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Supplementary Figure 1. Synteny oxford dot plots between 7. maipoensis (x-axis) and 7
other taxa (y-axis), namely Sanderia malayensis, Rhopilema esculentum, Hydractinia
symbiolongicarpus, Hydra vulgaris, Nematostella vectensis, Actinernus sp., Acropora

millepora, Nematostella vectensis and Hormiphora californensis.
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Supplementary Figure 2. Pairwise comparison of macrosynteny mixing rates between 9
cnidarian genomes and 1 ctenophore genome.
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Supplementary Figure 3. Maximum-likelihood tree of UDP-glucuronosyltransferase
(Pfam00201) constructed from domain sequences with 1,000 bootstraps.
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Supplementary Figure 4. Maximum-likelihood tree of cnidopsins and other opsin genes
constructed with 1,000 bootstraps. Cnidopsins identified from 7ripedalia maipoensis and
Morbakka virulenta are highlighted in lightblue and blue, respectively, while the reference
sequences from Tripedalia cystophora are highlighted in yellow. The outermost annotated
ring describes the grouping of cnidopsins and other G protein-coupled receptors, followed by
an inner and innermost annotated ring of the grouping and gene orthology of Tripedalia
cystophora cnidopsins as described in Liegertova et al. (2015). For outgroup, octopamine

receptors, dopamine receptors and adrenergic receptors were used as described in Gornik et al.
(2021).
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Supplementary Figure 5. Sequence percentage similarity matrix of cnidopsins. The
sequences are sorted according to the phylogenetic tree topology in Supplementary Figure 4.

The sequence names are displayed along the y-axis whereas the cnidopsin orthology and
grouping are indicated along the x-axis.



= 2
™~ ~

v 2 41 51 8 71 & a1 01 11 21
Taailscatold_1_67044030 ABFMGSEY |- -GCVWVVI-- - GAIMNSLV | IGLLRFRKE-VDLSSSF I ISQALCDVICPFFAYPLSASSSF- - NCSWLYGYYG YGFVTSYAGYASIFNLAVLSV| FIVTLN
Teop 1|AGBET504 AGFMGSY | - -GCWVVI- - - GAIMNSVVIFGLLRFRRD -VDLSSSFIISQAFCDI ICPLFAYPLSASSGF- - NCSWLYGYYGS) [YGFVTSYAGYASIFNLAVL SV
Tmaily 1372 |scaffold_ 1_867008929|0G0000362 10 FMGGYT. - SVVVVV- - .GVIMNMCV I TG ILRFFKR-MDPYLMLVLSQGFCDLLSPLVAYPLSLASSF- - ACRWLF YGFVTSFAGYTSIFNLTAFAV
Teop 11|AGBET494 19 FMGGYT . - SVVVVV- - -GVIMNMCV | IGILRFFKR-MDPYLMLYVL SQGFCDLLSPLVAYPLSLASSF- ACTWLF GFVTSFAGYTSIFNLTAFAV
Taailscaffold_1_87028484 7 FLGSY |- -GCWVLV-- -GTTMNLVVL IGLLRYRKC-LDISSAFVMNQAACDLVAPMFGYPLSASSSF--QCSWLH GFVTSFGGYCSILNLSLLSV| VT\A
Mvirlscafiold 29_loc_ 3716259 ATLLGSY |- -TLVNIV- . - GTVMNLVVL IGLFRHRKY - VEIKSAFVMNQAACDLVAP IFGYPLSASSTL-. - YCSWLYGHQAIGIFIYGFVTSFGGYCSILNLALLSY
Tuai|scatiold_& 5875857 1B FMOAF | - -ASTTYL- - - SLLLNGTI IVVLLRNRKR:- INSVSLLTLNLAIADGIGPFLAYPLSSTSNF - SQTWLWOD ISIBINIMYSF IVSFGOYSSIFHIVALAY
Tasilecefiold_ 3 43848083 G TFGIFIGOF ILTAL- ILAVLLNGMY [ YGLAKYYKQL -DFCG I IVLSLSISD I TAPVCAYPLSAYSSL. - 0AVWKF FVTTLTGLCS INALMLLS |
TcopBlAGBET499 9 TFGVCIGCFILTAL- ILAVLLNGMV | YGLAKYYKQL-DFSGIIVLSLSISDITAPICAYPLSAYSSL- - QAVWKF YGFVTTLTGLCS INHLMLLS |
Mvirseatiold 129 _loc_2647961 12FVYGSF | . -TVTTIS---AILLNGIAIYVLIKRFOQL YWSDVIVLSLSICDLIAPASGYPLAVYSS! -  NKTWMWNKAR| [YGF INTFTGLSAINHLMLLSL
Tasilecefiold_1_ 18376493 13 FLGESY I ~GLSALL- - 55 ILNGLVIFSLWKS INS | DICOLMLLSLS NDFLSFTFGYFMAAYASE - KHKWIYGD | GJJKBYGF | SAFSGFGSLYHLMLLSG
Teop TAGEE7498 13 FLBY¥Y1. . GLSALL...SSILNGLVIFSLWKSMKN | . DTCOLMLLSLSVNDFLSP TFGYRMAAYASL. . QHKWIYGDD W11 SAFSGFGSLHALMLLSG
Tmailscaffold_1_45825691 21 FMGSF |- -AGSACC- - - SFLLNGLV IAVLIKYIRT- I TNTNI| IVLSMSCANILIPLLGSPMSATSSL- - MRKWQF (YGF INTLSG ISGIYHLTFLSF
Teop 18/G8.5 47880 21 FMGSF |+ - AGSAGG. - SFLLNGLYV I AVLIKY IRT+ | TNTNI IVLSMSCAN L IPLLGSPLSATSSL - MRKWQF GFINTLSGISGIVHLTFLSF
[r————— 16 FMBCF | . - ASSACL. .. ALLFNSLVVFVLVKNIRT. | TNTNIIVLSMSICNLL IFCLGSPMSSTSSL- . MRKWQF YGFINTLSGISGIYHLTELSF
3 24081 14 LBGYL. - TVIVVL- - GTVLNLFVFAVLVTHRTK- |SYAG | |VMSMSCCNLLGPVFESYPLSVVANF - KKGWHLGSALIJTYGFNGSLVGF CAIYHLMLLSY)
Taai|soatiold_ 1_ 44988496 T II6VYL. -SLWESF- GLLLNGVSLLVICKIFKE-SKSMKPFLMSAIALDLTTCLFSYPLSISSSF- . ASKWSHSDOAR[TE[YGFANTWGA INSIFQLTGLAF
Teop 1414G857491 7 L IGVYL- - TLVELF - 6SLLNGVSLLYIGKIFKE SKSMKPFLLSG 1GLOLVTCLFTYPLS I55SF- - ATKWSHSDQABTEYGF VNTWAA INS 1FQLTGLAF
Anriscamold 100_foc_221180¢ & - IAIYL.-LLLTIS. . GLLFNGIAIYLILGAFRE: AVSMKPLLLNGMIVDOAICLLSY IFSIWSAF- . SGSWSFTDD |HTHYGFMTTFDAMNS 1FQLTGLAF
Taai|scatiold_3_ 39129899 0 VLYYFK. -ClIAIL-- . 6SVMNATVLVSGFRNVRH- |KPMT IFALFMATGDLMICSVACSIGIFVLL- . 6SEWKAGGQLBSEYSFICT 66 INSVYALTGLSL]
Mvirjscatiold 260_loc_1184193 4 IFLLVK. -GFVWVFF-- - GTLMNACVI ISILRNLRS - LKPMAVLVL FMAFGDFSICVFAYPLGIDAAL - - ROYWDKQQYT] IYGFLCTFGG INSVYALTGLSL]
Tasi|scafiold_7_ 1869220 12 -LSVYL--SLWTLL---GVLTNSSI IWVIIRKKQD- FHLFNTFLAFVTTLDLMACTTVYPMAT I S5TV- - HGGWL FGEKG[OHlYGe F 1 STFVGMNAVYQLTAL S| RMR
Aricattold 1632, os_2042 11 FLAVYL: - LLLTEF-- - OTFSNITILVIVCKDRRK-GDVRNILFLTHMIVINTFSCILAYPLSTVSTY- - RKQW I FONAVIJAMYGFLSTFOGF NS IFQLTVLSY]
Tuai|scatold_7_ 1988659 GFFFIYY. -AIMTFL-- - GITINMTVI ITLLRNMKH:- | ASMHVFVLA IVVVNFLVSATAYPMGTLSVY . . HKTWIFGDLGBIKMYGF SSTFAGLNTINQLTALSV| LVLN
6 JLFLYL . -SVVWTWVL- - -GAVLNAIVVFTILLKIKK-VSNMY IFLLSSAVVDFLASVTSYPLSAVSTY. - - AGFWKYGPV. [YGFMCTFSGMNT INQLTAL SV
13 TTAIYM . - LVVTVF - - SVALNAVAAF | TLTKAKL - NS-QA | [LFSLTVODAVASAVTYFLTVYANY- - KGEWTLGAAAISHYGFATFAGGLGS I YHLVLLSL
Rhopilema_esculentum_4679 1 e - MTKIKS - SSAQTHILFSLMVSDALCTAISTPFTIHANL: - TNSWNMGONAIBIARIYGFVTFSAGLSSIYHLLLLST]
CheQpsing 1-MKVSL- -FFISTILSISLPMNTLSF IVLVRGRRR- FKRQWFTLINLIIVHLIQTFFHLPLLIYNTV- . NSQWMF SEDFEIORIDAFVMAVAGFE IFTHLYV- 151
CheQpsin 10 1-MKVSL: -LFVISLTAISLPANIISLILLINGRRK: - FKRKWF ILVNLIVAHLMOQTLFSFPILINSLF- - HSKWVFSMDLIGIRMDAF VMAVTGFE I FTHLY-ITI
~ N
© Q©
™~ ™~
I.41 1.51 TIE1 1I?1 81 1ID1 ZIDI 2I1l 2I21 2.31
Taailscatold_1_67044030 117 YPLSRERL - INRKNVTLAIVTLHTAAVYWA | | PWF GVSAYKP V& - TMEISVOWHSDDESTFLYSVLL IVGAY I LPMV I I IYAYTRFLREIYLL----.-SPRALSF- - -
Teop 1|AGBET504 117 YPLSRERM- INRONVTLAIVTLHTTAAVWA | | PWFGVSAY | P VG - Tl SVOWHSDDDSTFLYSIFLIVGAY | LPMMI I IYVYGRFLHEIYLL - - - - - -FPRASSF - - -
Tmaily 1372 |scatold_1_67008929|10G0000362 121 FPLKRERV - LSKRNM I IMIA | VWIAGFAWAALPLMG | SAY VK] 16 TMESVRWHSDDDGDFYYSLOL I ICAYLLPVF | ILMCYKSFLGIIYS ! - - - - - MPRERILGNP
Teop 11|AGBET494 121 FPLKRERYV - LEKRNMI IMISLYWIAGFVWAALPLMG | SAYVE 16 - TMEISVRWHSDDSEDFYYSLSL | ICAYLLPVF | ILMCYKSFLGIIYS! ---- - -MPRERILGNP
Taailscafiold_i_67028484 118 FPLSRERL-LTKKNILFS 1 SMVWLFGFLWAILFPVFG I SSYEF| 1G- TMEISVTWFLDSN I ALMYNAAL | TAVYCVPMA | lAGCYCKFLFEIFKI ---- - -65RAAALQGE
Nhirlscaiold 29_jos_3716259 116 HPLKRESL - [HNRNIFLSISCIWIFGFFWAILPYIGYSSY PG 16 . TMESYTWE SEDTOS [VFTLSLYIGVYLLPME | | IFCHFRFLLEIFS .- - . -
Tuailscatiold_&_ 5875857 120 CPIRREFF - TRKKNVY ILEVSLWELAFLISLAPAIGVCGY . - INFE - SMICIH | DWT CHEFOGRIYKMSLLPMCLLGPDLLLFFLFFRYYSTLNSMER - -
Taailscafiold_3 49848083 115 LFLRREEL - LNKTKVLVAIAVCWIF SFCWA I LPVLGWNEYRL] TK- TMES | NWQ SRSSLDFAYNILLF IVCFLVOQE | | IVFCHORTLREVKKM- - - - - - TLRAIRTHGS
TeopB|lAGEETI99 115 LFLRREEL - LDKTKVLVAIAFCWIFSFCWA | APVFGWSEYRL] TK- TMES | NWQ SRSSLOFAYNILLFILCFLVQEIVIIFCHORTLREVKKM: - - - . - TLRAVGTHGS
Mvirjscatiold 129_loc_ 2547961 1S LPFRKODL -VTKPKVLIAIL ICWSLALVFAGAPVF GUWNSYKVY] MN - SRIEIS | NWKSHNSVDOLSYTVFLLLFGFLWOE ILMLYCHFATLREIKRM. - - - - - ILRASATCSQ
Taailscaffold_1_18926493 115 QPLRKEQL - LESNKRTLML I SLCWCSSLFWATFPLVGWNRY TL| LO- TMEISYYWQSKDSVETSY I ISILVCCFLIPQTG I IYFNVNVLLEIKSM- - - - - - KKKARIEQGV
Teop 7IAGBET498 115 KPLKKEQL - LENNRTRYLIIFCWSSSLVWATFPLVGWHGY TL] LO.- T SVHNWO SKDAVEVSYIVSILVCCFLIPOIGIIYFNACILLEIRCM.: - - - . - KKKARIEQGY
Tuai|soatiold_1_45825891 122 LPLKRDTI-LSTRNIY IGLOVLWVAA | GVAGAPVFOWCEY | KBGO VR - TSEISVAWS SKENMNFSYNLFMI FTVFLLPEMI | 1 IYCNYRF IKEVSYM. - -« . . STRARGLQGG
Teop 18|QB S 47880 123 LPLKRDTI-LSTKNIY IGLG | LWVAA | GVAGAPVFGWCEY | K6 VR - TSE[SVAWS SKENMNFSYNLFMIFTVFLLPMLY I IYCNYRF IKEVS M.« ... .STRARGLOGS
Mvirjscafiold 393.9441 118 HPMKREL | - LSTKNVY | GVA | TWALSYVVC | PPVF GWCSY VR VR- TFEISVEWSG SMANPNF SYNMEMMY IAY | IPIVYILYCNHOF |IKEVSY ] ----.-SARARGLOGE
affold_3 24081 116 YPLTRDOR) - ISKTSLTLSLVVSWLVSLIIAVLP IAGWSAYEPEIGVG - TSIRIGPRWT SPETLOVTYKLFMFFSGYVFPMSYVSFCHEKFLKEITKM: - -« - - TSR - -« -
Tuailscatiold_1_44988495 108 HPFOKMSM- LGGRRPG | FAVALTCFSLL IALLPFTGLSSYSKEGLO . 1SS | NWTGKSANDY | YYGWLFVVGYL I PYLVOL [CNIKF IMVLKUMSH- - - ASKEKYGR
Teop 14146857431 108 RPFOKLSM- LOBRRPL | FAVALTF TSLL IAVLFFTGLSSYSKEGL Q- VS[ES | DWIRNSTHOY | YYGVLF | L6YLMPYSVRL | CNLRF | RVLKUMSH- - - - - - VSKEKYGR
Mvirscafiold 100_loc_2211804 107 MPMRSY | | - LORNKATGLSLVLICFAFLLSY IPLTKWSNFHOBIGLG - 1SS | DWELHTQSNYVYVG ILFVAGYLLPVSLOLYFNFRFLNAVKRMKK. - - TSILAYGR
192 YPFHSSMF - TTRGGCLLEGY | FALCSSVLAVME | FOWSVY S FEG LG . LS[gs | HWRGNSVEGNAY I LLLFLFGY | |PTOUR IFCNYRFSSLFGRLYR - - - - - D5 | KRGGR
193 YPWMDS | F- STVRGC | LF SAFAVLAALMFAGLFLVGWSKYSFIHGLS - F S|6S | QW6 EKSAEATTY I [FLF TVGY | 1PSAIDLYCNLOFLKEIRNIVR: - - - - -GS IKS06Q
113 NMLSVDKL - | SRWKSLATAW| LSCFAFAIA|AF | AGFSOVAFEG I R- TYs | TWFAEDNSSR IFV VM TLGFF IFT1 QLYCNFGFLRLISRMOT- - - - - RERHLTGK
113 YPMTSHWF - YSKSKSAKLSLVF SLISLE LALCPLWGLSSYRERG I 6. TY6S | TWHSPKLIORVF I LFLLIFIYAFPSSYELFCHYKELSLIRNMKN: - - - - RETVTNGK
108 NALRIPES - MTKSRVLAVALTLST | ALVMSLLFLAGWSSYVFEG I K- T5(E[s | DWKSKRLNARSF TLFLLTAEFLIFSTTRIVENTKELKLY I HLHR- - NSVKLSGK
198 NALRSSWM: 6 KKSVVWE IMT | LTLVSL I TATLPF TGWSSYTLIHG 1 K- TS| | DWS ST THNSKQF SVFL | TFGFALPSL IQLVCNVREMKLVHEMIY - - . - - - 0S IATSGR
Aurelia_aurita_B804 114 HPFKSEAF . FEPFYLS | CLVF TWVF AV ILAMLPF TOWTSY VI 16. TSEALH I FSNSWADRSF ILFCLTIAYVLPMS |« oo vt
Rhopilema_esculentum_4579 7O YPFRSERL-LRPCNLNVAILALSWVLA | IVASMPFFGWSSY K| 16 TSIBAVD I FPNTINSISYSIFILLIGYVAPMCAIVFCNARF L KEVHRLTKNT . GSSRTNAIGRR
Crecpsing 108 YPMRYEQV - L5THVLKFASAS TWLVA | LFSCPFMF GWSKY VLG - - VHEoNDLY - ENAGN [STLLVES [FGFLVPTIAG- -~~~ oo n - erenn
Cregpsin10 104 HPLTEHK - 1 PTSHUKMISTS TINLAA | LFACPPMIGWSKYVLIGS - - MHEIC S OWS - KSASN I SYLVTC | I LGFALPYV I I
© oy (=]
RS &
zlql 2.61 2|71 2|E1 zlw GIU‘I
Tasilscariola_1_67044030 216 - NNOE | SOSARE | - ERQQTLLVFLMVLGYNLAWF PYALYCF |51 1GYPE- - | ISP - VAASF PAVF Al F R
Teop 114G867504 216 - NNOE | SQSARE |- ERQQTLLVELMVMGY HLAWE PYALYCE | SVIGYPE. . | ISP - VAASE PAVE A le s
Taaily 1372 jscatold_ 1_67008929|10G0000362 223 - . - -ELQTENTSV-ERQATF I VUFMVLWYN | AWLPYALVCF ISAIGYPN LISL-QAACIPGVFA] FRS
Teop 1114G8S7494 S . ELQTENTSV- ERQQTF |V IFMVLWYN | AWLEYALVCE SV IGYEN: - LISL:-QAAC | PGV less
Tasilscarola_ 1_67028984 221 DAEMTUAAKKM- ERQRTCMVLLMY [ FFHVAWL P T TLASVLAIFGRKD - - L IGF- VEAS | FAAF A Frn
Mvirjseatiold 29_loc_ 37162569 221 . .DSEIASEF KKV .QRQATFMVLIMY ISFNISWLPYALSSL ITIAGHAE. - ILGP.-VGTSFPAVF A IFR-
il 220 - - KSAMYCRSKKT -ERQQOTILVCAMAAGFHNL AWLPYGVLSLLLFLEN. - WKVKEPQ IWANLSSAL {HRR
297 - -NSQTYLHNLVKY- EKQQSFVVLFMVYMGFHNF AWLPYAITSLMYIMDL- -QHLLSP - LAETLPAMF Al FRL
Teop6lAGEET499 217 - -NSGTYLOLVKY - EKQQFFVVLFMVMGF NFAWLPYAITSLMI IMDL- - QHLVSP - | AESLPAMF Allls avvrp(L 1 fifF v FRL
Mvirjseatiold 129 _loc_ 2847961 217 - - NEQESCOL IKI-EKOOTYMYVFFMVAGFHNF AWFPYAVIS IMYIFGY. - - - YSLNP-KIEIWPSLF A SN VY] LI
Taai|scafiold_1_ 18926493 217 - -NES5- - - -G IKS- SROQSLMVVFMVYLAFHNLSWLPYALTS IYTLC IQ- - AESMSP - IWTS IPAVF TRSATVLEPN
Teop 7|AGEET498 297 - -NES- . - -G IKS-SKOQSLMVAFMVLAFNLSWLPYAFTS | YTLF IN- - VOKMSP - VTTS IPAVF TESATVL] 1
Tuai|scatold_1_45825891 225 - - DEEMTASASKA-EKQLTIMVIIMI |AYN | AWLPYTYVEMVFLTGFGE VYVGP- IGSSVPSVFARTSVIY Al
Teop 18| QBS 47880 225 - -DEEMTASASKA-EKOLTIMY ITMI |AFHN | AWLPYTYVSMVFLTGYGD WYGP -MGASVPSVFARTSVIYHEPV I
Mvirjseafiold 393.g421 220 - -ESEMSSSATKA-EKQLTIMYYVLMIVAFHNVAWLPYTIVC IVEMVEG. - - ANVSP -MGAS IPAIF TSV VYINPY |
il lscaffold_ 211 .. .. IQSENSRKM: EKGMT IVVF IMILAFNVAWFPYACTSLVSMFAPPD - KSLSF-LAVSLFAFFARRAYV I VDRV
Taailscaffold_1_44988496 211 - -RESLAVHSDRS - LROMTFMVFVMSVVFQ | SWMPYALVTLLRLFE- - - - VHLSP-LLETLPSVFARASVVFNP|L
Teop 14|AGBET491 211 - -RESLAIHSDRS - LROMTFMYFVMS | AFQ | SWMP YALVT ILRLFK. - - - VHLSP-LLETLPSVF ARASVVLEPIL |
Mvirsoatiold 100_loc_2211804 200 - -RESLAVESDRN - VROMNIMYFAMNLEFQ | IWLPYAVVTLIRLFD. - - VKVSG: IVATIPSVF LS | VL 1L
Tmailscafold_3 39129899 214 - - KS--SINSRKL-QRQVTSMI| IVMTYVFH | LWLPYALASYTAVFG. - .- TQLRP-LYAS | PAMYANL ssvLNR[L 1
Mvirjscafiold 260 _loc_ 1184193 215 - - KSRIAVNTRMI -QROMTS | IVLMTVYCFHN | LWLPYATYSLVEIFG. - - -LNVSE-SCRNFPSLI STVANPIT I
Tmailscaffold_7_ 1869220 216 - -HESMTSDDORRM-QRAMGF MVF CMVVAFH | VWMP YALTSLMSFFG. - - - VKLQP-LQTSLPSFF ARBLAPVL] L1
Mirlocaold 1637 loe_2042 215 . RSHIAQDSRKL - QROMAFMVSSM | | GF H | CWF PYAIAVILSLSG. - . FKLRP- FQTSLPSYF AMAG | A1NRL Y]
Tasilscefiold_7. 1980859 KETLAVOARRK- QNGMAILTTVMV [GF HVSWLFYAVMS LLSLAG - - - - VHVTF-LOQS | PSvFAMSSLvsHEL 1
Alatina_alata_5205 HNSRIATDTKRQ VRLSIM| SYMVVSFHVAWLPYAVVT ILTLAD HPLTD- |QKS | AAYFAMSSL | LINPIL I}
Aurelia_autta. 804 =
Fnopilema_ssulentun_4679 185 A HAAL | EEDKRL - RKQMCFLVETL IL i |-
Gregpsing 180 - - ITLS |KLVEVKQVEKIVFY I TSMTTFT [ AWLFL [ 1FSLTVEF M- - - E- vusav Tl Tl
CheOpsin 10 180 - . MILNIALKRYVRELNKTHFV I ISMTIET |AWIPLLLFOD IKIPFEl - -BEow . «v.-. - |ASMVTIMITTVTIROMNFLEL | L] NIF HE

Supplementary Figure 6. Sequence alignment of cnidopsin group
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la. The sequences are

sorted according to the phylogenetic tree topology of the group la. The seven conserved
transmembrane domains are indicated by grey rectangles and the trimmed regions of both
ends are shown with blue triangles above the sequence alignment. The numbers on top of the
sequence alignment denote the conserved structural and functional opsin motifs
corresponding to the bovine rhodopsin numbering system as adopted in Gornik et al. (2020),
which include (1) two cystine [C] residues at positions 110 and 187 for the formation of
disulphide bond; (2) two residues at positions 113 and 181 acting as negative counterions that
stabilise the proton on the Schiff base; (3) a negative charge residue at position 134 to



stabilise the inactive opsin molecule, as part of the conserved motif of “E/DRY” (positions
134-136) in rhodopsin; (4) a conserved lysine [K] residue at position 296 for a covalent
linkage with the 11-cis retinal chromophore via a Schiff base; (5) a conserved NPxxY motif
from position 302 to 306 and an NKQ motif (310-312) in rhodopsin that involve in
maintaining the structural integrity upon photopigment activation. Cubozoan cnidopsins that
are orthologous to the 18 cnidopsins in Tripedalia cystophora (Tcopl-18) described by
Liegertova et al. (2015) are labelled on the right panel.
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Supplementary Figure 7. Sequence alignment of cnidopsin group 1b. The sequences are
sorted according to the phylogenetic tree topology of the group 1b. The seven conserved
transmembrane domains are indicated by grey rectangles and the trimmed regions of both
ends are shown with blue triangles above the sequence alignment. The numbers on top of the
sequence alignment denote the conserved structural and functional opsin motifs
corresponding to the bovine rhodopsin numbering system as adopted in Gornik et al. (2020),
which include (1) two cystine [C] residues at positions 110 and 187 for the formation of
disulphide bond; (2) two residues at positions 113 and 181 acting as negative counterions that
stabilise the proton on the Schiff base; (3) a negative charge residue at position 134 to
stabilise the inactive opsin molecule, as part of the conserved motif of “E/DRY” (positions
134-136) in rhodopsin; (4) a conserved lysine [K] residue at position 296 for a covalent
linkage with the 11-cis retinal chromophore via a Schiff base; (5) a conserved NPxxY motif
from position 302 to 306 and an NKQ motif (310-312) in rhodopsin that involve in
maintaining the structural integrity upon photopigment activation. Cubozoan cnidopsins that
are orthologous to the 18 cnidopsins in Tripedalia cystophora (Tcopl-18) described by
Liegertova et al. (2015) are labelled on the right panel.
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Supplementary Figure 8. Sequence alignment of cnidopsin group 2 and 3. The sequences
are sorted according to the phylogenetic tree topology of the group 2 and 3. The seven
conserved transmembrane domains are indicated by grey rectangles and the trimmed regions
of both ends are shown with blue triangles above the sequence alignment. The numbers on
top of the sequence alignment denote the conserved structural and functional opsin motifs
corresponding to the bovine rhodopsin numbering system as adopted in Gornik et al. (2020),
which include (1) two cystine [C] residues at positions 110 and 187 for the formation of
disulphide bond; (2) two residues at positions 113 and 181 acting as negative counterions that
stabilise the proton on the Schiff base; (3) a negative charge residue at position 134 to
stabilise the inactive opsin molecule, as part of the conserved motif of “E/DRY” (positions
134-136) in rhodopsin; (4) a conserved lysine [K] residue at position 296 for a covalent
linkage with the 11-cis retinal chromophore via a Schiff base; (5) a conserved NPxxY motif
from position 302 to 306 and an NKQ motif (310-312) in rhodopsin that involve in
maintaining the structural integrity upon photopigment activation. Cubozoan cnidopsins that
are orthologous to the 18 cnidopsins in Tripedalia cystophora (Tcop1-18) described by
Liegertova et al. (2015) are labelled on the right panel.
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Supplementary Figure 9. Maximum-likelihood tree of jellyfish toxins. Jellyfish toxins (JFTs)
in Tripedalia maipoensis and Morbakka virulenta are highlighted in lightblue and blue,
respectively. The reference sequences of JFTs and bacterial Cry toxins (outgroup) were

extracted from Klompen et al. (2021).



Predicted signal sequence and cleavage sites

>g9373.t1_FRamide

MNKPSMVLQRALWEFTFFAVTLTCKVATADAEESTKSETYENWTTDEEIENQVPVSQNTPCQGEVCLYGNRQLARRK
LLKRKTVCGQGGCLLNPEAKSIDHELDAAEMDTYGIQYNQLPRDSSCQGQMCWFRGKREKFTASNIQERLLAQLSF
LRELNKKEMNVNNGKRAQGELGCTGOQMCWFRGKKEYDESQDQSSCVGAQMCWFRGKRTLNTKGSKSCTGQMC
WFRGKRNMLTKDGALKKELNEQKRCTGOQMCWFRGGRSLDEKGVDGKAARQKGKRSKKEDMCTGQMCWEFRG
GRSLDEKGVNGVAANQNGKRTQKETMCTGOQMCWFRGRKELOAHOMGCKGQMCWFRGKRNAKHEIKN

>g5906.t1 VWamide

MMKAPSYKIGLVVLMLQLIVSLHVTCATDMNEESATSPVKRARSEEEVQEDAVVKALERGIFARRDVISQPPGVWG
RSSERSFRARAFNRDRHLFRPQSPAERRALQDSIEHLLOQAKEALDVLNKRASQPPGVWGKRVAAQPPGVWGKRTV
RTOQPPGVWGKRTVRTOQPPGVWGKRALEFMEREYALGQVESKDEDTIAARSASVSQPPGVWGRRSIERSHSEEQ

>g1334.t1_RFamide

MELNTKALVLAFLAIAIVCATAADTKLAQQSRRQEEEDSQLFLSEEDDLVDERSVNKAKRIIEQWLRGRFGKRDLRGR
FGREADSGDTVTENKARETLSQWLRGRFGREASDQWLRGRFGREATAQWLRGRFGREAMDQWLRGRFGREVA
DQWLRGRFGREVNSQWLRGRFGREVATQWLNGRFGREVADQWLRGRFGRQVEEDIEDELFDRELDQWLRGRF
GRGTEQWLNGRFGKRESNEQWLRGRFGREMDQWLRGRFGREAEQWLRGRFGREMEQWLRGRFGREVEQWL
RGRFGREAEQWLRGRFGRESNESEDKVEQWLRGRFGRNLEQGHLGVENSQGNGMEPNVARAVKTEDRSATVGV
KDQRQDSSQVEAELSGQGSISDKRNL

>g9177.t1_LWamide

MWASYYAAPFLGLIFMLAIASAAPREDTEDQSASKRDASDKEQMGYKANTVRETLIKGYPNRPSVLWGRDVVAKD
NLKNTEISEGLQPGMWGKRSLSQPRLNMLWGRAVVENPNMGLWGREKEMFERPKVGLWGRSSSPGKLGLWGR
QLQESGYQPRDRPLGGLWGKEIRARDVENNQGSSDELERELENKIISLFSQLKSAKERREATEKRKPGVVGIWGK

>g9270.t1_RAamide

MSGIYFFLLLGIGTYFLCQSFAKGECNTDSTEYAYKRSDCLEDLLGLEPTEFADFLEEQPRSGKRELSVQDYRPRAGREG
DQDYRPRAGRQTLTRPRGGREYSARPRAGREYTIKIISSEMQGFDRPRAGRESAARPRAGRENIQRPRAGRESLNR
PRAGRENLERPRAGRENLERPRAGREYEGRPRAGREYEGRPRAGREYEGRPRAGREYEGRPRAGRQMLGRPRAG
REFLERPRAGRNVVLVLNDGDNEGSNKRSFYIRSKVHAESQQDVSRTQEEEKGGELLDERESDHVVDAMDEEAAN



FMNENQPRSGKRELSGKAALALRLKREGEAIRSAMGKISGSTFAASSALEDEMNNQPRSGKRSILLGKHGIGSLQAG
KKDSTDMKRGLNFPVEEDGQKLVFLMANKRENKKNDISKELEKLAGSLSKRRREVV

>g10227.t1_RY-precursor

MAKRLIFSAFLAIFICLVEAKAWKRESNHHFAKGSKDPQWPRYKKSESNHDPQWPRYRKSELEHKDQWPRYKKSQ
ERNSPQWPRYKKSEALQWPRYKKSEIFASEQWPRYKKSEVKHSPQWPRYKKSELRKSPQWPRYKKEASKSAHWPR
YKKSEAIRPAQWPRYKKSEASKSAHWPRYKKSEASRPAQWPRYKKSEAESEAQWPRYRK

>g1341.t1_RYamide

MVKIYIFALFCVAYVQSAVISTYIVRDVNPRDLHNHDMIFTDDSSSQGVKKREATLMKANTNTWNRMAFKHQRER
RDTPPWVKGRYGRGVFHONLRQLREGAVKVPREDYEKKVMAFLLNNRLAREADKFHGQLYARQMWHHQRYGR
EGKNGRNQGAPISPFVDEEKRITDEEKNILKGSFDKRERAAPGWHHGRYGRRVYGYYQGSMKRETPVWAKGRYG
KREKEQDKHDLTQRYRKEDDEQDVEEIYDEGEMEHSEDGLAENSQLYRLSQRANH

>g3266.t1_RRFamide

MSAIIKLYQSQDLFQSIRCLHLKMNQQTQAFLLLVTLCIVFONGCSLENSQLEEVSYRVSTDANADFLLCRDMFITSA
VKRLAHSRMRDEWTVENSDYQKKRRGRFGKRTLGNGNWKQESPQHFHDNSGKLEKIARQIAFCQFKILDSDERE
LDAFKRDRHDFRHDEAEEKKSSLSQSSRKSSEKFLEGDDPIWLPLATAMMTENDRELGAYNIQESKEEDDAYDMID
QHLAAFDSMAKKETAGMKPNRRRFGKKEVISAGSNTKPTRRRFGKEVSRGSTNLSQRSTNEEKSREAVIGETSLPQE
KPRKRISKRASKTDYQRRRFGKREKNESYRMFTNVPHNRRFGKREDSENYLMVADLPQNRRFGKREDGDEYLGNE
YYGKILGDNRKEQD

Annotations: Signal sequence  Cleavage site



Sequence alignments of identified neuropeptide genes
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Supplementary Figure 10. Neuropeptides identified in 7. maipoensis.
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Figure 11. Sequence alignment of miR-100, miR-2022, miR-2030 and



mir-CCI:

Ref: Smal ScYmlzk 906 45824

, 30
ATAATTTT
THGATCTGTTTTACATGGTTTAAATGCTTAAAA
TTIGATAGCAG
TIGATCCGTTTTATATGGTTTAAACGCTTAAAA
TTAA -
TTAARATTAGG
TAAACA -
TAATGCT -
TAATGAATCATTAAAT. -
ATACTAATGATT

ATAATCAGTCTATAAT - -
ATAATCGGATTAGATT- -

G|
T
Al
T
Al
A
T
U
T
C
c|
C
G|
C
c|
c|
C|

ATCTGATGGACAGATA - -

ATA -
ATCTGTCATCCGATAT. -CTGTCCATCAGATAG
GTCTGTTGAGTGTGCAAGCTCOAAACTTTT - - -

rooooooooo0oo0

Consensus

Ocoupancy -

mir-CC2:

Ref: Tmai scaffold 2 60676

a0 40 50 &0 70

6AGTCAGEGGART AfT] Gacla - TTTACAATGAGTCCCEGGACT)

c
THEAT GGEA. - TCCCCTGATCAGTGGGEGA - -6
TEAC GGEAGTCCCCTCCATCAGTEGEEGA - -0
cilac GGBA- - - - - - ---TGAGTGGGEGA- -/
cfie T GGBA- - - - - - - - -MeAGTccoBEA- - 1o
GG TT AABBG TOCAGAGA - « - = = o mxax e e
THETCATEATEAG TGAACAATACE - - -

I

Gonsensus

+TCCCTACABACCTGTTTCGTGG++++++ TCBCCCA+ TCATCAGGGBAG TG+ CCA+GATGAGTGGBCGA+++ CACGAAACAGGTCTGTAGH

Oecupaney
| I - . .




mir-CC3:

Ref: Cqui JACTAT010000016.1 245715

Consensus

TGGCCAAACGATAAAATGTTGGTTCACCCAACATGTTGGETTTGCCGTCCAACAAATGTTTTATCGTTTGGCCGGEE

Occupancy

mir-CC4:

Ref: Cqui JACTAT010000224.1 436035

10 X 20 ) 40 . 50 ) 60
RGABTG - T RacAlATCCAMRCAATCGACTAGACTTAGTCATTTGTT|
AGAGTG - T AACABATCGAAACAATCGACTAGACTTAGTCATTTGTT
coTTRAAR AGAG B S B
CoTTRAAR 6666
AGAGCA - A,

AGAGCATAAANCG TCHBRAT AR

C+C+TCAGAGLAAARAACGTCAGAA++AAA+ COARACAATCOACTAGACTTAGTCATTTGTTTOGGAATCTTTTTCTGACGTTTTTGLT+TGAGG

Occupancy I




mir-CC5:

Ref: Tmai scaffold 7 169664

TTTGGTTATTTAATARAACCAATCTTGEGTTATT
STETTTHCCAT

CGTTATTTGATAAATCCAATCTTGCETTATG)
SGTTATTTGATAAAACCAATCCTGCGTTTGT

Consensus

TTTGGTTATTTGATAAAACCAATGTTGDGTTA+TTGGTTATTTGATATAACCAATGTTGCGTTAGCCTTTGGTTATTTGATAAAACCA

Occupancy
— -

mir-CC6:

Ref: Cqui JACTAT010000110.1 102516

0 . 10 \ 0 , g0
AAATTT - - - -GGA CCGAARAT TIT---CG CCGAA-
CEGGETA- ---TTT TCGAARAT TAC- - -CENTCGAAA
CETETA- ---TTT ACGRARG T TGE- - - TEMCCCAAA
TAAATTC- - - - ACG CCGAARAT TAC- - -CEGTCTGAAA
CETETATTTGTTT TEGAARAG THC- - - CAJCE - - - -
AAATAC. - - - ACG CCGAGAAT THAC- - -CTHRECAGAAA
AAATAC. - - - ACA TEABRABRAG TAC- - -CGTCCGAAA
CETGTAT- - -ATG TTABRGGG A CRCAAATERET - - - -
TGETGETA- ---TTT CTE AIGT TAC- - -CGICCTGAA
ACTACT----TTT CEG THAAART - - -CGIMTEGAAA

TGGGAGGGTAAAATTTTGGG;\GAGTGTATTTGTTTGTGGG;\AA;\TTTTAGAAACGTGGG;\;\;\

Occupaney

mir-CC7:

Ref: Mpap_0Z7025277.1_622285

2 o0 100 110

o TcoTaToARRRe TBATH: B cBRRAceAc AN BT OB A T8 BB - el
TT - Tal 77 THo AcBo cBREEG TETEARAGG TAGG TTTG TGO AGATG TCTGATAAGTTCT

- - AcHEACAB oM TEATEAT o c BRAs FEAKcBeA

A
TTCTGGATTTO+ AATAAGATGTTGTCCTAT+H+AAAS+G++ T+G++ CATAGGACTACATTATTAT T+ CAAATCH AGACAGHG+ CAAAGGTAGGTTTGTOGAGATGT CTGATAAGTTCT

Oseupaney




mir-CCS8:

Ref: Resc ScUbCFx_1672 889215

a0 50 ]

CAceaTaaaTcccEicBilcAc TEG6Es A
CAC. - TGGATCCCEMCATCACTEEGECA
rrrrrrrrrrr CAGGEEGEEA
------------- GAGTEE AL AR

clal-

-BGGCAA

Consensus

GTTCATCCCTACAAGCCTGTTTCGTGGTTGCCCACGAT++ATCCCCT+ATGAGTGGGCGACCACGAAACAGGCTTGTAGAGATGAACT

Occupancy .

mir-CC9:

Ref: Acoe scaffold 17 547614

T TCEG G
T TTEG T
A TTEG T
C CTEG T
T TTEG A
T AACEG C
<l T C A [
T TGEA G

Consensus

Occupancy

Supplementary Figure 12. Sequence alignments of conserved novel microRNAs in
cubozoan, scyphozoans and anthozoans (mir-CC/ to mir-CC9).



mir-MC1:

Ref: Tmai scaffold 9 212333

CGAGTET GAAT -
-CGOCEMAAAATET GATCG
TTTCTTTRGAAGTET GGATG
TTTCTTTAG- - - TET GAGC -
TGGATTGRGCTTCTA CGTGA
TGGATTGRGCTTCTA CG- - -

Consensus

TGCACTGATCTCTAAA+ AAAGACT+++TT

Decocupancy I I

mir-MC2:

Ref: Tmai_scaffold 10 223052

10 20 ) 0 ) 40
ceGMcoAB TN T - BaBfcelE- - - - - - - - TTT
coABTRTC - BaBTceABAcceacTecMclTHTAT
ceABTIITC - BaBTce@BAccecTEGMcAClTe T
GoATEATTT-BTETcARBATCETCECMABCTeAA

G ABBATT - - BcBTcARBATGETCCARARTTGAA
GAGBATTT - BaTlcARBcAABTCTARTATTGAA
coABTIRNT AR TETcoBBA A AsaTETEc B lAs - -

Consensus

A C = A =
ST__GAS A I = = ToT T A G £G A

CTCGACTTTTACACTCGACA+CGT+CH+A+ATTHA+GT+GAGTGAARAAGTCGAGCTCATTT

Oceupaney

mir-MC3:

Ref: Tmai_scaffold 6 151844

; 10 ) 20 ; 0 ; 40 ) 50 , 80 ) 0

TG Al --@rcE@TeTclas TTATE: BARAs TEATCAAATTGTTGTCGCCTATTTTTICATTCTATEAR
TocoTCA 6 AncAAMAGcRRATE T ARG EMAAGAGT - - - - - - - ThT
-6aTcEe T GTTOMTTTANGGETATEARAR . - - - .. .. BB

Consensus

T++TTGAAACA+AGT+CTTGTAAAGG TATGAAAAA++A+ TCAAATTGTTGTCGECTATTTTTCATTCTATGACTTGACAAGGACTGTTTCAGT

Occupancy




mir-MC4;

Ref: Tmai scaffold 3 83965

@
...................... . 6oToATTA
Innnss ACTT-

TCGACCCGG

CCCOo!
cCces
TACGGETCEAR. - - - -
CLLE
CCTeG:

—— — G

AGCGCTGTTTACACTACGAAATTTCAAGCCGGG TAACT TCGACDCGGET TGAAGT TAACCCGGG TTARATTTTTGTAGTGTAAACAGGGCT T+ TTA

Occupancy -

mir-MCS5:

Ref: Mpap_0Z025272.1 283453

0 X 50 ) 60 ) 70 ) 20 ) 20 100
CHATATT1ccaccToarrnGTTTTAAG TG CTEARA TcBT cEGHE TG T CocooflATARATCAA
S CBAGTTGA ATCHATIATTTGCACCTOAAAAGTTCTAAGTG TTBATT TGETCEGAGTST CooCOTATAAATC
STBATCTAMCATCH. - FATT- - - - - - .- ... ... . . TEATTCGETGEGAGATG) CaACTATAAATT
--EccaTTeA - BNcHAT GEATTCABATEEACAAA] CAAGGIAAGCGTG
caT@AAACAC - BTTAS Al TecMasagTecTTETAT ccaTaflcocAR. - - -

Cansensus

TTTATACGTCGTGCTATACTGTTGCACGA+ TTGACATCAATTATTTGCACC TGAAAAGTT+TAAGTGTTGATT+GG T+CGAGT+ TAGCACHACG TATAAATCAA

Oceupancy

— BN TS -

mir-MC6:

Ref: Resc_ ScUbCFx_10 122965

10 20 30
- - -gofEcBefrTal AclBA- - - -cT
-EETTACTATEAECFecA CCEM----T7T
-EeTCcTETECBABGTGGC AGIEA- - - - TT
CEGTTACTGTEABGTTTA AGEAAGAGDA

Cuonsensus

CCGETTACTG+ CACGT+ TACTTC TAGCAAGAGH TTTACAATGATAGAAGTACACGTGGTAGGGA

Decupancy
| I I




mir-MC7:

Ref: Cqui JACTAT010000031.1 478764

PHA Ao HOH A
o
o
—
=
—
@
@
I
R R R R )

GTGTCTTTCATAGACATAC

Consensus
T G G

T
GAGTTC+GTGTTTTCGAGTAGACTGTCTTTCATA+GCCATACTCGAAAACACGGAACTGETG

Occupancy

Supplementary Figure 13. Sequence alignments of conserved novel microRNAs in
scyphozoans and cubozoan (mir-MC/ to mir-MC?7).



mir-SCI:

Ref: Cqui JACTAT010000061.1 1254957

30
TcecTele A
Ti6 CATGHAGAG
TGGTTCGATE
AGGTICGATE
caTcealicca
TeeTMceATE
CATCGARCCA
TaTacGAGAT

50

f
CTGGGT
TGAGGT
CTGACC
CTGAGCA
CTGACC
CTGACC
CTGACC
TGAAGT AT

L e T )

Consensus ' Tl | .18 G CTGA[:':

= = ToOADGT .

TGE+T+A++GETGEGATCTCACCTGACCGGGATG

Qeeupancy

mir-SC2:

Ref: Acoe scaffold 9 351554

STTE
-G AA|
-G6T

cansensus B CAACTT

CGGACAATCAAACTTTCGGACAACAAGTTATTTCTGACCAATAAACATTTGAACA

Occupancy




mir-SC3:

Ref: Acoe scaffold 6 257069

Gonsensus

TACCAGACTCTCTAACATAAAAACAGAAAGH TT+TGAAGAGTCTGGATTCTCTGTTTTTATGTATAGAGAGTCTGGTACCCAGS

Occupancy

— Il -—

mir-SC4:

Ref: Mpap 0Z025282.1 894427

Consensus

= .

CACGOGTCAGATTTTGTCOAATTCOGACAAATCGAATTCGATAGAATCTGACCETGTA

Qeeupancy




mir-SC5:

Ref: Acoe scaffold 5 139005

20

o

AG Al GTATTTATTTAGT - - - ACTAT
GG Al GTACTAAATAAAT - - - ACTAT

[ = == )

ATAACCAGACCC+ CATTTCAAAGGAAATAGTACTTATT+AATTTCACTATTTCCTTTGAAATCGGGTCTGGTTATCA

Occupancy

mir-SC6:

Ref: Acoe scaffold 11 417023

wm
=]

Consensus

AATGTCGAGCAGCGAAAAGTAGAAAGA+ATTCTACTTTTCGCGGCTCGACATTTT

Oeeupancy




mir-SC7:

Ref: Resc_ ScUbCFx 795 638234

CTA
CTA
CTA
CTA
CTA
GTGAAT
CCAGCG
CTAGAA
TGGEGT

I I
o 00 ko ool

Consensus
ST — . G

TTACACTAGAACGGATCCAAATGGATCCG

Qecupancy

mir-SCS§:

Ref: Cqui JACTAT010000040.1 851446

3o 40

: : 20 % 7
CoAAATAGCGAAATT oG TABT TRET: RAKSHEA
- ATTTCG- - ABTTGAT- - - - AAC

clilccEa- c

A &
66 TTAGEECCEG GTGoA
66 CTATEE T CEA GTAAA
TATCEABEEC ABA A CBA T

- AAAA|

Cansensus

TACGACGTTTCGGGCTTAACCCGTTATCAAATAGCGAAATTTCGCTACTTGATGAAAAACGGGTTA+GCCCGAAACGTCGTAAA

Occupancy




mir-SC9:

Ref: Smal ScYmlzk 618 21812

, P . 90

6 7cmAlBRTc CEci@aac

CTcAABRT TG TTAARACA- - - - - A - AT

o1 B -ocf@anT

17 cHETc ARBETCA - CaT-gTHe

ACTAAGHGC . - -cofficanc

6 Al E B -Hcaras T

CTCTABA- - e
cTCcAT

cTchaBdTe . -
ABAT
GTOTA
cTCTA
cTCcTA
AAGRT
GToTA
oTOTA
M
AFEAT
AABAT
AACAT
AABAT
AABAT
cTCTA
cTCTA
cTCTA
oTOTA
a0 A
cToAA

CeDOEE0ODEER0PDOBDD @

>

Gonsensus

Occupancy .

Supplementary Figure 14. Sequence alignments of conserved novel microRNA

scyphozoans (mir-SC/ to mir-SC9).



