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Dr_Ga, MG———- L CLGSEVTT-EED————- KKAKTHSSQIDRDLYEYAKRELNVVKILLLGAAESGKSTLVKAGMKI IHSHGF—————————— 66
Ga_Go, MG———- LCLGTEV-T-EEQ-————— KKARTHSAE IDRDLYECAKREMNVVK I LLLGAAESGKSTLVKQMK I IHSHGF————————— 65
Tr_Go,, MG———- L CLGTEL-T-EE————————- KKARIRSAKIDRDLYEFAKMEMNVVKILLLGAAESGKSTLVKQMK I IHSNGF—————————————— 64
Tn_Go, % MG————- L CLGTEL-T-EE—————————- KKARIRSAGIDRDLHELAKMEMNVVKILLLGAAESGKSTLVKQMK I IHSHGF—————————————— 64
0l_Ga, MG——- LCLGIEL-P-ED———————- REARIRSAGIDRELLERAKRDMKEVRVLLLGAAESGKSTLVKAMK I IHSGGF———————————— 64
Sa_Go, * MG———- | CLGSES-NAEE————— RQARLRSEKIDRALYEYAKQELNVVKILLLGAAESGKSTLVKAMKI IHSHGF—————————— 65
Cm_Gov,(t MG———- LCLGSDA-SAEE———————————REARIRSEKIDRALYEFAKQEFNVVKILLLG 44
Bf_Ga, MG———- ACLSLDS—-EE———————- RKARIRSDE IDRQLQYMAKEDSSVIKILLLGAGESGKSTLVKQMK I IHSQGF—————————————— 63
Sp_Go, t MG———- TCVSLDH-——DQ-——————————KRARHRSEE I DRNLVAMARQEENT VK ILLLGAGESGKSTLVKGMK I THSDGF ——————————————= 63
0l_Ga,, MG———— MC—PDI-S-EED————— KRAKIQSSKIEQALNEHARAE INTVKILLLGAAESGKSTVIKQIKI THSNGF 63
Ga_Go,, MG———- MCSHPKL-T-EEG—————- KKAKLRSSKIEQDLYEHARNEMNVVK I LMLGAAESGKSTL IKQIKI IHSRGF———————————- 65
Tr_Ga,, MG———- MCLDQDV-S-EES——————- KRAKLQSSKIEQDLCEHARTEMNVVKILLLGPAESGKSTL IKQIKI IHSHGF———————————— 65
Tn_Ga,, MG———- TCLHADV-T-EES———————- KKAKLQSSKIEQDLGEHARAEMNVVK I LMLGPAESGKSTL IKQIKI IHSHGF—————————————— 65
Lg_Go, MG——- L CFSLDQ-———EE——————- L KARARSDVIDKNLQTWAKQDSNVIKILLLGAAEGGKSTLVKAMKI IHNDGF———————————— 63
Tc_Ga, MG——- ACLSLER—EE————— GKARKRSEE IDRQLGELAKQQSNVIKILLLGAGESGKSTLVKAMKI IHADGF——————————— 63
Csp_Ga, MG——- SCLSYDF—ED——————- RKAQARSVE I DKQLMDMAHEDRRV IKLLLLGAGESGKSTLVKAMKI 1YTSGF————————————— 63
Ge_Goa, * MG———- GCVSATP——EE——————- REAKTRSSVIDRQQRQDARQYENT IKILLLGAGESGKSTVVKAMKI IHGDGY————————————— 63
Ef_Go, K1 THGDGY: 8
Ef_Go,t K1 THGDGY: 8
Hs_Govy, MG AGASA EE K———HSRELEKKLKEDAEKDARTVKLLLLGAGESGKSTIVKAMKI IHQDGY————————- 57
Hs_Ga.; MG CTLSA ED KAAVERSKMIDRNLREDGEKAAREVKLLLLGAGESGKSTIVKAMKI IHEAGY———————————— 61
Hs_Ga, MT—-LESIMACCLSEEA: KEARRINDE IERQLRRDKRDARRELKLLLLGTGESGKSTF IKQMRI IHGSGY————————————— 67
Hs_Ga,, MSGVVRTLSRCLLPAEAGGARERRAGSGARDAEREARRRSRD IDALLARERRAVRRLVKILLLGAGESGKSTFLKQGMRI IHGREF—————————————— 85
Hs_Goa, MG———— CLGNSKTEDQR——————— NEEKAQREANKK IEKQLQKDKQVYRATHRLLLLGAGESGKST IVKGMR I LHVNGFNGEGGEEDPQAARSN 83

Fig. S1. Amino acid alignment of Gay proteins: alignment of deduced amino acid sequences of 19 Ga, proteins from teleosts, sharks, a cephalochordate
(lancelet), a sea urchin, a red flour beetle, an annelid (polychaete worm), a mollusk (limpet), and sponges together with human Gay1, Gait, Gag, Gz, and Gag
sequences as representatives for each class. Conservation was analyzed between all human, mouse, zebrafish, fruit fly, and sponge Ga protein sequences.
Residues conserved among all Ga proteins are in red boldface type. Residues in 100%, 80-99%, and 60-79% conservation within a class are in red, blue, and
green, respectively. Atypical residues at conserved positions in sequences depicted here are shaded in gray. A comparison of the amino acids conserved in
neoteleosts to the corresponding positions in shark and zebrafish sequences shows a 2-fold larger distance from Gay; compared to Gays, consistent with the
topology of the shark and zebrafish genes as gnav1 orthologs in the phylogenetic tree using the NJ algorithm (Fig. 1B). Residues suggested for contact with
regulators of G protein signaling/GTPase-activating proteins, effectors, and both (see refs. 1-13) are shaded in blue, green, and yellow, respectively. In the case
of atypical residues at these contact sites the residues are not shaded, but boxed. Known acylation sites in the N-terminal region and Cys residues of Gi proteins,
ADP-ribosylated by Pertussis toxin, are shaded in purple. G-boxes (G1-5) are indicated with bars above the alignment. Switch regions (SW1-3) are shaded with
hatch marks. Solid and open circles indicate putative N-linked myristoylation and thio-palmitoylation sites for Gay, proteins, respectively. Solid and open
arrowheads are splicing junctions in a codon and between codons for teleost gnav genes, respectively. Gv-specific junctions are in red. Stars are Gv-specific motifs
color coded for degree of conservation. Dr, zebrafish; Ol, medaka; Ga, stickleback; Tr, fugu; Tn, tetraodon; Sa, dogfish shark; Cm, elephant shark; Bf, lancelet;
Sp, sea urchin; Lg, limpet; Tc, red flour beetle; Csp, polychaete worm annelid; Gc, sea water sponge; Ef, fresh water sponge; Hs, human. Asterisks and daggers
indicate corrected and partial sequences, respectively. Two single-base ambiguities were resolved as follows: for Sa_Gay1, an ambiguous nucleotide (x) at the
position 584 in the sequence DV496403 was replaced with cytosine (X333 to A333); for Gc_Gay, an ambiguous nucleotide (w) at the position 251 of the sequence
Y 14247 was replaced with thymine (X68 to L68). A potential pseudogene was rescued as follows: for Tn_Gay1, guanine between L180 and R181, adenine in G188,
and guanine between E191 and T192 were removed. The sea urchin predictions Gao. and Gaorz (14) exhibit partial overlap in the C-terminal region, with 99%
nucleotide identity and no difference in amino acid sequence, but exhibit different exons in the N-terminal region of the sequence. We conclude that Gao. and
Gaol2, Which are assigned to the same contig, are different haplotypes of the same gene, a common assembly error in unfinished genomes constructed from two
haplotypes of noninbred species. We therefore combined both predictions into a single prediction, Sp_Gay. Furthermore, we found two lancelet sequences with
97% nucleotide identity, but encoding the identical protein, Bf_Ga,. We concluded that these sequences constitute 2 alleles of a single gnav gene locus as well.
Tc Gay, Ef_Gay1 and Gayy, and Gc_Ga, were renamed from Gaiz, Gag and Gay (15), and Ga, (16), respectively.
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Dr_Ga, TKQELTSFKPAVLDNLLTSMKFVLHGMGVL—-RINLANPKNKVHAHSVLSC——--GRCFDED——--——QMLFPF IAHALCCLWADPGVRSSAARGYEYEL 154
Ga_Go,, TKQELCSFKPAVLDNLLTSMKFVLHGMGVL--RINLANTRNKVHAHSVLSC———-GRCFDED——--—-TVLFPFLGHALSCLLADQGVRAAAARGYEYEL 153
Tr_Ga, TKQELITFKPAVLDNLLTSMKFVLHGMGVL--RINLANSRNKVHAHSVLSC———-GRCFDED——--—-QVLLPFLSHAFSCLWSDEGVRSAVARGYEYEL 152
Tn_Go,* TRQELLTFKPAVLDNLLTSMKFVLHGMGAL-—RINLTNSRNKVHAHAVLSC———-GRCFDED——--——QVLLPVLGHAFTCLWSDQGVRSAVARGYEYQL 152
01_Ga, SGHELLSFKPAVLDNLLTSMKFVLHGMGLL-—HINLANSRNKVHARGCVLAC———-GRCFDEE-——-——QVLRPFVGHALSCLWADQGVRAAAAQGCEYEL 152
Sa_Go,* TEEELTSFKPAVLDNLLSSMKFVLQGMGIL~-RINLANPKNT IHAQTVLSC———-GRCFDED——--—-YALFPFMAHALRCLWADQRVKLAASRGYEFEL 153
Cm_Go,, T ———————-KPAVLDNLLSSMKFVLQGMGIL--RINLAIPRNTTHAQTVLSC—---GRCFDED—-——~ ETLLPFVGHALRCLWADPAVRLAASRGYEYEL 124
Bf_Ga, SQEELNSFKPTLMDNLLSTMKFVLSGMGLL--RINLSNPNNKIHAQTVLSS——--RRGFGED—————-LIMFPFVTHALRCLWSDQGVRLAVARGYEYEL 151
Sp_Ga,, T TDYELMSFKPAVLDNLLNSMKYVLNGMGLL--RTPLANSKNK 103
01_Ga,, SKEELSSFKPAVLDNLLTSMKIVLRGMGKL—-RINLANQKNKVHAGS ILSC——--SQCLGED—————QELHPF IAHAFCALWADLGVKVAAARGYEFQL 151
Ga_Go,, SETELLSFKAAVLDNLLTSMKFVLRGMGTL--RINLANKNNKTWARS ILSC———-GQCLGDD——--——QELLPFVAHAICALWADQGVRAAAARGYEFEL 153
Tr_Ga,, SKQELTTFKPAVLDNLLTSMKFVLRGMGML--RINLANKKNKMHARSVLSC———-SQCFGED——--——QELLPFVAHAFCALWSDHGFRAAAARGYEFEL 153
Tn_Go.,, SKQEL TSFKPAVLDNLLTSIKFVLQGMGML——RINLANRKNRTHARALLSC———-DRCAGDD——--——QELLPFVAHAFCALCSDHGFRAAVARGHEFEL 153
Le_Go, SKHELRSFKTAVLDNLVSSMKFVLAGMGML——RVNLENPKNKLYAQKILSC———-MCCYDKE————-FHAMLPEIYEALKSLWKDRGIRLAVSRGYEFEL 152
Tc_Go, THAELSSFRPTVLDNLLASMKYVLAGMGIL—-RINLEQQRNKSHAQAVLMS—--RSCFDMS——-——FTVLPNMAASLQALWSDRGVRLAVARGYEYEL 151
Csp_Ga, SENELMAFRPAVLDNLLFSMKFVLSGMGML--RINLERPYNRANAQI ILSC——--QRCYDDH-————-LIILPNVAVSLQSLWKDGGVRRAISRGYEFEL 151
Go_Go, * SQTELRSFKSVIYGNLAASMRVVLNAMEKL--GIPYGNQASQEQARVILSL——--SNSLSSY-————-ESFPPDVTSAF ISLWRDAGVQECFSRAYEYQL 151
Ef_Go,t SKDELESFRPVIYGNLAASMRVVVSNMENL--GIPFSDTTNREYANMILSL——--STSIPNC————- NSLPSEVAEAFRRLWNDQGVRACFSRAYEYQL 96
Ef_Go,,t SNEELDAFKHVVYKNLVASMAATVRNMERL——G I SFSDPSNSVHADTLLAL—--SSN-QDF————- SSMPPKLAEATKHLWSDQGVKACFKRAYEYQT 95
Hs_Govy, SLEECLEFTATIYGNTLQSILATVRAMTTL--NIQYGDSARQDDARKLMHM-——~ADTIEEG—————-TMPKEMSDI IQRLWKDSGIQACFERASEYQL 144
Hs_Go.; SEEECKQYKAVVYSNTIQSITATIRAMGRL--K1DFGDSARADDARQLFVL-———AGAAEEG—-———-FMTAELAGVIKRLWKDSGVQACFNRSREYQL 148
Hs_Go, SDEDKRGFTKLVYQNIFTAMQAMIRAMDTL--K1PYKYEHNKAHAQLVREVDVEKVSAFENP——————————- YVDAIKSLWNDPGIQECYDRRREYQL 153
Hs_Ga., DQKALLEFRDTIFDNILKGSRVLVDARDKL--GIPWQYSENEKHGMF———————- LMAFENKAGLPVEPATFQLYVPALSALWRDSGIREAFSRRSEFQL 175
Hs_Go, SDGEKATKVQD TKNNLKEATET I VAAMSNLVPPVELANPENQFRVDY ILSV———-MNVPDFD——————- FPPEFYEHAKALWEDEGVRACYERSNEYQL 171

Fig. S1. continued
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Dr_Ga,,
Ga_Go,,
Tr_Gao,
Tn_Go,*
0l_Ga,
Sa_Go,*
Cm_Go, 1
Bf_Ga,
Sp_Ga,
0l_Ga,,
Ga_Ga,,
Tr_Ga,,
Tn_Ga,,
Lg Ga,
Te_Ga,
Gsp_Goar,
Ge_Gay, *
Ef_Go,t
Ef_Go,,t

I e * G2 x swi V. G3 SW2 * % 3SW3% V
NDSALYFFENMGRI I-ADDYMPTET-DVLRVRLRTTGVIETQFKVKHLVFRMYDVGGORTERRKWISCFEYVRSVLFVVSLSGYDMTLVEDPSMNRLQES 252
NDSALYFFQNLTRIT-SPDYVPTET-DVLRVRLRTTGVIETQFKVNRLIFRMYDVGGORTERRKWIGCFEDVRAVLFVVALSGYDMTLVEDPSVNRLQES 251
NDSALYFFENMIRIT-SPEYVPTEM-DVLRVRLRTTGVIETQFKVKHLVFRMYDVGGQRTERRKWIGCFEDVRAVLFVVSLSGYDMTLVEDPSMNRIQES 250
NDSALYFFENMSRISLSETTIPIRNPDVLRVRLRTTGVIETQFKVKHLVFRMYDVGGORTERRKWIGCFEDVRAVLFVVALSGYDMTLVEEPSTNRIQES 252
NDSALYFFENLSRIT-SPDYVPTEA-DVLRVRLRTTGVIETQFKVNHL IFRMYDVGGORTERRKWMGCFEDVRVVLFVVSLSGYDMTLLEDPHTNRLQES 250
NDSAHYFFQNMNR I T-APEYKPTQM-DLLRVRLRTTGVIETQFKINNLI IRLYDVGGQRTERRKWIGCFEDVRAVLFVAALSGYDMTLLEEPSMNRLQES 251
NDSA RMYDVGGORTERRKWIGCFEEVRAVLYVAALSGYDMTLLEELTVNRLQES 178
NDSALYLFENMDR I C-HEKFQPNSE-DVIRARVRTTGILETEFAISGIMFRMFDVGGORSERRKWIQCFDDVKATLFVTALSGYDMTLLEDSNVNRLEES 249
—————— YFENMERLT-SEKYKPDTQ-DVLRARVRTTGILETHFKIRGVIFRLYDVGGORSERRKWIQCFDDVKALLFVAALSGYDMVLFEDPEVNRLQES 195
NDSALYFFENISRII-APNYVPTET-DVLRVRVRTCGI IETQFQVNEMTFRLYDVGGORGERRKWLNCFDSVHAVLFVVALSSFDLKLMEDPSVSRLQES 249
NDSALYFFENISRII-APKYVPTET-DVLRVRVRTCGI IETQFQLNEMIFRLYDVGGORSERRKWLRCFDGIQAVLFVVALSSYDMTQAEDPSGNRLQES 251
NDSALYFFENMNRI I-APLYVPTET-DVLRVRVRTCGVVETQFQLNQMIFRLYDVGGORSQRRKWLKCFEGIQAVWFVAALSSYDTTLMEASPVNRLQES 251
NDSALYFFENMTRI I-APLYVPTEA-DVLRVRVRTCGIVETHFQHKQT I YRLYDVGGORSGRRKWLSCFEGVQAVWFVVALSSYDOMLAELPPMNRLKES 251
NDSATYYFENMDRIC-SIKFQPSCT-DVLRARVRTTGVIETCFKIDGGV IRMFDVGGORSERRKWIQCFDDVRCILFVAALSCYDLTLFEDPSVNRLVES 250
NDSALYLFENMERIG-DPKYVPTPT-DVLRARVRTQGI IETHFRINDMIVSMYDVGGQRSQRRKWIYCFDDVRAVLFVVSLSGYDMTLLEDPSVNRLDES 249
NDSATYYFENMHRLC-SEKFVPTVT-DVLRARVRTQGVIETCFKFRHCMFRMFDVGGORSERRKWIHCFDNVHAT IFVAALSGYDMTLAEDPSINRLEES 249
NDSAPYYFQNMDRLL-REDYVPDEQ-DVLRSRVQTTGI TETSFRVKQLTYRVVDVGGQRSERRKWIQCFDDVRAVLFVCALSGYDMTLFEDGKTNRLEES 249
NDSAPYYFENMDRLL-KPDYVPDEQ-DVLRSRVQTTGI IETSFRVEKLVYRVVDVGGARSERRKWIQCFDDVKAVLFVVALNGYDMTLFEDGKTNRLEES 194
EDSASYFLGDMDRLL-QSGYVPNEQ-DVLRSRVQTTGI IETSFRVKKLIYRIVDVGGORAERSKWIQCFDDVKAVLFVVALNGYDMTLAEDGVTNRMREA 193

Hs_Ga,
Hs_Go;

NDSAGYYLSDLERLV-TPGYVPTEQ-DVLRSRVKTTGI 1ETQFSFKDLNFRMFDVGGQRSERKKWIHCFEGVTCI IF TAALSAYDMVLVEDDEVNRMHES 242
NDSAAYYLNDLDRIA-QPNYIPTQQ-DVLRTRVKTTGIVETHF TFKDLHFKMFDVGGQRSERKKWIHCFEGVTAT IFCVALSDYDLVLAEDEEMNRMHES 246

Hs_Ga,

SDSTKYYLNDLDRVA-DPAYLPTQQ-DVLRVRVPTTGI 1EYPFDLQSVIFRMVDVGGQRSERRKWIHCFENVTS IMFLVALSEYDQVLVESDNENRMEES 251

Hs_Ga;,

GESVKYFLDNLDRIG-QLNYFPSKQ-DILLARKATKGIVEHDFVIKKIPFKMVDVGGQRSQRQKWFQCFDGI TSTLFMVSSSEYDQVLMEDRRTNRLVES 273

Hs_Ga,

IDCAQYFLDKIDVIK-QADYVPSDQ-DLLRCRVLTSGIFETKFQVDKVNFHMFDVGGQRDERRKWIQCFNDVTAT IFVVASSSYNMVIREDNQTNRLQEA 269

Fig. S1. continued
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Dr_Ga.,, LKLFSSICNNIFFRGTSM-1LFMNKIDLFQEK I LHSGRHLRHYLPQFR—————————— GADCDVDAAARF I ADMFVSLNASP——SKL—IYHHFTTATD 336
Ga_Ga,, MKLFSSICNNIYFHSTSV-ILFMNKIDLFQDKILHSGRHLRLYLPQFK—————————— GADCDVDSSARF I AATFLSLNAAP—-SKL-VYHHFTTATD 335
Tr_Ga.,, MNLFSATCNNVFFRSTSM-ILFMNKLDLFQDKVLHSGRHLRLYLPQFK———————— GADCDVDSAAHFMASTFVSLNATP——SKL-IYHHFTTATD 334
Tn_Go,* MNLFSSICNNVFFRSTSV-ILFMNKLDLFEEKILHSGRHLRLYLPQFK-————————— GADCDVDAAARFVASAFVSLNTTP——KL-IYHHFTTATD 335
01_Ga, MNLFSSICNSLFFCSTSM-VLFMNKIDLFQDKILHSGRHLRFYWPQFK-—————————— GADRDVDSAARF I TARFLSLNKTP-—SRL—IYHHFTTATD 334
Sa_Goy,* LRLFSSICNNIFFSSTSM-ILFLNKIDLFQEKILHSGRHLRLYFAQYR—————————— GADCDVDSAARYVANQFLSLNRSP——AKM-VYHHFTTATD 335
Cm_Go, T LKLFSSTCNNVFFRSTSMVILFLNKIDLFQEKILHSERHLRLYFSEYR————————~ GADCDVDAGARFVANQFLSLNRNV——AKL-VYHHFTTATD 263
Bf_Ga, LRLFSSICNNLFFKDTSM-ILFMNKVDLFQEKILNSGRHLRYYFPSYT-——-—————— GSDCDVDSAARY I QHMFQGCNKNP——SKV-IYPHFTTATD 333
Sp_Ga, T LKLFESTCNNCFFRQTTM-ILFLNKVDLFQFKILHTSRQLQHYFPDFQ-————————- GPDYDIDAAAKY I QRRFQQCNRNP——KKE-VYPHFTTATD 279
0l_Ga, LQLFSSVCTNTLFQKISL-ILFLNKMDLFHKKILHSGRHLRFYLSSYK——————————— GADGDVDAAAGHI TDLFFACNN-F--DRP-1YHHFTTATN 332
Ga_Ga,, LELFKSICTNTVFRSTSL—-ILFMNKTDLFRDKILHSGRHLRFYLSSYK-————————— GADCDVDAAAHH I AAMFSLCNCSP——AEP-VYHHFTTATD 335
Tr_Ga,, LELFASTCANGIFRRTSV-ILLMNKTDLFQEKIRHSGRHLRLYFSEYQ-——————————— GDDGDVDAAAHF I TAMFSSCSRGP—-DRP-VYHHYTTATD 335
Tn_Ga,, LDLFASVCTNSIFRGTSM-ILLLNKTDLFQEKIRHSGRHLRLYFSNYK————————— GADGDVDAAAHF [ TAMFSSCGH—————RA-AFHHYTTATD 332
Lg_Ga, LKLFRGIANNRFFNNTAT-ILFLNKLDLFQDKIRHSGRHLRYYFPDFS————————— GPDYDVDSAARY IQHLFTMQCNNP—SKV-IYPHFTTATD 334
Tc_Ga, LNLFGQIVNNPFFRDASF-VLFLNKFDLFREKILYSQRHLRLYFPDYK-———————— GPDRDVDRGALF I QHKFVLKNADS——RKV-LYPHFTTATD 333
Csp_Ga, LRIFKQICSIPFFRRAIL-ILFLNKMDLFTDKITRFNRHLKYYFHNFK-——————————— GPIHEAQPAAEF IRDMF I SHAIEA-—GKHHVYSHVTTATD 334
Ge_Goy, * LNLFQAICNNKFFVKTSM-ILFLNKADLFRDKITNSDRHLRLYFTQYT——————— GPDRDVEAASRF I QSEFMERNLNK-—QKI-1YPHLTTATD 333
Ef_Go, T LNLFQATCNNKFFVKTSM-ILFLNKVDLFENKVLTSDRQLRNYFSSYQ-——-———————~ GPDRNPEEAKKF I QSQFLERNMSK——NKI-1YPHFTTATN 278
Ef_Gao,t LVLFEDICNKPIFARTSM-ILFLNKVDAFETKILDTDRHLRTFFPEFS——————————- GPDHDVEAAKEY IKSQFLACNKSR——GKQ-ITPHFTTATN 277
Hs_Gov, LHLFNSTCNHRYFATTSI-VLFLNKKDVFFEKIKKA-—HLSICFPDYD-—-—————— GPN-TYEDAGNY IKVQFLELNMRR—-DVKE [ YSHMTCATD 324
Hs_Ga.;, MKLFDSTCNNKWFTDTSI-ILFLNKKDLFEEKIKKS—PLTICYPEYA———————————— GSN-TYEEAAAY IQCQFEDLNKRK--DTKEIYTHFTCATD 328
Hs_Ga, KALFRTIITYPWFQNSSV-ILFLNKKDLLEEKIMYS—HLVDYFPEYD-———————— GPQRDAQAAREF ILKMFVDLNPDS—-DKI-1YSHFTCATD 333
Hs_Ga., MNIFETIVNNKLFFNVSI-ILFLNKMDLLVEKVKTV--SIKKHFPDFR———————— GDPHRLEDVQRYLVQCFDRKRRNR——SKP-LFHHFTTAID 355
Hs_Go, LNLFKSTWNNRWLRTISV-ILFLNKQDLLAEKVLAGKSKIEDYFPEFARYTTPEDATPEPGEDPRVTRAKYF IRDEFLRISTASGDGRHYCYPHFTCAVD 368
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Dr_Go, TSNVOvVFOVVMDTIIKENLEKVSLL———— 362
Ga_Ga, TSNVEVVFEVVMDT IVKENLEAVSLL—— 361
Tr_Go, TSNIQVVFQVVMDT I IKENLEAVSLL-——- 360
Tn_Go, TSNIQVVFQVVMDTI IKENLEAVSLL———- 361
01 _Ga, TSSIQVVFQVVMDT I IKENLQAMSLL——— 360
Sa_Go,* TSNVQIVFQGRHGHHYKRELEAVRLL———- 361
Cm_Gou, T TSNVQVVFQVVMDT I IKENLEAVSLL——— 289
Bf_Ga, TSNIQVVFQVVMDTI IRENLEAASLL———- 359
Sp_Ga, T TGNMEVVFQVVTNT IVKDNLEAAALM-——— 305
01_Ga, TANVQVVLHVVLNQI IEGNLAAFQPF——- 358
Ga_Goav,, TTNVQVVFHMVIDQVMKGNLAAVQLL———- 361
Tr_Ga,, TASVRLVFHMVVDQIVKDNLASVQLL—— 361
Tn_Ga,, TAAVRVVLHMVVDQISKDNLASVQLL——-- 358
Lg_Ga, TSNIQVVFQVVMDSVLRENIKAVSIL—— 360
Tc_Go, TANVQVVFQAVMEMVISTNLGQVTLL-——- 359
Gsp_Ga, TNQVQSVFCQVVEGIVQANLSQAQLL———- 360
Ge_Ga, * TTNIKVVFGVVLDTI IRENLEAANLL———— 359
Ef_Go, T TSNIRVVFQAVLDAT IRENLEAANLL———- 304
Ef_Go.,, T TSNVRVVIDAVIEATIRENLESIGLIREDE 307
Hs_Goav, TQNVKFVFDAVTDI I IKENLKDGGLF—-- 350
Hs_Ga; TKNVQFVFDAVTDVI IKNNLKDCGLF——- 354
Hs_Go, TENITRFVFAAVKDTILQLNLKEYNLV———- 359
Hs_Ga;, TENVRFVFHAVKDT ILQENLKDIMLQ-——- 381
Hs_Go, TENIRRVFNDCRDI IQRMHLRQYELL——— 394
Fig. S1.
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Conservation

Red Bold: conserved among all G alpha classes

Red: 100% conserved within a class

Blue: 80-99% conserved within a class

Green: 60-79% conserved within a class

Shaded in grey: atypical residue at the conserved position
*%*. Gv specific conservation (color coded as above)

Modification
Shaded in purple (N-terminal): acylation sites
(C-terminal) : ADP-ribosylation site by Pertussis toxin

Contact sites

Shaded in blue: RGS/GAP contact sites

Shaded in green: effector contact sites

Shaded in yellow: both RGS/GAP and effector contact sites
Boxed: atypical residue at contact sites (color coded as above)

Splice sites

V: junction between two codons
Y : junction within a codon

V: Gv specific junction
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6 of 12



http://www.pnas.org/cgi/content/short/0809420106

Lo L

P

1\

=y

G1
: I P
v2
v1H H H 120
v2
W i e e
v2

G2 G3
v I e
v2
SW1 SW2 G4 SW3
“ P an
v2
G5

v H H H:H 360
v2

[Ineutral [Onegative (p<0.2) Bnegative (p<0.1)

Fig. S2. Single-site dy/ds analysis of teleost gnav genes: sequence plot of neutral (open boxes) and negatively selected (shaded boxes) sites (codons) in each
gnav family. Dark and light shading corresponds to significance levels of P < 0.1 and P < 0.2, respectively. Amino acid numbers are shown to the right. G-boxes

and switch regions are indicated. Asterisks indicate Gv-specific motifs.
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antisense

antisense

Fig. 3. Expression pattern of gnav1 in zebrafish larvae: whole-mount in situ hybridization of gnav1 probe (A-C and G-J) and negative control (sense probe,
D-F and K-N) with 3 dpf zebrafish larvae. Embryos were grown in 0.0045% of phenylthiourea (Sigma) from 12 h postfertilization until used to prevent
pigmentation. Probes were synthesized with T3 RNA polymerase (Roche) by following manufacturer’s instructions. Templates for in vitro transcription were
amplified using primers listed in Table S3. Probes were hybridized at 65 °C overnight. Specific probe hybridization was detected with anti-DIG antibody
conjugated with alkaline phosphatase (1:5,000; Roche), using Nitroblue tetrazolium chloride/5-bromo-4-chloro-3-indolyl-phosphate (Roche) as substrates.
Stained larvae were observed and photographed with a Nikon SMZ-U binocular and an attached Nikon CoolPix 950 digital camera. Stained larvae were
cryo-sectioned (8 um), counterstained in 0.001% methyl green, mounted with VectaMount (Vector), and documented on a Zeiss Axioplan microscope and an
attached AxioCamMRc5. (A and D) Lateral view of whole larvae. (B and E) lateral view around the developing inner ear. (C and F) Ventral view of head region.
Dotted circle, mouth. (G-N) Cross-sections of stained larvae at the levels of developing inner ear (G and K), mouth (H and L), pectoral fin (/and M), and branchial
arches (J and N). Dorsal is to the top. White and gray arrowheads indicate the cell clusters near the lip and midbrain-hindbrain boundary, respectively. White,
yellow, and black arrowheads point to labeled cells within pectoral fin (pf), otic vesicle (ov), and branchial arches (ba), respectively. e, eye; hb, hindbrain; mo,
mouth cavity; op, operculum; ph, pharynx; y, yolk. (Scale bars: 50 um.)
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Fig.S4. Expression pattern of gnav compared to gna genes of the other 4 classes. Whole-mount in situ hybridization of gnav, gnas, gnat2, gnao1, gnalia, and
gnal3a probes with 3 dpf zebrafish larvae was performed as described in Fig. S3. All images are lateral views, and anterior is to the left. Note that expression
patterns are characteristically different and none from the other 4 classes is similar to that of gnav1. Colored frames enclose genes from the same class (red, Gv;
blue, Gs; purple, Gi; green, Gqg; yellow, G12). Primers used to clone gna genes are as follows: gnas-fw, 5’-aagactgaggaccagcgaaa-3’; gnas-rv, 5'-
gctggacaggctaactggac-3’; gnat2-fw, 5'-ctggtgaagctgccacagta-3’; gnat2-rv, 5'-gcttctctacaagcgccatt-3’; gnaol-fw, 5'-ccagtccaacgctgtctttt-3'; gnaol-rv, 5'-
cgctccttgtctcegtacte-3’; gnal1a-fw, 5'-cgatcaggttctggtggaat-3’; gnalia-rv, 5'-tgaaaggcgagttggagtct-3’; gna13a-fw, 5'-agaaactgcacatcccttgg-3’; and gnat3a-ry,
5'-ttttggctgggcaagtagtc-3'.

Oka et al. www.pnas.org/cgi/content/short/080942010¢ 9 of 12



http://www.pnas.org/cgi/content/short/0809420106

Lo L

P

1\

BN AS PN AN D

Table S1. List of teleost gnav genes

Gene Protein Ensembl Chromosome Start End Orientation
Dr_gnav1 Dr_Gays ENSDARG00000043006" 22 9,130,267 9,186,364 —
Ol_gnav1 Ol_Gays ENSORLG00000012122 1 31,556,132 31,583,202 -
Ol_gnav2 Ol_.Gayz ENSORLG00000007929 8 10,625,829 10,632,451 +
Ga_gnavi Ga_Gayq ENSGACG00000019015F Group IX 15,176,864 15,193,316 —
Ga_gnhav2 Ga_Gayz ENSGACG00000011158" Group XI 9,238,874 9,244,473 +
Trgnavi1 Tr_Gayq SINFRUG00000129994* Scaffold 189 438,137 448,743 —
Tr_gnav2 Tr_-Goyz SINFRUG00000135273* Scaffold 115 694,830 698,835 +
Tn_gnav1* Tn_Gayq GSTENG00026255001* 18 2,116,654 2,124,011 -
Tn_gnav2 Tn_Gayz GSTENG00018570001* 3 10,269,269 10,272,711 +

The gene list of teleost gnav orthologs is shown. Gene identification numbers (IDs) and locations given here are derived from Ensembl release 48 (December
2007). Dr, zebrafish; Ol, medaka; Ga, stickleback; Tr, fugu; Tn, tetraodon. Note that a rare alternative start codon is used for Tn_Ga,, and that a noncanonical
splicing donor sequence (GC) instead of the canonical one (GT) is used for Tr_Gay; in intron 3 and for Tn_Gay; in introns 3 and 8. Other sequences used for
phylogenetic analysis (Fig. 1) are as follows: XM_968117 (Tc_Gay, previously predicted as Ga;z); AB006548 (Ef_Gay1, previously named Gag); AB006549 (Ef_Gay,
previously named Gay); Y14247 (Gc_Gay, previously reported as Gao); EE049147 and DV496403 (Sa_Gay1); AAVX01181130, AAVX01051239, AAVX01180564,
AAVX01051240, AAVX01416005, AAVX01144285, and AAVX01077290 (Cm_Gay1); JGI protein ID 57428 (Bf_Ga,); SPU_024792 and SPU_024793 (Sp_Gay, combined
from previously named Gao. and Gaolz); JGI protein IDs 185322 and 227716 (Lg- Gay and Csp_Gay); XP-685500 (Dr_Gas); AAS92627 (Dr_Gaoif1); ENS-
DARG00000045415 (Dr_Gaolif2); ENSDARG00000044199 (Dr_Gatr); ENSDARG00000042529 (Dr_Gay,); ENSDARG00000016676 (Dr_Gao1); ENSDARG00000036058
(Dr_Gaoy); ENSDARGO00000021647 (Dr_Gaita); ENSDARG00000044760 (Dr_Gaiip); ENSDARG00000017294 (Dr_Gaiza); NP_001001818 (Dr_Gaizp); ENS-
DARG00000030644 (Dr_Ga;3); ENSDARG00000069358 (Dr_Ga;); ENSDARG00000011487 (Dr_Gag); ENSDARG00000053326 (Dr_Gasiqa); ENSDARG00000010002
(Dr_Ga1p); ENSDARG00000025013 (Dr_Ga1aa); BCO77106 (Dr-Gaac); BCO77141 (Dr_Gasa); ENSDARG00000056654 (Dr_Garsp); ENSDARG00000031543 (Dr_Gasisd);
ENSDARG00000063231 (Dr_Gaisq); ENSDARG00000025826 (Dr-Gasp); NP-001012243 (Dr-Gajsa); ENSDARG00000037924 (Dr-Gaisp); NP-000507 (Hs_Gas);
NP_002062 (Hs_Gaolf); NP_000163 (Hs_Gat1); NP_005263 (Hs_Gaxy); NP-001095856 (Hs_Gaxz); NP_066268 (Hs_Gao); NP_002060 (Hs_Gait); NP_002061 (Hs_Gaiy);
NP_006487 (Hs_Ga3); NP_002064 (Hs_Ga); NP_002063 (Hs_Gayg); NP_002058 (Hs_Garq1); NP_004288 (Hs_Ga14); NP_002059 (Hs_Ga1s); NP_031379 (Hs_Gay2); NP_006563
(Hs_Ga13); NP_477502 (Dm_G-ia65A); NP_523684 (Dm_G-0a47A); NP_725191 (Dm_dgq); NP_477506 (Dm_G-sa60A); NP_524118 (Dm_Gfa); NP_001036421 (Dm_cta);
CG30054 (Dm_CG30054); CG17760 (Dm_CG17760); CG40005 (Dm_CG40005); GCY 14248 (Gc_Gayg); GCY 14249 (Gc_Gay); AB006543 (Ef_Ga1); AB006544 (Ef_Gay);
AB006545 (Ef_Gas); AB006546 (Ef_Gas); AB006547 (Ef_Gas); AB006550 (Ef_Gas); and AB006551 (Ef_Gay).

*A possible pseudogene (see Fig. S1).
The predictions that lack a small part of the protein sequence (mostly N-terminal).
*The predictions that lack = 1 exons.
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Table S2. List of EST clones for teleost gnav genes
Gene EST accession Length (bp) Coverage of gnav CDS (%) Nucleotide identity (%)
Dr_gnav1 CT736382.2 817 74 99
EE310328.1 848 73 929
EB899666.1 650 58 99
AL916853.1 539 18 98
’ DT073850.1 853 14 100
E‘ CD595967.1 650 19 90
" BI1983956.1 569 13 100
BG799669.1 444 10 98
-~ CK674763.1 447 4 100
Ol_gnav1 AM344465.1 815 68 99
AM304638.1 770 64 929
AM303462.1 758 61 929
AM317248.1 737 59 99
AM336808.1 735 58 929
AM326993.1 689 55 99
AM353138.1 700 54 99
AM315079.1 510 47 929
AM367625.1 577 43 100
AM370671.1 350 26 100
AM322694.1 369 27 98
AM383108.1 402 26 96
Ol_gnav2 AM149874.1 494 43 99
Ga_gnavi DN665837.1 1323 81 93
DN662698.1 1371 77 94
Tr_gnav2 CA846482.1 795 32 99

The list of EST clones for teleost gnav genes identified from the NCBI database is shown. Dr, zebrafish; Ol, medaka; Ga, stickleback;
Tr, fugu.
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Table S3. List of primers used for RT-PCR, cloning for full-length gnav1, and amplification of
in vitro transcription templates

SINPAS

Primer Sequence Use
Dr-gnav1-fw 5'-gtgtggccgttgttttgatga-3’ RT-PCR

Dr-gnav1-rv 5'-catgtcgtatccactcagag-3’ RT-PCR

Dr-b-actin-fw 5’-ccccattgagcacggtatt-3’ RT-PCR

Dr-b-actin-rv 5'-agcggttcccatctectg-3’ RT-PCR
Dr-gnav1-5’'UTR-fw 5'-ccaactggacctttagctcttc-3’ Full-length cloning
Dr-gnav1-3’UTR-rv 5’-ccagcatatgcttggctcate-3’ Full-length cloning
gnav1-N-fw 5'-atgggtctgtgtttgggctc-3’ Template amplification
gnav1-N-rv 5'-catcaaaacaacggccacac-3’ Template amplification
gnav1-M-fw 5’-ggtgtgcgttcgtctgcgge-3’ Template amplification
gnav1-M-rv 5'-catgtcgtatccactcagag-3’ Template amplification
T3-promoter site 5'-tattaaccctcactaaagggaa-3’ Template amplification

Reverse (rv) or forward (fw) primers were attached with the T3 RNA polymerase promoter site at their 5’ end
for the anti-sense or sense probes, respectively.
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