A

Elephant Shark TMT1
Spotted Gar TMT1A
Spotted Gar TMT1B

Zebrafish TMT1B
Zebrafish TMT1A

Western Clawed Frog TMT1
Green Anole TMT1
Flycatcher TMT1

Elephant Shark TMT2
Spotted Gar TMT2
Zebrafish TMT2A
Zebrafish TMT2B

Western Clawed Frog TMT2
Green Anole TMT2
Flycatcher TMT2

Chicken TMT-L

Chicken TMT-S

Opossum TMT2

Elephant Shark TMT3
Spotted Gar TMT3
Zebrafish TMT3B
Zebrafish TMT3A

Western Clawed Frog TMT3
Green Anole TMT3

Elephant Shark Opn3
Spotted Gar Opn3
Zebrafish Opn3
Coelacanth Opn3
Green Anole Opn3
Chicken Opn3
Flycatcher Opn3
Opossum Opn3

T™M3 ICL2 T™M4 ECL2

GCVWYGFVNTLFGIVSLMSLTILSYDRYITITGT-TEADITNYNKTIVGIALSWIYSLMWTLPPLFGWSNYGPEGPGTTCS
GCVWYGFVNSLFGTVSLISLALLSYERY I TMMRT-VEADATDYKKAVLGILVSWTYSLLWTLPPLFGWSSYGPEGPGTTCS
GCVWYGFVNSCLGMVSLISLAVLSYERYSTMMGS-TEADATNYRKIGVGIMLSWGYSLLWTLPPLFGWSSYGPEGPGTTCS
GCVWYGFANSLLGIVSLISLAVLSYERYCTMMGS—-TEADATNYKKV IGGVLMSWIYSLIWTLPPLFGWSRYGPEGPGTTCS
GCVWYGF INSFLGVVSLISLAVLSYERYCTMMGS—-TQADSTNYRKVVIGIAFSWIYSMVWTLPPLFGWSCYGPEGPGTTCS
GCIWYGFVNTLFGTVSLVSLAVLSYERYCTMLRS-TEADLTNYKKAWLGILVSWIYSLVWTLPPLFGWSKYGPEGPGTTCS
GCVWYGFANTFFGTVSLISLAVLSYERYCTMMGT-TEADATNYKKVWMGIFLSWIYSLFWSLPPLFGWSSYGPEGPGTTCS
ACAWHGFATALCGI ISLISLAVLSYERYCTMTRT-AEPDTTNYRKTWAGI ILSWTYSLLWTLPPLFGWSSYGPEGPGITCS

GCKWYGFANSLFGIVSLLSLCFVSYDRSYMITRI-——RTTHNFKRPILATGVSWLYSLLWTVPPLFGWSAYGPEGQGISCS
GCMWYGF INSCFGIVSLISLAVLSYDRYSTLTV-—YNKQVTDYRKPLLAVGGSWLYSLMWTVPPLLGWSSYGLEGAGTSCS
GCMWYGFVNSCFGIVSLISLATLSYDRYSTLTV-—YNKRAPDYSKPLLAVGGSWLYSLFWTVPPLLGWSSYGLEGAGTSCS
GCMWYGF INSCFGIVSLISLVVLSYDRYSTLTV-—YHKRAPDYRKPLLAVGGSWLYSLIWTVPPLLGWSSYGLEGAGTSCS
GCQWYGFVNSCFGIVSLISLAILSYERYSTLTL——YNKGGPNFKKALLAVASSWLYSLVWTVPPLLGWSSYGREGAGTSCS
GCRWYGFVNSCFGIVSLISLAILSYERYSTLTQ-—TNKRGSDYQKALLGVGGSWLYSLIWTVPPLIGWSSYGLEGAGTSCS
ACSWYGFVNSCFGIVSLISLAVLSYERYSTLTL-—CHKRSDDFRKALLAVAASWIYSLLWTVPPLLGWSSYGVEGAGTSCS
GCRWYGFVNSCFGIVSLISLAVLSYERYSTLTL-—CNKRSDDYRKALLAVGGSWVYSLLWTVPPLLGWSSYGIEGAGTSCS
GCRWYGFVNSCFGIVSLISLAVLSYERYSTLTL——CNKRSDDYRKALLAVGGSWVYSLLWTVPPLLGWSSYGIEGAGTSCS
GCRWYGFANSCFGIVSLISLAILSYERYRTLTL--CPGQGADYQKALLAVAGSWLYSLVWTVPPLIGWSSYGTEGAGTSCS

GCKWYGFANSLFGIVSLISLSLLSYERYATVLKS-TKADSTNYKKAWVY TAFSWFYSLVWTLPPLFGWSKYGPEGYGTTCS
GCKWYGFANSLFGIVSLVSLSLLSYERYVTVLRS-TKADVRDYRKAWLCIAGSWLYSLVWTLPPFLGWSSYGPEGPGTTCS
GCKWYGFANSLFGIVSLMSLSILSYERYAALLRA-TKADVSDFRRAWLCVAGSWLYSLLWTLPPFLGWSNYGPEGPGTTCS
GCRWYGFANALFGIVSLVSLAVLSYERYSTILCS-SKADASDYRKAWLFITGCWLYSLLWTVPPLLGWSSYGPEGPGTTCS
GCKWYGFCNSLFGLVSMISLSMLSYERYLTVLKG-TKADMTDYKKSWLCI TVSWLYSLCWTLPPLIGWSSYGLESSGTTCS
GCRWYGVANVLFGIVSLVSLSILSYERYMTVLRKPSKSMTSSYSRSFLCIGGTWLYSLSWTLPPLF IWSSFGPQKPGESCS

AGVWDGF SHSLFGTVSIVTLTVLAYERY IRV-———VNAKATNFPWAWRATTYTWFYSLAWSGAPLVGWNRYSLELHRLGCA
TCVWDGFSNSLFGIVSIMTLTVLAYERY IRV————VHAKVIDFTWSWKATAY IWLYSLAWTGAPL I GWNRYTLERHRLGCS
TCVWDGF SNSLFGIVSIMTLSGLAYERY IRV————VHAKVVDFPWAWRAITHIWLYSLAWTGAPLLGWNRYTLEVHQLGCS
GCIWDGFSNSLFGIVSIMTLTVLAYERY IRV———-VHAKVIDFSWTWRAITY IWLYSLGWTGAPL IGWNRYSLETHKLGCS
GCVWDGF SNSLFGIVSIMTLTVLAYERY IRV————-VHARVIDFSWSWRAITY IWLYSLAWTGAPLLGWNHYTLEIHGLGCS
GCVWDGFSNSLFGIVSIMTLTVLAYERY IRV———-VHAKVIDFSWSWRAITY IWLYSLAWTGAPLLGWNRYTLEIHGLGCS
GCVWDGFSSSLFGIVSIMTLTALAYERY IRV————-VHAKVIDFSWSWRAITY IWLYSLAWTGAPLLGWNRYTLEIHGLGCS
GCAWDGFSNTLFGIVSIMTLTVLAYERYNRI-——VHAKVINFSWAWRAITY IWLYSLVWTGAPLLGWNRYTLEIHGLGCS

Mouse Opn3  GCAWDGFSGSLFGFVSITTLTVLAYERYIRV———VHARVINFSWAWRAITYIWLYSLAWAGAPLLGWNRY ILDIHGLGCT
Human Opn3  GGVWDGFSGSLFGIVSIATLTVLAYERY IRV————VHARVINFSWAWRAITY IWLYSLAWAGAPLLGWNRY ILDVHGLGCT
Bovine Rhodopsin  GONLEGFFATLGGE IALWSLVVLAIERYVVVCKP-MSNFRFGENHAIMGVAFTWVMALACAAPPLVGWSRY IPEGMQCSCG
E113 (D/E)R(Y/W) motif E181
B TM6 ﬂ T™M7 C terminus
Elephant Shark TMT1 FLLCWLPYGIVALLATFGSPGLITPTASTIPSVLAKTSTVYNPITYIFMNKQF-SR——CFRALLSCQNSPVAFSTRNSSKTLRDGH NTQKTH KNFTGIEASV-A-QQTT———— AQQNRSSSDQEDTGLDV--S
Spotted Gar TMTT1A  FLLCWLPYGIVALIATFGKPGLITPTVSIIPSVLAKSSTVYNPIIYVFMNNQF-YR——CFCSFVRCQKPT INSNSRSTSKTLKACR AAKMIH DKNFSFLVVSE-G-QLST—————— ANHNPANGHNEVHGTL———SVDETKPAA-SRVPHYHS—
Spotted Gar TMT1B  FLLCWLPYGIVALLATFGKSGLVTPEASIIPSLLAKSSTVFNPITYIFLNKQF-YR--CFRAFLMCQRPANGSSVRSSSKTTKPCR AARRAI NDNRNFVVTSA-G-RHST————- LIQNRTDSVGERGSS——- WDASKPPV-LLVAHYNG—
Zebrafish TMT1B  YLLCWLPYGIMALLATFGAPGLVTAEASIVPSILAKSSTVINPVIYIFMNKQF-YR——CFRALLNCDKPQRGSSLKSSSK-TKPFR PGRRTD NFTFMVASV-GPNQTN-———— PVEDGPPSAD——————————— NTKPAVLSLVAHYNG——
Zebrafish TMT1A  YLLCWLPYGIMALLATFGHPGLVTPAASTVPSLLAKSSTVINPITYIFMNKQF-CR-——CFHALIMCTTPERGSSFKNSSKVTKTLR TVRRAN GONVTFAVASA—-VHRT—— PYSDRQKSSSEGEKLPPATGQGTSKPVV-SLVAYYNG—
Western Glawed Frog TMT1 FLLCWLPYGVMALVATFGKPGI ISPSASTIPSVLAKSSTVYNPITYIFLNKQF-YR——CFTAL IHCNKHPQVSSNKGSSKTTKIML TARKLP DANFTVNAASN-P-PSSS————- VVKYEADSKTHNG——————- DTKPFK-TLVANYVI——
Green Anole TMT1 FLLCWLPYGIVALIATFGKPGLITPSASTIPSVLAKSSTVYNPVIYIFLNKQF-YR——CFCALLKCGKKS IASSNKCSSRSTRVCR STRKQD NFTFVAASA-GPPSSEHQDAILSIQNPEPPTDNSP———————— KAKQRV-LLVAHYSV—
Flycatcher TMT1 FLLCWLPYAAVALIATFGOPGLITPAAST IPATLAKSSTVYNPI IYVFLNKQF-YR——CFVALLRCNKSPSSLPRLKKQQ QKPG SEELLPKPSQAQPPQNRD—————— AERGAVGQLQETTCM
Elephant Shark TMT2  FLLCWMPYGIMALLATFGDSDLITSTVSIVPVVLAKTSTVYNPIIYVLMNKQT-FQ-—CYKALYQM
Spotted Gar TMT2  YLLCWIPYGVVAMLATFGRPGTVSPIASVVPSILAKSSTVFNPLIY ILMNKQF-YG-—CFLKLFHCKQRSSANGPFSLQSRTTVIQ LNRRVY NNTIDGTVQ-INTADEDREGTPPMKVKSNPPEMNP
Zebrafish TMT2A  YLLCWMPYGVVAMMATFGRPGIISPIASVVPSLLAKSSTVINPLIYILMNKQF-YR——CFLILIHCKHSSLENGQSSMPSRTTGIQ LNRRPY SNPVADNAP-PSIDLQN-DCSTPVSG
Zebrafish TMT2B  YLLCWMPYGVVAMMATFGRPGI I SPVASVVPSLLAKSSTVINPLIY ILMNKQF-YR-—CFRILFCCQRSLLQNGHSSMPSKTTVIQ LNRRVN SNAVACTAQ-ISTGTHNHDGSTHVTERSNPPEVIP
Western Clawed Frog TMT2  YLLCWLPYGVVALLATFGRPGVISPVASVVPSILAKSSTVFNPITYILMNKQF-YK—CFLILFHCHPTSSADGKSICQSNYTVIQ LNQKLN NIVAIPGQTQIPESVDKMPCI-HRQNNESPSDOMP———————— QSTTEH-LISGT-——
Green Anole TMT2  YLICWMPYGVIALLATFGRPGLVSPVASVIPSILAKSSTVFNPITYILMNKQF-YK-—CFLMLLHCQPSSVADGETICQSKVMAIH QNQKAQ GGVILKSQV-VPQMDEKAICLLSPESSLDPVL—————=—————~ ESTPQL-SKENSF——-L
Flycatcher TMT2  YLLCWIPYGVIALLATFGKPGIVTPVTSIIPSILAKSSTVCNPITYILMNKQF-YK-——CFRQLFHCQPPSSTNGEPTYHSKVTVIQ LDQRVG GGNMCNNEP-HPETDSKMPSLLHP EPIS KAVSPP-S§———————
Chicken TMT-L  YLVCWIPYGVIALLATFGKPGVVTPVASTIPSILAKSSTVCNPITYILMNKQF-YK-—CFRQLFHCQPPSSTDGEPTCHSKVTVIQ LNQKTD GGKLCNNKP-RPETDNKVTSLLHPEPGLEPAA KTVPPM
Chicken TMT-S  YLVCWIPYGVIALLATFGKPGVVTPVASIIPSILAKSSTVCNPITYILMNKQV-RS—AILKLYFHQGLSGV LDFCV
Opossum TMT2  YLICWVPYGMIALLATFGPPGVVSPVANVVPSILAKSSTVCNPITYVLMNKQF-YK——CFLILFHCQPAQSGPDVSLCGPSNVTVIQ LGQRKN KDAP GSI
Elephant Shark TMT3  YLLCWLPYGTVALIGTFGNADLITPTCSVIPSILAKSSTVINPVIYVIMNKQF-YR——CFVTLLRCNTAPTLHQ
Spotted Gar TMT3  YLLCWMPYGIMALIATFGRADLVTPTASIVPSILAKSSTVFNPIITYILMNNQVRYRTPGPAVLALSEH [ERLCGC PVF
Zebrafish TMT3B  YLLCWMPYGVVALLATFGRTGLITPVTSIVPSVLAKSSTVVNPVIYVLFNNQF-YR-—CFVAFLKCQGEPSVHGANPQHSSKEDPH VFRPCD GASTHRSAE-GPQKKEQHSL SLVVHYTP——
Zebrafish TMT3A  YLLCWMPYGVMALLGTF-SAGITSPTASVVSSLLAKSSTVLNPIIYVLFNNQF-YR——CF IALVRSGAEPPVHLTLHTEEGAAQQH CIPMGLYAATS-PPESPSLMDT—-PQMTANSSLAQRGNKTL———=——————— VLVVHCTP—
Western Clawed Frog TMT3  YLLCWMPYGLVSLMTAFGKPGMITPTVSIIPSILAKSSTFINPLIYIFMNKQF-YR—-CFIALIKCESGPHHNENISTSRQSREMR LETRCK VQSSIFYTHKA-——RRTKDTTSSPEMQRKL TLTVHYRDDR
Green Anole TMT3  YFLCWVPYGIVVLITVFGKPGTVTPLISIVPSILAKASTIVNPILYVLLNKQF-YR——CFTVLMNCDPLPKHLEMTLHSKWSRTPNAESQEGPVHLLGIQRRLGSTKVRPNPLGRNSKDLPFRTPKT-PSMSSSK——— YERPPHDSADQIHKN
Elephant Shark Opn3  FLICWMPYAVVSFMVAYGYTDVITPAVATAPSFIAKSSTAYNPITYIFMSRKY-RR——CLSQLFCSHLMSLQWS IKDPSSKARNDM————- PVKPIVLSQK-G——————- DRPKKRVTFSSSSI-VFIITSDDTQELGSIAG-SNATQISIV QVQPL
Spotted Gar Opn3  FLICWTPYAVVSMLVAFGKKDIVTPTVAIIPSFFAKSSTAYNPVIY IFMSRKF-RR——CLLRLLCARLVSIRRSIKDRPI-ARVEK————— PIRPIVVSQKVG——————— ERPKKKVTFNSSSI-VFITTSNDTNYLDIPSK-NSLSEVNVI KVRPL
Zebrafish Opn3  FLVCWTPYAVVSMLEAFGKKSVVSPTVAT IPSLFAKSSTAYNPVIYAFMSRKF-RR——CMLQMLCSRLTSLQHT IKDRPL-SRIEH—-— PIRPIVMSQSRT——————- DRPKKRVTFSSSSI-VFITASHDTHPLDITSKCNDEPDINVI QVRPL
Coelacanth Opn3  FLICWMPYTVVSLLVSYGYGSSITPTVAIILSFFAKSSTAYNPITYIFMSRKF-RR——CLLKLLGIRLVRFQRSIKDRPV-AENDR————- PIRPIVVSHKI G————— DRPKKKVTFSSSSI-VFI1TSDDTQPMEETMK-NS—ARVNVI QVRPL
Green Anole Opn3  FLICWMPYAVVSLLIAYGYGHLITPTVAIIPSFFAKSSTAYNPVIY IFMSRKF-RR——CLVQLFCVQFLRFKRTLKEQPA-IESNK————— PIRPIVMSQKVG——————— DRPKKKVTFSSSSI-IFIITSDDTEQIDVSTK-CSDTKINVI QVKPL
Chicken Opn3  FLICWMPYAVVSLLVTYGYSNLVTPTVAIIPSFFAKSSTAYNPVIY IFMSRKF-RQ--CLLQLLCFRLMRFQRIMKEPSG-AGNVK————— PIRPIVMSQKVG—————— DRPKKKVTFSSSSI-IFITASDDTQQIDDNSK-HNGTKVNVI QVKPL
Flycatcher Opn3 ~ FLICWMPYAVVSLLITYGYSNLVTPTVAIIPSFFAKSSTAYNPVIYIFMSRKF-RH--CLLQLLCFRLMRFQRTMKETPA-TGSDK————— PIRPIVMSQKAG—————— DRPKKKVTFSSSSV-TFITTSDDTEQIDDSSK-HNETKVNVI QVKPLQ G
Opossum Opn3  FLFCWMPYAVICLLVANGYGSLVTPTVAI IASLFAKSSTAYNPIIYIFMSRKF-RR-——CLLQLLCFRLLKFQQPKKDRPV-IRTEK—-— QIRPIVMSQKVG——————— DRPKKKVTFSSSSI-IFITTSDETQMIDENDK-NSGTKVNVI QVRPL
Mouse Opn3  FLTCWMPYIVTRFLVVNGYGHLVTPTVSIVSYLFAKSSTVYNPVIYIFMNRKF-RR--SLLQLLCFRLLRCQRPAKNLPA-AESEM——-—— HIRPIVMSQKDG——————— DRPKKKVTFNSSSI-IFI1TSDESLSVEDSDR-SSASKVDVI QVRPL
Human Opn3  FLVCWMPYIVICFLVVNGHGHLVTPTISIVSYLFAKSNTVYNPVIYVFMIRKF-RR——SLLQLLCLRLLRCQRPAKDLPA-AGSEM-———— QIRPIVMSQKDG——=———— DRPKKKVTFNSSSI-IFI1TSDESLSVDDSDK-TNGSKVDVI QVRPL
Bovine Rhodopsin  FLICWLPYAGVAFYIFTHQGSDFGPIFMTIPAFFAKTSAVYNPVIY IMMNKQF—RN-—CMVTTLCCGKNPLGDDEASTTVSKTETS QVAPA

CWxP motif K296  NPxxY motif



