Human_Hs_rara 150 EVGMSKESVRNDRNKKKKEVPK- - - -PE-CSESYTLTPEVGEL IEKVRKAHQETFPA LCQLGKYTTNNS-=-=-- - - 213
Human_Hs_rarb 150 EVGMSKESVRNDRNKKKKETSK- - - -QE-CTESYEMTAELDDLTEKIRKAHQETFPS LCQLGKYTTNSS-=-=-- - - 213
Human_Hs_rarg 152 EVGMSKEAVRNDRNKKKKEVKE-- - -EG-SPDSYELSPQLEELITKVSKAHQETFPS LCQLGKYTTNSS- - - - 218
Mouse_Mm_rara 150 DVGMSKESVRNDRNKKKKEAPK- - - -PE-CSESYTLTPEVGEL IEKVRKAHQETFPA LCQLGKYTTNNS- - - - 213
Mouse_Mm_rarb 177 EVGMSKESVRNDRNKKKKEPSK- - - -QE-CTESYEMTAELDDLTEKIRKAHQETFPS LCQLGKYTTNSS- - - - 240
Mouse_Mm_rarg 152 EVGMSKEAVRNDRNKKKKEVKE- - - -EG-SPDSYELSPQLEELITKVSKAHQETFPS LCQLGKYTTNSS- - - - 215
Zebrafish_Dr_raraa 137 EVGMSKESVRNDRNKKKKEEKK- - - -PE-CTENYTLSPDTEQMIDRVRKAHQETFPS LCQLGKYTTSNS- - - - 200
Zebrafish_Dr_rarab 145 EVGMSKESVRNDRNKRKKDDKK- - - -QE-CLENYVLSPDTEKMIEQVRKAHQETFPS LCQLGKYTTNNS- - - - 208
Zebrafish_Dr_rarga 139 EVGMSKEAVRNDRNKKKKDVKD- - - -EVIPPESYELSGELEELVNKVSKAHQETFPS LCQLGKYTTNSS- - - - 203
Zebrafish_Dr_rargb 127 EVGMSKEAVRNDRNKKKKDVKE - - - -EVVLPESYELSGELEELVNKVSKAHRETFPS LCQLGKYTTNSS- - - - 191
Amphioxus_BI_rar 127 DVGMSKESVRNDRNKKRKDKTQ- -SLEK-HTQSYAWTPEIQNI ITTIREAHMATLPD MGKLPKYKVKNA- - - - 192
Tunicate_Ci_rar 185 QAGMLRESVRNDRNKKRGKEKEGKSDQN-GVDEPSCSPEIEALVTSVHKFHVETFPL SSELKKYQIPSPPIV - 255
Snail_Ls_rar 181 VMGMSKEAVRNDRNKKRKQKPE--8T- - - SGGPDEVTEDDQML IQEVLDAHRDTTPDGVNGSTLPGSSSGAATSSM- - AANSSPTVATST- - - - 263
Snail_Rec_rar 186 AMGMSKEAVRNDRNKKRKPNKPE-SSVG-SVASEELTEDDHLL IQEVLEAHRVTSPGY - - - - ----DTRANTCTPPQMSPTEQ- - - - 258
AcornWorm_Sk rar 318 DVGMSKECVRNDRNKKRKAKHE - - - - - - - VTESLEMNTEMEHIMDIVIKAHIETFPK- - == =-ce-ecoeamnn--- DTPKPGFKTG- - - - - - 377
SeaUrchin_Sp_rar 100 EVGMSKECVRNDRNKKKKKNDE - - - - - - - VTESLVIPTEIEDILQEVLRAHRDTFPQ- -------------------- RPLHP IHNADDE- - - - 161
BrittleStar_Af_rar 180 DVGMSKDCVRNDRNKKKK I KQE - - - - - - - VSESLIIPPEIEDITQKVLQAHCDTFPS--------------------- EPVQPAYRVNPQ- - - - - - 241
SeaCucumber_Aj_rar 41 AVGMSKDCVRNDRNKKKKDTE=- == === - - VTQS ITIPNEIEEVIKSVTKAHDDTFLA- - == === cecemononnann EPQSSAFPVPEAQCSSSS 107
LT Ll - i T i I i N

Starfish_Pp_rar 142 DVGMSKDCVRNDRNKKKKVKQE - - - = - - - VTESQTIPPEIEDIVDKVLQAHVETFPA- - = - - - s v mc e mmmmeae e DP IGPAFSVDME- - - - 203

QRVSLDIDLWDKFSELSTKC | IKTVEFAKQLP- -
HRVRLDLGLWDKFSELATKC | IKIVEFAKRLP- -
HRVQLDLGLWDKFSELATKC | IKIVEFAKRLP- -
QRVSLDIDLWDKFSELSTKC | IKTVEFAKQLP- -
HRVRLDLGLWDKFSELATKC | IKIVEFAKRLP- -
HRVQLDLGLWDKFSELATKC | IKIVEFAKRLP- -
RRVALDVDLWDKFSELSTKCI| IKTVEFAKQLP- -
HRVALDVDLWDKFSELSTKCI| IKTVEFAKQLP- -
HRIQLDLGLWDKFSELSTKCI| IKIVEFAKRLP- -
HRVQLDLGLWDKFSELSTKC | IKIVEFAKRLP- -
QRGPTDIELWQHFSDLCTET | IKIVQFAKKVP - -
TSAKTDSNLWEKFAELSTKCIVKIVEFAKGVP- -
TKSEDDSGSSGVFLWEKITELSSAGIVMIVDFAKKIP- -
EKGAPVGFLWEKVTELSSAG | VKIVDFAKKVP- -
SDTDLLMFQYVTDMSSRA | IMVVEFAKKLP - -
-VPNHPVSNFKGQD I DMVMFDYVTDMSSRA | VMVVDFAKKLP - - -GFLSLSTQDQITLLK 220
----EGVPKQEVGDTDLMMFDYVTDMSSKA | IMVVDFAKKLP- - --GFLTLSTQDQITLLK 296
KSKDSPVDGCSLDRT | -DS I SEDF LQYLWSSPDFTSPVEPQADPVTQTDTQMLDCVTTVS 168

-GFTTLT IADQITLLK 262
-GFTGLT IADQITLLK 262
-GFTGLSIADQITLLK 264
-GFTTLTIADQITLLK 262
-GFTGLT IADQITLLK 289
-GFTGLSIADQITLLK 264
-GFTTLT IADQITLLK 249
-GFTTLT IADQITLLK 257
-GFTTLT IADQITLLK 252
-GFTSLTIADQITLLK 240
-GFTTFGTADQITLLK 241
-GFQDFT IADQITLLK 304
-GFLSLSTSDQITLLK 317
-DFLTLITSDQITLLK 307
-GFLQLTTPDQITLLK 422

Human_Hs_rara 214 SE-
Human_Hs_rarb 214 AD-
Human_Hs_rarg 216 AD-
Mouse_Mm_rara 214 SE
Mouse_Mm_rarb 241 AD-
Mouse_Mm_rarg 216 AD-
Zebrafish_Dr_raraa 201 SE
Zebrafish_Dr_rarab 209 AD -
Zebrafish_Dr_rarga 204 SD-
Zebrafish_Dr_rargh 192 AD
Amphioxus_BI_rar 193 AE-
Tunicate_Ci_rar 256 KD -
Snail_Ls_rar 264 SE
Snail_Re_rar 259 TV - -
AcornWorm_Sk_rar 378 - - - -
SeaUrchin_sp_rar 162 EEG -
BrittleStar_Af_rar 242 TQ- -
SeaCucumber_Aj_rar 108 AD
SealLily_Mr_rar

Starfish_Pp_rar 204 DDPDNLHT IVADSFKSETAGCANNRDNASLAKLTVPEESPMQLDVKDTNLTLFNYVTDMSSKA | IMVVDFAKKLP- - -

-GFLGLTTQDQITLLK 293

Human_Hs_rara 263 AACLDILILRICTRYTP---EQDTMTFSDGLTLNRTQMHNAGFGPLTDLVFAFANQLLPLEMDDAETGLLSAICL ICGDRQDLEQPDRVDMLQEPL 355
Human_Hs_rarb 263 AACLDILILRICTRYTP EQDTMTFSDGLTLNRTQMHNAGFGPLTDLVFTFANQLLPLEMDDTETGLLSAICL ICGDRAQDLEEPTKVDKLQEPL 355
Human_Hs_rarg 265 AACLDILMLRICTRYTP EQDTMTFSDGLTLNRTQMHNAGFGPLTDLVFAFAGQLLPLEMDDTETGLLSAICL ICGDRMDLEEPEKVDKLQEPL 357
Mouse_Mm_rara 263 AACLDILILRICTRYTP EQDTMTFSDGLTLNRTQMHNAGFGPLTDLVFAFANQLLPLEMDDAETGLLSAICL ICGDRQDLEQPDKVDMLQEPL 355
Mouse_Mm_rarb 290 AACLDILILRICTRYTP EQDTMTFSDGLTLNRTQMHNAGFGPLTDLVFTFANQLLPLEMDDTETGLLSAICL ICGDRQDLEEPTKVDKLQEPL 382
Mouse_Mm_rarg 265 AACLDILMLRICTRYTP EQDTMTFSDGLTLNRTQMHNAGFGPLTDLVFAFAGQLLPLEMDDTETGLLSAICL ICGDRMDLEEPEKVDKLQEPL 357
Zebrafish_Dr_raraa 250 AACLDILILRICTRYTP EQDTMTFSDGLTLNRTQMHNAGFGPLTDLVFAFANQLLPLEMDDAETGLLSAICLLCGDRQDLEQADKVDVLQEPL 342
Zebrafish_Dr_rarab 258 AACLDILILRICTRYTP DQDTMTFSDGLTLNRTQMHNAGFGPLTDLVFAFANQLLPLEMDDAETGLLSAICLLCGDRQDLEQSDKVDELQEPL 350
Zebrafish_Dr_rarga 253 SACLDILMLRICTRYTP EQDTMTFSDGLTLNRTQMHNAGFGPLTDLVFAFAGQLLPLEMDDTETGLLSAICL ICGDRMDLEEPERVDRLQEPL 345
Zebrafish_Dr_rargb 241 SACLDILMLRICTRYTP EQDTMTFSDGLTLNRTQMHNAGFGPLTDLVFAFAGQLLPLEMDDTETGLLSAICL ICGDRMDLEEPHRVDQLQEPL 333
Amphioxus_Bl rar 242 AACLDILILRLATRLDK ESDTVTF INGMMLSRTQMHNAGFGPLTDGVFTFAEGMQKLLFDETEIGLMCS ICLVCGDRQGLED IQRAENLQEPL 334
Tunicate_GCi_rar 305 CACLEVLFLRICSRFSP EHDTMTFSDGLTLTRKQMRVCGFGP I TEQVFSFAQSLHPLNADATEIGLLSAICLVSADRVDLEEPDKVELLQESL 397
Snail_Ls_rar 318 AACLEIMILRISIRYEL DTDTMQF SNGLSLTREQLOQRGGFGPLTST IFSFAASLKRMNCDETEYAMLSSICL | SGDRSGLHDTEKIEQMQEPL 410
Snall_Re_rar 308 AACLEIMILRICNCYDM EKDMIQF SNGSLLSRDELQQGGFGLLTNT IFSFARSLKSMDTDETEFAMLSAICLLSGDRSGLTDVKKIEQMQEPYV 400
AcornWorm_Sk rar 423 AACLE IMVLRISYRFNR DDGSVTFTSGLTLSNKQLKTGGFGTLMDT IGQFAQQISSLNLDDTELALLSAICL ISGDRSGLEEPLKIEKMQEPL 515
SealUrchin_Sp_rar 221 ASCLDIMILRICSRFNP QDASVTFTTGLTLTQGQALKAGGFGSLLDVIFTFASSLSRMHIDETEIALLSAICLISEGKKETT ===« - -« --- 301
BrittleStar_Af_rar 297 ASCLEVMILRISSRFNV- - -EDRSVTFTSGLTLSQEQLKKGGFGPLLDTIFTFGTALNKIKIDETELSLLSAICLITGDRSGLEDPVRIEQMQEPL 389
SeaCucumber_Aj_rar 169 TRAIVMVTLRISSKFNKGEGEGGAVTFSSGMT LNKTQLKTGGFGSLMDD I VKLSQSFKKLKIDHAEMALLAAVCL I SGDRTGLENPKKVEKMQEPY 264

SealLily_Mr_rar 1 FTNGLTLSHEQLKSGGFGALLDTIFQFAGALSKMKIDETEVSLLGAICL ISSDRSGLKDPIKIEKMQEPL 70
Starfish_Pp_rar 294 AACLEIMILRISSRFNM EDGSVTFTSGLKLSQSQLKSGGFGGLLETILQFATAISKLKIDETEVSLLSAICL I SGDRSGLENPVQIEKLQEPL 386
Human_Hs_rara 356 LEALKVYVRKRRPSRPHMFPKMLMK ITDLRS | SAKGAERVITLKME IP-GSMPPL IQEMLENSEGLDTLSGQPGGGGRDG-GGLAPPPGSCSPSL - 448
Human_Hs_rarb 356 LEALKIY IRKRRPSKPHMFPKI|LMKITDLRS I SAKGAERVITLKMEIP-GSMPPLIQEMLENSEGHEPLTPSSSGNTAEH- SPSI- 438
Human_Hs_rarg 358 LEALRLYARRRRPSQPYMFPRMLMKITDLRGISTKGAERAITLKMEIP-GPMPPLIREMLENPEMFEDDSSQPGPHPNAS - -« - = = = v o o s oo s 436

Mouse_Mm_rara 356 LEALKVYVRKRRPSRPHMFPKMLMK ITDLRS | SAKGAERVITLKME IP-GSMPPL IQEMLENSEGLDTLSGQSGGGTRDG-GGLAPPPGSCSPSL - 448

Mouse_Mm_rarb 383 LEALKIY IRKRRPSKPHMFPK | LMKITDLRS I SAKGAERVITLKME IP-GSMPPL IQEMLENSEGHEPLTPSSSGNIAEH- SPSV- 465
Mouse_Mm_rarg 358 LEALRLYARRRRPSQPYMFPRMLMK ITDLRGISTKGAERAITLKME IP-GPMPPLIREMLENPEMFEDDSSKPGPHPKAS---------------- 436
Zebrafish_Dr_raraa 343 LEALKIYVRNRRPHKPHMFPKMLMK ITDLRS | SAKGAERV ITLKMEIP-GSMPPL IQEMLENSEGLESSSGAQGSRAS---- - - ATTPGSCSPSL- 430
Zebrafish_Dr_rarab 351 LEALKIYVRNRRPHKPHMFPKMLMK ITDLRS | SAKGAERVITLKME IP-GSMPPL IQEMLENSEGLEGGGSKGAGGGGGGGGGKGAPPGSCSPSL - 444
Zebrafish_Dr rarga 346 LEALK|YARRRRPNKPHMFPRMLMK ITDLRG I STKGAERAITLKME IP-GPMPPL IREMLENPEAFEDQSESTEKKPE- - - - - - PEPPAPPPPALL 434

Zebrafish_Dr_rargb 334 LEALK|IYARRRRPNKPHMFPRMLMKVTDLRGISTKGAERAITLKMEIP-GPMPPLIREMLENPEIFEDSSDSNDSGAA -AVVPA---PNIK 419

Amphioxus_Bl rar 335 LEALKAYSRRRIPDDPQRFPKMIMKITDLRS I SSKGAERVITLKMELS-SPMPPL IAEIWEKQNET 399
Tunicate_Ci_rar 398 VEGLKYYARKRRPHTPQVFPKLI IKISDLRSISLKGADRVVTVKTEIPCGAMPPLMSEMLENDEVE 463
Snall_Ls_rar 411 LEALKHY IRSRRPDQKHTFAKMLMKLTDLRS | SVKGAEKVLHLRLERY - AQLPPLVVEMLERVENY 475
Snail_Rec_rar 401 LEALKHY IRSRRPDQPHIFAKMLMKMTDLRS | SVKGAEHVLHLRLEIP-GELSPLVIEMLDRSENVFILRPVT- - - - - 472
AcornWorm_Sk rar 516 LEALRIYVRRRRPTEPHAFAK | LMKITDLRS | SVKGAERVLHLKLQIP-VDMPQI IQEMVESDEESTENDDEKGSATTS 602

SeaUrchin_Sp_rar
BrittleStar_Af_rar 390 LEGLRLYVRKRRPLEPHVFAKILMKITDLRSLS IQSAERVLSLKVALP-AEFPALINEMIDKESQQ-
SeaCucumber_Aj rar 265 LEGLRLYVHKRRPKESNAFAKILMKITDVRHISVMSAERVMKLKVDLP-GEIPALIDEMVDRLDDE
SealLily_Mr_rar 71 LEGLRYYVRKRRPLEPHIFAKILMKITD
Starfish_Pp_rar 387 LEGLRLYVKKRRPLEPHIFAKILMKITDLRS ISVKSAERVLNLKLELP-NKFPALINEMIDRADNQ-

454

Figure S3. The alignment of echinoderm and other animal rar genes.
25 residues which are shaded in green color formed the ligand binding pocket in the vertebrate RAR
[19]. Red sahdes indicate the mismach residues across human and echinoderm RARs. The

percentage of the identical over aligned residues across human and each echinoderm rar genes is
indicated below: Sea urchin; 12/19 (63.2%), Brittle star; 18/25 (72.0%), Sea cucumber; 13/25 (52.0
%), Sea lily; 4/5 (80.0%) and Starfish; 19/25 (76.0 %).
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