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Consensus - - - - - .- - - oo oo W- - - - - m-1lterx-tldeevpgGVfGA--RLCVfvecSifLxcFYtfQ-wraGRCNL
AaACRT - - - - - MSEHELWRREFIRVLQTQP-TTIDETVSQGVAGA--SLCVFSCSTALICFYGFQ-YRNGRCNL
AaACR2 ----MSSLVLGAGQWFSESLSTLKPRLLSVIDDELPSGVFGA--RLCVFVCSAFLILFYSFQ-FQAKRCNL
AaACR3 s e - s e e s e e - e e - o MTTETEVLMTLVEYEPLGIAGSLVRGLTCATSIFFVIFYTYQ-WHYGRSTL
AIACR1 ---MEAMAMSEHELWRREFIRVLQTQP-TTIDETVSQGVAGA --SLCVFSCSTALICFYGFQ-YRNEGRCNL
AIACR2 ----MSSLVLGAGQWFSESLSTLKPRLLSVIDDELPSGVFGA--RLCVFVCSAFLILFYSFQ-FQAKRCNL
AIACR3 ] s e - e e e e e - e e e e e - MTTETEVLMTLVEYEPLGIAGSLVRGVTCATSIFFVIFYTYQ-WHYGRSTL
AsACRT - - - oo o - - MGHRVLDSITTYQEIATWVS ---VLLVTTSSSLTLFYLWQ-KSRGRCQG
AsACR2 --MTSFQPTFGPSEYSPTTAPTITAVLNNKDVQNEDLATFL --QGMLV ITSTFLTGFYAVN-KFRIGRCNN
A1TACRla - - - - - - - MSYNESVWREDFAQVLLARP-KGSGVVSQGVAGA--RLCVFSCSIALLCFYAFQ-WKIGRCNL
ATACRb - - - - - - - MSYNESVWREDFAQVLLARP-KNNSGVVSQGVAGA--RLCVFSCSIALLCFYGFQ-WRIGRCNL
A1ACR2a MADLMSLAQDDSLNMI DDADMMFEEPRFLATNELPSGVFGA--RLCVFVCSAFLLLFYSAQ-WQAKRCNL
A1ACR2b MADLMSLTQDDSLNMI DDADMMFEEPRFLAITNELPSGVFGA--RLCVFVCSAFLLLFYSAQ-WQAKRCNL
ATACR3a - - - - o - - MIETDQVMTLIVLFDELSTLGALVRGVTSATSVMLVIFYLYQ-WHYGRSTL
ATACR3b e e e e e e e e e e - e MILTDQVMTLIVLFDELSTLGALVRGVTSATSVMLVIFYLYQ-WHYGRSTL
A2ACR1 ---MDPLNMDEHEAWRRDFARLLQEQP---JESSVPQGVAGA --RLCVFSCSIALICFYGVQ-YRAGRCNL
A2ACR2 ---MDGLLEYGEQVWLAGE ----EPRLLASIDD-LPSGVFGA--RLCVFVCSAFLLLFYVVQ-YNAKRCNL
A2ACR3 e e e e e e s e e - - e e - - - MIETPVEMTLILEFEPLTTFGALVRGITSATSVMLVIFYTYQ-WHYGRSTL
HfACRT - - - - - - - MSYNETVWREDFAQVLLARP-QNNSGVVSQGVAGA--RLCVFSCSIALLCFYTFQ-WRIGRCNL
HfACR2 MADLMSLTQDDSLNMI DDADMMFEEPRFLAITNELPSGVFGA--RLCVFVCSAFLLLFYSAQ-WQAKRCNL
HfACR3 | - - - e e - s m e e a e a e e - MIYTDQVMTLIVLFDELSTLGALVRGVTSATSVMLVIFYLYQ-WHYGRSTL
P1IACRT - - - - - TMSATPDWG - - -------- ALLVIHPDPPASVFVS--QLIVAIVSYGLFCFYVYQ-YRQPRCL I
PIACR2Z ] m e e e e e e m e e e e e e e e e e s e e e e s e e e - - - --MSDMGVYGA - -RLCTAVSSIVLVCFYATQ-MYWGRCNF
PIACR3 - - - - - - - - MDTWE - - - - - - - - - - - - - ----- TTLFGS--RLCVAGSSLVLSIFYIAQAYIWKRPAN
SaACR2 s s s e s s e s s oo oo m oo oo oo oo oo oo oo --MNDSAVFTA--RLFVALTATILSIFYTFQ-MSQEGRCNI
SaACR3 s s s e s s s s s s s s s o s - - s - - - - - - - - MAIVGSVDQGTTGFVSRLLVSIVSVVLLAFYVHQ-YRQEGRCL I
S1ACRT - - - - - - MSYNESVWREEFAQVLLARP-KS|SGVVSQGVAGA--RLCVFSCSIALLCFYTFQ-WRIGRCNL
ST1ACR2 MADLMSLTQDDSLKMI DDADMMFEEPRFLATNELPSGVFGA--RLCVFVCSAFLLLFYCAQ-WQAKRCNL
STACR3 | e s e e e e e e e e e e e - - - MIVTDQVMTLIVI FDELSTLGALVRGVTSATSVMLVVFYLYQ-WHYGRSTL
S2ACR1 ---MEAMAMSEHELWRREFIRVLQTQP-TTIDETVSQGVAGA --SLCVFSCSTALICFYGFQ-YRNGRCNL
S2ACR2 ----MSSLVLGAGQWFSESLSTLKPRLLSVIDDELPSGVFGA--RLCVFVCSAFLILFYSFQ-FQAKRCNL
S2ACR3 s s s s s s s s s s - s - - - - - - MTTETEVLMTLVEYEPLGIAGSLVRGVTCATSIFFVIFYTYQ-WHYGRSTL
TaACRT = - m - o mm o o o m o m - oo - - oo oo - - - - - - MGLEQGAGAFAA--SLLVVITSCSLFCFYAVM-YRRGRCLL
TaACR2Z | = e e e e e e e e e e e e e e e e e e e e e - e e MSNPLHVDQTVYTS--FLFVAILSTLLTAFYFVQ-WRQGRCNT
TaACR3 - - - - - MTAGLGFEPTRLRALSEVVPKDGLS|IIHAIDPFEFGA--QLCTAVTSMFLVGFYSFQ-MYNGRCNF
T1ACR1 ---MDPLNMDEHEAWRRDFARLLQEQP---JESSVPQGVAGA - -RLCVFSCSIALICFYGVQ-YRAGRCNL
T1ACR2 ---MDGLLEYGEQVWLAGE ----EPRLLASIDD-LPSGVFGA--RLCVFVCSAFLLLFYVVQ-YNAKRCNL
TIACR3 - - oo - - MIETPVEMTLLEFEPLTTFGALVRGITSATSVMLVIFYTYQ-WHYGRSTL
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Consensus hPIlYVQfVTavVYcLSaFGtTdfLfarVx--fgdgirfdvALGRY|I FWMmMTCPVIisNffgLLnl | xPdx
AaACR1 HPIYVQFVTFCVYSLACIFGTTDFLYIPIE--NHAGDVFDLAIIGRYLFWMMTCPV I I SNVINILLNLMT P DD
AaACR2 SPIFVQLVTVTYYCISTIFGSTSYLVLNVE-DPDNSTHFQFMLIGRY I FWMLTCPMI ISNLCVLLNILTPD
AaACR3 YSIYVQFVTAVVYGLAAVGKGNWLFARVA--FGDEIR-DVALIGRYIVWMVTCPVMLFGFFGLISMLGP -N
AIACR1 HPIYVQFVTFCVYSLACIFGTTDFLYIPIE--NHAGDVFDLAIIGRYLFWMMTCPV I ISNVINILLNLMT P DD
AIACR2 SPIFVQLVTVTYYCISTIFGSTSYLVLNVE -DPDNSTHFQFML|IGRY I FWMLTCPMI I SNLCVLLNILTPD
AIACR3 YSIYVQFVTAVVYGLAAVGKGNWLFARVA--FGDEIR-DVALIGRYIVWMVTCPVMLFGFFGLISMLGP -IN
AsACR1 EVIYVAAATVVIYATSLIASDYGVTWVATE----HGI ---VPLGRYFSWLLTCPV I IMQLMKVHGAVGY -jK
AsACR2 EVIYVAVVTLLVYTSNLILAGPRLTWVALE----DGTW--VPLIGRYFAWLLTCPV I IMQLII KLHSSVGY -jK
A1ACR1a HPIYVQFVTFCVYILSCIFGTTDFLYIPVV --DHAGVTFDLAIIGRYLFWMMTCPV I I SNVINILLNIMT P DD
ATACR1b HPIYVQFVTFCVYILSCIFGTTDFLYIPVV--DHAGVTFDLAIIGRYLFWMMTCPV I ISNVINILLNIMT P DD
A1ACR2a APIFVQMVTCVYYCLSTIFVTTSYMNLDVRVDVNSDEHFEFALIGRY I FWMMCCPV I I SNMCVLLHLFVPDJL
ATACR2b APIFVQMVTCVYYCLSTIFVTTSYMNLDVRVDVNSDEHFEFALIGRYI FWMMCCPV I I SNMCVLLHLFVPDJL
ATACR3a YSIYVQVVTALVYGLAAVGKGDWMFARVA --FGDEIR-QVALIGRYI IWMVTCPVMLFGFFGLISMLGP -N
ATACR3b YSIYVQVVTALVYGLAAVGKGDWMFARVA --FGDEIR-QVALIGRYI IWMVTCPVMLFGFFGLISMLGP -N
A2ACR1 HPLYVQFVTFCVYSLSCIFGTTDFLYIPIQ--NHAGETFDLAVIGRYLFWMMTCPV I I SNVINILLNLMT P DD
A2ACR2 APILVQLVTVTYYCLSTIFVATSYLTLRVQ-LNDSTETFDFALIGRYI FWIVTCPVIVANMFVFLHVFTPEJL
A2ACR3 YSIYVQVVTAIVYCLAA|IlGKGEWMFARVA --FGDEIR-EVAIGRYLVWMVTCPVMLFGFFGLISMLGP -IN
HfACR1 HPIYVQFVTFCVYILSCIFGTTDFLYIPVV--DHAGVTFDLAIIGRYLFWMMTCPV I ISNVINILLNIMT P DJD
HfACR2 APIFVQMVTCVYYCLSTIFVTTSYMNLDVRADVNSEEHFEFAL|IGRYI FWMMCCPVIISNMCVLLHLEFYVPDJL
HfACR3 YSIYVQVVTALVYGLAAVGKGDWMFARVA --FGDEIR-QVALIGRYIVWMVTCPVMLFGFFGLISMLGP -N
P1ACR1 YPVYVQAVTAINYSLAAIFSGSKVFSALVI --FEDGPK-TIVFIGRYLSWLITCPAILMGFHYQTIGLLGP -R
P1ACR2 HPLYVQSI TAMVYTLSTIFATTGFLSVELC--EGSDIAQRVELIGRYLFWIMTCPV I IANLVGLLTRLSPE
P1ACR3 LLLYVQVVTFVVYVMAT|IFGTDGFLGVVTN--CADSGLSRIEFIGRYLFWI I TSPCILVSYJLSLATKLNPC
SaACR2 HPLYVQLVTAVVYTLSSIFGFDDFVFTTVL--FADGTQVKVSIJARYLFWVMTCPVILAGYJIQLLHYMPTYV
SaACR3 YPIYVQAVTAAVYCVAAFENGSFINAHVE --LEDGVR-HIALGRYLAWMITCPPMLMGFHFQTIGLLGP -R
STACRT HPIYVQFVTFCVYILSCIFGTTDFLYIPVV --DHAGVTFDLAIIGRYLFWMMTCPV I I SNVINILLNIMT P DD
ST1ACR2 APIFVQMVTCVYYCLSTIFVTTSYMNLDVRADVNSDEHFEFAL|IGRYI FWMVCCPVIVSNLCVLLHLFYVPDJL
S1ACR3 YSIYVQVVTALVYGLAAVGKSDWMFARVA --FGDEIR-QVALIGRYIVWMVTCPVMLFGFFGLISMLGP -IN
S2ACR1 HPI YVQFVTFCVYSLACIFGTTDFLYIPIE--NHAGDVFDLAIIGRYLFWMMTCPV I ISNVINILLNLMT P DD
S2ACR2 SPIFVQLVTVTYYCISTIFGSTSYLVLNVE -DPDNSTHFQFML|IGRYI FWMLTCPMI I SNLCVLLNILTPD
S2ACR3 YSIYVQFVTAVVYGLAAVGKGNWLFARVA--FGDEIR-DVALIGRYIVWMVTCPVMLFGFFGLISMLGP -IN
TaACRT YPLYVQGVTAIVYTLTAFGAGEFIFATIV--FPDGAR-PVAIIGRYMSWMITCPTMLMGFHFQTIGLLGP -R
TaACR2 HPLYVQAVTAVVYSMSAAGYGGFVFSSIK--FDDGSFVAVPIARYLFWVMTCPV ILAGFISLLHYRDP TK
TaACR3 HPLYVQSVTALVYSLSAFGLAGSLQVHMI - -NSDQSKTVVNL|IGRYLFWTMTCPVVLANLTGLLSRLNPE
T1ACR1 HPLYVQFVTFCVYSLSCIFGTTDFLYIPIQ--NHAGETFDLAV|IGRYLFWMMTCPV I ISNVINILLNLMT P DD
T1ACR2 APILVQLVTVTYYCLSTIFVATSYLTLRVQ-LNDSTETFDFALIGRYI FWIVTCPVIVANMFVFLHVFTPEJL
T1ACR3 YSIYVQVVTAIVYCLAAIIGKGEWMFARVA--FGDEIR-EVAIIGRYLVWMVTCPVMLFGFFGLISMLGP -IN
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Consensus lel gkVnFMMVKDI vmMAFGVLAAfQenxtl KwlFIllaAxlxaxWLvxDxykLereRkkxFax -
AaACR1 LELGHVTFMMVKDIVMIAFGVLAAMQKNV TLKWI FNLASYFVCFWLVVDLLAMIREK|KKHF1VH
AaACR2 LDLGHITLLMVKDI FLMCFGILGAAQSTMGI KAAFVSASFLFAAWLAYDIINLAVARRKYFMAH
AaACR3 VEPVKVNFMVMKDLLVMGFGITATFQETIDLVRYI FLACAISTVIYFMTDVYFLERMRIQEQFAE -
AIACR1 LELGHVTFMMVKDIVMIAFGVLAAMQKNNV TLKWIFNLASYFVCFWLVVDLLAMIREK|KKHFIVH
AIACR2 LDLGHITLLMVKDI FLMCFGILGAAQSTMGI|I KAAFVSASFLFAAWLAYDI INLAVARRKYFMAH
AIACR3 VEPVKVNFMVMKDLLVMGFGITATFQETDLVRYIFLACAISTVIYFMTDVYFLERMRIQEQFAE -
AsACR1 LAKEQENFMVVLDQVMIVAGAFGA -[ESEIGIQKWVFFCISCGAGMGLFASIFLVIRNNYVNFP - -
AsACR2 MATSNENMLVVLDQIMIVAGAFGAV|-STIGAQKWI FFLLSCVAGAGLFFQIYLITKENARNFPN- -}J-----
ATACR1a |ELPQVTFMMVKDIVMIAFGVLAAMQQN| TLKWIFNLASYFVCFWLVADLIVLMNEK|KKFFMVY -JERCWE
ATACR1b lELPQVTFMMVKDIVMIAFGVLAAMQQN|I TLKWI FNLASYFVCFWLVADLIVLMNEKIKKFFMVY -JERCWE
A1ACR2a LDMGKT I FMMVKDI FMICFGMLGAARQTEIPALKGVFVGAATLIALWLAYDVVKLAAMRIKKHFYVAHSIEGAWN
ATACR2b LDMGKT I FMMVKDI FMICFGMLGAARQTEPALKGVFVGAATLIALWLAYDMVKLAA I RIKKHFVAHSIEGAWN
A1ACR3a VEPVKVNFMVMKDLLVMAFGVTATFQENQTVQYI FLACAITTVLVFMTDVYYLERVRIQEYFAQ--IGDLLV
A1ACR3b VEPVKVNFMVMKDILVMAFGVTATFQENQTVQYIFLACAITTVLVFMTDVYYLERVRQEYFAQ-—IGDLLV
A2ACR1 LELPRVTFMMVKDIVMIAFGVLAAMQKNV TLKWIFNLASYLVCFWLVVDLIQLMNQK|KKYFQVH-JERCWE
A2ACR2 LDMGRMV I FIVKDI FLMAFGALGAAQAMINGVKGVFVGLAFFFALWLAYDFVKIASLRIRKHFVAHSIQGVWN
A2ACR3 VEPVKVNFMVMKDLLVMAFGVMASFRQETIQTVQYI FLACAI ITVLIFITDVYYLERMRIQDFFAE - -J[GDLLYV
HfACR1 lELPQVTFMMVKDIVMIAFGVLAAMQQN|I TLKWI FNLASYFVCFWLVADLIVLMNEKIKKFFMVY -JERCWE
HfACR2 LDMGKT I FMMVKDI FMICFGMLGAARQTEIPALKGVFVGAATLIALWLAYDMI KLAAMRIKKHFV AHSJEGAWN
HfACR3 VEPVKVNFMVMKDLLVMAFGVTATFQENQTVQYIFLACAITTVLVFMTDVYYLERVRIQEYFAQ- -[GDLLV
P1ACR1 VSFTTINSMVLKDLFLMAMGI LATFQQTISTWRAVFLCFALLTASWI I YGTLHLGFSRIKDCYR ---JGHLWN
P1ACR2 TPLSRTVTLMCKDI IMTAFGI IGAFQPDIGVIKVIFVTLSFVAYFMLGWDLYR I FQENRHHMP - - -l[DHM | R
P1ACR3 TPLTVVVSEMTKDIVMIGLGAITAVFQTSVILKTLLILASCVIFIWLGLDMKKLWKENRDFVP---IQDLGK
SaACR2 HDYIRTTFIVVKDI I TMCFGILAAVQPAIGTLKI IFLIISFIFSFWLI IDMFFLLRERJAIDFSE--RRLWI
SaACR3 I SFTKINFIVTRDLI TMAFGIAGTFQTNRIYKGIFIAITALVTGTSIVVDTVLIELERRPYYV ---lGHLWR
STACR1 |ELPQVTFMMVKDIVMIAFGVLAAMQQN| TLKWIFNLASYFVCFWLVADLIVLMNEK|KKFFMVY -JERCWE
STACR2 LDMGKT I SMMVKDI FMICFGMLGAARQTEIPALKGVFVSAAALIAVSSSLSVELMPMMRIKKHFVAHSJEGAWN
S1ACR3 VEPVKVNFMVMKDLLVMAFGVTATFQENIQTVQYI FLACAITTVLVFMTDVYYLERVRIQEYFAQ- -[GDLLV
S2ACR1 LELGHVTFMMVKDIVMIAFGVLAAMQKNV TLKWI FNLASYFVCFWLVVDLLAMIREKIKKHF I VH-JERCWE
S2ACR2 LDLGHITLLMVKDI FLMCFGILGAAQSTMGI KAAFVSASFLFAAWLAYDIINLAIARRKYFMAH-IQYCWN
S2ACR3 VEPVKVNFMVMKDLLVMGFGITATFQETDLVRYI FLACAISTVIYFMTDVYFLERMRIQEQFAE - -IGDLLV
TaACRT | SFTKINFIVTRDLVLMAAGVVASFQSSIPVWKGVFLSIALCVSLSLVYETVHLELMRIKDSYP---IGHLWH
TaACR2 QDI NRTVFIVVKDLVVMCFGVLAAIRQAPIGLMKI SLLVVSFSVSFWLLTDMFLIVRER|ISADFD - - -[GRLWT
TaACR3 TPLSFTIWIMCKDI ILTSCGI I|AAFQEDMTIKTFFIVAAVLLYVWMLWALYKLGEENRPLFP---JPRIWN
T1ACR1 LELPRVTFMMVKDIVMIAFGVLAAMQKNV TLKWI FNLASYLVCFWLVVDLIQLMNQKIKKY FQVH-JERCWE
T1ACR2 LDMGRMV I FIVKDI FLMAFGALGAAQAMNGVKGVFVGLAFFFALWLAYDFVKIASLRIRKHFVAHSIQGVWN
T1ACR3 VEPVKVNFMVMKDLLVMAFGVMASFQETlQTVQYIFLACAIITVLIFITDVYYLERMR|QDFFAE——GDLLV
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Consensus WlhgvtalLFFiSWxiFPILYfIGPPVXxNimsxeGDvIGHAVGDLFAKNLFGFxVvWYVRFVVLeP-YtkR
AaACR1 WVLAVMTYFFFAQSLFIFLYAFIGPPCFNLMGPDGDKIGHSVGDLFAKNLFGFFAWYVRFVVLEP-FVKR
AaACR2 WMIVVIVLFMVSWTVFPVLFVVIGPPLLDISSSGADQIGHAVGDLFAKNCFGFVVWYVRFVVLEP-YTTR
AaACR3 WLHGITALLFISWGIFPLLYFLIGPPVLNVISHEGDVIGHAIGDLIGKNLFGFGMWYMRYNKLLP-YLQS
AIACR1 WVLAVMTYFFFAQSLFIFLYAFGPPCFNLMGPDGDKIGHSVGDLFAKNLFGFFAWYVRFVVLEP-FVKR
AIACR2 WMIVVIVLFMVSWTVFPVLFVYV PPLLDISSSGADQIGHAVGDLFAKNCFGFVVWYVRFVVLEP—YTT|R
AIACR3 WLHGITALLFISWGIFPLLYFLIGPPVLNVISHEGDVIGHAIGDLIGKNLFGFGMWYMRYNKLLP-YLQS
AsACR1 PIVMLHCLYFFSWLVYPALWVLIGEPGLKLIDIHIDAIAHAFGDLLAKNVFGFSAWYIRWVYLDDDFTV|N
AsACR2 - - - - - - FLDYRL -------}- - PRFK- - ------- - - - -« -« « -« - - - - - - - - - - - - - - - - -
A1ACR1a WIFAVMIYFFCAQSLFIFLYAVIGPPCFNIMGPDGDRIGHSVGDLFAKNLFGFFAWYVRFVVLDP-HVKR
A1ACR1b WIFAVMIYFFCAQSLFIFLYAVIGPPCFNIMGPDGDR I GHSVGDLFAKNLFGFFAWYVRFVVLDP-HVKR
ATACR2a WIITFALVTFFVSWTFFPVLYFIGPPVFNLVDEATDKIGDAVGDLFAKNMCGFLVWYVRFVVLEP-YTSR
A1ACR2b WIITFALVTFFVSWTFFPVLYFIGPPVFDLVDIEATDKI GDAVGDLFAKNMCGFLVWYVRFVVLEP-YTSR
A1ACR3a WLHGITALLFI SWGIFPLMYFLIGPPVLNIMSIHEGDV I GHA I GDLIGKNLFGFGMWYMRYNKLLP-YIQ|S
A1ACR3b WLHGITALLFI SWGIFPLMYFLIGPPVLNIMSHEGDV I GHA I GDLIGKNLFGFGMWYMRYNKLLP-YIQ|S
A2ACR1 WILATMIYFFFAQSLFIFLYAVIGPPCFNIMGRDGDR I GHSVGDLFAKNLFGFFAWYVRFVVLDP-YAKR
A2ACR2 WVVLSFSLFFISWTLFPVLYVVIGPPVLDLVDEGTDEIGHAVGDLFAKNMCGFVVWYSRFVVMEP-YTTR
A2ACR3 WLHGITALLFISWGIFPLLYFLIGPPVLNITSHESDVIGHAIGDLIGKNLFGFGMWYMRYNKLLP-YIQ|S
HfACR1 WIFAVMIYFFCAQSLFIFLYAVIGPPCFNIMGPDGDRIGHSVGDLFAKNLFGFFAWYVRFVVLDP-HVKR
HfACR2 WIITFALLTFFVSWTFFPVLYFIGPPVFNLVDEATDKIGDAVGDLFAKNMCGFLVWYVRFVVLEP-YTSR
HfACR3 WLHGITALLFI SWGIFPLMYFLIGPPVLNIMSHEGDV IGHA I GDLIGKNLFGFGMWYMRYNKLLP-YIQ|S
P1ACR1 WLMFVTFLFFTSWGIFPILYFSIGPPVFDAISISEGEAIGHSIGDLLSKNLFGFTIWYLRYNIIYP-FIE|E
P1ACR2 LFMMIAVYVTFAWNNFVILYVIIGSPMFGLINDSTDSIAHAVSDLLAKNIGGFIVWYFRFFIVEPEYQAR
P1ACR3 YVLLLKIAICSTWCVYPLLYFI]GPPVLNLISPNVDLLLHAIGDLLAKNACGLAMFYVRFFQIQPYYAAR
SaACR2 WLQVTSWLMLSSWMI FPLLFI IGPPGFSAI|SEGGDAVGHAVGDLIAKNIFGFSVWYFRYYIVFP-HRDR
SaACR3 HLVSLTSFFFFSWAIFPILYFLGPAVFDVMNPEIDVTLHAMADFFGKNCFGLLNWNFRYVEVVP--1SN
STACR1 WIFAVMIYFFCAQSLFIFLYAVIGPPCFNIMGPDGDRIGHSVGDLFAKNLFGFFAWYVRFVVLDP-HVKR
STACR2 WILFALVTFFVSWTFFPVLYFIGPPVFNLVDEATDKIGDAVGDLFAKNMCGFLVWYVRFVVLEP-YTSR
STACR3 WLHGITALLFI SWGIFPLMYFLIGPPVLNIMSHEGDV I GHAIGDLIGKNLFGFGMWYMRYNKLLP-YIQ|S
S2ACR1 WVLAVMTYFFFAQSLFIFLYAFGPPCFNLMGPDGDKIGHSVGDLFAKNLFGFFAWYVRFVVLEP-FVKR
S2ACR2 WMIVVIVLFMVSWTVFPVLFVVIGPPLLDISSSGADQIGHAVGDLFAKNCFGFVVWYVRFVVLEP-YTTR
S2ACR3 WLHGITALLFISWGIFPLLYFLIGPPVLNVISHEGDVIGHAIGDLIGKNLFGFGMWYMRYNKLLP-YLQS
TaACR1 VLVGVTCLFFASWFIFPILYFLIGPPVLDIISTEGEAIGHAIGDLLAKNMFGFACWYLRYGI IYP-FIEG
TaACR2 WLSMVCALFLTSWLIFPLLYVLIGPPGYDAITIREGDAIGHAIGDLIAKDVFGFIVWYFRFNVVI P -HKKJE
TaACR3 WVVLVGGMIVVTWSSFPVLYVLIGTPVLGLTSITTVDNILHAFSDLFAKNLTGFAIWYTRFFIIEPYFETIE
T1ACR1 WILATMIYFFFAQSLFIFLYAVIGPPCFNIMGRDGDR I GHSVGDLFAKNLFGFFAWYVRFVVLDP-YAKR
T1ACR2 WVVLSFSLFFISWTLFPVLYIVIGPPVLDLVDEGTDEIGHAVGDLFAKNMCGFVVWYARFVVMEP-YTTR
T1ACR3 WLHGITALLFISWGIFPLLYFLIGPPVLNITSHESDVIGHAIGDLIGKNLFGFGMWYMRYNKLLP-YIQ|S
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Fig. S1. Protein sequence alignment of the rhodopsin domains of labyrinthulea channelrhodopsins.
Residues are color-coded according to their chemical properties. The red rectangles show a-helical
regions as detected in the AIACR1 homology model. The arrows point to the positions of the
residues known to be functionally important in GIACR1 (GtACR1 numbering).
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Fig. S2. Protein sequence alignment of the rhodopsin domains of haptophyte channelrhodopsins.
Residues are color-coded according to their chemical properties. The red rectangles show a-helical
regions as detected in the PgACR1 homology model. The arrows point to the positions of the
residues known to be functionally important in GIACR1 (GtACR1 numbering).
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Fig. S4. (A) An example of photocurrent traces generated by SaACR2 at two different wavelengths
(black lines), linear approximation of their initial segments (blue lines) and slopes (a1 and a2) used
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Fig. S6. Photocurrent traces recorded in response to the first 1-s light pulse at -60 mV at the

amplifier output, normalized at their peak value. The duration of illumination is showed as a colored
bar on top.
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Fig. S7. (A) Stationary current measured at the end of a 1-s light pulse. (B) The magnitude of
desensitization during 1-s continuous illumination. (C) Half-decay of photocurrent after switching
the light off. In A-C, the black lines show the mean values and s.e.m. (n = 5-10 cells for each
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single exponential fits.
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Fig. S9. Peak (red) and stationary (blue) photocurrents recorded from color-tuning mutations of
AIACR1. The mean * sem are shown as lines and whiskers (n = 7), data from individual cells, as

diamonds. The data for wild type (WT) are taken from Fig. 1C. Triple, the F108V_Y1711_I217P
mutant.
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Fig. S10. (A and B) The action spectra of photocurrents generated by indicated proteins
reconstituted with A1 (black) and A2 (red) retinal. (C) The difference spectra (A2-A1 retinal). (D)
The absorption spectrum of HFACR1 detergent-purified from Pichia (red solid line) compared to the
action spectrum of photocurrents generated upon its expression in HEK293 cells from Fig. 1B
(black dashed line).
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Fig. S11. The action spectrum of photocurrents generated by AIACR2 reconstituted with A1 (black)
and A2 (red) retinal.



Table S1. A list of analyzed genomes.

ml

Organism name Genome URL Principal Status
assembly investigato
number r
/Submitter
1. Aplanochytrium 1.0 https://phycocosm.jgi.doe.g | Jackie Complete,
kerguelense ov/Aplke1/Aplke1.home.htm | Collier annotated
PBS07 [
2. Aurantiochytrium ASM433257v1 https://www.ncbi.nim.nih.go | Heliae Shotgun
acetophilum v/genome/790567genome_ | Developme
HS399 assembly id=492055 nt
3. Aurantiochytrium Not defined https://phycocosm.jgi.doe.g | Jackie Complete,
limacinum ATCC ov/Aurli1/Aurli1.home.html Collier annotated
MYA-1381
4. Aurantiochytrium Auran_KH105_1.0 | https://www.ncbi.nim.nih.go | Okinawa Shotgun
sp. KH105 v/igenome/41915?7genome_ | Institute of
assembly_id=374513 Science and
Technology
5. Not defined https://marinegenomics.oist. | Okinawa Not defined,
jp/aurantiochytrium_sp_kh1 Institute of annotated
05/viewer?project_id=56 Science and
Technology
6. Aurantiochytrium ASM146250v1 https://www.ncbi.nlm.nih.go | ThraustoEn | Shotgun
sp. T66 v/igenome/419157genome_ | g
assembly id=259575
7. Hondaea Aurantiochytrium_ | https://www.ncbi.nim.nih.go | Fermentalg | Shotgun
fermentalgiana FCC1311_v1 v/igenome/72081?genome_
FCC1311 assembly_id=400191
(Aurantiochytrium
sp. FCC1311)
8. Schizochytrium Not defined https://mycocosm.jgi.doe.go | Jackie Complete,
aggregatum v/ISchag1/Schag1.home.htm | Collier annotated
ATCC 28209 |
9. Schizochytrium ASM81894v1 https://www.ncbi.nim.nih.go | Nanjing Shotgun
sp. CCTCC v/igenome/357667genome_ | Tech
M209059 assembly id=217282 University
10. Schizochytrium ASM476469v1 https://www.ncbi.nlm.nih.go | Third Shotgun
sp. TIOO01 v/genome/357667genome_ | Institute of
assembly _id=491898 Oceanograp
hy
11. Thraustochytrium | Tau_assembly01 https://www.ncbi.nim.nih.go | Kyushu Shotgun
aureum ATCC v/genome/889907genome_ | University
34304 assembly id=889105
12. Thraustochytrium | ASM215423v1 https://www.ncbi.nim.nih.go | University of | Shotgun
sp. ATCC 26185 v/genome/54615?7genome_ | Saskatchew
assembly id=318815 an
13. Parietichytrium sp. | Pari_assembly01 https://www.ncbi.nim.nih.go | Kyushu Shotgun
165-24A v/igenome/88991?7genome_ | University
assembly id=889106
14. Phaeocystis 22 https://phycocosm.jgi.doe.g | Kevin Arrigo | Not defined,
antarctica ov/Phaant1/Phaant1.home. annotated
CCMP1374 html
15. Phaeocystis 23 https://mycocosm.jgi.doe.go | Andy Allen Not defined,
globosa Pg-G v/Phaglo1/Phaglo1.home.ht annotated




Table S2. A list of labyrinthulea ACR homologs (in bold — synthesized and tested by patch clamp
in this study)

GenBank Abbreviated Source organism JGI gene model name Amax
accession protein or WGS/MMETSP (nm)
number name sequence name
1. AaACR1 Aurantiochytrium acetophilum QDJC01000532
2. AaACR2 HS399 QDJC01003161
3. AaACR3 QDJC01000037
4. MT002467 AIACR1 Aurantiochytrium limacinum fgenesh1_pg.12_# 284 590
5. MT002473 AIACR2 ATCC MYA-1381 fgenesh1_pg.12_# 285 545
6. MT002476 AIACR3 fgenesh1_pg.1_# 498 485
7. ASACR1 Aplanochytrium stocchinoi* DN5182 c0_g3_i1.p1
8. AsACR2 DN9014_c0_g1_i1.p1,
DN12229 c0_g1_i1.p1
9. MT002468 Al1ACR1a Aurantiochytrium sp. KH105 BGKB01000037 610
10. A1ACR1b BGKB01000105
11. A1ACR2a BGKB010000371
12. A1ACR2b BGKB010001051
13. A71ACR3a BGKB01000099
14. A1ACR3b BGKB01000102
15. A2ACR1 Aurantiochytrium sp. T66 LNGJ01004228
16. A2ACR2 LNGJ01004228+1
17. A2ACR3 LNGJ01002066
18. MT002469 HfACR1 Hondaea fermentalgiana BEYU01000006 610
19. HfACR2 FCC1311 (Aurantiochytrium BEYU010000061
20. HfACR3 sp. FCC1311) BEYU01000001
21. P1ACR1 Parietichytrium sp. 165-24A BLSF01000016
22. P1ACR2 BLSF01000022
23. P1ACR3 BLSF01000101
24. MT002463 SaACR2 Schizochytrium aggregatum fgenesh1_pg.3 # 476 520
25. SaACR3 ATCC 28209 fgenesh1 pg.3 # 475
26. S1ACR1 Schizochytrium sp. CCTCC JTFK01000019
27. S1ACR2 M209059 JTFK01000019t
28. S1ACR3 JTFK01000324
29. S2ACR1 Schizochytrium sp. TIO01 SMS001000032
30. S2ACR2 SMS001000032t
31. S2ACR3 SMS001000014
32. TaACR1 Thraustochytrium aureum ATCC | BLSG01000269
33. TaACR2 34304 BLSG01000269t
34. TaACR3 BLSG01000370
35. MT002470 T1ACR1 Thraustochytrium sp. ATCC MUFY01006470 590
36. T1ACR2 26185 MUFY01006469
37. T1ACR3 MUFY01009420

*This species was analyzed by Rozenberg et al. (16).

1These proteins are encoded by the complement strand of the WGS sequence.



Table S3. A list of haptophyte ACR homologs tested in this study

GenBank Abbreviated Source organism JGI gene model name Amax (nmM)
accession protein name
number
1. MT002471 PaACR1 Phaeocystis Phant.0066s0015.1 520
antarctica
2. MTO002474 PaACR2 CCMP1374 Phant.0011s0329.1 510
3. MTO002477 PaACR3 Phant.0016s0461.1, 480
Phant.0016s0462.1,
Phant.0016s0464.1
4. MT002464 PaACR4 Phant.0060s0074.1 480
5. MT002465 PaACR5 Phant.0086s0086.1 N.A.
6. MT002466 PaACR6 Phant.0001s0932.1 N.A.
7. MT002472 PgACR1 Phaeocystis Phglo.0395s0005.1 485
globosa Pg-G
8. MT002475 PgACR2 Phglo.0149s0014.1 485
9. MT002478 PgACR3 Phglo.0128s0040.1 N.A.




Legend for Dataset S1

Dataset S1. GenBank accession numbers, abbreviated protein names and source organism
names for previously known channelrhodopsins included in the tree shown in Fig. 1A in the main
text.





