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Supplementary Figure 1. Schematic representation of the time course (given in days [0-13] and 

embryonic stages [percentage of development – E0%-E100%]) of Lymnaea embryogenesis in our 

laboratory. Arrows indicate stages at which an organ (pigmented eyes – E50% [Day 4.5]) or a 

physiological/behavioural activity (heart rate – E60% [Day 6]; gliding – E65% [Day 8]; feeding – 

E80% [Day 9]) appears during embryonic development.   
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Supplementary Table 1. All species of metazoans used in the study for CLANS and phylogenetics 

 

Taxa Species 

Cnidaria Hydra vulgaris 
 Nematostella vectensis 

Ambulacraria Saccoglossus kowalevskii 

 Strongylocentrotus 

purpuratus 

Chordata Gallus gallus 
 Homo sapiens 

Cephalochordata Branchiostoma belcheri 

Lophotrochozoa Lottia gigantea 
 Lymnaea stagnalis 
 Octopus bimaculoides 

Ecdysozoa Ascaris suum 
 Caenorhabditis elegans 
 Drosophila melanogaster 
 Priapulus caudatus 

  Epiperipatus broadwayi 
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Supplementary Table 2. Mortality data during Experiment 1 

Replicate 1  

Time point C SC 10 ng 100 ng 1 μg 

Living embryos before treatment 10 10 10 10 10 

Living embryos after treatment 10 10 10 10 10 

 

Replicate 2  

Time point C SC 10 ng 100 ng 1 μg 

Living embryos before treatment 10 10 10 10 10 

Living embryos after treatment 10 9 10 10 10 

 

Replicate 3 

Time point C SC 10 ng 100 ng 1 μg 

Living embryos before treatment 10 10 10 10 10 

Living embryos after treatment 10 9 10 10 10 
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Supplementary Figure 2. Cluster map of cnidarian, protostome, and deuterostome Cytochrome 

P450 proteins showing the closely related Spook, Phantom, Disembodied, Shadow, and Shade 

proteins. 
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Identified Lymnaea protein sequences showing homology to Phantom and Shade. The 

conserved domain is presented under the sequences. 

Phantom 

>CAL1531529.1  
MLPPGPRGGWIFGSLFDYKGPKSNLEWTKEYGAIYFVKMGPKNMVYLNSIDLVKKHMEGKKGEVFLNRPGGPAAIGQG

LLFGSGDRWQKNKSAFVKSLNTKNFTKTMELSIQRELELVVKELSARCDRSLKIGDVLIVACANVIAGLLLGEPLPVG

GEDRKELLGIVNNLERTDLTSLVSQISLKFPILRAPLSRISGREIIDIPGTSHRLHALIRKWIKSLDTSGPPAYSEPT

TSTDDVKDNTKPMNSSGDTRTGLLEDQWALHEEPLEDNQKSTLQIILEQQEFADAAQKDNELIQSVTDMFFGGVTSTL

SGLEFTLMYLSKHPAIRQAAQSQLDRAAAAEAHGGQITWSMREQLPYLQACIAEGLRLGSVTPSSLPHVAIEDVEVEG

YTVPKGTSVMGSIYSLHRDPNFYTDPEVFKPDRHIDSNGLFQAPESYRPFGIGARRCVGEVMAEMQLFLYIATILRHF

DITAVDDVAPGDMETHMVVVHRLKAFTCLLKQRKVTGV 

 

 

>CAL1546693.1  
MTSLCHATKPFLDSIEENGEENRVPAEMTRSKKTSVEHSSTVSSELSTDSRDTASPKFLPPGPNGLPCIGSLLDFKGP

KTNLAWTKQYGGIYYVKLGNKSLVYLNNLELVKKYLEGRQGELFLDRPMGPGAIGEGILFGSGEKWKKNKRAFMKALH

TTTFLENMEGAIQMELSMVLDHLRAQAGRPIKIGDVLISACVNAVGGLLLGGSLPEDSADRKELSKIARSLEGCDLSS

LLTQISLKHPRLREPLSKLFFKEIVDVHGTSRQLQRLLRQWIRQARMGTLSPLPTSHFDKNTNQFLKPVAGKDPLSLR

RDTAGDATVDDAEVTITPPRDESKIESSMRCATQFAVLGFSETGHGEEPFEASECPEKKCPSTPLSEYQWTFTKQMSV

NEHNNSILQRILRQPEFANVTEENDEELLQSLIDMFFGGVTSTLSAMEFVIMYLSKHTRMRQLAQQEIDAAVQANGGE

MKWSMREQMPYVHACIVEALRLGSVTPSSLPHVAREDTEIEGYTIPKGTYVMGSIYSLHYDPAFYLDPEEFRPQRHLD

GHGQYVAPQSFRPYGIGARRCVGDQIAEMQLFMYTITILRHFDLESVGDKKASHMETHMRIIHRLKDLNCILHQRNI 

 

 

Shade 

>CAL1544316.1 
MHKQNTLWRWLQNICLKPRQLTASAVLSTSENAARVNEKDLPLGTSNKTLPMSQMPGPKGLRKLPYLGTVLMFKPFSE

YSPETFGKLVSSMHDKYGHIFKSRLGKDYSVHTDSVRDVETIFRTEGAYPQRRLMLLSKIYRERNGLPPALGTVSGPA

WQELRSALNPLLNKPQVCLHYLPAQNMVADDFVSRLDSSALTPEGQSDMFFKFAAESIGVVCFNQRLGLLDPDADNAQ

EMIELLEAFKTTLHCTFVAMIGLERRYLRTDNDPFYRKYESAMKLIRKRSMHYVEKVMVELQRQSHQGEESSGSSTHR

LSPDRESNLLASMITKSNLEIEKILAIIDSMLIAGTDSTARNLAILFYNLAINPEHQQRAADEVLDLLGPDKPVTPEA

LAKMNFLKSCVKESMRLNFPLSNGTERILNKDTILSGYLVPKGNSVIMSSSRSSLDSSNYDNPCQFQPDRWLRESSDE

VSTKRLDRFATLPFGHGARGCIGRRFAEMEIYVGTAKILQKLHISVDPSYPGLDPIYTPFITPRLMIHFIFTKRHPPV

GVSMSRGTNT 
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>CAL1535883.1  
MAAVKNIYRRVLQVLAQQPVRQASAVGSAVSGQIDVRSFDDVPGPRGVGIWPIIGTLMLYKPFTHFTAATSHELVDSL

FDKYGPLVKLRLGKVSVLVSDPKDMETVFRNEGRYPFRPAIDLTSIYEKRKGLKGSLSSVNGEEWQALRTPLNRRLMK

PDSASYYIEAQNAVADDFVNILGTEEKCPEDLLDVFFRFASESIGVVTFNTRLGFLDKRCTEDPMTSEFLSATKDLFR

QLHKSLCGESIAHTFYRNKTY 

 

 

>CAL1535881.1 
MATRELLRRCGQQLGPVLRIPTRCASTVENVETDQVEARPFRDIPGPRGMYRWPIIGSILLFKPFSKHTTETTQTMLN

EMFDQYGPIFQIVMGTKMIVTSDPKDFKTVFNNEGKYPYRPGIKLIDLYFTRNNLKKDVSMLQGEEWHALRAPVNRRL

LKADSATHYLEPQNAVADDFVKNLESRDLEAIELSNLLFRYAGESIGVVTFNQRLGFLNDDMNEESKVFLDAAMISSK

AIIKSFTGESIAHSLYRNSAYREYEAAHTTLRRISGMYTKRAKEIMNKQKEEGTLNAEEPNLLLSLASEETLSEDDVS

NIVLTLYTAGSESTAKNIESFFYNLASNPEKQEILRKEILDIVGPDGPLTKQALAQMSYLKACVKESFRINFPTIGGT

IRALPVDVILSGYRVPAGTLIWMFNPRPARLYFDDPDKYIPERWLRTTAARQQETSRNLIVLPFGHGLRNCMGRRFAV

QEMYLAATKVLQKMKMELDEDSRNTKFQYKLIIEPVKPLRFKLTKL 

 

 

>CAL1535878.1 

MAMTRHLLKTSFRQLTSGERLLPVRAASTMNVGTDQVEARPFEEIPGPKGIYKLPVIGTMLMFKPFTEYTAETFHCLM

DKMFDTYGPIFRANFSNRAICVSNPLDFETVYRNEGKYPVRPPIGLFVQYFKRNNKTMGLSSLTGEEWHALRTPVNKR

LAKADSATHYLEPQNAVADDFVKILGSRDLKNVDQADLFYRFASESIAVVTFNQRLGYLSDEGDKESVRFLEAVKSSI

GLLNQYISGKALSPNWYRSSLYTEFERAFGLMFRISDKHVRKAKDLIEQKTRDGTLNTEEPNLLLSLASEKGLSEADV

SNIMLSLYVGGTDSTAKNLQAFFYNLAKNPDKQEILRKEILEVIGDEGPLTDQALSKMTYLKACLKESFRLYYPTASG

PSRVLPVDVVLSGYKVPAGTTLMMFNPRPSRLNFEDPDKYLPERWLRSNESRKQDSTNKMAVLPFGHGPKNCAGRRFA

VQEIYLATAKVLQKMKIELEPESWNTKFKYTAFIEPEKPLKFKFSNL 

 

 

>CAL1535879.1 
MAMTRHLLKASFRQLTSGQRVLPVRAASTVNVGTDQVEARPFEEMPGPKGIYQWPVIGAILHFKPFTKYTPESFQSLI

NQLFDTHGPIFKANFGFKSIWVSNPADFETVYRNEGKYPQRTPLGLSVQYFKRNNLKMDMSSINGEEWHALRTPLNKR

LMKADSALYYLGPQNAVADDFVKILESRDLKAVDQADLFYRYASESIGVVTFNQRLGYLGGQVDEDSERFLETTKSMF

QQMGIFISGKALSPNWYRTSFYREYERSYNLLYRVSDKHARKAKDLIEQKTRDGTLNTDEPNLLLSLASEKGLSEADV

SNIMLSMYFAGTDSTAKNLQVFFYNLAKNPDKQEILRKEILEVIGDNGPVTDHALAKMTYLKACLKESFRLNYPLITG

TVRILPVDVVLSGYKVPAGQILTMFNPRPARLNFEDPDKFLPERWLRSNESRKQDSTNKMAVLPFGHGPKNCAGRRFA

VQEMYLATAKVVQKLKIELEPESWNTKFKYSMFIEPEKPLKFKYSKL 
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>CAL1535880.1 

MLKRSFLLLIRVPDHQVRVVSTLGNVEPDDHQPAPRPFKAIPGPRGIYRWPSIGSILLFKPFSKYTIETMHKLMDKMC

DRYGSIFKFNMGTQVVLVSDPQDLETIFRNEGKYPCHPEMSLPEKYYISKRLKVPLTMLSGEEWHGMRTPVNGCLMKA

DSATHDLEPQNAVADDFVKILETRDLLNIDQADLFFRFASESIGLVAFNKRLGLLDDRPDQQSVIFHEAAKSVMDQVH

RAVTARSFYKKATYREFERSNDIKISIAVADIMKTKEIMERPKRDGALTPDEANLLRPLASANTLTDSDVIVTMLTLY

SAGVDATAKNLQVFFYNLAQNPDKQEVLRKEILEIIGDTGPLTSKALAQMTYLKACLKESFRLHYPAFIGAFRTMPVD

VILSGYKIPAGTNVLMLSSRPARLHFDDSDKYLPERWLRTSKEREEDEFSKSIVLPFGHGPRNCFGRRIAVQEVYLAT

AKVLQRLMIELEPETLDAQSKDQMFSAPDKPFKFKFRRL 

 

 

>CAL1548157.1 

MASTRELLKRSVHRLTSVHRLQVRTSSTAGSVATDQVEARPFEEIPGPRGMYRLPIIGSMLLFKPFSKYTAETYPQLL

NELFDRHGPIMKLNLASPMVVVSDPKDFETVFANEGKYPYRPSDPITEQYLKRSTRKLPMTGVHGEEWHALRTPVNRR

LMKADSATHYLEPQNQVADDFVKILETRDLKNEDQADLFYRFASESIGVVTFNQRLGYLDNKSDVASIKFLEAAKSLF

LQIAKGVTGRSVGHNWYRNSTLREYERAVDIMIGNSKVHTKKAIEITEQQRRDGTLNPEEPNLLLSLASEKALTDDDV

SNTIIALYVAGTDSTAKNLQVFFYNLAKNPDKQETLRKEVLGLIGPSGPLTDKALSQMTYLKACLKESFRLNYPTLSG

TTRVLPVDVVLSGYKVPSGTMINMFNPRPSKLNFDEPDKYLPERWLRSSEKRKQDPSNNMAVLPFGHGPRNCIGRRFA

VQEIYLATSKVLQKLKIELEPESWNTQFQYSSFLIEPEKPLKFKFTRL 
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Representative chromatogram and MS/MS spectrum of a 20HE standard solution (10 

ng/mL), different Lymnaea tissues, and lettuce 

 

10 ng/mL 20HE standard solution 

 

 



10 
 

Stomach 
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Hepatopancreas 
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Kidney 
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Central nervous system 
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Embryo (early stage) 

 

 

Embryo (hatching stage) 
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Lettuce 
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Deutero_Ambulac_Sakowv30013705m

Deutero_Ambulac_Sakowv30035266m

Protost_Lop_LotGig_tr_V4BPA9_V4BPA9_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG163695_PE_3_SV_1

Epi_broad_g12681.t1

Deutero_Cephalo_004710R_t1__name__chr_scaffold1_start_5064282_end_5069923_strand___pro_len_527_

Epi_broad_g2756.t1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P012190_XP_011666664.1_PREDICTED_25-hydroxyvitamin_D-1_alpha_hydroxylase_mitochondrial_

CAL1535881.1

Deutero_Cephalo_164700F_t1__name__chr_scaffold33_start_176908_end_184430_strand_pro_len_534_

Deutero_Ambulac_Sakowv30040328m

Protost_ecdy_PriCa_ecdy_XP_014662626_1__PREDICTED___1_25_dihydroxyvitamin__D_3___24_hydroxylase___mitochondrial_like___Priapulus__caudatus_

Protost_Lop_OctBim_tr_A0A0L8I8S7_A0A0L8I8S7_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22029657mg_PE_3_SV_1

Protost_Lop_OctBim_tr_A0A0L8FV76_A0A0L8FV76_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22006933mg_PE_3_SV_1

Deutero_Chord_Hsap_sp_Q02318_CP27A_HUMAN_Sterol_26_hydroxylase__mitochondrial_OS_Homo_sapiens__Human__OX_9606_GN_CYP27A1_PE_1_SV_1

Deutero_Cephalo_242870R_t3__name__chr_scaffold60_start_1600654_end_1611342_strand___pro_len_531_

Protost_ecdy_Dmel_sp_Q9VE00_C12A4_DROME_Probable_cytochrome_P450_12a4__mitochondrial_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp12a4_PE_2_SV_2

CAL1526243.1

Deutero_Ambulac_Sakowv30009358m

Deutero_Cephalo_004720R_t1__name__chr_scaffold1_start_5071342_end_5083645_strand___pro_len_872_

Deutero_Chord_Hsap_sp_P15538_C11B1_HUMAN_Cytochrome_P450_11B1__mitochondrial_OS_Homo_sapiens__Human__OX_9606_GN_CYP11B1_PE_1_SV_5

Deutero_Cephalo_103930R_t1__name__chr_scaffold20_start_3031261_end_3044062_strand___pro_len_849_

CAL1544316.1

Deutero_Cephalo_108300R_t1__name__chr_scaffold21_start_1730959_end_1732238_strand___pro_len_190_

Cnidar_NemVecNVEC200_006421_1_1_protein_AED_0_03_eAED_0_03_QI_0__1_0_1__1_1_1_0_542

Protost_ecdy_Dmel_sp_Q9VVR9_C12C1_DROME_Probable_cytochrome_P450_12c1__mitochondrial_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp12c1_PE_2_SV_2

CAL1534429.1

Epi_broad_g2135.t1

Deutero_Cephalo_108310R_t1__name__chr_scaffold21_start_1732817_end_1736895_strand___pro_len_499_

Deutero_Chord_Hsap_sp_P19099_C11B2_HUMAN_Cytochrome_P450_11B2__mitochondrial_OS_Homo_sapiens__Human__OX_9606_GN_CYP11B2_PE_1_SV_3
Protost_ecdy_PriCa_ecdy_XP_014671028_1__PREDICTED___cytochrome__P450__10_like___Priapulus__caudatus_

Protost_Lop_LotGig_tr_V4AWG7_V4AWG7_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG152935_PE_3_SV_1

Deutero_Ambulac_Sakowv30013854m

Deutero_Chord_Hsap_sp_O15528_CP27B_HUMAN_25_hydroxyvitamin_D_1_alpha_hydroxylase__mitochondrial_OS_Homo_sapiens__Human__OX_9606_GN_CYP27B1_PE_1_SV_1

Deutero_Cephalo_004730R_t1__name__chr_scaffold1_start_5083849_end_5085516_strand___pro_len_153_

Cnidar_NemVecNVEC200_008341_1_1_protein_AED_0_36_eAED_0_36_QI_0__1_0_1__1_1_1_0_514

Protost_Lop_LotGig_tr_V4AGV6_V4AGV6_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG233081_PE_3_SV_1

Deutero_Cephalo_206410R_t1__name__chr_scaffold47_start_86511_end_96096_strand___pro_len_860_

Cnidar_NemVecNVEC200_010209_1_1_protein_AED_0_04_eAED_0_04_QI_128_1_1_1_0_43_0_41_17_2584_521

Deutero_Chord_Hsap_sp_Q4G0S4_C27C1_HUMAN_Cytochrome_P450_27C1_OS_Homo_sapiens__Human__OX_9606_GN_CYP27C1_PE_1_SV_2

Deutero_Cephalo_086110F_t1__name__chr_scaffold181_start_66437_end_78204_strand_pro_len_538_

Protost_ecdy_Dmel_sp_Q9V5L3_C49A1_DROME_Probable_cytochrome_P450_49a1_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp49a1_PE_2_SV_3

Cnidar_NemVecNVEC200_003390_1_1_protein_AED_0_01_eAED_0_01_QI_0__1_0_1__1_1_1_0_531

Protost_ecdy_PriCa_ecdy_XP_014679508_1__PREDICTED___cytochrome__P450__27C1_like__isoform__X1___Priapulus__caudatus_

Protost_ecdy_Dmel_sp_Q9VGZ0_C12E1_DROME_Probable_cytochrome_P450_12e1__mitochondrial_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp12e1_PE_2_SV_4

Epi_broad_g21193.t2

Deutero_Ambulac_Sakowv30026607m

Protost_ecdy_Dmel_sp_Q9V6D6_CP301_DROME_Probable_cytochrome_P450_301a1__mitochondrial_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp301a1_PE_2_SV_1

Deutero_Cephalo_152710R_t1__name__chr_scaffold3_start_6774785_end_6780941_strand___pro_len_510_

Deutero_Cephalo_275720R_t1__name__chr_scaffold8_start_1162184_end_1169623_strand___pro_len_556_

CAL1535878.1

Protost_Lop_OctBim_tr_A0A0L8I0D2_A0A0L8I0D2_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22000160mg_PE_3_SV_1

Protost_Lop_LotGig_tr_V4C287_V4C287_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG239424_PE_3_SV_1

GS_09458

Deuterostome_chordata_Ggallus_tr_A0A1D5PE01_A0A1D5PE01_CHICK_Cholesterol_side_chain_cleavage_enzyme__mitochondrial_OS_Gallus_gallus_OX_9031_GN_CYP11A1_PE_3_SV_1

Deuterostome_chordata_Ggallus_tr_F1NZ08_F1NZ08_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP27C1_PE_3_SV_5

Protost_ecdy_Dmel_sp_Q9NGX9_CP302_DROME_Cytochrome_P450_302a1__mitochondrial_OS_Drosophila_melanogaster  

Protost_ecdy_Dmel_sp_Q9VGH1_CP315_DROME_Cytochrome_P450_315a1__mitochondrial_OS_Drosophila_melanogaster

Deutero_Cephalo_204850F_t1__name__chr_scaffold46_start_847763_end_852880_strand_pro_len_516_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P004043_XP_003727902.1_PREDICTED_cytochrome_P450_10_

Protost_ecdy_Dmel_sp_Q9V8M2_C12B2_DROME_Probable_cytochrome_P450_12b2__mitochondrial_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp12b2_PE_2_SV_2

Deutero_Ambulac_Sakowv30013852m

Deutero_Ambulac_Sakowv30026157m

Protost_Lop_LotGig_tr_V3ZHR3_V3ZHR3_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG163698_PE_3_SV_1

Protost_ecdy_Cele_sp_Q09660_CC44_CAEEL

Deutero_Cephalo_104540F_t1__name__chr_scaffold200_start_125699_end_137073_strand_pro_len_512_

Epi_broad_g19304.t1

Deutero_Cephalo_179970F_t1__name__chr_scaffold38_start_1872405_end_1882529_strand_pro_len_1106_

Cnidar_NemVecNVEC200_003617_1_1_protein_AED_0_21_eAED_0_21_QI_0_1_0_88_1_1_1_9_768_566

Protost_ecdy_PriCa_ecdy_XP_014662612_1__PREDICTED___probable__cytochrome__P450__CYP44___Priapulus__caudatus_

Cnidar_NemVecNVEC200_010208_1_1_protein_AED_0_10_eAED_0_10_QI_12_1_1_1_0_87_0_77_9_1085_565

Epi_broad_g1075.t1

Deutero_Cephalo_275710R_t1__name__chr_scaffold8_start_1155512_end_1161202_strand___pro_len_554_

Deutero_Cephalo_179940R_t1__name__chr_scaffold38_start_1831246_end_1837522_strand___pro_len_519_

Protost_Lop_OctBim_tr_A0A0L8G3J2_A0A0L8G3J2_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22000875mg_PE_3_SV_1

Protost_ecdy_Dmel_sp_Q9VUF8_CP314_DROME_Ecdysone_20_monooxygenase_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_shd_PE_1_SV_3

Deutero_Chord_Hsap_sp_P05108_CP11A_HUMAN_Cholesterol_side_chain_cleavage_enzyme__mitochondrial_OS_Homo_sapiens__Human__OX_9606_GN_CYP11A1_PE_1_SV_2

CAL1535879.1

Deutero_Cephalo_227250F_t1__name__chr_scaffold54_start_1890028_end_1895030_strand_pro_len_522_

CAL1535880.1

Deutero_Chord_Hsap_sp_Q07973_CP24A_HUMAN_1_25_dihydroxyvitamin_D_3__24_hydroxylase__mitochondrial_OS_Homo_sapiens__Human__OX_9606_GN_CYP24A1_PE_1_SV_2

Cnidar_NemVecNVEC200_008790_1_1_protein_AED_0_03_eAED_0_03_QI_601_1_1_1_1_1_9_172_528

Epi_broad_g1674.t1

Protost_ecdy_Dmel_sp_P82712_CCD1P_DROME_Probable_cytochrome_P450_12d1_proximal__mitochondrial_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp12d1_p_PE_2_SV_3

Cnidar_NemVecNVEC200_004829_1_1_protein_AED_0_00_eAED_0_00_QI_0__1_0_1__1_1_1_0_540

Protost_ecdy_Dmel_sp_Q9VE01_C12A5_DROME_Probable_cytochrome_P450_12a5__mitochondrial_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp12a5_PE_2_SV_1

Protost_Lop_OctBim_tr_A0A0L8GGK7_A0A0L8GGK7_OCTBM_Uncharacterized_protein__Fragment__OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22034401mg_PE_3_SV_1
Protost_Lop_LotGig_tr_V3ZY39_V3ZY39_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG235674_PE_3_SV_1
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Supplementary Figure S3. Phylogenetic analysis was performed using proteins that were grouped into the CLANS of disembodied and shadow proteins. The analysis included proteins from 14 taxa. The midpoint-rooted phylogenetic tree was constructed using the Shimodaira–Hasegawa-like approximate likelihood ratio test (SH-aLRT) and ultrafast bootstrap with 
1000 replicates. The LG+F+R10 model was implemented. Each taxon is presented by a color. Lymnaea stagnalis proteins begin with the code "CAL15". The disembodied and shadow proteins of Drosophila melanogaster are highlighted in yellow. The scale bar indicates amino acid substitutions per site.
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Protost_ecdy_Cele_tr_O44657_O44657_CAEEL

Protost_ecdy_Cele_tr_O61204_O61204_CAEEL

Deutero_Chord_Hsap_sp_P11712_CP2C9_HUMAN_Cytochrome_P450_2C9_OS_Homo_sapiens__Human__OX_9606_GN_CYP2C9_PE_1_SV_3

Deutero_Ambulac_Sakowv30020587m

Protost_ecdy_Dmel_sp_Q9VG17_CP304_DROME_Probable_cytochrome_P450_304a1_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp304a1_PE_2_SV_2

Deutero_Ambulac_Sakowv30025311m

Deutero_Cephalo_113660R_t1__name__chr_scaffold22_start_2616064_end_2620211_strand___pro_len_484_

Epi_broad_g3799.t1

Deutero_Ambulac_Sakowv30043325m

Epi_broad_g17649.t2

Protost_Lop_OctBim_tr_A0A0L8HI14_A0A0L8HI14_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22014119mg_PE_3_SV_1

Deutero_Ambulac_Sakowv30044467m

Deuterostome_chordata_Ggallus_tr_E1C788_E1C788_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2AB2_PE_3_SV_4

Deutero_Ambulac_Sakowv30041996m

Deutero_Cephalo_265860R_t3__name__chr_scaffold72_start_1280469_end_1350895_strand___pro_len_1126_

Protost_ecdy_Cele_sp_H2KYS3_DAF9_CAEEL

Deutero_Ambulac_Sakowv30045176m

Epi_broad_g9559.t1

Protost_Lop_LotGig_tr_V4A3Z9_V4A3Z9_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG228827_PE_3_SV_1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P009746_XP_011664220.1_PREDICTED_cytochrome_P450_2U1_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P002559_XP_003724748.2_PREDICTED_cytochrome_P450_2U1_

Deutero_Chord_Hsap_sp_P51589_CP2J2_HUMAN_Cytochrome_P450_2J2_OS_Homo_sapiens__Human__OX_9606_GN_CYP2J2_PE_1_SV_2

Deutero_Chord_Hsap_sp_Q16696_CP2AD_HUMAN_Cytochrome_P450_2A13_OS_Homo_sapiens__Human__OX_9606_GN_CYP2A13_PE_1_SV_3

Cnidar_NemVecNVEC200_009943_1_1_protein_AED_0_02_eAED_0_02_QI_0__1_0_1__1_1_1_0_516

Deutero_Cephalo_299830R_t1__name__chr_scaffold95_start_1165684_end_1173585_strand___pro_len_602_

Protost_Lop_LotGig_tr_V4AEH6_V4AEH6_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG117066_PE_3_SV_1

Deutero_Ambulac_Sakowv30019438m

Protost_ecdy_Cele_tr_A0A0M7RF98_A0A0M7RF98_CAEEL

CAL1548737.1

Deutero_Cephalo_189860F_t1__name__chr_scaffold4_start_7741742_end_7769815_strand_pro_len_581_

Deutero_Cephalo_074800R_t1__name__chr_scaffold167_start_5938_end_7076_strand___pro_len_185_

Protost_ecdy_PriCa_ecdy_XP_014664619_1__PREDICTED___vitamin__D__25_hydroxylase_like___Priapulus__caudatus_

Protost_Lop_OctBim_tr_A0A0L8HL40_A0A0L8HL40_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22012975mg_PE_3_SV_1

Deuterostome_chordata_Ggallus_tr_A0A1L1RVS8_A0A1L1RVS8_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2J23_PE_3_SV_1

Deutero_Ambulac_Sakowv30014620m

Protost_ecdy_PriCa_ecdy_XP_014679737_1__PREDICTED___cytochrome__P450__1A2_like___Priapulus__caudatus_

Deutero_Cephalo_160090R_t1__name__chr_scaffold312_start_1373_end_5088_strand___pro_len_517_

Epi_broad_g14153.t1

Deutero_Cephalo_031240R_t1__name__chr_scaffold115_start_261690_end_265635_strand___pro_len_508_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P007643_XP_011662117.1_PREDICTED_cytochrome_P450_2D6-like_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P022528_XP_011677002.1_PREDICTED_cytochrome_P450_2U1_

Deutero_Cephalo_248040R_t1__name__chr_scaffold64_start_127252_end_139620_strand___pro_len_764_

Protost_ecdy_PriCa_ecdy_XP_014673139_1__PREDICTED___cytochrome__P450__2C23_like___Priapulus__caudatus_

Deutero_Cephalo_035400F_t1__name__chr_scaffold12_start_1529274_end_1535406_strand_pro_len_513_

Deutero_Cephalo_185830R_t1__name__chr_scaffold4_start_2284340_end_2287846_strand___pro_len_500_

Deutero_Ambulac_Sakowv30026670m

Deutero_Chord_Hsap_sp_P05177_CP1A2_HUMAN_Cytochrome_P450_1A2_OS_Homo_sapiens__Human__OX_9606_GN_CYP1A2_PE_1_SV_4

Deutero_Ambulac_Sakowv30036791m

Protost_Lop_OctBim_tr_A0A0L8FM89_A0A0L8FM89_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22015288mg_PE_3_SV_1

Protost_Lop_LotGig_tr_V4A4X7_V4A4X7_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG86790_PE_3_SV_1

Deutero_Chord_Hsap_sp_P20853_CP2A7_HUMAN_Cytochrome_P450_2A7_OS_Homo_sapiens__Human__OX_9606_GN_CYP2A7_PE_2_SV_2

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P022541_XP_011677015.1_PREDICTED_cytochrome_P450_2U1-like_

Deuterostome_chordata_Ggallus_tr_A0A1L1RRG6_A0A1L1RRG6_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2J22_PE_3_SV_1

Deuterostome_chordata_Ggallus_tr_A0A1L1RWI4_A0A1L1RWI4_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2AC2_PE_3_SV_1

Deutero_Cephalo_135320R_t1__name__chr_scaffold27_start_1118880_end_1121635_strand___pro_len_500_

Deutero_Cephalo_162010F_t1__name__chr_scaffold32_start_1410197_end_1426289_strand_pro_len_855_

Deutero_Cephalo_290660R_t1__name__chr_scaffold9_start_559988_end_572455_strand___pro_len_1719_

Deutero_Ambulac_Sakowv30009947m

Epi_broad_g14146.t1

Epi_broad_g46284.t1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P031872_XP_785936.2_PREDICTED_cytochrome_P450_2J2_

Deutero_Cephalo_265860R_t6__name__chr_scaffold72_start_1280469_end_1350895_strand___pro_len_1095_

Deutero_Cephalo_257250R_t1__name__chr_scaffold69_start_1643770_end_1648385_strand___pro_len_509_

Epi_broad_g23115.t1

Deuterostome_chordata_Ggallus_tr_A0A1D5PQJ7_A0A1D5PQJ7_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP1C1_PE_3_SV_1

Protost_Lop_LotGig_tr_V4CQL2_V4CQL2_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG229889_PE_3_SV_1

Epi_broad_g16341.t1

Deutero_Cephalo_102670F_t1__name__chr_scaffold20_start_1340513_end_1343717_strand_pro_len_501_

Deutero_Cephalo_201830F_t1__name__chr_scaffold447_start_46279_end_49505_strand_pro_len_504_

Deutero_Cephalo_153240F_t1__name__chr_scaffold3_start_7439258_end_7446285_strand_pro_len_519_

Protost_ecdy_PriCa_ecdy_XP_014665615_1__PREDICTED___cytochrome__P450__2B4_like__isoform__X1___Priapulus__caudatus_

Deutero_Ambulac_Sakowv30025308m

Deutero_Cephalo_286590R_t1__name__chr_scaffold86_start_1454666_end_1458949_strand___pro_len_492_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P013166_XP_011667640.1_PREDICTED_cytochrome_P450_2J3_

Cnidar_NemVecNVEC200_004318_1_1_protein_AED_0_02_eAED_0_02_QI_0__1_0_1__1_1_1_0_507

Epi_broad_g3770.t1

Deutero_Cephalo_226960R_t1__name__chr_scaffold54_start_1615832_end_1620202_strand___pro_len_500_

Deutero_Ambulac_Sakowv30036182m

Cnidar_NemVecNVEC200_009462_1_1_protein_AED_0_46_eAED_0_46_QI_0__1_0_1__1_1_1_0_390

Deutero_Chord_Hsap_sp_P20813_CP2B6_HUMAN_Cytochrome_P450_2B6_OS_Homo_sapiens__Human__OX_9606_GN_CYP2B6_PE_1_SV_1

Deutero_Ambulac_Sakowv30044658m

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P020544_XP_011675018.1_PREDICTED_cytochrome_P450_2U1-like_

Deutero_Cephalo_299270F_t1__name__chr_scaffold95_start_253594_end_259750_strand_pro_len_500_

Deutero_Chord_Hsap_sp_P05093_CP17A_HUMAN_Steroid_17_alpha_hydroxylase_17_20_lyase_OS_Homo_sapiens__Human__OX_9606_GN_CYP17A1_PE_1_SV_1

Deuterostome_chordata_Ggallus_tr_F1NZE9_F1NZE9_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2C23a_PE_3_SV_1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P031044_XP_783416.2_PREDICTED_cytochrome_P450_2J6_

Deutero_Cephalo_066760R_t1__name__chr_scaffold1559_start_808_end_2668_strand___pro_len_420_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P002346_XP_003724341.1_PREDICTED_cytochrome_P450_2U1_

Deutero_Cephalo_257260F_t1__name__chr_scaffold69_start_1649997_end_1652996_strand_pro_len_509_

Cnidar_NemVecNVEC200_014799_1_1_protein_AED_0_00_eAED_0_00_QI_39_1_1_1_1_1_2_265_498

Deutero_Cephalo_125550F_t1__name__chr_scaffold245_start_70442_end_82129_strand_pro_len_574_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P030622_XP_782220.1_PREDICTED_cytochrome_P450_2C15_

Protost_ecdy_Cele_tr_Q27470_Q27470_CAEEL

Deutero_Cephalo_033540R_t1__name__chr_scaffold118_start_731154_end_735128_strand___pro_len_475_

Protost_ecdy_Cele_tr_O16673_O16673_CAEEL

Protost_Lop_LotGig_tr_V4B005_V4B005_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG173112_PE_3_SV_1

Deutero_Cephalo_233600R_t1__name__chr_scaffold58_start_810909_end_822539_strand___pro_len_863_

Deutero_Ambulac_Sakowv30027613m

Deutero_Ambulac_Sakowv30005261m

Deutero_Ambulac_Sakowv30040331m

Deutero_Cephalo_042710R_t1__name__chr_scaffold126_start_498430_end_502489_strand___pro_len_216_

Deutero_Ambulac_Sakowv30014949m

Deutero_Ambulac_Sakowv30039223m

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P030610_XP_782182.3_PREDICTED_cytochrome_P450_2J6_

Protost_Lop_LotGig_tr_V4ATT0_V4ATT0_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG158000_PE_3_SV_1

Deuterostome_chordata_Ggallus_tr_A0A1D5PSQ6_A0A1D5PSQ6_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_LOC101749846_PE_3_SV_2

Deuterostome_chordata_Ggallus_tr_A0A1D5PYA5_A0A1D5PYA5_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2J21_PE_3_SV_2

Protost_ecdy_PriCa_ecdy_XP_014677732_1__PREDICTED___cytochrome__P450__2J6_like___Priapulus__caudatus_

Deuterostome_chordata_Ggallus_tr_E1BVV4_E1BVV4_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2J19_PE_3_SV_2

Protost_ecdy_PriCa_ecdy_XP_014674210_1__PREDICTED___cytochrome__P450__2U1_like___Priapulus__caudatus_

Protost_Lop_LotGig_tr_V3ZH96_V3ZH96_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG178826_PE_3_SV_1

Deutero_Cephalo_102680F_t1__name__chr_scaffold20_start_1344798_end_1347493_strand_pro_len_500_

Deuterostome_chordata_Ggallus_tr_A0A1D5P727_A0A1D5P727_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP1B1_PE_3_SV_2

Epi_broad_g9601.t1

Cnidar_NemVecNVEC200_009153_1_1_protein_AED_0_12_eAED_0_13_QI_0__1_0_1__1_1_1_0_388

Deutero_Ambulac_Sakowv30011732m

Protost_ecdy_Cele_tr_Q27471_Q27471_CAEEL

Deutero_Cephalo_226980F_t1__name__chr_scaffold54_start_1629062_end_1640247_strand_pro_len_804_

Deuterostome_chordata_Ggallus_tr_F1NDQ4_F1NDQ4_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2AB5_PE_3_SV_4

Protost_Lop_LotGig_tr_V4ADJ8_V4ADJ8_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG182666_PE_3_SV_1

Deutero_Cephalo_059610R_t1__name__chr_scaffold146_start_273456_end_276877_strand___pro_len_507_

Deutero_Cephalo_030260F_t1__name__chr_scaffold113_start_1101439_end_1104279_strand_pro_len_217_

Protost_Lop_LotGig_tr_V3ZUN8_V3ZUN8_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG196500_PE_3_SV_1

CAL1548299.1

Deutero_Cephalo_135330R_t1__name__chr_scaffold27_start_1122341_end_1124975_strand___pro_len_499_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P032028_XP_786438.2_PREDICTED_steroid_17-alpha-hydroxylase_17_20_lyase_

Protost_ecdy_PriCa_ecdy_XP_014667380_1__PREDICTED___steroid__17_alpha_hydroxylase_17_20__lyase_like__isoform__X1___Priapulus__caudatus_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P027471_XP_011681945.1_PREDICTED_cytochrome_P450_1A1-like_isoform_X1_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P020049_XP_011674523.1_PREDICTED_cytochrome_P450_2J6_

Epi_broad_g42321.t1

Deutero_Cephalo_252700F_t1__name__chr_scaffold66_start_1336886_end_1340884_strand_pro_len_530_

CAL1547806.1

Deutero_Cephalo_182500R_t1__name__chr_scaffold39_start_1184728_end_1190255_strand___pro_len_508_

Deutero_Cephalo_250640F_t3__name__chr_scaffold65_start_1195108_end_1201293_strand_pro_len_500_

Deutero_Cephalo_090290R_t1__name__chr_scaffold19_start_1889403_end_1892288_strand___pro_len_491_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P007620_XP_011662094.1_PREDICTED_cytochrome_P450_2D27_

Protost_ecdy_Cele_tr_Q27505_Q27505_CAEEL

Protost_Lop_LotGig_tr_V4BM41_V4BM41_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG72583_PE_3_SV_1

Protost_ecdy_Cele_tr_O61935_O61935_CAEEL

Cnidar_NemVecNVEC200_007317_1_1_protein_AED_0_15_eAED_0_15_QI_0__1_0_1__1_1_1_0_494

Deutero_Ambulac_Sakowv30019433m

Protost_ecdy_PriCa_ecdy_XP_014664685_1__PREDICTED___cytochrome__P450__2J6_like___Priapulus__caudatus_

CAL1534717.1

Protost_ecdy_PriCa_ecdy_XP_014670237_1__PREDICTED___cytochrome__P450__2U1_like__isoform__X2___Priapulus__caudatus_

Protost_ecdy_Cele_tr_Q9N5I1_Q9N5I1_CAEEL

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P029325_XP_011683799.1_PREDICTED_cytochrome_P450_2U1_

Protost_Lop_LotGig_tr_V4AVM7_V4AVM7_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG201350_PE_3_SV_1

CAL1533505.1

Deuterostome_chordata_Ggallus_tr_A0A1L1RXT4_A0A1L1RXT4_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2AB3_PE_3_SV_1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P023518_XP_011677992.1_PREDICTED_cytochrome_P450_2U1_isoform_X2_

Deutero_Cephalo_250640F_t1__name__chr_scaffold65_start_1192389_end_1201293_strand_pro_len_658_

Protost_ecdy_Cele_tr_H2KY69_H2KY69_CAEEL

Deutero_Cephalo_030250F_t1__name__chr_scaffold113_start_1092338_end_1098298_strand_pro_len_509_

Cnidar_HydraVulSc4wPfr_634_1_g17837_t1

Epi_broad_g9553.t1

Cnidar_HydraVulSc4wPfr_739_g28813_t1

Deutero_Cephalo_139500R_t1__name__chr_scaffold28_start_814807_end_837275_strand___pro_len_2058_

Epi_broad_g24826.t1

Epi_broad_g3798.t1

Epi_broad_g16339.t1

Protost_ecdy_Dmel_sp_Q9VRM7_CP307_DROME_Cytochrome_P450_307a1_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_spo_PE_1_SV_3

Deutero_Cephalo_160120F_t1__name__chr_scaffold312_start_23992_end_25589_strand_pro_len_306_

Protost_Lop_OctBim_tr_A0A0L8GKP3_A0A0L8GKP3_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22032486mg_PE_3_SV_1

Cnidar_NemVecNVEC200_005460_1_1_protein_AED_0_02_eAED_0_02_QI_526_1_1_1_0_33_0_28_7_781_501

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P022033_XP_011676507.1_PREDICTED_cytochrome_P450_2J3_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P006180_XP_011660654.1_PREDICTED_cytochrome_P450_2J6_

Protost_ecdy_PriCa_ecdy_XP_014677126_1__PREDICTED___cytochrome__P450__1A2_like___Priapulus__caudatus_

Protost_ecdy_PriCa_ecdy_XP_014667375_1__PREDICTED___cytochrome__P450__1A1_like___Priapulus__caudatus_

Deutero_Cephalo_139800F_t1__name__chr_scaffold28_start_1138108_end_1161450_strand_pro_len_1673_

Deutero_Cephalo_164950F_t1__name__chr_scaffold33_start_565650_end_572138_strand_pro_len_449_

Protost_ecdy_Cele_tr_Q965T7_Q965T7_CAEEL

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P032699_XP_788525.2_PREDICTED_cytochrome_P450_2J2_

Deutero_Ambulac_Sakowv30016787m

Cnidar_HydraVulSc4wPfr_177_1_g6132_t1

Protost_ecdy_Cele_tr_Q9N4Q4_Q9N4Q4_CAEEL

Deutero_Ambulac_Sakowv30014627m

Cnidar_HydraVulSc4wPfr_559_g506_t1

Epi_broad_g9572.t1

Deutero_Ambulac_Sakowv30030307m

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P031012_XP_783338.1_PREDICTED_cytochrome_P450_2J2_

Deutero_Cephalo_247830R_t1__name__chr_scaffold635_start_3871_end_10137_strand___pro_len_514_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P032943_XP_789460.3_PREDICTED_cytochrome_P450_2J6_

Deutero_Ambulac_Sakowv30014632m

Deutero_Ambulac_Sakowv30030309m

Cnidar_NemVecNVEC200_014330_1_1_protein_AED_0_26_eAED_0_26_QI_0_1_0_83_1_0_8_0_66_6_0_527

Deutero_Ambulac_Sakowv30031948m

Protost_Lop_LotGig_tr_V4B042_V4B042_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG231056_PE_3_SV_1

Deutero_Cephalo_298940F_t1__name__chr_scaffold941_start_1_end_4026_strand_pro_len_690_

Deutero_Cephalo_286430F_t1__name__chr_scaffold86_start_1229539_end_1235085_strand_pro_len_506_

Deutero_Ambulac_Sakowv30004421m

Deutero_Cephalo_056970R_t1__name__chr_scaffold140_start_563814_end_571996_strand___pro_len_492_

Deutero_Ambulac_Sakowv30013707m

Deutero_Cephalo_052180F_t1__name__chr_scaffold136_start_423892_end_432843_strand_pro_len_513_

Epi_broad_g16340.t1

Protost_Lop_LotGig_tr_V3ZK67_V3ZK67_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG204704_PE_3_SV_1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P032213_XP_786956.3_PREDICTED_cytochrome_P450_2U1_

Deutero_Chord_Hsap_sp_Q7Z449_CP2U1_HUMAN_Cytochrome_P450_2U1_OS_Homo_sapiens__Human__OX_9606_GN_CYP2U1_PE_1_SV_1

Protost_ecdy_Cele_tr_G5ECD0_G5ECD0_CAEEL

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P001590_XP_001200014.2_PREDICTED_cytochrome_P450_2J2-like_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P003026_XP_003725760.2_PREDICTED_steroid_17-alpha-hydroxylase_17_20_lyase_

Deutero_Chord_Hsap_sp_P11509_CP2A6_HUMAN_Cytochrome_P450_2A6_OS_Homo_sapiens__Human__OX_9606_GN_CYP2A6_PE_1_SV_4

Deutero_Cephalo_299460F_t3__name__chr_scaffold95_start_531044_end_536588_strand_pro_len_515_

Deutero_Cephalo_073050R_t1__name__chr_scaffold161_start_581127_end_586118_strand___pro_len_512_

Protost_Lop_OctBim_tr_A0A0L8I539_A0A0L8I539_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22034549mg_PE_3_SV_1

Protost_ecdy_PriCa_ecdy_XP_014676765_1__PREDICTED___cytochrome__P450__2C31_like___Priapulus__caudatus_

Protost_ecdy_PriCa_ecdy_XP_014677470_1__PREDICTED___cytochrome__P450__2C25_like___Priapulus__caudatus_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P003951_XP_003727710.1_PREDICTED_cytochrome_P450_2U1_

Protost_Lop_LotGig_tr_V3ZBA8_V3ZBA8_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG126160_PE_3_SV_1

Protost_ecdy_PriCa_ecdy_XP_014679738_1__PREDICTED___cytochrome__P450__2U1_like___Priapulus__caudatus_

Protost_ecdy_PriCa_ecdy_XP_014676763_1__PREDICTED___cytochrome__P450__2D4_like___Priapulus__caudatus_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P034692_XP_796217.3_PREDICTED_cytochrome_P450_2U1_

Cnidar_HydraVulSc4wPfr_270_1_g19672_t1

Deutero_Cephalo_126040R_t1__name__chr_scaffold248_start_106410_end_110312_strand___pro_len_493_

Protost_ecdy_Cele_tr_O44652_O44652_CAEEL

Protost_ecdy_PriCa_ecdy_XP_014674645_1__PREDICTED___cytochrome__P450__2U1_like___Priapulus__caudatus_

Epi_broad_g46172.t1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P008038_XP_011662512.1_PREDICTED_cytochrome_P450_2J2_isoform_X1_

Deutero_Cephalo_266730R_t1__name__chr_scaffold73_start_760410_end_764926_strand___pro_len_431_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P023957_XP_011678431.1_PREDICTED_cytochrome_P450_2F3-like_

Protost_Lop_LotGig_tr_V3ZT26_V3ZT26_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG155365_PE_3_SV_1

Deutero_Cephalo_233750F_t1__name__chr_scaffold58_start_1001151_end_1004375_strand_pro_len_490_

Deutero_Cephalo_277520F_t1__name__chr_scaffold8_start_3644276_end_3648066_strand_pro_len_503_

Deutero_Cephalo_195460F_t1__name__chr_scaffold419_start_28374_end_30383_strand_pro_len_284_

Deutero_Cephalo_155330R_t1__name__chr_scaffold30_start_1535645_end_1539625_strand___pro_len_806_

Deutero_Chord_Hsap_sp_Q6VVX0_CP2R1_HUMAN_Vitamin_D_25_hydroxylase_OS_Homo_sapiens__Human__OX_9606_GN_CYP2R1_PE_1_SV_1

Deutero_Cephalo_233610R_t1__name__chr_scaffold58_start_825708_end_838330_strand___pro_len_517_

Deutero_Cephalo_105370R_t1__name__chr_scaffold203_start_290185_end_299588_strand___pro_len_475_

CAL1535290.1

CAL1544493.1

Deutero_Cephalo_099520F_t1__name__chr_scaffold2_start_6870397_end_6881300_strand_pro_len_575_

Protost_ecdy_Cele_tr_O62378_O62378_CAEEL

Cnidar_NemVecNVEC200_005690_1_1_protein_AED_0_31_eAED_0_31_QI_226_1_1_1_0_6_0_33_6_235_493

Epi_broad_g45927.t2

Cnidar_HydraVulSc4wPfr_582_g7513_t1

Deutero_Ambulac_Sakowv30009935m

Deutero_Ambulac_Sakowv30000363m

Epi_broad_g37520.t1

Protost_ecdy_PriCa_ecdy_XP_014670236_1__PREDICTED___cytochrome__P450__2U1_like__isoform__X1___Priapulus__caudatus_

Deutero_Ambulac_Sakowv30014629m

Cnidar_HydraVulSc4wPfr_634_1_g17842_t1

Protost_Lop_LotGig_tr_V4B1N4_V4B1N4_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG141177_PE_3_SV_1

Deutero_Chord_Hsap_sp_Q16678_CP1B1_HUMAN_Cytochrome_P450_1B1_OS_Homo_sapiens__Human__OX_9606_GN_CYP1B1_PE_1_SV_2

Deutero_Cephalo_162010F_t2__name__chr_scaffold32_start_1410197_end_1426289_strand_pro_len_802_

Protost_Lop_OctBim_tr_A0A0L8HZC0_A0A0L8HZC0_OCTBM_Uncharacterized_protein__Fragment__OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22001497mg_PE_3_SV_1

Protost_ecdy_Dmel_sp_Q95078_CP18A_DROME_Cytochrome_P450_18a1_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp18a1_PE_2_SV_2

Protost_ecdy_Cele_tr_O44706_O44706_CAEEL

Deutero_Ambulac_Sakowv30009930m

Deutero_Cephalo_162760R_t1__name__chr_scaffold32_start_2023271_end_2026772_strand___pro_len_280_

Deutero_Ambulac_Sakowv30001843m

Deutero_Cephalo_194970F_t1__name__chr_scaffold411_start_6510_end_15142_strand_pro_len_524_

Deuterostome_chordata_Ggallus_tr_F1NFF7_F1NFF7_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2AC1_PE_3_SV_2

Protost_Lop_LotGig_tr_V4A066_V4A066_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG126351_PE_3_SV_1

Deutero_Cephalo_076450R_t2__name__chr_scaffold17_start_419608_end_438897_strand___pro_len_1475_

CAL1539980.1

Protost_Lop_OctBim_tr_A0A0L8HJU4_A0A0L8HJU4_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22012970mg_PE_3_SV_1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P014026_XP_011668500.1_PREDICTED_cytochrome_P450_2J6_

Deutero_Cephalo_075710R_t1__name__chr_scaffold169_start_81323_end_85816_strand___pro_len_523_

GS_19129

Deutero_Cephalo_012590R_t1__name__chr_scaffold10_start_4760319_end_4764683_strand___pro_len_503_

Deutero_Cephalo_265860R_t5__name__chr_scaffold72_start_1280469_end_1438444_strand___pro_len_1379_

Deutero_Ambulac_Sakowv30025307m

Deutero_Cephalo_011600F_t1__name__chr_scaffold10_start_3723469_end_3727476_strand_pro_len_499_

Cnidar_HydraVulSc4wPfr_177_1_g6131_t1

Epi_broad_g45924.t2

Cnidar_NemVecNVEC200_014638_1_1_protein_AED_0_05_eAED_0_05_QI_38_1_1_1_1_1_6_930_520

Cnidar_HydraVulSc4wPfr_634_1_g17829_t1

Deutero_Ambulac_Sakowv30004423m

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P004110_XP_003728047.1_PREDICTED_cytochrome_P450_2U1_isoform_X1_

Deutero_Cephalo_299460F_t1__name__chr_scaffold95_start_531044_end_536588_strand_pro_len_720_

Epi_broad_g45928.t1

Epi_broad_g10881.t1

Deutero_Cephalo_011610F_t1__name__chr_scaffold10_start_3729374_end_3733119_strand_pro_len_500_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P030693_XP_782458.3_PREDICTED_cytochrome_P450_2U1_

Protost_Lop_OctBim_tr_A0A0L8GJD0_A0A0L8GJD0_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22032488mg_PE_3_SV_1

Deutero_Ambulac_Sakowv30020021m

Protost_ecdy_Cele_tr_O16670_O16670_CAEEL

Protost_Lop_LotGig_tr_V4A502_V4A502_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG114147_PE_3_SV_1

Epi_broad_g9571.t1

Protost_ecdy_PriCa_ecdy_XP_014672808_1__PREDICTED___cytochrome__P450__2C19_like__isoform__X1___Priapulus__caudatus_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P005027_XP_003730026.1_PREDICTED_cytochrome_P450_1A5-like_

Deutero_Cephalo_089690F_t1__name__chr_scaffold19_start_1330201_end_1333433_strand_pro_len_474_

Deutero_Cephalo_235410F_t1__name__chr_scaffold59_start_553128_end_556125_strand_pro_len_505_

Protost_ecdy_PriCa_ecdy_XP_014669707_1__PREDICTED___cytochrome__P450__2U1_like___Priapulus__caudatus_

Deutero_Cephalo_200780F_t1__name__chr_scaffold44_start_1796950_end_1801713_strand_pro_len_509_

Epi_broad_g3773.t1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P031814_XP_785753.3_PREDICTED_cytochrome_P450_2U1_

Protost_Lop_LotGig_tr_V4A679_V4A679_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG158485_PE_3_SV_1

Deutero_Cephalo_056750F_t1__name__chr_scaffold140_start_213842_end_220056_strand_pro_len_509_

Epi_broad_g10879.t3

Deutero_Ambulac_Sakowv30025306m

Protost_ecdy_PriCa_ecdy_XP_014674010_1__PREDICTED___cytochrome__P450__2D6_like___Priapulus__caudatus_

Cnidar_HydraVulSc4wPfr_739_g28821_t1

Deutero_Cephalo_253590F_t1__name__chr_scaffold67_start_251306_end_260135_strand_pro_len_407_

CAL1535391.1

Deutero_Cephalo_163660R_t1__name__chr_scaffold322_start_15285_end_33628_strand___pro_len_511_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P032848_XP_789095.3_PREDICTED_steroid_17-alpha-hydroxylase_17_20_lyase_isoform_X1_

Cnidar_NemVecNVEC200_013875_1_1_protein_AED_0_05_eAED_0_05_QI_110_1_1_1_0_85_0_75_8_873_499

Deutero_Cephalo_115660F_t1__name__chr_scaffold225_start_60979_end_64720_strand_pro_len_437_

Deutero_Cephalo_009340R_t1__name__chr_scaffold10_start_58375_end_75594_strand___pro_len_921_

Deutero_Cephalo_190310F_t2__name__chr_scaffold4_start_8594384_end_8615086_strand_pro_len_614_

Deutero_Cephalo_011590R_t1__name__chr_scaffold10_start_3719106_end_3722013_strand___pro_len_442_

Deutero_Cephalo_253570F_t1__name__chr_scaffold67_start_239310_end_247201_strand_pro_len_729_

Cnidar_HydraVulSc4wPfr_134_g20083_t1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P003027_XP_003725761.1_PREDICTED_steroid_17-alpha-hydroxylase_17_20_lyase_

Deutero_Cephalo_246240F_t1__name__chr_scaffold62_start_1465817_end_1469931_strand_pro_len_500_

Epi_broad_g45928.t2

Deutero_Cephalo_042750F_t1__name__chr_scaffold126_start_535359_end_540011_strand_pro_len_509_

Protost_Lop_LotGig_tr_V3Z6Z0_V3Z6Z0_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG128891_PE_3_SV_1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P004091_XP_003727996.2_PREDICTED_LOW_QUALITY_PROTEIN_cytochrome_P450_1A1_

Protost_Lop_LotGig_tr_V4A3E5_V4A3E5_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG231412_PE_3_SV_1

Deutero_Cephalo_254030F_t1__name__chr_scaffold67_start_799871_end_802395_strand_pro_len_490_

Deutero_Ambulac_Sakowv30003987m

Deutero_Ambulac_Sakowv30018127m

Deutero_Cephalo_110830R_t1__name__chr_scaffold214_start_160277_end_164595_strand___pro_len_510_

Cnidar_HydraVulSc4wPfr_634_1_g17835_t1

Deutero_Cephalo_031250F_t1__name__chr_scaffold115_start_290063_end_294821_strand_pro_len_518_

Epi_broad_g40254.t1

Protost_ecdy_Cele_tr_O16482_O16482_CAEEL

Deutero_Cephalo_064220F_t1__name__chr_scaffold150_start_550978_end_560815_strand_pro_len_420_

Deutero_Cephalo_135340F_t1__name__chr_scaffold27_start_1126063_end_1129240_strand_pro_len_508_

Deutero_Ambulac_Sakowv30015476m

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P034193_XP_794251.3_PREDICTED_cytochrome_P450_2J5_partial_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P013510_XP_011667984.1_PREDICTED_cytochrome_P450_2C15_

Epi_broad_g37521.t1

Epi_broad_g40246.t1

Protost_ecdy_PriCa_ecdy_XP_014672799_1__PREDICTED___cytochrome__P450__2C15_like__isoform__X1___Priapulus__caudatus_

Deutero_Cephalo_254010R_t1__name__chr_scaffold67_start_789094_end_793434_strand___pro_len_488_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P013164_XP_011667638.1_PREDICTED_cytochrome_P450_2J1_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P005041_XP_003730068.1_PREDICTED_steroid_17-alpha-hydroxylase_17_20_lyase_

Cnidar_HydraVulSc4wPfr_113_1_g28380_t1

Protost_ecdy_Cele_tr_Q27506_Q27506_CAEEL

Epi_broad_g45926.t1

Cnidar_HydraVulSc4wPfr_1514_2_g68_t1

Protost_ecdy_Cele_tr_Q27507_Q27507_CAEEL

Deutero_Cephalo_163870R_t1__name__chr_scaffold324_start_116541_end_133219_strand___pro_len_509_

Protost_ecdy_PriCa_ecdy_XP_014665418_1__PREDICTED___cytochrome__P450__2J2_like___Priapulus__caudatus_

Deutero_Cephalo_254020F_t1__name__chr_scaffold67_start_795823_end_797399_strand_pro_len_389_

Epi_broad_g14122.t2

Epi_broad_g45923.t1

Protost_ecdy_PriCa_ecdy_XP_014681201_1__PREDICTED___cytochrome__P450__2J5_like___Priapulus__caudatus_

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P022133_XP_011676607.1_PREDICTED_cytochrome_P450_2J6-like_

Protost_Lop_OctBim_tr_A0A0L8HHW4_A0A0L8HHW4_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22015081mg_PE_3_SV_1

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P007985_XP_011662459.1_PREDICTED_cytochrome_P450_2C15_

Epi_broad_g3328.t1

Cnidar_NemVecNVEC200_011017_1_1_protein_AED_0_23_eAED_0_23_QI_0__1_0_1__1_1_1_0_499

Protost_ecdy_Cele_tr_O02628_O02628_CAEEL

Protost_Lop_OctBim_tr_A0A0L8HJR7_A0A0L8HJR7_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22012978mg_PE_3_SV_1

Protost_Lop_OctBim_tr_A0A0L8HHY9_A0A0L8HHY9_OCTBM_Uncharacterized_protein_OS_Octopus_bimaculoides_OX_37653_GN_OCBIM_22014122mg_PE_3_SV_1

Deutero_Ambulac_Sakowv30026676m

Deutero_Ambulac_Sakowv30043358m

Epi_broad_g943.t1

Protost_ecdy_PriCa_ecdy_XP_014664608_1__PREDICTED___cytochrome__P450__2F3_like___Priapulus__caudatus_

Deutero_Ambulac_Sakowv30006016m

Protost_ecdy_Cele_tr_O44655_O44655_CAEEL

HolozoaMetazoaBilatEP00057Strongylocentrotuspurpuratus_P031988_XP_786300.2_PREDICTED_cytochrome_P450_2U1-like_

Protost_ecdy_PriCa_ecdy_XP_014673492_1__PREDICTED___cytochrome__P450__18a1_like___Priapulus__caudatus_

Deuterostome_chordata_Ggallus_tr_R4GGG4_R4GGG4_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2U1_PE_3_SV_4

Deuterostome_chordata_Ggallus_tr_E1C5A9_E1C5A9_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2C23b_PE_3_SV_3

Deutero_Ambulac_Sakowv30016786m

Protost_ecdy_PriCa_ecdy_XP_014665425_1__PREDICTED___cytochrome__P450__2F2_like___Priapulus__caudatus_

Deutero_Cephalo_249610F_t1__name__chr_scaffold642_start_2028_end_2835_strand_pro_len_149_

Protost_Lop_LotGig_tr_V3ZW78_V3ZW78_LOTGI_Uncharacterized_protein_OS_Lottia_gigantea__Giant_owl_limpet__OX_225164_GN_LotgiG125746_PE_3_SV_1

Protost_ecdy_PriCa_ecdy_XP_014679739_1__PREDICTED___cytochrome__P450__2U1_like___Priapulus__caudatus_

Epi_broad_g4288.t1

Deutero_Cephalo_226990R_t1__name__chr_scaffold54_start_1641519_end_1645723_strand___pro_len_469_

Protost_ecdy_PriCa_ecdy_XP_014677133_1__PREDICTED___cytochrome__P450__2U1_like___Priapulus__caudatus_

Deuterostome_chordata_Ggallus_tr_F1NJG4_F1NJG4_CHICK_Cytochrome_P450_CYP2D49_OS_Gallus_gallus_OX_9031_GN_CYP2D6_PE_2_SV_2

Deuterostome_chordata_Ggallus_tr_A0A1L1RLF0_A0A1L1RLF0_CHICK_Uncharacterized_protein_OS_Gallus_gallus_OX_9031_GN_CYP2W2_PE_3_SV_2

Protost_ecdy_Cele_tr_O44656_O44656_CAEEL

Protost_ecdy_Dmel_sp_Q9V399_CP303_DROME_Probable_cytochrome_P450_303a1_OS_Drosophila_melanogaster__Fruit_fly__OX_7227_GN_Cyp303a1_PE_2_SV_1
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Supplementary Figure S4. Phylogenetic analysis was performed using proteins that were grouped into the CLANS of spook and phantom proteins. The analysis included proteins from 14 taxa. The midpoint-rooted phylogenetic tree was constructed using the Shimodaira–Hasegawa-like approximate likelihood ratio test (SH-aLRT) and ultrafast bootstrap with 1000 replicates. The LG+R7 model was implemented. Each taxon is presented by a color. Lymnaea stagnalis proteins begin with the code "CAL15". The 
disembodied and shadow proteins of Drosophila melanogaster are highlighted in yellow. The scale bar indicates amino acid substitutions per site.
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