Supplemental Figure 1:
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DILSYFIKNINEVQTKNQLINRTTKIIKGTKKTONRNNcfHPLLSLTONIKFIRSRSMhIEKYNQRKETVELEHINMEDS
NIKKVYKKREKKQSTNSNKLSVNKKMYVNN----—-—-—-———-——————————————————— LKKIAKINVTONYKILHEFPN

ILKKKIY---IRNNKNIYDDEIKTYGNGNIIMHTNIFDSIINKKIKKENdeendeene-enegnekneknelcdknyHMK
FCKNKINretTNNESRSMDDEDDNDSSCTSDHHKNIFDSISNVKIKKEQ-——————————————————————————— RIK

ILIKRQT-——--- NDPKNGTKNGTKNGTKNNKVKTNMYDSIFNLKIKNEK---—-—-—-—-—-—--—-—--——————————————— EML
KOQFTCCYFRYKEITQYL---—-—————=————— VHKEKLFEENHK--—--- CNDLCRNDIFCFTYICNNLFLENHTND-KLN
EEPTCCYLSYQRIHHHI----—————=—-————— QVLITLE----K----- WEDDDTKNLEFCYNSLCNELLLMNQHNVNQMH
--MTCCYKFCIKIYSDV-—=-———=———————— KEKQONAHTHNVN----- YFVECAHHSICYICICNRLYVISQKNEEKFEFH
OKMTCCYKFCITIYSDV-—————————————— KEKQONAHTONVN----- YFMECAHHSLCYICICNRLYTINQKNEEHEFH

EEVNNCYLCYQQICNSAtgtgtgccndigivsKIDSNATTEKISdAstsvCKONNSNGLFCYACICKDLHQFNKKND-ILS

LYLYIKKIINSYRSYFHNTFEEHDCVCNNT 1 kkdgeNIYYLNKEFMVKVIDDICEMLHKKRYIDVLONFLKNEKYVIWSLNN

LYLHIKRMILSYISYEFNHLYEKHDCENTNK--—-—-—-- DTKFVYKEVLDHINNISNTLHNYKQIDMLFTFLIHFKRVWEIYK
FYLYVKKIFNSYISHFINILKNHKCDTNDD--—-—-—-- DNEYLYKFLLYILNDLCEILHKKREFIDVLOKLLINFKCFWKLOK
FYLYVKKIFNCYISHFMNILESHKCDTNND1sddvnKDKYLYKFLLYILNDLCEILHKKRFIDVLOQKLLINFKCFWKLQOK
LYIYIKKIIYAYINYENNIFCDNKCNNNCD-—-—-——-- SOYYLOKEICYILDNICNELHDKRLIDILHIFLTNFKHVWCLDK
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—————————————————————————————————————————————————————— YGQOQVCLYVHQFFPFFYVLIPPEEKE
MNSLEKANVFFICKFLFFDYLMTKPKYPLDPSKCT ISNRELPFVSVIRILGVTPYGQTVCLYVHDFFPFFYVLIPPEEEN

MNIIDNPEAFFVCKFLFFYYIYKKPTLPEFDSWVCKISNKKIPYVCVIQILGLTLYGQSVCMYIHGFYPFEFYVLIPPEEKG

NDKLEIELCSFLEEEYGKARKDPSNNV-CVYNIERVKRKGIYGYNEECDDEFLKISFLYPNTINYFASLLKKKLEKKRIWD
NYDLEKELCFFLDNEYHKLGTDKNKNV-CVYNIKRVKRKCIYGYTEDYEDFLKISLLNPDVVKYVASLLKKKLEFKERSWD
NPHLERELCDFLETQSKNNKKQEGRVS-CIYKIERVKKKCIYGYTEKLDTEFLKVYVLNPDWIKYLATLLKRKLEFKSKSWN
——————————————————— EKHEEVVS-CVYKIERVKKRCIYGYTEKWDTELKVYVLNPNWIKYFATLLKRKLEKNKSWN
NKNLEIEICKFLEDEYGKLKKNTNENSvVCIYNIERVKRRCIYGYKECHDDEFLKIYCLYPDTIYYLASYLSKPLEKNRI-—-

LYEVHINYMLHFLCMKNIYGCSEIYIDKNIYFRKEFVNEINFECIEKEERWYLgEKKYNLD -NFKRNKYLEVDAPLV
LYEVHTNYMLQFLCSKEICGCSDIFIGRGIQFRPDLPKDITFHQFSKVEKWDL-TLKNDFE KKIKGSKYIEKDAPKY
LYEVHITYMLHFLCSKNIYGGAEIYIDHNIFFRKEFPEDTLEDNFIKHEKWKV-QKRWEEFD EHIQRSKYVDKEAPLF
LYEVHITYMLHFLCSKNIYGGAEIYIDHNVYFRKEFPEDSLEDNFIKHEKWKV-QKRWEEFD EHIQRSKYVDKRAPLF
LYEVHINYVLHFLCSKHIYGCSKIYVNKNIFEFRKDFVSSINFENFIKEDKWDV-KKKKTNT [ 5] ESVKKKNYISADAPYV

FTIKTINVNESSLKRETTYDIECDIKHQHILNEKIYTYEFEKNKIKWKKEFNFDLPINHLDSFAKMWMKEKKRCKYMDMD
WIYETRDVSFSTLOKETKYDIECDILHNEIMNEAICIHKFEKNKKKWKEELGOEMPLQYIETEFVDIWIKEKKRCQKKYPH
FTKKTKNVNESKWERETTYDIECDIKHQSILNEQVYSYEFEKNKEEWKREMGEFDLPVGYLDAFANLWIKEKDRCKNLNCK
FTKKTKNINEFSKWERETTYDIECDIKHQSILNEQVYSYEFEKNKKEWKREMGEFDLPVNYLDAFANLWIKEKERCKEVNYK
FTOETRNVIEFSNLKKETSYDIECDILHDNILNQOIYTIKENKYKKKWKEELNFDLPINY IDSFAKMWMKEKKRCKNVNPE

LKRELFYFKSYENDLCEFDTEFDVLTERTKKMFQGFLEFMKRM-—---QSEKDKVNYEQILEYDNIENVKKYNKVINDDMKLK
LAKELFHED-—————————— =~ m - s
QLKEIFHFDKYETEVDENTFDILTARTRRMLDDFAKFLENR-rnEKREKGNSMEPQHEAKHEAKHEAKQKGAENETKSEK
QLKEIFYFDKYETEVDENTFDVLTERTRRMLDDFVNFLKERQrnENRQK----ESLKETKQKEKQQOEEENVTENKTETET
IMKTIFNFDNFEKKLDENSEDILTGRTKWLYNQLVTEFIKSR---EQKNEPNIGNEKKNLSSNGKVDEKDIKTGQDMLKKG

EDHNENSDMNNIEVNIKQINNNDNINNCKNV-VDNEEENDMLSNMI SNKKKDHMGISPNLE---IQONKEQEKEKQDEREK
ENKTNNETEHKPGNETKTET-—-—-—--—-—-— KSIKKDDETSPLSHANVIINDIILLAGPMES---KQINNKEFQKDYQOMEKEK
VNKTNNKTENKTENEIETETENKTKNEIKQIETDNKKSSLSDTDVIID--—-—— YNPTDSTKkKQIKNKKYHNDYKVEKEK
EIYDKKCSHSEINNNIKKSONIEKEHNVGLNNTNNKLANTNNELANTNKE IVVMTDYKKIR-NKVNNKKVKGMASFEINK
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EKODEREKEKQDEREKEKQDEREKEKQEEREKEKQEEREKEKQEEREKEKQEERECFIEYVNEKGCIASFEINKKRKDVV
IEKDYLSKKAHTDVVENHVNDSINEKKKNSVEAPCHINTKGKITGTDVKTLTNINRKANEANNCYTTKVLOSEKEGEANL
NEKYSLSKKEHKNVVAIYSNDSENDRKENSVETTCHINTNGKITGTNVSTLTNINRRINEENNYCRSRLLOSEKEGKSYL
KKKYVI-RYVYKKKMPITIKKGYAVSRFWRGAHNIVGSNDDAGINEDNVNGNVN-NSWNNNVNNSGNDNV---NNSGNDSV

RYS[6] RINKCYAVINNLVDHISGRDNKN-  MKEKMKG---NIYNRIHDNIED
T YSK--——-—-
KNS  KNIRYTTVISKSITNEKRNNNRFI [4] LHNKLKGivrYIYKKKPPRILN[ 9]RDKTKEKEAEAEadiDKQEKE
KNN  KQTHNSIVINKSITDEKKKNNRFI [4] LHNKLKGivrYIYKKKPPRVLN [10]KNKTKEQKPERD---DKQEKK
NNS[1]-NDNINNSGNDNINNSGNDNNRMY — —HNQTKC-—--—=--——=-—=-— ~NKLEENKVR-—--— NKKENK

ENKEDTSKFEYIgkeNHMENK

ENIRKQYEQIKSDNMKKKINIKYGNIFFLEILTEIKDENCYSSDYNQDKIKAVEYIVREERLMNLYEDYNNCMGIIATKP
KCTTOKVEKTMEKILPRKINIKYGNLFFIDILTEIEGEEWYYPDALQDEIKAVEYVIEDERIKSYYENYYDVIGITIASKP
KYSTEEVEKTMKKIVPRKINIKYGNLLFIEILTEIEGEEWYYPDALQDEIKALFYITIEDERIKSYYDNYYDVIGITIASKP
K---——-————— SIKYGNIFFCEILTAIKNENCYSSNYYEDETKAIFYLIKDERILNSYEEYTNCVGIIATKP

FP[75]KNVINKKNDDTYGSS[20] NNDIKKVK-RTFEFDENINYNNVNICIVENERELIQKLINKILFYSPLSIVSYEND
————————————————————— VNVCIVEDEIELIQKLVEKINFFCPLSIISFENH

FN RNIMNGLKWSQLGTK GKDVKEKKsACSSSFLPDVDTVNICIVENEKELIMKFIELIRLFCPISTISYEND
FN RNVLNVLKRSQLGTK GKDVKGNKsSRNSSSFLPDVDRVNICIVENEKELIMKFIELVRLFCPVSTISYEND
FP[ 6]—————————mmmmm— o KELYKELINKINFYCPLSTVSYEND

KYNINYINQRCLALDIGNFYKMIC---KLNDOKKFLDLHNAYSRNIKGITIIESLYKLSNTYNTSFENLCKHYLNINIPST
KYGINYINERCILLDLGNEFYKLIS---KVKDOCNFLOQYNNSYNKSIKGRVI---CRLADVSNSSFENICLEYLRVTIPSI
KESLNYINKRCTILKIGNLYKLMS---SVNNOPVETDMNNSYNKRIKGRVIESVYRLSDESNTSFENLCKVYLNVTIPST
KENLNYINKRCATLKIGNLYKLMS-—-NVNNQTAFTDINNSYNKRIKGRITESVYRMSDESNTSFENLCKVYLNVTIPST
KYNISYINKRCLFLNIGSEFYMHIStnnKLNDOYNEFINLKNTHKTNIKGKITESLYKLTNISNTSFENLCKHYLHINIPTI

NKYTLYYWYNYNTKRKIKANGSSTVVNKD [ 7] NDMDEEHIYFPYRHITIKHYLRKVYFILLIYDKICFLKRKMNFCKY TH
SKYTLYYWYSYENKKKEDG-——-- LISRD  SCSKESSTFFPYRYLTMKHILMRLNLIQLVYEKINFLKRKMSFAKYLH
SKHMLYYWYIYSSG-YKDNRHGTCIDSDN  SCKDNNCIYFPYRYIVIKHMLMRVIFTKQIYEKINFFKKKIGFAKYTH
SKHLLYYWYIYKKDMYKDTRCVPFIDNDN  NCGNNSCMYFPYRDIVIKHMLMRIIFTKQIYEKINFFKKKIGFAKYTH
SKYTLYSWYMYNEQ-—-———-———-——- DN  — o m oo

VDLLSLINRGSQYITIESFLLKMSIKYNYVLYSPSNKEIFDORPILHTPLILOPKSSINFFPLLVEFDFOSLYPSILIAFNI
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VDFLSLINRGSQYITIESFLLKLAMRNDYLLESPSNKEIFHQRPIMYTPLILQPLSSINFFPLLVFEFQSLYASTATIAFNI
VDILSLITRGSQFIIESFLLKISLKRNFLLYSPSIQEISNQRPILHTPLVLOPOSSFOQFFPLLVEFDFOSLYASILIAFNI
VDILSLITRGSQFIIESFLLKISLKRNFLLYSPSIQEISNQRPILHTPLVLOPOSSFOQFFPLLVEFDFOSLYASILIAFNI

CYSTCLGTITLKR[13]KDENIEGSLMEKCETYKNGINDKNhiyDKNELSCSNKNDLPSDEYTDMMNISEDAKYLIDLLD
CYTTCIGTLTKKR KTQVEKTITHQEEEEKEEHTNINISN---DSKNMNPINMNNTTNTALQLNFEEKKNIEYEFNDLN
CYTTCIGTLCRKS[13] SSKNERIPLRESVEKTDKPLQTNQ---DKFQTNKSKTKWRVEDLEIYQIYENKQSSVRYVSSS
CYTTCIGTLCRK- —-—KNERIPLRESVEQTDKTIQTDH---DKFQTNKSKTKWRVFDLETFOMYENKQSSTIHYVSTS

ENIND[21]GENIPSENMITED[4 ] KYKLDMNNKLEMGN [14 ]NIN[7]EEKSLESNFEFIKLGVMKNVPSISSRIKNLK

EKHNE DEEEEEEEEEQEN[4 ] THANHLNDDSQSKN NGE ETSEEEITYDFLKLGVKKKDPRIMRRVKQLN
EKKKE GEDIRREEYSGNE IFENEKNDKKKI-- - --SDEEIPFEFIKLGVKGKDETVMEKVKDFR
EKKKE GENTRREDYRNNG IFENEKNKDKEMVL NEE [7] TKSDKNIPFEFIKLGVKEKDETVMEKVKYEFQ

———————————————————————————————— ---  ———-——--FEFIRLGVKKSAPDMRNTLKNIK

SEDIIITSNNTIYVKKHKRKGICPLEFLEDILKTRIMLKRCMGMYEER-VNKKLNERMGKLKLILNVATGY IGANEFSGRMP
RNDLIITSNNTIYVTREKRKGLEFSIFLEDILKSRIMLKRCIEKYNEPRIKKKLEKRVHLFKLVLNVAIGYIGASESGRMP
KDDMVITSNNTVYVSRKIRKGICAVFLEDILKTRIMLKRCMNIHSDKY TIKKKLSDRTFIFKLILNVAVGY IGASFSGRMP
KEDITIITSNNTIYVSRKIRKGICSVFLEDILRTRIMLKRCVNIHSDKYIKKKLSDRTFIFKLILNVAVGY IGANFSGRMP
SDDFIISSNNTVYVKKEKRKGICVCFLEDILKTRIMLKNCIVICNGR--ETQLKEKIQKLKMILNTAAGY IGASFSGRMP

CVDISESIISIGRNFLLEFITIEYIKENYKFVKILYGDTDSLELLNETtDDIQSSFKLAYEILNSINNILPLPMYLNEFEKIY
CLDISESVISLAKNSLMEITIQYIKNNYANTQILYGDTDSLEFLLSKC-DDMLYSFCLAHHITTHINNIVPTPMCLIFEKIY
CVDISESVISIGKNSLAFITIEYIKRKYINVDVLYGDTDSLELLNKT-DNLHYSFQLAYNIINTINSILPPPMFLNEFEKIY
CVDISESVISIGKNSLAFITIEYIKRKYTNVDVLYGDTDSLELLNKT-DNLHYSFQLAYNIINTINSILPPPMFLNEFEKIY
CVDISESIICTGKNFLLEFLIEYIRINYKYIKILYGDTDSLELLNEI-DDLKYSENIAYDILNKINNILPKPMEFLNFEKIY

CPSLLLTKKRYFGESFKNENQDNPILDLKGVESIRSDOCILVKNILIQIYFILFYFKNNCYFSYCCCCCYLCKNEESNLI
SPSFLLTKKKYFGFAYKNEKIKKPILEIKGVESIRSDOQCELVKKILKOVYFIFYYFKNHSYISRCCCCCYLCSREENNET
TPSLLLTKKRYFGEFCYKNEFQKKPVLEIKGIESMRSDOCDLVKKILIQIYFVEFEFYFKKNSYISSCCCCCSLCSNEEFSNLE
TPSLLLTKKRYFGFCYKNEFQKKPVLEIKGIESMRSDOQCDLVKKILIQIYFVEFEFYFKKNSYISSCCCCCFLCSNEESNLE
CPSVLLTKKRYFGFAYKTENVKKGQIEIKGLESIRSDOCELVKNILKOIYFIFYYFKNTCYFSYCCSCCYMCVNFETNEV

CSC--KELNVHKTDPCFLFTLLKIVLS1icKVRRYINQNEDKYNinNNNNNNN[31]DKVKLYKEVMNWVEYYDNENLLLK
CNC--EKTGIHQKDHCFLSELLSTI----- LETIPLNDKLDKTE1pKEGNTEK ERRYYYDELLHLLNF-DTHNLRLQ
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CSCtCcKESKTPPNRPCFLSKLVKVVY P--ELOEFENNSLQKTT - -KENWTKE
CSCtCcKKSKTFPNRPCLLSKLLKVLFP--ELEEFTNNKLQKMT - -KTNETNE
LYC--NVSYTHRKEPCDKLKLYKDI TK———-———--——- LIKMD-——-————— K

TKKQFFDKCLOLLTKKEGNNEILK
TKKQFFEKCLOLLTKKEGNNDILK
—————————————————— NNTVLK

TLNFLYREKYSFLIYLENLEFDEATLHKEIEKIIQTNFEKIQNQKNN-KCCFINPSNVFKSCLCVKNI-NENIKCDQIRCY
MLHYLYNEKYSYLMYTYTYHGPGILKEKVKKIIEKDFDKLCEFSAHN-NCCLVDPNNHENICLCVKEE-NRNLKCSKNTCY
TLNFLYKEKYNHLFYIFTHFDSVTFKREVGNLIKKHKDEIVLDRYDyDCCENSEGNVENLCFCINEK-DRKYKCDNTKCY
ILNFLYKEKYNHLEFYIFSHEDNITFKREVONLIKKHKDEVIMDRODyDCCENLEGNVENLCFCINEN-DKKYKCDNTRCY
TLNYLYRNKHYLLLYILSNCNELVLKKKIQFITIETDYEKIKEEQNE--CCLTNPNNILKICLCVKHTgDGNERCDSNNCY

CNVKOAMFFEYNP-TYNkvdYVENTKLEYSHLLSHIRQTLSEYEFNKIYDNQISCDNEFITYRKVKLGTYKGEMQGIRRKVS
CNIKQSMVEY-HA-EMN---YVEHTRPFYEHLSSQVQOKVLLSIFIDVYENKIPLDNEFITYKQVKLGTYKGELPNQKRKVP
CNFRONYFEFYVEN-NES---YVFESKLEYKQLSMKIENVLHFIFNKIYKNEISIDNEFLIFKKVKLGTYVGELENLKRKVP
CNFRONYFEYVEN-NKG---YVFESKFEFYKHLSMKIENVLHFIFNKIYKNEISLDNEFLIFKKVKLGTYVGELENLKRKVP
CNVKOATFLHYSGgNNNt tyFIFNKKFEYSYLSLTIENVLSTYENKIYNNTIPYNEFITYKKVRLGTYKSELKNNKRKTP

LPPOAIVARKIMRDEPNSIITYKEKVPYIFTKKLKDDKIYSSVSHPHFIRGIYRSFREDCGSTEQLE--ISEDNCNNDSE
LPHOATAAKRMYQLFENCLILYKDKIPYVVSTKLKKEKIYESVSHPFEFIKGLYKSCKKYFENYSALEksTEEDEDEDESE
LPPOATIVAKKLOQHIFKNTMISYKERIPFVVVKKLKEEKMYTAVCSPFFLKGMFKSC-—————-—-—————————————————
LPPOAIVAKKMQHIFKNTMISYKERIPFVVVKKLKEEKMYTAVCSPFEFLKGMFKSCSNVEKNYHQIFghLLETKNNNQIOQ
LPLOATIVAKKLLKTYSNVIISHKEKIPFIITQKLKGDKLYDSVSHPFFIKGIHKTKKEELKN-—-—-—-——=—-—-————————

KNGDiEKNDNIEKND -NIEKIGDIEKIGDIKKIGDIEKNENIEKNENIEKNDN [125] KFNWNK-AKLEMFSKYYKN
KEKEfNKKENRKKNK [ 6] LNYEYYIENLVLPPLKRMLDLLPFSTLNLEKIAHMARR KYNS----NYYQOMSFEFRNL
IQONQ-NQEKKEKKNE [ 6] INYEYYISNATIPPLKRMLDLLPFYPLDLEKIFYNTRR GGNDLKtQSIEETSNIINK

——————————————— INFNYYIENLITIQPVKRMLDLLPMCSINLEKIFFKTKK QYNLNK-GKIDIFSAYYGS

MDNKLLK--NNNVTNKGINLMNILNEDKINNK[49]KIMNSYVEINKSQNMLKKLNKICLMCANSEMEALACNYSVHCKI
ONEHSLNkeSNKEIRQEKYVTELLEEEENQQT CIIKSYIKINELONKMKNVNRKCLECTNSEVKALACQYSIHCPI
RKKIYINmeGNNEYEKRKEK----EKEKERDK EIINSYILLSKYONEMKKLNHICEFSCAHSEIKALGCSYATHCPV
NTKKLLN--NNAKYNKKIKIKITTNNSKIENK KIINNYIELNKSONMLKRLNKICLACANTEMEAMACNYALHCKI

FFKRINLQENILKNKDSINrls
YLKKLOLEEQILIQQEIVE---



PHT PolZz YLKKLNLEEKISKCKEITSr—--
HPC PolZ YFEKNLLVENISKNQKV-—-—---



SNF2 Helicase Alignment
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[438] FLYNKKFINFIE-STKNRKG-IyKKVLNKYLSAYLKNDFFNE INYLPLTWKPRKDY IKAGTFPFNLSKNNRKIES
—————————————————————————————————————— FFNEMNYLPLTWKPRKDY INSGVFPFYLLKKTKKIES
FLYNWKFQQFIEYQIKVRKDeKiKKRTKRILSKCMDNDFFKKINYLPITWKPRKDNIESATFPFYLSKKVKKKKT

[332] FLYNEKIVHMLE-MEWSKKY-L-KCLMNKYLSTYLKNDFFQEMNYFPLTWKPRKDYIKSGIFPFYFAKNVKKINS

FGRLSVNNNNYLCGCVFPLCTYQLIVRYFIYKLFHTCFIYQIPNFIFYFFRYYYRiInNNINKHKMYNYFLKNKYINIFIN
FRKLSCYNNNYLSGSVESLSSYPLIIRYFVSKESHSFFIYQIPQTVLHFEFSYFYP--TYNNKYRLHRYFLRDQYSSLLEK
FRKWSIYNNEYLSGCVENLCSYRLIFRYFISKEMDIYFIYEIPQTIFYFFRHFYK--KKYRKLNCYQYFLKDQYTNVLKD

IYhSKYKQILDTIKEE [15]QKE[7] IKNLYLEFDQLSNNTYIFSKQKIEKKIINHYYHKKIQKIKROMNQEIKNICLNET
EL-TNWEREEIQIQER[16]EKE ILDQYHYEELCMNTYIFEKTELKKEI INHYFMKKECKIRKRSHKKIKEMCLDQI
IM-AKYKSPIITLKEK ELE VLKSYDFDELCNSTFFLDKEQIRMEITENYYMKOKNKIQKKIQKELKMKCLKQT

KKKLPIRIQKVILTYQLOATIYFFFKKRGRILIADEMGLGKTLOAISIFYFYHLYPVLITITPASLKINWESEIEKYLPAFD
KRKLPRRIRNVILPYQLETIYFFKKKGGRILVGDEMGLGKTLOSISIFSFFKLYPVLIVCPASLKTNWLCEIKKEFVPEFLD
KKOLPLAIQKIILPYQLETIYFFKKRKGRILLGDEMGLGKTLOAISVESFFOQLFPVLITICPASLKINWLREIEKFVESLD

KNKLPCKIKNVILPYQIETIYFFLKKKGRILIGDEMGLGKTLOAISIFSEFYHLYPTLIVVPTSLKIHWLSEIEKYLPQFC

PONVLIINSSNDMPKCASSYKIIIVSENIYKKLYNLLKEIQFHLIIVDESHFIRTVHYGNQSQLTRLLKKKIRKTKHVLE
PSKILRISSSNDVPNDLKKYKIIILSFHMFRHTFHFIRFIQFQLLVVDESHHIRSVHSGKESQLTNMMGLLTKQIKRVVE
LSFILLVNSSNDLPKLHAHYKVIITSYEMFKRLYDVLKERTFRLLIVDESHYIRTVYCGKESKFTETIKELAKRIKNVLFE
———————————————————————————— MFKRLYDILKERTFRLLIVDESHHIRTVYCGKESKFTETIKELTKKIKNVLFE
ITOQILVIHSSNDCPRLDARYKIIIVSEFDIYKRLYNVLKQIEFKLVIVDETHHIRTVQYGKOSQLSKKLKNKIINSKYVIL

LSGTPSINRPINIFHQIKYLINNKNIFPKNKIIFGEDYCKKYFYRGEKIYEENLRSWEFHYFLNKIVMIRRTINQVEFQN-
LSGTPSVNRPINLFHQIYLLIQNDSIFCNTKFIFGEEFCKRSMSRGERKYEENLRAWEFSLFLKKTVLIRRHISSVLDS1
LSGTPSVNRPINIFHQLKILINNKNIFPONKYIFGEEFCKKICRRGEKIYEQNLRSWEFFMEFLKKTVLIRRLLOQIFKE-
LSGTPSVNRPINIFHQLKFLLNNKKIFPKNKYIFGEEFCKKICRRGEKIYEQNLRSWEFFMEFLKKTVLIRRLLOOMEFKE -
LSGTASVNRPINIFHQIKYLINNNKLEFKNKYVEFGEECCKKYIHRGEKIYEENLRSWEFSLELKKIVMIRRNIKITFKN-
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NFPSLKREFFVYLKNDICDN[11]HEN
QFLOLKRFEVFLPQEVKNE -
NFPNLRRFFVPLSDPSMDT -
NFPNLRRFFIPLSDPFMDK[11]TDE[6]ETLHTNL [10] NNNHLNNNHLNNNHLENNHL [10] TEIGTEIG[ 5]CKCI
NFINLKRYFIFLPKD---- HDK SSIHSSR KILDKNESIEKNDNTDKHNT DKYNTDKY[ 1]TDKY

SFINNSE[10] KCGYKMDEMYKMNNLDKNNN [11] DDONEYKH [12 ] SKKP

EQSKLNNSIIYKQERKHKNREILNQYFHIDIK SKKEE
——————— MKEKENEVETNRREKLNKIYQVKL-[1] SKKEE

EGVSKIV -NALQFIEKNFPNKKKIIFCY-HIM
EGILKI- KEGIEWIESHFPNEKKILLCY-HLV
——————— [ 4] KKEMKQIKIENKNVKKIILCNeHDL
EEELLKLIKKKEQEQEQEQEQKQKQVHSPCIN[4] DKKKE [49] EKVQKIK[90] KKEIKQIKIENKNVKKIILCNeHDL
NTDKHDNTDKHDNTDNTTNRQKLNDFFHVNIK SKKEE EGLSKIV -NALEYMETYFPTKKKIIFCY-HLT

VSK--CTEDELLKIIKQKK
ICK--CIEDELLKRIAKKK

EKENISIDYVSLNGCIPEKEK-IEKILYFONNINCYYGIFTICSVSHGLDFSFCNLCEF
EEDTSLLDYVVINGKVSEKHK-VERINYFKTNQTCTYAICTIGSVSHGEDFTFSNLCE

FCDgdCRKVYFLKKSSNSL[5] ERDQGICN--VCNLDCSDLLKQIRRMKYFSMEEKINYFI-—————————-—~— KYNPL--
FCDgdCRKEFYFLKKSSNSL[5] ERDQGICN--ICNLDCSDLLKQIKRMKYFSMEEKINYFI-—————————-—— KYNPL--
VCK--CIEE--——--=-—"~-  -————- SIDYVVLNGSLNEKEK-LEKINYFKNTSNCYYGILTICSVTHGLDESFCNLCF

FMEFPVNFFHLOQQCESRLFRKNQKHNTYVFYF--LLOKGLGSDHKTWNRFILCSNSTRSIIDGTNFINKDLIYDNI [467]
FFELPVNFFHLOQOQCESRIFRRNQTKDTYVEFYF--LLRKGLGSDYNTWNRFLKCANATHSVVDGVNFDHSDL—-————
FLE-—-—-——- NINQLKKII---DSPKEGYIWQVAhIIPVYKGGGQASFENLQTLCTFCHQKKTKCDLONKKEIKTRK[ 3]

FIEFPIDFFHLQQCEARLFRRNQLYDTFVFYF--LLKNGLGSDEKTWKRFVLCAHSTRSTVDGTCYEGNDLFYEKF [410]



RING Finger Ligase Alignment

P£3D7_ 0415800

[8]VONNLNRARHSLTNTLSDMRLDE-SYLKSIRMNIKKRFDKLMNKIIPFET---IDENKRFVVIIEKKKN-YENEFRCP

LF Ligase  ———-- ESLKQSLLSQYEEQSEDP-DFIYNFRKHVKRTFELWIDRVVPLNR----LVDRRFIVLVENRKN-YDNVRCP
PHC Ligase ITEKTNEARNILVKOVNELKAED-ITLSVCRSYIQEKMKNFIDVCIPA----KITIKERRYIVIKDKHKH-YETFQCA
PHT Ligase = ——————————=- LVNQVNELKEED-ITLEVCRSYIQEKMKSFIDVCIPA--—--KVIKEKRYIVIKDKYKH-YEAFQCA
HPC Ligase [8] INNNMENIRNNVIKAFENLRQIDNIYVNNVRTEIQKKVNSLLYKCLPLSEdKKIINERRFIVITIEKDKNkYDNERCP

P£3D7_ 0415800

ICMLILFKPVKTKCGHIFCRECIEKVLLKFDYCPLCRNFIK-DKKLENVENSTLGSEYENIKIRCYKCKEITNIKNYEKH

LF Ligase ICMLVEFYKPVITNCGHTFCHECLRKSVDKYACCPMCREPIAPDSSLSEINAEVLGSEYSSIKIRCSVCRDVMTIKDYDPH
PHC Ligase ICTFLFYKPVLTPCGHIFCGDCLKRSLKNFKNCPMCRNDIT-EETIKDIPAEYLGEIYTQLVVRCPICRYKTTVGEYKGH
PHT Ligase ICTFLFYKPVLTPCGHIFCEDCLKRSLKTFRSCPMCRHEIR-EETVKKIPAEYLGEIYTQLVVRCPICRFKTTVGDYKRH
HPC Ligase ICMLILFQPVQTOQCKHIYCKECIEATLKKYNHCPLCREVTS-NQTLTDLPISYFGREYTNIKIRCYKCKQITTIEKYEQH

P£3D7_ 0415800

IINHI[26] IQKKKKNSN [4] ISNNNYIHNIYHHINPYNEFDSYFNKKFQIIYMKEFFNLLKEhNINTHIDNEYLLYAQNV

LF Ligase LVNKC YSNRMKYRE [4] SIDNDITNKTKTNAHLKKLKNVFGKQFDINOMKELKRLLKK-STFDHIRHFSLVYAKSM
PHC Ligase Lim—— = e
PHT Ligase Lm—— = e
HPC Ligase LKNHI[ 1]YYGNKNYKN NYSNYNSYLERTVKNLKNIKTLENKKIRINEMNTFLLYIENiSIITDIYSIQLVYGRKV

P£3D7 0415800 LYDFKH[607]
LF Ligase KEEHIV[389]
PHC Ligase = -—————-
PHT Ligase = -—————-
HPC Ligase FNEAIY

Supplemental Figure 1: Amino acid sequence alignments for orthologues of the four components of the translesion
polymerases described in the text.

Sequences for P. falciparum were obtained from the EuPathDB database while the additional orthologous sequences were obtained
from the fragmented genome assembly of Parahaemoproteus tartakovskyi (Bensch et al., 2016), the transcriptome datasets

of Parahaemoproteuscoatney and L. fringillinarum (Galen et al., 2019) and sequence data of a Hepatocystis parasite that was mined
from the transcriptome of a Ugandan red colobus monkey (Simons et al., 2019) using the ContamFinder pipeline (Borner et al.,



2017). Alignments were generated using the Constraint-based Multiple Alignment Tool (COBALT; Papadopoulos and Agarwala,
2007) available through the National Library of Medicine, National Center for Biotechnology Information website.

Alignments are displayed in the “compact” format to reduce space. Unaligned regions are displayed as [X] where X denotes the
number of residues for a sequence in the unaligned range.
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