
SEQUENCE LISTING 

<110> RO, DAE-KYUN 
NEWMAN, KARYN 
PARADISE, ERIC M. 
KEASLING, JAY D. 
OUELLET, MARIO 
EACHUS, RACHEL 
HO, KIMBERLY 
HAM, TIMOTHY 

<120> POLYNUCLEOTIDES ENCODING ISOPRENOIa _ 	, 
MODIFYING ENZYMES AND METHODS OF USE THEREOF 

<130> BERK-049W° 

<150> 60/697,067 
<151> 2005-07-05 

<160> 33 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 1488 
<212> DNA 
<213> Artemisia annua 

<400> 1 
atgaagagta tactaaaagc aatggcactc tcactgacca cttccattgc tcttgcaacg 60 
atccttttgt togtttacaa gttcgctact cgttccaaat ccaccaaaaa aagccttcct 120 
gagccatggc ggottoccat tattggtcac atgcatqact tgattggtac aacgccacat 180 
cgtggggtta gggatttagc cagaaagtat ggatctttga tgcatttaca gcttggtgaa 240 
gttccaacaa tcgtggtgtc atctccgaaa tgggctaaag agattttgac aacgtacgac 300 
attacctttg ctaacaggcc cgagacttta actggtgaga ttgttttata tcacaatacg 360 
gatgttgttc ttgoacctta tggtgaatac tggaggcaat tacgtaaaat ttgcacattg 420 
gagcttttga gtgttaagaa agtaaagtca tttcagtcac ttcgtgaaga ggagtgttgg 480 
aatttggttc aagagattaa agottoaggt tcagggagac cggttaacct ttcagagaat 540 
gttttcaagt tgattgcaac gatacttagt agagccgcat ttgggaaagg gatcaaggac 600 
cagaaagagt taacggagat tgtgaaagag atactgaggc aaactggtgg ttttgatgtg 660 
gcagatatct ttccttcaaa gaaatttctt catcatcttt cgggcaagag agctcggtta 720 
actagccttc gcaaaaagat cgataattta atcgataacc ttgtagctga gcatactgtt 780 
aacacctcca gtaaaactaa cgagacactc ctcgatgttc ttttaaggct caaagacagt 840 
gctgaattcc cattaacatc tgataacatt aaagccatca ttttggatat gtttggagca 900 
ggcacagaca cttcctcatc cacaatcgaa tgggcgattt cggaactcat aaagtgtccg 960 
aaagcaatgg agaaagtaca agcggaattg aggaaagcat tgaacggaaa agaaaagatc 1020 
catgaggaag acattcaaga actaagctac ttgaacatgg taatcaaaga aacattgagg 1080 
ttgcaccctc cactaccctt ggttctgcca agagagtgcc gccaaccagt caatttggct 1140 
ggatacaaca tacccaataa gaccaaactt attgtcaacg totttgcgat aaatagggac 1200 

atccctgaac cctgaatatt ggaaagacgc tgaagctttc gatttgaaaa tagttctgca 1260 
actgtcatgg gtgcagaata cgagtatctt ccgtttggag ctgggagaag gatgtgtcct 1320 
ggagccgcac ttggtttagc taacgtgcag cteccgctcg ctaatatact atatcatttc 1380 
aactggaaac tccccaatgg tgtgagctat gaccagatcg AcRtgaccga gagctctgga 1440 
gccacgatgc aaagaaagac tgagttgtta ctcgttccaa gtttctag 1488 

<210> 2 
<211> 495 
<212> PAT 
<213> Artemisia annua 

1 



<41A04- 1,20.  
Met Lys Ser Ile Leu Lys Ala Met Ala Leu Ser Leu Thr Thr Ser Ile 
1 5 10 15 

Ala Leu Ala Thr Ile Leu Leu Phe Val Tyr.  Lys Phe Ala Thr Arg Ser 
20 25 30 

Lys Ser Thr Lys Lys Ser Leu Pro Glu Pro Trp Arg Leu Pro Ile Ile 
35 40 45 

Gly His Met His His Leu Ile Gly Thr Thr Pro His Arg Gly Val Arg 
50 55 - 60 

Asp Leu Ala Arg Lys Tyr Gly Ser Leu Met His Leu Gln Leu Gly Glu 
65 70 - 75 80 
Val Pro Thr Ile Val Val- Ser Ser Pro Lys Trp Ala Lys Glu Ile. Leu 

85 90 95 
Thr Thr Tyr Asp Ile Thr Phe Ala Asn Arg Pro Glu Thr Leu Thr Gly 

100 105 110 
Glu Ile Val Leu Tyr His Asn Thr Asp Val Val Leu Ala Pro Tyr Gly 

115 120 125 
Glu Tyr 	 TLp Arg Gln Leu Arg Lys Ile Cys Thr Leu Glu Leu Leu Ser 

130 135 140 
Val Lys Lys Val Lys Ser Phe Gin Ser Leu Arg Glu Glu Glu Cys Trp 
145 150 155 160 
Asn Leu Val Gln Glu Ile Lys Ala Ser Gly Ser Gly Arg Pro Val Asn 

165 170 175 
Leu Ser Glu Asn Val Phe Lys Leu Ile Ala Thr Ile Leu Ser Arg Ala 

180 185 190 
Ala Phe Gly Lys Gly Ile Lys Asp Gln Lys Glu Leu Thr Glu Ile Val 

195 200 205 
Lys Glu Ile Leu Arg Gln Thr Gly Gly Phe Asp Val Ala Asp Ile Phe 

210 215 220 
Pro Ser Lys Lys Phe Leu His His Leu Ser Gly Lys Arg Ala Arg Leu 
225 230 235 240 
Thr Ser Leu Arg Lys Lys Ile Asp Asn Leu Ile Asp Asn Leu Val Ala 

245 250 255 
Glu His Thr Val Asn Thr Ser Ser Lys Thr Asn. Glu Thr Leu Leu Asp 

-260 265 270 
Val Leu Leu Arg Leu Lys Asp Ser Ala Glu Phe Pro Leu Thr Ser ASp 

275 280 285 
Asn Ile Lys Ala Ile Ile Leu Asp Met Phe Gly Ala Gly Thr Asp Thr 

290 295 300 
Ser Ser - Ser Thr Ile Glu Trp Ala Ile Ser Glu Leu Ile Lys Cys Pro 
305 310 315 320 
Lys Ala Met Glu Lys Val Gln Ala Giu Leu Arg Lys Ala Leu Asn Gly 

325 330 335 
Lys Glu Lys Ile His Glu Glu Asp Ile Gin Glu Leu Ser Tyr Leu Asn 

340 345 350 
Met Vai Ile Lys Giu Thr Leu Arg Leu His Pro Pro Leu Pro Leu Val 

355 360 365 
Leu Pro Arg Glu Cys Arg Gin Pro Val Asn Leu Ala Gly Tyr Asn Ile 

370 375 380 
Pro Asn Lys Thr Lys Leu Ile Val Asn Val Phe Ala Ile Asn Arg Asp 
385 390 . 395 400 
Pro Glu Tyr Trp Lys Asp Ala Glu Ala Phe Ile Pro Glu Arg Phe Glu 

405 410 415 
Asn Ser Ser Ala Thr Val Met Gly Ala Glu Tyr Glu Tyr Leu Pro Phe 

420 425 430 
Gly Ala Gly Arg Arg Met Cys Pro Gly Ala Ala Leu Gly Leu Ala Asn 

435 440 445 
Val Gln Leu Pro Leu Ala Asn Ile Leu Tyr His Phe Asn Trp Lys Leu 

450 455 460 
Pro Asn Gly Val Ser Tyr Asp Gin Ile Asp Met Thr Glu Ser Ser Gly 
465 470 475 480 
Ala Thr Met Gln Arg Lys Thr Glu Leu Leu Leu Val Pro Ser Phe 

2 



77186 	 490 495 

<210> 3 
<211> 2157 
<212> DNA 
<213> Artemisia annua 

<400> 3 
atgcaatcaa caacttccgt taagttatct gttacttaac 60 cccttcgatc taatgacggc 
ggcaaggtat cgttcgacac atcaaacaca tcggatacga atattccgtt agcggtgttt 120 
atggagaatc gtgagctttt gatgatttta actacttogg.ttgaggtgtt gatcggatgc 180 
gttgtggtgc ttgtgtggag acggtogtog tcggcggcga agaaagcggc ggagtcgccg 240 
gtgattgttg tgccgaagaa agtgacggag gatgaggttg atgacggacg gaagaaagtt 300 
actgtgtttt ttggaactca gactggtact gctgaaggtt ttgctaaggc gcttgttgaa 360 
gaagctaaag cgcgatatga aaaggcggtg tttaaagtga ttgatttgga tgattatgct 420 
gctgaagatg atgagtatga ggagaagtta aagaaagaat ctcttgcttt tttcttttta 460 
gctacgtatg gagatggtga gccgacagat aatgctgcta gattctataa atggtttacc 540 
gagggtgaag agaaaggtga atggcttgac aagcttcaat acgcagtgtt tggacttggt 600 
aacagacagt atgagcattt caacaagatt gcgaaggtgg tcgatgaaaa acttgtggag 660 
cagggtgcaa agcgccttgt tcctgttggc atgggagacg atgatcaatg tatcgaagac 720 
gacttcactg catggaaaga gttggtgtgg cctgagttgg atcaattact 780 tcgtgatgag 
gatgatacat ctgttgccac tccatacaca gctgctgttg gagaataccg tgttgtgttc 840 
catgacaaac cagagacata tgatcaggat caactgacaa atggccatgc tgttcatgat 900 
gctcaacatc catgcagatc caatgtcgct gtcaaaaagg agctccattc ccctctatct 960 
gaccggtctt goactuattt ggaatttgat atctctaata ctggattatc gtatgaaact 1020 
ggggaccatg ttggagtcta cgttgagaat ctaagtgaag ttgtggacga agctgaaaaa 1080 
ttaataggtt taccgccgca cacttatttc tcagtacata ctgataacga agacgggaca 1140 
ccacttggtg gagcctcttt gccacctcct ttccctccat gcactttaag aaaagcattg 1200 
gottcctatg ccgatgtttt gagctctcct aaaaagtcag ctttgcttgc tttagotgot 1260 
catgctactg attctactga agctgataga ctgaaatttt ttgcgtctcc tgctggaaag 1320 
gatgaatatg ctcagtggat agttgcaagc cacagaagtc tccttgaggt catggaggcc 1380 
ttcccatcag ctaagcctcc gcttggtgtt ttttttgcat ctgtcgcccc acgtttgeag 1440 
ccgagatact attccatttc ttcttcccca aagtttgcgc caaataggat tcatgtaact 1500 
tgtgcattag tgtatgagca aacaccatca ggccgcgttc acaagggagt ctgttcaaca 1560 
tggatgaaga atgccgtgcc tatgacagaa agccaggatt gcagttgggc cccaatttat 1620 
gttagaacat ccaatttcag acttcottct gatcctaagg tcccagttat catgattggc 1680 
ccaggcactg gattggctcc atttagaggt ttccttcagg aaaggttagc tcagaaggaa 1740 
gctgggactg agctcggaac agccatctta ttcttcggat gcaggaatcg caaagtggat 1800 
ttcatatatg aggacgagct taataatttc gtggagacgg gggctctttc cgagcttgtt 1860 
acggccttct ctcgtgaagg tgccactaag gagtacgtgc aacacaagat. gactcagaag 1920 
gcttcggata tctggaattt actctctgag ggagcatatt tgtatgtttg cggtgatgcc 1980 
aaaggcatgg ccaaagatgt acatcggact ctgcacacta ttgtgcaaga acagggatct 2040 
ctagactcct caaaggcgga gctctacgtg aagaatctac aaatggcagg aagatatctc 2100 
cgtgatgtat gggtcgacat ggaacagaag ttgatttccg aagaagacct cgagtaa 2157 

<210> 4 
<211> 718 
<212> PRT 
<213> Artemisia annua 

<400> 4 
Met Gln Ser Thr Thr Ser Val Lys Leu Ser Pro Phe Asp Leu Met Thr 
1 	 5 	 10 15 

Ala Leu Leu Asn Gly Lys Val Ser Phe Asp Thr Ser Asn Thr Ser Asp 
20 	 25 	 30 

Thr Asn Ile Pro Leu Ala Val Phe Met Glu Asn Arg Glu Leu Leu Met 
35 	 40 	 45 

Ile Leu Thr Thr Ser Val Ala Val Leu Ile Gly Cys Val Val Val Leu 
50 	 55 	 60 

Val Trp Arg Arg Ser Ser Ser Ala Ala Lys Lys Ala Ala Glu Ser Pro 
65 	 70 	 75 80 
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VaelLiAle/vaAWa.0.47rolimyarnySIMal Thr Glu Asp Glu Val Asp Asp Gly 
85 90 95 

Arg Lys Lys Val Thr Val Phe Phe Gly Thr Gln Thr Gly Thr Ala Gin 
100 105 110 

Gly Phe Ala Lys Ala Len Val Glu Glu Ala Lys Ala Arg Tyr Glu Lys 
115 120 125 

Ala Val Phe Lys Val Ile Asp Len Asp Asp Tyr Ala Ala Glu Asp Asp 
130 135 140 

Glu Tyr Glu Glu Lys Len Lys Lys Glu Ser Len Ala Phe Phe Phe Len 
145 150 155 160 
Ala Thr Tyr Gly Asp Gly Glu Pro Thr Asp Asn Ala Ala Arg Phe Tyr 

165 	. 	. 170 , ... 175 
Lys Trp Phe Thr Glu Gly Glu Glu Lys Gly Glu Trp Leu Asp Lys Leu 

180-  165 190 
Gln Tyr Ala Val Phe Gly Len Gly Asn Arg Gin Tyr Glu His Phe Asn 

195 200 205 
Lys Ile Ala Lys Val Val Asp Glu Lys Len Val Glu Gln Gly Ala Lys 

210 215 220 
Arg Leu Val Pro Val Gly Met Gly Asp Asp Asp Gln Cys. Ile Glu Asp 
225 230 235 240 
Asp Phe Thr Ala Trp Lys Glu Leu Val Trp.  Pro Glu Leu Asp Gln Len 

245 250 255 
Leu Arg Asp Glu Asp Asp Thr Ser Val Ala Thr Pro Tyr Thr Ala Ala 

260 265 270 
Val Gly Glu Tyr Arg Val Val Phe His Asp Lys Pro Glu Thr Tyr Asp 

275 280 285 
Gln Asp Gln Leu Thr Asn Gly His Ala Val His Asp Ala Gln His Pro 

290 295 300 
Cys Arg Ser Asn Val Ala Val Lys Lys Glu Leu His Ser Pro Len Ser 
305 310 315 320 
Asp Arg Ser Cys Thr His Leu Glu Phe Asp Ile Ser Asn Thr Gly Leu 

325 330 335 
Ser Tyr Glu Thr Gly Asp His Val Gly Val Tyr:Val Glu Asn Leu Ser 

340 345 350 
Gln Val Val Asp Glu Ala Glu Lys Leu Ile Gly Len Pro Pro His Thr 

355 360 365 
Tyr Phe Ser Val His Thr Asp Asn Glu Asp Gly Thr Pro Leu Gly .Gly..  

370 375 380 
Ala Ser Leu Pro Pro Pro Phe Pro Pro Cys Thr Leu Arg Lys Ala Leu 
385 390 395 400 
Ala Ser Tyr Ala Asp Val Leu Sur 'Ser - Pro Lys Lys Ser Ala Leu Len 

405 410 415 
Ala Leu Ala Ala His Ala Thr Asp Ser Thr Glu Ala Asp Arg Leu Lys 

420 425 430 
Phe Phe Ala Ser Pro Ala Gly Lys Asp Glu Tyr Ala Gln Trp Ile Val 

435 440 445 
Ala Ser His Arg Ser Len Leu Glu Val Met Glu Ala Phe Pro Ser Ala 

450 455 460 
Lys Pro Pro Leu Gly Val Phe Phe Ala Ser Val Ala Pro Arg Leu Gln 
465 470 475 480 
Pro Arg Tyr Tyr Ser Ile Ser Ser Ser Pro Lys Phe Ala Pro Asn Arg 

485 490 495 
Ile His Val Thr, Cys Ala Leu Val Tyr Glu Gln Thr Pro Ser Gly Arg 

500 505 510 
Val His Lys Gly Val Cys Ser Thr Trp Met Lys Asn Ala Val Pro Met 

515 520 525 
Thr Glu Ser Gin Asp Cys Ser Trp Ala Pro Ile Tyr Val Arg Thr Ser 

530 535 540 
Asn Phe Arg Leu Pro Ser Asp Pro Lys Val Pro Val Ile Met Ile Gly 
545 550 555 560 
Pro Gly Thr Gly Leu Ala Pro Phe Arg Gly Phe Leu Gin Glu Arg Leu 

565 570 575 

4 



An.H.GlinlIWGVhCMarGW4MYIGlu Leu Gly Thr Ala Ile Leu Phe Phe 
580 	 585 590 

Gly Cys Arg Asn Arg Lys Val Asp Phe Ile Tyr Glu Asp Glu Leu Asn 
595 	 600 605 

Asn Phe Val Glu Thr Gly Ala Leu Ser Glu Leu Val Thr Ala Phe Ser 
610 	 615 620 

Arg Glu Gly Ala Thr Lys Glu Tyr Val Gln His Lys Met Thr Gln Lys 
625 	 630 	 635 640 
Ala Ser Asp Ile Trp Asn Leu Leu Ser Glu Gly Ala Tyr Len Tyr Val 

645 	 650 655 
Cys Gly Asp Ala Lys Gly Met Ala Lys Asp Val His Arg Thr Leu His 

. 	660. 670 . 	. 
Thr Ile Val Gln Glu Gln Gly Ser Leu Asp Ser Ser Lys Ala Glu Len 

675 	 680 685 
Tyr Val Lys Asn Leu Gln Met Ala Gly Arg Tyr Len Arg Asp Val Trp 

690 	 695 700 
Vai Asp Met Glu Gin Lys Leu Ile Ser Glu Glu Asp Leu Glu 
705 	 710 	 715 

<210> 5 
<211> 1467 
C212>-  DNA..,  
<213> Artemisia annua 

<400> 5 
atggcacttt cactgaccac ctccattgct cttgocacga tcattttatt cgtaatttac 60 
aagttcgcta ctcgttccaa atccacaaaa aacagccttc, ctgagccatg gcgacttccc 120 
attattggtc acatgcatca cttgattggt acaataccac atcgtgggct tatggattta 180 
2ccagaaagt atggatcttt aatgcattta cagcttggtg aagtttcaac aatcgtggtg 240 
tcatctccga aatgggctaa agagattttg acaacgtacg acattgcctt tgctaacagg 300 
ccctggactt tggctggtga gattgttgta tatcgcaata caaatattgc tgctgcacct 360 
tatggtgaat actggaggcg attacgtaaa ctttgcacat cggagcttat gagtgttaag 420 
aaagtaaagt catatcagtc gcttcgtgaa gaggagtgtt ggaatttggt tcaagagatt 480 
aaagcttcag gttcagggat accggttaac ctttcagaga•acattttcaa gttgattgca 540 
acgatacttt gtagagccgc gtttggaaaa ggagtcaagg accagaagga gtgtacggag 600 
attatgaaag agatgttgag ggaagttggt ggttttgatg tagcagatat ctttecttcg 660 
aagaaatttc ttcatcatct ttcaggcaag agagccaggt taactagcat tcataagaag 720 
ctcgataatt ttatcaataa cattgttgct gagcatactt tcaaaacttc aagtaaaact 780 
gaggagacac ttcttgatgt tcttctaagg ctcaaagata gcgctgaatt cccattaaca 840 
gctgacaatg ttaaagccat cattttggat atatttgcag cagggacaga cacttcatca 900 
accacaatcg aatgggcgat ttcggaactc ataaagtgtc cgagagcgat 960 ggagaaagta 
caagcagaac tgaggaaagc acttaacgga aaagaaaaga tccatgagga agatattcaa 1020 
ggactaagct acttaaactt ggtaatcaaa gaaacattaa ggttgcaccc tccactaccc 1080 
ttgttgccaa gagagtgccg tgaaccagtc aatttggctg gatacgacat acccaataag 1140 
acaagactta ttgtcaacgt ctttgcgata aatagggacc cagaatactg gaaagacgct 1200 
gaaattttca tccccgaacg atttgaaaat agttctacaa ctctcatggg tgcagaatat 1260 
gagtatcttc cgtttggagc tgggagaagg atgtgtcctg gagccgcact tggtttagcc 1320 
aacgtgcagc taccgctcgc taatatacta tatcatttca actggaaact ccccaacggt 1380 
gcgagctatg atcagatcga catgaccgag aggtttggaa tctcggttga aagaaagact 1440 
cagttgttac tcgtaccaag tttctag 1467 

<210> 6 
<211> 488 
<212> PAT 
<213> Artemisia annua 

<400> 6 
Met Ala Leu Ser Leu Thr Thr Ser Ile Ala Leu Ala Thr Ile Leu Phe 
1 	 5 	 10 15 

Phe Val Ile Tyr Lys Phe Ala Thr Arg Ser Lys Ser Thr Lys Asn Ser 
20 	 25 30 

5 



Ile.i1.-Pgo/G1141474Pk45G;Ttp=dumero Ile Ile Gly His Met His His Leu 
35 40 45 

Ile Gly Thr Ile Pro. His Arg Gly Leu Met Asp Leu Ala Arg Lys Tyr 
50 55 60 

Gly Ser Leu Met His.  Leu Gln Leu Gly Giu Val Ser Thr Ile Val Val 
65 70 75 80 
Ser Ser Pro Lys Trp Ala Lys Glu Ile Leu Thr Thr Tyr Asp Ile Ala 

85 90 95 
Phe Ala Asn Arg Pro Trp Thr Lou'Ala Gly Glu Ile Val Val Tyr Arg 

100 105.  110 
Asn Thr Asn Ile Ala Ala Ala Pro Tyr Gly Glu Tyr Trp Arg Arg Leu 

• 115 120 . 	.. 125 
Arg Lys Leu.Cys Thr Ser Glu Leu Met Ser Val Lys Lys.  Val Lys Ser 

130 135 140 
Tyr Gln Ser Leu Arg Glu Glu Glu Cys Trp Asn Leu Val Gln Glu Ile 
145 150 155 160 
Lys Ala Ser Gly Ser Gly Ile Pro Val Asn Leu.  Ser Glu Asn Ile Phe 

165 170 175 
Lys Leu Ile Ala Thr Ile Leu Cys Arg Ala Ala Phe Gly Lys Gly Val 

180 185 190 
-Lys Asp Gln Lys Glu Cys Thr Glu Ile Met Lys Glu Met Leu Arg Glu 

195 200 205 
Val Gly Gly Phe Asp Val Ala Asp Ile Phe Pro Ser Lys Lys Phe Leu 

210 215 220  
His His Leu Ser Gly Lys Arg Ala Arg Leu Thr Ser Ile His Lys Lys 
225 230 235 240 
Leu Asp Asn Phe Ile Asn Asn Leu Val Ala Glu His Thr Phe Lys Thr 

245 250 255 
Ser Ser Lys Thr Glu Glu Thr Leu Leu Asp Val Leu Leu Arg Leu Lys 

260 265 270 
Asp Ser Ala Giu Phe Pro Leu Thr Ala Asp. Asn Val Lys Ala Ile Ile 

275 280 285 
Leu Asp Ile Phe Ala Ala Gly Thr Asp Thr Ser Ser Thr Thr Ile Glu 

290 295 ,300 
Ala Ile Ser Glu Leu Ile Lys Cys Pro Arg; Ala Met Glu Lys Val Trp 

305 310 315 320 
Gin Ala Glu Leu Arg Lys Ala Leu Asn Gly Lys Glu Lys Ile His Glu 

325 330 335 
Glu Asp Ile Gin Gly Leu Ser Tyr Leu Asn Leu Val Ile Lys Glu Thr 

340 345 350 
Lou Arg Leu His Pro Pro Leu Pro Leu Leu Pro Arg Glu Cys Arg Glu 

355 360 365 
Pro Val Asn Leu Ala Gly Tyr Asp Ile Pro Asn Lys Thr Arg Leu Ile 

370 375 380 
Val Am Val Phe Ala Ile Asn Arg Asp Pro Glu Tyr Trp Lys Asp Ala 
385 390 395 400 
Glu Ile Phe Ile Pro Glu Axg Phe Glu Asn Ser Ser Thr Thr Lou Met 

405 410 415 
Gly Ala Glu Tyr Glu Tyr Lou Pro Phe Gly Ala Gly Arg Arg Met Cys 

420 425 430 
Pro Gly Ala Ala Leu Gly Leu Ala Asn Val Gln Leu Pro Leu Ala Asn 

435 440 445 
Ile Leu Tyr His Phe Asn Trp Lys Leu Pro Asn Gly Ala Ser Tyr Asp 

450 455. 460 
Gin Ile Asp Met Thr Glu Arg Phe Gly Ile Ser Val Glu Arg Lys Thr 
465 470 475 480 
Gln Leu Leu Leu Val Pro Ser Phe 

485 

<210> 7 
<211> 1038 

6 



42102.> 0 1MAI. 
<213> Artemisia annua 

<400> 7 
gcccttcgag ccgtatgggg attactggcg gcaattacgt aaactttgca cattggagct 60 
tttgagtgct aagaaagtag agtcatatca gtcgcttcgt gaagaggagt gttggaattt 120 
agttcaagag attaaagctt caggttcagg gataccggtt aacctttcag agaatattta 180 
caagttggtt gcaatgatac ttagtagagc tgcgtttggg aaaagaatca aggaccataa 240 
ggagtttacg•gagcttgtgg aacagatgtt gagggaactt ggtggttttg atgtggcaga 300 
tatctttcct tcgcagaaat ttctacatca tatttcgggc aagagatcta ggttaactag 360 
cattcacaaa aagctcgata atttaatcaa taaccttgtt gctgagcata ttgttgaagc 420 
ctcaagtaaa actaaggaga cgctccttga tgttcttcta aggcacaaag. atagccttga 480 
attcccattg acagctgata acgttaaagc catcattttg gtatgaatta atccaatata 540 
tttttttttt caaaaggcca taatagtgtt aaacaagctt gaaatttttt ataactaagt 600 
acatgcacta actttagtac tcgtgaaaat ataatgagtc atcatagggg ttccatgaaa 660 
tatacaggac atgtttacag caggcacaga cacttcgtca accacaatcg aatgggtgat 720 
ttcggaactc ataaagtgtc cgagagctat ggagaaaata caagcggaac tgaggaaagc 790 
acttaacgga aaagaaaaga tccacgagga agacatccaa gaactaagct acttaaactt 840 
ggtaatcaaa gaaacattaa ggttgcaccc tccactaccc ttggttttgc cacgagagtg 900 
ccgtcaacca gtcaatttgg ctggatatga catacccaat aagaccaaac ttattgtcaa 960 
cgtctttgcg ataaataggg accctgaata ctggaaagac gctgaatctt tcatcccaga 1020 
gcgcttctta actctggt 1038 

<210> 8 
<211> 6 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> linker peptide 

<400> 8 
Ala Ala Ala Gly Gly Met 
1 	 5 

<210> 9 
<211> 14 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> linker peptide 

<400> 9 
Ala Ala Ala Gly Gly Met Pro Pro Ala Ala Ala Gly Gly Met 
1 	 5 10 

<210> 10 
<211> 6 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> linker peptide 

<400> 10 
Ala Ala Ala Gly Gly Met 
1 	 5 

7 



4fle>"ri 
<211> 8 
<212> PRT 
<213> Artificial.Sequence 

<220> 
<223> linker peptide 

<400> 11 
Pro Pro Ala Ala Ala Gly Gly Met 
1 	 5 

<210> 12 
<211> 4 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> linker peptide 

<400> 12 
Ile Glu Gly Arg 
1 

<210> 13 
<211> 6 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> linker peptide 

<400> 13 
Gly Gly Lys Gly Gly Lys 
1 	 5 

<210> 14 
<211> 25 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<220> 
<221> misc feature 
<222> 	9, 	18, 	20 
<223> N = C or T 

<220> 
<221> misc feature 
<222> 11, 14, 	17 
<223> n = A,T,C or G 

<400> 14 
tccgaccana nggngannan tggag 25 

<210> 15 
<211> 25 



421he>"DNA- 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<220> 
<221> misc_feature 
<222> 	(13)...(13) 
<223> N = G or T 

<220> 	. 	 . 
<221> misc_feature 
<222> 	(14)...(14) 
<223> N = C or T 

<220> 
<221> misc_feature 
<222> 	(20)...(20) 
<223> N = A, G or T 

<220> 
<221> misc_feature 
<222> 	(23)...(23) 
<223> N = A or G 

<220> 
<221> mist feature 
<222> 11,17 
<223> n = A,T,C or G 

<400> 15 
tccgaccaaa ncnntcnggn atnaa 

<210> 16 
<211> 29 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<220> 
<221> misc_feature 
<222> 	(9)—( 9 ) 
<223> N = A or G 

<220> 
<221> misc_feature 
<222> 	(12)...(12) 
<223> N = C or T 

<220> 
<221> misc_feature 
<222> 	(16) . . . (1 5) 
<223> N = A or G 

<220> 
<221> misc_feature 
<222> 	(1E3)—(18) 
<223> N = C or T 

25 



421e>t 
<221> misc_feature 
<222> 	(21)... (21) 
<223> N = C or T 

<220> 
<221> misc_feature 
<222> 	(24)...(24) 
<223> N = C or T 

<220> 
<221.> misc_feature 
<222> 	(27)...(27) 
<223> N = A or G 

<400> 16 
ccagcacant angancantt naanaanat 

<210> 17 
<211> 29 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<220> 
<221> misc_feature 
<222> 	(15)...(15) 
<223> N = C or T 

<220> 
<221> misc_feature 
<222> 	(21)...(21) 
<223> N = A or G 

<220> 
<221> misc_feature 
<222> 	(27)...(27) 
<223> N= A or G 

<220> 
<221> misc feature 
<222> 12, 18, 	24 
<223> n = A,T,C or G 

<400> 17 
ccagcagcca tnccnttngc ntcnccnca 

<210> 18 
<211> 33 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 18 
acgtctagaa tgaagagtat actaaaagca atg 

<210> 19 
<211> 34 

29 

29 

33 
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<21.2>4  DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 19 
acgtctagag cgaaacttgg aacgagtaac aact 34 

<210> 20 
<211> 37 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 20 
atggatccta tgcaatcaac aacttccgtt aagttat 37 

<210> 21 
<211> 34 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic prime 

<400> 21 
tatgtcgacc catacatcac ggagatatct tcct 34 

<210> 22 
<211> 32 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 22 
ggactagtaa aacaatggcc ctgaccgaag ag 32 

<210> 23 
<211> 29 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 23 
ccaagctttc agatggacat cgggtaaac 29 

<210> 24 
<211> 29 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 24 

11 



dtgec4eggnetgtvaattan d tc 

<210> 25 
<211> 29 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 25 
- 	ctgccgcggt agtacggatt agaagccgc 

<210> 26 
<211> 35 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 26 
cgggatccaa aacaatggct gcagaccaat tggtg 

<210> 27 
<211> 30 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 27 
gcgtcgactt aggatttaat gcaggtgacg 

<210> 28 
<211> 35 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 28 
cgggatccaa aacaatgagc gaagtcggta tacag 

<210> 29 
<211> 34 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> synthetic primer 

<400> 29 
gcgtcgactc ataacgaaaa atcagagaaa tttg 

<210> 30 
<211> 37 
<212> DNA 
<213> Artificial Sequence 

29 

29. 

35 

30 

35 

34 
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4124Alt> 
<223> synthetic primer 

<400> 30 
ggactagtaa aacaatggct tcagaaaaag aaattag 

<210> 31 
<211> 30 
<212> DNA 
<213> Artificial Sequence 

-<220> 	 . 
<223> synthetic primer 

<400> 31 
tcccccgggc tatttgcttc tcttgtaaac 

<210> 32 
<211> 8 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> motif 

<400> 32 
Gln Tyr Glu His Phe Asn Lys Ile 
1 	 5 

<210> 33 
<211> 8 
<212> PRT 
<213> Artificial Sequence 

<220> 
<223> motif 

<400> 33 
Cys Gly Asp Ala Lys Gly Met Ala 
1 	 5 

37 

30 
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