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XP 001637523 NEMVEDRAFT 33918 Nematostella vectensis
XP 001626113 NEMVEDRAFT 13116 Nematostella vectensis
AFZ78086 acropsin 3 Acropora palmata
aug v2a 10282 t1 Acropora digitifera new

AAX73255 mammalian like melanopsin Gallus gallus

NP 150598 melanopsin isoform 1 Homo sapiens
NP 038915 melanopsin isoform 1 Mus musculus

AAL82577 melanopsin Danio rerio

AAK59988 putative photopigment melanopsin Gallus gallus
AAM95160 melanopsin2 Gadus morhua
AAO20043 melanopsin1 Gadus morhua

BAE00065 melanopsin Branchiostoma belcheri
EEN52295 melanopsin BRAFLDRAFT 65960 Branchiostoma floridae

AGJ70280 r opsin Terebratalia transversa
CAC86665 r opsin1 Platynereis dumerilii

Helro1 85596 new RopsA Helobdella robusta
Helro1 129809 new RopsD Helobdella robusta
Helro1 84106 new RopsC Helobdella robusta

Helro1 132379 new RopsB Helobdella robusta

AGL94564 r opsin3 Platynereis dumerilii
ELU01272 Capca1 119596 Capitella teleta new

AAD28720 opsin Schmidtea mediterranea
CAB89516 opsin Girardia tigrina
CAD13146 opsin Dugesia japonica

AAF73286 RHO G protein coupled receptor Schistosoma mansoni
CAX73070 opsin 4 melanopsin Schistosoma japonicum

CAA30644 rhodopsin Enteroctopus dofleini

ACB05673 opsin Euprymna scolopes
AAC26329 rhodopsin Sepia officinalis
CAA88923 opsin Alloteuthis subulata
CAA40108 rhodopsine Loligo forbesi
AAR18073 rhodopsin Doryteuthis pealeii

CAA49906 rhodopsin Todarodes pacificus

Lotgi1 108602 Lottia gigantea

EKC23688 Rhodopsin GQ−coupled Crassostrea gigas
BAA22217 Gq rhodopsin Mizuhopecten yessoensis

BAG80985 opsin RhC Branchinella kugenumaensis
BAG80986 opsin RhD Branchinella kugenumaensis

XP 002408319 rod opsin Ixodes scapularis

XP 002432663 GPRop3 UNOP Pediculus humanus corporis
UV7 rhoPro Rh7 like Rhodnius prolixus

BGIBMGA012539−PA silkdb org UNOP Bombyx mori
XP 001944926 Rh7 likeA Acyrthosiphon pisum
XP 001943275 Rh7 likeB Acyrthosiphon pisum

AAF49949 Rh7 Drosophila melanogaster
XP 308329 AGAP007548−PB GPROP10 UV7 Anopheles gambiae

EFX70796 UNOP2 DAPPUDRAFT 346935 Daphnia pulex
EFX70801 UNOP1 DAPPUDRAFT 346930 Daphnia pulex

tetur07g05150 UV Tetranychus urticae
tetur24g02280 UV Tetranychus urticae

CCO61975 rhodopsin 3 Cupiennius salei
BAG14332 kumopsin3 Hasarius adansoni
BAG14335 kumopsin3 Plexippus paykulli
EFX81332 UV wavelength opsin Daphnia pulex

AAC13418 AmUVop Apis mellifera
AAC05092 SW opsin Camponotus abdominalis
XP 556823 AGAP006126−PB GPROP8 UV5 Anopheles gambiae
ACH56537 UV I opsin Thermonectus marmoratus
ACH56538 UV II opsin Thermonectus marmoratus
XP 970344 uv opsin Tribolium castaneum
BAH56228 UV opsin Luciola cruciata
AAA28854 Rh3 Drosophila melanogaster
NP 476701 Rh4 Drosophila melanogaster

BAE19944 PrUV opsin Pieris rapae
AAP49025 AF414074 1 UV opsin Vanessa cardui

AAD34222 Rh5 UV Papilio glaucus

UV5 rhoPro UV opsin Rhodnius prolixus
XP 001951613 UV B Acyrthosiphon pisum
XP 001951588 UV A Acyrthosiphon pisum
AAG17120 UV A opsin Megoura viciae

BAG71429 UV opsin Dianemobius nigrofasciatus
AEG78686 UV opsin Gryllus bimaculatus

XP 002422743 GPRop2 UV opsin Pediculus humanus corporis

XP 319247 AGAP010089−PA GPROP9 LWS Anopheles gambiae
BAE19945 PrV opsin Pieris rapae
BAE19946 PrB opsin Pieris rapae
AAP49026 AF414075 1 blue opsin Vanessa cardui
AAD34223 Rh6 blue Papilio glaucus
AAC13417 AmBLop Apis mellifera
CAA56378 lop2 UV opsin Schistocerca gregaria
BAF45422 blue opsin Dianemobius nigrofasciatus
AEG78685 blue opsin Gryllus bimaculatus

AAC47426 Rh5 Drosophila melanogaster

BAG80984 opsin RhA Branchinella kugenumaensis
BAG80978 RhC Triops granarius

EFX75461 blue wavelength opsin Daphnia pulex

ACO05013 opsin5 Limulus polyphemus
BAG80980 RhE Triops granarius
BAG80977 RhB Triops granarius

EFX77537 LOPB1 LOPB clade 1−15 DAPPUDRAFT 346974 Daphnia pulex
EFX77473 LOPB5 LOPB clade 1−15 DAPPUDRAFT 106095 Daphnia pulex

BAG80979 RhD Triops granarius

BAG80987 opsin Rhb clade c1 11 similar Branchinella kugenumaensis
BAG80989 opsin Rhb clade c4 11 similar Branchinella kugenumaensis

tetur12g04340 LW Tetranychus urticae

BAG14330 kumopsin1 Hasarius adansoni
BAG14333 kumopsin1 Plexippus paykulli

CCO61973 rhodopsin 1 Cupiennius salei

AAA02498 opsin1 lateral Limulus polyphemus
AAA02499 opsin2 ocellar Limulus polyphemus

BAG14331 kumopsin2 Hasarius adansoni
BAG14334 kumopsin2 Plexippus paykulli

CCO61974 rhodopsin 2 Cupiennius salei

ABI48867 opsin c1 Archaeomysis grebnitzkii
ABI48885 opsin Mysis diluviana
ABI48870 opsin c2 Euphausia superba

AAB25036 opsin Procambarus clarkii
AAB97666 rhodopsin Cambarellus shufeldtii
ABG37009 opsin Rh3 Neogonodactylus oerstedii
ABG37007 opsin Rh1 Neogonodactylus oerstedii
ABG37008 opsin Rh2 Neogonodactylus oerstedii
ABI48884 opsin Homarus gammarus

ABI48886 opsin c1 Neomysis americana
ABI48875 opsin c1 Holmesimysis costata
ABH00987 rhodopsin Litopenaeus vannamei

ACH56536 LW opsin Thermonectus marmoratus
EFA03667 rhodopsin green TC013765 Tribolium castaneum
BAH56227 LW opsin Luciola cruciata
ACN39591 LW opsin Dianemobius nigrofasciatus
AEG78684 green opsin LWb Gryllus bimaculatus

AAA28733 Rh1 Drosophila melanogaster
AAA28734 Rh2 Drosophila melanogaster

NP 001071293 AmLop2 Apis mellifera
AEG78683 green opsin LWa Gryllus bimaculatus

LWS rhoPro LW opsin Rhodnius prolixus
CAA56377 lop1 LW opsin Schistocerca gregaria

AAA69069 AmLop1 Apis mellifera
AAC47083 rhodopsin Camponotus abdominalis
XP 003435763 AGAP013149−PA GPROP1 4 6 LW Anopheles gambiae
XP 312478 AGAP002462−PA GPROP7 LW Anopheles gambiae
CAB06821 Rh6 Drosophila melanogaster
XP 001238571 AGAP001162−PA GPROP5 LW Anopheles gambiae
AAD34224 Rh4 LW Papilio glaucus
NP 001036882 Lop2 LW opsin ceropsin Bombyx mori
BGIBMGA007787−PA silkdb org Lop1 LW opsin Bombyx mori
AAL59879 AF385333 1 LW opsin Vanessa cardui

BAD66860 PrL opsin Pieris rapae
AAD34220 Rh1 LW Papilio glaucus
AAD29575 Rh3 LW Papilio glaucus

AAD34221 Rh2 LW Papilio glaucus

XP 001947730 LW Acyrthosiphon pisum
AAG17119 LW opsin Megoura viciae
AAT01077 rhodopsin Homalodisca vitripennis
AAU95194 rhodopsin Oncometopia nigricans

XP 002427337 GPRop1 LW opsin Pediculus humanus corporis

EFX63570 LOPA3 LOPA cladeI 1−4 DAPPUDRAFT 67015 Daphnia pulex
EFX63568 LOPA1 LOPA cladeI 1−4 DAPPUDRAFT 307031 Daphnia pulex

EFX66668 LOPA6 LOPA cladeII 6−10 DAPPUDRAFT 302464 Daphnia pulex
EFX63132 LOPA10 LOPA cladeII 6−10 DAPPUDRAFT 346968 Daphnia pulex

BAG80976 RhA Triops granarius

BAA09132 opsin BcRh1 Hemigrapsus sanguineus
ACT31580 opsin 1 Uca vomeris
ACT31581 opsin 2 Uca vomeris
BAA09133 opsin BcRh2 Hemigrapsus sanguineus
ABM74400 opsin Portunus pelagicus

KM086335 Hd-r-opsin Hypsibius dujardini
AFM43711 onychopsin Eoperipatus sp LH−2012
AFM75825 onychopsin Epiperipatus cf isthmicola LH−2012
AFM75824 onychopsin Euperipatoides rowelli
CCP46946 onychopsin Euperipatoides kanangrensis
AFM43712 onychopsin Ooperipatus hispidus
AFM43710 onychopsin Phallocephale tallagandensis

XP 003730546 opsin4 melanopsin Strongylocentrotus purpuratus

CCP46948 arthropsin Euperipatoides kanangrensis
CCP46951 arthropsin Cupiennius salei
XP 003247319 Acyrthosiphon pisum new

EFX83618 arthropsin2 Daphnia pulex
EFX83830 arthropsin4 Daphnia pulex
EFX83831 arthropsin5 Daphnia pulex
EFX83619 arthropsin3 Daphnia pulex
EFX83617 arthropsin1 Daphnia pulex

EFX84031 arthropsin7 Daphnia pulex
EFX84250 arthropsin6 Daphnia pulex
EFX84032 arthropsin8 Daphnia pulex

AGL94565 r opsin4 Platynereis dumerilii
ELU03019 Capca1 54244 Capitella teleta new
ELU16813 Capca1 124377 Capitella teleta new

EEN42130 Amphiop6 BRAFLDRAFT 110002 Branchiostoma floridae
BAC76024 Amphiop6 opsin Branchiostoma belcheri
Lotgi1 156440 Lottia gigantea new
EKC18167 Rhodopsin GQ−coupled Crassostrea gigas

Lotgi1 154846 Lottia gigantea new
EKC35173 Rhodopsin partial Crassostrea gigas

XP 002604146 GoOpsin3 Amphiop2 BRAFLDRAFT 71561 Branchiostoma floridae

XP 002609117 GoOpsin2 BRAFLDRAFT 91095 Branchiostoma floridae
XP 002609116 GoOpsin1 Amphiop1 BRAFLDRAFT 91094 Branchiostoma floridae

EEN65038 hypothetical protein BRAFLDRAFT 84844 Branchiostoma floridae

Lotgi1 123097 Lottia gigantea new
Lotgi1 122769 Lottia gigantea new

Lotgi1 156508 Lottia gigantea new
Lotgi1 116468 Lottia gigantea new

XP 783329 opsin3 2 Strongylocentrotus purpuratus
XP 003723700 opsin3 1 Strongylocentrotus purpuratus

AGJ70278 Go opsin 1 Terebratalia transversa

EKC29416 Rhodopsin G0−coupled Crassostrea gigas
O15974 G0 coupled rhodopsin Mizuhopecten yessoensis

Lotgi1 173452 Lottia gigantea new

Lotgi1 152675 Lottia gigantea new

XP 002587828 Opn5 3 BRAFLDRAFT 94083 Branchiostoma floridae
XP 001199309 opsin 5 like Strongylocentrotus purpuratus new
XP 002613137 Opn5 2 BRAFLDRAFT 210643 Branchiostoma floridae
XP 002594196 Opn5 1 BRAFLDRAFT 65045 Branchiostoma floridae
NP 001186975 opsin−5 Danio rerio
XP 002189255 PREDICTED opsin 5 Taeniopygia guttata
NP 001124215 opsin−5 Gallus gallus

EDL23393 opsin 5 Mus musculus
EDM18681 opsin 5 Rattus norvegicus

XP 003639476 PREDICTED opsin−5−like Canis lupus familiaris
NP 001193009 opsin−5 Bos taurus
XP 001502825 PREDICTED opsin−5 Equus caballus

NP 859528 opsin−5 neuropsin Homo sapiens
XP 001146167 PREDICTED opsin−5 isoform 3 Pan troglodytes

XP 001511991 PREDICTED opsin−5 Ornithorhynchus anatinus
XP 001369202 PREDICTED opsin−5 Monodelphis domestica

EFX84680 DAPPUDRAFT 194423 Daphnia pulex new

KM086339 Hd-neuropsin Hypsibius dujardini

ELT87227 Capca1 221903 Capitella teleta new

ELU11093 Capca1 36183 Capitella teleta new
ELT97785 Capca1 63256 Capitella teleta new

ELT87076 Capca1 197851 Capitella teleta new

ELU02401 Capca1 226303 Capitella teleta new
ELU09017 Capca1 44169 Capitella teleta new

EKC25796 Opsin−5 partial Crassostrea gigas
Lotgi1 140119 Lottia gigantea new
Lotgi1 72363 Lottia gigantea new

EKC40616 peropsin Crassostrea gigas
Lotgi1 154374 Lottia gigantea new

NP 001016013 retinal G protein coupled receptor Xenopus Silurana tropicalis
AAR02099 RGR opsin Gallus gallus
NP 001017877 RPE−retinal G protein−coupled receptor Danio rerio
XP 864762 PREDICTED RPE−retinal G protein−coupled receptor isoform 2 Canis lupus familiaris
NP 786969 RPE−retinal G protein−coupled receptor Bos taurus
XP 001154882 PREDICTED RPE−retinal G protein−coupled receptor isoform 3 Pan troglodytes
NP 002912 RPE−retinal G protein−coupled receptor isoform 1 Homo sapiens

NP 001027640 Cioin2 207066 retinal G protein coupled receptor Ciona intestinalis
NP 001027636 Cioin2 298833 Ciona intestinalis new

XP 002732329 opsin like Saccoglossus kowalevskii

EKC42752 Visual pigment−like receptor peropsin Crassostrea gigas
Lotgi1 155231 Lottia gigantea new

XP 784266 opsin6 peropsin−like Strongylocentrotus purpuratus

XP 002605849 Rrh Amphiop3 BRAFLDRAFT 90832 Branchiostoma floridae
BAC76023 Amphiop3 opsin Branchiostoma belcheri

NP 006574 peropsin Homo sapiens

NP 033128 peropsin Mus musculus
NP 001101196 visual pigment−like receptor peropsin Rattus norvegicus

XP 853139 PREDICTED retinal pigment epithelium−derived rhodopsin homolog Canis lupus familiaris
NP 001179153 visual pigment−like receptor peropsin Bos taurus

NP 001004654 peropsin Danio rerio
AAR02098 peropsin Gallus gallus

tetur04g04260 LW Tetranychus urticae
BAJ22674 peropsin Hasarius adansoni
CCP46949 peropsin Cupiennius salei

CCP46950 c−opsin Cupiennius salei

EFX87346 pteropsin3 Daphnia pulex
EFX87345 pteropsin1 Daphnia pulex
EFX89511 pteropsin9 Daphnia pulex
EFX80369 pteropsin8 Daphnia pulex
EFX80365 pteropsin6 Daphnia pulex
EFX80367 pteropsin7 Daphnia pulex

EFX86931 pteropsin4 Daphnia pulex

XP 001952294 c opsin Acyrthosiphon pisum
AAY89040 c−opsin Tribolium castaneum
NP 001035057 pteropsin Apis mellifera
TMT rhoPro c opsin Rhodnius prolixus

XP 312503 AGAP002443−PA GPROP11 pteropsin1 Anopheles gambiae
XP 312502 AGAP002444−PA GPROP12 peropsin2 Anopheles gambiae

BGIBMGA008437−PA silkdb org pteropsin Bombyx mori

KM086336 Hd-c-opsin1 Hypsibius dujardini
KM086337 Hd-c-opsin2 Hypsibius dujardini
KM086338 Hd-c-opsin3 Hypsibius dujardini

CCP46947 c−opsin Euperipatoides kanangrensis

NP 001104634 opsin−3 Encephalopsin Danio rerio
NP 034228 opsin 3 Encephalopsin Mus musculus
NP 055137 opsin−3 Encephalopsin Homo sapiens

AAF12820 deep brain photoreceptor protein pinopsin Bufo japonicus
AAD32622 P opsin Anolis carolinensis
P51476 Pinopsin Columba livia
AAA64223 pinopsin Gallus gallus

AAA49141 violet c opsin Gallus gallus
NP 001699 SW opsin 1 Homo sapiens

NP 571394 opsin−1 SW1 UV Danio rerio

AAD30519 RH1 opsin Latimeria chalumnae
BAA88958 exo rhodopsin Danio rerio
AAF44622 rod like opsin Takifugu rubripes

NP 571159 rhodopsin Danio rerio
AAA30674 rhodopsin Bos taurus
NP 001009242 rhodopsin Felis catus
NP 000530 rhodopsin Homo sapiens

BAA00610 rhodopsin Gallus gallus

NP 878312 green sensitive opsin 3 similar 4 Danio rerio
NP 571328 green sensitive opsin 1 similar 2 Danio rerio

ADI59659 green opsin Paralichthys olivaceus

AAD30520 RH2 opsin Latimeria chalumnae
AAA48786 green c opsin Gallus gallus

ADI59658 blue opsin Paralichthys olivaceus
NP 571267 opsin−1 SW2 blue Danio rerio

AAA48633 blue c opsin Gallus gallus

NP 000504 MW opsin 1 Homo sapiens

AAA49137 visual pigment Gallus gallus
AAD20549 red opsin Danio rerio
ADI59657 red opsin Paralichthys olivaceus

NP 064445 LW opsin 1 Homo sapiens

BAD17961 parapinopsin Oncorhynchus mykiss
AAB84050 parapinopsin Ictalurus punctatus
AAI71332 parapinopsin Xenopus tropicalis
BAD13381 bistable UV pigment Lethenteron japonicum

XP 002119963 Cioin2 280535 pinopsin−like Ciona intestinalis
NP 001027727 Cioin2 295217 opsin Ciona intestinalis

BAA94288 VAL opsin Danio rerio
AAM77793 vertebrate ancient opsin long isoform Rutilus rutilus
AAC60124 vertebrate ancient opsin Salmo salar
AAY56361 vertebrate ancient long opsin b Danio rerio

ABB88727 parietopsin Xenopus tropicalis
AAZ79904 parietopsin Uta stansburiana

XP 002611090 Opn3 2 c−like2 BRAFLDRAFT 206170 Branchiostoma floridae

XP 002589210 Opn3 4 Amphiop4 c−like3 BRAFLDRAFT 74631 Branchiostoma floridae
XP 002589211 Opn3 5 Amphiop5 c−like1 BRAFLDRAFT 74630 Branchiostoma floridae

XP 002611091 Opn3 3 BRAFLDRAFT 206045 Branchiostoma floridae

AAL83431 TMT opsin Danio rerio
AAM90677 multiple tissue opsin Takifugu rubripes

XP 002589213 Opn3 1 BRAFLDRAFT 185357 Branchiostoma floridae
BAH28806 encephalopsin Hemicentrotus pulcherrimus
XP 783302 opsin1 pinopsin Strongylocentrotus purpuratus

AAV63834 c opsin Platynereis dumerilii

FAA00398 TPA opsin Nematostella vectensis
FAA00405 TPA opsin Nematostella vectensis
FAA00410 TPA opsin Nematostella vectensis
aug v2a 15348 t1 Acropora digitifera new
aug v2a 07396 t1 Acropora digitifera new
aug v2a 19625 t1 Acropora digitifera new
aug v2a 07397 t1 Acropora digitifera new

FAA00407 TPA opsin Nematostella vectensis
FAA00412 TPA opsin Nematostella vectensis

FAA00408 TPA opsin Nematostella vectensis
FAA00403 TPA opsin Nematostella vectensis
FAA00404 TPA opsin Nematostella vectensis
FAA00409 TPA opsin Nematostella vectensis

EU310498 c opsin Tripedalia cystophora
AFZ78084 acropsin 1 Acropora palmata
FAA00384 TPA opsin Nematostella vectensis
FAA00387 TPA opsin Nematostella vectensis
FAA00383 TPA opsin Nematostella vectensis

BAG80696 opsin Carybdea rastonii

BAF95827 opsin Cladonema radiatum
BAF95828 opsin Cladonema radiatum
BAF95826 opsin Cladonema radiatum
BAF95825 opsin Cladonema radiatum
BAD67142 opsin Hydra vulgaris
BAD67141 opsin Hydra vulgaris
BAD67143 opsin Hydra vulgaris
BAF95842 opsin Cladonema radiatum
BAF95840 opsin Cladonema radiatum
BAF95834 opsin Cladonema radiatum
BAF95835 opsin Cladonema radiatum
BAF95836 opsin Cladonema radiatum
BAF95838 opsin Cladonema radiatum

BAF95844 opsin Hydractinia carnea

BAF95843 opsin Hydractinia carnea
BAD67144 opsin Hydra vulgaris
BAD67145 opsin Hydra vulgaris cnidocyte
BAD67148 opsin Hydra vulgaris
BAD67146 opsin Hydra vulgaris
BAD67147 opsin Hydra vulgaris

AFZ78085 acropsin 2 Acropora palmata

FAA00393 TPA opsin Nematostella vectensis
FAA00392 TPA opsin Nematostella vectensis
FAA00400 TPA opsin Nematostella vectensis

FAA00388 TPA opsin Nematostella vectensis
FAA00394 TPA opsin Nematostella vectensis

FAA00389 TPA opsin Nematostella vectensis

AFK83788 opsin 1 Mnemiopsis leidyi
FP991591 CU419614 Pleurobrachia pileus EST
FQ011385 Pleurobrachia pileus EST
AFK83789 opsin 2 Mnemiopsis leidyi

XP 003730660 opsin2 Strongylocentrotus purpuratus

ADZ24786 c opsin Terebratalia transversa
Lotgi1 64356 Lottia gigantea
EKC19391 Melanopsin Crassostrea gigas
EKC19392 Melanopsin Crassostrea gigas

EKC20545 Melanopsin Crassostrea gigas
EKC20546 Opsin−VA Crassostrea gigas

ABB89040 opsin Strongylocentrotus droebachiensis
XP 784559 opsin5 Strongylocentrotus purpuratus

AGJ70279 Go opsin 2 Terebratalia transversa

XP 002113363 hypothetical protein TRIADDRAFT 3759 Trichoplax adhaerens
XP 002112437 hypothetical protein TRIADDRAFT 26009 Trichoplax adhaerens
XP 002112438 hypothetical protein TRIADDRAFT 26040 Trichoplax adhaerens

F7CZB3 HORSE putative melatonin Equus caballus
NP 005949 melatonin receptor type 1A Homo sapiens

B2Y4M8 DICLA MT1 melatonin receptor Dicentrarchus labrax
P49219 MTR1C XENLA Melatonin receptor type 1C Xenopus laevis

XP 002409287 dopamine D1 beta receptor putative Ixodes scapularis
NP 001108459 dopamine receptor 1 Bombyx mori
XP 001647989 dopamine receptor Aedes aegypti

XP 001946949 PREDICTED tachykinin−like peptides receptor 99D−like Acyrthosiphon pisum

AAF05299 allatostatin receptor Drosophila melanogaster
XP 002403852 allatostatin receptor putative Ixodes scapularis
AAK52473 allatostatin receptor Periplaneta americana

XP 001950448 PREDICTED somatostatin receptor type 2 like isoform 1 Acyrthosiphon pisum
AAK31793 somatostatin receptor Drosophila melanogaster

XP 002408422 G−protein coupled octopamine receptor putative Ixodes scapularis
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RAxML a posteriori Bootstrap convergence assessment (-I autoMRE)

# Trees  Avg WRF in %  # Perms: w rf <= 3.00 %

50 5.96 0

100 4.29 0

150 3.52 1

200 3.08 38

250 2.77 90

300 2.4 100

Converged after 300 replicates

Figure S1. Maximum likelihood tree under a dataset-specific GTR+G model of amino acid sequence evolution of 401 opsins and opsin related proteins and the placement of the 
opsin genes of the tardigrade Hypsibius dujardini (highlighted in red). Bootstrap values (from 1,000 pseudoreplicates) > 50% are given at the nodes. According to the bootstrap con-
vergence assessment, a sufficient number of replicates has been generated (table in lower left corner). G-protein-coupled receptor sequences other than opsins were used as out-
groups. Bars on the right indicate the leaf stability indices derived from 1,000 ML bootstrapping trees (red: LS≤0.50, orange: LS≤0.60, blue: LS>0.60). Scale bar indicates the 
number of substitutions per site.
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AAA64223 pinopsin Gallus gallu

XP 002409287 dopamine D1 beta receptor putative Ixodes scapularis
XP 001647989 dopamine receptor Aedes aegypti
NP 001108459 dopamine receptor 1 Bombyx mori
P49219 MTR1C XENLA Melatonin receptor type 1C Xenopus laevis

NP 005949 melatonin receptor type 1A Homo sapiens
F7CZB3 HORSE putative melatonin Equus caballus

B2Y4M8 DICLA MT1 melatonin receptor Dicentrarchus labrax

XP 002408422 G−protein coupled octopamine receptor putative Ixodes scapularis
XP 001946949 PREDICTED tachykinin−like peptides receptor 99D−like Acyrthosiphon pisum
XP 001950448 PREDICTED somatostatin receptor type 2 like isoform 1 Acyrthosiphon pisum
AAK31793 somatostatin receptor Drosophila melanogaster

XP 002403852 allatostatin receptor putative Ixodes scapularis
AAK52473 allatostatin receptor Periplaneta americana

AAF05299 allatostatin receptor Drosophila melanogaster

XP 002113363 hypothetical protein TRIADDRAFT 3759 Trichoplax adhaerens
XP 002112438 hypothetical protein TRIADDRAFT 26040 Trichoplax adhaerens
XP 002112437 hypothetical protein TRIADDRAFT 26009 Trichoplax adhaerens
XP 003730660 opsin2 Strongylocentrotus purpuratus
FQ011385 Pleurobrachia pileus EST
AFK83789 opsin 2 Mnemiopsis leidyi
FP991591 CU419614 Pleurobrachia pileus EST
AFK83788 opsin 1 Mnemiopsis leidyi

EU310498 c opsin Tripedalia cystophora

BAG80696 opsin Carybdea rastonii
BAF95843 opsin Hydractinia carnea

BAD67148 opsin Hydra vulgaris
BAD67147 opsin Hydra vulgaris
BAD67146 opsin Hydra vulgaris

BAD67145 opsin Hydra vulgaris cnidocyte
BAD67144 opsin Hydra vulgaris

BAF95844 opsin Hydractinia carnea
BAF95828 opsin Cladonema radiatum
BAF95827 opsin Cladonema radiatum
BAF95826 opsin Cladonema radiatum
BAF95825 opsin Cladonema radiatum

BAF95842 opsin Cladonema radiatum
BAF95840 opsin Cladonema radiatum
BAF95838 opsin Cladonema radiatum
BAF95836 opsin Cladonema radiatum
BAF95835 opsin Cladonema radiatum
BAF95834 opsin Cladonema radiatum

BAD67142 opsin Hydra vulgaris
BAD67143 opsin Hydra vulgaris
BAD67141 opsin Hydra vulgaris

FAA00389 TPA opsin Nematostella vectensis

FAA00400 TPA opsin Nematostella vectensis
FAA00393 TPA opsin Nematostella vectensis
FAA00392 TPA opsin Nematostella vectensis

FAA00394 TPA opsin Nematostella vectensis
FAA00388 TPA opsin Nematostella vectensis

AFZ78085 acropsin 2 Acropora palmata

FAA00387 TPA opsin Nematostella vectensis
FAA00384 TPA opsin Nematostella vectensis
FAA00383 TPA opsin Nematostella vectensis

AFZ78084 acropsin 1 Acropora palmata

EKC20546 Opsin−VA Crassostrea gigas
EKC20545 Melanopsin Crassostrea gigas

Lotgi1 64356 Lottia gigantea
EKC19392 Melanopsin Crassostrea gigas
EKC19391 Melanopsin Crassostrea gigas

ADZ24786 c opsin Terebratalia transversa

XP 001637523 NEMVEDRAFT 33918 Nematostella vectensis
XP 001626113 NEMVEDRAFT 13116 Nematostella vectensis
aug v2a 10282 t1 Acropora digitifera new
AFZ78086 acropsin 3 Acropora palmata

XP 784559 opsin5 Strongylocentrotus purpuratus
ABB89040 opsin Strongylocentrotus droebachiensis

Lotgi1 152675 Lottia gigantea new
XP 002604146 GoOpsin3 Amphiop2 BRAFLDRAFT 71561 Branchiostoma floridae

XP 783329 opsin3 2 Strongylocentrotus purpuratus
XP 003723700 opsin3 1 Strongylocentrotus purpuratus
Lotgi1 173452 Lottia gigantea new
O15974 G0 coupled rhodopsin Mizuhopecten yessoensis
EKC29416 Rhodopsin G0−coupled Crassostrea gigas

Lotgi1 156508 Lottia gigantea new
Lotgi1 123097 Lottia gigantea new
Lotgi1 122769 Lottia gigantea new

Lotgi1 116468 Lottia gigantea new

XP 002609117 GoOpsin2 BRAFLDRAFT 91095 Branchiostoma floridae
XP 002609116 GoOpsin1 Amphiop1 BRAFLDRAFT 91094 Branchiostoma floridae

EEN65038 hypothetical protein BRAFLDRAFT 84844 Branchiostoma floridae

AGJ70278 Go opsin 1 Terebratalia transversa

XP 002613137 Opn5 2 BRAFLDRAFT 210643 Branchiostoma floridae
XP 002594196 Opn5 1 BRAFLDRAFT 65045 Branchiostoma floridae
XP 002587828 Opn5 3 BRAFLDRAFT 94083 Branchiostoma floridae
XP 001199309 opsin 5 like Strongylocentrotus purpuratus new
NP 001186975 opsin−5 Danio rerio
XP 002189255 PREDICTED opsin 5 Taeniopygia guttata
NP 001124215 opsin−5 Gallus gallus
XP 001511991 PREDICTED opsin−5 Ornithorhynchus anatinus
XP 001369202 PREDICTED opsin−5 Monodelphis domestica
XP 001146167 PREDICTED opsin−5 isoform 3 Pan troglodytes
NP 859528 opsin−5 neuropsin Homo sapiens

XP 003639476 PREDICTED opsin−5−like Canis lupus familiaris
XP 001502825 PREDICTED opsin−5 Equus caballus
NP 001193009 opsin−5 Bos taurus

EDM18681 opsin 5 Rattus norvegicus
EDL23393 opsin 5 Mus musculus

ELU09017 Capca1 44169 Capitella teleta new
ELU02401 Capca1 226303 Capitella teleta new
ELT87227 Capca1 221903 Capitella teleta new

ELU11093 Capca1 36183 Capitella teleta new
ELT97785 Capca1 63256 Capitella teleta new

ELT87076 Capca1 197851 Capitella teleta new

Lotgi1 72363 Lottia gigantea new
Lotgi1 140119 Lottia gigantea new

EKC25796 Opsin−5 partial Crassostrea gigas

EFX84680 DAPPUDRAFT 194423 Daphnia pulex new
KM086339 Hd-neuropsin Hypsibius dujardini
AGJ70279 Go opsin 2 Terebratalia transversa

tetur04g04260 LW Tetranychus urticae
CCP46949 peropsin Cupiennius salei
BAJ22674 peropsin Hasarius adansoni
XP 784266 opsin6 peropsin−like Strongylocentrotus purpuratus
XP 002732329 opsin like Saccoglossus kowalevskii
Lotgi1 155231 Lottia gigantea new
EKC42752 Visual pigment−like receptor peropsin Crassostrea gigas
Lotgi1 154374 Lottia gigantea new
EKC40616 peropsin Crassostrea gigas
XP 002605849 Rrh Amphiop3 BRAFLDRAFT 90832 Branchiostoma floridae
BAC76023 Amphiop3 opsin Branchiostoma belcheri

NP 001027640 Cioin2 207066 retinal G protein coupled receptor Ciona intestinalis
NP 001027636 Cioin2 298833 Ciona intestinalis new
NP 001017877 RPE−retinal G protein−coupled receptor Danio rerio
NP 001016013 retinal G protein coupled receptor Xenopus Silurana tropicalis

XP 864762 PREDICTED RPE−retinal G protein−coupled receptor isoform 2 Canis lupus familiaris
NP 786969 RPE−retinal G protein−coupled receptor Bos taurus
XP 001154882 PREDICTED RPE−retinal G protein−coupled receptor isoform 3 Pan troglodytes
NP 002912 RPE−retinal G protein−coupled receptor isoform 1 Homo sapiens

AAR02099 RGR opsin Gallus gallus

NP 001004654 peropsin Danio rerio

NP 006574 peropsin Homo sapiens
NP 001179153 visual pigment−like receptor peropsin Bos taurus
XP 853139 PREDICTED retinal pigment epithelium−derived rhodopsin homolog Canis lupus familiari
NP 033128 peropsin Mus musculus
NP 001101196 visual pigment−like receptor peropsin Rattus norvegicus

AAR02098 peropsin Gallus gallus

AAV63834 c opsin Platynereis dumerilii

XP 002611091 Opn3 3 BRAFLDRAFT 206045 Branchiostoma floridae
XP 002611090 Opn3 2 c−like2 BRAFLDRAFT 206170 Branchiostoma floridae

XP 002589213 Opn3 1 BRAFLDRAFT 185357 Branchiostoma floridae

XP 002589211 Opn3 5 Amphiop5 c−like1 BRAFLDRAFT 74630 Branchiostoma floridae
XP 002589210 Opn3 4 Amphiop4 c−like3 BRAFLDRAFT 74631 Branchiostoma floridae

NP 055137 opsin−3 Encephalopsin Homo sapiens
NP 034228 opsin 3 Encephalopsin Mus musculus

NP 001104634 opsin−3 Encephalopsin Danio rerio

XP 783302 opsin1 pinopsin Strongylocentrotus purpuratus
BAH28806 encephalopsin Hemicentrotus pulcherrimus

CCP46947 c−opsin Euperipatoides kanangrensis

KM086338 Hd-c-opsin3 Hypsibius dujardini
KM086337 Hd-c-opsin2 Hypsibius dujardini
KM086336 Hd-c-opsin1 Hypsibius dujardini
FAA00409 TPA opsin Nematostella vectensis
FAA00404 TPA opsin Nematostella vectensis
FAA00408 TPA opsin Nematostella vectensis
FAA00403 TPA opsin Nematostella vectensis
FAA00412 TPA opsin Nematostella vectensis
FAA00407 TPA opsin Nematostella vectensis
aug v2a 07396 t1 Acropora digitifera new
aug v2a 19625 t1 Acropora digitifera new
aug v2a 07397 t1 Acropora digitifera new

aug v2a 15348 t1 Acropora digitifera new
FAA00410 TPA opsin Nematostella vectensis

FAA00405 TPA opsin Nematostella vectensis
FAA00398 TPA opsin Nematostella vectensis

CCP46950 c−opsin Cupiennius salei

TMT rhoPro c opsin Rhodnius prolixus
NP 001035057 pteropsin Apis mellifera

XP 001952294 c opsin Acyrthosiphon pisum
EFX86931 pteropsin4 Daphnia pulex
EFX87346 pteropsin3 Daphnia pulex
EFX87345 pteropsin1 Daphnia pulex
EFX89511 pteropsin9 Daphnia pulex
EFX80369 pteropsin8 Daphnia pulex
EFX80367 pteropsin7 Daphnia pulex
EFX80365 pteropsin6 Daphnia pulex

XP 312503 AGAP002443−PA GPROP11 pteropsin1 Anopheles gambiae
XP 312502 AGAP002444−PA GPROP12 peropsin2 Anopheles gambiae

BGIBMGA008437−PA silkdb org pteropsin Bombyx mori

AAY89040 c−opsin Tribolium castaneum

AAM90677 multiple tissue opsin Takifugu rubripes
AAL83431 TMT opsin Danio rerio

ABB88727 parietopsin Xenopus tropicalis
AAZ79904 parietopsin Uta stansburiana
BAA94288 VAL opsin Danio rerio
AAM77793 vertebrate ancient opsin long isoform Rutilus rutilus
AAY56361 vertebrate ancient long opsin b Danio rerio
AAC60124 vertebrate ancient opsin Salmo salar
XP 002119963 Cioin2 280535 pinopsin−like Ciona intestinalis
NP 001027727 Cioin2 295217 opsin Ciona intestinalis
BAD13381 bistable UV pigment Lethenteron japonicum
AAI71332 parapinopsin Xenopus tropicalis
BAD17961 parapinopsin Oncorhynchus mykiss
AAB84050 parapinopsin Ictalurus punctatus
AAF12820 deep brain photoreceptor protein pinopsin Bufo japonicus
AAD32622 P opsin Anolis carolinensis
P51476 Pinopsin Columba livia

s
NP 000504 MW opsin 1 Homo sapiens
NP 064445 LW opsin 1 Homo sapiens

ADI59657 red opsin Paralichthys olivaceus
AAD20549 red opsin Danio rerio

AAA49137 visual pigment Gallus gallus

NP 571394 opsin−1 SW1 UV Danio rerio
NP 001699 SW opsin 1 Homo sapiens
AAA49141 violet c opsin Gallus gallus

NP 571267 opsin−1 SW2 blue Danio rerio
ADI59658 blue opsin Paralichthys olivaceus

AAA48633 blue c opsin Gallus gallus

NP 878312 green sensitive opsin 3 similar 4 Danio rerio
NP 571328 green sensitive opsin 1 similar 2 Danio rerio
ADI59659 green opsin Paralichthys olivaceus
AAD30520 RH2 opsin Latimeria chalumnae
AAA48786 green c opsin Gallus gallus
AAD30519 RH1 opsin Latimeria chalumnae
BAA88958 exo rhodopsin Danio rerio
AAF44622 rod like opsin Takifugu rubripes
BAA00610 rhodopsin Gallus gallus
NP 001009242 rhodopsin Felis catus
NP 000530 rhodopsin Homo sapiens
NP 571159 rhodopsin Danio rerio
AAA30674 rhodopsin Bos taurus

XP 003247319 Acyrthosiphon pisum new

EFX84250 arthropsin6 Daphnia pulex
EFX84032 arthropsin8 Daphnia pulex

EFX84031 arthropsin7 Daphnia pulex

EFX83619 arthropsin3 Daphnia pulex

EFX83831 arthropsin5 Daphnia pulex
EFX83830 arthropsin4 Daphnia pulex
EFX83618 arthropsin2 Daphnia pulex

EFX83617 arthropsin1 Daphnia pulex

CCP46951 arthropsin Cupiennius salei
CCP46948 arthropsin Euperipatoides kanangrensis

EEN42130 Amphiop6 BRAFLDRAFT 110002 Branchiostoma floridae
BAC76024 Amphiop6 opsin Branchiostoma belcheri

EKC35173 Rhodopsin partial Crassostrea gigas
Lotgi1 154846 Lottia gigantea new
Lotgi1 156440 Lottia gigantea new
EKC18167 Rhodopsin GQ−coupled Crassostrea gigas

ELU16813 Capca1 124377 Capitella teleta new
ELU03019 Capca1 54244 Capitella teleta new

AGL94565 r opsin4 Platynereis dumerilii

EEN52295 melanopsin BRAFLDRAFT 65960 Branchiostoma floridae
BAE00065 melanopsin Branchiostoma belcheri

AAX73255 mammalian like melanopsin Gallus gallus

NP 150598 melanopsin isoform 1 Homo sapiens
NP 038915 melanopsin isoform 1 Mus musculus

AAL82577 melanopsin Danio rerio

AAO20043 melanopsin1 Gadus morhua
AAM95160 melanopsin2 Gadus morhua

AAK59988 putative photopigment melanopsin Gallus gallus

XP 003730546 opsin4 melanopsin Strongylocentrotus purpuratus

CAC86665 r opsin1 Platynereis dumerilii

Helro1 132379 new Helobdella robusta
Helro1 85596 new Helobdella robusta
Helro1 84106 new Helobdella robusta
Helro1 129809 new Helobdella robusta

ELU01272 Capca1 119596 Capitella teleta new
AGL94564 r opsin3 Platynereis dumerilii

AGJ70280 r opsin Terebratalia transversa

CAX73070 opsin 4 melanopsin Schistosoma japonicum
AAF73286 RHO G protein coupled receptor Schistosoma mansoni
CAB89516 opsin Girardia tigrina
CAD13146 opsin Dugesia japonica
AAD28720 opsin Schmidtea mediterranea

EKC23688 Rhodopsin GQ−coupled Crassostrea gigas
BAA22217 Gq rhodopsin Mizuhopecten yessoensis
Lotgi1 108602 Lottia gigantea
CAA30644 rhodopsin Enteroctopus dofleini
CAA49906 rhodopsin Todarodes pacificus
ACB05673 opsin Euprymna scolopes

CAA88923 opsin Alloteuthis subulata
CAA40108 rhodopsine Loligo forbesi
AAR18073 rhodopsin Doryteuthis pealeii

AAC26329 rhodopsin Sepia officinalis

KM086335 Hd-r-opsin Hypsibius dujardini
AFM75825 onychopsin Epiperipatus cf isthmicola LH−2012
AFM43711 onychopsin Eoperipatus sp LH−2012
CCP46946 onychopsin Euperipatoides kanangrensis
AFM75824 onychopsin Euperipatoides rowelli
AFM43712 onychopsin Ooperipatus hispidus
AFM43710 onychopsin Phallocephale tallagandensis

BAG80989 opsin Rhb clade c4 11 similar Branchinella kugenumaensis
BAG80987 opsin Rhb clade c1 11 similar Branchinella kugenumaensis

EFX77537 LOPB1 LOPB clade 1−15 DAPPUDRAFT 346974 Daphnia pulex
EFX77473 LOPB5 LOPB clade 1−15 DAPPUDRAFT 106095 Daphnia pulex

BAG80979 RhD Triops granarius

BAG80980 RhE Triops granarius
BAG80977 RhB Triops granarius

ACO05013 opsin5 Limulus polyphemus

EFX63570 LOPA3 LOPA cladeI 1−4 DAPPUDRAFT 67015 Daphnia pulex
EFX63568 LOPA1 LOPA cladeI 1−4 DAPPUDRAFT 307031 Daphnia pulex

EFX66668 LOPA6 LOPA cladeII 6−10 DAPPUDRAFT 302464 Daphnia pulex
EFX63132 LOPA10 LOPA cladeII 6−10 DAPPUDRAFT 346968 Daphnia pulex

BAG80976 RhA Triops granarius

BAA09132 opsin BcRh1 Hemigrapsus sanguineus
ACT31580 opsin 1 Uca vomeris
BAA09133 opsin BcRh2 Hemigrapsus sanguineus
ACT31581 opsin 2 Uca vomeris
ABM74400 opsin Portunus pelagicus
BAG80986 opsin RhD Branchinella kugenumaensis
BAG80985 opsin RhC Branchinella kugenumaensis
tetur24g02280 UV Tetranychus urticae
tetur07g05150 UV Tetranychus urticae
XP 002408319 rod opsin Ixodes scapularis
EFX70801 UNOP1 DAPPUDRAFT 346930 Daphnia pulex
EFX70796 UNOP2 DAPPUDRAFT 346935 Daphnia pulex
XP 002432663 GPRop3 UNOP Pediculus humanus corporis
UV7 rhoPro Rh7 like Rhodnius prolixus

XP 001944926 Rh7 likeA Acyrthosiphon pisum
XP 001943275 Rh7 likeB Acyrthosiphon pisum

BGIBMGA012539−PA silkdb org UNOP Bombyx mori

XP 308329 AGAP007548−PB GPROP10 UV7 Anopheles gambiae
AAF49949 Rh7 Drosophila melanogaster

CCO61975 rhodopsin 3 Cupiennius salei
BAG14335 kumopsin3 Plexippus paykulli
BAG14332 kumopsin3 Hasarius adansoni
EFX81332 UV wavelength opsin Daphnia pulex
BAG80984 opsin RhA Branchinella kugenumaensis
EFX75461 blue wavelength opsin Daphnia pulex
BAG80978 RhC Triops granarius
AAC47426 Rh5 Drosophila melanogaster
XP 319247 AGAP010089−PA GPROP9 LWS Anopheles gambiae
BAE19946 PrB opsin Pieris rapae
BAE19945 PrV opsin Pieris rapae
AAP49026 AF414075 1 blue opsin Vanessa cardui
AAD34223 Rh6 blue Papilio glaucus

CAA56378 lop2 UV opsin Schistocerca gregaria
BAF45422 blue opsin Dianemobius nigrofasciatus
AEG78685 blue opsin Gryllus bimaculatus

AAC13417 AmBLop Apis mellifera

XP 002422743 GPRop2 UV opsin Pediculus humanus corporis
BAG71429 UV opsin Dianemobius nigrofasciatus
AEG78686 UV opsin Gryllus bimaculatus
UV5 rhoPro UV opsin Rhodnius prolixus
XP 001951613 UV B Acyrthosiphon pisum
XP 001951588 UV A Acyrthosiphon pisum
AAG17120 UV A opsin Megoura viciae
AAC13418 AmUVop Apis mellifera
AAC05092 SW opsin Camponotus abdominalis
XP 556823 AGAP006126−PB GPROP8 UV5 Anopheles gambiae
XP 970344 uv opsin Tribolium castaneum
BAH56228 UV opsin Luciola cruciata
ACH56538 UV II opsin Thermonectus marmoratus
ACH56537 UV I opsin Thermonectus marmoratus

BAE19944 PrUV opsin Pieris rapae
AAP49025 AF414074 1 UV opsin Vanessa cardui

AAD34222 Rh5 UV Papilio glaucus

NP 476701 Rh4 Drosophila melanogaster
AAA28854 Rh3 Drosophila melanogaster

ABI48885 opsin Mysis diluviana
ABI48870 opsin c2 Euphausia superba

ABI48867 opsin c1 Archaeomysis grebnitzkii

ABI48886 opsin c1 Neomysis americana
ABI48875 opsin c1 Holmesimysis costata
ABH00987 rhodopsin Litopenaeus vannamei
ABI48884 opsin Homarus gammarus
ABG37008 opsin Rh2 Neogonodactylus oerstedii
ABG37009 opsin Rh3 Neogonodactylus oerstedii
ABG37007 opsin Rh1 Neogonodactylus oerstedii

AAB97666 rhodopsin Cambarellus shufeldtii
AAB25036 opsin Procambarus clarkii

XP 312478 AGAP002462−PA GPROP7 LW Anopheles gambiae
CAB06821 Rh6 Drosophila melanogaster
AEG78684 green opsin LWb Gryllus bimaculatus
ACN39591 LW opsin Dianemobius nigrofasciatus

EFA03667 rhodopsin green TC013765 Tribolium castaneum
BAH56227 LW opsin Luciola cruciata

ACH56536 LW opsin Thermonectus marmoratus

LWS rhoPro LW opsin Rhodnius prolixus
CAA56377 lop1 LW opsin Schistocerca gregaria
XP 002427337 GPRop1 LW opsin Pediculus humanus corporis
AAU95194 rhodopsin Oncometopia nigricans
AAT01077 rhodopsin Homalodisca vitripennis
XP 001947730 LW Acyrthosiphon pisum
AAG17119 LW opsin Megoura viciae

XP 003435763 AGAP013149−PA GPROP1 4 6 LW Anopheles gambiae
XP 001238571 AGAP001162−PA GPROP5 LW Anopheles gambiae

NP 001036882 Lop2 LW opsin ceropsin Bombyx mori
BGIBMGA007787−PA silkdb org Lop1 LW opsin Bombyx mori

AAD34224 Rh4 LW Papilio glaucus

AAL59879 AF385333 1 LW opsin Vanessa cardui
AAD34221 Rh2 LW Papilio glaucus
BAD66860 PrL opsin Pieris rapae
AAD34220 Rh1 LW Papilio glaucus
AAD29575 Rh3 LW Papilio glaucus

AAC47083 rhodopsin Camponotus abdominalis
AAA69069 AmLop1 Apis mellifera

AEG78683 green opsin LWa Gryllus bimaculatus
NP 001071293 AmLop2 Apis mellifera
AAA28734 Rh2 Drosophila melanogaster
AAA28733 Rh1 Drosophila melanogaster

tetur12g04340 LW Tetranychus urticae
CCO61973 rhodopsin 1 Cupiennius salei
BAG14333 kumopsin1 Plexippus paykulli
BAG14330 kumopsin1 Hasarius adansoni

CCO61974 rhodopsin 2 Cupiennius salei
BAG14334 kumopsin2 Plexippus paykulli
BAG14331 kumopsin2 Hasarius adansoni

AAA02498 opsin1 lateral Limulus polyphemus
AAA02499 opsin2 ocellar Limulus polyphemus
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Figure S2. Majority-rule consensus tree of the Bayesian inference analysis under the site-heterogeneous CAT-GTR model of amino acid sequence evolution of 401 
opsins and opsin related proteins and the placement of the opsin genes of the tardigrade Hypsibius dujardini (highlighted in red). Posterior probabilities > 0.70 are given 
at the nodes. G-protein-coupled receptor sequences other than opsins were used as outgroups. Bars on the right indicate the leaf stability indices derived from 1,000 
ML bootstrapping trees (red: LS≤0.50, orange: LS≤0.60, blue: LS>0.60). Scale bar indicates the number of substitutions per site. 



XP 001637523 NEMVEDRAFT 33918 Nematostella vectensis

aug v2a 10282 t1 Acropora digitifera new
AFZ78086 acropsin 3 Acropora palmata

XP 001626113 NEMVEDRAFT 13116 Nematostella vectensis

ADZ24786 c opsin Terebratalia transversa
Lotgi1 64356 Lottia gigantea
EKC19392 Melanopsin Crassostrea gigas
EKC19391 Melanopsin Crassostrea gigas

EKC20546 Opsin−VA Crassostrea gigas
EKC20545 Melanopsin Crassostrea gigas

XP 783302 opsin1 pinopsin Strongylocentrotus purpuratus
BAH28806 encephalopsin Hemicentrotus pulcherrimus

AAL83431 TMT opsin Danio rerio
AAM90677 multiple tissue opsin Takifugu rubripes
XP 002611091 Opn3 3 BRAFLDRAFT 206045 Branchiostoma floridae
XP 002611090 Opn3 2 c−like2 BRAFLDRAFT 206170 Branchiostoma floridae

CCP46947 c−opsin Euperipatoides kanangrensis
CCP46950 c−opsin Cupiennius salei
KM086336 Hd-c-opsin1 Hypsibius dujardini
KM086337 Hd-c-opsin2 Hypsibius dujardini
KM086338 Hd-c-opsin3 Hypsibius dujardini
EFX86931 pteropsin4 Daphnia pulex
EFX87346 pteropsin3 Daphnia pulex
EFX87345 pteropsin1 Daphnia pulex

EFX80365 pteropsin6 Daphnia pulex
EFX80367 pteropsin7 Daphnia pulex

EFX80369 pteropsin8 Daphnia pulex
EFX89511 pteropsin9 Daphnia pulex

XP 001952294 c opsin Acyrthosiphon pisum
NP 001035057 pteropsin Apis mellifera
TMT rhoPro c opsin Rhodnius prolixus

BGIBMGA008437−PA silkdb org pteropsin Bombyx mori
XP 312503 AGAP002443−PA GPROP11 pteropsin1 Anopheles gambiae
XP 312502 AGAP002444−PA GPROP12 peropsin2 Anopheles gambiae

AAY89040 c−opsin Tribolium castaneum

XP 002589213 Opn3 1 BRAFLDRAFT 185357 Branchiostoma floridae
XP 002589211 Opn3 5 Amphiop5 c−like1 BRAFLDRAFT 74630 Branchiostoma floridae
XP 002589210 Opn3 4 Amphiop4 c−like3 BRAFLDRAFT 74631 Branchiostoma floridae

NP 001104634 opsin−3 Encephalopsin Danio rerio
NP 034228 opsin 3 Encephalopsin Mus musculus
NP 055137 opsin−3 Encephalopsin Homo sapiens

ABB88727 parietopsin Xenopus tropicalis
AAZ79904 parietopsin Uta stansburiana

NP 000504 MW opsin 1 Homo sapiens
NP 064445 LW opsin 1 Homo sapiens
AAA49137 visual pigment Gallus gallus
AAD20549 red opsin Danio rerio
ADI59657 red opsin Paralichthys olivaceus
AAF12820 deep brain photoreceptor protein pinopsin Bufo japonicus

P51476 Pinopsin Columba livia
AAA64223 pinopsin Gallus gallus

AAD32622 P opsin Anolis carolinensis

NP 571394 opsin−1 SW1 UV Danio rerio
AAA49141 violet c opsin Gallus gallus
NP 001699 SW opsin 1 Homo sapiens
AAA48633 blue c opsin Gallus gallus
NP 571267 opsin−1 SW2 blue Danio rerio
ADI59658 blue opsin Paralichthys olivaceus

AAD30519 RH1 opsin Latimeria chalumnae
BAA88958 exo rhodopsin Danio rerio
AAF44622 rod like opsin Takifugu rubripes
BAA00610 rhodopsin Gallus gallus
NP 001009242 rhodopsin Felis catus
NP 000530 rhodopsin Homo sapiens
NP 571159 rhodopsin Danio rerio
AAA30674 rhodopsin Bos taurus

AAD30520 RH2 opsin Latimeria chalumnae
AAA48786 green c opsin Gallus gallus
ADI59659 green opsin Paralichthys olivaceus
NP 878312 green sensitive opsin 3 similar 4 Danio rerio
NP 571328 green sensitive opsin 1 similar 2 Danio rerio

NP 001027727 Cioin2 295217 opsin Ciona intestinalis
XP 002119963 Cioin2 280535 pinopsin−like Ciona intestinalis
AAB84050 parapinopsin Ictalurus punctatus
BAD17961 parapinopsin Oncorhynchus mykiss
BAD13381 bistable UV pigment Lethenteron japonicum
AAI71332 parapinopsin Xenopus tropicalis

AAM77793 vertebrate ancient opsin long isoform Rutilus rutilus
BAA94288 VAL opsin Danio rerio
AAC60124 vertebrate ancient opsin Salmo salar
AAY56361 vertebrate ancient long opsin b Danio rerio

AAV63834 c opsin Platynereis dumerilii

BAG80696 opsin Carybdea rastonii
BAD67142 opsin Hydra vulgaris
BAD67141 opsin Hydra vulgaris
BAD67143 opsin Hydra vulgaris
BAF95842 opsin Cladonema radiatum
BAF95840 opsin Cladonema radiatum
BAF95834 opsin Cladonema radiatum
BAF95835 opsin Cladonema radiatum
BAF95836 opsin Cladonema radiatum
BAF95838 opsin Cladonema radiatum
BAF95826 opsin Cladonema radiatum
BAF95825 opsin Cladonema radiatum
BAF95828 opsin Cladonema radiatum
BAF95827 opsin Cladonema radiatum
BAF95844 opsin Hydractinia carnea
BAF95843 opsin Hydractinia carnea
BAD67145 opsin Hydra vulgaris cnidocyte
BAD67144 opsin Hydra vulgaris

BAD67146 opsin Hydra vulgaris
BAD67147 opsin Hydra vulgaris

BAD67148 opsin Hydra vulgaris

EU310498 c opsin Tripedalia cystophora
AFZ78084 acropsin 1 Acropora palmata
FAA00387 TPA opsin Nematostella vectensis
FAA00384 TPA opsin Nematostella vectensis
FAA00383 TPA opsin Nematostella vectensis

FAA00389 TPA opsin Nematostella vectensis
FAA00388 TPA opsin Nematostella vectensis
FAA00394 TPA opsin Nematostella vectensis
FAA00393 TPA opsin Nematostella vectensis
FAA00400 TPA opsin Nematostella vectensis
FAA00392 TPA opsin Nematostella vectensis

AFZ78085 acropsin 2 Acropora palmata

AFK83789 opsin 2 Mnemiopsis leidyi
FQ011385 Pleurobrachia pileus EST
AFK83788 opsin 1 Mnemiopsis leidyi
FP991591 CU419614 Pleurobrachia pileus EST

XP 001199309 opsin 5 like Strongylocentrotus purpuratus new
XP 002587828 Opn5 3 BRAFLDRAFT 94083 Branchiostoma floridae
XP 002594196 Opn5 1 BRAFLDRAFT 65045 Branchiostoma floridae
XP 002613137 Opn5 2 BRAFLDRAFT 210643 Branchiostoma floridae
NP 001186975 opsin−5 Danio rerio
NP 001124215 opsin−5 Gallus gallus
XP 002189255 PREDICTED opsin 5 Taeniopygia guttata
XP 001369202 PREDICTED opsin−5 Monodelphis domestica

EDL23393 opsin 5 Mus musculus
EDM18681 opsin 5 Rattus norvegicus
NP 859528 opsin−5 neuropsin Homo sapiens
XP 001146167 PREDICTED opsin−5 isoform 3 Pan troglodytes
XP 003639476 PREDICTED opsin−5−like Canis lupus familiaris
XP 001502825 PREDICTED opsin−5 Equus caballus
NP 001193009 opsin−5 Bos taurus

XP 001511991 PREDICTED opsin−5 Ornithorhynchus anatinus

EKC25796 Opsin−5 partial Crassostrea gigas
Lotgi1 72363 Lottia gigantea new
Lotgi1 140119 Lottia gigantea new

ELU09017 Capca1 44169 Capitella teleta new
ELU02401 Capca1 226303 Capitella teleta new
ELT87227 Capca1 221903 Capitella teleta new
ELT87076 Capca1 197851 Capitella teleta new
ELU11093 Capca1 36183 Capitella teleta new
ELT97785 Capca1 63256 Capitella teleta new

KM086339 Hd-neuropsin Hypsibius dujardini

EFX84680 DAPPUDRAFT 194423 Daphnia pulex new

Lotgi1 152675 Lottia gigantea new

O15974 G0 coupled rhodopsin Mizuhopecten yessoensis
EKC29416 Rhodopsin G0−coupled Crassostrea gigas

Lotgi1 173452 Lottia gigantea new

AGJ70278 Go opsin 1 Terebratalia transversa

XP 002609116 GoOpsin1 Amphiop1 BRAFLDRAFT 91094 Branchiostoma floridae
XP 002609117 GoOpsin2 BRAFLDRAFT 91095 Branchiostoma floridae

EEN65038 hypothetical protein BRAFLDRAFT 84844 Branchiostoma floridae

Lotgi1 116468 Lottia gigantea new

Lotgi1 122769 Lottia gigantea new
Lotgi1 123097 Lottia gigantea new

Lotgi1 156508 Lottia gigantea new

XP 003723700 opsin3 1 Strongylocentrotus purpuratus
XP 783329 opsin3 2 Strongylocentrotus purpuratus

XP 002604146 GoOpsin3 Amphiop2 BRAFLDRAFT 71561 Branchiostoma floridae

tetur04g04260 LW Tetranychus urticae
CCP46949 peropsin Cupiennius salei
BAJ22674 peropsin Hasarius adansoni
Lotgi1 154374 Lottia gigantea new
EKC40616 peropsin Crassostrea gigas
XP 002732329 opsin like Saccoglossus kowalevskii
NP 001027640 Cioin2 207066 retinal G protein coupled receptor Ciona intestinalis
NP 001027636 Cioin2 298833 Ciona intestinalis new

NP 001016013 retinal G protein coupled receptor Xenopus Silurana tropicalis
AAR02099 RGR opsin Gallus gallus
XP 864762 PREDICTED RPE−retinal G protein−coupled receptor isoform 2 Canis lupus familiaris
NP 786969 RPE−retinal G protein−coupled receptor Bos taurus
NP 002912 RPE−retinal G protein−coupled receptor isoform 1 Homo sapiens
XP 001154882 PREDICTED RPE−retinal G protein−coupled receptor isoform 3 Pan troglodytes

NP 001017877 RPE−retinal G protein−coupled receptor Danio rerio

AAR02098 peropsin Gallus gallus
NP 001004654 peropsin Danio rerio
NP 006574 peropsin Homo sapiens
NP 001179153 visual pigment−like receptor peropsin Bos taurus
XP 853139 PREDICTED retinal pigment epithelium−derived rhodopsin homolog Canis lupus familiaris
NP 001101196 visual pigment−like receptor peropsin Rattus norvegicus
NP 033128 peropsin Mus musculus

XP 784266 opsin6 peropsin−like Strongylocentrotus purpuratus

BAC76023 Amphiop3 opsin Branchiostoma belcheri
XP 002605849 Rrh Amphiop3 BRAFLDRAFT 90832 Branchiostoma floridae
Lotgi1 155231 Lottia gigantea new
EKC42752 Visual pigment−like receptor peropsin Crassostrea gigas

BAA22217 Gq rhodopsin Mizuhopecten yessoensis
EKC23688 Rhodopsin GQ−coupled Crassostrea gigas
Lotgi1 108602 Lottia gigantea
CAA30644 rhodopsin Enteroctopus dofleini
CAA49906 rhodopsin Todarodes pacificus

CAA88923 opsin Alloteuthis subulata
AAR18073 rhodopsin Doryteuthis pealeii
CAA40108 rhodopsine Loligo forbesi

AAC26329 rhodopsin Sepia officinalis
ACB05673 opsin Euprymna scolopes

AGJ70280 r opsin Terebratalia transversa

AAD28720 opsin Schmidtea mediterranea
CAB89516 opsin Girardia tigrina
CAD13146 opsin Dugesia japonica

AAF73286 RHO G protein coupled receptor Schistosoma mansoni
CAX73070 opsin 4 melanopsin Schistosoma japonicum

CAC86665 r opsin1 Platynereis dumerilii

Helro1 132379 new Helobdella robusta
Helro1 85596 new Helobdella robusta
Helro1 84106 new Helobdella robusta
Helro1 129809 new Helobdella robusta

AGL94564 r opsin3 Platynereis dumerilii
ELU01272 Capca1 119596 Capitella teleta new

XP 003730546 opsin4 melanopsin Strongylocentrotus purpuratus
KM086335 Hd-r-opsin Hypsibius dujardini
AFM43711 onychopsin Eoperipatus sp LH−2012
AFM75825 onychopsin Epiperipatus cf isthmicola LH−2012
CCP46946 onychopsin Euperipatoides kanangrensis
AFM75824 onychopsin Euperipatoides rowelli
AFM43712 onychopsin Ooperipatus hispidus
AFM43710 onychopsin Phallocephale tallagandensis
BAG80985 opsin RhC Branchinella kugenumaensis
BAG80986 opsin RhD Branchinella kugenumaensis
XP 002408319 rod opsin Ixodes scapularis

XP 308329 AGAP007548−PB GPROP10 UV7 Anopheles gambiae
AAF49949 Rh7 Drosophila melanogaster

XP 001943275 Rh7 likeB Acyrthosiphon pisum
XP 001944926 Rh7 likeA Acyrthosiphon pisum

BGIBMGA012539−PA silkdb org UNOP Bombyx mori

XP 002432663 GPRop3 UNOP Pediculus humanus corporis
UV7 rhoPro Rh7 like Rhodnius prolixus

tetur07g05150 UV Tetranychus urticae
tetur24g02280 UV Tetranychus urticae
EFX70796 UNOP2 DAPPUDRAFT 346935 Daphnia pulex
EFX70801 UNOP1 DAPPUDRAFT 346930 Daphnia pulex

CCO61975 rhodopsin 3 Cupiennius salei
BAG14335 kumopsin3 Plexippus paykulli
BAG14332 kumopsin3 Hasarius adansoni

XP 002422743 GPRop2 UV opsin Pediculus humanus corporis
AEG78686 UV opsin Gryllus bimaculatus
BAG71429 UV opsin Dianemobius nigrofasciatus
UV5 rhoPro UV opsin Rhodnius prolixus

XP 001951588 UV A Acyrthosiphon pisum
AAG17120 UV A opsin Megoura viciae

XP 001951613 UV B Acyrthosiphon pisum

NP 476701 Rh4 Drosophila melanogaster
AAA28854 Rh3 Drosophila melanogaster
AAD34222 Rh5 UV Papilio glaucus
AAP49025 AF414074 1 UV opsin Vanessa cardui
BAE19944 PrUV opsin Pieris rapae
XP 556823 AGAP006126−PB GPROP8 UV5 Anopheles gambiae
ACH56538 UV II opsin Thermonectus marmoratus
ACH56537 UV I opsin Thermonectus marmoratus
XP 970344 uv opsin Tribolium castaneum
BAH56228 UV opsin Luciola cruciata

AAC13418 AmUVop Apis mellifera
AAC05092 SW opsin Camponotus abdominalis

BAG80984 opsin RhA Branchinella kugenumaensis
EFX75461 blue wavelength opsin Daphnia pulex
BAG80978 RhC Triops granarius
AAC47426 Rh5 Drosophila melanogaster

BAE19945 PrV opsin Pieris rapae
BAE19946 PrB opsin Pieris rapae
AAD34223 Rh6 blue Papilio glaucus
AAP49026 AF414075 1 blue opsin Vanessa cardui
AAC13417 AmBLop Apis mellifera

BAF45422 blue opsin Dianemobius nigrofasciatus
AEG78685 blue opsin Gryllus bimaculatus

CAA56378 lop2 UV opsin Schistocerca gregaria

XP 319247 AGAP010089−PA GPROP9 LWS Anopheles gambiae

EFX81332 UV wavelength opsin Daphnia pulex

ABM74400 opsin Portunus pelagicus
ACT31581 opsin 2 Uca vomeris
BAA09133 opsin BcRh2 Hemigrapsus sanguineus

BAA09132 opsin BcRh1 Hemigrapsus sanguineus
ACT31580 opsin 1 Uca vomeris

EFX63568 LOPA1 LOPA cladeI 1−4 DAPPUDRAFT 307031 Daphnia pulex
EFX63570 LOPA3 LOPA cladeI 1−4 DAPPUDRAFT 67015 Daphnia pulex

EFX66668 LOPA6 LOPA cladeII 6−10 DAPPUDRAFT 302464 Daphnia pulex
EFX63132 LOPA10 LOPA cladeII 6−10 DAPPUDRAFT 346968 Daphnia pulex

BAG80976 RhA Triops granarius

tetur12g04340 LW Tetranychus urticae

BAG14333 kumopsin1 Plexippus paykulli
BAG14330 kumopsin1 Hasarius adansoni

CCO61973 rhodopsin 1 Cupiennius salei

AAA02498 opsin1 lateral Limulus polyphemus
AAA02499 opsin2 ocellar Limulus polyphemus

BAG14331 kumopsin2 Hasarius adansoni
BAG14334 kumopsin2 Plexippus paykulli

CCO61974 rhodopsin 2 Cupiennius salei

ABI48867 opsin c1 Archaeomysis grebnitzkii
ABI48885 opsin Mysis diluviana
ABI48870 opsin c2 Euphausia superba
ABI48886 opsin c1 Neomysis americana
ABH00987 rhodopsin Litopenaeus vannamei
ABI48875 opsin c1 Holmesimysis costata
AAB25036 opsin Procambarus clarkii
AAB97666 rhodopsin Cambarellus shufeldtii
ABG37009 opsin Rh3 Neogonodactylus oerstedii
ABG37007 opsin Rh1 Neogonodactylus oerstedii
ABG37008 opsin Rh2 Neogonodactylus oerstedii
ABI48884 opsin Homarus gammarus
CAB06821 Rh6 Drosophila melanogaster
XP 312478 AGAP002462−PA GPROP7 LW Anopheles gambiae

XP 002427337 GPRop1 LW opsin Pediculus humanus corporis
XP 001947730 LW Acyrthosiphon pisum
AAG17119 LW opsin Megoura viciae
AAU95194 rhodopsin Oncometopia nigricans
AAT01077 rhodopsin Homalodisca vitripennis

LWS rhoPro LW opsin Rhodnius prolixus
CAA56377 lop1 LW opsin Schistocerca gregaria

ACH56536 LW opsin Thermonectus marmoratus
EFA03667 rhodopsin green TC013765 Tribolium castaneum
BAH56227 LW opsin Luciola cruciata
ACN39591 LW opsin Dianemobius nigrofasciatus
AEG78684 green opsin LWb Gryllus bimaculatus

NP 001071293 AmLop2 Apis mellifera
AAA28734 Rh2 Drosophila melanogaster
AAA28733 Rh1 Drosophila melanogaster

AEG78683 green opsin LWa Gryllus bimaculatus

AAD34224 Rh4 LW Papilio glaucus
BGIBMGA007787−PA silkdb org Lop1 LW opsin Bombyx mori
NP 001036882 Lop2 LW opsin ceropsin Bombyx mori
AAL59879 AF385333 1 LW opsin Vanessa cardui
AAD34221 Rh2 LW Papilio glaucus
BAD66860 PrL opsin Pieris rapae
AAD34220 Rh1 LW Papilio glaucus
AAD29575 Rh3 LW Papilio glaucus

XP 001238571 AGAP001162−PA GPROP5 LW Anopheles gambiae
XP 003435763 AGAP013149−PA GPROP1 4 6 LW Anopheles gambiae

AAA69069 AmLop1 Apis mellifera
AAC47083 rhodopsin Camponotus abdominalis

ACO05013 opsin5 Limulus polyphemus
BAG80977 RhB Triops granarius
BAG80980 RhE Triops granarius
BAG80989 opsin Rhb clade c4 11 similar Branchinella kugenumaensis
BAG80987 opsin Rhb clade c1 11 similar Branchinella kugenumaensis

EFX77473 LOPB5 LOPB clade 1−15 DAPPUDRAFT 106095 Daphnia pulex
EFX77537 LOPB1 LOPB clade 1−15 DAPPUDRAFT 346974 Daphnia pulex

BAG80979 RhD Triops granarius

BAE00065 melanopsin Branchiostoma belcheri
EEN52295 melanopsin BRAFLDRAFT 65960 Branchiostoma floridae
AAK59988 putative photopigment melanopsin Gallus gallus
AAM95160 melanopsin2 Gadus morhua
AAO20043 melanopsin1 Gadus morhua
AAX73255 mammalian like melanopsin Gallus gallus
AAL82577 melanopsin Danio rerio
NP 150598 melanopsin isoform 1 Homo sapiens
NP 038915 melanopsin isoform 1 Mus musculus

EKC35173 Rhodopsin partial Crassostrea gigas
Lotgi1 154846 Lottia gigantea new
EEN42130 Amphiop6 BRAFLDRAFT 110002 Branchiostoma floridae
BAC76024 Amphiop6 opsin Branchiostoma belcheri
EKC18167 Rhodopsin GQ−coupled Crassostrea gigas
Lotgi1 156440 Lottia gigantea new

AGL94565 r opsin4 Platynereis dumerilii
ELU03019 Capca1 54244 Capitella teleta new
ELU16813 Capca1 124377 Capitella teleta new

CCP46948 arthropsin Euperipatoides kanangrensis
CCP46951 arthropsin Cupiennius salei

EFX83619 arthropsin3 Daphnia pulex
EFX83617 arthropsin1 Daphnia pulex

EFX83830 arthropsin4 Daphnia pulex
EFX83618 arthropsin2 Daphnia pulex

EFX83831 arthropsin5 Daphnia pulex

EFX84031 arthropsin7 Daphnia pulex
EFX84250 arthropsin6 Daphnia pulex
EFX84032 arthropsin8 Daphnia pulex

XP 003247319 Acyrthosiphon pisum new

XP 002408422 G−protein coupled octopamine receptor putative Ixodes scapularis

AAK31793 somatostatin receptor Drosophila melanogaster
XP 001950448 PREDICTED somatostatin receptor type 2 like isoform 1 Acyrthosiphon pisum

AAK52473 allatostatin receptor Periplaneta americana
XP 002403852 allatostatin receptor putative Ixodes scapularis

AAF05299 allatostatin receptor Drosophila melanogaster

XP 001946949 PREDICTED tachykinin−like peptides receptor 99D−like Acyrthosiphon pisum

B2Y4M8 DICLA MT1 melatonin receptor Dicentrarchus labrax

NP 005949 melatonin receptor type 1A Homo sapiens
F7CZB3 HORSE putative melatonin Equus caballus

P49219 MTR1C XENLA Melatonin receptor type 1C Xenopus laevis

XP 002409287 dopamine D1 beta receptor putative Ixodes scapularis
NP 001108459 dopamine receptor 1 Bombyx mori
XP 001647989 dopamine receptor Aedes aegypti

XP 002112437 hypothetical protein TRIADDRAFT 26009 Trichoplax adhaerens
XP 002112438 hypothetical protein TRIADDRAFT 26040 Trichoplax adhaerens

XP 002113363 hypothetical protein TRIADDRAFT 3759 Trichoplax adhaerens
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50 6.06 0

100 4.06 0

150 3.26 16

200 2.84 79

250 2.5 99

Converged after 250 replicates

RAxML a posteriori Bootstrap convergence assessment (-I autoMRE)

Figure S3. Maximum likelihood tree under a dataset-specific GTR+G model of amino acid sequence evolution of the pruned dataset LS50 (excluded taxa with leaf stabi-
lity≤0.50) and the placement of the opsin genes of the tardigrade Hypsibius dujardini (highlighted in red). Bootstrap values (from 1,000 pseudoreplicates) > 50% are 
given at the nodes. According to the bootstrap convergence assessment, a sufficient number of replicates has been generated (table in lower left corner). G-protein-
coupled receptor sequences other than opsins were used as outgroups. Bars on the right indicate the leaf stability indices derived from 1,000 ML bootstrapping trees 
on the full dataset (orange: LS≤0.60, light blue: LS>0.60) and from 1,000 ML bootstrapping trees after pruning of taxa with LS≤0.50 (dark blue). Scale bar indicates the 
number of substitutions per site. 



0.1

XP 002409287 dopamine D1 beta receptor putative Ixodes scapularis
XP 001647989 dopamine receptor Aedes aegypti
NP 001108459 dopamine receptor 1 Bombyx mori

P49219 MTR1C XENLA Melatonin receptor type 1C Xenopus laevis
NP 005949 melatonin receptor type 1A Homo sapiens
F7CZB3 HORSE putative melatonin Equus caballus

B2Y4M8 DICLA MT1 melatonin receptor Dicentrarchus labrax

XP 002408422 G−protein coupled octopamine receptor putative Ixodes scapularis
XP 001946949 PREDICTED tachykinin−like peptides receptor 99D−like Acyrthosiphon pisum
XP 001950448 PREDICTED somatostatin receptor type 2 like isoform 1 Acyrthosiphon pisum
AAK31793 somatostatin receptor Drosophila melanogaster
XP 002403852 allatostatin receptor putative Ixodes scapularis
AAK52473 allatostatin receptor Periplaneta americana
AAF05299 allatostatin receptor Drosophila melanogaster
XP 002113363 hypothetical protein TRIADDRAFT 3759 Trichoplax adhaerens
XP 002112438 hypothetical protein TRIADDRAFT 26040 Trichoplax adhaerens
XP 002112437 hypothetical protein TRIADDRAFT 26009 Trichoplax adhaerens
XP 001637523 NEMVEDRAFT 33918 Nematostella vectensis
XP 001626113 NEMVEDRAFT 13116 Nematostella vectensis
aug v2a 10282 t1 Acropora digitifera new
AFZ78086 acropsin 3 Acropora palmata

KM086339 Hd-neuropsin Hypsibius dujardini
ELU09017 Capca1 44169 Capitella teleta new
ELU02401 Capca1 226303 Capitella teleta new
ELT87227 Capca1 221903 Capitella teleta new

ELU11093 Capca1 36183 Capitella teleta new
ELT97785 Capca1 63256 Capitella teleta new

ELT87076 Capca1 197851 Capitella teleta new

Lotgi1 72363 Lottia gigantea new
Lotgi1 140119 Lottia gigantea new

EKC25796 Opsin−5 partial Crassostrea gigas
EFX84680 DAPPUDRAFT 194423 Daphnia pulex new

XP 002613137 Opn5 2 BRAFLDRAFT 210643 Branchiostoma floridae
XP 002594196 Opn5 1 BRAFLDRAFT 65045 Branchiostoma floridae

XP 002587828 Opn5 3 BRAFLDRAFT 94083 Branchiostoma floridae
XP 001199309 opsin 5 like Strongylocentrotus purpuratus new

NP 001186975 opsin−5 Danio rerio
XP 002189255 PREDICTED opsin 5 Taeniopygia guttata
NP 001124215 opsin−5 Gallus gallus
XP 001369202 PREDICTED opsin−5 Monodelphis domestica
XP 001511991 PREDICTED opsin−5 Ornithorhynchus anatinus
XP 001146167 PREDICTED opsin−5 isoform 3 Pan troglodytes
NP 859528 opsin−5 neuropsin Homo sapiens

XP 003639476 PREDICTED opsin−5−like Canis lupus familiaris
XP 001502825 PREDICTED opsin−5 Equus caballus
NP 001193009 opsin−5 Bos taurus

EDM18681 opsin 5 Rattus norvegicus
EDL23393 opsin 5 Mus musculus

Lotgi1 152675 Lottia gigantea new
XP 002604146 GoOpsin3 Amphiop2 BRAFLDRAFT 71561 Branchiostoma floridae

Lotgi1 156508 Lottia gigantea new
Lotgi1 123097 Lottia gigantea new
Lotgi1 122769 Lottia gigantea new

Lotgi1 116468 Lottia gigantea new

XP 783329 opsin3 2 Strongylocentrotus purpuratus
XP 003723700 opsin3 1 Strongylocentrotus purpuratus
Lotgi1 173452 Lottia gigantea new
O15974 G0 coupled rhodopsin Mizuhopecten yessoensis
EKC29416 Rhodopsin G0−coupled Crassostrea gigas

XP 002609117 GoOpsin2 BRAFLDRAFT 91095 Branchiostoma floridae
XP 002609116 GoOpsin1 Amphiop1 BRAFLDRAFT 91094 Branchiostoma floridae

EEN65038 hypothetical protein BRAFLDRAFT 84844 Branchiostoma floridae
AGJ70278 Go opsin 1 Terebratalia transversa

XP 784266 opsin6 peropsin−like Strongylocentrotus purpuratus
XP 002732329 opsin like Saccoglossus kowalevskii
Lotgi1 155231 Lottia gigantea new
EKC42752 Visual pigment−like receptor peropsin Crassostrea gigas
Lotgi1 154374 Lottia gigantea new
EKC40616 peropsin Crassostrea gigas

tetur04g04260 LW Tetranychus urticae
CCP46949 peropsin Cupiennius salei
BAJ22674 peropsin Hasarius adansoni

XP 002605849 Rrh Amphiop3 BRAFLDRAFT 90832 Branchiostoma floridae
BAC76023 Amphiop3 opsin Branchiostoma belcheri

NP 001027640 Cioin2 207066 retinal G protein coupled receptor Ciona intestinalis
NP 001027636 Cioin2 298833 Ciona intestinalis new
NP 001017877 RPE−retinal G protein−coupled receptor Danio rerio
NP 001016013 retinal G protein coupled receptor Xenopus Silurana tropicalis

XP 864762 PREDICTED RPE−retinal G protein−coupled receptor isoform 2 Canis lupus familiaris
NP 786969 RPE−retinal G protein−coupled receptor Bos taurus
XP 001154882 PREDICTED RPE−retinal G protein−coupled receptor isoform 3 Pan troglodytes
NP 002912 RPE−retinal G protein−coupled receptor isoform 1 Homo sapiens

AAR02099 RGR opsin Gallus gallus

NP 001004654 peropsin Danio rerio

NP 006574 peropsin Homo sapiens
XP 853139 PREDICTED retinal pigment epithelium−derived rhodopsin homolog Canis lupus familiaris
NP 001179153 visual pigment−like receptor peropsin Bos taurus
NP 033128 peropsin Mus musculus
NP 001101196 visual pigment−like receptor peropsin Rattus norvegicus

AAR02098 peropsin Gallus gallus

EU310498 c opsin Tripedalia cystophora

BAG80696 opsin Carybdea rastonii
BAF95844 opsin Hydractinia carnea
BAF95828 opsin Cladonema radiatum
BAF95827 opsin Cladonema radiatum
BAF95826 opsin Cladonema radiatum
BAF95825 opsin Cladonema radiatum
BAF95843 opsin Hydractinia carnea

BAD67148 opsin Hydra vulgaris
BAD67147 opsin Hydra vulgaris
BAD67146 opsin Hydra vulgaris

BAD67145 opsin Hydra vulgaris cnidocyte
BAD67144 opsin Hydra vulgaris

BAF95842 opsin Cladonema radiatum
BAF95840 opsin Cladonema radiatum
BAF95838 opsin Cladonema radiatum
BAF95836 opsin Cladonema radiatum
BAF95835 opsin Cladonema radiatum
BAF95834 opsin Cladonema radiatum

BAD67143 opsin Hydra vulgaris
BAD67142 opsin Hydra vulgaris
BAD67141 opsin Hydra vulgaris

FAA00400 TPA opsin Nematostella vectensis
FAA00393 TPA opsin Nematostella vectensis
FAA00392 TPA opsin Nematostella vectensis

FAA00394 TPA opsin Nematostella vectensis
FAA00388 TPA opsin Nematostella vectensis

FAA00389 TPA opsin Nematostella vectensis
AFZ78085 acropsin 2 Acropora palmata

FAA00387 TPA opsin Nematostella vectensis
FAA00384 TPA opsin Nematostella vectensis
FAA00383 TPA opsin Nematostella vectensis

AFZ78084 acropsin 1 Acropora palmata

FQ011385 Pleurobrachia pileus EST
AFK83789 opsin 2 Mnemiopsis leidyi
FP991591 CU419614 Pleurobrachia pileus EST
AFK83788 opsin 1 Mnemiopsis leidyi
EKC20546 Opsin−VA Crassostrea gigas
EKC20545 Melanopsin Crassostrea gigas

Lotgi1 64356 Lottia gigantea
EKC19392 Melanopsin Crassostrea gigas
EKC19391 Melanopsin Crassostrea gigas

ADZ24786 c opsin Terebratalia transversa

AAV63834 c opsin Platynereis dumerilii
CCP46947 c−opsin Euperipatoides kanangrensis

KM086338 Hd-c-opsin3 Hypsibius dujardini
KM086337 Hd-c-opsin2 Hypsibius dujardini
KM086336 Hd-c-opsin1 Hypsibius dujardini

CCP46950 c−opsin Cupiennius salei

XP 001952294 c opsin Acyrthosiphon pisum

EFX87346 pteropsin3 Daphnia pulex
EFX87345 pteropsin1 Daphnia pulex

EFX86931 pteropsin4 Daphnia pulex

EFX89511 pteropsin9 Daphnia pulex
EFX80369 pteropsin8 Daphnia pulex
EFX80367 pteropsin7 Daphnia pulex
EFX80365 pteropsin6 Daphnia pulex

TMT rhoPro c opsin Rhodnius prolixus
NP 001035057 pteropsin Apis mellifera

XP 312503 AGAP002443−PA GPROP11 pteropsin1 Anopheles gambiae
XP 312502 AGAP002444−PA GPROP12 peropsin2 Anopheles gambiae

BGIBMGA008437−PA silkdb org pteropsin Bombyx mori

AAY89040 c−opsin Tribolium castaneum

XP 783302 opsin1 pinopsin Strongylocentrotus purpuratus
BAH28806 encephalopsin Hemicentrotus pulcherrimus

XP 002611091 Opn3 3 BRAFLDRAFT 206045 Branchiostoma floridae
XP 002611090 Opn3 2 c−like2 BRAFLDRAFT 206170 Branchiostoma floridae

XP 002589213 Opn3 1 BRAFLDRAFT 185357 Branchiostoma floridae

XP 002589211 Opn3 5 Amphiop5 c−like1 BRAFLDRAFT 74630 Branchiostoma floridae
XP 002589210 Opn3 4 Amphiop4 c−like3 BRAFLDRAFT 74631 Branchiostoma floridae

NP 055137 opsin−3 Encephalopsin Homo sapiens
NP 034228 opsin 3 Encephalopsin Mus musculus

NP 001104634 opsin−3 Encephalopsin Danio rerio

AAM90677 multiple tissue opsin Takifugu rubripes
AAL83431 TMT opsin Danio rerio

ABB88727 parietopsin Xenopus tropicalis
AAZ79904 parietopsin Uta stansburiana
BAA94288 VAL opsin Danio rerio
AAM77793 vertebrate ancient opsin long isoform Rutilus rutilus
AAY56361 vertebrate ancient long opsin b Danio rerio
AAC60124 vertebrate ancient opsin Salmo salar
XP 002119963 Cioin2 280535 pinopsin−like Ciona intestinalis
NP 001027727 Cioin2 295217 opsin Ciona intestinalis
BAD13381 bistable UV pigment Lethenteron japonicum
AAI71332 parapinopsin Xenopus tropicalis
BAD17961 parapinopsin Oncorhynchus mykiss
AAB84050 parapinopsin Ictalurus punctatus
AAF12820 deep brain photoreceptor protein pinopsin Bufo japonicus
AAD32622 P opsin Anolis carolinensis
P51476 Pinopsin Columba livia
AAA64223 pinopsin Gallus gallus
NP 000504 MW opsin 1 Homo sapiens
NP 064445 LW opsin 1 Homo sapiens

ADI59657 red opsin Paralichthys olivaceus
AAD20549 red opsin Danio rerio

AAA49137 visual pigment Gallus gallus

NP 571394 opsin−1 SW1 UV Danio rerio
NP 001699 SW opsin 1 Homo sapiens
AAA49141 violet c opsin Gallus gallus

NP 571267 opsin−1 SW2 blue Danio rerio
ADI59658 blue opsin Paralichthys olivaceus

AAA48633 blue c opsin Gallus gallus

NP 878312 green sensitive opsin 3 similar 4 Danio rerio
NP 571328 green sensitive opsin 1 similar 2 Danio rerio
ADI59659 green opsin Paralichthys olivaceus
AAD30520 RH2 opsin Latimeria chalumnae
AAA48786 green c opsin Gallus gallus
AAD30519 RH1 opsin Latimeria chalumnae
BAA88958 exo rhodopsin Danio rerio
AAF44622 rod like opsin Takifugu rubripes
BAA00610 rhodopsin Gallus gallus
NP 001009242 rhodopsin Felis catus
NP 000530 rhodopsin Homo sapiens
NP 571159 rhodopsin Danio rerio
AAA30674 rhodopsin Bos taurus

XP 003247319 Acyrthosiphon pisum new

EFX84250 arthropsin6 Daphnia pulex
EFX84032 arthropsin8 Daphnia pulex

EFX84031 arthropsin7 Daphnia pulex

EFX83619 arthropsin3 Daphnia pulex

EFX83831 arthropsin5 Daphnia pulex
EFX83830 arthropsin4 Daphnia pulex
EFX83618 arthropsin2 Daphnia pulex

EFX83617 arthropsin1 Daphnia pulex

CCP46951 arthropsin Cupiennius salei
CCP46948 arthropsin Euperipatoides kanangrensi s

EEN42130 Amphiop6 BRAFLDRAFT 110002 Branchiostoma floridae
BAC76024 Amphiop6 opsin Branchiostoma belcheri

EKC35173 Rhodopsin partial Crassostrea gigas
Lotgi1 154846 Lottia gigantea new
Lotgi1 156440 Lottia gigantea new
EKC18167 Rhodopsin GQ−coupled Crassostrea gigas

ELU16813 Capca1 124377 Capitella teleta new
ELU03019 Capca1 54244 Capitella teleta new

AGL94565 r opsin4 Platynereis dumerilii

EEN52295 melanopsin BRAFLDRAFT 65960 Branchiostoma floridae
BAE00065 melanopsin Branchiostoma belcheri

AAX73255 mammalian like melanopsin Gallus gallus

NP 150598 melanopsin isoform 1 Homo sapiens
NP 038915 melanopsin isoform 1 Mus musculus

AAL82577 melanopsin Danio rerio

AAO20043 melanopsin1 Gadus morhua
AAM95160 melanopsin2 Gadus morhua

AAK59988 putative photopigment melanopsin Gallus gallus

XP 003730546 opsin4 melanopsin Strongylocentrotus purpuratus

CAC86665 r opsin1 Platynereis dumerilii

Helro1 132379 new Helobdella robusta
Helro1 85596 new Helobdella robusta
Helro1 84106 new Helobdella robusta
Helro1 129809 new Helobdella robusta

ELU01272 Capca1 119596 Capitella teleta new
AGL94564 r opsin3 Platynereis dumerilii

AGJ70280 r opsin Terebratalia transversa

CAX73070 opsin 4 melanopsin Schistosoma japonicum
AAF73286 RHO G protein coupled receptor Schistosoma mansoni
CAB89516 opsin Girardia tigrina
CAD13146 opsin Dugesia japonica
AAD28720 opsin Schmidtea mediterranea

EKC23688 Rhodopsin GQ−coupled Crassostrea gigas
BAA22217 Gq rhodopsin Mizuhopecten yessoensis
Lotgi1 108602 Lottia gigantea
CAA30644 rhodopsin Enteroctopus dofleini
CAA49906 rhodopsin Todarodes pacificus
ACB05673 opsin Euprymna scolopes

CAA88923 opsin Alloteuthis subulata
CAA40108 rhodopsine Loligo forbesi
AAR18073 rhodopsin Doryteuthis pealeii

AAC26329 rhodopsin Sepia officinalis

KM086335 Hd-r-opsin Hypsibius dujardini
AFM75825 onychopsin Epiperipatus cf isthmicola LH−2012
AFM43711 onychopsin Eoperipatus sp LH−2012
CCP46946 onychopsin Euperipatoides kanangrensis
AFM75824 onychopsin Euperipatoides rowelli
AFM43712 onychopsin Ooperipatus hispidus
AFM43710 onychopsin Phallocephale tallagandensis

BAG80989 opsin Rhb clade c4 11 similar Branchinella kugenumaensis
BAG80987 opsin Rhb clade c1 11 similar Branchinella kugenumaensis
EFX77537 LOPB1 LOPB clade 1−15 DAPPUDRAFT 346974 Daphnia pulex
EFX77473 LOPB5 LOPB clade 1−15 DAPPUDRAFT 106095 Daphnia pulex
BAG80979 RhD Triops granarius

BAG80980 RhE Triops granarius
BAG80977 RhB Triops granarius

ACO05013 opsin5 Limulus polyphemus

EFX63570 LOPA3 LOPA cladeI 1−4 DAPPUDRAFT 67015 Daphnia pulex
EFX63568 LOPA1 LOPA cladeI 1−4 DAPPUDRAFT 307031 Daphnia pulex

EFX66668 LOPA6 LOPA cladeII 6−10 DAPPUDRAFT 302464 Daphnia pulex
EFX63132 LOPA10 LOPA cladeII 6−10 DAPPUDRAFT 346968 Daphnia pulex

BAG80976 RhA Triops granarius

BAA09132 opsin BcRh1 Hemigrapsus sanguineus
ACT31580 opsin 1 Uca vomeris

BAA09133 opsin BcRh2 Hemigrapsus sanguineus
ACT31581 opsin 2 Uca vomeris

ABM74400 opsin Portunus pelagicus

BAG80986 opsin RhD Branchinella kugenumaensis
BAG80985 opsin RhC Branchinella kugenumaensis
tetur24g02280 UV Tetranychus urticae
tetur07g05150 UV Tetranychus urticae
XP 002408319 rod opsin Ixodes scapularis
EFX70801 UNOP1 DAPPUDRAFT 346930 Daphnia pulex
EFX70796 UNOP2 DAPPUDRAFT 346935 Daphnia pulex
XP 002432663 GPRop3 UNOP Pediculus humanus corporis
UV7 rhoPro Rh7 like Rhodnius prolixus

XP 001944926 Rh7 likeA Acyrthosiphon pisum
XP 001943275 Rh7 likeB Acyrthosiphon pisum

BGIBMGA012539−PA silkdb org UNOP Bombyx mori

XP 308329 AGAP007548−PB GPROP10 UV7 Anopheles gambiae
AAF49949 Rh7 Drosophila melanogaster

CCO61975 rhodopsin 3 Cupiennius salei
BAG14335 kumopsin3 Plexippus paykulli
BAG14332 kumopsin3 Hasarius adansoni
EFX81332 UV wavelength opsin Daphnia pulex
BAG80984 opsin RhA Branchinella kugenumaensis
EFX75461 blue wavelength opsin Daphnia pulex
BAG80978 RhC Triops granarius
AAC47426 Rh5 Drosophila melanogaster
XP 319247 AGAP010089−PA GPROP9 LWS Anopheles gambiae
BAE19946 PrB opsin Pieris rapae
BAE19945 PrV opsin Pieris rapae
AAP49026 AF414075 1 blue opsin Vanessa cardui
AAD34223 Rh6 blue Papilio glaucus

CAA56378 lop2 UV opsin Schistocerca gregaria
BAF45422 blue opsin Dianemobius nigrofasciatus
AEG78685 blue opsin Gryllus bimaculatus

AAC13417 AmBLop Apis mellifera

XP 002422743 GPRop2 UV opsin Pediculus humanus corporis
BAG71429 UV opsin Dianemobius nigrofasciatus
AEG78686 UV opsin Gryllus bimaculatus
UV5 rhoPro UV opsin Rhodnius prolixus
XP 001951613 UV B Acyrthosiphon pisum
XP 001951588 UV A Acyrthosiphon pisum
AAG17120 UV A opsin Megoura viciae
AAC13418 AmUVop Apis mellifera
AAC05092 SW opsin Camponotus abdominalis
XP 556823 AGAP006126−PB GPROP8 UV5 Anopheles gambiae
XP 970344 uv opsin Tribolium castaneum
BAH56228 UV opsin Luciola cruciata
ACH56538 UV II opsin Thermonectus marmoratus
ACH56537 UV I opsin Thermonectus marmoratus

BAE19944 PrUV opsin Pieris rapae
AAP49025 AF414074 1 UV opsin Vanessa cardui

AAD34222 Rh5 UV Papilio glaucus

NP 476701 Rh4 Drosophila melanogaster
AAA28854 Rh3 Drosophila melanogaster

ABI48885 opsin Mysis diluviana
ABI48870 opsin c2 Euphausia superba

ABI48867 opsin c1 Archaeomysis grebnitzkii

ABI48886 opsin c1 Neomysis americana
ABI48875 opsin c1 Holmesimysis costata
ABH00987 rhodopsin Litopenaeus vannamei
ABI48884 opsin Homarus gammarus
ABG37008 opsin Rh2 Neogonodactylus oerstedii
ABG37009 opsin Rh3 Neogonodactylus oerstedii
ABG37007 opsin Rh1 Neogonodactylus oerstedii

AAB97666 rhodopsin Cambarellus shufeldtii
AAB25036 opsin Procambarus clarkii

XP 312478 AGAP002462−PA GPROP7 LW Anopheles gambiae
CAB06821 Rh6 Drosophila melanogaster
AEG78684 green opsin LWb Gryllus bimaculatus
ACN39591 LW opsin Dianemobius nigrofasciatus

EFA03667 rhodopsin green TC013765 Tribolium castaneum
BAH56227 LW opsin Luciola cruciata

ACH56536 LW opsin Thermonectus marmoratus

LWS rhoPro LW opsin Rhodnius prolixus
CAA56377 lop1 LW opsin Schistocerca gregaria
XP 002427337 GPRop1 LW opsin Pediculus humanus corporis
AAU95194 rhodopsin Oncometopia nigricans
AAT01077 rhodopsin Homalodisca vitripennis
XP 001947730 LW Acyrthosiphon pisum
AAG17119 LW opsin Megoura viciae

XP 003435763 AGAP013149−PA GPROP1 4 6 LW Anopheles gambiae
XP 001238571 AGAP001162−PA GPROP5 LW Anopheles gambiae

NP 001036882 Lop2 LW opsin ceropsin Bombyx mori
BGIBMGA007787−PA silkdb org Lop1 LW opsin Bombyx mori

AAD34224 Rh4 LW Papilio glaucus

AAL59879 AF385333 1 LW opsin Vanessa cardui
AAD34221 Rh2 LW Papilio glaucus
BAD66860 PrL opsin Pieris rapae
AAD34220 Rh1 LW Papilio glaucus
AAD29575 Rh3 LW Papilio glaucus

AAC47083 rhodopsin Camponotus abdominalis
AAA69069 AmLop1 Apis mellifera

AEG78683 green opsin LWa Gryllus bimaculatus
NP 001071293 AmLop2 Apis mellifera
AAA28734 Rh2 Drosophila melanogaster
AAA28733 Rh1 Drosophila melanogaster

tetur12g04340 LW Tetranychus urticae
CCO61973 rhodopsin 1 Cupiennius salei
BAG14333 kumopsin1 Plexippus paykulli
BAG14330 kumopsin1 Hasarius adansoni

CCO61974 rhodopsin 2 Cupiennius salei
BAG14334 kumopsin2 Plexippus paykulli
BAG14331 kumopsin2 Hasarius adansoni

AAA02498 opsin1 lateral Limulus polyphemus
AAA02499 opsin2 ocellar Limulus polyphemus

0.70

0.64

1
0.68

1
0.52

0.86

0.71
0.98

0.99
1

1
0.66

0.78
0.68

1

1
1

1

1

0.83

0.98

0.99

0.95

0.58

0.92

1
0.99

1

0.99
0.99

0.99 1

1
0.95

0.99

0.96
0.61

1

0.99

0.73
0.78

1

0.99

0.95

0.86
0.65

1

0.66
1

0.69
0.99

0.99
1

0.99

1

1

1
1

0.99

0.61
1

1
0.78

0.65
1

0.94
1

1
0.90

1
0.62

1

0.81

0.52

0.68

1

1

0.95
1

1

0.98
1

1

0.99

1

1
1

1
0.98

1

1

0.99

0.82
0.98

0.92

1

0.51

0.50
1

0.57

1
1

1

0.70
1

0.92
1

1

0.86

0.83

1

0.97

0.91
1

0.72

1

0.71
1 1

0.54
0.96

0.98

0.670.99

1
1

0.62

1

0.53

0.95

0.94

1
1

1

1

1

1

1
0.98

0.69

0.75

0.84
1

1
0.99

1

1

1
0.88

1

1
0.95

1
1

1

1
0.98

0.98

1
0.92

1

0.97
0.88

0.85
0.98

1
0.71

1

1
0.99
0.99

0.97

1

0.96
1

1

1

1
1

1
1

1
0.99

1

0.95

0.96
0.51

1

0.96
1

0.94

1

1

1

0.99
0.94

1

1
1

0.71

0.98

0.93

0.57

0.83
1

1
0.96

0.98

1
1

1
0.59

0.99
1

0.84
1

1
0.69
0.70

1
0.96

1

1
1

1

1
0.52

0.90

1

0.89

0.79

0.86
1

1
1

0.99
0.74

1

1

1
1

0.98
1

1
1

1
0.67

1

1

1

1
0.57

0.88
1

0.99
0.55

0.90
0.99

1

1

1

1
1

0.99

0.99

0.52

1
0.94

1

0.98

0.99

0.98
1

0.94

0.99
1

1

1

0.95
1

1
1

1

0.77

1

0.98

0.96
0.74
0.97

1

0.95
1

0.86

1

1

1

1

0.98
0.89

0.991 1

0.98
1

1

0.99

0.87

0.53

1

0.64
0.99

0.67
0.97

0.95
0.99

1

1

0.79

0.86

0.92

0.98

0.85
1

1
0.87

1
0.60

1

1
1

1

1

0.67
1

1

0.77
1

1

1

0.67

0.67

0.83

0.71

0.63

0.71

0.84

0.78

0.63

0.83

0.72

0.83

0.72

0.84

0.67

0.63

0.72

0.67

0.83

0.67

0.81

0.81

0.72

0.72

0.81

0.67

0.83

0.84

0.83

0.63

0.83

0.97

0.83

0.67

0.83

0.63

0.67

0.72

0.84

0.84

0.66

0.67

0.83

0.72

0.67

0.83

0.67

0.83

0.83

0.82

0.83

0.63

0.83

0.72

0.66

0.83

0.96

0.66

0.83

0.67

0.83

0.84

0.59

0.67

0.81

0.83

0.63

0.72

0.72

0.63

0.83

0.83

0.71

0.63

0.83

0.67

0.72

0.63

0.83

0.72

0.83

0.66

0.81

0.72

0.67

0.84

0.81

0.72

0.67

0.97

0.81

0.83

0.72

0.81

0.67

0.81

0.81

0.66

0.80

0.67

0.83

0.83

0.82

0.83

0.97

0.67

0.99

0.83

0.67

0.63

0.97

0.83

0.83

0.84

0.83

0.67

0.83

0.83

0.67

0.97

0.57

0.63

0.82

0.72

0.83

0.72

0.72

0.72

0.67

0.83

0.72

0.83

0.67

0.66

0.66

0.84

0.72

0.72

0.82

0.72

0.66

0.83

0.65

0.83

0.72

0.67

0.55

0.83

0.72

0.80

0.72

0.67

0.82

0.71

0.72

0.83

0.64

0.84

0.81

0.83

0.95

0.83

0.83

0.72

0.66

0.83

0.83

0.72

0.83

0.63

0.72

0.67

0.84

0.83

0.67

0.66

0.72

0.71

0.83

0.83

0.81

0.66

0.84

0.66

0.63

0.83

0.97

0.83

0.81

0.66

0.84

0.83

0.83

0.72

0.83

0.83

0.81

0.66

0.84

0.81

0.83

0.81

0.83

0.83

0.67

0.83

0.84

0.83

0.58

0.83

0.83

0.83

0.67

0.81

0.58

0.81

0.81

0.83

0.72

0.81

0.63

0.97

0.63

0.72

0.67

0.83

0.81

0.81

0.63

0.83

0.67

0.63

0.84

0.63

0.72

0.83

0.83

0.67

0.72

0.96

0.83

0.84

0.67

0.57

0.57

0.83

0.67

0.83

0.84

0.81

0.72

0.72

0.63

0.72

0.84

0.83

0.83

0.67

0.83

0.83

0.67

0.63

0.63

0.72

0.81

0.72

0.83

0.63

0.83

0.81

0.66

0.72

0.83

0.66

0.83

0.82

0.67

0.96

0.83

0.72

0.83

0.71

0.72

0.83

0.63

0.63

0.67

0.80

0.63

0.67

0.83

0.97

0.72

0.97

0.72

0.83

0.63

0.63

0.58

0.82

0.84

0.66

0.72

0.72

0.67

0.58

0.84

0.83

0.84

0.81

0.63

0.83

0.83

0.72

0.83

0.63

0.68

0.83

0.72

0.83

0.83

0.67

0.72

0.72

0.83

0.83

0.63

0.83

0.83

0.83

0.83

0.58

0.83

0.82

0.57

0.72

0.72

0.72

0.83

0.83

0.67

0.84

0.67

0.83

0.63

0.82

0.67

0.67

0.72

0.55

0.82

0.72

0.62

0.83

0.66

0.67

0.82

0.82

0.67

0.67

0.83

0.72

0.99

0.72

0.72

0.58

0.72

0.83

0.97

0.99

0.72

0.83

0.67

0.81

0.80

0.83

0.83

0.72

0.84

0.83

0.81

0.72

0.67

0.83

0.77

0.77

0.89

0.81

0.75

0.81

0.89

0.84

0.75

0.89

0.82

0.88

0.82

0.89

0.77

0.75

0.82

0.77

0.89

0.77

0.86

0.86

0.82

0.82

0.87

0.78

0.89

0.89

0.89

0.76

0.89

0.97

0.89

0.78

0.89

0.75

0.77

0.82

0.89

0.89

0.77

0.77

0.88

0.82

0.77

0.89

0.77

0.89

0.89

0.89

0.89

0.75

0.89

0.82

0.77

0.89

0.96

0.77

0.89

0.77

0.89

0.89

0.74

0.77

0.87

0.89

0.75

0.82

0.81

0.75

0.89

0.89

0.81

0.75

0.89

0.77

0.82

0.75

0.89

0.82

0.88

0.77

0.87

0.82

0.78

0.89

0.87

0.81

0.77

0.97

0.87

0.89

0.82

0.86

0.77

0.87

0.87

0.92

0.85

0.77

0.89

0.89

0.89

0.89

0.96

0.77

0.99

0.89

0.78

0.75

0.96

0.89

0.89

0.89

0.88

0.78

0.88

0.89

0.77

0.97

0.69

0.75

0.89

0.82

0.89

0.82

0.82

0.82

0.77

0.89

0.82

0.89

0.78

0.77

0.77

0.89

0.82

0.82

0.89

0.82

0.77

0.89

0.75

0.89

0.81

0.78

0.65

0.89

0.82

0.85

0.82

0.77

0.89

0.81

0.82

0.89

0.75

0.89

0.87

0.89

0.95

0.88

0.88

0.82

0.92

0.89

0.89

0.81

0.89

0.75

0.82

0.77

0.89

0.89

0.77

0.79

0.82

0.81

0.89

0.89

0.86

0.77

0.89

0.77

0.75

0.89

0.97

0.89

0.86

0.77

0.89

0.89

0.89

0.82

0.89

0.89

0.87

0.92

0.89

0.87

0.88

0.86

0.88

0.88

0.77

0.89

0.89

0.89

0.73

0.89

0.89

0.89

0.78

0.87

0.73

0.87

0.86

0.89

0.82

0.87

0.75

0.96

0.75

0.82

0.77

0.89

0.86

0.87

0.75

0.89

0.78

0.75

0.89

0.75

0.82

0.89

0.89

0.77

0.82

0.96

0.89

0.89

0.77

0.69

0.69

0.89

0.77

0.89

0.89

0.86

0.82

0.82

0.75

0.82

0.89

0.89

0.88

0.77

0.88

0.88

0.77

0.75

0.75

0.82

0.87

0.82

0.89

0.70

0.89

0.86

0.77

0.82

0.88

0.77

0.89

0.89

0.77

0.96

0.89

0.82

0.88

0.81

0.82

0.89

0.75

0.75

0.77

0.86

0.75

0.78

0.89

0.97

0.81

0.97

0.82

0.89

0.75

0.75

0.74

0.89

0.89

0.77

0.82

0.82

0.77

0.74

0.89

0.89

0.89

0.87

0.75

0.89

0.88

0.82

0.88

0.70

0.80

0.89

0.82

0.89

0.89

0.78

0.82

0.81

0.88

0.89

0.75

0.89

0.89

0.89

0.89

0.74

0.89

0.89

0.69

0.82

0.82

0.82

0.88

0.88

0.77

0.89

0.77

0.89

0.75

0.89

0.77

0.77

0.82

0.65

0.89

0.82

0.75

0.88

0.92

0.78

0.88

0.89

0.77

0.77

0.89

0.82

0.99

0.82

0.82

0.73

0.82

0.89

0.96

0.99

0.82

0.88

0.77

0.86

0.86

0.89

0.89

0.82

0.89

0.89

0.86

0.82

0.77

0.88

ar
th

ro
ps

in
s

ch
or

da
te

m
el

an
op

si
ns

lo
ph

ot
ro

ch
oz

oa
n

op
si

ns

r-
op

si
ns

ou
tg

ro
up

s
G

ro
up

 4
 o

ps
in

s
cn

id
op

si
ns

c-
op

si
ns

pa
na

rt
hr

op
od

 v
is

ua
l

op
si

n-
5/

ne
ur

op
si

ns
G

o 
op

si
ns

R
PE

/p
er

op
si

ns

ctenopsins

Anthozoa I

Figure S4. Majority-rule consensus tree of the Bayesian inference analysis under the site-heterogeneous CAT-GTR model of amino acid sequence evolution of the 
pruned dataset LS50 (excluded taxa with leaf stability≤0.50) and the placement of the opsin genes of the tardigrade Hypsibius dujardini (highlighted in red). Posterior 
probabilities > 0.70 are given at the nodes. G-protein-coupled receptor sequences other than opsins were used as outgroups. Bars on the right indicate the leaf stability 
indices derived from 1,000 ML bootstrapping trees on the full dataset (orange: LS≤0.60, light blue: LS>0.60) and from 1,000 ML bootstrapping trees after pruning of 
taxa with LS≤0.50 (dark blue). Scale bar indicates the number of substitutions per site. 



0.1

XP 002408422 G−protein coupled octopamine receptor putative Ixodes scapularis
XP 001950448 PREDICTED somatostatin receptor type 2 like isoform 1 Acyrthosiphon pisum
AAK31793 somatostatin receptor Drosophila melanogaster
XP 001946949 PREDICTED tachykinin−like peptides receptor 99D−like Acyrthosiphon pisum
AAF05299 allatostatin receptor Drosophila melanogaster
XP 002403852 allatostatin receptor putative Ixodes scapularis
AAK52473 allatostatin receptor Periplaneta americana
XP 002113363 hypothetical protein TRIADDRAFT 3759 Trichoplax adhaerens
XP 002112438 hypothetical protein TRIADDRAFT 26040 Trichoplax adhaerens
XP 002112437 hypothetical protein TRIADDRAFT 26009 Trichoplax adhaerens

P49219 MTR1C XENLA Melatonin receptor type 1C Xenopus laevis
B2Y4M8 DICLA MT1 melatonin receptor Dicentrarchus labrax
NP 005949 melatonin receptor type 1A Homo sapiens
F7CZB3 HORSE putative melatonin Equus caballus

XP 002409287 dopamine D1 beta receptor putative Ixodes scapularis
NP 001108459 dopamine receptor 1 Bombyx mori
XP 001647989 dopamine receptor Aedes aegypti

XP 001199309 opsin 5 like Strongylocentrotus purpuratus new
XP 002587828 Opn5 3 BRAFLDRAFT 94083 Branchiostoma floridae
XP 002613137 Opn5 2 BRAFLDRAFT 210643 Branchiostoma floridae
XP 002594196 Opn5 1 BRAFLDRAFT 65045 Branchiostoma floridae
EFX84680 DAPPUDRAFT 194423 Daphnia pulex new
NP 001186975 opsin−5 Danio rerio
NP 001124215 opsin−5 Gallus gallus
XP 002189255 PREDICTED opsin 5 Taeniopygia guttata
XP 001369202 PREDICTED opsin−5 Monodelphis domestica
XP 001511991 PREDICTED opsin−5 Ornithorhynchus anatinus
EDM18681 opsin 5 Rattus norvegicus
EDL23393 opsin 5 Mus musculus

XP 003639476 PREDICTED opsin−5−like Canis lupus familiaris
XP 001502825 PREDICTED opsin−5 Equus caballus
NP 001193009 opsin−5 Bos taurus

XP 001146167 PREDICTED opsin−5 isoform 3 Pan troglodytes
NP 859528 opsin−5 neuropsin Homo sapiens

ELT87227 Capca1 221903 Capitella teleta new
ELT87076 Capca1 197851 Capitella teleta new
ELT97785 Capca1 63256 Capitella teleta new
ELU11093 Capca1 36183 Capitella teleta new

ELU09017 Capca1 44169 Capitella teleta new
ELU02401 Capca1 226303 Capitella teleta new

KM086339 Hd-neuropsin Hypsibius dujardini

Lotgi1 140119 Lottia gigantea new
Lotgi1 72363 Lottia gigantea new

EKC25796 Opsin−5 partial Crassostrea gigas

AGJ70278 Go opsin 1 Terebratalia transversa
Lotgi1 173452 Lottia gigantea new
O15974 G0 coupled rhodopsin Mizuhopecten yessoensis
EKC29416 Rhodopsin G0−coupled Crassostrea gigas

XP 002609116 GoOpsin1 Amphiop1 BRAFLDRAFT 91094 Branchiostoma floridae
XP 002609117 GoOpsin2 BRAFLDRAFT 91095 Branchiostoma floridae

EEN65038 hypothetical protein BRAFLDRAFT 84844 Branchiostoma floridae

Lotgi1 156508 Lottia gigantea new
Lotgi1 122769 Lottia gigantea new
Lotgi1 123097 Lottia gigantea new

Lotgi1 116468 Lottia gigantea new

XP 003723700 opsin3 1 Strongylocentrotus purpuratus
XP 783329 opsin3 2 Strongylocentrotus purpuratus

XP 002604146 GoOpsin3 Amphiop2 BRAFLDRAFT 71561 Branchiostoma floridae

Lotgi1 152675 Lottia gigantea new

BAC76023 Amphiop3 opsin Branchiostoma belcheri
XP 002605849 Rrh Amphiop3 BRAFLDRAFT 90832 Branchiostoma floridae

NP 006574 peropsin Homo sapiens

NP 033128 peropsin Mus musculus
NP 001101196 visual pigment−like receptor peropsin Rattus norvegicus

XP 853139 PREDICTED retinal pigment epithelium−derived rhodopsin homolog Canis lupus familiaris
NP 001179153 visual pigment−like receptor peropsin Bos taurus

NP 001004654 peropsin Danio rerio
AAR02098 peropsin Gallus gallus

XP 784266 opsin6 peropsin−like Strongylocentrotus purpuratus
Lotgi1 155231 Lottia gigantea new
EKC42752 Visual pigment−like receptor peropsin Crassostrea gigas

XP 002732329 opsin like Saccoglossus kowalevskii
EKC40616 peropsin Crassostrea gigas
Lotgi1 154374 Lottia gigantea new

NP 001016013 retinal G protein coupled receptor Xenopus Silurana tropicalis
NP 001017877 RPE−retinal G protein−coupled receptor Danio rerio
AAR02099 RGR opsin Gallus gallus
XP 864762 PREDICTED RPE−retinal G protein−coupled receptor isoform 2 Canis lupus familiaris

XP 001154882 PREDICTED RPE−retinal G protein−coupled receptor isoform 3 Pan troglodytes
NP 002912 RPE−retinal G protein−coupled receptor isoform 1 Homo sapiens

NP 786969 RPE−retinal G protein−coupled receptor Bos taurus

NP 001027640 Cioin2 207066 retinal G protein coupled receptor Ciona intestinalis
NP 001027636 Cioin2 298833 Ciona intestinalis new

tetur04g04260 LW Tetranychus urticae
BAJ22674 peropsin Hasarius adansoni
CCP46949 peropsin Cupiennius salei

CCP46947 c−opsin Euperipatoides kanangrensis
KM086336 Hd-c-opsin1 Hypsibius dujardini
KM086337 Hd-c-opsin2 Hypsibius dujardini
KM086338 Hd-c-opsin3 Hypsibius dujardini

NP 001035057 pteropsin Apis mellifera
TMT rhoPro c opsin Rhodnius prolixus
AAY89040 c−opsin Tribolium castaneum
BGIBMGA008437−PA silkdb org pteropsin Bombyx mori
XP 312503 AGAP002443−PA GPROP11 pteropsin1 Anopheles gambiae
XP 312502 AGAP002444−PA GPROP12 peropsin2 Anopheles gambiae

XP 001952294 c opsin Acyrthosiphon pisum

EFX86931 pteropsin4 Daphnia pulex
EFX87346 pteropsin3 Daphnia pulex
EFX87345 pteropsin1 Daphnia pulex
EFX89511 pteropsin9 Daphnia pulex
EFX80369 pteropsin8 Daphnia pulex
EFX80365 pteropsin6 Daphnia pulex
EFX80367 pteropsin7 Daphnia pulex

CCP46950 c−opsin Cupiennius salei

XP 783302 opsin1 pinopsin Strongylocentrotus purpuratus
BAH28806 encephalopsin Hemicentrotus pulcherrimus

NP 055137 opsin−3 Encephalopsin Homo sapiens
NP 034228 opsin 3 Encephalopsin Mus musculus

NP 001104634 opsin−3 Encephalopsin Danio rerio

XP 002589213 Opn3 1 BRAFLDRAFT 185357 Branchiostoma floridae

ABB88727 parietopsin Xenopus tropicalis
AAZ79904 parietopsin Uta stansburiana
AAM77793 vertebrate ancient opsin long isoform Rutilus rutilus
BAA94288 VAL opsin Danio rerio
AAY56361 vertebrate ancient long opsin b Danio rerio
AAC60124 vertebrate ancient opsin Salmo salar

NP 000504 MW opsin 1 Homo sapiens

AAA49137 visual pigment Gallus gallus
AAD20549 red opsin Danio rerio
ADI59657 red opsin Paralichthys olivaceus

NP 064445 LW opsin 1 Homo sapiens

NP 571394 opsin−1 SW1 UV Danio rerio
AAA49141 violet c opsin Gallus gallus
NP 001699 SW opsin 1 Homo sapiens
AAA48633 blue c opsin Gallus gallus
ADI59658 blue opsin Paralichthys olivaceus
NP 571267 opsin−1 SW2 blue Danio rerio

AAD30519 RH1 opsin Latimeria chalumnae

BAA00610 rhodopsin Gallus gallus
NP 000530 rhodopsin Homo sapiens
NP 001009242 rhodopsin Felis catus
NP 571159 rhodopsin Danio rerio
AAA30674 rhodopsin Bos taurus

AAF44622 rod like opsin Takifugu rubripes
BAA88958 exo rhodopsin Danio rerio

ADI59659 green opsin Paralichthys olivaceus
NP 878312 green sensitive opsin 3 similar 4 Danio rerio
NP 571328 green sensitive opsin 1 similar 2 Danio rerio

AAA48786 green c opsin Gallus gallus
AAD30520 RH2 opsin Latimeria chalumnae

AAF12820 deep brain photoreceptor protein pinopsin Bufo japonicus

AAA64223 pinopsin Gallus gallus
P51476 Pinopsin Columba livia

AAD32622 P opsin Anolis carolinensis

NP 001027727 Cioin2 295217 opsin Ciona intestinalis
XP 002119963 Cioin2 280535 pinopsin−like Ciona intestinalis
BAD13381 bistable UV pigment Lethenteron japonicum
AAI71332 parapinopsin Xenopus tropicalis
AAB84050 parapinopsin Ictalurus punctatus
BAD17961 parapinopsin Oncorhynchus mykiss

AAM90677 multiple tissue opsin Takifugu rubripes
AAL83431 TMT opsin Danio rerio

XP 002611090 Opn3 2 c−like2 BRAFLDRAFT 206170 Branchiostoma floridae
XP 002611091 Opn3 3 BRAFLDRAFT 206045 Branchiostoma floridae
XP 002589211 Opn3 5 Amphiop5 c−like1 BRAFLDRAFT 74630 Branchiostoma floridae
XP 002589210 Opn3 4 Amphiop4 c−like3 BRAFLDRAFT 74631 Branchiostoma floridae

AAV63834 c opsin Platynereis dumerilii

EU310498 c opsin Tripedalia cystophora
AFZ78084 acropsin 1 Acropora palmata
AFZ78085 acropsin 2 Acropora palmata
FAA00393 TPA opsin Nematostella vectensis
FAA00400 TPA opsin Nematostella vectensis
FAA00392 TPA opsin Nematostella vectensis

FAA00388 TPA opsin Nematostella vectensis
FAA00394 TPA opsin Nematostella vectensis

FAA00389 TPA opsin Nematostella vectensis

BAF95826 opsin Cladonema radiatum
BAF95825 opsin Cladonema radiatum
BAF95827 opsin Cladonema radiatum
BAF95828 opsin Cladonema radiatum
BAF95843 opsin Hydractinia carnea
BAD67144 opsin Hydra vulgaris
BAD67145 opsin Hydra vulgaris cnidocyte
BAD67146 opsin Hydra vulgaris
BAD67148 opsin Hydra vulgaris
BAD67147 opsin Hydra vulgaris

BAF95840 opsin Cladonema radiatum
BAF95838 opsin Cladonema radiatum
BAF95836 opsin Cladonema radiatum
BAF95835 opsin Cladonema radiatum
BAF95834 opsin Cladonema radiatum

BAF95842 opsin Cladonema radiatum

BAD67143 opsin Hydra vulgaris
BAD67142 opsin Hydra vulgaris
BAD67141 opsin Hydra vulgaris

BAF95844 opsin Hydractinia carnea

BAG80696 opsin Carybdea rastonii

FQ011385 Pleurobrachia pileus EST
AFK83789 opsin 2 Mnemiopsis leidyi
AFK83788 opsin 1 Mnemiopsis leidyi
FP991591 CU419614 Pleurobrachia pileus EST

BAE00065 melanopsin Branchiostoma belcheri
EEN52295 melanopsin BRAFLDRAFT 65960 Branchiostoma floridae

AAX73255 mammalian like melanopsin Gallus gallus

NP 150598 melanopsin isoform 1 Homo sapiens
NP 038915 melanopsin isoform 1 Mus musculus

AAL82577 melanopsin Danio rerio

AAM95160 melanopsin2 Gadus morhua
AAO20043 melanopsin1 Gadus morhua

AAK59988 putative photopigment melanopsin Gallus gallus

BAA22217 Gq rhodopsin Mizuhopecten yessoensis
EKC23688 Rhodopsin GQ−coupled Crassostrea gigas
Lotgi1 108602 Lottia gigantea
CAA30644 rhodopsin Enteroctopus dofleini
CAA49906 rhodopsin Todarodes pacificus
ACB05673 opsin Euprymna scolopes

CAA88923 opsin Alloteuthis subulata
AAR18073 rhodopsin Doryteuthis pealeii
CAA40108 rhodopsine Loligo forbesi

AAC26329 rhodopsin Sepia officinalis

CAC86665 r opsin1 Platynereis dumerilii

Helro1 85596 new Helobdella robusta
Helro1 84106 new Helobdella robusta
Helro1 129809 new Helobdella robusta

Helro1 132379 new Helobdella robusta

ELU01272 Capca1 119596 Capitella teleta new
AGL94564 r opsin3 Platynereis dumerilii

AAD28720 opsin Schmidtea mediterranea
CAD13146 opsin Dugesia japonica
CAB89516 opsin Girardia tigrina

CAX73070 opsin 4 melanopsin Schistosoma japonicum
AAF73286 RHO G protein coupled receptor Schistosoma mansoni

AGJ70280 r opsin Terebratalia transversa

XP 003730546 opsin4 melanopsin Strongylocentrotus purpuratus

AAF49949 Rh7 Drosophila melanogaster
XP 308329 AGAP007548−PB GPROP10 UV7 Anopheles gambiae
BGIBMGA012539−PA silkdb org UNOP Bombyx mori
XP 001944926 Rh7 likeA Acyrthosiphon pisum
XP 001943275 Rh7 likeB Acyrthosiphon pisum

UV7 rhoPro Rh7 like Rhodnius prolixus
XP 002432663 GPRop3 UNOP Pediculus humanus corporis

EFX70796 UNOP2 DAPPUDRAFT 346935 Daphnia pulex
EFX70801 UNOP1 DAPPUDRAFT 346930 Daphnia pulex

tetur07g05150 UV Tetranychus urticae
tetur24g02280 UV Tetranychus urticae

XP 002408319 rod opsin Ixodes scapularis

CCO61975 rhodopsin 3 Cupiennius salei
BAG14332 kumopsin3 Hasarius adansoni
BAG14335 kumopsin3 Plexippus paykulli
EFX81332 UV wavelength opsin Daphnia pulex
BAG80984 opsin RhA Branchinella kugenumaensis
BAG80978 RhC Triops granarius
EFX75461 blue wavelength opsin Daphnia pulex

XP 001951588 UV A Acyrthosiphon pisum
AAG17120 UV A opsin Megoura viciae

XP 001951613 UV B Acyrthosiphon pisum
UV5 rhoPro UV opsin Rhodnius prolixus

XP 970344 uv opsin Tribolium castaneum
BAH56228 UV opsin Luciola cruciata
XP 556823 AGAP006126−PB GPROP8 UV5 Anopheles gambiae
ACH56538 UV II opsin Thermonectus marmoratus
ACH56537 UV I opsin Thermonectus marmoratus
NP 476701 Rh4 Drosophila melanogaster
AAA28854 Rh3 Drosophila melanogaster
AAD34222 Rh5 UV Papilio glaucus
BAE19944 PrUV opsin Pieris rapae
AAP49025 AF414074 1 UV opsin Vanessa cardui

XP 002422743 GPRop2 UV opsin Pediculus humanus corporis
AEG78686 UV opsin Gryllus bimaculatus
BAG71429 UV opsin Dianemobius nigrofasciatus

AAC13418 AmUVop Apis mellifera
AAC05092 SW opsin Camponotus abdominalis

AAC47426 Rh5 Drosophila melanogaster

BAE19946 PrB opsin Pieris rapae
BAE19945 PrV opsin Pieris rapae
AAP49026 AF414075 1 blue opsin Vanessa cardui
AAD34223 Rh6 blue Papilio glaucus

BAF45422 blue opsin Dianemobius nigrofasciatus
AEG78685 blue opsin Gryllus bimaculatus

CAA56378 lop2 UV opsin Schistocerca gregaria
AAC13417 AmBLop Apis mellifera

XP 319247 AGAP010089−PA GPROP9 LWS Anopheles gambiae

BAG80986 opsin RhD Branchinella kugenumaensis
BAG80985 opsin RhC Branchinella kugenumaensis
EFX63570 LOPA3 LOPA cladeI 1−4 DAPPUDRAFT 67015 Daphnia pulex
EFX63568 LOPA1 LOPA cladeI 1−4 DAPPUDRAFT 307031 Daphnia pulex
BAG80976 RhA Triops granarius
EFX63132 LOPA10 LOPA cladeII 6−10 DAPPUDRAFT 346968 Daphnia pulex
EFX66668 LOPA6 LOPA cladeII 6−10 DAPPUDRAFT 302464 Daphnia pulex
BAA09132 opsin BcRh1 Hemigrapsus sanguineus
ACT31580 opsin 1 Uca vomeris
ACT31581 opsin 2 Uca vomeris
ABM74400 opsin Portunus pelagicus
BAA09133 opsin BcRh2 Hemigrapsus sanguineus

ACO05013 opsin5 Limulus polyphemus

BAG80987 opsin Rhb clade c1 11 similar Branchinella kugenumaensis
BAG80989 opsin Rhb clade c4 11 similar Branchinella kugenumaensis
BAG80979 RhD Triops granarius
EFX77537 LOPB1 LOPB clade 1−15 DAPPUDRAFT 346974 Daphnia pulex
EFX77473 LOPB5 LOPB clade 1−15 DAPPUDRAFT 106095 Daphnia pulex

BAG80977 RhB Triops granarius
BAG80980 RhE Triops granarius

CCO61974 rhodopsin 2 Cupiennius salei
BAG14331 kumopsin2 Hasarius adansoni
BAG14334 kumopsin2 Plexippus paykulli

AAA02498 opsin1 lateral Limulus polyphemus
AAA02499 opsin2 ocellar Limulus polyphemus

CCO61973 rhodopsin 1 Cupiennius salei
BAG14330 kumopsin1 Hasarius adansoni
BAG14333 kumopsin1 Plexippus paykulli

tetur12g04340 LW Tetranychus urticae

CAB06821 Rh6 Drosophila melanogaster
XP 312478 AGAP002462−PA GPROP7 LW Anopheles gambiae

XP 002427337 GPRop1 LW opsin Pediculus humanus corporis
XP 001947730 LW Acyrthosiphon pisum
AAG17119 LW opsin Megoura viciae
AAU95194 rhodopsin Oncometopia nigricans
AAT01077 rhodopsin Homalodisca vitripennis

CAA56377 lop1 LW opsin Schistocerca gregaria
LWS rhoPro LW opsin Rhodnius prolixus

AAA69069 AmLop1 Apis mellifera
AAC47083 rhodopsin Camponotus abdominalis
XP 003435763 AGAP013149−PA GPROP1 4 6 LW Anopheles gambiae
XP 001238571 AGAP001162−PA GPROP5 LW Anopheles gambiae
AAD34224 Rh4 LW Papilio glaucus
NP 001036882 Lop2 LW opsin ceropsin Bombyx mori
BGIBMGA007787−PA silkdb org Lop1 LW opsin Bombyx mori
AAL59879 AF385333 1 LW opsin Vanessa cardui
AAD34221 Rh2 LW Papilio glaucus
BAD66860 PrL opsin Pieris rapae
AAD29575 Rh3 LW Papilio glaucus
AAD34220 Rh1 LW Papilio glaucus

AEG78684 green opsin LWb Gryllus bimaculatus
ACN39591 LW opsin Dianemobius nigrofasciatus

NP 001071293 AmLop2 Apis mellifera
AAA28734 Rh2 Drosophila melanogaster
AAA28733 Rh1 Drosophila melanogaster

AEG78683 green opsin LWa Gryllus bimaculatus

BAH56227 LW opsin Luciola cruciata
EFA03667 rhodopsin green TC013765 Tribolium castaneum

ACH56536 LW opsin Thermonectus marmoratus

ABI48885 opsin Mysis diluviana
ABI48870 opsin c2 Euphausia superba

ABI48867 opsin c1 Archaeomysis grebnitzkii

ABI48884 opsin Homarus gammarus
ABG37008 opsin Rh2 Neogonodactylus oerstedii
ABG37007 opsin Rh1 Neogonodactylus oerstedii
ABG37009 opsin Rh3 Neogonodactylus oerstedii

AAB25036 opsin Procambarus clarkii
AAB97666 rhodopsin Cambarellus shufeldtii

ABI48886 opsin c1 Neomysis americana
ABI48875 opsin c1 Holmesimysis costata
ABH00987 rhodopsin Litopenaeus vannamei

AFM43712 onychopsin Ooperipatus hispidus
AFM43710 onychopsin Phallocephale tallagandensis
AFM75824 onychopsin Euperipatoides rowelli
CCP46946 onychopsin Euperipatoides kanangrensis

AFM43711 onychopsin Eoperipatus sp LH−2012
AFM75825 onychopsin Epiperipatus cf isthmicola LH−2012

KM086335 Hd-r-opsin Hypsibius dujardini

CCP46948 arthropsin Euperipatoides kanangrensis
CCP46951 arthropsin Cupiennius salei
XP 003247319 Acyrthosiphon pisum new

EFX83619 arthropsin3 Daphnia pulex
EFX83617 arthropsin1 Daphnia pulex

EFX83830 arthropsin4 Daphnia pulex
EFX83618 arthropsin2 Daphnia pulex

EFX83831 arthropsin5 Daphnia pulex

EFX84032 arthropsin8 Daphnia pulex
EFX84250 arthropsin6 Daphnia pulex

EFX84031 arthropsin7 Daphnia pulex

AGL94565 r opsin4 Platynereis dumerilii
ELU16813 Capca1 124377 Capitella teleta new
ELU03019 Capca1 54244 Capitella teleta new
Lotgi1 154846 Lottia gigantea new
EKC35173 Rhodopsin partial Crassostrea gigas
Lotgi1 156440 Lottia gigantea new
EKC18167 Rhodopsin GQ−coupled Crassostrea gigas
BAC76024 Amphiop6 opsin Branchiostoma belcheri
EEN42130 Amphiop6 BRAFLDRAFT 110002 Branchiostoma floridae

XP 001637523 NEMVEDRAFT 33918 Nematostella vectensis
XP 001626113 NEMVEDRAFT 13116 Nematostella vectensis
AFZ78086 acropsin 3 Acropora palmata
aug v2a 10282 t1 Acropora digitifera new
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# Trees  Avg WRF in %  # Perms: w rf  <= 3.00 %

50 6.03 0

100 4.29 0

150 3.51 2

200 3.12 30

250 2.72 92

300 2.5 100

Converged after 300 replicates

RAxML a posteriori Bootstrap convergence assessment (-I autoMRE)

Figure S5. Maximum likelihood tree under a dataset-specific GTR+G model of amino acid sequence evolution of the pruned dataset LS60 (excluded taxa with 
leaf stability≤0.60) and the placement of the opsin genes of the tardigrade Hypsibius dujardini (highlighted in red). Bootstrap values (from 1,000 pseudorepli-
cates) > 50% are given at the nodes. According to the bootstrap convergence assessment, a sufficient number of replicates has been generated (table in lower 
left corner). G-protein-coupled receptor sequences other than opsins were used as outgroups. Bars on the right indicate the leaf stability indices derived from 
1,000 ML bootstrapping trees on the full dataset (orange: LS≤0.60, light blue: LS>0.60) and from 1,000 ML bootstrapping trees after pruning of taxa with LS≤
0.60 (dark blue). Scale bar indicates the number of substitutions per site. 
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XP 002113363 hypothetical protein TRIADDRAFT 3759 Trichoplax adhaerens
XP 002112438 hypothetical protein TRIADDRAFT 26040 Trichoplax adhaerens
XP 002112437 hypothetical protein TRIADDRAFT 26009 Trichoplax adhaerens
XP 002409287 dopamine D1 beta receptor putative Ixodes scapularis
XP 001647989 dopamine receptor Aedes aegypti
NP 001108459 dopamine receptor 1 Bombyx mori
XP 002408422 G−protein coupled octopamine receptor putative Ixodes scapularis
P49219 MTR1C XENLA Melatonin receptor type 1C Xenopus laevis

NP 005949 melatonin receptor type 1A Homo sapiens
F7CZB3 HORSE putative melatonin Equus caballus

B2Y4M8 DICLA MT1 melatonin receptor Dicentrarchus labrax

XP 001946949 PREDICTED tachykinin−like peptides receptor 99D−like Acyrthosiphon pisum
XP 001950448 PREDICTED somatostatin receptor type 2 like isoform 1 Acyrthosiphon pisum
AAK31793 somatostatin receptor Drosophila melanogaster
AAK52473 allatostatin receptor Periplaneta americana
XP 002403852 allatostatin receptor putative Ixodes scapularis
AAF05299 allatostatin receptor Drosophila melanogaster
XP 001637523 NEMVEDRAFT 33918 Nematostella vectensis
XP 001626113 NEMVEDRAFT 13116 Nematostella vectensis
aug v2a 10282 t1 Acropora digitifera new
AFZ78086 acropsin 3 Acropora palmata

KM086339 Hd-neuropsin Hypsibius dujardini
ELU09017 Capca1 44169 Capitella teleta new
ELU02401 Capca1 226303 Capitella teleta new
ELT87227 Capca1 221903 Capitella teleta new

ELU11093 Capca1 36183 Capitella teleta new
ELT97785 Capca1 63256 Capitella teleta new

ELT87076 Capca1 197851 Capitella teleta new

Lotgi1 72363 Lottia gigantea new
Lotgi1 140119 Lottia gigantea new

EKC25796 Opsin−5 partial Crassostrea gigas
EFX84680 DAPPUDRAFT 194423 Daphnia pulex new

XP 002613137 Opn5 2 BRAFLDRAFT 210643 Branchiostoma floridae
XP 002594196 Opn5 1 BRAFLDRAFT 65045 Branchiostoma floridae
XP 002587828 Opn5 3 BRAFLDRAFT 94083 Branchiostoma floridae
XP 001199309 opsin 5 like Strongylocentrotus purpuratus new
NP 001186975 opsin−5 Danio rerio
XP 002189255 PREDICTED opsin 5 Taeniopygia guttata
NP 001124215 opsin−5 Gallus gallus
XP 001369202 PREDICTED opsin−5 Monodelphis domestica
XP 001511991 PREDICTED opsin−5 Ornithorhynchus anatinus
XP 001146167 PREDICTED opsin−5 isoform 3 Pan troglodytes
NP 859528 opsin−5 neuropsin Homo sapiens

XP 003639476 PREDICTED opsin−5−like Canis lupus familiaris
XP 001502825 PREDICTED opsin−5 Equus caballus
NP 001193009 opsin−5 Bos taurus

EDM18681 opsin 5 Rattus norvegicus
EDL23393 opsin 5 Mus musculus

Lotgi1 152675 Lottia gigantea new

XP 783329 opsin3 2 Strongylocentrotus purpuratus
XP 003723700 opsin3 1 Strongylocentrotus purpuratus

XP 002604146 GoOpsin3 Amphiop2 BRAFLDRAFT 71561 Branchiostoma floridae

Lotgi1 173452 Lottia gigantea new
O15974 G0 coupled rhodopsin Mizuhopecten yessoensis
EKC29416 Rhodopsin G0−coupled Crassostrea gigas

Lotgi1 156508 Lottia gigantea new

Lotgi1 123097 Lottia gigantea new
Lotgi1 122769 Lottia gigantea new

Lotgi1 116468 Lottia gigantea new

XP 002609117 GoOpsin2 BRAFLDRAFT 91095 Branchiostoma floridae
XP 002609116 GoOpsin1 Amphiop1 BRAFLDRAFT 91094 Branchiostoma floridae

EEN65038 hypothetical protein BRAFLDRAFT 84844 Branchiostoma floridae

AGJ70278 Go opsin 1 Terebratalia transversa

XP 784266 opsin6 peropsin−like Strongylocentrotus purpuratus
XP 002732329 opsin like Saccoglossus kowalevskii
Lotgi1 155231 Lottia gigantea new
EKC42752 Visual pigment−like receptor peropsin Crassostrea gigas
Lotgi1 154374 Lottia gigantea new
EKC40616 peropsin Crassostrea gigas

tetur04g04260 LW Tetranychus urticae
CCP46949 peropsin Cupiennius salei
BAJ22674 peropsin Hasarius adansoni

XP 002605849 Rrh Amphiop3 BRAFLDRAFT 90832 Branchiostoma floridae
BAC76023 Amphiop3 opsin Branchiostoma belcheri

NP 001027640 Cioin2 207066 retinal G protein coupled receptor Ciona intestinalis
NP 001027636 Cioin2 298833 Ciona intestinalis new
NP 001017877 RPE−retinal G protein−coupled receptor Danio rerio
NP 001016013 retinal G protein coupled receptor Xenopus Silurana tropicalis

XP 864762 PREDICTED RPE−retinal G protein−coupled receptor isoform 2 Canis lupus familiaris
NP 786969 RPE−retinal G protein−coupled receptor Bos taurus
XP 001154882 PREDICTED RPE−retinal G protein−coupled receptor isoform 3 Pan troglodytes
NP 002912 RPE−retinal G protein−coupled receptor isoform 1 Homo sapiens

AAR02099 RGR opsin Gallus gallus

NP 006574 peropsin Homo sapiens
XP 853139 PREDICTED retinal pigment epithelium−derived rhodopsin homolog Canis lupus familiaris
NP 001179153 visual pigment−like receptor peropsin Bos taurus
NP 033128 peropsin Mus musculus
NP 001101196 visual pigment−like receptor peropsin Rattus norvegicus

NP 001004654 peropsin Danio rerio
AAR02098 peropsin Gallus gallus

EU310498 c opsin Tripedalia cystophora

BAG80696 opsin Carybdea rastonii
BAF95843 opsin Hydractinia carnea

BAD67148 opsin Hydra vulgaris
BAD67147 opsin Hydra vulgaris

BAD67146 opsin Hydra vulgaris

BAD67145 opsin Hydra vulgaris cnidocyte
BAD67144 opsin Hydra vulgaris

BAF95844 opsin Hydractinia carnea
BAF95828 opsin Cladonema radiatum
BAF95827 opsin Cladonema radiatum
BAF95826 opsin Cladonema radiatum
BAF95825 opsin Cladonema radiatum

BAF95842 opsin Cladonema radiatum
BAF95840 opsin Cladonema radiatum
BAF95838 opsin Cladonema radiatum
BAF95836 opsin Cladonema radiatum
BAF95835 opsin Cladonema radiatum
BAF95834 opsin Cladonema radiatum

BAD67143 opsin Hydra vulgaris
BAD67142 opsin Hydra vulgaris
BAD67141 opsin Hydra vulgaris

FAA00400 TPA opsin Nematostella vectensis
FAA00393 TPA opsin Nematostella vectensis
FAA00392 TPA opsin Nematostella vectensis

FAA00394 TPA opsin Nematostella vectensis
FAA00388 TPA opsin Nematostella vectensis

FAA00389 TPA opsin Nematostella vectensis
AFZ78085 acropsin 2 Acropora palmata

AFZ78084 acropsin 1 Acropora palmata

FQ011385 Pleurobrachia pileus EST
AFK83789 opsin 2 Mnemiopsis leidyi
FP991591 CU419614 Pleurobrachia pileus EST
AFK83788 opsin 1 Mnemiopsis leidyi

AAV63834 c opsin Platynereis dumerilii

XP 002611091 Opn3 3 BRAFLDRAFT 206045 Branchiostoma floridae
XP 002611090 Opn3 2 c−like2 BRAFLDRAFT 206170 Branchiostoma floridae

XP 002589213 Opn3 1 BRAFLDRAFT 185357 Branchiostoma floridae

XP 002589211 Opn3 5 Amphiop5 c−like1 BRAFLDRAFT 74630 Branchiostoma floridae
XP 002589210 Opn3 4 Amphiop4 c−like3 BRAFLDRAFT 74631 Branchiostoma floridae

NP 055137 opsin−3 Encephalopsin Homo sapiens
NP 034228 opsin 3 Encephalopsin Mus musculus

NP 001104634 opsin−3 Encephalopsin Danio rerio

XP 783302 opsin1 pinopsin Strongylocentrotus purpuratus
BAH28806 encephalopsin Hemicentrotus pulcherrimus

CCP46947 c−opsin Euperipatoides kanangrensis

KM086338 Hd-c-opsin3 Hypsibius dujardini
KM086337 Hd-c-opsin2 Hypsibius dujardini
KM086336 Hd-c-opsin1 Hypsibius dujardini

CCP46950 c−opsin Cupiennius salei

TMT rhoPro c opsin Rhodnius prolixus
NP 001035057 pteropsin Apis mellifera

XP 312503 AGAP002443−PA GPROP11 pteropsin1 Anopheles gambiae
XP 312502 AGAP002444−PA GPROP12 peropsin2 Anopheles gambiae

BGIBMGA008437−PA silkdb org pteropsin Bombyx mori

XP 001952294 c opsin Acyrthosiphon pisum
EFX86931 pteropsin4 Daphnia pulex
EFX89511 pteropsin9 Daphnia pulex
EFX87346 pteropsin3 Daphnia pulex
EFX87345 pteropsin1 Daphnia pulex
EFX80369 pteropsin8 Daphnia pulex
EFX80367 pteropsin7 Daphnia pulex
EFX80365 pteropsin6 Daphnia pulex

AAY89040 c−opsin Tribolium castaneum

AAM90677 multiple tissue opsin Takifugu rubripes
AAL83431 TMT opsin Danio rerio

ABB88727 parietopsin Xenopus tropicalis
AAZ79904 parietopsin Uta stansburiana
BAA94288 VAL opsin Danio rerio
AAM77793 vertebrate ancient opsin long isoform Rutilus rutilus
AAY56361 vertebrate ancient long opsin b Danio rerio
AAC60124 vertebrate ancient opsin Salmo salar
XP 002119963 Cioin2 280535 pinopsin−like Ciona intestinalis
NP 001027727 Cioin2 295217 opsin Ciona intestinalis
BAD13381 bistable UV pigment Lethenteron japonicum
AAI71332 parapinopsin Xenopus tropicalis
BAD17961 parapinopsin Oncorhynchus mykiss
AAB84050 parapinopsin Ictalurus punctatus
AAF12820 deep brain photoreceptor protein pinopsin Bufo japonicus
AAD32622 P opsin Anolis carolinensis
P51476 Pinopsin Columba livia
AAA64223 pinopsin Gallus gallus
NP 000504 MW opsin 1 Homo sapiens
NP 064445 LW opsin 1 Homo sapiens

ADI59657 red opsin Paralichthys olivaceus
AAD20549 red opsin Danio rerio

AAA49137 visual pigment Gallus gallus

NP 571394 opsin−1 SW1 UV Danio rerio
NP 001699 SW opsin 1 Homo sapiens
AAA49141 violet c opsin Gallus gallus

NP 571267 opsin−1 SW2 blue Danio rerio
ADI59658 blue opsin Paralichthys olivaceus

AAA48633 blue c opsin Gallus gallus

NP 878312 green sensitive opsin 3 similar 4 Danio rerio
NP 571328 green sensitive opsin 1 similar 2 Danio rerio
ADI59659 green opsin Paralichthys olivaceus
AAD30520 RH2 opsin Latimeria chalumnae
AAA48786 green c opsin Gallus gallus
AAD30519 RH1 opsin Latimeria chalumnae
BAA88958 exo rhodopsin Danio rerio
AAF44622 rod like opsin Takifugu rubripes
BAA00610 rhodopsin Gallus gallus
NP 001009242 rhodopsin Felis catus
NP 000530 rhodopsin Homo sapiens
NP 571159 rhodopsin Danio rerio
AAA30674 rhodopsin Bos taurus

XP 003247319 Acyrthosiphon pisum new

EFX84250 arthropsin6 Daphnia pulex
EFX84032 arthropsin8 Daphnia pulex

EFX84031 arthropsin7 Daphnia pulex

EFX83619 arthropsin3 Daphnia pulex

EFX83831 arthropsin5 Daphnia pulex
EFX83830 arthropsin4 Daphnia pulex
EFX83618 arthropsin2 Daphnia pulex

EFX83617 arthropsin1 Daphnia pulex

CCP46951 arthropsin Cupiennius salei
CCP46948 arthropsin Euperipatoides kanangrensis

EEN42130 Amphiop6 BRAFLDRAFT 110002 Branchiostoma floridae
BAC76024 Amphiop6 opsin Branchiostoma belcheri

Lotgi1 154846 Lottia gigantea new
EKC35173 Rhodopsin partial Crassostrea gigas
Lotgi1 156440 Lottia gigantea new
EKC18167 Rhodopsin GQ−coupled Crassostrea gigas

ELU16813 Capca1 124377 Capitella teleta new
ELU03019 Capca1 54244 Capitella teleta new

AGL94565 r opsin4 Platynereis dumerilii

EEN52295 melanopsin BRAFLDRAFT 65960 Branchiostoma floridae
BAE00065 melanopsin Branchiostoma belcheri

AAX73255 mammalian like melanopsin Gallus gallus

NP 150598 melanopsin isoform 1 Homo sapiens
NP 038915 melanopsin isoform 1 Mus musculus

AAL82577 melanopsin Danio rerio

AAO20043 melanopsin1 Gadus morhua
AAM95160 melanopsin2 Gadus morhua

AAK59988 putative photopigment melanopsin Gallus gallus

XP 003730546 opsin4 melanopsin Strongylocentrotus purpuratus

CAC86665 r opsin1 Platynereis dumerilii

Helro1 132379 new Helobdella robusta
Helro1 85596 new Helobdella robusta
Helro1 84106 new Helobdella robusta
Helro1 129809 new Helobdella robusta

ELU01272 Capca1 119596 Capitella teleta new
AGL94564 r opsin3 Platynereis dumerilii

AGJ70280 r opsin Terebratalia transversa

CAX73070 opsin 4 melanopsin Schistosoma japonicum
AAF73286 RHO G protein coupled receptor Schistosoma mansoni
CAD13146 opsin Dugesia japonica
CAB89516 opsin Girardia tigrina
AAD28720 opsin Schmidtea mediterranea

EKC23688 Rhodopsin GQ−coupled Crassostrea gigas
BAA22217 Gq rhodopsin Mizuhopecten yessoensis
Lotgi1 108602 Lottia gigantea
CAA30644 rhodopsin Enteroctopus dofleini

CAA49906 rhodopsin Todarodes pacificus
ACB05673 opsin Euprymna scolopes
CAA88923 opsin Alloteuthis subulata
CAA40108 rhodopsine Loligo forbesi
AAR18073 rhodopsin Doryteuthis pealeii

AAC26329 rhodopsin Sepia officinalis

KM086335 Hd-r-opsin Hypsibius dujardini
AFM75825 onychopsin Epiperipatus cf isthmicola LH−2012
AFM43711 onychopsin Eoperipatus sp LH−2012
CCP46946 onychopsin Euperipatoides kanangrensis
AFM75824 onychopsin Euperipatoides rowelli
AFM43712 onychopsin Ooperipatus hispidus
AFM43710 onychopsin Phallocephale tallagandensis

BAG80989 opsin Rhb clade c4 11 similar Branchinella kugenumaensis
BAG80987 opsin Rhb clade c1 11 similar Branchinella kugenumaensis
EFX77537 LOPB1 LOPB clade 1−15 DAPPUDRAFT 346974 Daphnia pulex
EFX77473 LOPB5 LOPB clade 1−15 DAPPUDRAFT 106095 Daphnia pulex
BAG80979 RhD Triops granarius

BAG80980 RhE Triops granarius
BAG80977 RhB Triops granarius

ACO05013 opsin5 Limulus polyphemus

EFX63570 LOPA3 LOPA cladeI 1−4 DAPPUDRAFT 67015 Daphnia pulex
EFX63568 LOPA1 LOPA cladeI 1−4 DAPPUDRAFT 307031 Daphnia pulex

EFX66668 LOPA6 LOPA cladeII 6−10 DAPPUDRAFT 302464 Daphnia pulex
EFX63132 LOPA10 LOPA cladeII 6−10 DAPPUDRAFT 346968 Daphnia pulex

BAG80976 RhA Triops granarius

BAA09132 opsin BcRh1 Hemigrapsus sanguineus
ACT31580 opsin 1 Uca vomeris

BAA09133 opsin BcRh2 Hemigrapsus sanguineus
ACT31581 opsin 2 Uca vomeris

ABM74400 opsin Portunus pelagicus

BAG80986 opsin RhD Branchinella kugenumaensis
BAG80985 opsin RhC Branchinella kugenumaensis
tetur24g02280 UV Tetranychus urticae
tetur07g05150 UV Tetranychus urticae
XP 002408319 rod opsin Ixodes scapularis
EFX70801 UNOP1 DAPPUDRAFT 346930 Daphnia pulex
EFX70796 UNOP2 DAPPUDRAFT 346935 Daphnia pulex
XP 002432663 GPRop3 UNOP Pediculus humanus corporis
UV7 rhoPro Rh7 like Rhodnius prolixus

XP 001944926 Rh7 likeA Acyrthosiphon pisum
XP 001943275 Rh7 likeB Acyrthosiphon pisum

BGIBMGA012539−PA silkdb org UNOP Bombyx mori

XP 308329 AGAP007548−PB GPROP10 UV7 Anopheles gambiae
AAF49949 Rh7 Drosophila melanogaster

CCO61975 rhodopsin 3 Cupiennius salei
BAG14335 kumopsin3 Plexippus paykulli
BAG14332 kumopsin3 Hasarius adansoni
EFX81332 UV wavelength opsin Daphnia pulex
BAG80984 opsin RhA Branchinella kugenumaensis
EFX75461 blue wavelength opsin Daphnia pulex
BAG80978 RhC Triops granarius
AAC47426 Rh5 Drosophila melanogaster
XP 319247 AGAP010089−PA GPROP9 LWS Anopheles gambiae
BAE19946 PrB opsin Pieris rapae
BAE19945 PrV opsin Pieris rapae
AAP49026 AF414075 1 blue opsin Vanessa cardui
AAD34223 Rh6 blue Papilio glaucus

CAA56378 lop2 UV opsin Schistocerca gregaria
BAF45422 blue opsin Dianemobius nigrofasciatus
AEG78685 blue opsin Gryllus bimaculatus

AAC13417 AmBLop Apis mellifera

XP 002422743 GPRop2 UV opsin Pediculus humanus corporis
BAG71429 UV opsin Dianemobius nigrofasciatus
AEG78686 UV opsin Gryllus bimaculatus
UV5 rhoPro UV opsin Rhodnius prolixus
XP 001951613 UV B Acyrthosiphon pisum
XP 001951588 UV A Acyrthosiphon pisum
AAG17120 UV A opsin Megoura viciae
AAC13418 AmUVop Apis mellifera
AAC05092 SW opsin Camponotus abdominalis
XP 556823 AGAP006126−PB GPROP8 UV5 Anopheles gambiae
XP 970344 uv opsin Tribolium castaneum
BAH56228 UV opsin Luciola cruciata
ACH56538 UV II opsin Thermonectus marmoratus
ACH56537 UV I opsin Thermonectus marmoratus

BAE19944 PrUV opsin Pieris rapae
AAP49025 AF414074 1 UV opsin Vanessa cardui

AAD34222 Rh5 UV Papilio glaucus

NP 476701 Rh4 Drosophila melanogaster
AAA28854 Rh3 Drosophila melanogaster

ABI48885 opsin Mysis diluviana
ABI48870 opsin c2 Euphausia superba

ABI48867 opsin c1 Archaeomysis grebnitzkii

ABI48886 opsin c1 Neomysis americana
ABI48875 opsin c1 Holmesimysis costata
ABH00987 rhodopsin Litopenaeus vannamei
ABI48884 opsin Homarus gammarus
ABG37008 opsin Rh2 Neogonodactylus oerstedii
ABG37009 opsin Rh3 Neogonodactylus oerstedii
ABG37007 opsin Rh1 Neogonodactylus oerstedii

AAB97666 rhodopsin Cambarellus shufeldtii
AAB25036 opsin Procambarus clarkii

XP 312478 AGAP002462−PA GPROP7 LW Anopheles gambiae
CAB06821 Rh6 Drosophila melanogaster
AEG78684 green opsin LWb Gryllus bimaculatus
ACN39591 LW opsin Dianemobius nigrofasciatus

EFA03667 rhodopsin green TC013765 Tribolium castaneum
BAH56227 LW opsin Luciola cruciata

ACH56536 LW opsin Thermonectus marmoratus

LWS rhoPro LW opsin Rhodnius prolixus
CAA56377 lop1 LW opsin Schistocerca gregaria
XP 002427337 GPRop1 LW opsin Pediculus humanus corporis
AAU95194 rhodopsin Oncometopia nigricans
AAT01077 rhodopsin Homalodisca vitripennis
XP 001947730 LW Acyrthosiphon pisum
AAG17119 LW opsin Megoura viciae

XP 003435763 AGAP013149−PA GPROP1 4 6 LW Anopheles gambiae
XP 001238571 AGAP001162−PA GPROP5 LW Anopheles gambiae

NP 001036882 Lop2 LW opsin ceropsin Bombyx mori
BGIBMGA007787−PA silkdb org Lop1 LW opsin Bombyx mori

AAD34224 Rh4 LW Papilio glaucus

AAL59879 AF385333 1 LW opsin Vanessa cardui
AAD34221 Rh2 LW Papilio glaucus
BAD66860 PrL opsin Pieris rapae
AAD34220 Rh1 LW Papilio glaucus
AAD29575 Rh3 LW Papilio glaucus

AAC47083 rhodopsin Camponotus abdominalis
AAA69069 AmLop1 Apis mellifera

AEG78683 green opsin LWa Gryllus bimaculatus
NP 001071293 AmLop2 Apis mellifera
AAA28734 Rh2 Drosophila melanogaster
AAA28733 Rh1 Drosophila melanogaster

tetur12g04340 LW Tetranychus urticae
CCO61973 rhodopsin 1 Cupiennius salei
BAG14333 kumopsin1 Plexippus paykulli
BAG14330 kumopsin1 Hasarius adansoni

CCO61974 rhodopsin 2 Cupiennius salei
BAG14334 kumopsin2 Plexippus paykulli
BAG14331 kumopsin2 Hasarius adansoni

AAA02498 opsin1 lateral Limulus polyphemus
AAA02499 opsin2 ocellar Limulus polyphemus
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Figure S6. Majority-rule consensus tree of the Bayesian inference analysis under the site-heterogeneous CAT-GTR model of amino acid sequence evolution of the pruned 
dataset LS60 (excluded taxa with leaf stability≤0.60) and the placement of the opsin genes of the tardigrade Hypsibius dujardini (highlighted in red). Posterior probabilities 
> 0.70 are given at the nodes. G-protein-coupled receptor sequences other than opsins were used as outgroups. Bars on the right indicate the leaf stability indices derived 
from 1,000 ML bootstrapping trees on the full dataset (orange: LS≤0.60, light blue: LS>0.60) and from 1,000 ML bootstrapping trees after pruning of taxa with LS≤0.60 (dark 
blue). Scale bar indicates the number of substitutions per site. 



....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Hd_genome nHd.2.3.1.g04457 SNALIVNLAISDFAMMITX-------------------------------------------------XKPFLLMRSTMTRERAKFAIAFVWLYX--------------VLEGFLTTCSFDYLDPSSESRIFIFTMFIGAYVAPLSIIII
Hd_transcriptome_contig Hd-r-opsin SNALIVNLAISDFAMMITMCPMYFLSSLQEKWIFGREACRFYGFCGALFXTVSIITIAAIAVDRYLVICKPFLLMRSTMTRERAKFAIAFVXLYSLGWAAPPLCGVSNYVLEGFLTTCSFDYLDPSSESRIFIFTMFIGAYVAPLSIIII
Hd_cloned_transcript Hd-r-opsin SNALIVNLAISDFAMMITMCPMYFLSSLQEKWIFGREACRFYGFCGALFGTVSIITIAAIAVDRYLVICKPFLLMRSTMTRERAKFAIAFVRLYSLGWAAPPLCGVSNYVLEGFLTTCSFDYLDPSSESRIFIFTMFIGAYVAPLSIIII

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Hd_genome nHd.2.3.1.g14396 NFWIFVVIAKHRPLRTPVNLMLMSLSFGDFVIAGFGDFVIAGFGTPLTAGAAFAGNWIYGSNLCVAYGFAMALAGIASIVTLAVISVERYMLICHPGAVVITTRKTILVILFGIASIVTLAVISVERYMLICHPGAVVITTRKTILAILF
Hd_transcriptome_contig Hd-c-opsin1 NFWIFVVIAKHRPLRTPVNLMLMSLS--------FGDFVIAGFGTPLTAGAAFAGNWIYGSNLCVAYGXAMALA--------------------------------------GIASIVTLAVISVERYMLICHPGAVVITTRXTILXXXF
Hd_cloned_transcript Hd-c-opsin1 NFWIFVVIAKHRPLRTPVNLMLMSLS--------FGDFVIAGFGTPLTAGAAFAGNWIYGSNLCVAYGYAMALA--------------------------------------GIASIVTLAVISVERYMLICHPGAVVITTRKTILAILF

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|
Hd_genome nHd.2.3.1.g17875 QLLTPVNILILNLTIR--------TPFTAASAFQHHWLFGRSGCVAYAFATGFSGIASIGSLAVISWERYWLVAHAGSSPITTRETILITCGGIASIGSLAVISWERYWLVAHAGSSPITTRETILITCGVWTYALLGVLPPVVGWSRFE
Hd_transcriptome_contig Hd-c-opsin3 QLLTPVNILILNLTISDFLIATLGTPXTAASAFQHHWLFGRSGCVAYAFATGFSGIASIGSLAVISWERYWLVAHAGSSPITTRETILITCG--------------------------------------VWTYALLGVLPPVVGWSRFE
Hd_cloned_transcript Hd-c-opsin3 QLLTPVNILILNLTISDFLIATLGTPFTAASAFQHHWLFGRSGCVAYAFATGFSGIASIGSLAVISWERYWLVAHAGSSPITTRETILITCG--------------------------------------VWTYALLGVLPPVVGWSRFE

Figure S7. Three examples for inconsistencies between our cloned transcripts and the predicted transcripts from the genome of Hypsibius dujardini. Sequen-
ces from the genome are on top of each alignment. Apparently exonic regions are either missing (grey boxes) or duplicated (colored boxes). Arrows indicate 
corresponding repeats. This suggests that either the genomic contigs and/or scaffolds were assembled incorrectly or, if the assembly was correct and the 
introns indeed contain such repeated exonic sequences, the actual splice sites were predicted incorrectly during the gene annotation process.



....|....|....|....|....|....
AAA30674 rhodopsin Bos taurus PAFFAK-------------TSAVYNPVIY
AFK83788 MleiOpsin1 Mnemiopsis leidyi PALFAK-------------SSTLWWIIIY
AFK83789 MleiOpsin2 Mnemiopsis leidyi PAFLAK-------------TSTVWSPIIY
AFK83790 MleiOpsin3 Mnemiopsis leidyi HSFFAKHYINMLFHFVLLTLNSCANPLVY

Figure S8. Partial alignment of the opsin genes from the ctenophoran Mnemiopsis leidyi and rhodop-
sin from Bos taurus. The retinalbinding site corresponds to the K296 position (arrow) of bovine 
rhodopsin (Palczewski et al. 2000. Science 289:739–745.). Due to the unusual insertion down-
stream of K296 in MleiOpsin3 (grey box) and its uncertain placement in previous studies 
(Schnitzler et al. 2012. BMC Biology 10:107.) it is unclear whether or not MleiOpsin3 is a functio-
nal opsin gene. We therefore decided to exclude MleiOpsin3 prior to our analyses.

296



burn-in 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000 21000 22000 23000 24000 25000 26000 27000 28000 29000 30000 31000 32000 33000 34000 35000 36000 37000 38000 39000 40000 41000 42000 43000 44000 45000 46000 47000 48000 49000 50000 51000 52000 53000 54000 55000 56000 57000 58000 59000
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rel_diff 0.472228 0.478826 0.486708 0.495079 0.510549 0.51464 0.521635 0.529825 0.54097 0.549898 0.548715 0.560567 0.564997 0.572033 0.5624 0.559264 0.546067 0.542894 0.556335 0.562538 0.558385 0.553079 0.544649 0.540727 0.542305 0.537739 0.530318 0.50772 0.506175 0.520309 0.513441 0.52225 0.533473 0.560139 0.565138 0.574997 0.568923 0.5494 0.528905 0.495044 0.496816 0.495009 0.478178 0.44284 0.400969 0.365049 0.336263 0.299313 0.284382 0.195149 0.0540116 0.0192794 0.099669 0.234711 0.303045 0.40994 0.450121 0.533592 0.354907

rrent effsize 68 76 84 83 81 91 104 130 134 159 166 194 200 212 236 262 277 276 289 407 452 339 316 315 268 269 233 261 226 195 174 150 145 170 210 235 257 185 154 215 207 162 145 547 775 888 815 702 340 500 549 336 517 349 186 2046 1520 129 32
rel_diff 0.465493 0.461848 0.461922 0.469672 0.479499 0.494561 0.509118 0.509405 0.520819 0.517888 0.515996 0.510355 0.497233 0.50316 0.510412 0.52304 0.531005 0.540253 0.540952 0.562119 0.566797 0.562261 0.56868 0.565277 0.565519 0.564419 0.56657 0.590376 0.612177 0.612886 0.603935 0.591685 0.555893 0.532783 0.499799 0.478538 0.469527 0.492186 0.514908 0.499723 0.501417 0.506646 0.511041 0.481021 0.480592 0.463899 0.439423 0.411667 0.381481 0.288615 0.245164 0.203858 0.222453 0.25514 0.276857 0.14938 0.168774 0.289283 0.468861

rrmean effsize 26548 24585 18951 18586 22458 22093 21218 20107 18640 16532 12427 10676 13304 10612 6995 11135 10031 10386 20729 15160 13327 18180 7917 10118 8863 13730 16656 12013 10084 12324 7945 7534 9515 9843 15710 10325 5782 5837 4402 9565 7938 9681 4850 4471 2545 7580 7078 6592 6039 3271 2585 1662 871 457 259 341 241 337 135
rel_diff 0.0115319 0.0157804 0.0195826 0.0176296 0.0157492 0.0129896 0.0123681 0.0094571 0.0105691 0.0118261 0.014504 0.0149142 0.0143469 0.0157521 0.01909 0.011574 0.0104249 0.0095006 0.0022915 0.0025691 0.003104 0.0011079 0.0066611 0.0022563 0.0025381 0.0056266 0.0150576 0.02004 0.0232492 0.0174535 0.0241323 0.0237206 0.0130218 0.0076226 0.0045527 0.0065478 0.0113026 0.0125711 0.0159357 0.0080506 0.0097864 0.0118934 0.0156061 0.0155353 0.0332905 0.0094581 0.0086098 0.0083769 0.0002514 0.024418 0.0209468 0.0414289 0.0321994 0.0309276 0.0225376 0.0143348 0.0289146 0.0705839 0.148287

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

-141600

-141500

-141400

-141300

-141200

-141100

-141000

-140900

-140800

-140700

-140600

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000 50000 52000 54000 56000 58000 60000

lo
g 

lik
el

ih
oo

d  

Generations
 

good badacceptableA

B

moving average RUN_2_full (100 points)

moving average RUN_1_full (100 points)RUN_1_full

RUN_2_full

Figure S9. Assessment of chain convergence for two independently run Markov chains for 60,000 generations each on the full metazoan opsin dataset using PhyloBayes MPI v1.4f. (A) Obtained summary statistics from the bpcomp and tracecomp programs of the PhyloBayes package, in dependency on the burn-in. Color coding and assessment for convergence following the 
guidelines of the PhyloBayes manual (bpcomp: maxdi�<0.1: good run, maxdi�<0.3: acceptable run, 0.3<maxdi�<1: not converged; tracecomp: maxdi�<0.1 and minimum e�ective size >300: good run, maxdi�<0.3 and minimum e�ective size >50: acceptable run). According to this, we decided to discard the first 21,000 trees. (B) Traces of the log-likelihood scores for both chains. 
The moving average over 100 points is highlighted with a bold line.
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burn-in 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000 21000 22000 23000 24000 25000 26000 27000 28000 29000
maxdiff 0.227586 0.246071 0.254815 0.254615 0.2684 0.291667 0.326957 0.347273 0.350476 0.3475 0.351053 0.348889 0.330588 0.31375 0.27 0.269286 0.294615 0.289167 0.299091 0.303 0.371111 0.3875 0.335714 0.345 0.414 0.5175 0.686667 1 1
meandiff 0.0104511 0.0108685 0.0110605 0.0111366 0.0112798 0.0115507 0.0116361 0.0119561 0.0122573 0.0122976 0.0127027 0.0124553 0.0122332 0.0127888 0.013156 0.0133335 0.0138974 0.0141828 0.0145487 0.0152713 0.0161897 0.0163555 0.0172672 0.0179059 0.0199917 0.0223186 0.0260841 0.0271345 0.0344127

| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | |

loglik effsize 14 16 17 18 20 20 20 21 21 23 28 28 37 45 49 66 75 135 114 128 4505 786 314 78 53 149 104 1013 24
rel_diff 0.0237819 0.0320142 0.0073386 0.010538 0.0255308 0.0146867 0.0177809 0.0200572 0.0251359 0.0398688 0.0831141 0.108848 0.144892 0.132515 0.120286 0.121249 0.107498 0.0988783 0.0604895 0.0355846 0.0364018 0.0749745 0.136808 0.239009 0.436755 0.664787 0.582707 0.658607 0.872734

length effsize 16 16 18 20 24 27 28 27 23 18 16 15 15 16 20 26 82 190 512 167 204 139 45 24 11 12 14 17 31
rel_diff 0.59494 0.555494 0.489466 0.413552 0.329719 0.243072 0.164827 0.0597252 0.0200417 0.105142 0.104941 0.106852 0.0383206 0.0699563 0.207181 0.23078 0.216472 0.203566 0.0686059 0.149484 0.24305 0.249832 0.219007 0.312343 0.512441 0.514247 0.758884 0.993322 2.30998

alpha effsize 53 41 35 33 33 32 28 24 22 21 22 24 35 90 163 588 550 290 170 104 144 55 64 34 18 15 15 22 16
rel_diff 0.12267 0.108048 0.092388 0.0560424 0.0010899 0.0729768 0.137979 0.205846 0.230726 0.252406 0.220637 0.205472 0.148581 0.0638998 0.052673 0.0374147 0.0596116 0.0648472 0.136254 0.211651 0.353363 0.47467 0.494006 0.509218 0.579304 0.63402 0.650666 1.34864 1.90301

Nmode effsize 228 302 249 229 194 164 174 160 133 120 102 98 71 64 60 50 43 38 30 29 26 21 17 15 13 30 105 45 70
rel_diff 0.062392 0.0322627 0.004876 0.0203364 0.0218474 0.0029722 0.0386522 0.053204 0.0345625 0.0645703 0.102909 0.107747 0.107272 0.066812 0.0823712 0.0863115 0.0905955 0.0554393 0.0074636 0.120675 0.219382 0.20732 0.110389 0.0598444 0.134983 0.0737169 0.131529 0.254452 0.294139

statent effsize 177 143 126 111 96 76 68 56 50 52 57 61 74 81 111 99 80 85 84 99 91 103 117 69 92 54 42 42 47
rel_diff 0.0069321 0.0131955 0.0254085 0.030594 0.0267037 0.0139304 0.0058153 0.0238568 0.0254698 0.0061962 0.0470645 0.0866865 0.142818 0.180217 0.251579 0.349704 0.375596 0.364787 0.307754 0.201912 0.174011 0.0816814 0.0017654 0.0092998 0.0859938 0.26313 0.165437 0.402805 0.914176

statalpha effsize 165 173 180 181 181 187 186 172 187 173 172 161 165 217 205 177 143 107 100 97 121 443 199 125 62 52 106 158 165
rel_diff 0.198715 0.229603 0.24966 0.27 0.287918 0.309947 0.330729 0.329187 0.351968 0.355883 0.360207 0.364814 0.374682 0.432911 0.473093 0.509202 0.497247 0.495631 0.52686 0.553188 0.588172 0.621136 0.599971 0.537581 0.430173 0.373435 0.195902 0.0963556 0.156394

rrent effsize 101 107 118 123 122 119 114 112 121 151 163 162 135 106 70 72 109 176 337 214 365 441 498 360 247 126 159 141 34
rel_diff 0.0373999 0.0194528 0.0050169 0.0300272 0.0468288 0.0668202 0.0783548 0.0877798 0.117076 0.161445 0.179888 0.175834 0.173662 0.176637 0.140455 0.166859 0.173895 0.153114 0.127956 0.171687 0.115893 0.0349035 0.0278022 0.0607422 0.132688 0.174942 0.0008221 0.204277 0.140034

rrmean effsize 9665 7438 4845 6332 6396 5523 4294 3953 3596 3682 2737 3884 3541 2946 895 2116 4004 2953 3608 5646 4426 2519 2457 3489 1399 2127 690 299 326
rel_diff 0.0409238 0.0346827 0.0326419 0.0365511 0.0346441 0.0350336 0.0385501 0.0421432 0.0299041 0.0386215 0.040789 0.0241635 0.0207875 0.0342367 0.050845 0.0428012 0.0305661 0.0438794 0.0713107 0.0848356 0.0725597 0.103969 0.0754991 0.0490341 0.0222611 0.0662515 0.0643522 0.0017475 0.0854575

| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
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Figure S10. Assessment of chain convergence for two independently run Markov chains for 30,000 generations each on the pruned dataset LS50 (excluded taxa with leaf stability≤0.50) using PhyloBayes MPI v1.4f. (A) Obtained summary 
statistics from the bpcomp and tracecomp programs of the PhyloBayes package, in dependency on the burn-in. Color coding and assessment for convergence following the guidelines of the PhyloBayes manual (bpcomp: maxdi�<0.1: good 
run, maxdi�<0.3: acceptable run, 0.3<maxdi�<1: not converged; tracecomp: maxdi�<0.1 and minimum e�ective size >300: good run, maxdi�<0.3 and minimum e�ective size >50: acceptable run). According to this, we decided to discard 
the first 18,000 trees. (B) Traces of the log-likelihood scores for both chains. The moving average over 100 points is highlighted with a bold line.
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burn-in 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000 21000 22000 23000 24000 25000 26000 27000 28000 29000
maxdiff 0.273103 0.286071 0.282963 0.273462 0.2528 0.255833 0.276957 0.308182 0.295238 0.301 0.302105 0.32 0.298235 0.28125 0.261333 0.259286 0.262308 0.285833 0.343636 0.419 0.393333 0.38375 0.395714 0.416667 0.548 0.635 0.63 0.695 0.61
meandiff 0.0104208 0.010345 0.0103392 0.0100695 0.0099627 0.0101575 0.0103081 0.0107091 0.0107733 0.0107825 0.0110704 0.0111804 0.0114978 0.0116109 0.0118667 0.0126462 0.013061 0.013533 0.0143955 0.0146153 0.0148385 0.0142961 0.0146444 0.014532 0.0162662 0.0178122 0.0190185 0.023924 0.030145

| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | |

loglik effsize 24 51 114 112 79 67 75 93 114 149 232 201 211 147 129 122 106 104 82 69 72 81 122 164 112 109 142 94 51
rel_diff 0.184214 0.166074 0.188046 0.168244 0.16248 0.145989 0.0898268 0.0568856 0.019022 0.0286931 0.0787531 0.0891936 0.149111 0.140452 0.163347 0.175663 0.219911 0.311178 0.348097 0.342912 0.279317 0.210993 0.120165 0.0413889 0.0752186 0.0512024 0.0255121 0.0269953 0.145787

length effsize 33 51 67 99 113 214 409 424 418 354 282 213 143 124 127 107 102 65 54 124 186 138 96 185 296 198 158 189 35
rel_diff 0.164156 0.144661 0.127026 0.103693 0.0369844 0.0138335 0.0048496 0.0234175 0.036614 0.0374792 0.0441695 0.0593014 0.0756194 0.0815619 0.0588745 0.0459217 0.0608338 0.0093364 0.0590438 0.0055116 0.168803 0.300597 0.333378 0.43381 0.552443 0.615486 0.71837 0.581245 0.49805

alpha effsize 239 279 216 250 355 336 312 294 334 600 599 733 463 957 922 944 909 607 643 568 622 481 242 309 212 218 101 200 37
rel_diff 0.0282 0.0502729 0.0547847 0.0831849 0.136464 0.183251 0.185696 0.224711 0.204626 0.186102 0.181723 0.16157 0.188199 0.178641 0.163819 0.157872 0.164795 0.161847 0.132846 0.128554 0.235925 0.237459 0.248436 0.20398 0.184695 0.0751227 0.073071 0.0324482 0.149687

Nmode effsize 113 160 117 113 128 194 273 248 293 305 320 285 288 302 240 173 154 138 103 152 176 296 76 704 152 156 140 51 17
rel_diff 0.597363 0.613999 0.635983 0.620903 0.602961 0.547335 0.485377 0.504773 0.483825 0.469604 0.451241 0.433558 0.383747 0.377108 0.382375 0.384283 0.370176 0.320008 0.277053 0.269519 0.298231 0.252598 0.198666 0.386053 0.448938 0.28502 0.218981 0.151693 0.453415

statent effsize 180 184 197 239 207 150 113 145 159 141 151 154 140 107 98 79 95 139 163 159 129 86 121 124 89 58 83 82 405
rel_diff 0.0467482 0.0688978 0.0860931 0.129296 0.15785 0.15259 0.165663 0.186465 0.174445 0.152293 0.1438 0.107092 0.109953 0.150786 0.126217 0.108946 0.0492713 0.0196057 0.0270609 0.028367 0.0721641 0.11059 0.190879 0.349064 0.398221 0.309814 0.372268 0.197466 0.223842

statalpha effsize 113 166 168 207 254 248 214 209 202 185 188 184 221 268 392 643 521 804 1274 1784 967 544 376 243 192 228 130 151 331
rel_diff 0.0033636 0.0314027 0.0215591 0.0393071 0.0657847 0.0487873 0.0242059 0.0184423 0.0183207 0.0157257 0.0045091 0.0168283 0.0456366 0.0584488 0.0979399 0.127749 0.151585 0.180957 0.224757 0.273623 0.247258 0.233284 0.254626 0.211922 0.196949 0.234193 0.251174 0.230008 0.36315

rrent effsize 151 237 248 239 233 301 331 496 420 305 269 254 191 145 135 143 126 120 108 145 159 149 304 245 2581 273 182 91 23
rel_diff 0.402483 0.408422 0.407051 0.402304 0.426692 0.394689 0.375511 0.357681 0.356412 0.365496 0.348028 0.31745 0.278419 0.312449 0.299781 0.277383 0.253492 0.239342 0.266522 0.260839 0.225059 0.146989 0.0363829 0.0176078 0.127489 0.0923387 0.0983439 0.0127663 0.110126

rrmean effsize 4718 3434 3354 2947 4303 5325 5432 3573 4055 4324 3673 3173 2621 2083 1705 1760 1597 1227 923 2800 2419 2676 2380 2241 2954 1975 1350 387 668
rel_diff 0.0170578 0.0243998 0.0223627 0.0215951 0.0096179 0.0040289 0.0099774 0.0159983 0.0092217 0.0015021 0.0011631 0.0001285 0.0020291 0.0174882 0.020949 0.008826 0.0143158 0.0136938 0.0001887 0.0044228 0.0421577 0.0682639 0.0872941 0.0834978 0.0882393 0.0825816 0.0548292 0.0433859 0.0288808

| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
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Figure S11. Assessment of chain convergence for two independently run Markov chains for 30,000 generations each on the pruned dataset LS60 (excluded taxa with leaf stability≤0.60) using PhyloBayes MPI v1.4f. (A) Obtained summary sta-
tistics from the bpcomp and tracecomp programs of the PhyloBayes package, in dependency on the burn-in. Color coding and assessment for convergence following the guidelines of the PhyloBayes manual (bpcomp: maxdi�<0.1: good run, 
maxdi�<0.3: acceptable run, 0.3<maxdi�<1: not converged; tracecomp: maxdi�<0.1 and minimum e�ective size >300: good run, maxdi�<0.3 and minimum e�ective size >50: acceptable run). According to this, we decided to discard the first 
16,000 trees. (B) Traces of the log-likelihood scores for both chains. The moving average over 100 points is highlighted with a bold line.
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Table S1. Summary statistics for transcriptome library assemblies using different quality filters and software packages. Filter15: reads with more than five bases below a 
quality score of 15 were removed; Filter25: reads with less than 20 bases in a row with a quality score of at least 25 were removed; Filter30: reads with less than 20 bases in 
a row with a quality score of at least 30 were removed. CLC: CLC Genomics Workbench v5.1; IDBA iso1: IDBA-Tran v1.1.0 allowing to retain one isoforms of a transcript; 
IDBA iso3: IDBA-Tran v1.1.0 allowing to retain three isoforms of a transcript. 

 

Filter Assembler # reads 
Giga-
bases 

% reads 
F15 

# matched 
reads 

% matched 
reads 

# contigs 
mean 

length 
max length total length N50 

Filter15 CLC      68,214,238    5.18 100.0        53,993,335                      79.2           33,530                791           14,105         26,518,984        1,404    

  IDBA iso1      68,214,238    5.18 100.0        39,404,978                      57.8           29,288             1,186           20,533         34,741,313        1,858    

  IDBA iso3      68,214,238    5.18 100.0        39,323,507                      57.6           44,711             1,512           20,749         67,632,493        2,194    

Filter25 CLC      42,382,860    3.22 62.1        33,519,856                      79.1           31,386                781           14,315         24,506,359        1,354    

  IDBA iso1      42,382,860    3.22 62.1        28,467,726                      67.2           26,137             1,187           15,936         31,038,801        1,817    

  IDBA iso3      42,382,860    3.22 62.1        28,369,455                      66.9           40,516             1,496           15,936         60,614,950        2,151    

Filter30 CLC       4,590,646    0.34 6.7         3,565,661                      77.7           19,400                445             5,578          8,628,864          457    

  IDBA iso1       4,590,646    0.34 6.7         2,706,624                      59.0           12,908                646             6,267          8,348,433          710    

  IDBA iso3       4,590,646    0.34 6.7         2,639,346                      57.5           16,976                720             7,348         12,238,326          843    

 



Table S2. GenBank accession numbers of opsin bait sequences used as BLAST queries. 

 

Accession Type Name/Organism 

AFM75824.1 r-opsin onychopsin Euperipatoides rowelli 

AAA02499.1 r-opsin opsin Limulus polyphemus 

AAA69069.1 r-opsin long-wavelength rhodopsin Apis mellifera 

BAG14332.1 r-opsin kumopsin3 Hasarius adansoni 

AAC26329.1 r-opsin rhodopsin Sepia officinalis 

CAC86665.1 r-opsin rhabdomeric opsin Platynereis dumerilii 

EFX83617.1 r-opsin arthropsin1 Daphnia pulex 

NP_150598.1 r-opsin melanopsin isoform 1 Homo sapiens 

AAV63834.1 c-opsin ciliary opsin Platynereis dumerilii 

AAA30674.1 c-opsin rhodopsin Bos taurus 

NP_001138950.1 c-opsin c-opsin Tribolium castaneum 

EFX86931.1 c-opsin pteropsin4 Daphnia pulex 

BAC76021.1 c-opsin Amphiop4 Branchiostoma belcheri 

BAJ22674.1 Group4 opsin peropsin Hasarius adansoni 

BAC76019.1 Group4 opsin Amphiop1 Branchiostoma belcheri 

FAA00384.1 “cnidopsin” TPA: opsin Nematostella vectensis 

 



Table S3. Bayesian cross-validation test. A 10-fold cross-validation with 10 replicates for each chosen 

model was performed. The cross-validation log-likelihood scores per model were averaged over the 

10 replicates and compared with the reference model (LG). The site-heterogeneous CAT-GTR model 

fitted the data best in 8 out of the 10 replicates and was therefore used for Bayesian inference 

analyses. Negative values imply that the reference model (LG) fitted the data better than the tested 

model. 

models compared  mean score +/- stdev  #times model is best 

C20LG versus LG -99.08 +/- 43.68 0 

C30LG versus LG -71.84 +/- 42.59 0 

C40LG versus LG -22.32 +/- 46.65 0 

WLSR5LG versus LG -19.12 +/- 21.10 0 

C50LG versus LG -11.39 +/- 40.74 0 

LG versus LG 0 +/- 0 0 

C20GTR versus LG 6.51 +/- 60.19 0 

GTR versus LG 28.2 +/- 27.06 0 

C60LG versus LG 28.7 +/- 43.24 0 

WLSR5GTR versus LG 29.56 +/- 26.38 0 

C30GTR versus LG 29.58 +/- 56.52 0 

C40GTR versus LG 34.29 +/- 67.87 0 

C50GTR versus LG 54.39 +/- 52.22 0 

C60GTR versus LG 90.97 +/- 50.12 0 

CATLG versus LG 291.69 +/- 36.69 2 

CATGTR versus LG 308.15 +/- 36.85 8 
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