQMIRSQFPEIVTEQLFYSIRSGSL-EARTRFPRLLQIIEL
VIKWKDHV-==— DVSQYSKSLMVSVLRAMANGSR-DAHFHFPRLINLMNE
LRMQEEEE--KTLSL-=————— SFETYPSVLTNSLLNALKNGNL-NAIKLFPRLLQIIEV
LRQEDHDD--EQSTG-———--— LDTKSFPSIIINHTLTAMSLGSS-KARELFPRLLQLVEA
LRKEEENA--SVIDS-———---— AELQAYPALVVEKMLKALKLNSN-EARLKFPRLLQIIER
LREKEESA--TAINF-———-— SEQQTFPACVVEKILKAMKYNSK-EARLKFPRLLQIVKL
LRMKENEE--EHIKE----K--VIENYGETIIICLLKAMKLGSM-EAIERFPRLLQFVEL
LKLREEDD--SLTGE-=———-— SIDSYPEAVVTSLLRCIELDHM-DARQRFPRLLQLVEY
LRHEEDGR--ANQPK----GLIDTKIFPEVIIRYTLEAMAYNSM-DARQRFPRLLQIVER
LRKKEVSV--APV-E----V--DTKLFPGIVVRYMLKSMCYSSK-EARQKFPRLLQIVHK
LRLKESDE--VPM-T----YLPQTDNFSQTVVHYTLKAMHYSSQ-EARQRFPRLLQLVEA
LRHQEDDE--EGT-E--—-- LSSIPGLAAAVVSNLLQALRHDSP-EARQRFPRLLQLVET
HPT-L-—————————-— INMAREKLK---QIPLWTCLHWSAQVMALMSEKPSPFNDFILTLL
SADDEASQNPADESLSSRFSRQMA---SVPVWLSLPWLPQLVSLLDKPD-QGGSAVLPLL
YKDHV-————————— QOGDFIAYSK---ETPTWYFLRWINQIVAVVNRPE---SSVIEEKV
YPE-S—=--mm———m ELEFQAEID---SVPSWMFLSWMNQMLSALKRSN—=——— KFYSIL
YEK-A-————————— AKEFVERTK---QIPCWMFIRWQSQMFPYLDTPQ---GPYILPIL
YHN-T-————————— QSIFKEKVES--IESVWKFIRWIPQIVAILDQSI---AHCVFPIL
SSA-T-====————= ONEFERFLD---NVSSWVFVAWIPQMLANIEEDS---GRVLIKVL
DTS-L-========= SELFHKESS---AVPVWMFLGWVNQLLACLGTPV---GPVLHDII
PTD-S—====——=——= DHLQRVLASATTSVPCWMFLNWIPQMLAILDAPE---APVVQQVL
YPDEC-=-===————= LEKFVSSSE---DIPSWMFLSWLSQMTALLDKPQ---AKAIQKII
DAS-L-========= LSSFKEEYE---KVPIWMFLLWLSHILIYVDKVP---GPALQPVV
YPD-T-————————m— IPEFIAKSK---VVPCWMFLSWINQLLTLLDKPE---ATAVQYII
HPD-T—————————-— MDLMINKSS---TIPCWMFIGWINQMIALVDKPE---SRAVHDIL
YRR s s LSLMTKEIS---SVPCWQFISWISHMVALLDKDQ---AVAVQHSV
YSAET-—===————— LDLMKKEVS---SVPCWQFIGWINQMMAELDKKE--~-AVVVQHII
YPD-T-————————m MPTFIKMVSENRLFPLWMFLLWINQMMALIDKTE---SPAVQPIL
YPD-T-————————m MQGFINKVS---VIPCWMFMTWIGQLVALLDKPE---APAVHNIL
NPN-T—-————————— IDGFMRKSS---AIPSWMFIGWISQMMAILDKPE---ARAVQEIL
YPD-T-————————m— LEAFVKKAA---DVPCWMFIGWINQMMAIIDKPE---GKAVHGIV
CPD-T===——————m MQLMIKEVS---DVPCWMFIGWISQMVALLDKPE---GPAVHGIL
YPD-T-————————m MDLFIEKVS---HVPSWLCISWLGQOMVALLDKPE---AVAVHGIL

S . .
EMMAAEYPRALYYDFRLSQESIIDIET-—===——— NPRFHRLSAALR---DVHLDQFVAAL

ESVCDIYPAALVYPFRLARANYRFETGD---SGARQAAERLWQORLRR--LPLVEEFIAQM
IQIAKKYPQALYYPFKVVESNVKVNVLD-SDVQKTQLFQKLSKYYE-KTFRNLNAWAEAL

ERIADDYPQALIYPLLMLKSA-==———=—— TGDVGETDFYRLQLKLRK--TKIVKEFIDAL
QEIASNYPQAIYFPFKISSEQFGPTA-——=———— KKLTAKLEQTLK---NPLIDTLISEF
FKLAEKFPGSLYYPLTISSEYYKFDENNPLTRENKAKIQELKQMIK~---CDVTDTFVTEL
ESIAKSYPQALYFPFRVSETDFGAIG-——===——— RORTQHLKILLR---NPLLEGLVRAL

LRLAETYPQSLIYAFQLSREKYNLESGH-V--SLKALVDQLASLLFT--DPVIDIFLRAF
KTIASSYPQALCFPVMLSEEKLKFSGAA-SS-TQRTFFTNLVRMVT---TDHLRRFVTEL
ENISIEYPQALVYPFRMSTENFKFSNEL---NEQSDFVQKISRHLN-TQLPLVEQFITAL
ERLAAEYPQAVIYPFGISKQQYNFSS-H-EGKLAKAMCDKVEALLSS--HKLLHQFVSAM
KEIGTNFPNALVYPFKLSYEMYKFPDTL-QGKENKEFVMKLKSSLSQ--LKLVDEFVNAL
IRIADTYPQSLYYAFRMSSSGYKFGHNN---SEGKELFEKLKEKLQ---SQLMDEFIAAL
EEITDNYPQAIVYPFIISSESYSFKDTS-TGHKNKEFVARIKSKLDQ--GGVIQDFINAL
EEIADSYPQAIVYPLMISSESYTFEQTA-RGNTNKEFVERLKNKLDK--GGMVEVFINSL
LOIGTEYPQAIAYPFRISCEGFEFEDSA-QGKKNKEAVKKLASILTEDKVPLVNKFISAL
IRIAREYPQALVYPFKVSKECYTFERSS-EGKENQAVVERLDFSLS-K-IPLVETFINAL
FRIADEYPQAIIYAFKVSNEQYTFEETS-VGRQONKTAVSKLSSKLQ---LPLIESFVRAL
SEIAKRYPQALWYPFKISSEHFVFENSE-DGKANEEAVKRLRSSLE---HPLLDDFIAAL
TDIAYEYPQALCFPFKISSESFTFDESN-TGRKNASAARKIGAILE-S-IPLLDDFICAL
TRIAQEYPQALVYPLKISSENFEFEDSV-TGRRNQEAVTSLKKTLS-VIYSLVDKLIGGL

: A S S : :
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Supplementary Figure 4: CLUSTAL All phyla small
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HGLHHPEIRLKEALRYLSDVVES—====——— KPAKEA-SKITIAATISHVLDESSKILGN-
GEVCLPACTALDWLSSAKRSIG-—=—====——= QTERLRELHAEAIDQLFFDPDG--———
DCLVYPEHRFKYWLQIINDIVSDDNM----RGIQKAKLKDIIIMMAYDLTCTQKDLL--~
NLLSHPDIHAIDELESIILNISN-—====——— NSNEARKEAIAKVYSFVTFADIR-——---
ERLTHPEHRFKDYMETVKTMMK——————— STPINTSEIQKLGVEIYNDCFNP-—===———
HRLTDSEIHFCNWINPVYNLVKRNYS----GVDKTAEIKASFQKMSSFLLK-====————
EDLTFPQORLKDGLLOQILNFLF-==——====— TNDSERAQLVFNEIYQDCLDTQSLKDPVR
SCLGQPRKMLYHFVEKLEQLLN=-=====— AKRPNCDSLHHMYDTMMKELFPSSYGKIHGA
KCLTNPVMAYMDWLEEQDQAI - =——===== KKRDQDALLTAFKHLKSELLVTSSTTASDR
EHLNTPKLFFNDLIMDINNNLK-—-—-———————— KNDVIMKLFKDLNNNLIDLEGKIDF--
SLMVVPSIACKDAIQNVLQEK-—=======—==— DKQKMEEGLSEIVSEFLKVQNRSSKGN
DSLSVPELLYKEYFKEILQMK-———===—— KDKGDKNEIVKLYKKLCHELFNYNPRDKMK-
EQLNSPELAWKDWYDNELKPLVGSVT---VPKRDKNAIKRVWEQMYSQLLETRSGLGDKS
DQLSNPELLFKDWSNDVRAELA-—————— KTPVNKKNIEKMYERMYAALGD--————=———
EQLSNPDMLFKDWVDNFRSKLE-=————— KK-ENKTQLKNLYSEMYSNLAN=-=————===—
DQFGQPEMLFKDWTDDIKKMLQ—-——===— SKNRNKSKIMEKYKEIYNMLIEYKETQDTSS
EQFGOPNALFKDWIGEMAKLLH--———-— VKQRNTDAVQRCYTQMYSSLMMTQRQAGGV -
EQLSQPDLVFKDWVDEVKGLK-=———-— KKSGSIAESIRICYQKLRDGLLVDASNESEA-
EMLTNPEMVFRDWCEGPMKQLLEDQ----IKRNDSQAVKQCFGAMFQLLMDCRKRTKSG-
EQLNNPEFVFKDWADDVMK-PLLNVA-=——— KRDKNKIRQACHEIYMNLINHRSTVTDTG

EQLSHPDQLFKDWGDDADLKRLLKVDPKKRTKEDKVTIKRLYDEMYDSLLDFRSASQDSS

—————————————————— QIGVYNRQWITKNRKQIESMLGKHGELANKSTLQTAKGWLSQ
—————————————— PQAGSHGRLRREFAARHRREFLAALPTADRLVGIRSEAELQRAVGK
——————————————— GD-QVGSYNRKFAELWDKVFAKEFGSNLNRVDKMSNSEITIKSVQN
——————————————— RD-FLGSFWKCYFKKYLPKMQEIFSVDLCAFDNKAAENYLRLCSS
——————————————— HTV-RGDYNLKFAKEWDHHYSQHFSKDGSKLAKMDVKKLVELVAD
—————————————— PNPY-HGIFAKEFVNRHSEYLFDICGRDGSILARMSPNDFKSKIYD
—————————————————— QTGEYNLKFARDWASLIVKELGLNGSKLRSMDAKQFSSVISG
Lo FKDIQEYRKRLEKAES——--- NI-KCGNKKV---LKDICFIKEK

A-mmmm EEKGEAYTRQDRAKKQMAEAFTKAFGENLKKAKSLSIRDIQRELGS
——————————————————— ERKLHLKVAKVCGSVVFSEFGKDGNKLISMPLKEASVKYET
L————m e YGGSPSLQ-KGARQKTFAQAYAKNIEDKFGKGGAKIISMSGTQLASAFNE

_____________ PKAPG-LGAFRRKFIQTFGKEFDKHFGKGGSKLLRMKLSDFNDITNM

——————— ASSLTSGELIE-FGSHKRRFIQHFGKVIEQYFGKDGSKLQOSMKASDFEKIASR
——————————— SQTRGTE-SGPFRTKFAQEFANEVQRIFGKEGEKLVGVKMTDFSKWCRD
A----GSSQDSQSSPSVG-FGNFRRRFAQEWQKKFEAAFGKDGTKVIDMQLKTFSEHY -—
MSSLFGSQSSDLESQSVG-FGPFRRRFAQQFAKECEKMFGKDGSRILDMKEKEFMKLKSG

SFQVMPGK-—-—===-= YGIDRQWKAKLSDF SDWLMQLDPVKT - ===—————=—=——— RIELPG
LWKRVRD——————— ERDSSSVATARLADFSTWLAEFAATEH--———————— GDAYLEVPG
LNNKLNQS-==—===— IGNLGQGYEKLSTFSEWLDSLDFNDF —————==—— YNPSEYIELPG
FLSELRTFY--===——- IPECCPNNLNEYSPWLAGYRPHPM-—————=—==——— DVFLEIPG
MSGKMAKT-==———- MKPSSTATMKLKDFSNWLVEFDRSNQ-—=====———— LTEIELPG
YYIKNIK-————- RODRKAQEGVNLLKSYSAWLAEYSSSNV-=——————=—— EKEIEIPG
LFEKLSKN-=——===—— DISAEKISLGSLSKWLADFDQTKGIERVSRDFDKNEMQIEIPG
L KYITIQDIKPPVQLKDYSPWLSEFQGGKH-=-—————=—==— CFLELEIPG
LKAKLREY-———————— DTKKPPRTLKEYSPWLSKYRSPGA-===————==== VFDIEIPG
ICSQVNEF—==————— CORKPMSGNLGDYSAWLKGFKR-NI-—=====———— TKDIEIPG
MGRVL-====== QLSPEEMRKLPRQLKAYSPWLANFQASKY-——————==—— SEVLELPG
LLKKITT-———————— MSEMNKEAKLRDFSDWLSEFHSIKY-——————==——— SEDIEIPG
VYNKMRE———————- SLNKFSSSALLKDYSPWLDTFRQEDY - —————————— LQVIEVPG
LLLKMN-—————————— KDSKPPGNLKECSPWMSDFKVEFL————===————— RNELEIPG
IM--ET-—————————- QKPEPPGNLKEYSPWMSNFKPQFL——=====———— GNELEIPG
—————————————— KGRGKLVPPLSLHEYCQWLADFNPNRD-~-—-—-—-------SRELEIPG
MDLASK-====-= GTKGHPNLVPSEKLGDYSKWMSGLAAQDM-———=====—=— DLSLEIPG
LIQEISG-==—=====—= KIKNRPENLKEYCPWLSNFQAANF-————=————— TYSIEVPG
IQQKMVKF === ————— RNRTPPPGNLKEYSPWLSRFQSNNF - —==—==————— THTLEIPG
————— GKLYKEMAA---KRRDPPGNLKEYSTWFSDFQQLSY~-———-------DRELEIPG
LONMMGDFYRKAFPREKANCYAPGLLKDYCPWLSDFNPLDY-====——=—==== DRELEIPG

* * o sk kK
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Supplementary Figure 4: CLUSTAL All phyla small

APHANOMYCESe
FLATWORM
STYLONCHIA
TRICHINELLA
HETEROSTELIUM
GLOMUS

MOSS
TERMITE
SALPINGOECA
ROTIFER
SHRIMP
SCORPION
SPONGE
HUMAN
ESHARK
LIMPET
LINGULA
TRICHOPLAX
STONYCORAL
STARFISH
LANCELET

APHANOMYCESe
FLATWORM
STYLONCHIA
TRICHINELLA
HETEROSTELIUM
GLOMUS

MOSS
TERMITE
SALPINGOECA
ROTIFER
SHRIMP
SCORPION
SPONGE
HUMAN
ESHARK
LIMPET
LINGULA
TRICHOPLAX
STONYCORAL
STARFISH
LANCELET

APHANOMYCESe
FLATWORM
STYLONCHIA
TRICHINELLA
HETEROSTELIUM
GLOMUS

MOSS
TERMITE
SALPINGOECA
ROTIFER
SHRIMP
SCORPION
SPONGE
HUMAN
ESHARK
LIMPET
LINGULA
TRICHOPLAX
STONYCORAL
STARFISH
LANCELET

QYIKR-—————— WAKPDPSTHTYILSCDPQLMVLPSKQLPKRLKLYASDEKTYLFLVKGGE
QYQCRDSLTASLAKPQPELHTRIAGFGDTVRVMSSLRRPHRLTIRGNDQRDRPYLVKAGE
QYEGL-—————-— KSEPLIEKNVKIASVKKTLLILGSIRRPKRITVHGSNEKDYHLLIKGGE
QYSGD——————— RRPFPERHVHIIGFASDIEIMRSLKKPKKICIQGDDGRDYKYLVKAGE
QYHGT-—————- SKPQPEIHIKISSFDPNLLVMGSLRKPKRIKIHGSDEQDYPFLIKGGE
QYDGL—————-— LSIPDPSKHIKIASFDPKILVLRSLRKPKRITILGTDGNEYLFLVKGGE
QYNGS——————- SIPNLSTHVQLLGFDQVLICLKSKQRPKILTMRGSDENDYKFVVKGGE
QYTGE——————— SKPLIQHHVKIAGFKQTVVPMKTLRLPLQVTIFGSDAKEHQYLVKFGE
QYGGT——————- EMPIPEEHAKIEGFDEKLLIMASIRRPMRLTFRGSDEREYRFLVKAGE
QYNGN——————— EKPMPEYHVKIESFDERILEMSSLRRPKCITIRGDDQREYKFLVKCGE
QYTGM——————— SKPLPEYHVKISSFDENVLLMSSMRVPMRIITRGDDEKEYKFLVKWGE
QYTGK——————— RKPIPEHHVKICNFDQKVDILSSLTKPRCLTIRGNDQKDYKFLVKSGE
LYDGR-—————— SKPLPEYHAKITRFDAKVLILSSLRKPKRLTIIGDDTREYMFLVKGGE
QYDGR-—————— GKPLPEYHVRIAGFDERVTVMASLRRPKRIIIRGHDEREHPFLVKGGE
QYDGK——————— CKPLPEYHAKITGFDERVKVMSSIRKPKRLIIRGNDEKEYPFLVKGGE
QYDGL——————— SKPLPEYHVKVAGFDERVLVMSSLRRPKRITIRGNDEKDYHYLVKGGE
QYTGL-——————-— SKPMPEYHVKIAGFDSRVLVLSSMRKPKRITINGTDMKDHKFLVKGGE
QYTGR-——————— SKPLPEYHLKIASFGERLLVLKSIRKPLRLTVQGDDEKEYLFLVKCGE
QYKGK——————— TKPLPEYHVKIVGFDEKVQVLPSIRKPKCLITIRGDDEKDHMFLVKGGE
QYGGK——————— SKPLPEYHVKIAGFDEQVKVLSSMRKPKRIVIRGNDEHDYSFLVKGGE
QYTGK——————— VKPLMQYHAKIAGFDQRVKVMSSLRKPKRVTIRGDDERDHPFLVKGGE

* * . . . PR * . . cek k%

3334
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3854
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3709
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3824
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ATP binding site

DLRLDQRIEQLFGAMNTILQQSNQCSRRH--LNTRTYNVIPMTTKIGLVEWLENTTTLKS
DLRODQORIQQALGLFNSLLQRDIQCRLRR--LSLVTYQVVPLSPDLGILEWLERTQPYKD
DLRLDQRVQQLFQIINSIFKDDAQCQONRD--LYIKTFKVVPITNRLGTLEWVDDTEPMKS
DLRQDERVQQLFDLMNGILQKQHQCSRLK--ARIRTYRIVPLSIKLGLIEFLPNVVPLQQ
DLRLDQRIQQLFFVMNEILKRDPATSKRG--LHIKTYQVVPMTGKVGIIEWLNDTKPLKE
DLRLDQRVQQLFSLMNGILKKDSFCSQRN--ITQRTYKVVPITGHLGIIEWINNTTPMRY
DLRLDQRIEQLFEAMNNVLNRDAACSQRK--LAIRTYSVIPVSKKCGLLQFVENTCVLQE
DLRODQRIEQLFNLMNKILDQDPTCRHRN--LSITTYQVVPLSSHLGIIQWVDGTEALKG
DLRTDARMEQLFAVMNQALAADPACGERG--LSLRTYNVVPMTTRIGMLEWVPNSCVFKE
DORQODQORVEILLDIINNLLKSDSKCYQRN--LSIKTYQVVPMTSKLALIEWLPETKPLKV
DLRTDQRMEQMFTLMNSIYARSPLCTKASSVPSLDTYQVIPLSLRVGILQOWVDSTQPLKD
DLRQDSRIEQLFDVMNDIYQCNAICFQONK--LKLETYQVIPLTTKIGLIEWVDNTNVLGS
DLRLDQRIEQLFETMNKVLSDDPICSQRR--LNLRTYSVIPVTPRVGLIEWVRNTMPLKD
DLRQDQRVEQLFQVMNGILAQDSACSQRA--LOQLRTYSVVPMTSRLGLIEWLENTVTLKD
DLRQDQRIEQLFEVMNIILSRDAACSQRS--LOLKTYQVIPMTSRLGLIEWLDNTCTLKD
DLRQDARIEQLFVIMNKVFDKDPVCRHRK--LHLKTYQVIPMTPRVGLIEWMNNTTPLKD
DLRQDQRLEQLFYIMNRVFSQDPDCKPRQ--YKLRTYQVIPMTTKVGLIEWVNQTKTLKE
DLRLDQRIEQLFCVMNEILAQDSICSQQD--LRLRTYQVIPITQRLGLIEWMKNTITLKE
DLRLDQRIEQLFGLMNDIMANDSACSQRG--LRLRTYQVIPMTPRVGLIEWMNNTKPLKG
DLRLDQRVEQLFRIMNSILEQDSTCSQQG--LOQLVTYEVIPMTPRLGMIEWAQNTTTLKE
DLRODQORIQQLFDIMNDILTLDPACSQRQ--LRIRTYGVIPMTSRVGLIEWMQONTTPLAG

* k% k3 : Ha . *: 3%z . 228

IVEQEMSTTKKS-—-—-NLL-———————— QSPPGQLYENFWSKQ—-————————— RGKTYGQ
FLVHQMSAAEQRSHSKQ-—————————————— SLDYCKFV——————— S—————— NDHCK
LINREHMRNEAGKD----LN—-——————— QSRALNERRKWLKSSVPGNA--KKEGITDQHI
FFMEESLRKQYQ-—————— T--IAMEMFTEGPEKI----LLKAAGEGS--SPLNHLTYWR
ITEDQMAVHQNVERSNVSLS———————— RMEAYKIHNEWINSFGKYIKMANPPAGPLYQQ
FIEREPRTSKV-———————————————— FDDAQSMHSRWVQQY—-——————————— KSYHN
VIRDGLSSKLASRTHEGYKPLOQATSETLLKEIQHEYIEWVRKKGGG-—-—---— KSQTECYCN
LMLGVLDKNEKE----SYKK-—————————— SCEEHCKWISKPCNP----QCSFYEKYGE
MINLGMTDAERE----DAKKRKA-———-— TQLPONHFSQFANRFSKD————— PSPLKMYSS
ILENDLVNEAQN-—-—--NYAE-————————————————— FIYGINKDGS--KKTQSEVYGM
FINDSYRENETK----CYGE--A-———————— RAL-=-————— YG-K————————— NENYT
FLKDAMTDKEKE----SFRE-———————— SDPKMTFYKFLLSKTNS-R--DKSIPLLYEN
FIQLSDPEKK-————— SL——————————— PAASKMNQKWLEQKFGG————— SNYVNWYYE
LLLNTMSQEEKA----AYLS--D————— PRAPPCEYKDWLTKMSGK-——--— HDV-GAYML
FLSSNITEETQS----RR—-————————— QQOEVLPKYREWLQKMAGR————— KDMFLRYPT
FVYGALTEQERK----YILG-——————— DQGPGKQHENWTYKYFDA-K--KRCIKSMYQK
VVYGTMTEQEKA-——-Q—-——————————— QKAAILQRNFLSRYGNP-S--DPNICKKYWG
FVTDAMEDHEKQ----HYLS--S————-— ONSPHQLYSKWLGKFGSA—-———— GGPVYMYQS
VLNSAMTKAEND----HYIG-—-—————— PNGAGACYRNWIDKFKGDPR----NPSRFYGE
FLHLAMTEQEGN--—--AYNS———————— RHGPRYQHSEWVDKYAKG-N--QSNHGVRYGA
FLENAMTTREQE----AFLH-——————— ORLPLIDFDAYVHRLGGTVK--NDPWGKVYGS
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Supplementary Figure 4: CLUSTAL All phyla small
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KIATASSSAVTLVYSQAQEMVPMDLIRRHLVNMAQTPAAFFQLRETFSTSLAAFNGCSYI
LYTLSDQQVVQRNFQPLLDCVPDCLLARGLRQLSSSWEAYYAMRDTLVRSHAAMCGAHWL
CLLGCDEKIVIEGFNKHKEAIPWYLLRNGLENLCLTSSAFLAIKNQFTKSLATFSIASYL
SFONITPETAARCFNEVLKKIPDHLLRDQLLNCCVSPDVFCFLRQKFTVSLASMCIANYL
MFMHSDRADAIKKQEKQHDKVPANLLONGIWAISSSPESYLFIRNSFARSLATFSICSYI
MFMEVNRDAVVQHFKDLOREISNDMLKKALYKLSTSPEAHLSIRSEFIKCHAVINICGYL
LYRKVGFEEVSLKLSALQGQLPWDTLRMGFSRLVTSAESYLALRSQFARSLSVTSICGYV
AHMKYSPEETSAEFRKKVNMIPWDIMRRALQRLSVSPESYFILRQSFACSYAVLCIAHWL
VMTKAKRSDISRSFLERQALVRPTLLRDALLHLSTTPEAYLTTRQLFGRTLATMNICQYT
VYAKYSRELICREFDKIQNSIPWDLFRQFLRTLSSDSEAYFVLRNEFIKSYAVASTCHYI
VAKKAKKRDVIKAYEEVVNKIPWDVLRRGLVRMSSSTEGFFSLRSAFAVSYAALCISQWL
IYKI-ADTEVNKKFTECINMIPWDLFRRAFLKFSSSLEAFVILRYNFITSHAVLCISQWL
MYKKLKADEVKKEYRRIVSAVPWDLLRRSLISLASTSESFLLLRCTFIQSLSVINICQYTI
MYKGANRTETVTSFRKRESKVPADLLKRAFVRMSTSPEAFLALRSHFASSHALICISHWI
MYLKASRTETVTAFRTHEQAIPGDLLRRAFIKMSTTPEAFLALRSHFASSHALMCISHWI
VYQONYSRAETIKDFRMKENKVPWDLFRRAFHQOMSTSPEAFHVLRCELVVTHATISICQYF
MYERCSRTEAVKSCQDKENSLPWDLLRRAYLOMSTSPETFYTLRRHFAISHALLCICHYI
MYRKAKRSEVENHFKFRENSVPWDLLRRGFVALSASSEAYLMLRSHFARTHATVSICHYL
MFKKANRTETERSFTQKQALVPWDLLRRAFLOQLAVSPEAFFILRSHFASSHACLCICQYTI
VYRHANYTDTVKCFRSWEALVPWDLMRRAFIQLSASPEAFLTLRSHFARSHAVICICQYTI
LYQKASRTDVTLAFRQVQSKVTWDIMRRGYLOMSSCPEAFLTLRSHFTTTHATLCIAQYV

LGIGDRHLDNFLLDYITGTVVGIDFGISFGSGASMLPVPELVPFRFTROQLQGVLQPHN-A
LSVGDRHMSNYMLCLDSGKMIGIDFGYAFGTAITFLPTPELVPFRLTRQICGAMGPLPPS
IGIGDRHLENFLIDTSDGEILGIDFGIAFGSGIQ-LGIPELMPFRLTQQIEGVIAPHP-L
LEIGDRHLGNIVLDTKTGEVIGIDFGYAFGASLQYLPIPELMPFRLTKQFVGVVDPVG-M
IGIGDRHLENFLISQKDGILIGIDFGHAFGTATQFLPIPELMPFRLTRQFTSFLMPLD-S
IGIGDRHLENFLVDTTKGSLISIDFGHAFGSATETLNIPELIPFRLTKQIETLMEPLG-S
AGVGDRHLGNTLVDMRTGALVPIDFGYSFGTNVLLLPVPELVPFRLTAQLKNFLLPLT-A
LGIGDRHLSNILVSVKDGRCVGIDFGSAFGTATQFLPVPELMPFRLTPHIVSLLQPLE-E
LGIGDRHLSNSMIDLRTGGVVGIDFGHNFGSATQELPIPEMIPFRFTKQLEAVFLPHK-K
LGIGDRHLSNWMIDLKTGRAIGIDFGIAFGHATMNIPVPELVPIRLTRQILKLIAPLE-Q
LGIGDRHCSNSLVSLKTGRVIGIDFGHHFESAVQFLPVPELMPFRLSPQIVNVFQPIG-Q
LGIGDRHTGNFLVSTTTGIEVGIDFGHAFGTATQFLPIPELVPFRLTNQYLNLMLPLK-E
LGIGDRHLSNFMVDMETGQLVGIDFGHAFHSATQFLPLPELMPFRLTPQFVNLLLPHK-V
LGIGDRHLNNFMVAMETGGVIGIDFGHAFGSATQFLPVPELMPFRLTRQF INLMLPMK-E
LGIGDRHLSNFMVNLETGGMVGIDFGHAFGSATQFLPVPELMPFRLTRQILNLMLPMK-E
LGIGDRHLSNFMINLKTGGMVGIDFGHNFGSATQFLPVPELMPFRLTRQIINLTLPLG-I
LGIGDRHLSNFMVDLETGGMIGIDFGHAFGSATQFLPVPELMPIRLTRQILNVMMPLR-E
LGIGDRHLSNFMIDRLTGGMIGIDFGHAFGSATQFLPLPELMPFRLTROMLNLMLPLR-E
LGIGDRHLSNFLVDMETGGMIGIDFGHAFGSATQFQPLPELMPFRLTQQFVNLMLPLK-K
LGIGDRHLSNFLISLKTGGMIGIDFGHAFGSATQFLPVPELMPFRLTRQIVNLMLPFK-K
LGIGDRHLGNFMIDLESGGMVGIDFGHAFGSATQHLPVPELMPFRLTROMLNLLLPLK-E

skkkk * s * s kkk%k * kkookskss H *

Active site Mg?* binding site
DXXXXN DFG T3950

KLLFQQDLAAVLEALRGQHQRIESVMSVFLNEPLLEWQVTVKKKSRRDKD——————————
QGAFVRCLGHCLAALRRERELVLSVLQVF INDVSADWKQLAGMLTAAHRESSAAWDTSEH
EGVYKQTMVHALNALKHRKSLIMDTCEIFVKEPLLDWVKDAKQRQKNGENNDNGMV————
HGLLESTMKYCLKAFRDSSYILLNTMDTFVKEPSLNWIVEARRQIGEGRT-—————————
VGLLSHNMTHTLTAIQNNKDFLLSTMDVFVKEPLIDWIKLASRLGKEQ-———————————
KGLLEYPMIKILQIMQANKDILLNSMDIFVKEPLLDWLNRANDQAKQQKDRNSNE-———-
VGLLRSDMVRIMTALRGSRGLISAVMEVFVKEPLVDWRQEAVKLQRARARDVSK-————-
TGLFRETMIHCLRTLRNNYDMLLATMEVFVQEPSIDWLEFASRHESLN-———————————
EGLVQEVMVHVLRALKANQRLLLSTMDVFIKEPSLEWQQQAR-—————————————————
RGLFESSMVHCLKALRENNDLLVCILDVFIKEPSIDWIGSAVKIAKKN-————- L-———-
VGMLKEIMVSALGALQESRHVLTAVLEAFVKEPTKDWLDFVQKQEGDT-———————————
KGVIEATMISALSALRDNADILLNTMDIFIKEPTVNWQENALKQKRIIGKVDENV-————
SGQLRSCMIHTLRALRHSPTLLLNTMDVFIKEPSLEWESNAKKQALAQ-———————————
TGLMYSIMVHALRAFRSDPGLLTNTMDVFVKEPSFDWKNFEQKMLKKG-~——————————
SGLIRSIMVHGLRAFRLDPDLLLSTMDIFVKEPSLDWKNLELKQMKKG————————————
KGLLENTMIHTTRALRQDYDLLVNTMDVFVKEPSVDWLNFAEKQRNEM-———————————
KGLIESTMVHALRALRANYDLLLNTMDVFVKDLSVDWLAFAEKQLQTT-~-——————————
NGQLKCSMVHTLRALRNKPDLLVNTMDVF IKEPSLDWQNFANRQNAKQ-———————————
SGTLQSVMIHTLRALRSNHDLLLNTMDVFIQEPSLDWQVYARKQAKTQ-———————————
EGILQSSMVHTLRALRQNHELLINTMDVFIKEPSLDWKTNASKQAKAQKDAGRVL—————
SGLLQSTMVHVLRALRSSPNVLINTMDVF IKEPHLDWKNFAAKQMD - —————————————
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Supplementary Figure 4: CLUSTAL All phyla small
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______________________ QKDENASSSWLPELKMQLAQRKLRGEHVVHILREELQL
RAGSKSASASSAAAGG---SGSIASFSCPERWFSTEKLQVVRQKLSGAHPCQTLKSELLL
—————— DSL---——--——-—-ISEYEEELQELAWYPRKKIEVMKDKLNGLNPVRIMAKELQD
__________________ LWNDEANLRDSFKWYPEEKISAAARKLRGDNPVIIMQDELMN
______________________ GKGHKSVESWFPKEKVDIARRKLERWNPAYITSEELAN
____________________ I-GEGDSQTVEWYPRQKLDIARRKLELENPAYIVCSELEA
—————— STALEADAGANH-----HMAAFSEEEHVQLKVETAQCKLDLWNPAEITISELGF
______________________ KKSHEESQTWYPQQKLDLAKLKLEGANPVTITTEELKA
___________________________ GDVALFAEQKIAVAKRKLAGDNPAHILISELES
____________________ N-EDMEITLGLQYAKDRVNSVKQKLFGMHPSVIMRNDLCS
_________________________ QDSKVELFSSKRIELLNDKLSDINPAYITLWAVSQ
—————— DSDINIYPGNTESDD-PNHSECDFNWYPKQRILFAKRKLEGINPCYITKEELRL
_______________________ KINTDDNTWYPKEKVNICRKKLLGFNSSHLMLIDLEH
______________ G---SWI-QEINVAEKNWYPRQKICYAKRKLAGANPAVITCDELLL
______________ G---TWN-KDVNTREIHWYPMQKVRYARRKLEGANPAAITRDELQL
____________________ L-MTADDEESTWYPKQKLQYALRKFKGDNPCHITKDELYL
___________________ MS-SQEDKEDAKWYPKQKVAFAKRKLKGANPWCITRDELEL
____________________ G-LKTESDDFSWYPREKVTFAKRKLKGANPAFVTRDELRL
____________________ G-INEEEQKADWYPKQKVQSAWRKLEGFNPAYVMRDDLQL

—————— E-------G---QSD-PDGNSLDESWYPREKVNFAQKKLEGANPSDITQRELAL
—————— K---—----G---MVG-EDDDLDDISWYPREKIKFAAKKLQGVNPTHITKAELQL
.. * o . .

NPHIASVYSHFDQIIPV-——-m e mmm e e m e PSDV--PKHGFLSPLDQAKALI
D--RHRGKPYTSGMLAVIDRRRISV-===————mm——— GGGD--A-AERLVPMQQAELLV
S—--KHEKKPYFKVILNAIKGQESSI-====—=—=—====—— RYKLLAQNRRYLEVDEFIDCLI
SRRHLSSFP-LHQIINCIYGKKDFS----ALSEEDQSAPRGY--P-LOALTVEQQTSCLI
S—--VHKGQIYEKSIQNVVKGDPKHN-=-————=—=—===—=— IRAKA--C-QICSTAKEQVDCLI
G---HSNKPWFNSIIKIAKGDPNYN-=-==———————— IRARA--R-QKCFSVKEQVECLI
S—--VHANKPYTRALEEIVRGDPSRN-=-=———=——=—==—=— IRARV--AGNVCVSVQEQIDCLL
G---FKDSKYLAKFLECVKGHNS - ======——————= VRSQM--P-SYQLLPEEQVDSLL
NRHVTSDRSWHRKAKDITIAGDAQSN-=====———=——— IRATM--P-EHGLSVEDQVRCLL
G--TIHKDSKYLQYFVDVLMGNKILSRNGGLLLERSKILAENG--E-KYRLTIEEQVKCII
NK-FVAKQKAYENLKQAVLGDRGES —=====——=—==== VRASV--G-ERGLSTHQQVDILL
G---HSNKPIFQRLTDVCLGDRK-S—=====—=—=—==== LRONL--P-KNGLSVKQQVKSLI
G---FKNKPEFKYLKGILLGDSSTN=-=====——=—=—==— LRARV--G-KRCDSVEDQVDCLI
G---HEKAPAFRDYVAVARGSKDHN-===———————— IRAQE--P-ESGLSEETQVKCLM
G---HETTEAYKSYVAVAMGDKEHN-=-===——————— IRARV--P-EDGLSVEIQVDCLI
G---HSRSPATIKHFEKCVLGDAKDN-====——————= VRATL--P-STGLTVEQQVEALI
G---HKRRGKTY-QAFIAITQGODN=-=====———=——— TRTKF--A-EVDLTPEQQVACLI
C---HH----LSILESFALGDKQYN-=-==———————— ERARM--P-ADNLSVEDQVTCLI
G---HSKQSWYKQMESVCLGDRNAN—-== === —————= VRARE--P-ESGLSVESQVSCLI
G---HSRNPAFSAIKEVVKGDRSQN-====——————— IRASS--P-KSGLSVETQVECLI
G---HKNLPWFKSFCLVAMGDGGKD-=====—==—==== VRAQK--P-AEGLSVEDQVACLI
DIATDANVLGRMFHGWSSWA 3693

DMATDPALLARTYGGWQPDL 4430

EQSRDPNILGRTWIGWSPYV 4241

EMATDSVILSRTWFGWEAWI 3993

DQSTDPNILARAWAGWSSWI 4160

DLSTDPYVLGSMWVGWQSWI 4073

DQATDPNLLGRIFAGWQPWV 4098

DQATDYNILGKTWQGWEPWM 3993

DQATDPCILGVTWAGWEPWK 4187

DQSTDTNILGRTWIGWQPFC 4070

EQATDPNILGRSWIGWDPFL 4065

DQATDSGILSRIYFGWDPWF 4131

DHATDSNVLGRTYGGWEAWV 4157

DQATDPNILGRTWEGWEPWM 4128

DQATDPNILGRVWEGWEPWM 4141

DQATDPNILGRVWQGWEAWV 4082

DQATDPNILGRAYEGWEPWV 4114

DQATDPNILGRTWQGWEPWM 4127

DQATDANILGRTWQGWEPWV 4170

DQATDPNILGRVYAGWEAWM 4203

DQATDPNILGRTWQGWQSFM 4205
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