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FIG. 1

CYFP71D-44 cDNA sequence.

CYP71D~-A4 cDNA coding sequence '
ATGAAGAGTATACTAAAAGCARTGGCACTC TCACTGACCACTTCCATT
GCTCTTGCAACGATCCTTTTGTTCGT T ACAAGT TCGCTACTCGTTCC
ABATCCACCARAARRAAGCCTTCCTGAGCCATGECGGCTTCCCATTATT -
GGETCACATGCATCACTTGATTGETACAACGLCACATCGTGEEETTAGE
GATTTAGCCAGAAAGTATGGATCTTTCATCCATTTACAGCTTGETGAR
GTTCCAACARATCGTEETGTCATCTCOGAAATSGRCTAARGAGATTTTC
ACAACGTACGACATTACCTTTGCTAACAGCGCCCGAGACTITARCTEET
GAGATTGTTTTATATCACAATACGCATGTTGTTCTTGLACC I TATGET
GAATACTGGAGGCAATTACCTAARATTTGCACATTGGAGCTTT'TGAGT
CTIAAGARAGTARAGTCATTTCAGTCACT TCATCGAAGAGCACTETTIGES
AATTTGGETTCAAGAGATTARAGCTTCAGG T TCAGRCAGACCGETTARD
CTTTCAGAGAATCTITTCAAGTTGATTGCAACGATACTTAGTAGAGEC
GCATTTGGGAAAGCCATCARGGACCAGARAGACTTAACGRAGATTSTG
ABRMDGAGATACTGAGCCARACTGEPGETI I TEATCTGECAGATATC T T
CCTTCARAGARATTICTITCATCATCTTICEGGECAACAGAGCTCGETTA
ACTAGCCTTCGCARAAAGATCEATAAT T AATCGATAACCTTGTAGST
GAGCATACTGTTAACACCTCCAGTAAARCTAACGAGACACTCCTCGAT
GITCTTTTAAGECTCAAAGACAGTGUTGARTTCCCATTAACATCTEAT
ARCATTAAAGCCATCATTTNGGATATGT T TGGAGCAGGCACAGACALT
TCCTCATCCACAATCGAATGGECEGATTTCGGAACTCATARAGTETCCG
AABRGCARTGGAGRAAGTACAAGCEGAATTCGAGGARAGCATTGAACGGA
AARGRADAGRTCCRTCACGARGACATTCAAGRACTAAGOTACTTGAAC
APGETAATCAAAGAAACATTGAGETTECACCCTCCACTACCOTTGE DT
CTGCCAAGRAGAGTGCCGCCARCCAGTCAATTTGGCTGEATACAACATA
CCCAATAAGACCAANC TTATTGTCAACGTCTITGCGATAAATAGGRAC
CCTGAATATTCGAAAGACGCTGAAGI T IMCATCCCTCARCGATTTEAD
ARTAGTTCTGCAACTCICATCEETCCAGAATACGAGTATCPTLCETTT
GGAGCTCGCACRACCGATETGTCCTEEAGCCECACTTCETT TAGCTAAL
GTGCAGCTCCCGCTCGCTAATATACTATATCATTTCAACTGGAAAC@C
CCCAATGETETICGAGCTATGACCAGATCGACATCGACCCAGAGUTCTEEA
GCCACGATGCARAGAAAGACTGAGTTGTTACTCETICCAAGT I TOTAG
(SEQ ID NO:l) .
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FIG. 2.

Amorphadiene 12-oxidase amino acid sequence
MESILRAMALSL T TS I ALATILLFVYKFATRSRESTKESLPEPWRLPIT
GHMHHLIGTTPHRGVRDLARKYGSLMELDLGEVPTIVVS SPEWAKEIL
YD I TPANRPETLTGEIVLYENTDVVLAPYCEYWROLRE I CTLELLS
VERVESFOSLREERCWNLVOEIKASGSGRPVNLSENVFRLIATILSRA
AFGRGIRDORELTEIVREILROTGEFDVAD IFPSKEFLEHLSGKRART,
TSLRREIDNLIDNLVAEETVNTS SKTNETLLDVLLRLEXDSARFPLTSD
RIFAIILDMFGAGTDTSSSTIEWAISELIKCPRAMERVOAEL.REATNG
RERIHEEDIQELSYLNMVIRETLRLEPPLPLVLPRECRQPVNLAGYNI
PHRTKLIVEVEAINRDPEYWKDARAFPIPERFENS SATVMGAE YR YLEF
GAGRRMCPGAALGLANVOLPLARILYHFNWKLPNGVSYDQIDMYESSG
ATMORKTELLLVEPSF (SEQ ID NO:2)
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FIG. 3

Artemisia annue cytochrome P450 reductase DINA

- AACPR cDNA coding sequence
ATGGAATCAACARCTTCCGTTAAGTTATCTCCCTTCGATCTAATGA
CGECGTTACTTAACGGCAAGETATCGTTCCGACACATCARACACATC
GGATACGEATATTCCGTTAGCGETGITTATGCGAGAATCGTGAGCTT
TTEATCATTTTAACTACTTCGETTGCGETETTGATCGGATGCETTS
TGETGCTIETETGEAGACGETCETCETCGGCGECGAAGARAAGLGGT
GEAGTCECCGETCGATTGTTETGCCGAAGRAAGTGACGGAGGATGAS
GTIGATCGACCCACCGAAGAAAGTTACTGTGTTTTTTGGAACTCACGA
CTGETACTECTGAAGCTTPTCCTARGGCECTTGTTGAAGAAGCTAR
AGCGCGATATCGAAAAGGCEETCTTTARACTEATTCGATTTECATGAT
TATGCITGCTGAAGATGATGAGTATGAGGAGAAGTTARAGARAGART
CTCTTGCTTTTTTCTT T T TAGCTACCTATCCAGATECTGAGCCGAC
AGATAEATECTGCTAGATTCTATAAATGGTTTACCGAGGETGARGAG
ARAGETGARTGECTTGACAACCTTCARTACCGCAGTEGTTTGEACTTG
GTARCAGACAGTATCAGCATTTCAACARAGATTGCGARGGTGETLGR
TGARRRACTTCTGCCAGCAGGETGCARAGCELCTTETTCCTETTGGL
ATGGGAGACGATGATCAATCTATCGRAGALGACTTCACTGCATGGA
ARGAGTTGETETGECCTGAGTTGGATCAATTACTTCETGATGAGGA |
TGATACATCTGTTGCCACTCCATACACAGCTGCTGTTGGAGAATAC
CETGTTGTGTTCCATGACAARCCAGAGACATATGATCAGGATCAAC
TGACAAATGGUCCATGCIGTTICATGATGCTCAACATCCATGCAGRTC
© CARTGTCGCTETCAARAAGGAGCTCCATTCCCCTCTATCTGACCGS -
TCTTGECACTCATTTGEARTTTGATATC TCTAATACTGGATTATCET
ATGAAACTGGGGACCATGTIGGAGTCTACGTTGAGAATCTAAGTGA
AGTTETGGACGAAGCTGAAAAATTPARTAGGTTTACCGCCECACACT
TATTTCTCAGTACATACTEATAACCAAGACGEEACACCACTTGETGE
GAGCCTCTTTGCCACCTCCTTTCCCTCCATGCACTTTAAGARAAGC
ATTGECTICCTATGCCEATCT PTTGAGCTCTCCTAARRAGTCAGCT
TTGCTTGCTTTAGCTGCTCATGCTACTCATTCTACTGAAGCTGATA
GACTGABATTTTTTIGCGICTCCTGCIGGAARGGATGAATATGCTCA
GTGEATAGTTGCARGCCACAGARGTCTCCTTGAGGTCATGEAGGCT
TTCCCATCAGCTAAGCCTCCECTTEETETTTTTTTTGCATCTETCG
CCCCACGTTTGCAGCCOGAGATACTATTCCATTTCTTCTTCCCOCARE
GTTITGCGCCAAATAGGATTCATGTAACTTGTGCATTAGTETATGAG
CRAARCACCATCAGGCCGCETTCACAMSGGAGTCTGTTCAACATEGA
TGAAGRATGCCGTGCCTATGACAGAARGCCAGCATTGCAGTTGGEC
CCCAATTTATGTTAGARACATCCAATTTCAGACTTCCTTCTGATCCT
AAGGTCCCAGTTATCATGATTGGCCCAGGCACTGEATTGCCTCCAT
TTAGAGCTITCCTTCAGGABAGETTAGCTCAGAAGCARGCTEGGEALC
TGAGCTCGGARCAGLCATCPTATTCTTCGCGATGCAGGAATCGCAAL
GTCGATTTCATATATGAGGACGAGCTTAATAATTECGTEGAGACGS
GCEGCTCITTCCCAGCTTCTTACGECCTTCTCTCETGARGETCCCAC
TARGGAGTACGTCCAACACRAGATEACTCAGAAGGCTTCGEATATC
TGCARTTTACTCTCTGAGGGCAGCATATTTGTATGTITCGCGETGATE
CCARAGGCATGGCCARAGATGTACATCGGACTCTGCACACTATTET
GCAAGAACAGGGATCTCTAGACTCCTCARAGECGGAGCTUTACGTG
AAGAATCTACAAATGECACGGAAGATATCTCCETGATGTATEEETCG
ACATGGAACAGARAGTTGATTITCCGAAGARAGACCTCGAGTAR (SEQ
ID NO:3)
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FIG. 4

Artemisia annua cytochrome P450 reductase
amino acid sequence .
MOSTTSVRLSPFDLMTALLNGKVSFDTSNTSDTNIPLAVFMENRET,
LMILTTSVAVLEGCVVVLVHRRESSSARAKKAARSPVIVVPKRVTEDE
VDDGRKRVTVFFGTQTGTAEGCFARALVEEARARYERAVFEVIDLDD
¥AARDDEYERRLKKESLAFFFLATYCDGEPTDNAARFYRWETRGEE
RGEWLDELQYAVFGLGNROYEHFNK IARKVVDEKLVEQEAKRLVEVE
MGDDDQCIEDDFTAWKELVWPELDQLLRDEDDTSVATPYTAAVGEY
RVVFHDEPETYDODQOLTNGEAVHDAQHPCRSNVAVEKELESPLSDR
SCTHLEFDISNTCLSYETGDHVGVYVENLSEVVDEAEKL IGLPPHT
YFSVHIDNEDGTPLGRASLPPPFPPCTLRKATASYADVLESPRESA
LLALAMIATDSTEADRLEFFASPAGKDEYAQWIVASHRSI.LEVMEA
FPEARPPLGVFFASVAPRLOPRYYSISSSPRKFAPNRIBVTCALVYE
QTPSGRVHRGVCSTHMENAVPMTESQDCSWAPTYVRTSNFRLPSDY
KVPVIMIGPGTGLAPFRGFLOERLAQKEAGTELGTAILFFGCRNRR
VDF LY EDELNNFVETGALSELVTAFSREGATKEYVOHRMTORASDT
WNLLSEGAYLYVCGDARGMARKDVHRTLATIVOEQGSLDSSKAELYV

RENLOMAGRYLRDVWVDMEQRLISEEDLE (SEQ ID NOG:4)
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FIG. O

>7ip-Bi-nt ‘ o

- ATGECACTTTCACTGACCACCTICCATTGCTCTTIGCCACGATCCT T I TCTTCGTAATTTACARGTTCGCTAC
TCETTCCARATCCACARARBACAGCCTICOTGAGCCATEEGCGACTTCCCATTATTGGTCACATECATCACT
TEATTEGETACARTACCACATCGEGEGCTTATGEATTPAGCCAGAAAGTATGCATCTTTAATGCATTTACAG
CTTeECTCAACTTTCAACAATCEICETIGTICATCTCCCAMATGEGECTARAGAGATTT TGACAACCTACGACAT
TECCTTTECTAACACGGCCCTCEACTTTECCTEGTCAGAT TETTETATATCOCAATACABATATTECTECTG
CACCTTATGETGAATACPEGAGCCGATTACETARACT T TGCACATCGRAGLITATGAGTET TAAGARAGTA
AAGTCATATCAGTCGCTTCGTGAAGAGGAGTETICEAATTTGETTCAAGAGATTAAAGCTTCAGETTCAGE
GATACCEGTTAACCT I T CAGAGARACAT PEFTCAAGTTGATTGCARCGATACTTTCTAGAGCCECGTTTGGAL
AAGGACGTCAAGGACCAGAAGGAGTGTACCEGAGATTATCAAACACGATETTGAGEGRAGTTCGTGET I GAT
GPGECAGRTATC T OO TCCALCAR R T PTCTTCATCATCTTTOAGCGLARCACAGCCAGETTTARCTAGCAT
TCATARGARACCTCEATART T TATCAATAACCTTGTTGCTGAGCATACTTICARRACTTCAAGTARRRCTG
AGGAGACACTTCTTGATGTTCTTCIAAGGOICARAGATAGCGOTEAATTICCCATTARCAGCTEACANTGTT
AAAGCCATCATT TTGGATATATTIIGCAGCAGGGACAGACACTTUATCAACCACARTCGRATGEECGATTIC
GGAACTCATAAAGTGTCCGAGAGCGATEGAGAAAGTACAAGCAGRACTCAGGAAAGCACTTAACGEAAANG
AR ARGATCCATGACGALGATATTCAAGEACTAAGC TACT TAARAC T TGETAATCAARGRAACATTARGE TS
CACCCTCCACTACCCTTETTECCAAGAGRGTGCCETCARCCAGTCARTTTGGCTEGATACGACATACCCAR
TAAGACAAGACTTATTETCAACCTCTTTGCGATAAATAGGCACCCAGAATACTGGAAAGACGCTGAARTTT
TCATCCCCEAACGAPTTGAARLTAGTTCTACAAC TCTCATGCETGCAGAATATGAGTATC TICCETTTGGR
GCPEEEAGAAGGATETCTCCTGEAGCCECACTIGETTIAGCCARCETCGCAGCTACCGCPCEOTALTAPACT
ATATCATTTCAACTGGARACTCCCCAACGETGCGAGC TATGATCACRATCEACATGACCCAGAGE T I GEGAR
TOTCGGTTGARAGAARGACTCAGTTGTTACTCECTACCAAGTITCTAG (SEQ ID NO:5)
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FIG. 10_

>7iD-Bi-aa
MALSLTTSIALATKLFFVIYKFAERSKSTKNSL?EPWRLPIIGHMHHLIGTIPHRGLMDLARKYGSLMHLQ
LGEVSTIVVSSEKWAKEILTTYDEAFANRPWTLAGEIVVYRNTNIAAAPYGEYWRRLRKLCTSELMSVKKV
KsYQSLREEECWNLVQEIKASGSGIPVNLSENIFKLIATILCRBAFGKGVKDQKECTEEMREMLREVGGFD
VADIFFSKKFLHHLSGKRARLTSIEKKLDNFI&NLVAEHTFKTSSKTEETLLDVLLRLKDSAEFPLTADNV
KAIILDEFAAGTDTSSmTIEWAISELIKCPRAMEKVQAELRKALNGKEKIHEEDIQGLSYLNLVIKETLRL
R L PLLFRECRE PV LAGY DI PNR T RL IVRVF AINR D P E YW DAE TP I PERFENS S TTLMGAEYEYLEFG
AGRRMCPGAALGLANVQLPLANILYHFNWKLPNGASYDQIDMTERFGISVERKTQLLLVPSF {SEQ ID
NG:6) ‘
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EIG. 12

>71D-Cl-nt
GCCCTTCGAGCCGTATGEECATTAC TGGCEGCARTTACG TAAACTITGCACATTCRAGCTTITIGAGTECTA
AGAARGTAGAGICATATCAGTCGCTTCGTCAAGAGGAGTETTEEAATT TAGT TCARGAGATTAARBCTTCR
GETTCAGGGATACCEET I ARCCTT I CAGAGRATATT TACAAGTTGE T TCGCAATGATAC TTAGTAGAGCTGC
GITTCECAAAMBAATCAAGEACCATARGGACTITACCEAGCTIGTGEAACAGATE T TGAGGEARCTTIGETE
GETTIGATGTGECAGATATCTITICCTTCGCAGARATTIC TACATCATATTTCCGCCALGAGATCTAGETTA
ACTAGCATTCACAAABAGCTUGATAATTTART CAATARCC T TG TTCC TCAGCATAT TG T TGAAGCCTICALG
TARAACTAAGGAGARCGCTCCTIGATGTICTTCTAAGCCACAAAGATAGCCTTGAATTCCCATTGACAGDTG
ATAACCTTARAGCCATCATTTTEGTATCGAATTAATCCAATATATT T T M T T T TCANAAGGCCATAATACTS
TTAAACARGCTTCARAT T T T TATAACTARGTACATGCACTARC T T TACTACTCE TGAAAATATAATGAGT
CATCATAGGGETTCCATGAARTATACAGGACATGTTTACAGCAGGCACAGACRCTTCETCARCCACAATCG
AAEGGGTGATTTCGGAACTCATBAAGTGTCCGAGAGCTATGGAGAAAAEACAAGCGGAACTGAGGAAAGCA
CETARCGGARRAGARARGATCCACGAGGARGACATCCAAGAACTAAGCTACTTAAACTTGETAATCAARGK
ARCATTAAGGTTECACCCTCCACTACCC T I GG M T GCCACGAGAGTGCCETCAACCAGTCAATTTGECTSE
GATATGACATACCCARTAAGACCARACTTATTGTCARCETCTTTIGCCATAAATAGGEACCCTGAATACTGSE |
AARGACGCTGRATCTTTCATCCCAGAGCECCTTCTTARCTCTREGET (SEQ ID RO: 7}
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