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LEP_Emm_comp19309_c1_seq1|ORF1_Rh7

LEP_papilio_machaon_Rh6_3papma1_core_32_85_1__cds__KPJ14379.1

LEP_Dichomeris_punctidiscella_rh7_comp26456_c0_seq1|ORF1_Rh7

LEP_Menevia_lantona_rh6_lw_s10375_L_28621_0_a_75_7_l_1827|ORF1_Rh6

LEP_amyelois_transitella_Rh6_LW_v1_core_32_85_1__cds__XM_013339542.1

LEP_Cop_cit_C132617_a_9_0_l_1267|ORF1_Rh5

LEP_CJ260_97675_|ORF1_Rh4_UV

LEP_Triodia_sylvina_C172723_a_3_0_l_881|ORF1_Rh6_2

LEP_Tin_bis_s8820_L_18778_0_a_71_3_l_1785|ORF1_Rh6

LEP_heliconius_melpomene_Rh5_Blue_melpomene_hmel25_core_32_85_1__cds__HMEL037710g1.t1

LEP_Autosticha_sp._rh6_lw_C234438_a_60_0_l_2054|ORF1_Rh6

LEP_FG120077_120170|ORF1_Rh4_uv_2

LEP_Macrauzata_submontana_rh5_blue_s4690_L_3718_1_a_87_1_l_2372|ORF1

LEP_Par_eur_s4468_L_5125_0_a_45_2_l_1874|ORF1_Tak68R

LEP_Hemileuca_maia_rh6_lw_37623|ORF1

LEP_Har_sp_s4626_L_9659_1_a_66_4_l_2270|ORF1_Rh6

LEP_Doa_sp_Rh6_partial_comp137898_c0_seq1|ORF1_Rh6

LEP_Menevia_lantona_rh7_C151312_a_13_0_l_2048|ORF1_Rh7
LEP_Epicopeia_hainseii_rh7_comp168575_c0_seq1|ORF1

LEP_Bombyx_mori_rh4_uv_asm15162v1_core_32_85_1__cds__XM_012694936.1_spans_BGIBMGA011685

LEP_FG120122_18558|ORF1_Rh5

LEP_Ypo_evo_s6155_L_7593_0_a_70_1_l_2002|ORF1_Rh6

LEP_FG120077_70664|ORF1_Rh6_2

LEP_SRR2924893_26806|ORF1_Rh4_uv

LEP_SRR2441453_10200|ORF1_Rh6_3_put

LEP_Manduca_Sexta_rh6_lw_Msex2.09799-RC

LEP_Par_eur_C115988_a_62_0_l_1738|ORF1_Rh6_1

LEP_GNV120025_48361|ORF1_Rh4_uv

LEP_Pcit2_140440|ORF1_Rh5_2

LEP_phoebis_sennae_Rh6_v1x1_core_32_85_1__cds__pse1216.3

LEP_DRR023327_7230|ORF1_Rh6

LEP_Sti_atr_C136108_a_60_0_l_1909|ORF1_Rh4_uv

LEP_GNV120025_67192|ORF1_Rh6

LEP_Bic_any_s8381_L_7686_0_a_66_4_l_1918|ORF1_Rh5

LEP_Parum_colligata_rh7_33985|ORF1

LEP_Imm_comp63738_c0_seq1|ORF1_Rh7

LEP_Aur_pte_C151852_a_39_0_l_2052|ORF1_Rh5

LEP_Ganisa_similis_rh7_C111819_a_8_0_l_1446|ORF1

LEP_Cam_ohr_C164007_a_75_0_l_1862|ORF1_RH6

LEP_Dichomeris_punctidiscella_rh6_comp25386_c0_seq1|ORF1_Rh6_LW

LEP_Leu_cof_C85407_a_18_0_l_1722|ORF1_Rh6

LEP_Cir_sp_C137255_a_69_0_l_1729_a|ORF1_Rh6

LEP_Striacosta_comp16588_c0_seq1|ORF1_Rh6

LEP_Dyseriocrania_subpurpurella_rh4_uv_C174201_a_69_0_l_1944|ORF1

Lep_Hemaris_diffinis_rh7_98917|ORF1

LEP_operophtera_brumata_Rh7_v1_core_32_85_1__cds__OBRU01_20617-RA

LEP_Podo_comp78925_c0_seq1|ORF1_TakR86c

LEP_Col_cro_s437_L_339_4_a_71_3_l_1933|ORF1_Rh6_partial

LEP_SRR2846714_18811|ORF1_Rh5

LEP_Mac_sp_C129256_a_72_0_l_2303|ORF1_Rh6

LEP_Amp_pyr_s7532_L_17157_0_a_53_2_l_1760|ORF1_Rh6

LEP_GNV120025_48469|ORF1_Rh5_2

LEP_Phy_eyn_C100046_a_61_0_l_1769|ORF1_Rh6

LEP_Cr4_comp14737_c0_seq1|ORF1_Rh6

LEP_Par_aeg_C127897_a_65_0_l_2177|ORF1_Rh5

LEP_Autosticha_sp._rh4_uv_C232297_a_46_0_l_1344|ORF1_Rh4

LEP_calo_51918_Rh6_LW

LEP_Alucita_desmodactyla_rh5_blue_C154312_a_61_0_l_1977|ORF1

LEP_Pte_pen_s7401_L_29305_0_a_35_3_l_3355|ORF1_Rh6

LEP_SRR525279_14608|ORF1_Rh6_patial_2

LEP_papilio_machaon__Rh5_papma1_core_32_85_1__cds__KPJ12358.1

LEP_Bombyx_mori_rh7_asm15162v1_core_32_85_1__cds__XM_012689574.1

LEP_Har_sp_s7717_L_29175_0_a_8_4_l_1846|ORF1_Rh4_uv

LEP_papilio_machaon_papma1__Rh7_core_32_85_1__cds__KPJ08867.1

LEP_SRR3406055_19206|ORF1_Rh6_2

Lep_Macroglossum_pyrrhosticta_rh4_UV_58070|ORF1

LEP_Ypo_evo_s8759_L_13618_0_a_20_4_l_1471|ORF1_Rh4_uv

LEP_Nemophora_degeerella_rh6_lw_s9009_L_23307_0_a_53_2_l_1739|ORF1

LEP_Macroglossum_pyrrhosticta_rh5_2_28099|ORF1_Rh5

LEP_Imm_comp253567_c0_seq1|ORF1_Rh6_partial

LEP_Sti_atr_C135030_a_66_0_l_1769|ORF1_Rh5

LEP_Ts2_k88_271726|ORF1_Rh5

Lep_Mac_sp_C126876_a_57_0_l_1454|ORF1_Rh4_uv

LEP_Macrauzata_submontana_rh6_lw_s13133_L_26915_0_a_55_2_l_2121|ORF1_Rh6_LW

LEP_Mor_pyr_C108518_a_6_0_l_1451|ORF1_Rh6_Lw

LEP_Ant_car_C161908_a_61_0_l_1826|ORF1_Rh6

LEP_Urb_pro_C161486_a_67_0_l_2170|ORF1_Rh6

LEP_operophtera_brumata__rh4_uv_partial_v1_core_32_85_1__cds__OBRU01_05919-RA

LEP_Phr_ful_s10635_L_23290_0_a_61_5_l_1897|ORF1_Rh6

LEP_Manduca_sexta_rh7_Manduca_sexta_transcript_OGS_v2.0|Msex2.00682-RB

LEP_operophtera_brumata_Rh6_v1_core_32_85_1__cds__OBRU01_10737-RA

LEP_Par_aeg_C126221_a_57_0_l_1915|ORF1_RH6

LEP_Hyposmocoma_kahamanoa_rh6_lw_C125886_a_46_0_l_1756|ORF1_Rh6

LEP_Tridrepana_flava_rh6_lw_SW130064_18971_|ORF1

LEP_phoebis_sennae_Rh5_3_v1x1_core_32_85_1__cds__pse429.5

LEP_Cra_sp_C131610_a_62_0_l_1754|ORF1_Rh6

LEP_heliconius_melpomene_Rh4_UV2_melpomene_hmel25_core_32_85_1__cds__HMEL022525g1.t1

LEP_SRR3406055_22571|ORF1_RH5

LEP_Cop_cit_s3694_L_10168_0_a_68_5_l_2071|ORF1_Rh6

LEP_SRR525279_2294|ORF1_Rh6_2

LEP_SW130224_34256|ORF1_Rh5

LEP_Cir_sp_s2698_L_3909_0_a_19_7_l_1445|ORF1_Rh5

LEP_SRR2441453_10628|ORF1_Rh6_1

LEP_Adeloidea_Adelidae_Adelinae_Nemophora_degeerella_INShauTABRAAPEI__93

LEP_GNV120032_31285|ORF1_Rh4_UV

LEP_Phr_ful_C163426_a_9_0_l_1310|ORF1_Rh5

LEP_calycopis_cecrops_Rh6_v1x1_core_32_85_1__cds__cce949.16.mRNA

LEP_Tridrepana_flava_rh4_uv_51604|ORF1_partial

LEP_Pte_pen_C111460_a_42_0_l_1647|ORF1_Rh4_uv

LEP_Dyseriocrania_subpurpurellas_rh5_2961_L_2471_0_a_45_3_l_2829|ORF1

LEP_lerema_accius_Rh6_LW_v1x1_core_32_85_1__cds__lac1576.12.mRNA

LEP_Pqd_TR9952|c0_g1_i1|ORF1_Rh6_partial

LEP_phoebis_sennae_Rh5_v1x1_core_32_85_1__cds__pse4148.1

LEP_FG120015_42358|ORF1_Rh4_uv

LEP_chilo_suppressalis_Rh4__uv_2_partial_csuogs1_core_32_85_1__cds__CSUOGS104341-TA

LEP_SRR3406055_23225|ORF1_Rh6

LEP_Saturnia_pyri_rh6_lw_s7422_L_17775_0_a_73_3_l_1871|ORF1

LEP_Pol_alb_C152327_a_62_0_l_1601|ORF1_Rh6

LEP_SRR2924893_24134|ORF1_Rh6

LEP_Manduca_sexta_rh5_blue_Msex2.07985-RA
LEP_Macroglossum_pyrrhosticta_rh5_47114|ORF1

LEP_amyelois_transitella_Rh4_UV_v1_core_32_85_1__cds__XM_013335021.1

LEP_FG120095_30228|ORF1_Rh6

LEP_SRR2846714_9123|ORF1_Rh6

LEP_Pseudothyatira_cymatophoroides_comp139338_c0_seq1|ORF1_Rh6_LW

LEP_calycopis_cecrops_Rh5_1_v1x1_core_32_85_1__cds__cce7413.3.mRNA

LEP_calycopis_cecrops_Rh4_uv_v1x1_core_32_85_1__cds__cce6350.8.mRNA

LEP_SRR2441453_9757|ORF1_Rh6_2

LEP_Spi_sp_s3314_L_4512_0_a_54_1_l_1855|ORF1_Rh4_uv

LEP_Psilocorsis_reflexella_rh6_lw_comp238184_c0_seq1|ORF1_Rh6_LW

LEP_SRR3406055_18888|ORF1_Rh4_uv

LEP_Ptys_c104231_g1_i1|ORF1_Rh6

LEP_SRR3406055_13919|ORF1_Rh7

LEP_Par_aeg_C123125_a_60_0_l_1580|ORF1_Rh4_uv

LEP_Agr_inf_Rh6_partial_C148072_a_8_0_l_1156|ORF1_Rh6

LEP_FG120077_120246|ORF1_Rh6_1

LEP_SRR1325130_4704|ORF1_Rh6

LEP_Tegeticula_yuccasella_rh7_TR58978|c0_g1_i1|ORF1

LEP_SRR3406055_32671|ORF1_Rh6_3

LEP_FG120015_55634|ORF1_Rh6

LEP_Nemophora_degeerella_rh5_blue_deg_s10266_L_31647_0_a_38_0_l_2138|ORF1

LEP_Urb_pro_s13474_L_21575_0_a_53_8_l_1773|ORF1_Rh4_uv

LEP_Ama_phe_s9803_L_45236_0_a_57_3_l_1977|ORF1_Rh6

LEP_calycopis_cecrops_Rh7_v1x1_core_32_85_1__cds__cce72976.16.mRNA

LEP_SRR1204999_1586|ORF1_Rh4_uv

LEP_Menevia_lantona_rh5_blue_s1347_L_1188_1_a_68_3_l_2483|ORF1_Rh5

LEP_Triodia_sylvina_rh5_blue_s12327_L_36726_0_a_27_0_l_1582|ORF1_Rh5

LEP_Agr_inf_C149860_a_5_0_l_1395|ORF1_Rh4_uv

LEP_Alucita_desmodactyla_rh4_uv_s6908_L_15680_0_a_75_3_l_1344|ORF1

LEP_Myc_nea_C169037_a_79_0_l_1083|ORF1_Rh6

LEP_danaus_plexippus_Rh6_v3_core_32_85_1__cds__DPOGS208077-TA

LEP_Ts2_k58_517107|ORF1_Rh6_2

LEP_Hemileuca_maia_rh4_uv_36334|ORF1

LEP_Phy_eyn_C97008_a_58_0_l_1453|ORF1_Rh4_uv

LEP_Xylophanes_tersa_rh7_30234|ORF1

LEP_Cir_sp_s3751_L_10325_0_a_27_2_l_1461|ORF1_Rh4_uv

LEP_GNV120027_Rh6_partial_32038|ORF1

Lep_podo_comp15924_c0_seq1|ORF1_Rh6

LEP_Bombyx_mori_rh5_blue_asm15162v1_core_32_85_1__cds__XM_004932868.2

LEP_SRR525279_2473|ORF1_Rh6

LEP_SRR2924893_22671|ORF1_Rh5

LEP_heliconius_melpomene_Rh7_melpomene_hmel25_core_32_85_1__cds__HMEL022527g1.t1

LEP_Cro_comp335108_c0_seq1|ORF1_Rh6_partial

LEP_GNV139006_30164|ORF1_Rh5

LEP_Macrauzata_submontana_rh4_uv_C165465_a_62_0_l_1604|ORF1

LEP_plodia_interpunctella_Rh4_uv_v1_core_32_85_1__cds__maker-scaffold29-augustus-gene-2.131-mRNA-1_

LEP_amyelois_transitella_Rh7_v1_core_32_85_1__cds__XM_013334712.1_rh7

LEP_chilo_suppressalis_Rh4_uv_1_partial_csuogs1_core_32_85_1__cds__CSUOGS103387-TA

LEP_chilo_suppressalis_Rh6_csuogs1_core_32_85_1__cds__CSUOGS105437-TA

LEP_Mustilizans_dierli_rh5_blue__s3653_L_3090_0_a_75_9_l_1400_a|ORF1

LEP_melitaea_cinxia_Rh7_core__32_85_1__cds__MCINX007237-RA

LEP_Bem_ich_s3761_L_5021_0_a_51_9_l_2362|ORF1_Rh6

LEP_SRR2441453_4887|ORF1_Rh7

Lep_Ptys_c103872_g1_i1|ORF1_TakR86c

LEP_SRR2846714_16183|ORF1_Rh7

LEP_chilo_suppressalis_Rh5_partial_csuogs1_core_32_85_1__cds__CSUOGS106507-TA

LEP_Manduca_sexta_rh4_uv_Msex2.13227-RA

LEP_FG120028B_49424|ORF1_partial

LEP_Ama_phe_C218323_a_37_0_l_1987|ORF1_Rh5

LEP_Nemophora_degeerella_rh4_uv_s9798_L_28019_0_a_48_2_l_1943|ORF1

LEP_Aur_pte_C151718_a_62_0_l_1987|ORF1_Rh6

LEP_Bem_ich_C155909_a_60_0_l_1600|ORF1_Rh5

LEP_Saturnia_pyri_rh5_blue_s7708_L_19614_0_a_42_8_l_1939|ORF1

LEP_Cra_sp_C129226_a_42_0_l_1460|ORF1_Rh4_uv

LEP_mac_sp_s5342_L_11300_0_a_34_4_l_2960|ORF1_Rh5

LEP_Cul_comp206110_c0_seq1|ORF1_Rh4_uv

LEP_Buc_cri_rh6_lw_C259896_a_66_0_l_1796|ORF1_Rh6_LW

LEP_Tep2_comp8671_c0_seq1|ORF1_Rh7

LEP_amyelois_transitella_Rh5_Blue_v1_core_32_85_1__cds__XM_013337312.1

LEP_Triodia_sylvina_rh4_uv2_s4640_L_5525_1_a_10_8_l_1379|ORF1_Rh4_uv

LEP_Par_eur_C117780_a_18_0_l_2008|ORF1_Rh7

LEP_Cop_cit_s6378_L_21432_0_a_64_5_l_1655|ORF1_Rh4_uv

LEP_Thyatira_batis_s9844_L_11184_0_a_70_0_l_1847|ORF1_Rh6

LEP_Sphinx_pinastri_rh6_lw_s1332_L_1436_0_a_5_6_l_1426|ORF1

LEP_Phm_comp10930_c1_seq1|ORF1_Rh6_partial

LEP_phoebis_sennae_Rh5_2_v1x1_core_32_85_1__cds__pse2216.9

LEP_FG120013_46064|ORF1_Rh6_LW

LEP_Ts2_c29333_g1_i1|ORF1_Rh6_1

LEP_papilio_machaon_Rh6_2papma1_core_32_85_1__cds__KPJ14378.1

LEP_Tin_bis_C113951_a_39_0_l_1447|ORF1_Rh4_uv

LEP_Phy_eyn_s5741_L_21140_0_a_71_1_l_2712|ORF1_Rh5

LEP_Thyatira_batis_C155918_a_60_0_l_1453|ORF1_Rh4_UV

LEP_Darapsa_myron_rh4_uv_110684|ORF1

LEP_SW130224_21250|ORF1_Rh6

LEP_Spi_sp_s2033_L_2435_0_a_65_5_l_1705|ORF1_Rh5

LEP_Spi_sp_C183857_a_58_0_l_1848|ORF1_Rh6

LEP_Triodia_sylvina_rh6_lw_1_C190922_a_26_0_l_2964|ORF1_Rh6_1

LEP_Cam_ohr_C160389_a_56_0_l_1426|ORF1_RH4_uv

LEP_phoebis_sennae_Rh5_4_v1x1_core_32_85_1__cds__pse429.4

LEP_Prionoxystus_robiniae_rh6_lw_comp54692_c0_seq1|ORF1

LEP_Pcit2_108937|ORF1_Rh5_1

LEP_Dry_c35091_g1_i1|ORF1_Rh6

LEP_phoebis_sennae_Rh7_v1x1_core_32_85_1__cds__pse10130.1

LEP_papilio_machaon_Rh6_1papma1_core_32_85_1__cds__KPJ13584.1

LEP_Phr_ful_C164170_a_32_0_l_1385|ORF1_Rh4_uv

LEP_Ts2_c58380_g1_i1|ORF1_Rh4_uv

LEP_plodia_interpunctella_Rh7_v1_core_32_85_1__cds__maker-scaffold3-augustus-gene-2.107-mRNA-1

LEP_plodia_interpunctella__Rh5_v1_core_32_85_1__cds__maker-scaffold7-augustus-gene-2.74-mRNA-1

LEP_Dyseriocrania_subpurpurella_rh6_2_s1502_L_1200_0_a_104_8_l_2509|ORF1_Rh6_2

LEP_lerema_accius_Rh5_Blue_v1x1_core_32_85_1__cds__lac1356.22.mRNA

LEP_Bombyx_mori_rh6_lw_asm15162v1_core_32_85_1__cds__XM_004928431.2_BGIBMGA007786

LEP_lerema_accius_RH7_v1x1_core_32_85_1__cds__lac49.37.mRNA_

LEP_DRR023327_6983|ORF1_Rh5

LEP_danaus_plexippus_Rh4_uv_v3_core_32_85_1__cds__DPOGS213510-TA_uv

Lep_Myc_nea_C174409_a_72_0_l_1779|ORF1_Rh6_2

LEP_Ant_car_s9442_L_11622_0_a_64_3_l_2417|ORF1_Rh5

LEP_SRR2441453_12384|ORF1_Rh4_uv

LEP_FG120015_26724|ORF1_Rh5

LEP_Cyd_comp26579_c0_seq2|ORF1_Rh7

LEP_Dichomeris_punctidiscella_rh4_uv_comp27090_c0_seq1|ORF1_Rh4_UV

LEP_Triodia_sylvina_C182720_a_3_0_l_1363|ORF1_Alstr

LEP_FG120122_28322|ORF1_Rh6

LEP_Podo_comp44008_c0_seq1|ORF1_Rh7

LEP_Mustilizans_dierli_rh6_lw_C229148_a_63_0_l_1789|ORF1

LEP_SRR2924893_32612|ORF1_Rh6_3

LEP_lerema_accius_Rh4_UV_v1x1_core_32_85_1__cds__lac837.46.mRNA

LEP_SRR1204999_209|ORF1_Rh6

LEP_mica_N_contig00506|ORF1_RH6

LEP_Thyatira_batis_s2513_L_1756_0_a_41_9_l_2249|ORF1_Rh5_1

LEP_melitaea_cinxia_Rh5_core_32_85_1__cds__MCINX007972-RA

LEP_Amp_pyr_C123868_a_18_0_l_1323|ORF1_Rh4_uv

LEP_Dyseriocrania_subpurpurella_rh6_put_s12200_L_29900_0_a_41_7_l_1854|ORF1_Rh6_put

LEP_Amp_pyr_s5449_L_7571_0_a_5_8_l_1389|ORF1_Rh5

LEP_SRR525279_2758|ORF1_Rh6_put

LEP_SRR2924893_22585|ORF1_Rh6_2

LEP_Ly3_comp85159_c0_seq1|ORF1_Rh7

LEP_Col_cro_s5656_L_6645_0_a_47_5_l_1763|ORF1_Rh5_2

LEP_Pte_pen_s993_L_1078_0_a_53_0_l_2785|ORF1_Rh5

LEP_calycopis_cecrops_Rh5_2v1x1_core_32_85_1__cds__cce7413.2.mRNA

LEP_Col_cro_s1103_L_954_0_a_87_7_l_1829|ORF1_Rh5

LEP_Alucita_desmodactyla_rh6_lw_s7470_L_18079_0_a_67_9_l_2234|ORF1

LEP_Tridrepana_flava_rh5_blue_17554|ORF1

LEP_Menevia_lantona_rh4_uv__C147251_a_70_0_l_1425|ORF1_Rh4_uv

LEP_heliconius_melpomene_Rh4_UV1_melpomene_hmel25_core_32_85_1__cds__HMEL010962-RA

LEP_Psilocorsis_reflexella_rh7_comp27613_c0_seq2|ORF1

LEP_Cr4_comp184121_c0_seq1|ORF1_Rh7

LEP_danaus_plexippus_Rh7_v3_core_32_85_1__cds__DPOGS208975-TA

LEP_phoebis_sennae_Rh4_uv_v1x1_core_32_85_1__cds__pse12924.12_uv
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LEP_Sti_atr_s7439_L_12211_0_a_62_0_l_1655|ORF1_Rh6
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LEP_Tegeticula_yuccasella_rh6_TR43062|c0_g1_i1|ORF1

LEP_GNV120025_49131|ORF1_Rh5

LEP_GNV120029_23432|ORF1_Rh6_LW

LEP_CJ260_97735_|ORF1_Rh6_LW

LEP_Par_eur_C114658_a_43_0_l_1590|ORF1_Rh6

LEP_heliconius_melpomene_Rh6_LW_melpomene_hmel25_core_32_85_1__cds__HMEL003344-RA

LEP_Bic_any_s6050_L_5054_0_a_64_6_l_1744|ORF1_Rh6

LEP_SRR2924893_13934|ORF1_Rh7
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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-aLRT 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. 

 
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 

 
Supplementary Figure 4: Blue gene reconciled tree, D represents a duplication event 

 

 



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. 

 

 

 

 



Supplementary Figure 6: Number of opsins ancestral state reconstruction plotted against 

ancestral state reconstruction of diel-niche. 

 
Supplementary Figure 7: UV opsin ancestral state reconstruction 

Micropterigoidea Micropterigidae Micropterix calthella Mica  N
Eriocranioidea Eriocraniidae Dyseriocrania subpurpurella INSbusTBDRAAPEI  79

Lophocoronoidea Lophocoronidae Lophocorona astipica Loas
Hepialoidea Hepialidae Triodia sylvina INSnfrTAVRAAPEI  9
Hepialoidea Hepialidae Phymatopus californicus Phm

Nepticuloidea Opostegidae Oposteginae Pseudopostega cf.quadristrigella Pqd
Nepticuloidea Nepticulidae Nepticulinae Stigmella atricapitella ANIsrmTAAWRAAPEI  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
Tineoidea Tineidae Tineinae Tineola bisselliella INSswpTACRAAPEI  13

Gracillarioidea Roeslerstammiidae Amphithera heteroleuca INSpmbTAHRAAPEI  206
Yponomeutoidea Yponomeutidae Yponomeutinae Yponomeuta evonymellus INShauTBFRAAPEI  34

Gracillarioidea Bucculatricidae Bucculatrix cristatella ANIsrmTAASRAAPEI  220
Yponomeutoidea Lyonetiidae Cemiostominae Leucoptera coffeella RINysjTAAAARAAPEI  214

Gracillarioidea Gracillariidae Gracillariinae Caloptilia triadicae calo
Gracillarioidea Gracillariidae Lithocolletinae Cameraria ohridella INSeqtTDMRAAPEI  95

Gracillarioidea Gracillariidae Acrocercopinae Acrocercops transecta
Gracillarioidea Gracillariidae Phyllocnistinae Phyllocnistis citrella Pcit2

Immoidea Immidae Imma tetrascia Imm
Tortricoidea Tortricidae Olethreutinae Phaecasiophora niveiguttana Cro

Tortricoidea Tortricidae Olethreutinae Cydia pomonella Cyd
Sesioidea Sesiidae Sesiinae Bembecia ichneumoniformis INSlupTBGRAAPEI  20
Sesioidea Sesiidae Sesiinae Podosesia syringae Podo

Cossoidea Cossidae Cossinae Prionoxystus robiniae Prob2
Cossoidea Cossidae Zeuzerinae Morpheis pyracmon INSerlTAQRAAPEI  118

Sesioidea Castniidae Castniinae Synemon plana Cul
Sesioidea 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
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
Gelechioidea Depressariidae Psilocorsis reflexella Psi
Gelechioidea Cosmopterigidae Cosmopteriginae Hyposmocoma kahamanoa RINysjTAAABRAAPEI  215

Gelechioidea Gelechiidae Dichomeridinae Dichomeris punctidiscella Dch
Gelechioidea 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 RINSinlTDPRAAPEI  34
Drepanoidea Drepanidae Drepaninae Tridrepana flava SW130064

Drepanoidea Drepanidae Thyatirinae Pseudothyatira cymatophoroides Pc
Drepanoidea Drepanidae Thyatirinae Thyatira batis INSnfrTBCRAAPEI  17

Noctuoidea Notodontidae Notodontinae Pheosia gnoma INSqiqTBHRAAPEI  71
Noctuoidea Notodontidae Nystaleinae Notoplusia minuta FG120015

Noctuoidea Erebidae Lymantriinae Lymantria dispar Ly3
Noctuoidea Erebidae Calpinae Phyllodes eyndhovii RINSinlTDNRAAPEI  171

Noctuoidea Erebidae Arctiinae Phragmatobia fuliginosa INShauTBDRAAPEI  31
Noctuoidea Erebidae Arctiinae Amata phegea INShauTAERAAPEI  8
Noctuoidea Erebidae Arctiinae Auriculoceryx pterodactyliformis RINSinlTDRRAAPEI  36
Noctuoidea Nolidae Nolinae Manoba major SW130224

Noctuoidea Noctuidae Amphipyrinae Amphipyra pyramidea INShauTAVRAAPEI  16
Noctuoidea Noctuidae Noctuinae Spodoptera exigua Noctuoidea

Noctuoidea Noctuidae Noctuinae Spodoptera frugiperda
Noctuoidea Noctuidae Noctuinae Striacosta albicosta Striacosta

Noctuoidea Noctuidae Noctuinae Agrotis infusa WHANIsrmTMATRAAPEI  46
Geometroidea Epicopeiidae Epicopeia hainseii Epc3

Geometroidea Geometridae Larentiinae Operophtera brumata
Geometroidea Geometridae Ennominae Macaria distribuaria GNV120029

Geometroidea Geometridae Geometrinae Nemoria lixaria GNV120032
Geometroidea Geometridae Geometrinae Chlorosea margaretaria Chl

Lasiocampoidea Lasiocampidae Macromphaliinae Tolype notialis Tol
Bombycoidea Eupterotidae Eupterotinae Ganisa similis RINSinlTDMRAAPEI  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 V005T
Bombycoidea Sphingidae Sphinginae Manduca sexta
Bombycoidea Sphingidae Sphinginae Sphinx pinastri INShauTAZRAAPEI  20
Bombycoidea Sphingidae Macroglossinae Hemaris diffinis HEMA2
Bombycoidea Sphingidae Macroglossinae Macroglossum pyrrhosticta MacrH
Bombycoidea Sphingidae Macroglossinae Darapsa myron Dara

Bombycoidea Sphingidae Macroglossinae Xylophanes tersa Xter2

2 opsins
1 opsin
0 opsins



 
Supplementary Figure 8: Blue opsin ancestral state reconstruction 

Micropterigoidea Micropterigidae Micropterix calthella Mica  N
Eriocranioidea Eriocraniidae Dyseriocrania subpurpurella INSbusTBDRAAPEI  79

Lophocoronoidea Lophocoronidae Lophocorona astipica Loas
Hepialoidea Hepialidae Triodia sylvina INSnfrTAVRAAPEI  9
Hepialoidea Hepialidae Phymatopus californicus Phm

Nepticuloidea Opostegidae Oposteginae Pseudopostega cf.quadristrigella Pqd
Nepticuloidea Nepticulidae Nepticulinae Stigmella atricapitella ANIsrmTAAWRAAPEI  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
Tineoidea Tineidae Tineinae Tineola bisselliella INSswpTACRAAPEI  13

Gracillarioidea Roeslerstammiidae Amphithera heteroleuca INSpmbTAHRAAPEI  206
Yponomeutoidea Yponomeutidae Yponomeutinae Yponomeuta evonymellus INShauTBFRAAPEI  34

Gracillarioidea Bucculatricidae Bucculatrix cristatella ANIsrmTAASRAAPEI  220
Yponomeutoidea Lyonetiidae Cemiostominae Leucoptera coffeella RINysjTAAAARAAPEI  214

Gracillarioidea Gracillariidae Gracillariinae Caloptilia triadicae calo
Gracillarioidea Gracillariidae Lithocolletinae Cameraria ohridella INSeqtTDMRAAPEI  95

Gracillarioidea Gracillariidae Acrocercopinae Acrocercops transecta
Gracillarioidea Gracillariidae Phyllocnistinae Phyllocnistis citrella Pcit2

Immoidea Immidae Imma tetrascia Imm
Tortricoidea Tortricidae Olethreutinae Phaecasiophora niveiguttana Cro

Tortricoidea Tortricidae Olethreutinae Cydia pomonella Cyd
Sesioidea Sesiidae Sesiinae Bembecia ichneumoniformis INSlupTBGRAAPEI  20
Sesioidea Sesiidae Sesiinae Podosesia syringae Podo

Cossoidea Cossidae Cossinae Prionoxystus robiniae Prob2
Cossoidea Cossidae Zeuzerinae Morpheis pyracmon INSerlTAQRAAPEI  118

Sesioidea Castniidae Castniinae Synemon plana Cul
Sesioidea 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
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
Gelechioidea Depressariidae Psilocorsis reflexella Psi
Gelechioidea Cosmopterigidae Cosmopteriginae Hyposmocoma kahamanoa RINysjTAAABRAAPEI  215

Gelechioidea Gelechiidae Dichomeridinae Dichomeris punctidiscella Dch
Gelechioidea 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 RINSinlTDPRAAPEI  34
Drepanoidea Drepanidae Drepaninae Tridrepana flava SW130064

Drepanoidea Drepanidae Thyatirinae Pseudothyatira cymatophoroides Pc
Drepanoidea Drepanidae Thyatirinae Thyatira batis INSnfrTBCRAAPEI  17

Noctuoidea Notodontidae Notodontinae Pheosia gnoma INSqiqTBHRAAPEI  71
Noctuoidea Notodontidae Nystaleinae Notoplusia minuta FG120015

Noctuoidea Erebidae Lymantriinae Lymantria dispar Ly3
Noctuoidea Erebidae Calpinae Phyllodes eyndhovii RINSinlTDNRAAPEI  171

Noctuoidea Erebidae Arctiinae Phragmatobia fuliginosa INShauTBDRAAPEI  31
Noctuoidea Erebidae Arctiinae Amata phegea INShauTAERAAPEI  8
Noctuoidea Erebidae Arctiinae Auriculoceryx pterodactyliformis RINSinlTDRRAAPEI  36
Noctuoidea Nolidae Nolinae Manoba major SW130224

Noctuoidea Noctuidae Amphipyrinae Amphipyra pyramidea INShauTAVRAAPEI  16
Noctuoidea Noctuidae Noctuinae Spodoptera exigua Noctuoidea

Noctuoidea Noctuidae Noctuinae Spodoptera frugiperda
Noctuoidea Noctuidae Noctuinae Striacosta albicosta Striacosta

Noctuoidea Noctuidae Noctuinae Agrotis infusa WHANIsrmTMATRAAPEI  46
Geometroidea Epicopeiidae Epicopeia hainseii Epc3

Geometroidea Geometridae Larentiinae Operophtera brumata
Geometroidea Geometridae Ennominae Macaria distribuaria GNV120029

Geometroidea Geometridae Geometrinae Nemoria lixaria GNV120032
Geometroidea Geometridae Geometrinae Chlorosea margaretaria Chl

Lasiocampoidea Lasiocampidae Macromphaliinae Tolype notialis Tol
Bombycoidea Eupterotidae Eupterotinae Ganisa similis RINSinlTDMRAAPEI  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 V005T
Bombycoidea Sphingidae Sphinginae Manduca sexta
Bombycoidea Sphingidae Sphinginae Sphinx pinastri INShauTAZRAAPEI  20
Bombycoidea Sphingidae Macroglossinae Hemaris diffinis HEMA2
Bombycoidea Sphingidae Macroglossinae Macroglossum pyrrhosticta MacrH
Bombycoidea Sphingidae Macroglossinae Darapsa myron Dara

Bombycoidea Sphingidae Macroglossinae Xylophanes tersa Xter2

2 opsins
1 opsin
0 opsins



 
Supplementary Figure 9: LW opsin ancestral state reconstruction 

Micropterigoidea Micropterigidae Micropterix calthella Mica  N
Eriocranioidea Eriocraniidae Dyseriocrania subpurpurella INSbusTBDRAAPEI  79

Lophocoronoidea Lophocoronidae Lophocorona astipica Loas
Hepialoidea Hepialidae Triodia sylvina INSnfrTAVRAAPEI  9
Hepialoidea Hepialidae Phymatopus californicus Phm

Nepticuloidea Opostegidae Oposteginae Pseudopostega cf.quadristrigella Pqd
Nepticuloidea Nepticulidae Nepticulinae Stigmella atricapitella ANIsrmTAAWRAAPEI  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
Tineoidea Tineidae Tineinae Tineola bisselliella INSswpTACRAAPEI  13

Gracillarioidea Roeslerstammiidae Amphithera heteroleuca INSpmbTAHRAAPEI  206
Yponomeutoidea Yponomeutidae Yponomeutinae Yponomeuta evonymellus INShauTBFRAAPEI  34

Gracillarioidea Bucculatricidae Bucculatrix cristatella ANIsrmTAASRAAPEI  220
Yponomeutoidea Lyonetiidae Cemiostominae Leucoptera coffeella RINysjTAAAARAAPEI  214

Gracillarioidea Gracillariidae Gracillariinae Caloptilia triadicae calo
Gracillarioidea Gracillariidae Lithocolletinae Cameraria ohridella INSeqtTDMRAAPEI  95

Gracillarioidea Gracillariidae Acrocercopinae Acrocercops transecta
Gracillarioidea Gracillariidae Phyllocnistinae Phyllocnistis citrella Pcit2

Immoidea Immidae Imma tetrascia Imm
Tortricoidea Tortricidae Olethreutinae Phaecasiophora niveiguttana Cro

Tortricoidea Tortricidae Olethreutinae Cydia pomonella Cyd
Sesioidea Sesiidae Sesiinae Bembecia ichneumoniformis INSlupTBGRAAPEI  20
Sesioidea Sesiidae Sesiinae Podosesia syringae Podo

Cossoidea Cossidae Cossinae Prionoxystus robiniae Prob2
Cossoidea Cossidae Zeuzerinae Morpheis pyracmon INSerlTAQRAAPEI  118

Sesioidea Castniidae Castniinae Synemon plana Cul
Sesioidea 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
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
Gelechioidea Depressariidae Psilocorsis reflexella Psi
Gelechioidea Cosmopterigidae Cosmopteriginae Hyposmocoma kahamanoa RINysjTAAABRAAPEI  215

Gelechioidea Gelechiidae Dichomeridinae Dichomeris punctidiscella Dch
Gelechioidea 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 RINSinlTDPRAAPEI  34
Drepanoidea Drepanidae Drepaninae Tridrepana flava SW130064

Drepanoidea Drepanidae Thyatirinae Pseudothyatira cymatophoroides Pc
Drepanoidea Drepanidae Thyatirinae Thyatira batis INSnfrTBCRAAPEI  17

Noctuoidea Notodontidae Notodontinae Pheosia gnoma INSqiqTBHRAAPEI  71
Noctuoidea Notodontidae Nystaleinae Notoplusia minuta FG120015

Noctuoidea Erebidae Lymantriinae Lymantria dispar Ly3
Noctuoidea Erebidae Calpinae Phyllodes eyndhovii RINSinlTDNRAAPEI  171

Noctuoidea Erebidae Arctiinae Phragmatobia fuliginosa INShauTBDRAAPEI  31
Noctuoidea Erebidae Arctiinae Amata phegea INShauTAERAAPEI  8
Noctuoidea Erebidae Arctiinae Auriculoceryx pterodactyliformis RINSinlTDRRAAPEI  36
Noctuoidea Nolidae Nolinae Manoba major SW130224

Noctuoidea Noctuidae Amphipyrinae Amphipyra pyramidea INShauTAVRAAPEI  16
Noctuoidea Noctuidae Noctuinae Spodoptera exigua Noctuoidea

Noctuoidea Noctuidae Noctuinae Spodoptera frugiperda
Noctuoidea Noctuidae Noctuinae Striacosta albicosta Striacosta

Noctuoidea Noctuidae Noctuinae Agrotis infusa WHANIsrmTMATRAAPEI  46
Geometroidea Epicopeiidae Epicopeia hainseii Epc3

Geometroidea Geometridae Larentiinae Operophtera brumata
Geometroidea Geometridae Ennominae Macaria distribuaria GNV120029

Geometroidea Geometridae Geometrinae Nemoria lixaria GNV120032
Geometroidea Geometridae Geometrinae Chlorosea margaretaria Chl

Lasiocampoidea Lasiocampidae Macromphaliinae Tolype notialis Tol
Bombycoidea Eupterotidae Eupterotinae Ganisa similis RINSinlTDMRAAPEI  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 V005T
Bombycoidea Sphingidae Sphinginae Manduca sexta
Bombycoidea Sphingidae Sphinginae Sphinx pinastri INShauTAZRAAPEI  20
Bombycoidea Sphingidae Macroglossinae Hemaris diffinis HEMA2
Bombycoidea Sphingidae Macroglossinae Macroglossum pyrrhosticta MacrH
Bombycoidea Sphingidae Macroglossinae Darapsa myron Dara

Bombycoidea Sphingidae Macroglossinae Xylophanes tersa Xter2

4 opsins
3 opsins
2 opsins
1 opsins
0 opsins



 
Supplementary Figure 10: RH7 opsins ancestral state reconstruction 

 

 

Micropterigoidea Micropterigidae Micropterix calthella Mica  N
Eriocranioidea Eriocraniidae Dyseriocrania subpurpurella INSbusTBDRAAPEI  79

Lophocoronoidea Lophocoronidae Lophocorona astipica Loas
Hepialoidea Hepialidae Triodia sylvina INSnfrTAVRAAPEI  9
Hepialoidea Hepialidae Phymatopus californicus Phm

Nepticuloidea Opostegidae Oposteginae Pseudopostega cf.quadristrigella Pqd
Nepticuloidea Nepticulidae Nepticulinae Stigmella atricapitella ANIsrmTAAWRAAPEI  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
Tineoidea Tineidae Tineinae Tineola bisselliella INSswpTACRAAPEI  13

Gracillarioidea Roeslerstammiidae Amphithera heteroleuca INSpmbTAHRAAPEI  206
Yponomeutoidea Yponomeutidae Yponomeutinae Yponomeuta evonymellus INShauTBFRAAPEI  34

Gracillarioidea Bucculatricidae Bucculatrix cristatella ANIsrmTAASRAAPEI  220
Yponomeutoidea Lyonetiidae Cemiostominae Leucoptera coffeella RINysjTAAAARAAPEI  214

Gracillarioidea Gracillariidae Gracillariinae Caloptilia triadicae calo
Gracillarioidea Gracillariidae Lithocolletinae Cameraria ohridella INSeqtTDMRAAPEI  95

Gracillarioidea Gracillariidae Acrocercopinae Acrocercops transecta
Gracillarioidea Gracillariidae Phyllocnistinae Phyllocnistis citrella Pcit2

Immoidea Immidae Imma tetrascia Imm
Tortricoidea Tortricidae Olethreutinae Phaecasiophora niveiguttana Cro

Tortricoidea Tortricidae Olethreutinae Cydia pomonella Cyd
Sesioidea Sesiidae Sesiinae Bembecia ichneumoniformis INSlupTBGRAAPEI  20
Sesioidea Sesiidae Sesiinae Podosesia syringae Podo

Cossoidea Cossidae Cossinae Prionoxystus robiniae Prob2
Cossoidea Cossidae Zeuzerinae Morpheis pyracmon INSerlTAQRAAPEI  118

Sesioidea Castniidae Castniinae Synemon plana Cul
Sesioidea 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
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
Gelechioidea Depressariidae Psilocorsis reflexella Psi
Gelechioidea Cosmopterigidae Cosmopteriginae Hyposmocoma kahamanoa RINysjTAAABRAAPEI  215

Gelechioidea Gelechiidae Dichomeridinae Dichomeris punctidiscella Dch
Gelechioidea 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 RINSinlTDPRAAPEI  34
Drepanoidea Drepanidae Drepaninae Tridrepana flava SW130064

Drepanoidea Drepanidae Thyatirinae Pseudothyatira cymatophoroides Pc
Drepanoidea Drepanidae Thyatirinae Thyatira batis INSnfrTBCRAAPEI  17

Noctuoidea Notodontidae Notodontinae Pheosia gnoma INSqiqTBHRAAPEI  71
Noctuoidea Notodontidae Nystaleinae Notoplusia minuta FG120015

Noctuoidea Erebidae Lymantriinae Lymantria dispar Ly3
Noctuoidea Erebidae Calpinae Phyllodes eyndhovii RINSinlTDNRAAPEI  171

Noctuoidea Erebidae Arctiinae Phragmatobia fuliginosa INShauTBDRAAPEI  31
Noctuoidea Erebidae Arctiinae Amata phegea INShauTAERAAPEI  8
Noctuoidea Erebidae Arctiinae Auriculoceryx pterodactyliformis RINSinlTDRRAAPEI  36
Noctuoidea Nolidae Nolinae Manoba major SW130224

Noctuoidea Noctuidae Amphipyrinae Amphipyra pyramidea INShauTAVRAAPEI  16
Noctuoidea Noctuidae Noctuinae Spodoptera exigua Noctuoidea

Noctuoidea Noctuidae Noctuinae Spodoptera frugiperda
Noctuoidea Noctuidae Noctuinae Striacosta albicosta Striacosta

Noctuoidea Noctuidae Noctuinae Agrotis infusa WHANIsrmTMATRAAPEI  46
Geometroidea Epicopeiidae Epicopeia hainseii Epc3

Geometroidea Geometridae Larentiinae Operophtera brumata
Geometroidea Geometridae Ennominae Macaria distribuaria GNV120029

Geometroidea Geometridae Geometrinae Nemoria lixaria GNV120032
Geometroidea Geometridae Geometrinae Chlorosea margaretaria Chl

Lasiocampoidea Lasiocampidae Macromphaliinae Tolype notialis Tol
Bombycoidea Eupterotidae Eupterotinae Ganisa similis RINSinlTDMRAAPEI  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 V005T
Bombycoidea Sphingidae Sphinginae Manduca sexta
Bombycoidea Sphingidae Sphinginae Sphinx pinastri INShauTAZRAAPEI  20
Bombycoidea Sphingidae Macroglossinae Hemaris diffinis HEMA2
Bombycoidea Sphingidae Macroglossinae Macroglossum pyrrhosticta MacrH
Bombycoidea Sphingidae Macroglossinae Darapsa myron Dara

Bombycoidea Sphingidae Macroglossinae Xylophanes tersa Xter2

1 opsin
0 opsins



 
Supplementary Figure 11: Protter models for the different opsins with some opsin sites under 

higher dN/dS marked, see Supplementary Data 4 for an exhaustive list. Top: UV, Blue, LW 

gene trees. Bottom: UV opsin species trees. 
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59,116,206,207
13,19,20,148

posterior probability of site being positively selected >95%
posterior probability  of site being positively selected >50%
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UV opsin species tree


