
Lepidopteran (moths and butterflies) P450s

This is a collection of publically available Lepidopteran P450s, not including all of 

the silkworm sequences, since these are going on a separate page and they are still 

in the assembly process.  Some public silkworm sequences are included here.

19 confidential sequences have been removed, some are close duplicates of public seqs.

Some are full length versions of short public sequences.  Some are unique.

4G8 dup., 4G9 dup., 4G10 dup., 4G20 full, 4L5, 4M4 dup., 4AU1, 6AN1, 6AP1, 9A3v2 full, 

9A12, 9A12v2, 9A13 full, 9A15 full, 9A16, 305C1, 332A1 full, 333A1 and a fragment 55% 

to 333A1

D. Nelson Last modified July, 1, 2004

>CYP4G4 Manduca sexta CA798770 AI187631 AI142166 AI187497

90% to Bmb002436 aa 1-310

    MSYAAAEHVVQSSTFSAVNLFYVLLVPALILWYTYWRMSRRRLYELAEKLNGPSGWPLLG 248

    NALEFTGGSAEIFKNIVEKSIPYDQESVV
  1 KLWIGPRLLVFIYDPRDVEVILSSHVHIDKADEYRFFKPWLGNGLLISTGQKWRSHRKLI 180

181 APTFHLNVLKSFIDLFNANSRAVVDKLKKEAKDFDCHDYMSECTVEILLETAMGVSKTTQ 360

361 DQSGFDYAMAVMKMCDILHLRHTKIWLRPDLLFKFTEYAKNQTKLLDVIHGLTKKVIKRK 540

541 KEEFQSGKKPSVLNNDVTSTEVPTSKTTSVEGLSFGQSAGL 663 

missing about 120 aa, assumed to be from the same gene

BE015410 BE015411 AY635178 = CYP4G4  aa 420 to the end 

YPPVPIIARHLKQEVTLPSNGKKVPAGTTLVVATFKLHRRPDVYPNPEKFDPDNFLPERS

ANRHYYAFVPFSAGPRSCVGRKYAMLKLKIILSTLLRNFRIHSDLKESDFKLQADIILKP

AEGFKVRLEPRKRLAKA*

>7 aa diffs with 4G4 N-term AI187496

 90 MSYAAAEHVVQSSTFSAVNLFYVLLVPALILWYTYWRMSRRRLYELADKLNGPPGWP 260

261 LLGNALGFTGGSAEIFKNIVEKSIPYDQESVVKPWIGPRLLVFNYDPRDVEVILRCHVH 437

>4G8 Helicoverpa armigera (CYP4G8) mRNA, U86002

EVDTFMFEGHDTTAAGSSFFLSMMGVHQDIQDKVIDELDKIFGD

SDRPATFQDTLEMKYLERCLMETLRMFPPVPIIARQIKQDITLPSNGKQVPAGTTVVV

ATYKLHRREDVYPNPTKFDPDNFLPERSANRHYYAFVPFTAGPRNCIGQ

>4G9 Helicoverpa armigera U86003

EVDTFMFEGHDTTAAGSSFVLCLLGLHQDVQKRVYDELYEIFGD

SDRPATFNDTLQMKYLERVILETLRMYPPVPIIARELKRDAKIVTNNYTLPAGATVVV

CTYGIHRHPQHYKDPDTFNPDNFLPENMANRHYYSYIPFSAGPRNCIGQ

>4G10 Helicoverpa armigera U86004

EVDTFMFEGHDTTAAGSSFVLCLLGVYKDIQAKVYNELYEIFGD

SDRPATFADTLEMKYLERVILNLCRLYPPVPVIARKLNRDVKIGSTTVLPAAATVVIG

TYKVHRSPKYYKDPDTFNPDNFLPENASNRHYYSFIPFSAGPRNCIGQ

>CYP4L1 L38668 Manduca sexta 

TTSGIVYSLFCIAKHEEVQEKVYEEQMDILGDADVDPTYQNLHQ

MKYLDLVLKESMRLYPPVPLIERRMTRDVSIAGINLCKGDSPMVSIFHMHRNPELFED

PLEFKPERFSTNSTGSPFSWIPFSAGPR

>CYP4L2 L38669 Manduca sexta 

TTSGIVYSLFCIAKHEEVQEKVYEEQMEILGDADVDPTYQNLHQ

MKYLDLVLKESMRLYPPVPLIERRMTRDVSIAGINLCKGDSPMVSIFHMHRNPELFED

PLEFRPERFSTNSTSQPFPVGSRFSAGPR

>CYP4L4 AY063501 Mamestra brassicae

MIVLLVFVVVVLALLVSWISLVRVSRRFNVPGPSPLPLVGNAHL

FVVKSSEFLNLVQRLSEKYGHAFRVHFFSTPYVVICHSKYAEPLVSSTEHITKGRSYS

FLTCWLGQGLLTATGQRWKSHRKFLTPAFHFNILQNFLPVFCKNQRILTEKIRGMADG

RPIDMFPIIALAALDNVNESIMGVCMDAQKHSQSEYVKSIEELSAIVTMRMQIPFFGE

DAIFNLLPYKTKQDKALKVLHGQTNKVINARRAELKKANITTLNDSSDIGTKNKHTFL

DLLLLAEIDGKKIDDESVREEVDTFMFEGHDTTTSGIVYTLHCLSKRRDVQEKIYEEL

KTIFGSEIHRDPTYHELQQMKYLELVIKESMRLFPPVPLIERRIMKDCEVGGLKLVKG

TSVVMNIFQIQRQPDLFDDPLEFRPERFEAPLKNPFSWLAFSAGPRNCIGQKFAMMEL

KITISEIVKNFFILPAAEEPELSADLVLRSKNGVNVKFLPRK

>AY571901 Helicoverpa armigera 3 aa diffs to 4L5

EVDTFMFEGHDMTTSGIVYSLYLLSKHRDVQEKIYEELKTIFGS

EMNRDPTYHELNQMKYLELVIKESMRLFPPVPLIERKILRDCEIGGLTLVKGTSVLIN

IYQIQRQPELYENPLEFRPERFEAPLKNPFSWLAFSAGPRNCIGQKFAMMELKITISE

MIKNFYILPAPQEPELSADLVLRSKNGVHIKLMPRK

>AY588581 Helicoverpa armigera 87% to 4L5

EVDTFMFEGHDTTTSGIVYTLYCLSKHRDIQEKIYEELQTIFGS

EMERDPTYTELNQMKYLELVLKESMRLFPPVPLIERKIMRDCEIGDMKLVKGTSVLIN

IYQIHRQPDMFENPLEFRPERFEKPLKNPFSWIPFSAGPRNCIGQKFAMLELKITISE

IVKNFYILPASQEPELSADIVLRSKNGVHIKLMPRK

>CYP4M1 L38670 Manduca sexta 

TASGLTFCFMLLANNKHIQDKIVAELDDIFGDSTRPANMEDFAK

MRYLECCIKESLRLYPPVHFISRNINEPVKLNNYEGQGDTSCFVFIYDLHRRSDLFKN

PSVFDPDRFLPENSVGRHPYSYIPFSAGPR

>CYP4M2 L38671 Manduca sexta

MFVIIAIFALFLCLIHILFNNNKKARLLKQIPGSKYNFIIGNAL

DFLKSPEQLFYFMREYYETWKPLNRFWAFQIAFVNVYEPHDIEVVISSTKHNAKSPPY

YFLKNWLRDGLLLSKGPKWQSRRKILTPTFHFNILRQFCGILEDNSERLVQNVGKSLG

KPVNIIPTISEYTLYSICETAMGSRLGEESKESQKSYKQSICALGRQFVYRITRIYLH

SDFIYNLITFGKVKKDLDVVHNFTTKVIKDRKEYVEKYGINMFGVSDIDDNNVYKKNK

KIAMLDLLITAQKEGFIDDIGIQEEVDTFMFEGHDTIALALTYTLMLLANHRSIQHTV

IAEIDEIFGDSERQADLDDLSKMRYLERCIKESLRLYPPVPAIGRLLSEDVTLSGYRV

PEGAYCHIQCFDLHRRGDLYKDPLVFDPDRFLPENCSDRHPYAYIPFSAGPRNCIGQK

FAILEMKSAISSLLRHYELLPVTKPEDLKFTADLVLRTTNPVYVKFVKKEKNK
>CYP4M3 L38672 Manduca sexta 

TSMLLTFMIMRIANEQHVQDLIYEEMQRIFGDSRRSPTMEDFSE

MKYLECCIKEALRLYPSVPFMSRILNEEVTLSGYKVPEGTQCNIHVFDIHRLEEYYPE

PEKFVPERFLAVNKSTRHPFAYIPFSAGPR

>CYP4M4 Helicoverpa armigera mRNA, U86005

EVDTFMFEGHDTTAGGLTYCFMLLANHKEAQDKILEELKEILGD

KRPITMEDLPKMKYLERCIKESLRLFPPVHFISRSLNETVTLSNYKIPAGTFCHIQIY

DLHRRADLFKNPTSFDPDRFLPENSVGRHPYAYIPFTAGPRNCIGQ

>CYP4M4v2 AF182171 Helicoverpa armigera cytochrome P450 (CYP4)

99% to 4M6 in H. zea = ortholog, 98% to 4M4 in H. armigera (2 diffs)

This seq is probably the same seq as CYP4M4

FMFEGHDTTAGGLTYCFMLLANHKEAQDKILEELKEILGDDKRP

ITMEDLPKMKYLERCIKESLRLFPPVHFISRSLNETVTLSNYKIPAGTFCHIQIYDLH

RRADLFKNPTSFDPDRFLPENSVGRHPYAYIPFSAGPRNCIGQKF

>Helicoverpa armigera isolate 15 AY593870 2 aa diffs to 4M4v2
VDTFMFEGHDTTAGGLTYCFMLLANHKEAQDKILEELKEILGDD

KRPITMEDLPKMRYLERCIKESLRLFPPVHFISRSLNETVTLSNYKIPAGTFCHIQIY

DLHRRADLFKNPTAFDPDRFLPENSVGRHPYAYIPFSAGPRNCIG

>AY588584 Helicoverpa armigera 1 aa diff to 4M4
EVDTFMFEGHDTTAGGLTYCFMLLANHKEAQDKILEELKEILGD

DKRPITMEDLPKMKYLERCIKESLRLFPPVHFISRSLNETVTLSNYKIPAGTFCHIQI

YDLHRRADLFKNPTSFDPDRFLPENSVGRHPYAYIPFTAGPRNCIGQ

>AY588583 Helicoverpa armigera 2 aa diffs to 4M4

EVDTFMFEGHDTTAGGLTYCFMLLANHKEAQDKILEELKEILGD

DKRPITMEDLPKMKYLERCIKESLRLFPPVHFISRSLNETVTLSNYKIPAGTFCHIQI

YDLHRRADLFKNPTAFDPDRFLPENSVGRHPYAYIPFTAGPRNCIGQ

>AY588588 Helicoverpa armigera new 79% to 4M4
EVDTFMFEGHDTTAAGLAFCFMLIANHKDIQDKIVQELDDIFGD

SGRPIKMEDLSKMKYLECCIKESLRMYPPVHFISRNLNEDTVLSKYTVPAGTFCHILI

LDLHYRPDLFKNPHQFDPDRFLPENSVGRHPYAYIPFTAGPRNCIGQ

>AY588582 Helicoverpa armigera 2 aa diffs to AY588588

EVDTFMFEGHDTTAAGLTFCFMLIANHKDIQDKIVQELDDIFGD

SDRPIKMEDLSKMKYLECCIKESLRMYPPVHFISRNLNEDTVLSKYTVPAGTFCHILI

LDLHYRPDLFKNPHQFDPDRFLPENSVGRHPYAYIPFTAGPRNCIGQ

>AY588587 Helicoverpa armigera 97% to 4M4 and 4M6
EVDTFMFEGHDTTAGGLTYCFMLLANHKEAQDKILEELKEILGD

DKRPVTMEDLPKMKYLERCIKESLRLFPPVHFISRSLNETVTLSNYKIPAGTFCHIHI

YDLHRRADLFKNPTSFDPDRFLPENSVGRHPYAYIPFTAGPRNCIGQ

>CYP4M6 AY113687 Helicoverpa zea (corn earworm)

MFWFLLFFVGFLCLLHLLLNYNERARLIRKLPGPEDSFILGNGP

AVMLSSVEVMKLARKLAQENSGIYRLWMYPVAAVSIYNPEDIETIVSSMKYNEKSQVY

RFLKPWLGDGLLLSKGQKWQQRRKILTPTFHFNILKQFCEVISENTQRFVENLKEVSG

RPIDVVPVISEFTLNSICETAMGTNLTEYDKTAASAYKEAIHNLGYIFYQRFIKVYYF

FDFIFNLSSLSKKQDGYLKTVHSFTKKVIDERSAYIEKHGIKIPDENDDDDTYVYKSK

KKTAMLDVLISARKEGHISDTGVQEEVDTFMFEGHDTTAGGLTYCFMLLANHKEAQDK

ILEELKEILGDDKRPITMEDLPKMKYLERCIKESLRLFPPVHFISRSLNETVTLSNYK

IPAGTLCHIQIYDLHRRADLFKNPTSFDPDRFLPENSVGRHPYAYIPFSAGPRNCIGQ

KFAMMEMKIAVAEVLREFELQPVTRPSDIRMIADAVFRNDGPVEVTFVKRQ

>AY588580 Helicoverpa armigera 98% to 4M6

EVDTFMFEGHDTTAGGLTYCFMLLANHKEAQDKILEELKEILGD

NKRPITMEDLPKMKYLERCIKESLRLFPPVHFISRSLNETVTLSNYKIPAGTFCHIQI

YDLHRRADLFKNPTAFDPDRFLPENSVGRHPYAYIPFSAGPRNCIGQKFAMMEMKIAV

AEVLREFELQPVTRPSDIRMIADAVFRNEGPVEVTFVKRQ

>CYP4M7 AY113688 Helicoverpa zea (corn earworm)

MWLYLCAIIIFLCVLDLCLNYNERARMIKKLPGPPDDFIVGNGL

RIIKSSVDVMKVRREYAKKWNGIYRIWAYPFGAVLVFNPEDVELIMSSMKYGEKSIIY

TILKPWLQDGLLLSNGAKWQERRKILTPAFHFNILRQFCDIIQENTQRFLEKLEQTAG

QDVDVVPILSEYTLNSICETAMGTQLSEDLTGTVQSYKQAIYDLGYVFCQRFIRIYLY

PETVFNLTSLGRMQKRSVKTVKNFTEDVIKQRRDYVEQYGFHTIGDNNDSEEVFVYKK

KKKTAMLDLLLSAEKEGLIDKTGIQEEVDTFMFEGHDTTASGLTFMFMLLAHHKDIQD

KIVEELNEILGDSDRWLTMDDLAKMKYMERCIKESLRIYPPVHFISRKLNETTVLSGY

QVPADTLCHIPIYDMHHREDLFEDPERFDPDRFLPENSVGRHPYAYIPFSAGPRNCIG

QKFAMLEMKIAVAEVLRKFELKPVTKPSEIEFIADLVLRNNGPVKVNFVKRK

>AY588586 Helicoverpa armigera 2 aa diffs to 4M7 1 aa diff to AY588589

EVDTFMFEGHDTTASGLTFMFMLLAHHKDIQDKIVEELNEILGD

SERWLTMDDLSKMKYMERCIKESLRIYPPVHFISRKLNETTVLSGYQVPADTLCHIPI

YDMHHREDLFEDPERFDPDRFLPENSVGRHPYAYIPFSAGPRNCIGQ

>AY593869 Helicoverpa armigera isolate 14, 2 aa diffs to 4M7 
EVDTFMFEGHDTTASGLTFMFMLLAHHKDIQDKIVEELNEILGD

SERWLNMDDLAKMKYMERCIKESLRIYPPVHFISRKLNETTVLSGYQVPADTLCHIPI

YDMHHREDLFEDPERFDPDRFLPENSVGRHPYAYIPFSAGPRNCIGQ
>AY588590 Helicoverpa armigera cytochrome P450 93% to 4M7 
ETMRKYPPVHFISRKLNETTILSGYQVPADTLCHIPIYDMHHRE

DLFEDPERFDPDRFLPENSVGRHPYAYIPFGAGP

>AY588589 Helicoverpa armigera 3aa diffs to 4M7
EVDTFMFEGHDTTASGLTFMFMLLAHHKDIQDKIVEELNEILGD

SERWLTMDDLSKMKYMERCIKESLRIYPPVHFISRKLNETTVLSGYQVPADTLCHIPI

YDMHHREDLFEDPERFDPDRFLPENSVGRHPYAYIPFTAGPRNCIGQ

>CYP4S1 U86001 Helicoverpa armigera cytochrome p450
EVDTFMFEGHDTTAMAIVLGLMLIADHEEVQDRIFEESVKIFPD

AESTPSMSDLADMKYLEAVIKETLRLYPSVPFIARAITEDFMLDDLLVKKGSEVSIHI

YDLHRRADLFPEPEAFKPERFLSGEAMHPYAFVRFTAGPRNCIGQ

>AY588585 Helicoverpa armigera 93% to 4S1

EVDTFMFEGHDTTAMAIVLGLMLIADHEEVQDRIFEECQNIFPD

AESTPSMSDLADMKYLEAVIKEILRLYPSVPFIARAITEDFMLDDLQVKKGSEVSIHI

YDLHRRADLFPDPEAFKPERFFSGEPMHPYAFVPFSAGPRNCIGQ

>CYP4S2 U86000 Helicoverpa armigera cytochrome p450 

() EVDTFMFEGHDTTALALTFGLMLLADYEDVQERIYEECQSIVGE

SEHVTMSHLADMKYLEAVIKETLRLYPSVPFIGREIVEDFKLGDLLVKKGSTVDVHIY

ELHHREDLFPDAEAFKPERFLTNELKHPYAYVPFSAGPRNCIGQ

>CYP4 AF182169 Helicoverpa armigera new 49% to 4S2 

FMFEGHDTTSSAIGFAIYLLSQHPEEQQEAYEECMILEGNEKEN

MPYLEAVIKETLRLYPSVPTYARYITEDLQVGKLNLPKGSNISIMTYLTQADERYFPK

PEKFDPQRFLQKDKEQHPFSFVAFSAGPRNCIGQKF

>CYP4S4 AY063500 Mamestra brassicae

MLLTLALLGFITFVIWRLLADEENTLDQLPGPPRRPIIGCALEF

LKISPRELFLKMRQYKKEYGDRYVIKMMKRRILHLSNEKDVEVVLSHSRNIKKSKPYT

FLEAWLGTGLLLSSGAKWHRRRKILTPTFHFNILKSFTVVMKEKSRSLVETLNNLEGT

EVNLLPVISDYTLYTICETAMGTQLDADKSSKTLEYKTAILEIGNLLLGRLTRVWLHN

EYLFKKFPIGRRFENCLEKVHSFADDVIMERKKNWKPGQSEFTEDDVSIGGKKRYAML

DLLLEAENKGEIDLEGIREEVNTLMFEGHDTTAMAIVLGLMLIADHEEVQDRIFEECQ

KILGDSDRTPTMSDLADMKYLEAVIKETLRLYPSVPFIAREITEDFMLDDLPVKKGSE

VSIHIYDLHRRPDLFPEPDAFIPDRFLSGAPMHPYAFVPFSAGPRNCIGQRFAMLEMK

CVFSAICRNFRLAPKVQGYRPALLADMLIRPEGPVYVKFSRR

>CYP6B2 Helicoverpa armigera U18085

MWIFYFPAVISVLIVTLYFYFTRTFNYWKKRNVRGPEPVVFFGN

LKDSALRKKNMGVVMEELYNMFPEEKVIGIYRMTSPCLLVRDLEVIKHIMIKDFEVFS

DRGLEFSKEGLGQNLFHADGDTWRTLRNRFTPIFTSGKLKNMFYLMNEGADNFIDHVS

KECEKHQEFEIHTLLQTYTMSTISSCAFGVSYDTISDKLDTLAIVDKIISEPSYAIEL

DMMYPGLLPKLNLSIFPSVVHKFFKNLVNTIVTQRNGKPSGRNDFMDLILELRQMGEI

TSNKYGNNMSTLEITESVMCAQAFVFYIAGYETSATTMAYLTYQLALNPDIQNKLIAE

IDEAIKANGGKVTYDTVKDMKYLNKVFDETLRMYSIVEPLQRKAIRDYKLPGTDVVIE

KDTVVLISPRGIHYDPKYYDNPKQFNPERFFAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKLLSKFRLEPSKNTDRNLQVEPYRFIIGPKGGIRLNIVPRKDVS

>CYP6B3v1 U25819 Papilio polyxenes 

MLYVITLVTVLAGLLHYYFTRNFDYWKKRNVAGPKPIPFFGNLK

DSALRRKPQVMVYKSIYDEFPNEKVVGIYRMTTPSVLLRDLDIIKHVPTKDFEPFADR

GVEFSLDGLGANIFHADGDRWRSLRNRFTPLFTSGKLKTMLPLMSQVGDKFINTSDEV

SQTKSEQSIHDLVQIFTITNIAACAFGLNLDENMLKTLQDLDKYIFTVNYSGEFDMLY

PGILKKFNGSIFPKVVKQFFDKLTKDIFEMRKGTSSCQKDMIDSIQELRQQKTVDLWR

KHDNEDVKPLELTDGVISAQMFIFYAAGYETSATTMTYLFYELAKNPDIQDKLIAEID

EVLSRHDGNITYECLGEMTFLGRVFDETLRKYPVGDFTQRNAKTDYVFPGTDITIKKG

QTIIVSTWGIQNDPKYYPNPEKFDPERFNPENIKNRHPCAYLPFSAGPRNCLGLRFAK

WQIEVCVVKVLSKYRVEPSNKSSGEFKFDPMRLFVLPKGGIFVNIVRR

>CYP6B3v2 U65488 Papilio polyxenes

MLYVITLVTVLAGLLHYYFTRNFDYWKKRNVAGPKPIPFFGNLK

DSVLRRKHQVMVYKSIYDEFPNEKVVGIYRMTTPSVLIRDLDIIKHVLIKDFESFADR

GVEFSIDGLGANIFHADGDRWRSLRNRFTPLFTSGKLKTMLPLMSQVGDKFINTSDEV

SQTKSEQSIHDLVQIFTITNIAACAFGLNLDENMLKTLQDLDKYIFTVNYSGEFDMLY

PGILKKFNGSIFPKVVKQFFDKLTKDIFEMRKGTSSCQKDMIDSIQELRQQKTVDLWR

KHDNEDVKPLELIDGVISAQMFIFYAAGYETSATTMTYLFYELAKNPDIQDKLIAEID

EVLSRHDGNITYECLSEMTYLSKVFDETLRKYPVGDFTQRNAKTDYVFPGTDITIKKG

QTVIISTWSIQNDPKYYPNPEKFDPERFNPENIKNRHPCAYLPFSAGPRNCLGLRFAK

WQIEVCVVKVLSKYRVEPSNKSSGEFKFDPMRLFVLPKGGIFVNIVRR

>CYP6B4 U47059 Papilio glaucus 

MLTIFIVTATLFAILYFYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQCFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKF

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSIFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVRNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTMSEFNYDPKRLLVYPKSGIFLNIIPRNY

>CYP6B4v2 U65489 Papilio glaucus

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQCFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSLFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEQVTTFELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVRNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTMSEFSYDPTRLLVYPKSGIFLNILPRNY

>CYP6B5v1 U65490 Papilio glaucus 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQCFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSLFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVRNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTMSEF

>CYP6B6 U64800 Helicoverpa armigera 

MWIFYFPAVISVLIVSLYFYFTRTFNYWKKRNVRGPEPTVFFGN

LKDSALPRKNMGVVMEELYNMFPEEKVIGIYRMTSPCLLVRDLEVIKHIMIKDFEVFS

DRGVEFSKEGLGSNLFHADGETWRALRNRFTPIFTSGKPKNMFYLMHEGADNFIDHVS

AECEKNQEFEVHSLLQTYTMSTIAACAFGISYDSIGDKVKALDIVDKIISEPSYAIEL

DMMYPGLLSKLNLSIFPTAVKNFFKSLVDNIVAQRNGKPSGRNDFMDLILELRQLGEV

TSNKYGSSASSLEITDEVICAQAFVFYIAGYETSATTMAYMIYQLALSPDIQNKLIAE

VDEVLKANDGKVTYDTVKEMKYMNKAFDETLRMYSIVEPLQRKATRDYKIPGTDVVIE

KDTIVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKILSKFRIEPSKNTDRNLQVEPHRGLIGPKGGIRVNVVPRKLVS

>cyp6B7 Helicoverpa armigera AF031468

MWVLYLPAVLSVLIVTLYLYFTRTFNYWKKRNVRGPEPTVFFGN

LKDSTLRKKNIGIVMEEIYNQFPYEKVVGMYRMTTPCLLVRDFHVIKHIMIKDFEAFR

DRGVEFSKEGLGQNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

KECEKKQEFEVHSLLQTYTMSTISSCAFGVSYNSISDKVQTLEIVDKIISEPSYAIEL

DYMYPKLLAKLNLSIIPTPVQHFFKSLVDNIISQRNGKPAGRNDFMDLILELRQMGEV

TSNKYLDGVTSLEITDEVICAQAFVFYVAGYETSATTMSYLIYQLSLNQDVQNKLIAE

VDEAIKASDGKVTYDTVKEMKYLNKVFDETLRMYSIVEPLQRKATRDYQIPGTDVVIE

KDTMVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKILSKFRIEPSKNTDRNLQVEPRRVTIGPKGGIRVNIVPRKIVS

>Helicoverpa armigera AY593871 4aa diffs with CYP6B7

MWVLYLPAVLSVLIVTLYLYFTRTFNYWKKRNVRGPEPTVFFGN

LKDSTLRKKNIGIVMEEIYNQFPDEKVVGMYRMTTPCLLVRDLDVIKHIMIKDFEAFR

DRGVEFSKEGLGQNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

KECEKKQEFEVHSLLQTYTMSTISSCAFGVSYNSISDKVQTLEIVDKIISEPSYAIEL

DYMYPKLLAKLNLSIIPTPVQHFFKSLVDNIISQRNGKPAGRNDFMDLILELRQMGEV

TSNKYLDGVTSLEITDEVICAQAFVFYVAGYETSATTMSYLIYQLSLNQDVQNKLIAE

VDEAIKASDGKVTYDTVKEMKYLNKVFDETLRMYSIVEPLQRKATRDYQIPGTDVVIE

KDTMVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKILSKFRIEPSKNTDRNLQVEPRRVIIGPKGGIRVNIVPRKIVS
>AY571335 Helicoverpa armigera 98% to 6B7

MWVLYLPAVLSVLIVTLYLYFTRTFNYWKKRNVRGPEPTVFFGN

LKDSTLRKKNIGIVMEEIYNQFPDEKVVGMYRMTTPCLLVRDLDVIKHIMIKDFEAFR

DRGVEFSKEGLGQNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

KECEKKQEFEVHSLLQTYTMSTISSCAFGVSYNSISDKVQTLEIVDKIISEPSYATEL

DYMYPKLLAKLNLSIIPTPVQHFFKSLVDNIISQRNGKPAGRNDFMDLILELRQMGEV

TSNKYLDGVTSLEITDEVICAQAFVFYVAGYETSATTMSYLIYQLSLNQDVQNKLIAE

VDEAIKASDGKVTYDTVKEMKYLNKVFDETLRMYSIVEPLQRKVTRDYQIPGTDVVIE

KDTMVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKILSKFRIEPSKNTDRNLQVEPRRVIIGPKGGIRVNIVPRKIVS

>AF102264 Helicoverpa zea 1 aa diff to AY593871 4 aa diffs to 6B7

MWVLYLPAVLSVLIVTLYLYFTRTFNYWKKRNVRGPEPTVFFGN

LKDSTLRKKNIGIVMEEIYNQFPDEKVVGMYRMTTPCLLVRDLDVIKHIMIKDFEAFR

DRGVEFSKEGLGQNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

KECEKKQEFEVHSLLQTYTMSTISSCAFGVSYNSISDKVQTLEIVDKIISEPSYAIEL

DYMYPKLLAKLNLSIIPTPVQHFFKSLVDSIISQRNGKPAGRNDFMDLILELRQMGEV

TSNKYLDGVTSLEITDEVICAQAFVFYVAGYETSATTMSYFTLFFCS
>CYP6B8 AF102263 Helicoverpa zea

MWVLYLPAVLSVLIVTLYLYFTRTFNYWKKRNVRGPEPTVFFGN

LKDSTLRKKNIGIVMEEIYNQFPDEKVVGMYRMTTPCLLVRDLDVIKHIMIKDFEAFR

DRGVEFSKEGLGQNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

KECEKKQEFEVHSLLQTYTMSTISSCAFGVSYNSISDKVQTLEIVDKIISEPSYAIEL

DYMYPKLLAKLNLSIIPTPVQHFFKSLVDSIISQRNGKPAGRNDFMDLILELRQMGEV

TSNKYLDGVTSLEITDEVICAQAFVFYVAGYETSATTMSYLIYQLSLNQDVQNKLIAE

VDEAIKASDGKVTYDTVKEMKYLNKVFDETLRMYSIVEPLQRKATRDYQIPGTDVVIE

KDTMVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKILSKFRIEPSKNTDRNLQVEPRRVIIGPKGGIRVNIVPRKIVS

>CYP6B8v2 AF285828 Helicoverpa zea

MWVLYLPAVLSVLIVTLYLYFTRTFNYWKKRNVRGPEPTVFFGN

LKDSTLRKKNIGIVMEEIYNQFPDEKVVGMYRMTTPCLLVRDLDVIKHIMIKDFEAFR

DRGVEFSKEGLGQNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

KECEKKQEFEVHSLLQTYTMSTISSCAFGVSYNSISDKVQTLEIVDKIISEPSYAIEL

DYMYPKLSAKLNLSIIPTPVQHFFKSLVDSIISQRNGKPAGRNDFMDLILELRQMGEV

TSNKYLDGVTSLEITDEVICAQAFVFYVAGYETSATTMSYLIYQLTLNQDVQNKLIAE

VDEAIKASDGKVTYDTVKEMKYLNKVFDETLRMYSIVEPLRRRATRDYQIPGTDVVIE

KDTMVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKILSKFRIEPSKNTDRNLQVEPRRVIIGPKGGIRVNIVPRKIVS

>CYP6B8v3 AF285829 Helicoverpa zea

MWVLYLPAVLSVLIVTLYLYFTRTFNYWKKRNVRGPEPTVFFGN

LKDSTLRKKNIGIVMEEIYNQFPDEKVVGMYRMTTPCLLVRDLDVIKHIMIKDFEAFR

DRGVEFSKEGLGQNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

KECEKKQEFEVHSLLQTYTMSTISSCAFGVSYNSISDKVQTLEIVDKIISEPSYAIEL

DYMYPKLLAKLNLSIIPTPVQHFFKSLVDSIISQRNGKPAGRNDFMDLILELRQMGEV

TSNKYLGGVTSLEITDEVICAQAFVFYVAGYETSATTMSYLIYQLSLNQDVQNKLIAE

VDEAIKASDGKVTYDTVKEMKYLNKVFDETLRVYSIVEPLQRKATRDYQIPGTGVVIE

KDTMVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKILSKFRIEPSKNTDRNLQVEPRRVIIGPKGGIRVNIVPRKIVS

>CYP6B8v4 AF285830 Helicoverpa zea

MWVLYLPAVLSVLIVTLYLYFTRTFNYWKKRNVRGPEPTVFFGN

LKDSTLRKKNIGIVMEEIYNQFPDEKVVGMYRMTTPCLLVRDLDVIKHIMIKDFEAFR

DRGVEFSKEGLGQNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

KECEKKQEFEVHSLLQTYTMSTISSCAFGVSYNSISDKVQTLEIVDKIISEPSYAIEL

DYMYPKLLAKLNLSIIPTPVQHFFKSLVDSIISQRNGKPAGRNDFMDLILELRQMGEV

TSNKYLDGVTSLEITDEVICAQAFVFYVAGYETSATTMSYLIYQLSLNQDVQNKLIAE

VDEAIKASDGKVTYDTVKEMKYLNKVFDETLRMYSIVEPLQRKASRDYQIPGTDVVIE

KDTMVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKILSKFRIEPSKNTDRNLQVEPRRVIIGPKGGIRVNIVPRKIVS

>CYP6B9 AF140278 Helicoverpa zea

MWIFYFPAVISVLIVTLYFYFTRTFNYWKKGNVRGPEPVVFFGN

LKDSALRKKNMGVVMEEMYNMFPEEKVIGIYRMTSPCLLVRDLDVIKHIMIKDFEVFS

DRGVEFSKEGLGSNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

AECEKNQEFEVHSLLQTYTMSTIAACAFGISYDSIGDKVKALDIVDKIISEPSYAIEL

DMMYPGLLSKLNLSIFPTAVKNFFKSLVDNIVAQRNGKPSGRNDFMDLILELRQLGEV

TSNKYGSSASSLEITDEVICAQAFVFYIAGYETSATTMAYLTYQLALNPDIQNKLIAE

IDEAIKANGGKVTYDTVKEMKYLNKVFDETLRMYSIVEPLQRKAIRDYKLPGTDVVIE

KDTIVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKLLS

>CYP6B10 AF140279 Heliothis virescens

MWILYLPIVIPVLLVTLYFYFTRTYWKKGNVRGPEPTVFFGNLK

DSALRKKNAGIVMEELYNMFPDEKVIGIYRMTSPCLLVRDLDVIKHIMIKDFEVFSDR

GVEFSKEGLGSNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVSAE

CEKNQEFEVHSLLQTYTMSTIAACAFGISYDSIGDKMKALEIVDKIISAPSYAIELDM

MYPGLLSKLNLSIFPNEVKNFFKSLVDNIITQRNGKPSGRNDFMDLILELRQLGQVTS

NKYGSSVSSLEITDEVICAQAFVFYIAGYETSATTMAYLIYELALNPDIQNRLIAEID

EAVKANDGKVTYDTVKEMKYLNKVFDETLRMYSIVEPLQRKAIRDYKIPGTDVVIEKD

TIVLISPRGIHYDPKYYDNPKQFNPDIFDAEEVGKRHPCAYLPFGVGQRNCIGKGLDI

S
>CYP6B11 AF280614 Papilio canadensis cytochrome 

MLTIFIVTATLFAILYLYLTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQCFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIILLVRKFTMASIAACAFGMELDEEMFESLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSLFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHYGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVASGFGIHYDPKYYPDPEKFDPERFSPENVRNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTRSEFSYEPTRLLVYPKSGICLNILPRNY

>CYP6B12 AF280615 Papilio glaucus 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQCFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSIFSKMIAPFFDNLTKTIIEKRGGKPTNRKDLMDLILELRQKKAIEPMK

KTQDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENIRNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTKSEFNYDPTRLLVYPKSGICLNILPRNY

>CYP6B13 AF280616 Papilio canadensis 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKAKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQCFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMFESLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSLFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYVVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVRNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIFKLLSKFRFDPSTKTMSEFNYDPTRLLVYPKSGIFLNILPRNY

>CYP6B14 AF280612 Papilio canadensis 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQAFTPLFTSGKLKNMLNLMSDRGDKSIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSIFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVRNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTMSEFSYDPTRLLVYPKSGICLNILPRNY

>CYP6B15 AF280613 Papilio canadensis 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQAFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSIFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVRNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTMSEFSYDPTRLLVYPKSGIFLNILPRNY

>CYP6B16 AF280617 Papilio glaucus 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQAFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKT

CDKEPEQQIIPLVRKFTMASITTCAFGMDLDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSIFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTQDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVRNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTMSEFSYDPTRLLVYPKSGIFLNILPRNY

>CYP6B17 AF280618 Papilio glaucus 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPKPTVFSGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFSDR

GIEFSEEGLGLNIFHADGDRWRVLRQAFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIILLVRKFTMASIAACAFGMELGEDMIETLDKLDSLIFTNSYVNEVDMMY

PGILKKLNSSIFSKMIGPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEPVTKFELTDSVIAAQTFVFYAAGYETSATTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRKANADYAVPGTNVTLKKG

QTVLVSGFGIHYDPKYYPDPEKFDPERFSPENVKNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRLEPSTKTKSQFIYDPMRLFVYPKSGIFLNILPRNY

>CYP6B18 AF280619 Papilio canadensis 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQAFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMFESLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSIFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEPVTTFELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVKNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRLEPSTKT

>CYP6B19 AF280620 Papilio canadensis 

MLTIFIVTATLFAILYLYFTRNFNYWEDRNVVGPEPTVFFGNIM

                     ESVIRR

>CYP6B20 AF280621 Papilio glaucus 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQAFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNGSIFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTQDGQVTTLELTDSVIAAQTFIFYAAGYETSAPTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVKNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTMSEFSYDPTRLLVYPKSGIFLNILPRNY

>CYP6B21 AF280622 Papilio glaucus 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQAFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSIFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTQDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVKNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRLEPSTKTKSQFIYDPMRLFVYPKSGIFLNILPRNY

>CYP6B22 AF280623 Papilio canadensis
MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGVYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRMLRQCFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSIFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDP

>CYP6B23 AF278602 Papilio glaucus SF-X9 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQAFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSIFSKMIGPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEPVTTFELTDSVIAAQTFVFYAAGYETSATTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHQTLRKYPVADILLRKANADYAVPGTNVTLKKG

QTVLVSGFGIHYDPKYYPDPEKFDPERFGPENVKNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRLEPSTKTKSQFNYDPMRLFVYPKSGIFLNILPRNY

>CYP6B24 AF278601 Papilio glaucus SF-X43 
MLTIFIVTATLFAILYLYFTRNFNYWKDRNVAGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDAIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQAFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMIETLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSIFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTQDEQVTTLELTDSVIAAQTFIFYAAGYGTSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTHLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVKNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTMSEFNYDPTRLLVYPKSGIFLNIIPRNY

>CYP6B25 AF278603 Papilio canadensis CAN-X21 

MLTIFIVTATLLAILYLYFTRNFNYWKDRNVVGPEPTVFFGNIM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFNDR

GVEFSEEGLGLNIFHADGDRWRVLRQFFTPLFTSGKLKNMLNLMSDRGDKFIKMVAKI

CDKEPEQQIIPLVRKFTMASITTCAFGMELDEEMFESLDKLDSLIFTTSYGNEIDMMY

PGILKKLNSSLFSKMIAPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEQVTTLELTDSVIAAQTFIFYAAGYETSASTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRNAKADYAVPGTNVTLKKG

QTVVVSGFGIHYDPKYYPDPEKFDPERFSPENVKNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRFEPSTKTRSEFSYEPTRLLVYPKSGICLNILPRNY

>CYP6B26 AF278604 Papilio canadensis CAN-X22 

MLTIFIVTATLFAILYLYFTRNFNYWKDRNVVGPKPTVFFGNVM

ESVIRRKHLIMIYKDIYEAFPKEKVVGIYRMTTPCLLLRDLDVIKHVMIKDFDLFSDR

GIEFSEQGLGLNIFHADGDRWRVLRQAFTPLFTSGKLKNMLNLMSDRGDKFIKMVEKI

CDKEPEQQIILLVRKFTMASITACAFGMELGEDMIETLDKLDSLIFTNSYVNEVDMMY

PGILKKLNSSIFSKMIGPFFDNLTKTIIEQRGGKPTNRKDLMDLILELRQKKAIEPMK

KTHDEPVTTFELTDSVIAAQTFVFYAAGYETSATTMSFLLFELAENPDIQEKVIAEVD

ETLKRHNGEITYDTLSEMTYLTQVFHETLRKYPVADILLRKANADYAVPGTNVTLKKG

QTVLVSGFGIHYDPKYYPDPEKFDPERFSPENVKNRHPCAYIPFGAGQRKCLGMRFGQ

WQVQVCIIKLLSKFRLEPSTKTKSQFNYDPMRLFVYPKSGVF

>CYP6B27 AF285831 Helicoverpa zea 6B27 (CYP6B27)

MWIFYFPAVISVLIVTLYFYFTRTFNYWKKRNVRGPEPVVFFGN

LKDSALRKKNMGVVMEEMYNMFPEEKVIGIYRMTSPCLLVRDLDVIKHIMIKDFEVFS

DRGVEFSKEGLGSNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

AECEKNQEFEVHSLLQTYTMSTIAACAFGISYDSIGDKVKALDIVDKIISEPSYAIEL

DMMYPGLLSKLNLSIFPTAVKNFFKSLVDNIVAQRNGKPSGRNDFMDLILELRQLGEV

TSNKYGSSASSLEITDEVICAQAFVFYIAGYETSATTMAYMIYQLALNPDIQNKLIAE

VDEVLKANDGKVTYDTVKEMKYLNKAFDETLRMYSIVEPLQRKATRDYKIPVTDVVIE

KDTIVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKILSKFRIEPSKNTDRNLQVEPHRGLIGPKGGIRVNVVPRKLVS

>CYP6B28 AF285186 Helicoverpa zea

MWVLYLPAVLSVLIVTLYLYFTRTFNYWKKRNVRGPEPTVFFGN

LKDSTLRKKNIGIVMEEIYNQFPDEKVVGMYRMTTPCLLVRDLDVIKHIMIKDFEAFR

DRGVEFSKEGLGQNLFHADGETWRALRNRFTPIFTSGKLKNMFYLMHEGADNFIDHVS

KECEKKQEFEVHSLLQTYTMSTISSCAFGVSYNSISDKVQTLEIVDKIISEPSYAIEL

DYMYPKLLAKLNLSIIPTPVQHFFKSLVDSIISQRNGKPAGRNDFMDLILELRQMGEV

TSNKYLDGVTSLEITDEVICAQAFVFYVAGYETSAITMSYLIYQLSLNQDVQNKLIAE

VDEAIKASDGKVTYDTVKEMKYLNKVFDETLRMYSIVEPLQRKATRDYQIPGTDVVIE

KDTMVLISPRGIHYDPKYYDNPKQFNPDRFDAEEVGKRHPCAYLPFGLGQRNCIGMRF

GRLQSLLCITKILSKFRIEPSKNTDRNLQVEPRRVIIGPKGGIRVNIVPRKIVS
>CYP6AB3 AY295773 Depressaria pastinacella parsnip webworm N-term

MHFLIALGILLIILYLYGIKNHKYWEKKGVPYVKPIPFFGTNFK

VFMQRICISDQLCKYYEQFPNEKFVGAFIGDRIGLVLREPELIKRVMVTDFQYFHPRG

VNPHKTVYEPLLKNLFTGDGDMWKLLRQRITPAFTSGKLKAMFPLIVERAERLQIIAA

TAAESHGEVDVRELMARFTTDFIGACGFGIDADTLNDEESTFRRLGKRIFTLTKRDGF

VFMLKTIAPEIFKNLHMFAPEIEKTTVDLVTSIMQQRKYKHSGRNDFIDFLLELKGKG

KIVGESVEKRNPDGTPKIVEMELDDMIMAAQVFIFFAAGFETSSSTTSYTLHQLAFHP

EEQKKCQDQIDEVLSRHGGKLSYEAIKEMTYLDMIFKESMRMYPSLGILTRRCVQKYT

FPGTNLTIDEDVLVCIPVHALHNDEKYFDEPEKFKPERFSPENIKNIPKYVYLPFGDG

PRACIGERLGHMQSLAGLAALLSKFSVAPSKNTLRQPITDPTCTVVKSIKGGLPLSLV

ARKV

>CYP6AE1 AY295774 Depressaria pastinacella parsnip webworm N-term

MSVILILSSILTLLITSIYLISTRKFNYWKKKNVPHLKPKLILG

NYGDFLLMKKPNGLVVQEICQAFPNEPYIGAYYGTEPALIVQDAEIIKLITIQDFSYF

NSREVGDHTHKEDMSKNIFSTNGDRWKVVRQHMTPLFTSSKMKNMFHLIEKCSHEFER

MLDREFKMSNVQEVRALTARFTMDCIVSCGFGLDANTMGDNSKENPFTKLSNSIFEVS

NLRFLAMQARNLWPSIFYGLGLRTFPKSIDDFFHELITNVFKQRQYTPTSRNDFVDLI

MNWTKKDYLTADSFKHDKEKGSTKISLKVDDKLLVAQCSIFFGAGHETSATTLSYTLF

ELAKNPEAQKRAIEEVDAYLLKNNNKLGYDCVTELPFLEACLDETLRLYPVLSVLTRE

VVEDYTLPTGLHLDKGVRIHLPLYHLHHNPDNFPEPEKYRPERFVGDERKNIKPYTYM

PFGEGGRTCIGMRFSKMQTLSGLVTFLKKYRVELAKGTSPTVEFEPRALVFISKNGIN

LQMMEREGWEKRLFAK

>AY588591 Helicoverpa armigera cytochrome P450 new 75% to CYP6AE1
ETLRKYPVLSMLTREVVEDYTFPTGLKVEKGLRIFLPLYHLHHN

PEFFPDPEEYRPERFLAENKDNIKPYTYMPFGAGP

>CYP6 AI187500 EST289 Manduca sexta male antennae 58% to 6AP1 

496 MRKYPPIGLIQRLCTKNTALPSNNMQIERGTEILIPVYAIHRDENLFPNPDLFDPERFTPD 314

313 RVKDMENYSYMAFGGGNRICIGVRFARLQVKACLARLLSKFTLKEQAYEPKRFERSSFSL 134

133 RDADAKYELVPRNMNK* 83
>CYP9A1v1 U23506 Heliothis virescens

MILLLTWLVVIITAVLLYFRSVYSQLSKQGVNHLPTIPVFGNLM

WMVMKQEHFVDTLGRCVKAFPDDKIVGHYDMVSPILVVLDVDTVKRITVKDFEHFVDR

RSFTSSFDPIFGRGLLLLHGDEWKAMRSTMSPAFTSSKMRLMVPFMEEIALEMIRVLR

GKIKDSGKPYIDVEAKSMMTRYANDVIASCAFGLKVNSQASDHEFYVNSQAITKFKFS

AFLKVLFFRCLPSVAQKLKMSLVPRECSDYFSNVVLTTMKDREKNKVVRNDLINILME

VKKGQLTHEKDDADADAGFATVEESHIGRKQHNYEWTDSDLIAQAALFLFAGFDTVST

SMSFLLYELAVNPDVQDRLLQEIREYDEKNHGKIDYNVVQSMTYLDMVVSEGLRLWPP

AAVVDRVCVKDYNIGRPNKKATKDLIIHTGQAVAISPWLFHRNPKFFPEPAKFDPERF

SPENRHKILPFTYFSFCLGPRNCIGSRFALCEIKVILYLLIREMEVYPFEKTIYPPQL

SKDRFNMHLEGGAWVRLRVRPEKS
>CYP9A1v2 AF140021 Heliothis virescens
MILLLTWLVVIITAVLLYFRSVYSQLSKQGVNHLPTIPVFGNLM

WMVMKQEHFVDTLGRCVKAFPDDKIVGHYDMVSPILVVLDVDTVKRITVKDFEHFVDR

RSFTSSFDPIFGRGLLLLHGDEWKAMRSTMSPAFTSSKMRLMVPFMEEIALEMIRVLR

GKIKDSGKPYIDVEAKSVMTMYANDVIASCAFGLNVNSQASDHEFYVNSQAITKFKFS

AFLKVLFFQCLPSVAQKLKMSLVPRECSDYFSNVVLTTMKDREKNKVVRNDLINILME

VKKGQLTHEKDDAEADAGFATVEESHIGRKQHNYEWTDSDLIAQAALFLFAGFDTVST

SMSFLLYELAVNPDVQDRLLQEIREYDEKNHGKIDYNVVQSMTYLDMVVSEGLRLWPP

AAVVDRVCVKDYNIGRPNEQATKDLIIHTGQAVAISPWLFHRNPKFFPEPAKFDPERF

SPENRHKIQPFTYFPFGLGPRNCIGSRFALCEIKVILYLLIREMEVYPFEKTIYPPQL

SKDRFNMHLEGGAWVRLRVRPEKS

>CYP9A2 AF172278 Manduca sexta
IQEKLYAEIMENEANTSGKFDYNSIQNLTYLDCVISEALRLWPL

PVGLDRMCVRDYNMGRANEKSKKDFIIRKGEGIVVPVYSIHHDPEYFPEPYKFDPDRF

SEENKHNIKPMTYIPFGV

>9A3 Helicoverpa armigera U86006

RVAENPDVQDKLLREIREYDEKNRGKIDYNVIQSMTYLDMVVSE

GLRLWPPAAIVDRMCVKDYNFGRPSPHATKDLIIREGQGVGVAPWVFHRNPKYFPEPT

KFDPERFSPENRHKILPFTYFPFGLGPSNCIG

>CYP9A4 AF172279 Manduca sexta
ILLLALIQYIWKTYSRYDGTGVNYLKPLPIVGNVGMMFLGKRHQ

AQDLDLLYTSFPDDRFVGRYEMMQSIILLRELELIKKVTIKDSEHFIDHTSLIDSSVD

SIFGRILFSLNGQEWKDMRSTLSPAFTSSKMRGMVPFMIDVNKQMVGVIKNKMQAAGT

DYLDIECKDFTTRYANDVIASCAFGVKVDSHTEENNEFYTNGLATALAPFRRLLALGY

STFPSVMKKFNVKVFPTESKTFFKNLVLRTMKEREKHNIFRPDMIQLLMEAKKGKLTH

DEKASTETDTGFAAVEESDIGKRKVNAVWTDDDLVAQAVVFFLAGFETISTTMSFILH

ELAMNPDVQEKLYAEIMENEARTSGKFDYNAVQNLTYLDCVITETLRLWPPLVALDRL

CVKDYNLGRANRKCKKDFIIRKGESVAISVYSIHHDPKYFPEPYKFDPDRFSEENKHN

IKPMTYMPFGVGPRNCIGARFALCELKVMIYQVLQHFEVKVCEKTMIPARLDTTTLSM

GIHGGHWVRFKLRH

>CYP9A4v2 AF172280 Manduca sexta
MMTLIWLGILLLALIQYIWKTYSRYDGTGVNYLKPLPIVGNVGM

MFLGKRHQAQDLDLLYTSFPDVRFVGRYEMMQSIILLRELELIKKVTIKDSEHFIDHT

SLIDSSVDSIFGRILFSLNGQEWKDMRSTLSPAFTSSKMRGMVPFMIDVNKQMVGVIK

NKMQAAGTDYLDIECKDLTTRYANDVIASCAFGVKVDSHTEENNEFYTNGLATALAPF

RRLLALGYSTFPSVMKKFNVKVFPTESKTFFKNLVLRTMKEREKHNIFRPDMIQLLME

AKKGKLTHDEKASTETDIGFAAVEESDIGKRKVNAVWTDDDLVAQAVVFFLAGFETIS

TTMSFILHELAMNPDVQE

>CYP9A5 AF172281 Manduca sexta
IQYIWKTYSRYDGTGVNYLKPLPIVGNVGMMFLGKRHQAQDLDL

LYTSFPDDRFVGRYEMMYSKILLRELELIKKESIKDSEHFIDHTSLISSSADSIFGRI

FGRILFSLNGQEWKDMRSTLSPAFTSSKLRGMVPFMIDVNKQMVGVIKNKMQAAGTDY

LDIECKDLTTRYANDVIASCAFGVKVNSHAEEDNEFYINGLATALAPFRRLISLGYST

FPSVMKKFNVKLFPTESTTFFKNLVLRTMKEREKRNIFRSDMIQLLMEAKKGKLTHDE

KARTETDTGFAAVDESDIGKRKVNVVWTDDDLVAQAVVFFLAGFETISTTMTFILHEL

AMNPDVQEKLYAEIMENEARTSGKLHYNSVQNLTYLDCVITETLRLWPPLVSLDRLCI

KDYNLGRANRKCKKGFIIRKGESVAVPVYSIHHDPEYFPEPYRFNPDRFSEGNKHDIK

PMTYMPFGVGPRNCIGARFALCEVKVMIYEVLQHFEVKVCEKTTIPARLDTTTLSMGI

DGGHWVRFKLRH

>CYP9A6 AY295776 Depressaria pastinacella parsnip webworm N-term

MIFWIWTAAILIALVLYFRQVYSRFSRYGVKHLRVVPFLGNLTR

VAFRKEHVIDMVLKNYEAFPEKRFVGTYQFINPVVYIKDLELVKKITVKDYEHFIDHN

QIFDADKDPFLGKNLLSLKGQDWKDMPSSLSP
>CYP9A7 AY295775 Depressaria pastinacella parsnip webworm N-term

DIEFGTRDAFPEERFVGNYQFMNPVVIIRDLDLVKNITVKDFEY

FIDHNQLFNEDTEPFFGRTLLNLKGQDWKDMRSSLSPAFTSSKMRNMVPFMVDVGEQM

IHSLKKKILDSGANFIDVEISDLTTRYANDVIASCAFGLKVNSHMEENNQFYKMGRAV

SSFDFKQTIILFLNASFPKLMNRLNISVLSETIHNFFRSLVIDTMKDRETRQIIRPDT

IHLLMEAKKGKLTHDNEPTQNADAGFATVEESNLGKKQTNKVWTDDEIIAQAIIFLVA

GFETVSSTMTLLLHELTINPDVQEKLVQEINQNDIKNNGKFDYNSIQQLTYMDMVVSE

LLRRWPAVPILDRYCTKDCNIGRPNEKATEDYIVREGESLQIPTWGIHHDPQYFPNPF

KFDPER

>CYP9A8 AF525031 Spodoptera litura common cutworm

MIILLIWSAVLVAVITLYFRRLYSSFSRHGIKHIKPVPILGNMA

KVVLRAEHVSDGLTKVYNDFPEERVVGRYEFTKELIVVRDLELVKKITVKDFEHFLDH

RPLLGNGESYFSRNLFSLRGQEWKDMRSTLSPAFTSSKMRLMVPFMVEVGDQMMRSLH

RTIKESKNGSVDVDCKDLTARYANDVIASCAFGLKVDSHNDKNNNFYELGKETSTFNF

RQVIKAFLFANLPEVAKLLKLDFLSESSKNAFKRLVLDTMENRELKNIIRPDMIHLLM

EAKKGQLTHEDIKSKDQAVGFATVTESAVGKIKVNREWTDEDLVAQAVLFFIAGFEAV

SSSMSFLLYELAVNPDVQERLAQEIKETDAKNGGKFDFNSIQNMVYMDMVVSEVLRLW

PTAGALDRICTKDYNMGKPNLKAEKDYIIRKGTGMWIPVFTIHRDPDYFPNPLKFDPE

RFSEENRHTINPLAYMPFGVGPRNCIGSRFALCEVKVMTYQILREMEVSPCEKTCIPA

KLCNETFNLRLRGGHWLKFRART
>9A12 Helicoverpa armigera AY371318 

MILVLVWVAVLITVAVLYLRQIYSRFSRYGVKHFRPVPLLGNMT

RMVLKQDHLIEDILRYYNSFPGERFVGRFEFISEMVVIRDLELVKKIAVKDFEHFLDH

RSIFSSSDSFFSRNLFSLKGQEWKDMRSTLSPAFTSSKMRMMVPFMVEVGDQMMDTIK

KKIKESGNGYIDLECKDLTTRYANDVIASCAFGLKVDSHNETDNEFYTMGKLSSTFRF

REMIMFFVIANAPTVAKILKLDFLSEAAKKFFRNFVLDTMKNRELNHIIRPDMIHLLM

EAKKGKLTHEEIKSNDVTAGFATVEESAVGQKEITRVWTEEDLIAQAVLFFIAGFETV

SSGMSFLLYGLAVNPDVQERLAQEIKENDAKNGGKFDFNSIQNLQYMDMVVSELLRLW

PPGAALDRICTKDYSLGKPNDKAKHDFIVRKGTGISIPAFAFHRDPQFFPNPEKFDPE

RFSEENKHNIQSFAYMPFGIGPRNCIGSRFALCEMKVMAYQILQHMEVSPCERTCIPA

KLDTETFNMRLKGGHWLRFRPRQ

>9A14 AY487948 Helicoverpa armigera

MIALLWLAVLVAALTLYLRQVYSRFSRFGVKHFEPVPLVGNLST

VLMRKAHASEDFNNLYQAFPGERFVGRYEFLRNIVMIRDLELVKSITVKDFEHFIDHR

MLADADVEPLFGRNLFSLRGHEWKEMRSTLSPAFTSSKMKAMVPFMMEVSEQLINFLK

MQIKESGGKHADIECKDLMTRYANDVIASCAFGLKVDSHNDRENEFYSIGTETANFDF

KKMLVIFGYACFPAIMKKFNVKMFSELIVNFFKNIVIGTMRNRQKNNILRPDMIHLLM

VAKKGKLTHEEKVAEANTGFATVEESDIGKVTVKKEWTEDDLTAQAVLFFVAGYETIS

SAMAFLIYELAVHPEVQEKLAKEIREHDAKNGGKFDFNSIQNMPYLDMVISEVLRLWP

PAVGLDRECSKDYNLGKPNDKAEKDYILRKGEALVIPVWSIHHDPEYFPDPYKFDPER

FSEENKHKIQPFSYMPFGLGPRNCIGSRFALCEVKVMAYQLIQQMELSPCEKTSIPAV

LAKDTFNLKVEGGHYIRVKLRQ

>CYP9G2 AB096739 Plutella xylostella (diamondback moth)

MIAEILIFILTTLVAFAFYSYYKNQNVFKSKDMKFLPGFPMFGN

IIKSSFGKNHMFYDLDRVYRAFPGESYVGYVEGFVPLYLIRDPSIIRLITVKDFDHFV

DHRRFATDDLFNESLFMMTGDRWRDMRSTLSPAFTGSKMRQMVPFMNETSQNIVQYLR

ETEGQDIDASRLIRCYTNDVIASTIFGLQVNSLKDPENDFYKAGQSLVVGNSLTRRPS

FFIVMTIPALSKFFPFFPKETTDFFRGIVLKTMQHRENNNIERPDMIRMLMEAAKGTL

KMQTHDKLDDIGFATTDEADIKPKGEMRQWTPDTLAAQAFLFFFGGFESSASVIVMAV

HELAVNSEAQGKLYEEVKEYHEKHGKMTYEGVQKMTYLDCVANEALRKWSPAVITNRV

CVKPYVLPPPREGGKPVQLEVGDGIYNSVSSVHWDEQYYPEPEKFKPERFNDENKHKI

QPFTFMPFGTGPRNCIASRFAILELKVLLYHIVLNFEIQKCGKTSDPVQLAPGDFNIR

AVGGSWVKFRSRN

>CYP9G2 AB112959 Plutella xylostella (diamondback moth)

MIAEILIFILTTLVAFAFYSYYKNQNVFKSKDMKFLPGFPMFGN

IIKSSFGKNHMFYDLDRVYRAFPGESYVGYVEGFVPLYLIRDPSIIRLITVKDFDHFV

DHRRFATDDLFNESLFMMTGDRWRDMRSTLSPAFTGSKMRQMVPFMNETSQNIVQYLR

ETEGQDIDASRLIRCYTNDVIASTIFGLQVNSLKDPENDFYKAGQSLVVGNSLTRRPS

FFIVMTIPALSKFFPFFPKETTDFFRGIVLKTMQHRENNNIERPDMIRMLMEAAKGTL

KMQTHDKLDDIGFATTDEADIKPKGEMRQWTPDTLAAQAFLFFFGGFESSASVIVMAV

HELAVNSEAQGKLYEEVKEYHEKHGKMTYEGVQKMTYLDCVANEALRKWSPAVITNRV

CVKPYVLPPPREGGKPVQLEVGDGIYNSVSSVHWDEQYYPEPEKFKPERFNDENKHKI

QPFTFMPFGTGPRNCIASRFAILELKVLLYHIVLNFEIQKCGKTSDPVQLAPGDFNIR

AVGGSWVKFRSRN

>Bombyx mori CYP305B1 mRNA AB044900 BAAB01125622.1
MLPVLVCIIVIVLICCNVIRSVIKPEKFPPGPIWYPFFGSSSIV

QQMTSKHGSQWKALLELSKQWSTQVLGLKLGRELVVVVYGEKNVRQVFSESEFDGRPN

SFFYKLRCLGKRLGVTFVDGPLWREHRQFTVKHLKNVGFGKTSMELEIQNELKLLREY

INDNKHKPIKVDSMFSSAVMNVLWKYVAGERIREDKLERLLELFYLRSKAFTLTGGLL

SQIPWCRFIIPGLSGYKLIVDLNQQISEIIEEAIKKHLNKEVQQNDFIYSFLDEMNEE

NKASFTYDQLKTVCLDLIIAGSQTTGNAVKFALLSVLRNKNIQEKIFNEIENTIGDSM

PCWADSSKLVYTSAFLLEVMRIHTIAPLAGPRRVLQDTVIDGYVIPKETTVLISLADI

HLDPNLWPDPHEIKPERFIDEKGLSKSNEHIYPFGSGRRRCPGDSLARSFVFIIFVGI

LQKYRIDCVNGVLPSNEADIGLLAAPKPFVANFVSRE

>CYP306a1 AF484413 Drosophila melanogaster phm gene phantom

MSADIVDIGHTGWMPSVQSLSILLVPGALVLVILYLCERQCNDL

MGAPPPGPWGLPFLGYLPFLDARAPHKSLQKLAKRYGGIFELKMGRVPTVVLSDAALV

RDFFRRDVMTGRAPLYLTHGIMGGFGIICAQEDIWRHARRETIDWLKALGMTRRPGEL

RARLERRIARGVDECVRLFDTEAKKSCASEVNPLPALHHSLGNIINDLVFGITYKRDD

PDWLYLQRLQEEGVKLIGVSGVVNFLPWLRHLPANVRNIRFLLEGKAKTHAIYDRIVE

ACGQRLKEKQKVFKELQEQKRLQRQLEKEQLRQSKEADPSQEQSEADEDDEESDEEDT

YEPECILEHFLAVRDTDSQLYCDDQLRHLLADLFGAGVDTSLATLRWFLLYLAREQRC

QRRLHELLLPLGPSPTLEELEPLAYLRACISETMRIRSVVPLGIPHGCKENFVVGDYF

IKGGSMIVCSEWAIHMDPVAFPEPEEFRPERFLTADGAYQAPPQFIPFSSGYRMCPGE

EMARMILTLFTGRILRRFHLELPSGTEVDMAGESGITLTPTPHMLRFTKLPAVEMRHA

PDGAVVQD

>Bombyx mori cyp306a1 mRNA AB162964

41% to Drosophila m. 306A1 AV404609 Bombyx mori prothoracic gland cDNA

MDLYFIWLVTFVAGFWIFKKIKEWQNLPPGPWGLPIVGYLPFID

RYHPHITLTNLSKTYGAIYGLKMGSIYAVVLSDHKLVGDTFSKDSFSGRAPLYLTHGL

MNGNGIICAEGGLWRDQRKLITSWLKSFGMSKHSVSREKLEKRIASGVYEILENIEKT

SDAALDLPHMLTNSLGNVVNEIIFGFKFPPEDKTWQWFRQIQEEGCHEMGVAGVVNFL

PFIRHVSPSTRKTIEVLVRGQAQTHTLYASMIDRRRKMLGLEKPKGAEYAPHENLLKL

YPNGHIKCIKYSKVSPNTEHFFDPNTLIPTEGDCILDNFLLEQKKRFESGDPTALYMR

DEQLHFLLADMFGAGLDTTSVTLAWFLLYMALFPEEQEEIRKEILSVYPYDDDVDSSR

LPLLMAAICETQRIRSIVPVGIPHGCIEDAYLGNYRIPKNAMVIPLQWAIHMDPNVWE

EPEKFKPRRFLAQDGSLLKPQEFIPFQTGKRMCPGDELSRMLSCGLVSRLFRKQRIRL

ASKIPTAEEMRGTVGVTLAPPPVKYYCEPI

>Bombyx mori Cyp315a1 mRNA AB167737 homolog of shadow
MHRFPSMSSIRSAVRSRNSNRCSMSTKPHKSLRTIDEMPHKKSL

PIIGTKFDLFSAGGGKNLHKYIDMRHKQLGPIFYERLTGKTKLVFISDPTHMKSLFLN

LEGKYPAHILPEPWVLYEKLYGSKRGLFFMDGEDWLINRRIMNKHLLREDSDVWLRAP

IRTAVFHFICNWKLRAQSGNFSPNLESEFYRFSTDVILAVLQGNSALLKPTPEYEMLL

LLFSEAVKKIFSTTTKLYALPVEFCQRWNLKVWRNFKQSVDDSISIAQKIVYEMLHTK

DAGDGLVKRLKDENMSDELITRIVADFVIAAGDTTAYTSLWILFLLSNNTEILTEMND

NDQYVKNVVKEAMRLYPVAPFLTRILPKQCVLGPYLLEEGTPVIASIYTSGRDEQNFS

KADQFLPYRWDRNDQRKKDLVNHVPSATLPFAFGARSCIGKKMAMLQMTELISQIVKN

FDLKSMNNSDVDAVTSQVLVPNKDIKVLILPRSISK

>CYP321A1 Helicoverpa zea AY113689

MLQLPLILLGLVLLLTWYLIGRHNENYWKARGVKFYSKNKVIGP

SWDYLFTKGAMFEKFGELYKAYRNEPVVAIGQILTPSLFVIDAKNVQHVLSSDFQSFN

HRGLDSVEGDQLTESITLLNGPKWKLMRKTMTPLFTSSKLKNMYYIMDKCAQDFVTYL

KRDPKLWKGNFFESAMLYCNAAVCAAIFGIGEQSTFDSPFLKFAKDVSISSFKNNMKF

TFFSLAPKLFTMLGLKVFKEHEDFFVGAIGDVIKQREEENVKRHDFADLCVQLQKNGT

LKDQATGYELEPTTGLLSAQAFFFFTAGVEPAADGIFATFALLSQHPEILQKVHQEID

EYFEKYDGKITYDVVCDMEYVDKVLSESLRMFPPIGFLTRQCIHDTVLPVGNVKVAKG

TKLFTPIYEIHHDPKYYPDPEVFDPERFFKERRPNDDLYMPFGMGNRTCIGARYFKLQ

LLAAIVHVLRSFTLKPIPESQQKKVTFLRHAIGVRIGNVKVELIPRDTK

>BE015459 EST685 Manduca sexta female antennae 57% to 332A1 C-term

2 MSDNDNRNYTFIPFGEGPHFCIGKRYGLMQIRACLSQMVHKFKFAPTPEEPYEINPDPYSV 184

185 LLAPKSGGRVKFISR* 232

>CYP AI187556 EST348 Manduca sexta male antennae 39% to 4G4 78% to Bmb022600 44% to 313A4

2 LPSGHVLPGGSGIVISIWGIHRDPKYWGPDAEHFDPDRFLPERFNLAHGCSYMPFSSGP 178

179 RNCLGYQYALMSVKAALSGILRNYKVVGKVEGGPVPKIRVKLDIMMKAVDGYQLELEKRATKAA* 373

>CYP AI187499 EST288 Manduca sexta male antennae 56% to Bmb030264 

new family like CYP321

 14 MIFQVLLILCVILILVLVTKKNKYWIKRGLVQEDGIFWKFIFGDRSLAEYCKETYDKY 187

188 KEEHIGLDFGSTPTLMVKNLDDIASVLAGDFQSFHHRGIFLNKNDLLADNILFIGDYP 361

362 RWKILRQKLTPVFTSLRLKTMFTV 433


