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NUCLEOTIDE (DNA) SEQUENCE FOR CITRUS VALENCENE SYNTHASE
GENE (CVS)

SEQID NO.: 1

LENGTH: 1710 NT

64 ATGTCGTCTGGAGAAACATTTCGTCCTACTGCAGATTTCCATCCT
109 AGTTTATGGAGAAACCATTTCCTCAAAGGTIGCTTCTGATITCAAG
154 ACAGTTGATCATACTGCAACTCAAGAACGACACGAGGCACTGAAA
199 GAAGAGGTAAGGAGAATGATAACAGATGCTGAAGATAAGCCTGTT
244 CAGAAGTTACGCTTGATTGATGAAGTACAACGCCIGGGGGTGGCT
289 TATCACTTTGAGAAAGAAATAGAAGATGCAATACTAAAATTATGT
334 CCAATCTATATTGACACTAATAGAGCTGATCTCCACACCGTTTCC
379 CTTCATTTTCGATTGATTAGGCAGCAAGGAATCAAGATTITCATGT
24 GATGTGTTTGAGAAGTTCAAAGATGATGAGGGTAGATTCAAGTCA
469 TCGTTGATAAACGATGTTCAAGGGATGTTAAGTTTGTACGAGGCA
514 GCATACATGGCAGTTCGCGGAGAACATATATTAGATGAAGCCATT
559 GCTTTCACTACCACTCACCTGAAGTCATTGGTAGCTCAGGATCAT
604 GTAACCCCTAAGCTTGCGGAACAGATAAATCATGCTTTATACCGT
649 CCTICTTCGTAAAACCCTACCAAGATITAGAGGCGAGGTATTITATG
694 TCCATGATCAATTCAACAAGTGATCATTITATACAATAAAACTCTG
739 CTGAATTTTGCAAAGTTAGATTITTAACATATTGCTAGAGCCGCAC
784 AAGGAGGAACTCAATGAATTAACAAAGTGGTGGAAAGATITAGAC
829 TTCACTACAAAACTACCTTATGCAAGAGACAGATTAGTGGAGTTA
974 TAZTTTTGGGATTTAGGGACATACTTCGAGCCTCAATATGCATTIT
919 GGGAGAAAGATAATGACCCAATTAAATTACATATTATCCATCATA
964 GATGATACTTATGATGCGTATGGTACACTTGAAGAACTCAGCCTC

1009 TTITACTGAAGCAGITCAAAGATGGAATATTGAGGCCGTAGATATG
1054 CTTCCAGAATACATGAAATTGATTITACAGGACACTCTTAGATGCT
1099 TTTAATGAAATTGAGGAAGATATGGCCAAGCAAGGAAGATCACAC
1144 TGCGTACGTITATGCAAAAGAGGAGAATCAAAAAGTAATTGGAGCA
1189 TACTCTGTTCAAGCCAAATGGTTCAGTGAAGGTTACGTTCCAACA
1234 ATTGAGGAGTATATGCCTATTGCACTAACAAGTTGTGCTTACACA
1279 TTCGTCATAACAAATTCCTTCCTITGGCATGGGTGATTTITIGCAACT
1324 AAAGAGGTTTTTGAATGGATCTCCAATAACCCTAAGGTGTTAAAA
1369 GCAGCATCAGTTATCTGCAGACTCATGGATGACATGCAAGGTCAT
1414 GAGTTTGAGCAGAAGAGAGGACATGTTGCGTCAGCTATTGAATGT
1459 TACACGAAGCAGCATGGTGTOTCTAAGGAAGAGGCAATTAAAATG
1504 TTITGAAGAAGAAGTTGCAAATGCATGGAAAGATATTAACGAGGAG
15499 TTGATGATGAAGCCAACCGTCGTTGCCCGACCACTGCTCGGGACG
1594 ATTCTTAATCTTGCTCGTGCAATTGATTTTATTTACAAAGAGGAC
1639 GACGGCTATACGCATTCTTACCTAATTAAAGATCAAATTGCTICT
GTGCTAGGAGACCACGTTCCATTTTGA 1710

FIG.5



US 8,835,131 B2

Sheet 5 0of 13

Sep. 16, 2014

U.S. Patent

AMINO ACID SEQUENCE OF CITRUS VALENCENE SYNTHASE (CVS)

SEQID NO.: 4

LENGTH; 548 AA
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8

<210> SEQ ID NO 1
<211> LENGTH: 1647

<212> TYPE:
<213> ORGANISM: Citrus X paradisi

DNA

<400> SEQUENCE: 1

atgtcgtetg

catttcctca

cacgaggcac

cagaagttac

gaaatagaag

ctccacacceyg

gatgtgtttyg

gttcaaggga

ttagatgaag

gtaaccccta

ctaccaagat

tacaataaaa

aaggaggaac

ccttatgeaa

cctcaatatg

gatgatactt

caaagatgga

acactcttag

tgcgtacgtt

aaatggttca

agttgtgett

aaagaggttt

tgcagactca

tcagctattg

tttgaagaag

accgtegttyg

atttacaaag

gtgctaggag

gagaaacatt

aaggtgctte

tgaaagaaga

gettgattga

atgcaatact

tttccctteca

agaagttcaa

tgttaagttt

ccattgettt

agcttgegga

tagaggcgag

ctctgetgaa

tcaatgaatt

gagacagatt

catttgggag

atgatgcgta

atattgaggc

atgcttttaa

atgcaaaaga

gtgaaggtta

acacattegt

ttgaatggat

tggatgacat

aatgttacac

aagttgcaaa

cccgaccact

aggacgacgg

accacgttce

<210> SEQ ID NO 2
<211> LENGTH: 35

<212> TYPE:
<213> ORGANISM: Citrus X paradisi

DNA

<400> SEQUENCE: 2

tcgtectact

tgatttcaag

ggtaaggaga

tgaagtacaa

aaaattatgt

ttttegatty

agatgatgag

gtacgaggca

cactaccact

acagataaat

gtattttatg

ttttgcaaag

aacaaagtgg

agtggagtta

aaagataatg

tggtacactt

cgtagatatg

tgaaattgag

ggagaatcaa

cgttccaaca

cataacaaat

ctccaataac

gcaaggtcat

gaagcagcat

tgcatggaaa

gCthggan

ctatacgcat

attttga

gcagatttce
acagttgatc
atgataacag
cgcectggggg
ccaatctata
cttaggcage
ggtagattca
gcatacatgg
cacctgaagt
catgetttat
tccatgatca
ttagatttta
tggaaagatt
tatttttggg
acccaattaa
gaagaactca
ctteccagaat
gaagatatgg
aaagtaattg
attgaggagt
tecttecttyg
cctaaggttyg
gagtttgage
ggtgtctceta
gatattaacyg
attcttaatc

tcttacctaa

ggggaattca tctggtctgg agaaacattt cgtecc

<210> SEQ ID NO 3
<211> LENGTH: 36

atcctagttt

atactgcaac

atgctgaaga

tggcttatca

ttgacagtaa

aaggaatcaa

agtcatcgtt

cagttecgegyg

cattggtage

accgtectet

attcaacaag

acatattget

tagacttcac

atttagggac

attacatatt

gectetttac

acatgaaatt

ccaagcaagg

gagcatactce

atatgcctat

gcatgggtga

taaaagcagce

agaagagagg

aggaagaggc

aggagttgat

ttgctegtge

ttaaagatca

atggagaaac

tcaagaacga

taagcctgtt

ctttgagaaa

tagagctgat

gatttcatgt

gataaacgat

agaacatata

tcaggatcat

tcgtaaaacc

tgatcattta

agagccgcac

tacaaaacta

atacttcgag

atccatcata

tgaagcagtt

gatttacagg

aagatcacac

tgttcaagce

tgcactaaca

ttttgcaact

atcagttatc

acatgttgeg

aattaaaatg

gatgaagcca

aattgatttt

aattgcttet

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1647

35
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26

<212> TYPE: DNA
<213> ORGANISM: Citrus X paradisi

<400> SEQUENCE:

3

ccgetegagy aagtatagaa ctagtegtca aaatgg

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ser Ser Gly

1

Leu

Asp

Arg

Leu

65

Glu

Asn

Gln

Asp

Leu

145

Leu

Ala

Leu

Phe

Leu

225

Lys

Thr

Trp

Ile

Asp
305

Gln

Leu

Trp

His

Arg

Ile

Ile

Arg

Gln

Glu

130

Ser

Asp

Gln

Tyr

Met

210

Leu

Glu

Thr

Asp

Met

290

Ala

Arg

Ile

Arg

Thr

35

Met

Asp

Glu

Ala

Gly

115

Gly

Leu

Glu

Asp

Arg

195

Ser

Asn

Glu

Lys

Leu

275

Thr

Tyr

Trp

Tyr

Asn

20

Ala

Ile

Glu

Asp

Asp

100

Ile

Arg

Tyr

Ala

His

180

Pro

Met

Phe

Leu

Leu

260

Gly

Gln

Gly

Asn

Arg

548

Citrus X paradisi

4

Glu

His

Thr

Thr

Val

Ala

85

Leu

Lys

Phe

Glu

Ile

165

Val

Leu

Ile

Ala

Asn

245

Pro

Thr

Leu

Thr

Ile
325

Thr

Thr

Phe

Gln

Asp

Gln

70

Ile

His

Ile

Lys

Ala

150

Ala

Thr

Arg

Asn

Lys

230

Glu

Tyr

Tyr

Asn

Leu
310

Glu

Leu

Phe

Leu

Glu

Ala

55

Arg

Leu

Thr

Ser

Ser

135

Ala

Phe

Pro

Lys

Ser

215

Leu

Leu

Ala

Phe

Tyr

295

Glu

Ala

Leu

Arg

Lys

Arg

40

Glu

Leu

Lys

Val

Cys

120

Ser

Tyr

Thr

Lys

Thr

200

Thr

Asp

Thr

Arg

Glu

280

Ile

Glu

Val

Asp

Pro

Gly

25

His

Asp

Gly

Leu

Ser

105

Asp

Leu

Met

Thr

Leu

185

Leu

Ser

Phe

Lys

Asp

265

Pro

Leu

Leu

Asp

Ala

Thr

10

Ala

Glu

Lys

Val

Cys

90

Leu

Val

Ile

Ala

Thr

170

Ala

Pro

Asp

Asn

Trp

250

Arg

Gln

Ser

Ser

Met
330

Phe

Ala

Ser

Ala

Pro

Ala

75

Pro

His

Phe

Asn

Val

155

His

Glu

Arg

His

Ile

235

Trp

Leu

Tyr

Ile

Leu
315

Leu

Asn

Asp

Asp

Leu

Val

60

Tyr

Ile

Phe

Glu

Asp

140

Arg

Leu

Gln

Leu

Leu

220

Leu

Lys

Val

Ala

Ile

300

Phe

Pro

Glu

Phe

Phe

Lys

45

Gln

His

Tyr

Arg

Lys

125

Val

Gly

Lys

Ile

Glu

205

Tyr

Leu

Asp

Glu

Phe

285

Asp

Thr

Glu

Ile

His

Lys

30

Glu

Lys

Phe

Ile

Leu

110

Phe

Gln

Glu

Ser

Asn

190

Ala

Asn

Glu

Leu

Leu

270

Gly

Asp

Glu

Tyr

Glu

Pro

15

Thr

Glu

Leu

Glu

Asp

95

Leu

Lys

Gly

His

Leu

175

His

Arg

Lys

Pro

Asp

255

Tyr

Arg

Thr

Ala

Met
335

Glu

Ser

Val

Val

Arg

Lys

80

Ser

Arg

Asp

Met

Ile

160

Val

Ala

Tyr

Thr

His

240

Phe

Phe

Lys

Tyr

Val
320

Lys

Asp

36
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Met

Asn

Glu

385

Ser

Asp

Val

Gly

Cys

465

Phe

Met

Asn

Thr

His
545

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

Ala

Gln

370

Gly

Cys

Phe

Val

His

450

Tyr

Glu

Met

Leu

His

530

Val

Lys

355

Lys

Tyr

Ala

Ala

Lys

435

Glu

Thr

Glu

Lys

Ala

515

Ser

Pro

340

Gln

Val

Val

Tyr

Thr

420

Ala

Phe

Lys

Glu

Pro

500

Arg

Tyr

Phe

LOCATION:
OTHER INFORMATION:
FEATURE:
NAME/KEY: misc_feature
LOCATION:
OTHER INFORMATION:
FEATURE:
NAME/KEY: misc_feature
LOCATION:
OTHER INFORMATION:
FEATURE:
NAME/KEY: misc_feature
LOCATION:
OTHER INFORMATION:
FEATURE:
NAME/KEY: misc_feature
LOCATION:
OTHER INFORMATION:
FEATURE:
NAME/KEY: misc_feature
LOCATION:
OTHER INFORMATION:
FEATURE:
NAME/KEY: misc_feature
LOCATION:
OTHER INFORMATION:
FEATURE:

Gly

Ile

Pro

Thr

405

Lys

Ala

Glu

Gln

Val

485

Thr

Ala

Leu

SEQ ID NO 5
LENGTH:
TYPE: DNA
ORGANISM: Citrus X paradisi
FEATURE:
NAME/KEY: misc_feature
LOCATION:

1647

Arg

Gly

Thr

390

Phe

Glu

Ser

Gln

His

470

Ala

Val

Ile

Ile

Ser

Ala

375

Ile

Val

Val

Val

Lys

455

Gly

Asn

Val

Asp

Lys
535

(1) ..(789)

OTHER INFORMATION:
FEATURE:
NAME/KEY: misc_feature
(793) .. (816)

n is a,

n is a,

His

360

Tyr

Glu

Ile

Phe

Ile

440

Arg

Val

Ala

Ala

Phe

520

Asp

(820) .. (1206)

n is a,

(1213)..(1320)

n is a,

(1324)..(1332)

n is a,

(1336) ..(1563)

n is a,

(1567) .. (1575)

n is a,

(1579) .. (1581)

n is a,

345

Cys

Ser

Glu

Thr

Glu

425

Cys

Gly

Ser

Trp

Arg

505

Ile

Gln

Val

Val

Tyr

Asn

410

Trp

Arg

His

Lys

Lys

490

Pro

Tyr

Ile

Arg

Gln

Met

395

Ser

Ile

Leu

Val

Glu

475

Asp

Leu

Lys

Ala

Tyr

Ala

380

Pro

Phe

Ser

Met

Ala

460

Glu

Ile

Leu

Glu

Ser
540

Ala

365

Lys

Ile

Leu

Asn

Asp

445

Ser

Ala

Asn

Gly

Asp

525

Val

350

Lys

Trp

Ala

Gly

Asn

430

Asp

Ala

Ile

Glu

Thr

510

Asp

Leu

Glu

Phe

Leu

Met

415

Pro

Met

Ile

Lys

Glu

495

Ile

Gly

Gly

Glu

Ser

Thr

400

Gly

Lys

Gln

Glu

Met

480

Leu

Leu

Tyr

Asp
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30

-continued
<221> NAME/KEY: misc_feature
<222> LOCATION: (1588).. (1647
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 5
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 60
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 120
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 180
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 240
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 300
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 360
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 420
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 480
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 540
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 600
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 660
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 720
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 780
nnnnnnnnna gannnnnnnn hnnnnnnnnn nnnnnntggn nnnnnnnnnn hnnnnnnnnn 840
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 900
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 960
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 1020
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 1080
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 1140
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 1200
nnnnnngett acnnnnnnnn hnnnnnnnnn NONANNNNNND NNNONNNNNND hnnnnnnnnn 1260
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 1320
tgennnnnnn nngatnnnnn nnnnnnnnnn ANNNNANNNN NNNNNONNNNn hnnnnnnnnn 1380
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 1440
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 1500
nnNNNNNNNNN NANNNANNNN NANNNNNNAN NANNNINANAN NANNNINANAN NNNnhnnnnn 1560
nnntacnnnn nnnnngacnn ntatacgnnn nnnnnnnnnn NNNONNNnnn hnnnnnnnnn 1620
NnnnNNNNnNnn nnnnnnnnnn nnnnnn 1647

<210> SEQ ID NO 6
<211> LENGTH: 1647

<212> TYPE:
<213> ORGANISM: Citrus X paradisi

DNA

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1) .. (36)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(40) ..

(795)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(799) .

. (807)

<223> OTHER INFORMATION: n is a,
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32

-continued
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (811)..(891)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (895)..(903)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (907)..(1113)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1117)..(1125)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1129)..(1200)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1207)..(1218)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1222)..(1308)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1312)..(1323)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1327)..(1335)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1339)..(1344)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1348)..(1539)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1543)..(1548)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1555)..(1560)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1564)..(1587)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1591)..(1647)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 6
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nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnagann nnnnnnntta

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn ntccnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnngatnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnngtannnn

nnnnnnnnnn

nnnnntacnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

agttgtnnnn nnnnnnnngt cnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnagannnn nnnnngacnn hnnnggtnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnngc annnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnec

ttnnnnnngc aattnnnnnn

attnnnnnnn nnnnnnnnnn nnnnnnncat

nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn

nnnnnnnnnn nnnnnnnnnn nnnnnnn

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

SEQ ID NO 7
LENGTH: 548

TYPE: PRT

ORGANISM: Citrus X paradisi
FEATURE:

NAME/KEY: misc_feature
LOCATION: (1) ..(263)

OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: (265)..(272)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: (274)..(402)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: (405)..(440)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: (442)..(444)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: (446)..(521)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: (523)..(525)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature
LOCATION: (527)..(527)
OTHER INFORMATION: Xaa
FEATURE:

NAME/KEY: misc_feature

can

can

can

can

can

can

can

can

be

be

be

be

be

be

be

be

any

any

any

any

any

any

any

any

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

occurring amino

occurring amino

occurring amino

occurring amino

occurring amino

occurring amino

occurring amino

occurring amino

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1647

acid

acid

acid

acid

acid

acid

acid

acid
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<222> LOCATION: (530)..(548)
<223> OTHER INFORMATION: Xaa can be

<400> SEQUENCE: 7

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
20 25

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
35 40

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
50 55

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
65 70

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
85

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
100 105

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
115 120

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
130 135

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
145 150

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
165

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
180 185

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
195 200

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
210 215

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
225 230

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
245

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Arg Xaa
260 265

Trp Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
275 280

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
290 295

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
305 310

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
325

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
340 345

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
355 360

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
370 375

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
385 390

any

Xaa

10

Xaa

Xaa

Xaa

Xaa

Xaa

90

Xaa

Xaa

Xaa

Xaa

Xaa

170

Xaa

Xaa

Xaa

Xaa

Xaa

250

Xaa

Xaa

Xaa

Xaa

Xaa

330

Xaa

Xaa

Xaa

Xaa

naturally occurring

Xaa

Xaa

Xaa

Xaa

Xaa

75

Xaa

Xaa

Xaa

Xaa

Xaa

155

Xaa

Xaa

Xaa

Xaa

Xaa

235

Xaa

Xaa

Xaa

Xaa

Xaa

315

Xaa

Xaa

Xaa

Xaa

Xaa
395

Xaa

Xaa

Xaa

Xaa

60

Xaa

Xaa

Xaa

Xaa

Xaa

140

Xaa

Xaa

Xaa

Xaa

Xaa

220

Xaa

Xaa

Xaa

Xaa

Xaa

300

Xaa

Xaa

Xaa

Xaa

Xaa
380

Xaa

Xaa

Xaa

Xaa

45

Xaa

Xaa

Xaa

Xaa

Xaa

125

Xaa

Xaa

Xaa

Xaa

Xaa

205

Xaa

Xaa

Xaa

Xaa

Xaa

285

Xaa

Xaa

Xaa

Xaa

Xaa
365

Xaa

Xaa

Xaa

Xaa

30

Xaa

Xaa

Xaa

Xaa

Xaa

110

Xaa

Xaa

Xaa

Xaa

Xaa

190

Xaa

Xaa

Xaa

Xaa

Xaa

270

Xaa

Xaa

Xaa

Xaa

Xaa

350

Xaa

Xaa

Xaa

Xaa

15

Xaa

Xaa

Xaa

Xaa

Xaa

95

Xaa

Xaa

Xaa

Xaa

Xaa

175

Xaa

Xaa

Xaa

Xaa

Xaa

255

Xaa

Xaa

Xaa

Xaa

Xaa

335

Xaa

Xaa

Xaa

Xaa

amino acid

Xaa

Xaa

Xaa

Xaa

Xaa

80

Xaa

Xaa

Xaa

Xaa

Xaa

160

Xaa

Xaa

Xaa

Xaa

Xaa

240

Xaa

Xaa

Xaa

Xaa

Xaa

320

Xaa

Xaa

Xaa

Xaa

Xaa
400
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Xaa Xaa Ala Tyr Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

405 410 415
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

420 425 430
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Xaa Xaa Asp Xaa Xaa Xaa
435 440 445
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
450 455 460

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
465 470 475 480
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

485 490 495
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

500 505 510
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Asp Xaa Tyr
515 520 525
Thr Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
530 535 540

Xaa Xaa Xaa Xaa
545
<210> SEQ ID NO 8
<211> LENGTH: 548
<212> TYPE: PRT
<213> ORGANISM: Citrus X paradisi
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(12)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (14)..(265)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (267)..(269)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (271)..(297)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (299)..(301)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (303)..(371)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (373)..(375)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (377)..(400)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (403)..(406)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (408)..(436)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (438)..(441)
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40

<223> OTHER INFORMATION: Xaa can be any naturally occurring
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (443)..(445)

<223> OTHER INFORMATION: Xaa can be any naturally occurring
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (447)..(448)

<223> OTHER INFORMATION: Xaa can be any naturally occurring
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (450)..(513)

<223> OTHER INFORMATION: Xaa can be any naturally occurring
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (515)..(516)

<223> OTHER INFORMATION: Xaa can be any naturally occurring
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (519)..(520)

<223> OTHER INFORMATION: Xaa can be any naturally occurring
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (522)..(529)

<223> OTHER INFORMATION: Xaa can be any naturally occurring
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (531)..(548)

<223> OTHER INFORMATION: Xaa can be any naturally occurring

<400> SEQUENCE: 8

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Phe Xaa Xaa
1 5 10 15

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
20 25 30

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
35 40 45

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
50 55 60

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
65 70 75

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
85 90 95

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
100 105 110

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
115 120 125

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
130 135 140

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
145 150 155

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
165 170 175

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
180 185 190

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
195 200 205

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
210 215 220

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
225 230 235

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
245 250 255

amino

amino

amino

amino

amino

amino

amino

amino

Xaa

Xaa

Xaa

Xaa

Xaa

80

Xaa

Xaa

Xaa

Xaa

Xaa

160

Xaa

Xaa

Xaa

Xaa

Xaa
240

Xaa

acid

acid

acid

acid

acid

acid

acid

acid
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42

-continued

Xaa

Xaa

Xaa

Xaa

305

Xaa

Xaa

Xaa

Xaa

Xaa

385

Ser

Xaa

Xaa

Gly

Xaa

465

Xaa

Xaa

Xaa

Xaa

Xaa
545

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Arg Xaa Xaa Xaa
260 265

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
275 280 285

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Ser Xaa Xaa Xaa
290 295 300

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
310 315

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
325 330

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
340 345

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
355 360 365

Xaa Xaa Val Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Xaa
370 375 380

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
390 395

Cys Xaa Xaa Xaa Xaa Val Xaa Xaa Xaa Xaa Xaa Xaa
405 410

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
420 425

Xaa Xaa Xaa Ala Xaa Xaa Xaa Xaa Arg Xaa Xaa Xaa
435 440 445

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
450 455 460

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
470 475

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
485 490

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
500 505

Leu Xaa Xaa Ala Ile Xaa Xaa Ile Xaa Xaa Xaa Xaa
515 520 525

His Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
530 535 540

Xaa Xaa Xaa

Leu

270

Xaa

Asp

Xaa

Xaa

Xaa

350

Xaa

Xaa

Xaa

Xaa

Xaa

430

Asp

Xaa

Xaa

Xaa

Xaa

510

Xaa

Xaa

Xaa Xaa

Xaa Xaa

Xaa Xaa

Xaa Xaa
320

Xaa Xaa
335

Xaa Xaa

Xaa Xaa

Xaa Xaa

Xaa Xaa

400

Xaa Xaa
415

Xaa Xaa

Xaa Xaa

Xaa Xaa

Xaa Xaa

480

Xaa Xaa

495

Xaa Xaa

Xaa Xaa

Xaa Xaa

We claim:

1.

A method of producing valencene, comprising:

providing a host cell comprising a farnesyl pyrophosphate

substrate and a nucleic acid encoding a valencene syn-

thase polypeptide, wherein:

the nucleic acid encoding the valencene synthase
polypeptide is heterologous to the cell; and

the nucleic acid encodes a polypeptide that comprises
the sequence of amino acid residues set forth in SEQ
ID NO: 4; and

culturing the host cell under conditions in which the valen-

2.

cene synthase polypeptide encoded by the nucleic acid is
expressed, whereby the polypeptide reacts with farnesyl
pyrophosphate substrate to catalyze the production of
valencene.

The method of claim 1, wherein the nucleic acid com-

prises the sequence of nucleotides set forth in SEQ ID NO: 1.

50

55

60

3. The method of claim 1, further comprising isolating the
valencene.

4. The method of claim 1, further comprising:

reacting the valencene by regiospecific hydroxylation and

then oxidation to produce a sesquiterpene; and
isolating the sesquiterpene, wherein the sesquiterpene is
nootkatone.

5. The method of claim 4, wherein the regiospecific
hydroxylation and oxidation is catalyzed by a single multi-
functional hydroxylase.

6. The method of claim 5, wherein the host cell comprises
nucleic acid encoding the multifunctional hydroxylase.

7. The method of claim 4, wherein the regiospecific
hydroxylation and oxidation is catalyzed by sequential
enzyme mediated reactions.

8. The method of claim 7, wherein the host cell comprises
nucleic acid encoding an enzyme catalyzing the regiospecific



US 8,835,131 B2

43

hydroxylation reaction and nucleic acid encoding an enzyme
catalyzing the oxidation reaction.

9. The method of claim 1, wherein the host cell is selected
from among a yeast cell, a bacterial cell, an insect cell and a
plant cell.

10. The method of claim 1, wherein the nucleic acid mol-
ecule is a vector.

11. The method of claim 10, wherein the vector is a viral
vector, bacteriophage, or a plasmid.

12. A nucleic acid molecule, comprising the sequence of
nucleotides set forth in SEQ ID NO: 1, wherein the nucleic
acid molecule is a cDNA molecule.

13. A nucleic acid molecule that encodes the polypeptide
comprising the sequence of amino acids set forth in SEQ ID
NO: 4, wherein the nucleic acid molecule is a cDNA mol-
ecule.

14. A vector, comprising the cDNA molecule of claim 13.

15. The vector of claim 14 that is a viral vector, bacterioph-
age, plasmid or yeast vector.

16. The vector of claim 15 that is yeast vector, wherein the
yeast is a Saccharomyces species.

17. The vector of claim 14 that is a mammalian vector.

18. The vector of claim 14 that is a plant vector.

19. A cell, comprising the nucleic acid molecule of claim
13.

20. A cell, comprising the vector of claim 14.

21. The cell of claim 20 that is selected from among a yeast
cell, a bacterial cell, an insect cell and a plant cell.

#* #* #* #* #*

20

25
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