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a=er gene duplica2on. 
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Supplemental Figure S1: Alignment of Dxo1 and Rai1 sequences generated by CLUSTAL 2.1. Catalytic 
motifs I to VI are marked by red boxes. The D and Q motifs that are more conserved in duplicated Rai1 
proteins compared to the unduplicated ones are highlighted with filled blue boxes. The R/HH motif in 
Dxo1 proteins is highlighted with filled green boxes. Residues of Rai1 that interact with Rat1 in the crystal 
structure of the S. pombe proteins (PDB: 3FQD) are highlighted with filled purple boxes. Sequences are 
named with the first three letters of the genus and species. Full species names are in Figure 5.  
 
 
CanalbDxo1      ----------------------------MERIPLSVFEKFNNQEL------------LSD 
CandubDxo1      ----------------------------MDRIPLSVFEKLNNQDL------------CSD 
CanmetDxo1      ---------------------------MLDKLKLSVFEDIVKG---------------IQ 
CanortDxo1      ---------------------------MLNKLKLSLFENIVNG---------------VK 
CanparDxo1      ---------------------------MLDKLRLSLFENIVNG---------------SE 
SpapasDxo1      ---------------------------MIDKIKLSIFEKLNTKYLNSLEEP------SYD 
LodeloDxo1      ---------------------------MMQQQPLSFFREILKSENTIQN--------SSN 
SchstiDxo1      ----------------------------MNSIALSIIEKLTTSYLRGLETKDQDSSLKRN 
VanpolRai1      ---------------------------MAVTSNLFVKQKGNTT----------------- 
TordelRai1      ---------------------------MGKTYNLFVKQKGTTT----------------- 
SaccerRai1      ---------------------------MGVSANLFVKQRGSTT----------------- 
CanglaRai1      ---------------------------MGISANLFVNQKGTTT----------------- 
NaucasRai1      ---------------------------MAITANLFVNQKGTTT----------------- 
LackluRai1      ---------------------------MGLSANLFVKKKGSTT----------------- 
LacwalRai1      ---------------------------MVISTNLFVQKRSATN----------------- 
KlulacRai1      ---------------------------MVLSSSLFVQKRSTTT----------------- 
HanosmRai1      ---------------------------MMIKP-LFIRERSNVT----------------- 
CanalbRai1      -----------------------------MAKSLPLNSRSKTT----------------- 
CandubRai1      -----------------------------MEKSLPLNSRSKTT----------------- 
SpapasRai1      -----------------------------MIKTLPLNSRAKTT----------------- 
CanparRai1      -----------------------------MSKTFPITSRAKTT----------------- 
CanortRai1      -----------------------------MNKTLPITSRAKTT----------------- 
CanmetRai1      -----------------------------MSKTLPITSRAKTT----------------- 
LodeloRai1      ----------------------------MSSRKLPLSARAKTT----------------- 
SchstiRai1      -----------------------------MMKTLSLQSRAKTT----------------- 
Canlus          -----------------------------MLKLLPLSARSDST----------------- 
Metbis          -----------------------------MNHTLPLSTRAETT----------------- 
Canaur          -----------------------------MIKTFKLNSRSETS----------------- 
Canten          -----------------------------MIRTLPLTARAPVA----------------- 
Wiccif          ---------------------------MSSSKLLPLNSRAATT----------------- 
Cybjad          ---------------------------MSGVKLFPLNSRADTT----------------- 
Ogapol          ---------------------------MEFSKVYPLQSRAQDA----------------- 
Kompha          ---------------------------MSKEKILPLAARSKKA----------------- 
Lypsta          ------------MAGRPHFQSTPWTNGTPQVSSHGQRQQAPALSLPISSARIR------- 
Yarlip          ------------------------------MSSFSTTERLAAK----------------- 
SaccerDxo1      MSTEQDAVLGLAKDLEGINLLTVPNLERGHQSKLCKEKTTSDSSSSRKPSQQR------- 
NaucasDxo1      --------------------------MKKTGQELMPLHTTVQS----------------- 
VanpolDxo1      MDEHIN-----DVQTQLSNLKIG----EDNPSRKVKQNKSRPK----------------- 
TordelDxo1      MSKTSDSSTASSLEVHLLGNKLNSLGLQDSPHGPSKQRRKQQS----------------- 
LackluDxo1      -------------------MTIPTDELTADISKLSLQHGSQNT----------------- 
LacwalDxo1      --------------------------MLPNLQDLSLQDRTEEVH---------------- 
KlulacDxo1      -----------MTTVSCDKDENKVDQLGESLSQLRISTRKNNKPS--------------- 
CanglaDxo1      ----MEEVVNQLEALSLSNDKRRVKGQRKGKKKKHGNSRARDDHTVVIR----------- 
Hanosmdxo1      --------------------MSSVDDLLLDVSKLSLTEDGHAKKELHATES--------- 
                                                                             
 
	  



CanalbDxo1      VPEDRFISKSLQSPEIFSTPCEECTYFT--KSNNNN----------------ILKFDDT- 
CandubDxo1      VPEDRFVSKCLRSQETFSTPCKEWTYFT--KGNN------------------ILEFHDT- 
CanmetDxo1      IENEKELNESSTRGQAFSRDPEELCHYT--KEDT------------------TLKFADI- 
CanortDxo1      IANEDELNEILEERQAFACNPEELCYYS--KDEK------------------RLKFADI- 
CanparDxo1      IVEDEVLNEFLN--VPYNCDPEELCYYT--KDES------------------TLKFGDI- 
SpapasDxo1      DHEDAFIYNTLLKDASTDITPEEWLHFS--KADTED----------------EPAFDDI- 
LodeloDxo1      GSDNISDTPLLTSSEIFNEEPEEICHYT--KTSH------------------QLKYNDI- 
SchstiDxo1      KEDVHLAKYLAKDSVIFDQSPSELLYFSLIKEKEKS----------------EILFEDK- 
VanpolRai1      ----------------SLKQPKEISFYSRTPEDE-------------------FNVKDD- 
TordelRai1      ----------------ALKQPKELSYYSRTTNEE-------------------FLVGND- 
SaccerRai1      ----------------ALKQPKEIGFYSRTKDEE-------------------YLISDD- 
CanglaRai1      ----------------ALKQPKEIGYYSRNQTEE-------------------YLVSDD- 
NaucasRai1      ----------------SLKQPKEISYYSRTQEDE-------------------FLVGDD- 
LackluRai1      ----------------ALKQPKELGFYSKTQENS-------------------FLIDDD- 
LacwalRai1      ----------------SLKQPKELGFYSKTQEGE-------------------FLINDK- 
KlulacRai1      ----------------ALKQPKELGHYSRTQDNG-------------------FLVNDD- 
HanosmRai1      ----------------ALKQPKEIGRYSRKSYKENVENESXKQNCSTAGYKSKYYINDD- 
CanalbRai1      ----------------ALKQPRELFSYARDIDGK-------------------YVYDDP- 
CandubRai1      ----------------ALKQPRELFSYARDIDGR-------------------YVYDDP- 
SpapasRai1      ----------------TLKQPRELFSYARDIDGE-------------------YVYDDES 
CanparRai1      ----------------ALKQPKELFTYTRDIEGE-------------------YHYNANQ 
CanortRai1      ----------------ALKQPKELFTYTRDIEGE-------------------YHYNANQ 
CanmetRai1      ----------------ALKQPKELFTYTRDIEGE-------------------YHYNSNQ 
LodeloRai1      ----------------ALKQPKEVFTFTRDIEGK-------------------YHYNAEH 
SchstiRai1      ----------------ALKQPKEIFAFARDIDGE-------------------FVYDQKI 
Canlus          ----------------ALKQPKELFSYSRDESGE-------------------WNIDEHV 
Metbis          ----------------ALKQPKELFSYSRNADGG-------------------WQTDDKE 
Canaur          ----------------SLKLPKEVFSFSRDLDGE-------------------WHTDDAK 
Canten          ----------------SLKKPKELTTYRRDLNGN-------------------YIHDDE- 
Wiccif          ----------------ALKQPKEIASFSRTFDGE-------------------YVNDDS- 
Cybjad          ----------------ALRQPKELYCFSRTFDGE-------------------YVNGDV- 
Ogapol          ----------------SVKQPKELISYSRDIEGK-------------------YRVDDS- 
Kompha          ----------------MLRQPKQVAYFSRDLNYK-------------------THPDRS- 
Lypsta          --------------GPAMRQPREVTSFSYDNNRS-------------------LHFDDS- 
Yarlip          -----------------LKKPKEVYSYSITDG-K-------------------VTMDQS- 
SaccerDxo1      -DNYRKRRPKLICIPYTSFLHTGMHNFLTKPPRDIFHESKE----------VALFTNGRA 
NaucasDxo1      -----QKQAPITRVPFGEFSHSSISLFPTCT-QPFYESSNQ----------VALYHNHKL 
VanpolDxo1      -------KNVINIIPFHRFVHSNARSFPQKT-KDLFLESKT----------VAFFQKDQL 
TordelDxo1      -------GKRTVCIPFSKFEHSDLDYFPDDT-ADFFEGCEE----------VATYQNGYL 
LackluDxo1      -------------ANCKGFVHSNVSHFPSVPCKFFQESREI----------GTFTRMVSS 
LacwalDxo1      -------------ANCKNFQHAQINQFPKNVLPFFDEVQEV----------ATITHLLDT 
KlulacDxo1      ------QKKGSLVLSCKKFPHVSVNYVVDKTPKLLTDCKEV----------HNCSYIIND 
CanglaDxo1      ----------GNKQRLKTSHHKNMPQFYDSAKTLG------------------IFHDHKL 
Hanosmdxo1      -----------LLASFKQYDPEKSRTYLESQPVLCKEMELMG-------SVLKIRKKKDK 
                                                                             
 
	  



CanalbDxo1      ---TGLNTVLVSYTQ--------QSKKRKQKKTNASSKGRPK-----------IIGSDLT 
CandubDxo1      ---TGLNKVLISFTQ--------PAKKRKQKKPNGS-RNQPK-----------IIGSDLT 
CanmetDxo1      ---SGLDQVKIPFG----------PQDKK-KKEK-KRENEPP-----------LIGACLS 
CanortDxo1      ---SGLDEVRIPFG----------AKDKKEKKEKGKKKARPP-----------IIGTCLT 
CanparDxo1      ---SGLHEVKIPFG----------SKGKT--KKKRVSDKGPV-----------IIGTCLT 
SpapasDxo1      ---SGLKKLAIHIPD--------GTKKKHTRKKLKDPECESHS----------IIGSCMT 
LodeloDxo1      ---SGLSVIKIRIDNNNRTSHSHSTKKNRTRKNRTKKKANANACPNRNEKGPPTIGADLK 
SchstiDxo1      ---SALKQVNVPLEQSKK----VANKQKQGKKKKNSKNHEKDVS--------QLIGGSLS 
VanpolRai1      ---SRLRYYYLPDA-----------------------ELDMN--------------LDLC 
TordelRai1      ---ANLNYYYLPDA-----------------------ELDNR--------------LDLS 
SaccerRai1      ---TNLNYYYLPDA-----------------------ELDRK--------------LDLS 
CanglaRai1      ---INLRYYYLPDQ-----------------------EIEHG--------------IDLS 
NaucasRai1      ---SRLSYYYLPNA-----------------------DLDKK--------------LDLS 
LackluRai1      ---SKLNYYYLPDA-----------------------DLDKN--------------LDLT 
LacwalRai1      ---SKLSYYYLPDT-----------------------DLDKN--------------LDLT 
KlulacRai1      ---SRLAYYYLPDT-----------------------DLDKK--------------LDLL 
HanosmRai1      ---IFLNYYYLPND-----------------------DLDKRI-------------INLS 
CanalbRai1      --ENSLSYYYLPDS-----------------------TIDTG--------------IDLQ 
CandubRai1      --QDSLSYYYLPDS-----------------------TIDNG--------------IDLQ 
SpapasRai1      V-QSAISYYYLPDS-----------------------AVDSR--------------LDLQ 
CanparRai1      S-HDHLPYYYLPDT-----------------------KVDTR--------------IDLQ 
CanortRai1      S-HDHLPYYYLPDS-----------------------KVDTR--------------IDLQ 
CanmetRai1      S-HDHLSYYYLPDS-----------------------KVDTR--------------IDLQ 
LodeloRai1      S-HDGLSYYYLPDS-----------------------KIDTR--------------IDLQ 
SchstiRai1      VKDENVSYYYLPDS-----------------------KIDGS--------------IDLQ 
Canlus          SKDEALSYYYFPDS-----------------------YVDQH--------------MDLQ 
Metbis          AKLQGLNYFYFPDA-----------------------YVDKN--------------ISLQ 
Canaur          AKEEALSYYYFPDS-----------------------YIDRN--------------YNLG 
Canten          ----GHSYFYFPDS-----------------------YVERG--------------FDMA 
Wiccif          ----SLGYYFLPDS-----------------------DIETN--------------IDLG 
Cybjad          ----CLSYYFLPDS-----------------------DVDTN--------------IDLG 
Ogapol          ----QLSYFYLPDSQL---------------------NVPGG--------------IDLA 
Kompha          ----NLSYYYLPDG-----------------------DIDNS--------------IDLS 
Lypsta          ----SLSYFYLLQDD----------------------VTASGG-------------IDLS 
Yarlip          ----QLKYYYLPEET----------------------ILKA---------------IDLT 
SaccerDxo1      YTI--LRKDLIPNLKE------------------SIAELYESSLLEAKKRKVPYLGHDLF 
NaucasDxo1      YPA--SQYDIIPHLKN------------------DIAQLPKKSASEARTLKRSYLGSDLY 
VanpolDxo1      FIN--VEDAALPLLKK------------------DIANISGKSVLNSKKYKLPYLGSDLY 
TordelDxo1      FMKDSSKKPLYPCLQM------------------FAALIAEN---RGPKNKLPYIGCDLY 
LackluDxo1      GKYLFDDKLGLRPLKD------------------DICEYIHNPAKNASKIKTQYLGYDLL 
LacwalDxo1      DEFLLDDKLGMPELVQ------------------DLCEFTES-GKLANKGK--YIGHDLL 
KlulacDxo1      ATLLWNEASRKPRLRP------------------EVCTYIKDSKWENKAVKDSFIGIDLT 
CanglaDxo1      YEMNRMDLFPQLKDP--------------------IAHIAKSTPAEKTQLVRPFLGISLY 
Hanosmdxo1      HCHDYDYQFHLKEGNYEG---------LAVINADLQESFQSDRMKLSKKCLSRYIPSNLE 
                                                                          :  
 



                                                                 I 
CanalbDxo1      QGFS-DFKPE--SLKDIYSLNDIFKSIQYLIQNKNFTP----QDFKIVTARRHLQKLMT- 
CandubDxo1      EGFS-EFKPE--SLKDVYSFDDILRSIQYLIHNKKFNL----DDLKIVTIRRHLQKLMT- 
CanmetDxo1      EGFD-GFVSS--NLDIVYSLDDIFKSVQHLIESHTLSR----DKLKVLTTRRHLMKLMS- 
CanortDxo1      EGFD-EFVPP--DLNDVYSLNDLFKSLQHLIESNRLSR----DELKVLTMRRHLMKLMC- 
CanparDxo1      EGFD-KFEQP--NLNDVYSLEDLFRSLQYLIQSGELSR----DSLKFLTMRRHLMKLMC- 
SpapasDxo1      LGFD-NYQHP--KLADIYSLKDLFKCVEHLVQEKNHSL----QDFKILTLRRHLHLLLK- 
LodeloDxo1      KGFNSNYTRP--SQMEIYSLDDVLGSIQYSVANKLLSM----TDLKFITTRRHLSKLMG- 
SchstiDxo1      YGYE-QFSPP--KQEEIYSLENMLRAIEYLVREKGKPL----EDFKMLSLRRNLHLLMT- 
VanpolRai1      GGIKKFKDHY-KNFQDPGTLKGLLKTIQAYEEIKQKK-----VKVDIITFRGVIRKLIS- 
TordelRai1      AGVAKMRDTA-KEFKDPGTLRGLLATVQSVEEKKQKR-----TKADIITFRGVIRRLIS- 
SaccerRai1      SGFQKFKDYY-KDFEDRCSLRGLLETIESSERHKGKK-----INADIITFRGIARKLIS- 
CanglaRai1      AGASKFRDVA-KDFKDRCSLKGLLDTLMEYEKKKNKK-----SNVDIITFRGIMSKLIR- 
NaucasRai1      SGIKKFKDCS-KNMKDRCTLNGLLDTIMEHEKCKNKK-----IKADIITFRGIIRKLIS- 
LackluRai1      GGIKKFRECNGDPSFDSCTLRALLSTIQSYEQRKNKK-----AKADIITFRGIIRKLIS- 
LacwalRai1      AGIKKFKECSNNPEVDACTLDGLLKTVQAYEERKQSK-----VSADIITFRGIIRKLIS- 
KlulacRai1      SGIKKFKECN-TEEFDSTTLHGLLSTLEEYERRKSKK-----TKVDIITFRGIIRKLIS- 
HanosmRai1      GGFNKFKNAS---PVDDLSLHGLLATLIDIESKKNKK-----SKVDVVTMRGIIKSLIML 
CanalbRai1      GGYSKFKKIP--DEQNLADFNSLLKAIIKYETSEGKK-----ISSDIITFREIMTKILS- 
CandubRai1      AGYSKFKKIP--EEQNLADFNSLLKAIIKYETSEGKK-----ISSDIITFRGIMTKILS- 
SpapasRai1      SGYSKFKKIP--EEQNVADFTSYLTAIQKHEESSGEK-----VQGDIVTFRGVMTKILA- 
CanparRai1      SGFRNFKKIS--EEANMSDFGPLLDAIVQYERDENDGK----LGGDVVTFRGIMTRLMS- 
CanortRai1      SGFKNFKKIS--EEANMSDFEPLLNAIMQYERDEFSDR----IGGDVITFRGIMTRLMS- 
CanmetRai1      SGFKNFKKIS--EEANMADFEPLLDAIMRYERDEIKTK----VAGDIVTFRGIMTRLMS- 
LodeloRai1      SGFKHFKQIP--IEENLGDFHPFLEAIMKYEQ-EGSSR----LSGDIVTFRGIMTKILS- 
SchstiRai1      AGYAKFKKIP--EEKNMSDMKCLLTALTKYEQEHNNGEK---VNVDIITYRGLMTKLLA- 
Canlus          AGFKSFRKIP--EEQNKAHFPSLLAALQQHEQKTGKK-----VAVDIITFRGIMTKLLT- 
Metbis          AGLGSFKKIP--DAQNTADFPLLLRCLQQHEQTSGKK-----VRADIISFRGVMTRLLT- 
Canaur          DGFNKFKKIP--EAENVPNFASFLKAIKEHEQQSGKK-----IKVDIVTFRGVMTKLLT- 
Canten          AGFSKFNKIP--EAKNLGDFHAILAALVKHEQSVGAR-----VECDVIAFRGIMTKLMT- 
Wiccif          AGFKKFKKFD--EARD-GEFDGLLGAIKNYEETNKTK-----VKAHIITWRGIMTKLLT- 
Cybjad          AGFGKFKKMD--DDKD-GVFDGFIGGLEDYERRTGSK-----VKADIITFRGIMTQLLI- 
Ogapol          G-FKDFHAN----GEDFGEFTGLLAALESYERKIGAK-----TPANIITWRGLMRSLML- 
Kompha          VGSKHFLLG---DSVELSKLDPILLALKEIEKESGAK-----TKDRIITWRGIMRKLLT- 
Lypsta          AGYNVFKKRD---DTIDEHLDGLLLSLVDLEKNTRKK-----TTGDIITWRGIVTKLLC- 
Yarlip          KGIENWTQPN---E-HDTHLDTLLESLSKYERETGSK-----IDAEIITWRGILTKIMT- 
SaccerDxo1      ANIDEFVPMTISELDSVSPCFSYIENWILDNPGKDFKIG---KKFTVVTTRHHIVDLTMH 
NaucasDxo1      DGFETFVPMSAKDLDSLEPCMSFIKDWER-KASTKYKPG---RKFNIVSTRHHIVEMTMK 
VanpolDxo1      ASTDKYGPLPEDVLDSPKPCFDFIRHWENEHRGEHYGAH---ADYTILSPRHHITEIVMS 
TordelDxo1      QGHERYKPLPSSELDSSIACFEYIKKWERRKISKSFNS----GKVTIISPRHHVVDLVMA 
LackluDxo1      NGFEDYIPLSEDELNNMDGILNFIGNWEE-KNGKKYGSE---NKFTIVSNRHHLIDLIMC 
LacwalDxo1      DHFDEYVPITPKQLEDMAGVQAFLERWKQ-LHGRSFCDN---ADFTIVCSRHNLIDLIMM 
KlulacDxo1      KGYDDYVPLDRNVLNSLVILKEAYQRYEK-TLNP--------EKTTFVSLRHHIIDIIMC 
CanglaDxo1      ENHDKYSPMTAKELDTTEACSTYLDQYENSHGQKYGED----RDFVIVTARHHMIDLAIL 
Hanosmdxo1      NGFQNYVPISPYELVSARSFVEFLIKYEQHYKTPLNKSASEKNDFLYVTRRHHLTSLAS- 
                                                               :  *     :    
 
	  



 
CanalbDxo1      ----------IPIHKQEVQFNVIYWKG---MIFFAYDWKSESTTKVEDP----------- 
CandubDxo1      ----------IPIYKQEVQFNVIYWKG---MIFFAYDWKSESTNNNDDNSSSK------- 
CanmetDxo1      ----------IPLNKQPVSFDVIYWRG---LIIFAYDWDKELKVVPDNF----------- 
CanortDxo1      ----------IPLNKQPISFDVVYWRD---LVIFAYDWEKELEVASGSH----------- 
CanparDxo1      ----------IPLNKQPVSFNVIYWRG---LIIFAYDWDEELKLIPDDY----------- 
SpapasDxo1      ----------VPIRKQSIQFHVIYWKG---LIIFAYDWEPEAQYKKQNPPNG-------- 
LodeloDxo1      ----------ILLDNQPVAFNVIYWKG---LIFFVYDWRFKDEINAESSHGDDQENDHQN 
SchstiDxo1      ----------IPISKQTTSFNLIYWNG---LIFLSYDWKSSEKSKETRKENASDKR---- 
VanpolRai1      -------SAFDSPKFNQVNLRIVLFDG---QIFMKEVPRKEEEPKD-------------- 
TordelRai1      -------AAFDSPKFNKVDLRVVAFDG---QIFIRDVASKDEELRM-------------- 
SaccerRai1      -------CAFDSPSFNTVDLRIVSFNG---QLFIKEVPEAVNAAKASSAT---------- 
CanglaRai1      -------ASMEPPNFNKVDLRIVSYDG---QLFIKDVSDYNAATNESNSSGVN------- 
NaucasRai1      -------SAFETANFNPINLRIVSFDG---QLFIKDMADLNDKKVLNAKE---------- 
LackluRai1      -------SAFDNPRYNRVNLRIVSFDG---QLFIKEVGEPFVPP---------------- 
LacwalRai1      -------SAFDSPKYNHVNLRVVSFNG---QLFIREATPIHEPP---------------- 
KlulacRai1      -------SAFDSSQFNPVNFRIVSFDG---QLFIKEVKTDASETSIN------------- 
HanosmRai1      FNSLG--SRNTTASSTDVDLQVVTFDG---QIFIKKAGSLNSQHQETQEKPSTNESLTRP 
CanalbRai1      ---------LPYNLTDPIDLYVVPFDG---QLFIKSDDELDMKRRKEQEVRMKQTN---- 
CandubRai1      ---------LPYNLTEPIDLYVVPFDG---QLFIKSDDELDIKRRKEQDDRMKQTS---- 
SpapasRai1      ---------LPFNINEPFDLNIVPFDG---QLFMNVDVNIETNRREQREAELRNNN---- 
CanparRai1      ---------IPYYIQDALDLVIVPFDG---QLFMNFNNEIELRRRKEQEDRLRQTS---- 
CanortRai1      ---------IPYNLQDALDLVIVPFDG---QLFINFNNEVELKRRKDQDDRLRQTS---- 
CanmetRai1      ---------IPYNLADPLDLVIVPYDG---QLFINFNTAVELKRRKEQDDRIRQTT---- 
LodeloRai1      ---------LPYNLTDPLDLVIVPFDG---QLFINFDFEIELKRRQEQEDRTRQTT---- 
SchstiRai1      ---------LPYNLNDPVDLNVLAYDG---QLFINSDEEIELARRKEEDEHKQQSM---- 
Canlus          ---------LPYNNNNGFRLHVLAFDG---QLFIRNDDDFDLQARQKEREALSPD----- 
Metbis          ---------LPYDLNSEIHLHVLAYDG---QIFLKNDDELDLKKRAAEQQRLGADA---- 
Canaur          ---------LPYDTKTPIHLYVIAFDG---QLFITPDSEYELKQRAAEDEQLKASD---- 
Canten          ---------LPIAR-DDFSLKVLTYGG---HIMIKNNDEFELTRRTANTPT--------- 
Wiccif          ---------LPYNLNDPLDFNVVYFDG---HLFIQEDKALKTARETKPTDE--------- 
Cybjad          ---------LPYEQRNHIDLNVIYFDG---HIFIQQDKKAKKLHERAPSVE--------- 
Ogapol          ---------LPFDNRDKIVLNIVVFDG---QLFIQQD--FQNAREAADLEKLTQS----- 
Kompha          ---------LPYDSEEDFVLDVVSFDG---QLFIQFNVPYLKSKDVQKQGD--------- 
Lypsta          ---------LPYSRNDGFELNAVWFDR---QLFIEEDLPYKLATQRLPDQR--------- 
Yarlip          ---------HPYDQNEPIVLNITYFDG---HYFIEEDWQSKQQGKKAPDEQ--------- 
SaccerDxo1      LFN---------RRNRQTSLIVTYMG--AGLLSFCRN-VKKDSQMSKEGIYSND------ 
NaucasDxo1      LFTGKTNNYNNTKKVQDYVLNVVYTGDETGRLLFTKD-WSNTGNSMNEGIYSKN------ 
VanpolDxo1      LFE--------DEKNCSVYLLCTYLK--NGIILLSKDDASSSSNSNTTGLNSSN------ 
TordelDxo1      LFH--------DD---EVSIICTNIG--KGKLIFSGD----RSKEERNGLNSKN------ 
LackluDxo1      PFS-----------LEEANLIVTHLDG-LLIISSDKS-----KPKVDSGIRSKD------ 
LacwalDxo1      PFS-----------DEDVHLKIQFSNG-YLNLSPDAQ-----YQKTDQGIHSGD------ 
KlulacDxo1      PFL-----------DEPLSLLMTVQPDKNILISVDKS-----KDKPNGIHETRN------ 
CanglaDxo1      P---------FSRQFTNVNLLCAYTPG--NLLEISQDPADNTNDKVGVNTDN-------- 
Hanosmdxo1      ----------SLFLSESTKMDLVLFDG----LLILHEGRPDFGGIHSSDHK--------- 
                                   :                                         
 
	  



                                                                     II 
CanalbDxo1      ---------------------------------------------YNKLIQYTGFKFEEV 
CandubDxo1      ---------------------------------------------YHKLMQYTGFKFEKV 
CanmetDxo1      ----------------------------------------------QRMFQYSGFQFERV 
CanortDxo1      ----------------------------------------------QKMCQYSGFKFEKV 
CanparDxo1      ----------------------------------------------LKLYQYNGFKFEEV 
SpapasDxo1      ---------------------------------------------IERLLQYSGMNFENI 
LodeloDxo1      NHQNNHQNNHQNNHQNNHQNNHQSNHQSVNHSLVETEARSADNIRRLELLQYCGFKFEEI 
SchstiDxo1      -------------------------------------------ADNLRLLQYTGFAFERL 
VanpolRai1      -------------------------------------------GKIAP-PVYSGYKFENL 
TordelRai1      -------------------------------------------TTESRNAWYTGYKFETV 
SaccerRai1      ---------------------------------------EAGRNINQDLNVFTGYKFETL 
CanglaRai1      -------------------------------------SRQQAGTSRQQIDTYTGYKFEGI 
NaucasRai1      -------------------------------------------NDHIDLGSYSGYKFETL 
LackluRai1      ----------------------------------------KTTDSIEHRSYYSGYKFESL 
LacwalRai1      ----------------------------------------KNTDAMQYRSYYSGYKFESL 
KlulacRai1      ----------------------------------------KNRESLQARAYYSGYKFEAL 
HanosmRai1      VGSRF--------------------------------SNTTRESQYLKKCEYSGYKFETC 
CanalbRai1      ---------------------------------------TVERYDYMKRCEYVGYKFETI 
CandubRai1      ---------------------------------------TEERYDYLKRCEYIGYKFETI 
SpapasRai1      ---------------------------------------PPDKYEYLKKCEFSGYKFETI 
CanparRai1      ---------------------------------------TKEKYEYVKKCEYSGYKFETV 
CanortRai1      ---------------------------------------PKEKYEYIKKCEYSGYKFETV 
CanmetRai1      ---------------------------------------AREKYEYIKKCEYSGYKFETI 
LodeloRai1      ---------------------------------------TKEKYEHLKKLEYSGYKFEAI 
SchstiRai1      ---------------------------------------TPEKYDHMKRCEFSGYKFEAI 
Canlus          ------------------------------------------RQRYLDLCEYGGYKFEAL 
Metbis          ---------------------------------------A--KEKHLRTCEYGGYKFEAV 
Canaur          ---------------------------------------PE-KYQYNKTCEYTGYKFEAL 
Canten          --------------------------------------------DLGQRLEYSGYKFEKL 
Wiccif          ----------------------------------------------HARLMYSGYKFESI 
Cybjad          ----------------------------------------------QQRLMYSGYKFESV 
Ogapol          --------------------------------------------DLNKRQIYSGYKFEKI 
Kompha          -------------------------------------------TEFHKKLQFSGYKFEKM 
Lypsta          ----------------------------------------------SELMSYWGYKFEQI 
Yarlip          ----------------------------------------------MKKHIYSGYKFESV 
SaccerDxo1      --------------------------------------------PNMKKICYSGFEFENW 
NaucasDxo1      --------------------------------------------IILKRICYSGFALEDL 
VanpolDxo1      --------------------------------------------PMTRKICYSGFAFEDL 
TordelDxo1      --------------------------------------------SMTRKICYSGFALEDK 
LackluDxo1      --------------------------------------------TRVRKLCYTGFELENL 
LacwalDxo1      --------------------------------------------TKIKKICYTGFELENL 
KlulacDxo1      --------------------------------------------SFNKKICYTGFALEDL 
CanglaDxo1      --------------------------------------------PILKKICFSGFALEDI 
Hanosmdxo1      ----------------------------------------------LAHMCYHGFALENL 
                                                                   : *  :*   
 
	  



                                                               III 
CanalbDxo1      VSE----------------GTRD---SNFYTVVQHCVDN-IPVIYTAEVDCSIDK-ETG- 
CandubDxo1      LSE----------------GIKD---SNFYTVVQHCVDN-IPVIYTAEIDCSIDK-EKG- 
CanmetDxo1      VTG----------------KSHQETPSSFYTVVQHTVGQ-DNVTYSAEIDCAISL-EPG- 
CanortDxo1      VTE----------------RGPHDSNSSFHTVVQHTSGK-TSVTYSAEIDCALPG-SPG- 
CanparDxo1      VTD----------------HAADEPKSSFHSVTQHFAGK-NMITYSAEIDCAISK-MPG- 
SpapasDxo1      VCG----------------DDSADYKSRYYSVVNHTVNG-VPLLYCAEIDCAIKS-EPG- 
LodeloDxo1      ITTS-------------QTSTTSSVFSKFYTVVKHKVNG-IPVVYTAEVDCAVDN-VPG- 
SchstiDxo1      ITSSP-----------ASVSFDDNSITSFYSLVSHKVGE-IPIHFTAEIDACKDITKDG- 
VanpolRai1      VTVSKPIPYTSRTTIEKRPKKIVSNGDEYISVVRTGVGN-CKLMLGAEVDAIFDFKEEDK 
TordelRai1      ATLSQPLPYVDRETVEKRPKKLVNTGDEYITVVRTGVGN-SKLILGAEVDCIFDFKEEGK 
SaccerRai1      ATLSNPLQYTPREVIEKRTKRIVSHGDEYISVVRTGVGN-CKLILGAEVDCIFDFKENGR 
CanglaRai1      ATLDKPLPYVEREVIEKRPRKILNNGDEYITVVRTGVGE-CKVVLGAEIDCIFDFKEEGK 
NaucasRai1      ATLSQPVPYVSRATLDKRSKKICNNGDEYVTVVKTGVGS-AKLVLGAEIDCVFDFKEDGK 
LackluRai1      VTLPKPLGEVSRTTLEKRPKKIVNNGEQYISVVRTGVGK-SKLILGAEVDCVFDFKEDSG 
LacwalRai1      ATLSKPLPQTPRSSLEKRSKKICNNGDQFVTVVRSGVGN-CKLVLGAEVDCVFDFAEDTS 
KlulacRai1      ATLSLPLPLVPRTTLEKRPKKIINNGDQFISMVRTGIGK-CKILIGAEVDCIFDFKEDSD 
HanosmRai1      ATLPRPVSEIPREKLDKRYKKIGTNDEQYNILVKTGIGN-CKMILGAEVDAVFDFKEESQ 
CanalbRai1      ATIPKPWSQVSRSQIENRNKKVVNNYEQYLSVIRTGIGN-VKLVLAGEIDCCWDYLPDE- 
CandubRai1      ATLPKPWSQVSRNQIENRNKKTVNNYEQYLSVIRTGIGN-VKLVLAGEIDCCWDYLPDE- 
SpapasRai1      ATLPRPWADCSRSEIEKRPKKMVNNYEQHLSVIKTGIGN-VKLVLAGEIDCVWDYLPDD- 
CanparRai1      ATIPQPWKDVSRKYIDSRHKKPVNNYEQFLSVIKTGIGP-VKLVLAGEIDCCWDYIPEK- 
CanortRai1      ATIPHPWKDVSRKCIDSRHKKPVNNYEQFLSVIKTGIGP-VKLVLAGEIDCCWDYIPEK- 
CanmetRai1      ATIPQPWKDASRKYIDSRHKKPVNNYEQFLSVIKTGIGP-VKLVLAGEIDCCWDYIPEK- 
LodeloRai1      ATIPDTWANVSRKTIESRHKKHVNNYEQFMSVIKTGIGN-QKLILAGEVDCCWDYVPEQ- 
SchstiRai1      ATLPKPWADCSRQQIDKRGKKMVNNYEQYISVIKTGIGE-AKMLLAGEVDCVWDYIPED- 
Canlus          ATLPKPWAQCNRSTIEKRTKKTVSSYEQYISVVRTGIGK-IKTLLAGEVDCIWDYVPTE- 
Metbis          ATLPRPWAHTPRAAIEKRHKKVVSNYEQYISVVRTGVGR-VKTLLAGEVDCVWDYLPDN- 
Canaur          TTLPKPWAQCSRGLIEKRAKKTVNNYEQYISVVRTGIGK-VKTLLAGEVDCAWDYIPSEE 
Canten          VMLPRPWSECSRATIESRPTQEVNNYEQLISVVRTGIGK-TRMVLAGEVDGIFDYKPVS- 
Wiccif          ATLPKPLAQVSRATIDKNHKKIVSNAEQYCSIVKTGIGK-QRIIIGGEVDCVWDYKPED- 
Cybjad          ATVPKPLNEVSRATIEKRSKKIVNNVEQYCSVVRTGIGK-TRIVLGGEVDCVWDYKPVD- 
Ogapol          ATLSKPWAQCSRKEIEQRNKLPVNNIEQYATVVKTSFGK-TGLVMGAEVDCVFDYKPED- 
Kompha          ATLPKPWPECTRKEIDSRAKSKCNNIEQYGAIVRTGISR-IKILIGGEVDCTADYYDEN- 
Lypsta          ATIPRQWNECSRQEVESRGQKPVSNVAQYCSVVKTGLGD-VRMVIAGEVDCVWDYKPDPK 
Yarlip          ALLNEPWFKSSREDIESR-FDDIPNGDQFVSVVRTQIGD-NKILIGGEVDCVFD--PCAK 
SaccerDxo1      VTENSKVAD------------LTGSKCPIFSLVESKLSEEIGLLIRCEMDAFNP------ 
NaucasDxo1      MTETTSELEK-------EGEKLTGGEKAVFAVVENKLDDDICILLRCELDAFNG------ 
VanpolDxo1      VLED-----------------IAENARPIFSVVESKLTESINLLLRNELDGYNN------ 
TordelDxo1      LTTS-----------------HDERMGPFYSIVEGKINERLSLLLRCEMDAYNP------ 
LackluDxo1      VTKG--------------KVDSPGMHTCFYSIVENKLTEGVSLLLQAEMDSYNP------ 
LacwalDxo1      ITA----------------TSKPDVRSSFYSLVEGKLGDGIKLLLKAEMDCFNS------ 
KlulacDxo1      LIESP-------------TEGHILEHELYYSIVHGSLNDEIDLLIQAEMDSINT------ 
CanglaDxo1      LTES----------------ANDEERNPTFLIVENEIAN-TRLLMRCEIDAYNP------ 
Hanosmdxo1      LSKD----------------TQSDSTGHYYVYNKCTLDNGKEILLQAELDAMLNP----- 
                                                               *:*           
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                                  IV                      V              VI 
CanalbDxo1      -------------LENYIELKTHTKLADDKISTINKLNKKLLSTFIQTKFIDCQHSIIGF 
CandubDxo1      -------------LENYVELKTHSKLPDDKISTINKLNKKLLSTFIQTKFIDCQHSIVGF 
CanmetDxo1      -------------LHNYVELKTHATLPDDKLKTTNKLQRKLMAMYCQNKFISCKYSAIGF 
CanortDxo1      -------------LHSYVELKTHPTLLDDKLKTANKLQWKLMALYCQNKFISCNYSAIGF 
CanparDxo1      -------------LSNYVELKTHSSLPDDKLKTANKLQRKLMALYCQNKFISCNYSAIGF 
SpapasDxo1      -------------LCNYVELKTHSKSADDKIKTVNKLNKKLLEAYCQNKLVGCQHLVMGY 
LodeloDxo1      -------------LANYVELKTHSILSDDKAKTINKFSRKLMALYCQNKFISCKNSVIGF 
SchstiDxo1      -------------LSNYIELKARAIPSGPKGRANSSFQRKLLSAYCQNKLIGSQNLVIGF 
VanpolRai1      -----------DNLKHYVELKTTNAVLTPS--DARKFEQKIFKTWIQCFLVGIPRIIYGF 
TordelRai1      -----------DNLKHYAELKCSAMVSTQA--DARKFEKKIFKTWLQCFLVGIPRIIYGF 
SaccerRai1      -----------DNLKHYAELKCTQQVANIS--DTHKFERKLFRTWLQCFLVGIPRIIYGF 
CanglaRai1      -----------DNLKHYTELKCSSQISTTN--DVRRFEKKMFRAWLQCFLVGVPRVIYGF 
NaucasRai1      -----------DNLKHYAELKCTTQVITAA--DAHKFERKIFRTWLQCFLVGIPRIIYGF 
LackluRai1      -----------DNLKHYTELKCTKGVTTIA--EARAFERKIFKTWLQCFLVGVNRVIYGF 
LacwalRai1      -----------NNLKHYAELKCTKGVSTFA--EARSFERKLFKTWLQCFLVGINRIIYGF 
KlulacRai1      -----------DNLKHYAELKCTTMVNTVS--DAHKFERKLFKTWLQCFLVGINRIIYGF 
HanosmRai1      KIG-----EVPENLKHYLELKTSKMITNAH--QAKTFENKLFNAWLQCFLVGVPRITYGF 
CanalbRai1      ---------QNKKLNHYVELKTSRIIENNS--QVVSFEQKLFKAWCQCFLMGVTKIIYGF 
CandubRai1      ---------RNKILNHYVELKTSRIIENNM--QVVSFEKKLFKTWCQCFLMGVTKIIYGF 
SpapasRai1      ---------NKHTLDHYVELKTSRIIETNG--NVVTFEKKLFKTWCQCFLMGVRYIIYGF 
CanparRai1      ---------TAFSLSHYVELKTSKVIESNS--QILNFEKKLFKAWCQCFLMGVGKVVYGF 
CanortRai1      ---------TSSSLSHYVELKTNKVIDSPP--QILNFEKKLFKTWCQCFLMGVGKVIYGF 
CanmetRai1      ---------ASSSLSHYVELKTSKVIDSNN--QILNFEKKLFKTWCQCFLMGVGKVVYGF 
LodeloRai1      ---------PSQILNHYVELKTSRVIETNN--QVVNFEKKLFKTWCQCFLMGVGKVVYGF 
SchstiRai1      ---------GKDVLSHYMELKTTRILESNG--QVVNFEKKLFKTWAQCFLMGIRKVVYGF 
Canlus          --------KGDSILSHYAELKTSRVVETPQ--NASAFEKKLFRTWAQCFLLGITRIVYGF 
Metbis          --------AAD-VLAHYAELKTSRVVETPQ--QAAQFEKKLFRTWAQCFLLGVPRMVYGF 
Canaur          NGA-----SKNDILKHYVELKTSMVVDQPH--KAVNFERKLFKTWAQCFLLGIPRVVYGF 
Canten          ----------DSNLPHYIELKTNNLITNEH--QMKSFEKKLYKTWAQCFLMGIKNIGVGF 
Wiccif          ----------SNPLPHYVELKTSKVISEPK--HSIIFEKKLFRTWAQCFLLGISKVIYGF 
Cybjad          ----------SNPLPHYVELKTSSQISEPG--QSVTFEKKLFKTWAQCFLLGITRVIYGF 
Ogapol          ----------ADPLAHYVELKTSRVLDSPQ--AVFSFENKLLKFWAQCFLVGIPKIICGF 
Kompha          -----------DPLSRYIELKTTRTINQYK--DMIAFEKKLFRTWAQCFLLGIPKIIYGF 
Lypsta          DNVDNDPKLFDNPLDHYVELKTNRVIQSDR--DASTFENKLFKVWAQSFLLGVPKAIIGF 
Yarlip          G------------TSRYGELKTSREVHNAK--DGEILERKMNRAWAQSFLLGVKHIIYGY 
SaccerDxo1      ------------VSETNTELKCFAPLSMHN----SNHRRKLLKTWVQTGLLPNSDIMIGL 
NaucasDxo1      ------------AEKKFTELKCFSPLKMSN----FSHRRKLLKAWVQTGVLPDSDILIGI 
VanpolDxo1      ------------VTNMFTELKCFAPLKCMF----SAK--EVLKTWVQTGLIPESDIVIGI 
TordelDxo1      ------------IFNRYTELKCFTKLNVQD----TAHRRKLLKTWVQIGLIPDSDLIIGT 
LackluDxo1      ------------KTDNYVELKCSVNFQLKN----SNHRRKLLRMWIQTGLVPRTDLLVGF 
LacwalDxo1      ------------STRSYTEIKCSSGLKVKS----TYHRRKLLRMWVQTSLVPSTNLLVGI 
KlulacDxo1      ------------LTDTYTEIKSSVHFKLGN----TYHRRKLLRMWIQTNLLPKSDLLIGF 
CanglaDxo1      ------------ITSHYTELKCYAKYNFGN----PNHRRKLLKSWIQTGVIPTTDIVIGV 
Hanosmdxo1      ------------TEKVFAELKCTVPLNPYS----SFHAMKLLKMWLQTGFLPNTELVLGI 
                                  *:*                  ::   : *  .:       *  
 
	  



                VI 
CanalbDxo1      RST--DLKIASIKKYTQRELAGEINSFPVILS---DKCSINTKSIFQWYKLIMNWIIS-- 
CandubDxo1      RST--DLKIASIKKYTQRELASVINSFPVFLT---DKCSINTKSIFQWYNLVINWIVS-- 
CanmetDxo1      RSQ--NFRLVSLKKYTEYELVGLLDTLPIFLT---HSCSIKTKHIFQWYNLVICWLSQ-- 
CanortDxo1      RST--DFKLVSIKKYTEFELTGMLDKLPIFLT---HPYSIKPKHIFQWYNIVINWLCQ-- 
CanparDxo1      RTT--DFRLSSIKKYTQYELVGLLDKLPIFLS---NSCFIKTKHIFQWYNLVIGWLCQ-- 
SpapasDxo1      RTL--DFKLASIKTFKIGEVANIVNNDPIFLK---HGCAINTKGIFRWYQLVIQWLVFQ- 
LodeloDxo1      RSA--DCKLASMKTYSERDLVNTLRASPIPFG---NGYSFNTKHIFHWYRHVLHWLSTM- 
SchstiDxo1      RSP--ELKVSSIKRYETNELNGIINKEPVYFT---ENSTLNCSKMVKWYKLVISWITEHN 
VanpolRai1      RDN--NFILKSVEEFSTDEVPLLLKSNSPQ-------LGNSCVDAIKWYGVFTEWLLNQ- 
TordelRai1      RDD--NCILKTVEEFAADEVPIILKSNNPA-------MSTACLDAIKWYGTLVEWLLNT- 
SaccerRai1      KDD--HYVLKTVEEFSTEEVPVLLKNNNPQ-------VGSACLEAIKWYGLLTEWLLKM- 
CanglaRai1      RDD--QYMLKTVEEFSTEEIPVIIKANNPT-------LGQSCLDAIKWYGLFTDWLLKI- 
NaucasRai1      RDE--NYVLKTIEEYSTDEIPILLKNNNTK-------MNSMCLDAIKWYGLFTEWLLKI- 
LackluRai1      RDD--NFILKSVEEFSTQEIPIILKNNNPQ-------MTNACVDAIKWYGAFTEWLLKT- 
LacwalRai1      RDE--HFILRSVEEYGSHEIPLLLKNNNPQ-------LTNACMDAVRWYGAFTEWLLSS- 
KlulacRai1      RDD--NFMLKTVEEFTTSEVPLILKNNNPQ-------MQTVCVDAIKWYGAFTEWLLTS- 
HanosmRai1      RDD--DFNLVAVEEFLTNEIPVNLKNMNSL-------VSNHFGDSIKWYGAVVEWLLKN- 
CanalbRai1      RDN--NLILKNVELFNTEEIPILIKNNPLTNAATEK--KINCTNALKWYGAVVDWLNTT- 
CandubRai1      RDD--NLNLRNVELYNTEEIPVLIKNNPLTNTATEK--KINCTNALKWYGAVVDWLNTT- 
SpapasRai1      RDD--DLCLRNVEVFKTDEVPLLIKNNPLT-AESKN--KVNCVGALKWYGAVLEWLNTE- 
CanparRai1      RDD--QFILRNVEIYQTEEIPLLIKDNPLNNLKQNQASKINCTSAMKWYGAVVEWLNDV- 
CanortRai1      RDD--QFILRNVEIYQTEEIPMLIKDNPLNNLKQNQANKINCTSALKWYGAVVEWLNDV- 
CanmetRai1      RDD--QFILRNVEIYQTEEIPILIKENPLNNLKQNQATKVNCTSALKWYGAVVEWLNES- 
LodeloRai1      RDD--SLILRNVEFYNTEEIPVMIKNNPLNSTPQGQQNKINCTSALKWYGAVVEWLNDS- 
SchstiRai1      RDD--SFFLRDVELYKTEEIPLLIKNNALTENKSGG--KINCTTALKWYGAVIEWLLQE- 
Canlus          RDD--QHILTDVEVYNTEEVPLVLKE-----------KRIVCVDALKWYGAVLEWLRSN- 
Metbis          RDD--NYVLRDVEVYRTEEVPLMIKDSAVA---GRSGAPLLCTNALRWYGAVLDWLVQT- 
Canaur          RDQ--KHLLKNVEIYNTEEIPLLLKNSEYP---RGGVQKFHCVDAIKWYGAVLEWITQN- 
Canten          RDE--SLHLRNVEIYEADEIPAMLKD------------KINCVSSLKFFGALMEWLN-E- 
Wiccif          RDD--NLILRTVEQYKVDEIPVLIKNNPVN----TNPKRINCIDALKWYGAVVEWIVEN- 
Cybjad          RDQ--NLTLRAVEEYKTEEIPVLLKSNPVN----TNPRKINCVDALKWYGALVECIKAE- 
Ogapol          RDD--NLILRTVEEYKTEQIPVMIKNNPLP---NRHPTKNKFMQSLKFFNGLINWINDT- 
Kompha          RDD--NCILRTVEEFSTNDIPLMVKNNPLN---EQPKKENCYMSSINFYGAVVEWLNES- 
Lypsta          RTE--QGYLQTFEEFETQKIPGIVKKSKYSNP----YTTWDGVDALAFLAACLQWLKTT- 
Yarlip          RTG--DHKLAAVDYFKTEDLP------MYAGA----SSTWSGTDEINFLNAALTKLKD-- 
SaccerDxo1      RDSH-SGQLLDIQWYSRDLLCKKFNHPGLP--TNKKELNYNAQIAVEWCHYCIEAICKL- 
NaucasDxo1      RDSS-FGELEDVEWYSRDRLRSKINNRNLP--ESKIDWNFNAQVATQWSQHCIRSICKL- 
VanpolDxo1      RDTQ-SGLLEDLVWYNRKDLCRTFNNPSLP--PAPSHFNFNANIAVEWLKFTMESIVSL- 
TordelDxo1      RDTQ-VGQLEDLTWYSRGSLYKKFNNPSIA--RNNKYLNFNANIAVEWCFHCIESICDL- 
LackluDxo1      RDPY-YNQLDALKPYTRDEIYKKFSTRNLN--ENRKYYNFNSTVAVQWSHHVIAKITEL- 
LacwalDxo1      RDPY-YHQLTSFECYTRSQLYRKFNNQRLT--VMRKNYNYNATISVQWFRHVIQQLCQM- 
KlulacDxo1      RNSY-SNELEQLKAYKIQDIYHKINNSSIVG-KPGKFYKFNPNVANDWFQHIFQVLKQN- 
CanglaDxo1      RDTE-SGCLQDVRCYNRNLLYNKLISKSLP--RCDSELNYDPAISVVWYRSLINTLTTT- 
Hanosmdxo1      RKRPDMNILRDIKNYKRSDIFNMLKSFNEKNP-NRGSYYHNPFLACQWLNHVTNSIDRIL 
                :       :  .  :    :                           :       :     
 
	  



 
CanalbDxo1      ---KEITDHNTPQIFRLSFKRDQELMNSYLKLEKILQEDDNDTIFNDLVPEWFQSFIMN- 
CandubDxo1      ---KEITDPNTPQIFRLSFKRAQELINSYLIMEKIQ----DDTIFNDLIPKWFQSFIINT 
CanmetDxo1      ---RQFDD-DKPHVFKLRFQGEDELMDSHLSMDSVPQEE-EMQIFNKLVPEWFQNFY--- 
CanortDxo1      ---KQFDE-DKPHVFKLYFKREPELMDSHLSMESVTGEE-ELRVFNKLVPEWFQNFY--- 
CanparDxo1      ---KSFND-NQPRVFKLSFEREIELMDSHLSMKSVTGEE-ELRIFNRLVPEWFQNFY--- 
SpapasDxo1      -E-KNLKNQDEATVYRLSFDREDELMDSYLSLTKVDKEE-SAMIFNSTVPEWFQTFVISQ 
LodeloDxo1      -DDDNDNNKDNPRVFKLCFQRTREFVDSSLVLKPVSESE-SSTILNTFVPKWFQDFINTT 
SchstiDxo1      QITTVDHDASVPLAYRLEFTLKDKVMESCLEINPVEEQD-VQSLIKELIPPWFQKFMNEN 
VanpolRai1      -IPRDDP--SIKKAYKLVYENNHLR--LTEITEEEGEFNELIN-GETVLTNEFKEWRNSL 
TordelRai1      -IPRDDV--ANIKPYKLVYENNHLR--LTEMDEIDEEYDAIVN-GEAVITNDFKQWRTSL 
SaccerRai1      -IPRDEDPHSQIRAFKLVFENNHLR--LSEIEESDEEYSGLID-GEHILSNGFKEWRKSL 
CanglaRai1      -IPREQS--GNIRAYRLVYENNHLR--LSEIEEQDGEYSRYVL-EDGILTPEFKEWRESL 
NaucasRai1      -IPRDQP--KEIRPYKLVLENNHLK--LSEIESTDEEYDSLVN-GESVLSKEFQEWRLSL 
LackluRai1      -IP--HENDGGLRAYKLIYDSNHLK--LNEVEESDPEYEGLVE-GESVLTNEFKEWRRTL 
LacwalRai1      -IPR-DESVDVMKSYRLIFENNHLK--LSEIEQHDPEYINLVE-GNGILSSEFKEWRKKL 
KlulacRai1      -IPRPEDDIDTIKAYKLIFENNHLK--LTEIESDDEEYKQLVE-GEEILSNSFKQWRKDL 
HanosmRai1      -VEYKEG---QENYYRLFYQDNYLK--LEKIPDXDTEKVXEYK-NX--ISDEFRKWRLSL 
CanalbRai1      -VDKKDE----IKSYRLKYDPVRKS--FTLSETDSETNEKLRN--GQLLTPEFTEWRQSL 
CandubRai1      -IDKKDE----IKSYRLKYDPVRKS--FTLSETDSETNEKLRN--GQLLTSEFLEWRQSL 
SpapasRai1      -IDKNDT----SKSYRLSYDPGSKS--FSLLELMSDDNQRLRN--GEILTKEFKKWREGL 
CanparRai1      -IDKTDE----SVSYNLKYDPLRKS--LVLSEASKEENDRLRN--GGLLTEDFKQWRQRM 
CanortRai1      -IDKNDE----RFSYNLKYDPLKKS--LHLSETSKEVDENLRN--GKLLTEEFTKWRQGL 
CanmetRai1      -IDKNDE----SVSYNLKYDPVKKT--LSLSETSTEVDEKLRN--GGLLTEKFKKWREEL 
LodeloRai1      -IDKNDE----SKSYSLKYSPLHKT--FSLDEIKGEKNDQLRN--GGLLSEEFKTWRVSQ 
SchstiRai1      -IPRDDT----SKAYRVSFDPSTRT--FTLRELMGNENSRLRN--GEMLTSEFKQWRESI 
Canlus          -VDPSDE----STTYTVTYDPGSRS--FSLAECIGDDGRRVRK---EILTDEFCGWREQL 
Metbis          -VDVADE----RSAYKLDYDPGSRS--FMLSECVGDENRRLRH--GGILTPEFTAWRETL 
Canaur          -VDANDE----SKAYKIIYDSGSRT--FSLNECMGDENKRLRN--GEILTEEFKSWREQL 
Canten          -LDKT-V----TKSYTMSFESGKVM--LMESPLSFES---------EFLTEEFKRWRQSL 
Wiccif          -VPKD-E----SKAFRISYDNKNKS--FALNELPSDVSDNVLS---TMLTEDFKNWRLQK 
Cybjad          -IPRD-E----SKSWRLTFDPQNKT--LSLYELPPDISAEVLS---TLLPESFKQWRLQS 
Ogapol          -IPRD-E----TKTYRLVFDPAVNPNYLNLSENNATVTNQLLDPETGMISKAFRDWRNEL 
Kompha          -VKDD-------QVWKLSYAKRNRQ-YLVLKEVTDENEKQQIVD--SAIPAWFKEWRSEL 
Lypsta          -IPRAEE----NVVWKIRYLPRSDY--LTASKTDQ----------QSFLHPGFVKWRGEP 
Yarlip          -LP-KED----NKLWRLVFDSANKK--VDITELDG----------ESFLLKEFVDWR--K 
SaccerDxo1      -----------VEA-NISDYSSTKP--ESFEIGIDTNNAIVITKLKTTPRNVELFGM--- 
NaucasDxo1      -----------VDE-NLDQKAISNP--QGFQIRIDSRRNIRIKCLSKVPKDILEYL---- 
VanpolDxo1      -----------VSS-SIADSNHPC----SFKLKIDNHKTISIQKLSRIPQTVQRQIPKEF 
TordelDxo1      -----------VMKNSLSSPDDPYPKYESFKVIVDKSHNIIVKKLTKVPRHVQ--IPRAF 
LackluDxo1      -----------VDK-NLTDEPLQ-----SFKLTLTRDLQLSLTKLANTPAGLIPEKFLNS 
LacwalDxo1      -----------IKP-FIEKGSKEEV---NFRLTLRKNLTIKLRKMPETPAPTKGTIFKVP 
KlulacDxo1      -----------LLL-LSQESTST-----TFKVQIDTNLTLSISPASQFVTALG------- 
CanglaDxo1      -----------IASLLDKFGRDEPQ---LFSIKVDNNCNIRIEHRQNPN----------- 
Hanosmdxo1      -----------KEHLAGSNPTVPVAFRLTIDKYKNLTIDSLKTVPENVITDELLEWRKRV 
                                                                             
 
	  



 
CanalbDxo1      ----LF----- 
CandubDxo1      SNNPLYVHD-- 
CanmetDxo1      ----------- 
CanortDxo1      ----------- 
CanparDxo1      ----------- 
SpapasDxo1      K---------- 
LodeloDxo1      PS--------- 
SchstiDxo1      KNKKRNDYR-- 
VanpolRai1      KVPK------- 
TordelRai1      PQ--------- 
SaccerRai1      K---------- 
CanglaRai1      RVPSEETPKAD 
NaucasRai1      ----------- 
LackluRai1      ASRQT------ 
LacwalRai1      SQKTEQA---- 
KlulacRai1      RK--------- 
HanosmRai1      QH--------- 
CanalbRai1      KK--------- 
CandubRai1      KK--------- 
SpapasRai1      V---------- 
CanparRai1      KK--------- 
CanortRai1      KK--------- 
CanmetRai1      KNQ-------- 
LodeloRai1      RKNQLS----- 
SchstiRai1      QK--------- 
Canlus          RSK-------- 
Metbis          RGR-------- 
Canaur          RG--------- 
Canten          A---------- 
Wiccif          RNE-------- 
Cybjad          RSSS------- 
Ogapol          RSR-------- 
Kompha          RNSEGNI---- 
Lypsta          PMK-------- 
Yarlip          SM--------- 
SaccerDxo1      ----------- 
NaucasDxo1      ----------- 
VanpolDxo1      V---------- 
TordelDxo1      R---------- 
LackluDxo1      RLAAK------ 
LacwalDxo1      KKK-------- 
KlulacDxo1      ----------- 
CanglaDxo1      ----------- 
Hanosmdxo1      RKTNE------ 
                            
  



Supplemental Figure S2: Sequence logos visualizing different paCerns of sequence conserva2on 
in Rai1 and Dxo1 paralogs and non-duplicated orthologs. The mul2ple sequence alignment of 
Supplemental Figure 1 was split into 5 alignments and each alignment was visualized as a 
sequence logo. The top panel depicts proteins from species with one gene from lines 26 to 35 of 
the alignment in Supplemental Figure S1.  The second panel depicts duplicated Rai1 genes from 
clade 1 from lines 9 to 17. The third panel depicts duplicated Rai1 genes from clade 2 from lines 
18 to 25. The fourth panel depicts duplicated Dxo1 genes from clade 1 from lines 36 to 44. The 
fi=h panel depicts duplicated Dxo1 genes from clade 2 from lines 1 to 8 of the alignment.  
Mo2fs discussed in the text are indicated above the sequence logos. 
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Supplemental Figure S3: Point mutants were generated to change the R/HH mo2f in Dxo1 to the 
Rai1-like sequence and to introduce the R/HH mo2f in Rai1. Func2onal analyses were 
performed as in Figure 3 and no effect of the point muta2ons was observed, indica2ng that 
these changes are not sufficient to convert Rai1 into Dxo1 or vice versa.  
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Supplemental Table 1 

Plasmid name description 

pRS416 vector control 

pAv1804 S. cerevisiae DXO1 coding region with S. cerevisiae DXO1 promoter and 3’UTR 

pAv1814 K. lactis RAI1 coding region with S. cerevisiae DXO1 promoter and 3’UTR 

pAv1815 C. jadinii nonduplicated RAI1 coding region with S. cerevisiae DXO1 promoter and 3’UTR 

pAv1816 C. albicans DXO1 coding region with S. cerevisiae DXO1 promoter and 3’UTR 

pAv1817 C auris nonduplicated coding region with S. cerevisiae DXO1 promoter and 3’UTR 

pAv1818 C. albicans RAI1 coding region with S. cerevisiae DXO1 promoter and 3’UTR 

pAv1819 K. lactis DXO1 coding region with S. cerevisiae DXO1 promoter and 3’UTR 

pAv1820 S. cerevisiae RAI1 coding region with S. cerevisiae DXO1 promoter and 3’UTR 

pAv1821 W. ciferrii nonduplicated RAI1 coding region with S. cerevisiae DXO1 promoter and 3’UTR 

pAv1968 S. cerevisiae DXO1 coding region with H191G and H192I mutations with S. cerevisiae DXO1 

promoter and 3’UTR 

pAv1969 S. cerevisiae RAI1 coding region with G106H and I107H mutations with S. cerevisiae DXO1 

promoter and 3’UTR 

 


