<110> RO,

DAE~KYUN
NEWMAN,

KARYN

PARADISE, ERIC M.

KEASLING, JAY D.
OUELLET,
EACHUS,
KIMBERLY

HO,
HAM,

<12Z0> POLYNUCLEOTIDES ENCODING ISOPRENOID.

MARIO
RACHEL

TIMOTHY

SEQUENCE LISTING

MODIFYING ENZYMES AND METHODS OF USE THEREOF

<130> BERK-049WO

<150>
<151>

<160> 33

<170

<210> 1 -
<211> 1488
<212> DNA
<Z213>

<400> 1

atgaagagta
atccttttgt
gagceatgge
cgtggggtta
gttcocaacasa
attacctttg
gatgttgtte
gagebttttga
aatttggtte
gtttteoaagt
cagaaagagt
goagatatot
actageette
aacaccteea
getgaattec
ggoacagaca
aaageaatgg
catgaggasag
ttgeoacccte
ggatacaaca
cotgaatatt
actgtcatgg
ggagocyoaEc
zactggaaac
gecacgatoe

<210>» 2
<211> 485
<212> PRT

60/697,067
2005~

67-05

tactaaaagc
teogtttacaa
ggcttcecat
gggatitage
tegtggtgto
ctaacaggec
ttgcacctis
gtgttaagaa
aagagattaa
tgattgcaac
taacggagat

“tteccttcaaa

gcaaaaagat
gtaaaactaa
cattzacatc
ctteoocteate
agaaaghacsa
acattcaaga
cactacecctt
tacccaatasa
ggaaagacgc
gtgcagaata

ttggtttage

toeceaatay
aaagasagac

<213> Artemisia annua

Artemisia annua -

aatggeacte
gttegetact
tattggtcac
cagaaagtat
atotecogaaa
cgagactita
tggtgaatac
aghaaagtca
agottoaggt
gatacttagt
tgtgasagag
gaaatttctt
cgatastita
cgagacactc
tgataacatt
cacaategaa
ageggaattg
actaagetac
ggttetgoca
gaccaaactt
tgaagetite
cgagtatctt
taacgtgceag
tgtgagetat
Ltgagttgtta

FagtSEQ for Windows Version 4.0

teactgacoa
cgttecaaat
atgcatgact
ggatctttga
tgggctaaag
actggtgaga
tggaggoaat
tttcagtcac
tcagggagac
agagocgeat
atactgagge
catcatckit
atcgataace
ctegatgtte
aaageoratca
tgggegattt
aggaaagcat
ttgaacatgg
agagagtgeg
attgtcaacg
atccoctgaac
cocgtitggag
ctecogeteg
gaccagatag
ctegttecas

ctteocattge
ccaccaaaaa
tgattggtac
tgecatttaca
agattttgac
ttgttttata
tacgtaaaat
ttegtgaaga
cggttaacet
ttgggaaagy
aaactgctgg
cgggcaagag
ttgtagctga
ttttaaggot
tittggatat .
cggaactcat
tgaacggaaa
taatcazaga
gccaacoagt
tcottigegat
gatttgzaaa
ctyggagaag
otaatatact
acatgaccga
gtttctag

tottgcaacg
aagestitccoct
aacgocacat
gettagtoda
aacgtacgac
teacaatacy
ttgeacattg
ggagtgttgg
ttecagagaat
gatcaaggac
ttttgatgtg
agetcggtta
geatactgtt
caaagacagt

gtttggagea

aaagtgtocg
agazazgatc
aacattgagg
caatttgget
aaatagggac
tagttctgea
gatgtgtect
atatecattte
gagctotgga

&0
120
180
240
300
360
420
480
540
6C0
660
T20
780
B840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1488



<EUWE WL

Met
1
Ala
Lys
Gly
Asp
65
Val
Thr
Giu

Glu
Val
145
Asn
Leuy
Ala
Lys
Pro
225
Thr

Glu

val-

Asn
Ser
305
Lys
Lys
Met
Leu
Pro
385
Pro
Asn
Gly
vVal
Pro

485
Ala

Lys
Leu
Ser
His
50

Len
Pro
Thi
Ile
Tyr
130
Lys
Leu
Ser
Phe
Glu
210
Ser
Ser
His
Leu
Ile
290
Sex
Ala
Glu
Val
Pro
370
Asn
Glu
Ser
Ala
Gin
450

Asn

Thr

Ser
Ala
Thr
35

Met

Ala

Thr

Tyx

Val
115

Trp
Lys
Val
Glu
Gly
195
Ile
Lys

Leu

Thr.

Leu
275
Lys

‘Ser

Met

Ser
Gly
435
Leu

Gly

Met

Ile
Thr
20

Lys

His

Gln
Asn
i80
Lys
Leu
Lys
Arg

Val

260

Arg
Ale
Thr
Glu
Ile

340
Lys

- Gln

Thr

¢ Trp

Ala
220

Arg
Pro
Val

Gln

Leu
Ile
Lya
Bis
Lys
Val
g5

Tle
Tyr
Gln
Lye
Glu
ig5
Val
Gly
Arg
Phe
Lys
245
Bsn
Leu
Ile
Ile
Lys
325
His

Glu

Thx
Brg
Leu
Sexr

Arg

Lys
Leu
Ser
Leu
Tyr
70

Val
Thr
His
Leu
Serxr
150
Ile
Phe
Ile
Gln
Leu
230
Lys
Thr
Lyvs
Iie
Glu

310
Ya

Thr
Arg
Leu
380
Asp
val
Met
Ala
Tyr

470
Lys

Ala
Leu
Leu
Ile
55

Gly
Ser
Phe
Asn
Arg

1358
Phe

Thr
215
His

Ile

Ser

‘Asp

Leu

295

Trp
Gin
Glu
Leu
Gln
378
Ile
Ala
Met
Cys
Asn
455
Asp

Thr

Met

Phe
Pro
40

Gly
Ser
Ser
Ala
Thr
120
Lys
Gin
Ala
Leu
Asp
200
Gly
His
Asp

Ser

Ser

280

ASp

Ala

Alae
Asp
Arg
360
Pro
Val
Glu
Gly
Pro

440
Ile

Glu

Ala

Val
25

Glu-

Thr
Lien
BPro
Asn
105
Asp
Ils
Ser
Ser
Ile
185
Gin
Gly
Leu
Asn
Lys
265
Bla
Met

Ile

Ile
345
Leu
Val
Asn

Ala

Alz
£25

L2

Gly

Len

Leu
10
Tyr.
Pro
Thr
Met
Lys
80
Arg
val
Cys
Lei
Gly
170
Ala
Lys
Phe
Ser
Len
250
Thr
Glu
Phe
Ser
Leu
330
Gln
His
LEsn
Val
Phe
410
GSlu
Ala
Tyx

Asp

Leu

Ser
Lys
Trp
Pro
His
75

Trp
Pro
Val
Thr
Arg
1585
Ser
Thr
Glu
Asp
Giy

235
Ile

Asn.

Phe

Gly

Glu
315
kry
Glu
Pro
Leu
Phe
385
Ile
Tyr
Ala
His
Met

475
Leu

Leu
Phe
Arg
His
(aH]

Leu
Ala
Glu
Leu
Leu
140
Glu
Gly
Ile
Leu
Val
220
Liys
ASp
Glu
Pro
Ala
300
Leu

Pro
Alz
380
Ala
Pre
Glu
Leu
Phe
460
Thr

Val

Thr
Ala
Leu
45

Arg
Gln
Lys
Thr
Ala
125
Glu
Glu
Arg
Leu
Thx

205
Ala

Ala
Ser
Leu
365
Gly
Ile
Glu
Tvr
Gly
445
AsSn

Glu

Pro

Thr
Thr
30

Pro
Gly
Leu
Glu
Leu
1190
Tro
Leu
Glu
Pro
Ser
180
Glu
Asp
Ala
Leu
Leu
270
Thr
Thr
Lys
Leu
Tyr
350
Pro
Tyr
Asn

Arg

Leu
430

Ten

Trp
Ser

Ser

Ser
15

Arg
Ile
Val

Gly

Ilie.

95
Thr

Tyr
Lieau
Cys
Val
175
Arg
Iie
ile
Arg

val

- 2585

Leu

Ser'

BAsp
Cys
Asn
335
Leu
Leu
Asn

Arg

Phe

Ile
Ser
Ile
Arg
Giu
80

Ley
Gly
Gly
Ser
Trp
150
Asn
Ala
Val
Phe
Leu
240
Ala
Asp
ASp
Thr

_Pro
320

Gly
Asn
Val
Ile
Asp

400
Glu

415 .

Pro
Rla
Lys
Ser

Phe

Phe
Asn
Leu

Gly
480



<210> 3

<211> 2157
<212> DHNA
<Z13>

<400> 3

atgeaatcas
ggcaaggtat
atggagaatc
gttgtgytge
gtgattgttg
actgbgbttt
gaagctaaag
gctgaagaty
getacgtatg
gagggtgaag
aacagacagt
cagggtgeas
gacttocactg
gatgatacat
catgacaaac
gctcaacate
gacecggtett
ggggacecaty
ttaataggtt
ccacttggty
gettoctaty
catgctactg
getgaatatyg
ttcoeoatoay
cecgagatact
tgtgcattag
tggatgaaga

gttagaacat.

ccaggcacty
getgggactyg
ttcatatatg
acggecttet
gectteggata
aaaggeatgy
ctagactect
cgtgatgtat

<210> 4
<211> 718 °
<212> PRT
<213>

<4060>

Met
1

Ala

4

Thr
35

Artemisia

Gin Ber Thr
Len Leu Asn

Asn Tle Pro

ABS

Artemisia annua

caactteagt
cgttogacac
gtgagetttt
ttgtgtygag
tgecgaagaa
ttggaactea
cgegatatga
atgagtatga
gagatggtga
agasaggtyga
atgagoattt
agcegecttgt
catggaaaga
ctgttgecac
cagagacata
catgcagate
gractcattt
ttggagtcta
taccgoogea
gagcectottt
ceogatgtttt
attctactga
cteagtggat
ctaagcetoc
aticeocattte
tgtatgagea
atgccgtgee
ceaattteag
gattggeteo
agctoggaac
aggacgagcet
ctegigaagy
tctggaatit
ccaaagatgt
caaaggogga
ggogtagacat

annus

Thr

Gly
20

Leu Al

Ser

Lys

taagttatet
atcaaacaca
gatgatttta
acggtegtey
agtgacggag
gactggtact
aaaggceggty
ggagaagthta
googacagat
atggettgac
caacaagatt
tcotgttgge
gttggtgtgg
teoatacaca
tgatcaggat
czatgtoget
ggaattigat
cgttgagast
cacttatttc
geeacctoct
gagctoteot
agectgataga
agtigeaage
gettggtgtt
ttetteocera
aacacecatca
tatgacagaa
acttecttet
atttagaggt
agaocatctia
taataatttc
tgcoactaag
actetotgay
acatceggact
gotectacgtyg
ggaacagaag

Val Ser

a
40

Val Lys Leu

Val Phe Met

48C

ceccttegate
tcggatacga
actacttcgg
teggeggega
gatgaggtty
gotgaagght

tttaaagtgs,

aagaaagaat
aatgetgcta
aagcttcaat
gcgaaggtgy
atgggagacyg
cotgagttgg
getgetygtto
caactgacaa
gtcaaaaagy
atctotaata
ctaagtgaayg
tcagtacata
ttceccteocat
azaaagtcag
ctgaaatttt
cacagaagtc
ttttttgeat
aagtttgego
ggccgegttoe
agccaggatt
gatcetaagg
ttecttcagg
ttottcggat
gtggagacgg
gagtacgtge
ggagcatatt
ctgcacacta
aagaatctac
ttgatttocyg

Sear Pro
10

Phe Asp Thr
25

Glu Asn

taatgacgge
atatteegtt

‘ttgegghgte

aganagogge
atgacggacyg
ttgetaagge
ttgatttgga
ctebtgotet
gattctataa
acgoagtgtt
tegatgaaaa
atgatcaatyg
atcaattact
gagaataccy
atggccatge
agctccatte
ctggatiate
ttgtyggacyga
ctgataacyga
geactttaag
ctittgettge
ttgogteteo
tecttgaggt
ctgtcegeeocoe
caaataggat
acaagggagt
geagttggyge
teccagttat
asaggttage
geaggaateg
gggotottte
gacacaagat
tgtatgtttyg
ttogtgeaaga
aaatggoagg
aagaagacct

Phe Leun

Thr
30
Leu

Ser Asn

Arg Glu
45

Ile

Val
65

Leu Thr Thr
50

Trp Arg Arg

Ser Val

Ser
70

Ser

Ala Val Leu
55
Ser Als Ala

Ile Gly

Lys Lys
75

Cye Val
60

Ala Als

Val

Glu

498

gttacttaac
ageggtgttt
gatcggatge
ggagtcgecyg
gaagaaagtt
gettogttgaa
tgattatget
tttottttts
atggtttacce
tggacttggt
acttgtggag
tategaagac
togtgatgag
tgttgtgtte
tgtteatgat
cectctatot
gtatgaaact
agctgaasaa
agacgggacsa
aazagcattg
titagotget
tgctggazag
catggaggee
acgtttglag
teoatgtaact
ctgttcaaca
ccocaatttat
caktgattgge
tcagaaggaa
caaagbggat
cgagettgtt
gactcagaag
cggtgatgee
acagggatet
aagatatcto
cgagtasa

Metl
15

Ser
Leu

Val I

Ser

&0
120

180

240
300
360
420
480
540
600
660
720
780
840
300
860
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2157



VL LE e VD S8l TR0 LN S ilal

Arg Lys Lys Val

Gly
Ala
Glu
148
Ala
' Lys
Gln
Lys
Arg
225
Asp
Leu
Val
Gln
Cys

305
Asp

Ser
Glu
Tyr
Ala
385
Rla
Ala
Pha
Ala
Lys
485
Pro
Ile
Val
Thr
Asn

545
Pro

Phe

val
130

Tyr

Thr
Trp
Tyr
Ile
210
Leu
Phe
Arg
Gly
Asp
280
Arg
Arg
Tyxr
Val

Bhe
370

Ser

Sex

Leu

Phe

Sexr

Alz
118
Phe
Glu
Tyr
Phe
Ala
155
Ala
Vval
Thr
Asp
Glu
275
Gln

Ser

Ser

Glu

Val
355

Ser

Leu

Tyr

Ala

Ala
435
His

450

Pro
Aryg
His
His
Gla
530
FPhe

GBly

Proc

Thr

100
Lys

Lys

Glu
Gly
Thr
186
Val
Liys
Pro

Alzn

Glu
260

Tyr

Leu

Ala
Ala
420
Ser
Arg
Leu
Tyr
Thr
500
Gly
Gln

Leu

Gly

B85
Thr

Ala
Val
Lys

Asp

165"

Glu
Phe
Val
Val
Trp
245
Asp
Arg
Thr
Val
Thr
325
Gly
Giu
His
Pro
Asp
405
Hiz
Pro
Ser

Gly

Ser
485

Cys

val
Asp
Pro

Lisu

565

Val
Leu
Iie
Leu
150
Gly
Gly
Gly

Val

GLy’

230
Lys

Asp

‘Val

Asn
Ala
310
His
Asp
Ala
Thr
Pre
380
Val

Ala

Leu
val
470
Ile
Ala
Cys
Cys
Ser

550
Ala

Phe
Val
Asp
135
Lys

Gin

‘Glu.

Leu

Asp
215
Met

Glu

Thx
Val
Gily
2585
Val
Leu
Hisg
Giu
AsD
375
Phe
Leu
Thr
Gly
Leu
455
FPhe
Ser
Leu
Ser
Ser
535
Asp

Pro

Phe
Glu
120
Teu

Lys

Pro

.Glu

Gly
200
Glu
Gly
L.eu
Ser
Phe
280
His
Lys
Glu
Val
Lys
360

Asn

Pro

“Sar

Asp
Lys
440G
Glu
Phe
Sexr
Val
Thr
520
Trp

Pro

Phe

Thx
Gly
105
Glu
AsSp
Glu
Thr
Lys
185
Asn
Lys
Asp
Val
Val
265
His
Ale

Lys

Phe As

Gly
345

Leu

Glu

Pre

~G&E

Ser
425
Asp
Val
Ala
Ser
Tvr
505
Trp
Bla
Lys

Axg

Glu
90

Thr
Ala
Asp

Ser

Aszp

Asp
Gln
Lys
Tyxr
Leu

155
Asn

170

Gly
Ary
Leu
Asp
Trp
250
Ala
Asi:
Val

Gliu

Ile

Asp

Cys-

Pro
410
Thr
Glu
Met
Ser
Pro
490
Glu
Met
Pro

Val

Gly
570

Glu
Gln
Val
Asp
238
Pro
Thr
Lys
His
Leu
315
Ile
Tyr
Gly
Giy
Thr
385
Lys
Glu
Tyr
Glu
Val
475
Lys
Gln
Lys
Tle
BPro

555
Phe

Glu
Thr
Alz
Ala
140
Als

Als

TEp

Pyr

Glu
220
Gin

Glu

Pro

Pro

Asp

- 300

His

Ser

Val

L2t

Thr
380
Lieu

Lys -

Ala
Bla
Ala
460
Ala
Fhe
Thr
Asn
Ty
540

Val

Leu

Val
Gly
hrg
125
Ala
Phe
Ala
Leﬁ
Glu
205
Gln
Cys
Leu
Tyr
Glu
285
Ala
Ser
Asn
Glu

Pro

Pre

Pro
Ala
525
val
Ile

Gln

Asp
Thr
110
Tyxr
Glu
Phe
Arg
Asp
180

is
Gly
Ile
Asp
Thr
270
Thr
Gln
Pro
Thx
Asen
358

Pro

Ley

Asp
Ala
Glu
Asp
Phe
Phe
175
Lys
Phe
Ala
Glu
Gln

255
Ala

His
Leu
Gly
335
Leu
His
Gly
Ala
Leu
415

Leu

Ile

Leu
Asn
485
Gly

Pro

g Thr

Ile

Arg
575

Gly
Glu
Lys
Asp
Leu
160
Tyx
Len
Asn
Lys
Asp
240

Leu

Ala

-Asp

Pro
Ser
320
Leu
Sen
Thr
Gly
Leu
400
Leu
Lys
Val
Ala
Gln
480
Arg
Arg
Met
Ser
Gly

560
Lau



ARELG I AR o NS I ST MG 1

GLly

580
Cys Arg Asn

Axrg

Lys

vVal

Asp

585
Phe Vzl
610

Glu

Asn

Arg
625
Ala

Gly

Ser Asp

Cys Gly Asp
Val
€75
Lys

Thr Ile
Val
630
Asp

Tyr

Val
705

Met

<210> 5
<21i> 1487
C 212D

<213» Artemisia

<400> 5

atggeactit
aagtteogota
attattggte
gcoagaaagt
teatctoega
ceectggactt
tatggtgaat
aaagtaaagt
aaagcttcag
acgatacttt
attatgaaag
aagaaatttc
ctcogataatt
gaggagacac
gctgacaatg
accacaatcg
caagoagaac
ggactaaget
ttgtitgecaa
acaagactta
gaaattttca
gagtatettce
aacgtgeage
gegagetatyg
cagttgttac

<210> &

<211> 488
<Z212> PBRT
<Z13>

<400> &

Glu Thr

Ala Thr

Gly

Lys

600
Ala Leu
615

Glu Tyr

630

Ile Trp
645
Ala Lys
660 .
Gln Glu

Asn Leu

Gluy Gln

Asn
Gly
Gln
Gln

Lys

Leu kLeu

Met Ala
Ser
680
Ala

Gly

Met
685

Leu Ile

710

annua

cactgacecac
ctegticeaa
acatgeatca
atggatcottt
aatgggeotaa
tggetggtga
actggaggcy
catatcagtc
gttoagggat
gtagagocege

agatottgag-

ttoatcatet
ttatcaataa
ttecttgatgt
ttazageoeat
satgggogat
tgaggaaagc
acttaaactt
gagagtgeog
ttgteaacgt
teccocgaacg
cgtttggage
taccgetoge
atcagatega
tegtaccaag

Artemisia annua

ctecatiget
atccacaaas
cttygattggt
aabtgcattta
agagatittyg
gattygttgta
attacgtaaa
gettegigaa
accggttaac
gtitggaaaa
ggaagtitggt
ttoaggeaag
cetigtiget
tottctaagg
catttiggat
tteggaacte
acttaacgga
ggtaatcaan
tgaaccagtc
ctttgegata
atttgaaaat
tgggagaagg
taatatacta
catgacogay
tttectag

Val

Len Thx
585

Phe

Gly

Ile Tyr

Ser Glu Leu

Gin His
635
Glu Gly
650
Lys Asp
665
Leu Asp

Ser
Val
Ser

Gly Arg Tyr

Glu Glu

715

Ser

cttgeocacgsa

aacageccttc
acaataccac:

cagcttgytyg
acaacgtacy
tatecgeaata
ctttgecacat
gaggagtogtt
ctittcagaga
ggagtcaagy
ggttttgatg
agagcocaggt
gagcatagtt
ctoazagata
atatttgeag
ataaagtygta
aaagasaaga
gagacattaa
aatttggetg
aatagggacs
agttctacas
atgtgtecty
tatcatttca
aggtttggaa

Met Bla Leu Ser Leu Thr Thr Ser Ile Ala Leu

1

5

10

Phe Val Ile Tyr Lys Phe Ala Thr Arg Ser Lys

20

25

Ala

Glu

Iie

Asp

605

Val Thr

- 620

Lys Met

Ala Tyx

His Arg

Glu
Al§
Thr
Leu

Thr

Phe Phe

Leu Asn

Phe Ser

Gln Lys
640
Tyr Val
655

Leu His

670

Ser Lys
685
Leu Arg
700

Asp Leu

tcottttett
ctgagocaty
ategtggget
aagtttcaac
acattgectt
caaatattgce
cggagettat
ggaatttggt
acattttcaa
accagaagga
togecagatat
taactagecat
teaaaactie
goegetgaatt
cagggacaga
cgagagegat
tcocatgagga
ggttgcacos
gatacgacat
cagaatacty
cteteatgay
gagecegeact
actggaaact
tctegytiga

Ala

Asp

Glu

Glu Leu
Val Trp

cgtaatttac
gogacttece
tatggattta
aatocgtggtg
tgctaacagg
tgetgeacet
gagtgttaag
tcaagagatt
gttgattgcs
gtgtacggag
ctttcoctiog
toataagaay
sagtaaaact
ceoecattaaca
cacttcatca
ggagaaagta
agatattcas
tocactacce

acoccaataag-
gaaagacgoet.

tgecagaatat
tggtttagen
coocaacggt
aagaaagact

BZla Thr Ile Leu Phe

15

S8er Thr Lys Asn Ser

30

60
120
180
240
300
360
420
480
54¢
600
660
720
780
840
900
260
1020
1080
1140
1200
1260
1320
1380
1440
1467



Tigthp o CIArDibRTE PR wELEuPr o

Ile
Gly
&5
Ser
Phe
Aan
Aryg
Tyr
145
Lys
Lys
-Lys
Val
His
225
Leu
Ser
Asp

Leu

Trp
308
Gln

Glu

Léu

Ile

Gln

465
Gin

Gly
50

Ser
Sexr
Ala
Thr
Lys
130
Gln
Ala
Leu
Asp
Gly
210
His
Asp
Ser
Ser
Asp
230
Bla
Als
Asp
Axrg
Val
370
Asn
Ile
Bla
Gly
Leu
450

Tle

Leu

<210> 7
<211> 1038

35
Thr

Leu
Pro
Asn
Asn
115
Leun.
Ser

Ser

Ile

Ilie
Met
Lys
Arg
100
Ile
Cys
Leu

Gly

Ala

180

Gln
185
Gly
Leu
Asn

Lys

Ala
275

Ile

Ile
Leu
355
Asn
Val
Phe
Giua
Ala
435
Tyr
Asp

Leu

Lys
Phe
Ser
Phe
Thr
260
Glu
Phe
Serx
Leu
Gln
340
His
Leu
FPhe
Iie
Tyr
420
Ala
His
Met

Leu

Pro.
His
Trp
85

Pro
Ala
Thr

Arg

Ser.

165
Thr

Glu

Phe
Als
Glu
Arg
325
Gly

Pro

Ala -

Ala
Pro
405
Glu
Leu
Phe
Thx

Val
485

His
Leu
70

Ala
Trp
Bla
Ser
Glu
150
Gly
lie
Cys
Val
Lys
230
ksn
Glu
Pro
Ala
Leu
310
Lys

Leu

Pro

Arg
55

Gln
Lys
Thr
Ala
Glu
135
Glu
Ile

Leun

Thr

Bla

215
Arg

Asn
Thr
Leu
Gily
295
Iie
Rla
Ser
Leu
Tyr

375
Asn

Arg

Leu
Leu
Trp
458

Arg

Ser

40
Gly

Leu
Giu
Leu
Pro
120
Leu
Glu
Pre
Cys

Glu

200

Asp
Ala
Leu
Leu
Thr
280
Thr
Lyvs
Leu
Tyr
Pro
360
Asp
Arg
Fhe
Pro
Als
440

Lys

Phe

Ile
Len
Gly
Ilie

Ala

105

Tyr

Met'

Cys
Val
Arg
i85
Ile
Ile
Arg
Val
Leu
265
Rla
Asp
Cys
Asn
Lau
345
Leun
lle
Asp
Glu
Phe
425

Asn

Leu

Phe _

Ile
Met
Glu
Leu
S0

Gly
Gly
Ser
Trp
Asn
170
Ala
Met
Phe
Leu
Ala
250
Azp
Asp
Thr
Fro
Gly
330

Asn

Leu

Pro
Asn
410
Gly
Val

Pro

lie

Gly
Asp
Val
75

Thr
Glu
Glu

Val

Asn

155
Leu

Ala
Lys
Pro
Thr
235
Glu
Val

Asn

ser

ERis
Leun
a0

Ser
Thr
Tle
Ty
Lys
140
Leu
Ser
Phe
Glu
Ser
220
Ser
His
Leu

Val

Ser

. 300

Rrg

31%
Lys

Leu
Pro
Asn
Glu
385
Ser
Ala
Gln

Asn

Ser
475

Ala
Glu
Val
Arg
Liya
380
Ty

Ser

Gly .

Leu

Gly
460
Val

Met
45

Lla
Thy
Tyx
Val

Trp
1235
Lys
Val
Giu
Gly
Metl
205
Lys
Ile
Thr

Leu

Lys
285
Thr

Met

Pro
445
Ala

Glu

Hisg
Axryg
Ile
Asp
Val
11D
Arg
Val
Gln
Asn
Lys
180
Leu
Lys
His
Phe
Arg
270
Ala
Thr
Giu
Iie
?Lys
350
Cys
Rrg
bys
Thr
Arg
£30
Leu

Ser

AT

His
Lys
Val
Ile
&5

Tvyr
Arg
Lys
Glu
Ile
175
Gly
Arg

Phe

Lys

Lys

2585
Leu

Ile
Ile
Lys
His
335
Glu
Arg
Leu

Asp

Leu

415

Meat
Ala
Tyr

Lys

Leu
Tyr
Val
80
Als
Arg
Lew
Ser -
Ile
160
Phe

Val

Glu '

Leu
L_')}S
240
Thr
Lys
Ile
Gln
Val
320
Giu
Thr
Glu
Ilie

Ala
400

‘Met

Cys
Asn
Asp

Thr
4B0O



LT P2 ¥ Dl

<213> Artemisia annua

<400> 7

. geeccttogag
ttitgagtget
agttcaagag
caagttggtt

ggagtitacyg

‘tatcttteet
cattcacaaa
ctcaagtaaa
attcocatty
ttttttittt
acatgeacta
tatacaggac
tteggaacte
acttaacgga
ggtaatcaaa
cocgtoaacca
cgtetttgeg
gogettetta

<210> B
<211> 6
<212> PRT
<213>

<Z220>
<223>

<400> B

cegtatgggg
aagaaagtag
attaaagott
gcaatgatac
gagcttgtgy
tegoagaaat
aagctegata
actaaggaga
acagctgata
caagaggoca

actttagtac.
atgtttacag

ataaagtgte
aaagaaaaga
gaaacattasa
gtcaatttgg
ataaataggg
actotggt

linker peptide

attactggeg
agtcatatea
caggttcagg
ttagtagage
gacagatgtt
ttctacatea
atttaatcaa
cgetocttga
acgttaaage
taatagtgtt
tegtgaaast
caggcacaga
cgagagetat
tccacgagga
ggttgoacoe
ctggatatga
accctgaata

Artificial Seguence

Ala Ale Ala Gly Gly Met

1

<210> &
<211i> 14
<212> PBRT
<213>

<220>
<223>

<400> &

Ala Ala Als G6ly Gly Met Pro Pro Ala Ala Ala Gly Gly Met

1

<Z210> 10
<211l> 6

<212> PRT
<213>

<220>
<223>

<400> 10

5

linker peptide

5

linker peptide

Artificial Sequence

Artificial Seguence

Ala Ala Ala Gly Gly Met

1

5

gcaattacgt
gtegettoegt
gataccggtt
tgegtttggg
gagggaactt
tattteggge
taaccttgtt
tgkttcttota
catcattttyg
azacaagctt
ataztgagte
cacttcgtca
ggagaaaata
agacatcoas
tepactacoe
catacccaat
ctggazagac

10

aaactttgea
gaagaggagt
azcctttcag
azaagaatca

ggtggttttg
aagagateta

gotgageata
aggeacaaad.

gtatgaatta
gasatttttt
atcataggoyg
accacaateg
caagcggaac
gaactaageolt
ttggttttge
aagaccaaac
gotgaatott

cattggaget
gttggaattt
agaatattta
aggaccataa
atgtggcaga
ggttaactag
ttgttgaage
atagecttga
atccaatata
ataactaagt
ttocatgaaa
aatgggtgat
tgaggaaage
acttaaactt
cacgagagty
ttattgtceaa
tcatcccaga

60
120
180
240
3e0
360
420
480
540
600
660
720
780
840
900
860
10206
1038



g1l

<21li> 8

<212> PRT

<213> Artificial Seguence

<220 .
<223> linker peptide

<400> 11
Pro Pro ARlig Ala Ala Gly Gly Mat
1 5

<210> 12

<211> 4

<212> PRT

<213> Artificial Sequence

<220
<223> linker peptide

<400> 12
Ile Glu Gly Arg
i

C<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 Seguence

<220>
<223> synthetic primer

<220>

<221> misc_ feature
<222> 9, 18, 20
<223> W =C or T

<220>

<221> misc_feature
<222> 11, 14, 17
<223»> n = A, 7,0 or §

<400> 14 ‘
tcegeaccana nggngannan tggag 25

<210> 15
<211>» 25



<2 > DN

<213>

<220>
<223>

<2Z0>
<221>
<Z22>
<2Z3>

<220>-

<Z221>»
<222>
<223>

<220>
<221>
<R22>
<223>

<220>
<221>
<222>
<223>

<2Z0>
<221>
<222>
<223>

<400>

Artificial Seguence

synthetic primer

misc_feature

{(13) ... {13}
N=GorT
misc_feature

(14)y...{14}
N=Cor T
misc feature

(20) . ..120)
Ne=2h Gor T

misc feature

(23)...(23)
N =5o0roG
misc_feature

11,17,
n=24,T,Cor G

15

teogaceaaa nenntonggn atnaa

<2L0>
<2Li>
<21l2>
<Z13>

<220>
223>

<220>
<221>
<222>
<Z23>

<220>
<221i>
<Z222>
<2Z3>

<220>
<2Z1>
<2225
<2Z3>

<2Z20>
<221>
<222>
<223>

16
28
DNA
Artificial Segquence

synthetic primer

misc_featurs

{9y...(8)
N =21o0rC
misc_ feature

(12) ... {12)
Re=Cor T

misc_feature

{158} ... {15)
N =53 ar G
misc_featurs

[18)...(18)
N=Cor T

25



424>

-<221> misc_feature
<222> {21)...(21)
223> N =Cor T

<220>

<221> misc_feature
<222> (24)...{24)
<223> N = C ox T

<220>

<221> misc_feature
<222> (27)...1(27)
<223> N = A or G

<400> 16

ceageacant angancantt naanaanat 29
<Z10»> 17

<211> 29

<Z212> DRA B
<213> Artificial Seguence

<220>

<223> synthetic primer

<220>

<2Z1l> misc_feature

<222> {15).,..(18)

<223> N =C or T

<220> _

<221L> misc_feature

<222> (23)...1{21)

<223> N =R or G

<Z220>

<221> misc feature

<222> (27)...{27)

223> N = A or &

<220>

<221> misc_feature
<222> 12, 18, 24
<223» n =A,T,Cor G

<400> 17 :
ccageagoca tneentinge ntenconca 28

<210> 18

<2il»> 33

<212> DNA

<213> Artificial Seguence

<220>
<223> synthetic primer

<400> 18
acgtectagaa tgaagagtat actaasagea atg 33

<210> 18
<211> 34

16



232> ONA
<213> Artificial Sequence

<220>
<223> synthetic primer

<400> 19
acgtctagag cgaaacttgy macgaghtaac aacht

<210> 20

<211> 37

S €212> DNA . .
<213> Artificial Seguence

<220>
<223> synthetic primer

<400> 20

atggatccta tgoaatcaac aacttcegtt aagttat

<210> 21

<Z11> 34

<212> DNA

<213> Brtificlal Seguence

<220>
<223> synthetlc primer

<400> Z1
tatgtogace catvacatcac ggagatatet tecot

<Zi0» 22

<2ll> 32

<212> DNA

<213> Artificial Seguence

<220>
<223> aynthetic primer

<400> 22 ‘
ggactagtas aacaatggecc ctgaccgaag ag

<210> 23

<211> 258

<231i2> DNA

<213> Brtificizl Sequence

<220>
<223> gynthstic primer

<400> 23
ceaagetttc agatggacat cggghaaac

<210> 24

<211> 28

<212> DNn

<213> Artificial Sequence

<220>
<223> synthetic primer

<400> 24

11

34

37

34

32

29



dtdechugdy Yordtaadtt-aanydet te

<210> 25

<21l> 28

<212> DWB

<213> Artificial Seguence

<220>
<223> synthetic primer

<400> 25
ctgeegoggt agtacggatt agaageooge

<210> 26

<21l> 35

<212> DN&

€213> Artificial Seguence

<220> _
<223> synthetic primer

<400> 26
cgggatccaa aacaatgget goagaccaat tgghtg

<Z10> 27

<Z11l> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic primer

<400> 27
gegtegactt aggatttaat geaggtgacg

<210> 28

<211> 35

<21i2> DNA -

<213> Artificial SBeguence

<220>
<223> synthetic primer

<400> 2B
cgggatccaa aacaatgage gaagtcggbta tacag

<210> 28

<211> 34

<212> DWA

<213> Artificial Seguence

<220> .
<223> synthetic primer

<400> 28
gegtegacte ataacgaaaa atcagagaas ttitg

£210> 30

<211> 37

<212> DNA

<213> Artificial Sequence

12

29

29 .

35

30

35

34



<A
<223> synthetic primer

<400> 30

ggactagtaa aacaatgget tcagaaaaag aaattag

<210> 31

<Z1l> 30

<212> DNA

<213> Artificial Sequence

-<220> )
<223> synthetic primer

<400> 31
tcoeeoggge tatttgette tottgtaaac

<210> 32

<Zli> 8

<212> PRT

<213> Artificial Sequence

<220>
<ZZ3> motif

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

<210> 33

<211> B

<212> PRT

<213> Artificial Sequence

<220>
<223> motif

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

13

37

30



