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Supplementary Figure 1: Annotated nucleotide gene tree created using an alignment of 266
opsin sequences with different opsin families color coded. The tree was midpoint rooted,
converted to a cladogram and ordered for ease of visualization. Numbers in parentheses are
SH-alLRT support (%) / ultrafast bootstrap support (%). The final opsin annotation is based
on this tree. Best Bayesian Information Criteria (BIC) score model was TIM2+F+R9 and
convergence was reached after 624 iterations, an ultrafast bootstrap with 10000 iterations was

run and an SH- aLRT with 1000 iterations was also performed.

9.0

Supplementary Figure 2: Annotated amino acid gene tree using an alignment of 87 opsin
sequence with different opsin families color coded. The tree was midpoint rooted, converted
to a cladogram and ordered for ease of visualization. Numbers in parentheses are SH-aLRT
support (%) / ultrafast bootstrap support (%). The final opsin annotation is based on this tree.
Best BIC score model was LG+R5. Convergence was reached after 383 iterations. An
ultrafast bootstrap with 10000 iterations was run and an SH- aLRT with 1000 iterations was

also performed.
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Supplementary Figure 3: UV gene reconciled tree, D represents a duplication event
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Supplementary Figure 4: Blue gene reconciled tree, D represents a duplication event
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Supplementary Figure 5: LW gene reconciled tree, D represents a duplication event, greyed

out lineages represent a loss. See Notung Supplementary files on Dryad for information on

lineage names.
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Supplementary Figure 6: Number of opsins ancestral state reconstruction plotted against
ancestral state reconstruction of diel-niche.
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Supplementary Figure 7: UV opsin ancestral state reconstruction
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Supplementary Figure 8: Blue opsin ancestral state reconstruction
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Papilionoidea Nymphalidae Danainae Danaus plexippus DPLEX
Papilionoidea Nymphalidae Satyrinae Pararge aegeria INSfrgTADRAAPEI 22
I Papilionoidea Nymphalidae Heliconiinae Heliconius melpomene Papilionoidea
Papilionoidea Nymphalidae Nymphalinae Melitaea cinxia
Papilionoidea Riodinidae Riodininae Mycastor nealces INSerlTBMRAAPEI 57
Papilionoidea Riodinidae Riodininae Semomesia capanea FG120077
Papilionoidea Lycaenidae Aphnaeinae Cigaritis takanonis Papilionoidea
Papilionoidea Lycaenidae Theclinae Calycopis cecrops Papilionoidea
Papilionoidea Lycaenidae Polyommatinae Hemiargus ceraunus GNV120025
Papilionoidea Lycaenidae Polyommatinae Polyommatus icarus INShauTBGRAAPEI 35
elechioidea Depressariidae Psilocorsis reflexella Psi
elechioidea Cosmopterigidae Cosmopteriginae Hyposmocoma kahamanoa RINysjTAAABRAAPEI 215
elechioidea Gelechiidae Dichomeridinae Dichomeris punctidiscella Dch
elechioidea Gelechiidae Gelechiinae Tuta absoluta
Thyridoidea Thyrididae Siculodinae Zeuzerodes maculata FG120079
Thyridoidea Thyrididae Pseudothyris sepulchralis GNV139006
Alucitoidea Alucitidae Alucita desmodactyla ANIsrmTAAORAAPEI 215
Pterophoroidea Pterophoridae Pterophorinae Lantanophaga pusillidactyla GNV120027
Pterophoroidea Pterophoridae Pterophorinae Emmelina monodactyla Emm
Pyraloidea Pyralidae Amyelois transitella Pyraloidea
Pyraloidea Pyralidae Phycitinae Plodia interpunctella
Pyraloidea Crambidae Spilomelinae Cnaphalocrocis medinalis SRR64791
Pyraloidea Crambidae Crambinae Catoptria oregonicus Cr4
Pyraloidea Crambidae Crambinae Chilo suppressalis
Drepanoidea Drepanidae Drepaninae Macrauzata submontana RINSinITDPRAAPEI 34
Drepanoidea Drepanidae Drepaninae Tridrepana flava SW130064
Drepanoidea Drepanidae Thyatirinae Pseudothyatira cymatophoroides Pc
Drepanoidea Drepanidae Thyatirinae Thyatira batis INSnfrTBCRAAPEI 17
octuoidea Notodontidae Notodontinae Pheosia gnoma INSqigTBHRAAPEI 71
loctuoidea Notodontidae Nystaleinae Notoplusia minuta FG120015
Noctuoidea Erebidae Lymantriinae Lymantria dispar Ly3
loctuoidea Erebidae Calpinae Phyllodes eyndhovii RINSinlTDNRAAPEI 171
I octuoidea Erebidae Arctiinae Phragmatobia fuliginosa INShauTBDRAAPE| 31
octuoidea Erebidae Arctiinae Amata phegea INShauTAERAAPEI 8
Noctuoidea Erebidae Arctiinae Auriculoceryx pterodactyliformis RINSin TDRRAAPEI 36
octuoidea Nolidae Nolinae Manoba major SW130224
octuoidea Noctuidae Amphipyrinae Amphipyra pyramidea INShauTAVRAAPEI 16
oNoctuoidea Noctuidae Noctuinae Spodoptera exigua Noctuoidea
octuoidea Noctuidae Noctuinae Spodoptera frugiperda
octuoidea Noctuidae Noctuinae Striacosta albicosta Striacosta
octuoidea Noctuidae Noctuinae Agrotis infusa WHANISrmTMATRAAPE! 46
H eometroidea Epicopeiidae Epicopeia hainseii Epc3
4 0 pSI n S eometroidea Geometridae Larentiinae Operophtera brumata
eometroidea Geometridae Ennominae Macaria distribuaria GNV120029
. eometroidea Geometridae Geometrinae Nemoria lixaria GNV120032
. 3 (0] pS| ns eometroidea Geometridae Geometrinae Chlorosea margaretaria Chl
asiocampoidea Lasiocampidae Macromphaliinae Tolype notialis Tol
Bombycoidea Eupterotidae Eupterotinae Ganisa similis RINSinlTDMRAAPEI 136

. 2 1 Bombycoidea Endromidae Mustilizans dierli RINSinlTDURAAPEI 43
0 pSI n S . Bombycoidea Bombycidae Bombyx mori BMORI
Bombycoidea Sphingidae Hemileucinae Hemileuca maia BuckH
—I H Bombycoidea Saturniidae Saturniinae Saturnia pyri INShkeTACRAAPEI 87
0 pSI n S Bombycoidea Sphingidae Smerinthinae Parum colligata VOO5T
Bombycoidea Sphingidae Sphinginae Manduca sexta
. Bombycoidea Sphingidae Sphinginae Sphinx pinastri INShauTAZRAAPEI 20
. O (0] pSI ns Bombycoidea Sphingidae Macroglossinae Hemaris diffinis HEMA2

Bombycoidea Sphingidae Macroglossinae Macroglossum pyrrhosticta MacrH
Bombycoidea Sphingidae Macroglossinae Darapsa myron Dara
Bombycoidea Sphingidae Macroglossinae Xylophanes tersa Xter2

Supplementary Figure 9: LW opsin ancestral state reconstruction



opterigoidea Micropterigidae Micropterix calthella Mica N
Eriocranioidea Eriocraniidae Dyseriocrania subpurpurella INSbusTBDRAAPEI 79
ophocoronoidea Lophocoronidae Lophocorona astipica Loas
epialoidea Hepialidae Triodia sylvina INSnfrTAVRAAPEI 9
lepialoidea Hepialidae Phymatopus californicus Phm

Nepticuloidea Opostegidae Oposteginae Pseudopostega cf.quadristrigella Pqd
epticuloidea Nepticulidae Nepticulinae Stigmella atricapitella ANIsrmTAAWRAAPE| 225
Adeloidea Adelidae Adelinae Nemophora degeerella INShauTABRAAPEI 93
Adeloidea Prodoxidae Tegeticula yuccasella Tyu4
Tischerioidea Tischeriidae Coptotriche citrinipennella INSpmbTAIRAAPEI 207
Tineoidea Psychidae Oiketicinae Thyridopteryx ephemeraeformis Tep2
)Tineoidea Dryadaulidae Dryadaula visaliella Dry
yTineoidea Tineidae Tineinae Tineola bisselliella INSswpTACRAAPEI 13
racillarioidea Roeslerstammiidae Amphithera heteroleuca INSpmbTAHRAAPEI 206
Yponomeutoidea Yponomeutidae Yponomeutinae Yponomeuta evonymellus INShauTBFRAAPEI 34
racillarioidea Bucculatricidae Bucculatrix cristatella ANIsrmTAASRAAPEI 220
| Yponomeutoidea Lyonetiidae Cemiostominae Leucoptera coffeella RINysiTAAAARAAPE! 214
racillarioidea Gracillariidae Gracillariinae Caloptilia triadicae calo
illarioidea Gracillariidae Lithocolletinae Cameraria ohridella INSeqtTDMRAAPEI 95
racillarioidea Gracillariidae Acrocercopinae Acrocercops transecta
racillarioidea Gracillariidae Phyllocnistinae Phyllocnistis citrella Pcit2
Immoidea Immidae Imma tetrascia Imm
Tortricoidea Tortricidae Olethreutinae Phaecasiophora niveiguttana Cro
yTortricoidea Tortricidae Olethreutinae Cydia pomonella Cyd
esioidea Sesiidae Sesiinae Bembecia ichneumoniformis INSIupTBGRAAPEI 20
esioidea Sesiidae Sesiinae Podosesia syringae Podo
ossoidea Cossidae Cossinae Prionoxystus robiniae Prob2
ossoidea Cossidae Zeuzerinae Morpheis pyracmon INSerlTAQRAAPEI 118
esioidea Castniidae Castniinae Synemon plana Cul
esioidea Castniidae Castniinae Telchin licus SRR1204999
Papilionoidea Papilionidae Parnassiinae Luehdorfia chinensis
Papilionoidea Papilionidae Papilioninae Parides eurimedes INSjdsTAJRAAPEI 36
Papilionoidea Papilionidae Papilioninae Papilio machaon Papilionoidea
Papilionoidea Hesperiidae Eudamiinae Urbanus proteus INSerlTBFRAAPEI 36
Papilionoidea Hesperiidae Hesperiinae Thymelicus sylvestris
| Papilionoidea Hesperiidae Hesperiinae Lerema accius
Papilionoidea Pieridae Pierinae Anthocharis cardamines INSnfrTAYRAAPEI 13
Papilionoidea Pieridae Coliadinae Phoebis sennae
I Papilionoidea Pieridae Coliadinae Colias croceus INShkeTBFRAAPEI 79
Papilionoidea Nymphalidae Danainae Danaus plexippus DPLEX
Papilionoidea Nymphalidae Satyrinae Pararge aegeria INSfrgTADRAAPEI 22
| Papilionoidea Nymphalidae Heliconiinae Heliconius melpomene Papilionoidea
Papilionoidea Nymphalidae Nymphalinae Melitaea cinxia
Papilionoidea Riodinidae Riodininae Mycastor nealces INSerlTBMRAAPEI 57
Papilionoidea Riodinidae Riodininae Semomesia capanea FG120077
Papilionoidea Lycaenidae Aphnaeinae Cigaritis takanonis Papilionoidea
Papilionoidea Lycaenidae Theclinae Calycopis cecrops Papilionoidea
Papilionoidea Lycaenidae Polyommatinae Hemiargus ceraunus GNV120025
Papilionoidea Lycaenidae Polyommatinae Polyommatus icarus INShauTBGRAAPEI 35
elechioidea Depressariidae Psilocorsis reflexella Psi
elechioidea Cosmopterigidae Cosmopteriginae Hyposmocoma kahamanoa RINysjTAAABRAAPEI 215
elechioidea Gelechiidae Dichomeridinae Dichomeris punctidiscella Dch
elechioidea Gelechiidae Gelechiinae Tuta absoluta
IThyridoidea Thyrididae Siculodinae Zeuzerodes maculata FG120079
Thyridoidea Thyrididae Pseudothyris sepulchralis GNV139006
Alucitoidea Alucitidae Alucita desmodactyla ANIsrmTAAORAAPEI 215
Pterophoroidea Pterophoridae Pterophorinae Lantanophaga pusillidactyla GNV120027
Pterophoroidea Pterophoridae Pterophorinae Emmelina monodactyla Emm
Pyraloidea Pyralidae Amyelois transitella Pyraloidea
Pyraloidea Pyralidae Phycitinae Plodia interpunctella
Pyraloidea Crambidae Spilomelinae Cnaphalocrocis medinalis SRR64791
Pyraloidea Crambidae Crambinae Catoptria oregonicus Cr4
Pyraloidea Crambidae Crambinae Chilo suppressalis
Drepanoidea Drepanidae Drepaninae Macrauzata submontana RINSinITDPRAAPEI 34
Drepanoidea Drepanidae Drepaninae Tridrepana flava SW130064
Drepanoidea Drepanidae Thyatirinae Pseudothyatira cymatophoroides Pc
Drepanoidea Drepanidae Thyatirinae Thyatira batis INSnfrTBCRAAPEI 17
loctuoidea Notodontidae Notodontinae Pheosia gnoma INSqigTBHRAAPEI 71
loctuoidea Notodontidae Nystaleinae Notoplusia minuta FG120015
octuoidea Erebidae Lymantriinae Lymantria dispar Ly3
octuoidea Erebidae Calpinae Phyllodes eyndhovii RINSin TDNRAAPEI 171
I Noctuoidea Erebidae Arctiinae Phragmatobia fuliginosa INShauTBDRAAPEI 31
octuoidea Erebidae Arctiinae Amata phegea INShauTAERAAPEI 8
octuoidea Erebidae Arctiinae Auriculoceryx pterodactyliformis RINSinlTDRRAAPEI 36
loctuoidea Nolidae Nolinae Manoba major SW130224
loctuoidea Noctuidae Amphipyrinae Amphipyra pyramidea INShauTAVRAAPEI 16
octuoidea Noctuidae Noctuinae Spodoptera exigua Noctuoidea
octuoidea Noctuidae Noctuinae Spodoptera frugiperda
octuoidea Noctuidae Noctuinae Striacosta albicosta Striacosta
loctuoidea Noctuidae Noctuinae Agrotis infusa WHANISrmTMATRAAPEI 46
,eometroidea Epicopeiidae Epicopeia hainseii Epc3
eometroidea Geometridae Larentiinae Operophtera brumata
eometroidea Geometridae Ennominae Macaria distribuaria GNV120029
eometroidea Geometridae Geometrinae Nemoria lixaria GNV120032
ieometroidea Geometridae Geometrinae Chlorosea margaretaria Chl
asiocampoidea Lasiocampidae Macromphaliinae Tolype notialis Tol
Bombycoidea Eupterotidae Eupterotinae Ganisa similis RINSin TDMRAAPEI 136
Bombycoidea Endromidae Mustilizans dierli RINSinlTDURAAPEI 43
: Bombycoidea Bombycidae Bombyx mori BMORI
Bombycoidea Sphingidae Hemileucinae Hemileuca maia BuckH
Bombycoidea Saturniidae Saturniinae Saturnia pyri INShkeTACRAAPEI 87
. Bombycoidea Sphingidae Smerinthinae Parum colligata VOO5T
‘ 'I O pS | n Bombycoidea Sphingidae Sphinginae Manduca sexta
Bombycoidea Sphingidae Sphinginae Sphinx pinastri INShauTAZRAAPEI 20
Bombycoidea Sphingidae Macroglossinae Hemaris diffinis HEMA2
. 0 0 Si n S Bombycoidea Sphingidae Macroglossinae Macroglossum pyrrhosticta MacrH
p Bombycoidea Sphingidae Macroglossinae Darapsa myron Dara
Bombycoidea Sphingidae Macroglossinae Xylophanes tersa Xter2

Supplementary Figure 10: RH7 opsins ancestral state reconstruction
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