<110>

<120>

SEQUENCE LISTING

BASF Plant Science GmbH

fatty acids in transgenic organisms

<130> BPS6

<160> 56
<170>
<210> 1

<211> 1870
<212> DNA
<213>

<400> 1
ttgaaatctc

gtgcacatcg
atcaaggggc
gtcccecgcecce
gactacgcac
ccggcccatt
ctccatgctt
ctacgctgct
ggccctatac
ttgcggccat
ccactgcatg
ataccacaac
ggccaagaag
gcccatcatc
tctgatgaac
ccgctacaag
ttttgtcgcet
ccgcagcegtt
ccactggatc
acagtcgcta

aactggactt

6115pC

ggttcgagac
ctgccctcge
agagttttcg
gtgtctgaac
cgtgtccacg
cccgacgtca
cgctccttcet
gtgcccctgt
agcttcgtcc
gactctttct
ttgatggtcc
cacatggaca
accaagccaa
acggtcgctt
gccggegetg
caaagtcatt
ctgagcaatg
ggaacttcga
ggtaagcgtg
ttacttacct

ttatcaaggg

PatentIn version 3.5

ccactgttac
gacgttgaaa
tgctcaaccc
gagtgtccct
aggctcctgt
agaccctcaa
cttacgtcgt
ctcgcctaga
agggctgttt
ccgagaacct
ccttcttcag
aggacaccgt
ccctectcega
ctctcatctt
gcaagaagag
tggatcccac
tcggcctcat
ccgttcttet
tcgttccccce
tcaccacact

cgctgcctca

Cochliobolus heterostrophus C5

gtaccgccat
cgtatgtcgg
agccgctatc
tccattccect
caagaccagg
ggatgccatt
ccgtgatctc
cgctccctgg
cttcactggt
caccgtcaac
ctggaagttc
cttcgtgccc
gaaaatcatg
ccaccaagtc
cttgaccaag
tgcccacgta
cctcacaatg
cgcgtatggt
gagctgcaaa
caccccgagg

actgtggacc

agacacgaag
gtccgttgag
ggtacaaaag
ttcttcccaa
cttacggctg
cccgcaaaat
attgtcgtct
ttcgtcacag
ctctggattc
gccattaccg
agccacgccce
caccgcaagt
gaccactcag
cttggctggce
ggagaccgct
ttcacccecgt
actgctctgt
ctcccttacce
gtagtgaaaa
ctcctcacta

gtgattttgg

Desaturases and process for the production of polyunsaturated

gcggtgtcetyg
cttaggctgt
gctgaccacc
ccatgattac
tggccgatgt
gctttgagcg
tctecectttt
ttcceectgtg
ttgcccacga
gctggttcct
gccaccaccg
ccgacgtcga
ccgctgacac
cagcttacat
acacttcttc
ctgaggctcc
atgtctggtc
tctggatgaa
ctaattctcc
cgaggctgac

cttcattggc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



cgccacatct
tgacctatac
tgacgtgtat
ctcttcttgg
gcttcaccac
ggtccaagac
gaaattagac
acatgcctaa
cttaggtgaa
caaggtggtg
ccagaattaa
<210> 2

<211>
<212>

<213>

<400> 2
atgattacga

gccgatgtcecce
tttgagcgct
tcececttttet
cccctgtggg
gcccacgatt
tggttcctcc
caccaccgat
gacgtcgagg
gctgacacgc
gcttacattc
acttcttccc
gaggctcctt
gtctggtccc
tggatgaacc

cactacgagg

1215
DNA
Cochliobolus heterostrophus C5

tccacggcat
cgagccacca
tagacgcatt
cgaacgctac
ttgcaagacc
caaggcttaa
tctagacaat
acacaacttg
ttgccgactg

caggcactcc

ctacgcaccg
ggcccattcc
ccatgcttcg
acgctgctgt
ccctatacag
gcggccatga
actgcatgtt
accacaacca
ccaagaagac
ccatcatcac
tgatgaacgc
gctacaagca
ttgtcgctct
gcagcgttgg
actggatcgt

ctgacaactg

cattgagtac
ccatgtcttg
cccttctacc
atccagcaaa
gttgagccgg
ggcttgcgca
agaaggttta
gtgagatgat
atgacgtcgt

aacttgtttg

tgtccacgag
cgacgtcaag
ctccttctet
gccecctgtet
cttcgtccag
ctctttctcc
gatggtcccc
catggacaag
caagccaacc
ggtcgcttct
cggcgctggc
aagtcatttg
gagcaatgtc
aacttcgacc
cgctattact

gacttttatc

cacgtcgttc
gtcactccaa
acgccgagga
agaccaactt
gcactggcgt
gtttggtttg
atccgatcct
atgttggcac
gtgttgatca

agctgactga

gctcctgtca
accctcaagg
tacgtcgtcc
cgcctagacg
ggctgtttct
gagaacctca
ttcttcagcet
gacaccgtct
ctcctcgaga
ctcatcttcc
aagaagagct
gatcccactg
ggcctcatcc
gttcttctcg

taccttcacc

aagggcgctg

accacatgtt
ctcttcgecge
ggccacttgg
tttcggtgac
ccacgctgga
cgaaatgaaa
atctttcagt
gaaagattta
tctccggtca

tcgagagaac

agaccaggct
atgccattcc
gtgatctcat
ctccctggtt
tcactggtct
ccgtcaacgc
ggaagttcag
tcgtgcccca
aaatcatgga
accaagtcct
tgaccaaggg
cccacgtatt
tcacaatgac
cgtatggtct
acactcaccc

cctcaactgt

cccgtaagtt
tgagcccagc
gctattgccce
ttgtggcaaa
ggattggtct
cgaggcaaat
aatcccgggt
gttggtgctyg
cgtgaataca

tccttgatcet

tacggctgtg
cgcaaaatgc
tgtcgtcttc
cgtcacagtt
ctggattctt
cattaccggc
ccacgcccgce
ccgcaagtcc
ccactcagcc
tggctggcca
agaccgctac
caccccgtcet
tgctctgtat
cccttaccte
cgaggctcct

ggaccgtgat

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1870

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



tttggcttca
atgttcccac
cttggcgaac
accacttgca
aagaccaagg
<210> 3
<211> 404
<212> PRT
<213> Coch
<400> 3
Met Ile Thr

1

Leu Thr Ala

Ala
35

Lys Asp

Phe Ser

50

Tyr

Ala
65

Ala Val

Pro Leu Trp

Leu Trp Ile

Thr Val

115

Leu

Val Pro Phe

130

His Asn His

145

Asp Val Glu

ttggccgcecca
gcattcecctt
gctacatcca
agaccgttga

cttaa

liobolus

Thr Thr Hi

Val
20

Ala

Ile Pro Al

Val

Val

Se
70

Pro Leu

Ala Leu

85

Leu Ala Hi

100

Asn Ala Il

Phe Ser

Met Asp

15

Ala Lys

165

Asp

Arg

Tyr

Trp

Lys

Lys

catcttccac
ctaccacgcc
gcaaaagacc

gccgggcact

s Arg Val

Val Arg

a Lys Cys

40

Asp Leu

55

r Arg Leu

Ser Phe

s Asp Cys

e Thr Gly

120

Lys Phe

135

Asp Thr

0

Thr Lys

His

Pro

25

Phe

Ile

Asp

Val

Gly

105

Trp

Ser

Val

Pro

ggcatcattg
gaggaggcca
aactttttcg

ggcgtccacg

heterostrophus C5

Glu
10

Ala

Ile Pro

Glu Arg

Val Val

Ala Pro

75

Gln
90

Gly

His Asp

Phe Leu

His Ala

Phe Val

155

Thr
170

Leu

agtaccacgt cgttcaccac
cttgggctat tgcccctcett
gtgacttgtg gcaaagcttc

ctggaggatt ggtctggtcc

Thr
15

Pro Val Lys Arg

Asp Val Lys Thr Leu

30

Met
45

Ser Leu Arg Ser

Phe
60

Ser Leu Phe Tyr

Phe Val Thr Val

80

Trp

Thr
95

Cys Phe Phe Gly

Phe Ser Glu Asn

110

Ser

His Cys Met Leu Met

125

Arg His His

140

Arg Tyr

Ser
160

Pro His Arg Lys

Glu Ile

175

Leu Lys Met

1020

1080

1140

1200

1215



Asp

Phe

Ala

Tyr

225

Glu

Thr

Leu

Ile

Asp

305

Phe

Val

Ala

Lys

Thr

385

Lys

His

His

Gly

210

Lys

Ala

Ala

Ala

Thr

290

Asn

Gly

Val

Thr

Thr

370

Val

Thr

Ser

Gln

195

Lys

Gln

Pro

Leu

Tyr

275

Tyr

Trp

Phe

His

Trp

355

Asn

Glu

Lys

Ala

180

Val

Lys

Ser

Phe

Tyr

260

Gly

Leu

Thr

Ile

His

340

Ala

Phe

Pro

Ala

Ala

Leu

Ser

His

Val

245

Val

Leu

His

Phe

Gly

325

Met

Ile

Phe

Asp

Gly

Leu

Leu

230

Ala

Trp

Pro

His

Ile

310

Arg

Phe

Ala

Gly

Thr
390

Thr

Trp

Thr

215

Asp

Leu

Ser

Tyr

Thr

295

Lys

His

Pro

Pro

Asp
375

Pro

Pro

200

Lys

Pro

Ser

Arg

Leu

280

His

Gly

Ile

Arg

Leu

360

Leu

Val

Ile

185

Ala

Gly

Thr

Asn

Ser

265

Trp

Pro

Ala

Phe

Ile

345

Leu

Trp

His

Ile

Tyr

Asp

Ala

Val

250

Val

Met

Glu

Ala

His

330

Pro

Gly

Gln

Ala

Thr

Ile

Arg

His

235

Gly

Gly

Asn

Ala

Ser

315

Gly

Phe

Glu

Ser

Gly
395

Val

Leu

Tyr

220

Val

Leu

Thr

His

Pro

300

Thr

Ile

Tyr

Arg

Phe

380

Gly

Ala

Met

205

Thr

Phe

Ile

Ser

Trp

285

His

Val

Ile

His

Tyr

365

Thr

Leu

Ser

190

Asn

Ser

Thr

Leu

Thr

270

Ile

Tyr

Asp

Glu

Ala

350

Ile

Thr

Val

Leu

Ala

Ser

Pro

Thr

255

Val

Val

Glu

Arg

Tyr

335

Glu

Gln

Cys

Trp

Ile

Gly

Arg

Ser

240

Met

Leu

Ala

Ala

Asp

320

His

Glu

Gln

Lys

Ser
400



<210>
<211>
<212>
<213>

<220>
<223>

<400>

4

19

DNA
Artificial

Primer

4

atgattacga ctacgcacc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

30

DNA
Artificial

Primer

5

gcggceccgege catgattacg actacgcacc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

20

DNA
Artificial

Primer

6

ttaagccttg gtcttggacc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

.
29

DNA
Artificial

Primer

7

gcggccgcegt taagecttgg

<210>
<211>
<212>
<213>

<400>

8

1667

DNA
Cyanothece sp.

8

gagatgatga cttaacccgt

ggaacgatta aaggattttg

aagggcgcaa gttttgcgcc

ctagagcaaa ggttcttgaa

tcttggacc

CCY0110

acctttcgtc gaaatcctcc
ctttttgtta ctaatgtcgg
ttttaatttt gaaagtagaa

gtagtaactt gtaacagtag

attaccacca
taaacagtcc
aaaattgacc

agtatgtcaa

cgaggagaat
ccaagctata
ccaacaccat

ctgctaatag

19

30

20

29

60

120

180

240



tataataggt
tccaacagcg
taccttttac
ctataaaatc
tcgcttattc
tgttttgggc
aatggttaaa
ggtggcgtat
gttggtatcc
gttttaaact
aaggaagtca
taactagcac
tcggecttttt
tagatttagt
attggtactt
atatccatca
accatttaaa
caaattactc
atgaaggggg
gttataaaaa
ttttactata
caaagaatta
ggaaattaga
cttttccaat
<210> 9

<211> 1050
<212> DNA
<213>

<400> 9
atgcagcaac

ttacaagata

ctggcttatt

aagattaaga
aatgcagcaa
gttacaagat
cctggcttat
tttggattct
attatttgtt
taatctcatt
tagtcatcgc
tatcacagaa
ggttttattt
tttcgatcct
tatttgcttg
gtggttactt
taccttttta
tttaaaaggg
taatattggt
aaccgcaaca
tattttagaa
taaggtttat
acacaatcga
gaatgaagaa
tagagaagtt
agagaataat

ttttagaata

Cyanothece sp.

ctatgactgt
ttagagaagc

ttttttggga

aaaattaagt
cctatgactg
attagagaag
tttttttggg
tggttttttt
gtcggacatg
ggtcatcttt
actcatcata
tctaaatata
ctgtatcctc
aagagcgatc
attggtatgg
aaatattatt
catcacactg
gcattatcta
actcatgttg
gaagccatta
gcatttattc
tgtgaatcta
attaatataa
aaaaaataaa
aaatgtaaac
ttatattcat

attctgtaac

CCY0110

ttttctcgac
tgaagcgacc
ccatcccccecce
atatttttgt
ggccgatttt
attgtggcca
cccatactcc
aaaatactgg
atgagatggg
tttatttatt
tattccgtcc
ttgctttgtt
taggacctta
atcctgatgt
cggtagatca
ctcatcatat
aacccgtttt
ggggctacaa
gaaagtttta
aaaagggaag
atttcaaatt
aagatcaaga
tatgaatgta

ctattgtaaa

attaggttta
agaaccaaaa
tcattgtttt
catatctgtt
ttgggtcatg
tggttctttt
cattttagtc
taatattgat
atggttagaa
taagcgttcc
atctgaaaaa
aggtttttta
tcttgttttt
tccttggtat
tgattatggg
ctttttgacc
aggtgactat
tatttgtcat
agttttaatt
gtatttaata
tcctagtata
aaacaagtta
atacattgat

aacadgaa

aataaggaga
gtggtcgacc
gagtcatctg
ctatatgcga
caaggaacta
tctcgctaca
ccatttcatg
acggatgaaa
aagtttgccc
ccagggagaa
tgggatgttt
acttatcaat
gtgatttggt
cgggggaaag
tttatcaatg
atgcctcatt
tatcgtaagt
gtggttcccg
cttctttcta
agtatcttcc
aatatatttg
ataaaaaaat

ctattgttaa

gaagcgacca gaaccaaaag tggtcgacct accttttacg

catccccect cattgttttg agtcatctgce tataaaatcc

tatttttgtc atatctgttc tatatgcgat cgcttattct

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1667

60

120

180



ttggattctt
ttatttgttyg
aatctcattg
agtcatcgca
atcacagaat
gttttatttc
ttcgatccta
atttgcttga
tggttactta
acctttttac
ttaaaagggg
aatattggta
accgcaacag
attttagaag
aaggtttatt
<210>
<211>

<212>
<213>

10

349
PRT
Cyan
<400> 10

Met Gln
1

Gln

Leu Pro Phe

Phe Glu Ser

35

Phe Val

50

Ile

Phe
65

Phe Trp

Leu Phe Val

ggtttttttg
tcggacatga
gtcatctttc
ctcatcataa
ctaaatataa
tgtatcctct
agagcgatct
ttggtatggt
aatattattt
atcacactga
cattatctac
ctcatgttgc
aagccattaa
catttattcg

gtgaatctag

othece sp.
Met

Pro

Thr
20

Leu

Ser Ala

Ser Val

Pro Ile

Val Gly

85

Thr

Gln

Ile

Leu

Phe

70

His

gccgattttt
ttgtggccat
ccatactccc
aaatactggt
tgagatggga
ttatttattt
attccgtcca
tgctttgtta
aggaccttat
tcctgatgtt
ggtagatcat
tcatcatatc
acccgtttta
gggctacaat

aaagttttaa

CCY0110

Val

Lys

Ile

Asp

Ser
40

Lys

Tyr Ala

55

Trp Val

Asp Cys

tgggtcatgc
ggttcttttt
attttagtcc
aatattgata
tggttagaaa
aagcgttccc
tctgaaaaat
ggttttttaa
cttgtttttg
ccttggtatc
gattatgggt
tttttgacca
ggtgactatt

atttgtcatg

Pro Glu

10

Arg

Arg Glu Ala

25

Leu Ala Tyr

Ile Ala Tyr

Met Gln Gly

75

His
90

Gly Gly

aaggaactat
ctcgctacaa
catttcatgg
cggatgaaag
agtttgcccg
cagggagaaa
gggatgtttt
cttatcaatt
tgatttggtt
gggggaaaga
ttatcaatga
tgcctcatta
atcgtaagtc

tggttcccga

Pro Lys Val

Ile Pro

30

Pro

Phe Phe

45

Trp

Ser Leu

60

Asp

Thr Met Phe

Ser Phe Ser

gttttgggca
atggttaaat
gtggcgtatt
ttggtatcct
ttttaaactg
aggaagtcat
aactagcact
cggctttttg
agatttagtt
ttggtacttt
tatccatcat
ccatttaaaa

aaattactct

tgaagggggt

Val
15

Asp
His Cys
Asp Ile
Ser

Trp

Ala
80

Trp

Arg
95

Tyr

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1050



Lys

Val

Thr

Lys

145

Val

Lys

Lys

Leu

Tyr

225

Thr

Asp

Gly

His

Ala

305

Ile

Trp

Pro

Gly

130

Tyr

Leu

Gly

Trp

Leu

210

Tyr

Phe

Trp

Phe

Ile

290

Ile

Leu

Leu

Phe

115

Asn

Asn

Phe

Ser

Asp

195

Gly

Leu

Leu

Tyr

Ile

275

Phe

Lys

Glu

Asn

100

His

Ile

Glu

Leu

His

180

Val

Phe

Gly

His

Phe

260

Asn

Leu

Pro

Ala

Asn

Gly

Asp

Met

Tyr

165

Phe

Leu

Leu

Pro

His

245

Leu

Asp

Thr

Val

Phe
325

Leu

Trp

Thr

Gly

150

Pro

Asp

Thr

Thr

Tyr

230

Thr

Lys

Ile

Met

Leu

310

Ile

Ile

Arg

Asp

135

Trp

Leu

Pro

Ser

Tyr

215

Leu

Asp

Gly

His

Pro

295

Gly

Arg

Gly

Ile

120

Glu

Leu

Tyr

Lys

Thr

200

Gln

Val

Pro

Ala

His

280

His

Asp

Gly

His

105

Ser

Ser

Glu

Leu

Ser

185

Ile

Phe

Phe

Asp

Leu

265

Asn

Tyr

Tyr

Tyr

Leu

His

Trp

Lys

Phe

170

Asp

Cys

Gly

Val

Val

250

Ser

Ile

His

Tyr

Asn
330

Ser

Arg

Tyr

Phe

155

Lys

Leu

Leu

Phe

Ile

235

Pro

Thr

Gly

Leu

Arg

315

Ile

His

Thr

Pro

140

Ala

Arg

Phe

Ile

Leu

220

Trp

Trp

Val

Thr

Lys

300

Lys

Cys

Thr

His

125

Ile

Arg

Ser

Arg

Gly

205

Trp

Leu

Tyr

Asp

His

285

Thr

Ser

His

Pro

110

His

Thr

Phe

Pro

Pro

190

Met

Leu

Asp

Arg

His

270

Val

Ala

Asn

Val

Ile

Lys

Glu

Lys

Gly

175

Ser

Val

Leu

Leu

Gly

255

Asp

Ala

Thr

Tyr

Val
335

Leu

Asn

Ser

Leu

160

Arg

Glu

Ala

Lys

Val

240

Lys

Tyr

His

Glu

Ser

320

Pro



Asp Glu Gly Gly Lys Val Tyr Cys Glu Ser Arg Lys Phe
340 345

<210> 11
<211> 21
<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 11
atgcagcaac ctatgactgt g

<210> 12
<211> 32
<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 12
gcggccgcege catgcagcaa cctatgactg tg

<210> 13
<211> 20
<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 13
ttaaaacttt ctagattcac

<210> 14
<211> 29
<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 14
gcggccgegt taaaactttc tagattcac

<210> 15
<211> 1932
<212> DNA

<213> Mycocentrospora acerina

<400> 15
accctctttce ccctcectttece ttatcgagga ccctcacgac ttgcggttca gggcactcat

21

32

20

29

60



ccttgaacgg
attcggttgc
cgtcctcecget
gcececgegetce
atggccaact
ctcggctceccg
tacggcaacg
aagcactgct
atgctcgcca
aaggccgtcc
ggtctctggg
aacgacaccg
atctcccacg
cccaagaccce
ctagccgagg
tggcagatgt
ggcaagggtyg
agccctcectgt
attgttatcg
tggtacatca
cacacggacc
ggtgcaacga
gagacgcacg
tctgaggcca
attggcttcc
gaaggtgccg
gttcagcccc
atggaggtgg
tagtgaggca
gactttttgg

gagcttagac

tcagcccaac
ctgttgtcct
gccattgcca
aagcccctgt
cgcccaacga
tcgacgacgt
agttcaagat
tcgagcgctc
ccaccttcta
gcgcecgtgcet
ttcttgccca
tcggetgggt
gcaagcacca
gcgacgtcta
agactcccat
acctctttgc
ttggcaagca
acgagaagag
ctgctctgac
tceecttactt
cttccctgec
ttgaccgcga
ttctccacca
tcaagaaggt
tcaagtcttt
agggcgaggyg
gcaagctgga
gccctgagag
aggttgattt
agctgggctg

agcccaagac

aataagcgac
ttgaagcccc
tcagcattca
gctgaggcgce
ctcgcccaac
gcaggccaag
ccctgacttce
tgccgcecccge
cctctectac
gtgggctgga
cgagtgcggc
ctgccactct
caaggccacc
cgctacccgt
cgttaccttt
caacgtcact
gaacggcatg
ggacgagcac
ctacgttggc
ctgggttcac
ccactacgac
gtttggcttc
ctacatctcg
catgggctcg
ctggaggagt
caagggtgtg
tgcgtctggce
tgacaacgag
gggtgaaggg
gttacttgat

gatagaagtc

ctgcatctca
tccagcttct
ctcgacacct
cacgttacca
ggctccgect
aaggcatcca
accatcaagg
agtcttggct
acattcatca
tacactgtca
caccaggcct
ctcctecteg
ggccacatgg
gtcagcaagc
atccacatgc
ggccacaccc
ttcggtggcg
ctcatcctgc
aagattcacg
cactggctcg
gctgagacgt
attggacgca
tcgattcctt
cactaccgat
gcccgecatgt
cttttcttcc
aagcctgtcg
taaagaggct
gcgttttatg
gataaatttt

gatatcccac

10

acaacagcac
ttactgctcg
tcaccatggc
ccgagtctgt
ccaacacgtc
acggtgtcct
acatccgcga
acgttgcccg
ggcccgagta
tccagggtct
tctceceecte
tccectactt
agcgcgacat
ttatccacga
tcggtcagca
accacgaccg
tcaaccactt
ttagcgatct
gcttctcaag
tcatgatcac
ggacctacgc
ctctgttcca
tctacaacgc
ctgacgttga
gccagtttgt
gcaaccacaa
ttagcaagcg
gcaaggccct
gtagcattga
ttttcttect

ttggaaaaaa

ctcaaccgtc
ctgagacagc
ctcgaccacc
gccctceccacce
gctgtcgtcg
tctcgacacg
tgccatcccc
cgacctggcc
catctcctcc
tgttggcacc
caaggtgctc
ctcatggaag
ggtcttcatt
gatctctgag
gattggcgga
tcagtccgag
caacccatcc
tggccttgct
tgtcctcgtg
cttcctccag
ccgtggcgcet
cggcatcatt
cgatgaggcc
gggtggctcc
cgagcccagc
tggtcttggce
cgccaccaag
tttttcggac
ctcgaagatt
tcgagcgtta

aagaaaaaaa

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

1680

1740

1800

1860

1920



aaaaaaaaaa

<210>
<211>
<212>
<213>

16
1488
DNA

<400> 16
atggcctcga
tctgtgccect
acgtcgctgt
gtccttcteg
cgcgatgcca
gcccgcgacce
gagtacatct
ggtcttgttg
ccctccaagg
tacttctcat
gacatggtct
cacgagatct
cagcagattg
gaccgtcagt
cacttcaacc
gatcttggcc
tcaagtgtcc
atcaccttcc
tacgcccgtyg
ttccacggca
aacgccgatg
gttgagggtyg
tttgtcgagc
cacaatggtc

aagcgcgcca

aa

ccaccgcccg
ccaccatggc
cgtcgctcgg
acacgtacgg
tccccaagca
tggccatgct
cctccaaggc
gcaccggtct
tgctcaacga
ggaagatctc
tcattcccaa
ctgagctagc
gcggatggca
ccgagggcaa
catccagccc
ttgctattgt
tcgtgtggta
tccagcacac
gcgctggtgce
tcattgagac
aggcctctga
gctccattgg
ccagcgaagg
ttggcgttca

ccaagatgga

Mycocentrospora acerina

cgctcaagcc
caactcgccc
ctccgtcgac
caacgagttc
ctgcttcgag
cgccaccacc
cgtccgcecgec
ctgggttctt
caccgtcggc
ccacggcaag
gacccgcgac
cgaggagact
gatgtacctc
gggtgttggce
tctgtacgag
tatcgctgcet
catcatccct
ggacccttcc
aacgattgac
gcacgttctc
ggccatcaag
cttcctcaag
tgccgaggge

gcceccgcaag

ggtgggccct

cctgtgctga
aacgactcgc
gacgtgcagg
aagatccctg
cgctctgccg
ttctacctct
gtgctgtggg
gcccacgagt
tgggtctgcc
caccacaagg
gtctacgcta
cccatcgtta
tttgccaacg
aagcagaacg
aagagggacyg
ctgacctacg
tacttctggg
ctgccccact
cgcgagtttg
caccactaca
aaggtcatgg
tctttctgga
gagggcaagg
ctggatgcgt

gagagtgaca

11

ggcgccacgt
ccaacggctc
ccaagaaggc
acttcaccat
cccgcagtcect
cctacacatt
ctggatacac
gcggccacca
actctctcct
ccaccggcca
cccgtgtcag
cctttatcca
tcactggcca
gcatgttcgg
agcacctcat
ttggcaagat
ttcaccactg
acgacgctga
gcttcattgg
tctcgtcgat
gctcgcacta
ggagtgcccg
gtgtgctttt
ctggcaagcc

acgagtaa

taccaccgag
cgcctccaac
atccaacggt
caaggacatc
tggctacgtt
catcaggccc
tgtcatccag
ggccttctcce
cctcgtcccce
catggagcgc
caagcttatc
catgctcggt
cacccaccac
tggcgtcaac
cctgcttagce
tcacggcttc
gctcgtcatg
gacgtggacc
acgcactctg
tcctttectac
ccgatctgac
catgtgccag
cttccgcaac

tgtcgttagce

1932

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1488



<210>
<211>
<212>
<213>

<400>

17
495
PRT

Mycocentrospora acerina

17

Met Ala Ser

1

Val

Ser

Val

Thr

65

Arg

Leu

Leu

Arg

Thr

145

Pro

Leu

Lys

Arg

Thr

Pro

Asp

50

Tyr

Asp

Gly

Ser

Ala

130

Gly

Ser

Leu

Ala

Asp
210

Thr

Asn

35

Asp

Gly

Ala

Tyr

Tyr

115

Val

Leu

Lys

vVal

Thr

195

Val

Thr

Glu

20

Gly

Val

Asn

Ile

Val

100

Thr

Leu

Trp

vVal

Pro

180

Gly

Tyr

Thr

Ser

Ser

Gln

Glu

Pro

85

Ala

Phe

Trp

vVal

Leu

165

Tyr

His

Ala

Ala

Val

Ala

Ala

Phe

70

Lys

Arg

Ile

Ala

Leu

150

Asn

Phe

Met

Thr

Arg

Pro

Ser

Lys

55

Lys

His

Asp

Arg

Gly

135

Ala

Asp

Ser

Glu

Arg
215

Ala

Ser

Asn

40

Lys

Ile

Cys

Leu

Pro

120

Tyr

His

Thr

Trp

Arg

200

Val

Gln

Thr

25

Thr

Ala

Pro

Phe

Ala

105

Glu

Thr

Glu

Val

Lys

185

Asp

Ser

Ala

10

Met

Ser

Ser

Asp

Glu

90

Met

Tyr

Val

Cys

Gly

170

Ile

Met

Lys

Pro

Ala

Leu

Asn

Phe

75

Arg

Leu

Ile

Ile

Gly

155

Trp

Ser

Val

Leu

12

Val

Asn

Ser

Gly

60

Thr

Ser

Ala

Ser

Gln

140

His

Val

His

Phe

Ile
220

Leu

Ser

Ser

45

Val

Ile

Ala

Thr

Ser

125

Gly

Gln

Cys

Gly

Ile

205

His

Arg

Pro

30

Leu

Leu

Lys

Ala

Thr

110

Lys

Leu

Ala

His

Lys

190

Pro

Glu

Arg

15

Asn

Gly

Leu

Asp

Arg

95

Phe

Ala

Val

Phe

Ser

175

His

Lys

Ile

His

Asp

Ser

Asp

Ile

80

Ser

Tyr

Val

Gly

Ser

160

Leu

His

Thr

Ser



Glu

225

Gln

His

Asn

Tyr

Ala

305

Ser

Trp

His

Ile

Ile

385

Asn

Tyr

Trp

Glu

Leu

Gln

Thr

Gly

Glu

290

Ile

Ser

Leu

Tyr

Asp

370

Glu

Ala

Arg

Arg

Gly
450

Ala

Ile

His

Met

275

Lys

Val

Val

Val

Asp

355

Arg

Thr

Asp

Ser

Ser

435

Glu

Glu

Gly

His

260

Phe

Arg

Ile

Leu

Met

340

Ala

Glu

His

Glu

Asp

420

Ala

Gly

Glu

Gly

245

Asp

Gly

Asp

Ala

Val

325

Ile

Glu

Phe

Val

Ala

405

vVal

Arg

Lys

Thr

230

Trp

Arg

Gly

Glu

Ala

310

Trp

Thr

Thr

Gly

Leu

390

Ser

Glu

Met

Gly

Pro

Gln

Gln

Val

His

295

Leu

Tyr

Phe

Trp

Phe

375

His

Glu

Gly

Cys

Val
455

Ile

Met

Ser

Asn

280

Leu

Thr

Ile

Leu

Thr

360

Ile

His

Ala

Gly

Gln

440

Leu

Val

Tyr

Glu

265

His

Ile

Tyr

Ile

Gln

345

Tyr

Gly

Tyr

Ile

Ser

425

Phe

Phe

Thr

Leu

250

Gly

Phe

Leu

Val

Pro

330

His

Ala

Arg

Ile

Lys

410

Ile

Val

Phe

Phe

235

Phe

Lys

Asn

Leu

Gly

315

Tyr

Thr

Arg

Thr

Ser

395

Lys

Gly

Glu

Arg

13

Ile

Ala

Gly

Pro

Ser

300

Lys

Phe

Asp

Gly

Leu

380

Ser

Val

Phe

Pro

Asn
460

His

Asn

Val

Ser

285

Asp

Ile

Trp

Pro

Ala

365

Phe

Ile

Met

Leu

Ser

445

His

Met

Val

Gly

270

Ser

Leu

His

Val

Ser

350

Gly

His

Pro

Gly

Lys

430

Glu

Asn

Leu

Thr

255

Lys

Pro

Gly

Gly

His

335

Leu

Ala

Gly

Phe

Ser

415

Ser

Gly

Gly

Gly

240

Gly

Gln

Leu

Leu

Phe

320

His

Pro

Thr

Ile

Tyr

400

His

Phe

Ala

Leu



Gly Val Gln Pro Arg Lys Leu Asp Ala Ser Gly Lys Pro Val Val Ser

465

470

475

480

Lys Arg Ala Thr Lys Met Glu Val Gly Pro Glu Ser Asp Asn Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

485

18

21

DNA
Artificial

Primer

18

atggcctcga ccaccgcccg C

<210>
<211>
<212>
<213>

<220>
<223>

<400>

19

32

DNA
Artificial

Primer

19

gcggccgegce catggcctcg accaccgccc gc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

20

20

DNA
Artificial

Primer

20

ttactcgttg tcactctcag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

21

29

DNA
Artificial

Primer

21

gcggccgcegt tactcgttgt cactctcag

<210>
<211>
<212>
<213>

22

1380

DNA

Pythium irregulare

14

495

21

32

20

29



<400> 22
atggtggacc

gcgacgcccg
gactcgcacc
ttcgcggtcet
gtggacgaaa
cgccgcgage
ggcatggggce
ggcatcgcgg
gtcgccggeg
ttgcacaacc
aacgcctggce
gtgccgaacc
atgccgctgce
ccgttcttca
agctggctcg
aaggtcgagt
gcgatccecgt
caggcgtcct
gtgtacgagc
atccgcgcgt
cacctgttcc
ctatgcaagg
gtcgtggacc
<210> 23

<211> 31

<212> DNA
<213>

<220>
<223>

<400> 23

tcaagcctgg
cgaccgcgtg
cgggtggcte
tccacccgtce
cctccaaggc
gcatcaacga
tctacgacgc
tgctctcgat
tgattatggg
aggtgtgcga
agggcttcag
tgcacagcgc
tggcgtggtc
tccgcaacca
cgcagtcgtt
tcgacggacc
acttctgcaa
gcggcttgct
gcgaaaccaa
cggtattcat
cgctcgtgcc
agttcgacat

acctggcgga

Artificial

Primer

agtgaagcgc
gatcgtgatt
cgtgatgctc
ctcggcgctc
cgagatcgag
gttcatcgcg
cagcgcgctc
ggcgatctgce
gctcttctac
gaaccgcacg
catgcagtgg
caaggacgag
taaggagatg
ggcgttccta
cttctacgtg
ggagaaggcg
catgagcctg
cctggcgctg
gccggacttce
ggactggttc
gcgccacaac
cccgttceccac

catcagcaag

ctggtgagct
caccacaagg
acgcaggccyg
aagctgctcg
ggggagccgg
tcctaccgtce
tactacgcgt
ttcttctteca
cagcagtccg
ctcggcaacc
tggaagaaca
ggcttcatcg
gcgcgcaagg
tacttcccge
ttcaccgagt
ggtctgatcg
tttgagggcg
gtgttcagta
tggcagctgc
accggtggct
ttgccaaagg
gagaccggct

gaattcatca

gcggccgcgce catggtggac ctcaagcctg g

15

ggaaggagat
tctacgacat
gcgaggacgc
agcagttcta
cgagcgacga
gtctgcgcegt
ggaagctcgt
acagtttcgce
gatggctggce
ttatcggctg
agcacaacct
gcgacccgga
cgttcgagtc
tgctgctgct
tctcgttecgg
tgcactacat
tggcatactt
ttggccacaa
aggtgaccac
tgaactacca
tcaacgtgct

tctgggaggg

ccgagttccc

ccgcgagcac
ctccaagtgg
cacggacgcc
cgtcggcgac
ggagcgcgceg
caaggtcaag
gagcacgttc
catgtacatg
gcacgacttc
cctcgtgggce
gcaccacgcg
catcgacacc
ggcgcacggce
cgcgcgcctg
catcttcgac
ctggcagctc
cctcatgggc
cggcatgtcg
gacgcgcaac
gatcgaccat
catcaagtcg
catctacgag

agcgatgtaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

31



<210> 24

<211> 27

<212> DNA

<213> Artificial
<220>

<223> Primer
<400> 24

gcggceccgtta catcgctggg aactcgg

<210> 25
<211>
<212>
<213>

<400> 25
atgggcaagg

gacaagcgga
ccgggcggtt
gcgtaccgcg
aagctggatg
gccatgacgc
ccgtcgatcc
ttctggctca
attgcgcagg
gtcatctggce
gggcactact
gatgtcgatc
aagccgggat
tcgtgcctgce
accaagcggc
atgggcgctc
ctcggctgca
aacccggagg
accaagtcct
ctcttcccecca
ttcaagcgcc

tttgccaatc

1320
DNA
Thraustochytrium sp.

gcagcgaggyg
aaacgattct
cgatcatcaa
agtttcatca
cgtccaaggt
gcgactacgc
cgcacatgat
tgtccaaggc
gccgctgegg
tcgacgaccg
ggaagaacca
tcaacacgct
cgctgctggce
tcatcggcct
acatggagtt
tcggctactc
tttacatttt
accagctgca
ggctcgtcac
cggcgccgca
acaacctccce

tttattccgt

ccgcagcgcyg
gatcgagggc
cttcttgacc
gcggtccgge
ggagtcgcgg
ggcctttcgce
ttaccgcgtc
ctcgcccacc
ctgggtcatg
gatgtgcgag
gcacagcaag
gccecctggte
gctctggctg
tggctggacg
cgtctggatc
gccgggcacce
cctgcagttc
ctggctcgag
gtggtggatg
gttccgcttce
gtactacgac

cggccactcg

gcgcgcgaga
gtcctgtacg
gagggcgagg
aaggccgaca
ttctcggcca
gaggagctcg
gtggagatcg
tcgctecgtge
cacgagatgg
ttcttctacg
caccacgccg
gcctttaacg
cgcgtgcagg
ctctacctgc
ttcgcgeget
tcggtcggga
gccgtcagcecc
tacgcggccg
tcgaacctga
aaggaaatca

ctgccctaca

gtcggegeey

16

tgacggccga
acgcgacgaa
ccggcgtgga
agtacctcaa
aagagcaggc
tcgccgaggg
tggcgctctt
tgggcgtggt
gccacgggtc
gcgtcggctg
cgcccaaccg
agcgcgtcgt
cgtacctctt
acccgcgcta
acattggctg
tgtacctgtg
acacgcacct
accacacggt
actttcagat
gtcctcgegt
cgagcgcggt

acaccaagaa

ggcgaacggce
ctttaagcac
cgcgacgcag
gtcgctgceccg
gcggcgcgac
gtactttgac
cgcgctctcg
gatgaacggc
gttcacgggc
cggcatgagc
cctcgagcac
gcgcaaggtc
tgcgcccgtce
catgctgcgce
gttctcgcetce
ctcgttcgge
gccggtgacc
gaacattagc
cgagcaccac
cgaggccctc
ctcgaccacc

gcaggactga

27

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320



<210> 26

<211> 31

<212> DNA

<213> Artificial
<220>

<223> Primer
<400> 26

gcggccgege catgggcaag ggcagcgagg g

<210> 27

<211> 32

<212> DNA

<213> Artificial
<220>

<223> Primer
<400> 27

gcggccgege ctcagtcecctg cttettggtg tc

<210> 28

<211> 1086
<212> DNA
<213>

<400> 28
atggcgacga

aaagactgtt
atcgcggtgg
ttctgggctc
tggggcttct
cttaacttcg
aagctcacgc
tacccgcaac
gcagcgtggce
ccgttcgagce
ttcttcgtgg
atctactact
caccacaatg
aacctctcgt

ggcacgcacc

aggaggcgta
tcgaggcttc
ctctaacctt
tggacgccgc
tcacggtggg
tggtgggcac
accgtcacca
gcaaggccga
tcgcctattt
ctctgttcgt
ccggactctc
atggacctgt
atgaggagac
ccgtggaccg

agatccacca

Phytophthora infestans

tgtgttcccc
ggtgcctctg
cggtctcaac
actctgcacg
ccacgatgcc
tttcatgcac
ccacaagaac
cgaccacccg
ggtcgagggc
gcgtcaggtg
catctatctg
ttttgtgttc
cccatggtac
atcgtacggc

ccttttecect

actctgacgg
tcgctctact
tacgctcgcg
ggctacatct
ggccacggcg
tcgctcatcc
acgggcaaca
ctgtctcgca
ttccctecte
tcagctgtgg
agcctccagce
ggcagcatgc
gccgactcgg
gcgctcattg

atcattccgce

17

agatcaagcg
acaccgtgcg
ctctgcccga
tgctgcaggg
ccttctcgeg
tcacgccctt
ttgaccgtga
acctgattct
gtaaggtcaa
taatctctct
tgggccttaa
tggtcattac
agtggacgta
acaacctgag

actacaaact

gtcgctacct
ttgtctggtg
ggtcgagagc
catcgtgttc
ctaccacctg
cgagtcgtgg
cgaggtcttc
ggcgctcggg
ccacttcaac
tctcgcccac
gacgatggca
caccttccta
cgtcaagggc
ccacaacatc

caagaaagcc

31

32

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



actgcggcct tccaccaggce tttceccctgag ctcgtgecgca agagcgacga gccaattatc

aaggctttct tccgggttgg acgtctctac gcaaactacg gecgttgtgga ccaggaggcg

aagctcttca cgctaaagga agccaaggcg gcgaccgagg cggcggccaa gaccaagtcc

acgtaa

<210> 29

<211> 31

<212> DNA

<213> Artificial
<220>

<223> Primer
<400> 29

gcggccgegce catggcgacg aaggaggcgt a

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

<220>
<223>

<400> 30
gcggccgegt

<210> 31

<211> 873
<212> DNA
<213>

<400> 31
atggaggtcyg

gcattgctgg
ctcgttgaca
ggagggcttt
ctccaagctt
gtgggcatcg
cctaaacata
ttcatggata
gtttatcatc
ggtgaagcat

tacttcttgg

Artificial

Primer

tacgtggact

Physcomitrella

tggagagatt
gtagttttgg
gtcccacacc
tgtggataaa
tggtgcttgt
cttatcaggc
aagagatggc
ccgttatcat
attcttcaat
attggtctgc

ctgcctgect

tggtcttggc

patens

ctacggtgag
ggtggagttyg
catcgtcctc
ggccagggat
gcacaacctg
tattacctgg
gattctggta
gatactgaag
ttcecteatt
ggctctgaac

tcgaagtagc

C

ttggatggga

acggatacgc
ggtgtttctg
ctgaaaccgc
ttctgttttyg
cggtactctc
tacttgttct
cgcagcacca
tggtgggcta
tcaggagtgc

ccaaagttaa

18

aggtctcgca
ccactaccaa
tatacttgac
gcgcctcgga
cgctcagtct
tctggggcaa
acatgtctaa
ggcaaataag
ttgctcatca
atgttctcat

aaaataagta

gggcgtgaat
aggcttgccc
tattgtcatt
gccatttttg
gtatatgtgce
tgcatacaat
gtacgtggaa
cttcctceccac
cgctcctggce
gtatgcgtat

ccttttttgg

960

1020

1080

1086

31

31

60

120

180

240

300

360

420

480

540

600

660



ggcaggtact tgacacaatt
tacgacatga aaacgaatgc
atgatctcgt tgctgtttct
gacggaaagc aaaagggagc
<210> 32

<211> 32

<212> DNA

<213> Artificial
<220>

<223> Primer

<400> 32

ccaaatgttc
gccatatcca
tttcggcaat

taaaactgag

cagtttatgc tgaacttagt gcaggcttac

caatggctga tcaagatttt gttctactac

ttttacgtac aaaaatacat caaaccctct

tga

gcggceccgege catggaggtc gtggagagat tc

<210> 33

<211> 28

<212> DNA

<213> Artificial
<220>

<223> Primer
<400> 33

gcggccgegt cactcagttt tagctccc

<210> 34

<211> 903
<212> DNA
<213>

<400> 34
atgagcgcct

tacgcctacg
tggatcggtg
tgcctggtcg
ctggcgtaca
gagatctcgg
tcgtttaaga
gacactgtgt
catcacgccc
tgtatcgatg

tattatctca

ccggtgecgcet
cctttgagtg
cgctgtcgtt
gaccgaggtt
atgcgtatca
ggctggggca
tcctectegg
tcatggttgc
tgttgatctg
cctacttcgg

tgtcggcgcet

Ostreococcus tauri

gctgcccgceg
gtcgcacgcg
gaggctcccg
gatggcgaag
gacggcgttc
gcccgtgtgg
ggtgtggttg
gcgcaagaag
ggcgtggtgg
cgcggegtge

cggcattcga

atcgcgttcg
aatggcatcg
gcgatcgcga
cgcgaggcgt
aacgtcgtcg
gggtcaacca
cactacaaca
acgaagcagt
ttggtgtgtc
aactcgttca

tgcccgtgga

19

ccgcgtacgce
acaacgtcga
cgacgatgta
tcgacccgaa
tgctcgggat
tgccgtggag
accaatattt
tgagcttctt
acttgatggc
ttcacatcgt

agcgatacat

gtacgcgacg
cgcgcgcgag
cctgttgttc
ggggttcatg
gttcgcgcga
cgatagaaaa
ggagctattg
gcacgtttat
cacgaacgat
gatgtactcg

cacccaggct

720

780

840

873

32

28

60

120

180

240

300

360

420

480

540

600

660



caaatgctcc aattcgtcat
tgcccggtca cccttecttg
gggaacttct acctcaaggc
aaaccagccg agaccacgcg
taa

<210> 35

<211> 32

<212> DNA

<213> Artificial
<220>

<223> Primer

<400> 35

tgtcttcgcg
ggcgcaaatg
gtactcgaac

cgcgcccagce

cacgccgtgt
ttcgtcatga
aagtcgcgcg

gtgcgacgca

gcggceccgege catgagcgcec tccggtgcege tg

<210> 36

<211> 23

<212> DNA

<213> Artificial
<220>

<223> Primer
<400> 36

gcggccgegt tagtcaattt ttc

<210> 37

<211> 1560
<212> DNA
<213>

<400> 37
atgacggtcg

gatgacgcct
cacccgggcg
acttaccatg
ccggacggcc
gcctcecgtact
cggctcaagg
ctgctgctcg
ggggccatcc

cagcacgacg

gctacgacga
ggtgcgcgat
gcgacattat
tgcggggcegt
aaggcggcege
acacgtggaa
agcgcggcaa
tcggcttctg
tggccgceccat

gcaaccacgg

Thraustochytrium sp.

ggagatcccg
ccacgggcac
cctgctggcc
ctcggacgcg
gaacgagaag
cagcgacttt
ggcccgcecgce
gagctcgctg
gtcgctgggce

cgcctttgcec

ttcgagcagg
gtgtacgatg
gcaggcaagg
gtgctgcgca
gaaaagcgga
tacagggtaa
ggaggctacg
tactggatgt
gtctttgccg

cagtcgcgat

20

tcgtgctgceg
cgaacatgct
gcgacggcge

cgcgatctcg

tccgcecgcegcea
tgaccaagtt
aggccaccgt
agtaccgcat
cgctctcggg
tgcgcgagcg
agctctggat
gcacgctgga
cctttgtggg

gggtcaacaa

tcagaagcac
cgtgctcttc
gagttccgtg

aaaaattgac

caacaagccg
cgcgagcgtg
gctgtacgag
cggcaagctg
cctctcgtcg
cgtcgtggcect
caaggcgttc
cccctegtte
cacgtgcatc

ggttgccggg

720

780

840

900

903

32

23

60

120

180

240

300

360

420

480

540

600



tggacgctcg
caccatccgt
aagatggaca
atgatgcgcc
ggccccttca
gtgctccgca
gtggcgcgtt
tacatgcagg
gaggtgctcg
aaggacgcgg
aacaacacgc
gtccecgcectceg
tcgtggttcect
cccgggctca
gagtacggcg
gagcacctcc
<210> 38

<211> 32

<212> DNA
<213>

<220>
<223>

<400> 38

acatgatcgg
acacgaacct
ccaagctggc
tgcacccgtg
tctttggctt
agcggctctt
tctggatcat
gccececgtggceca
caaccatgtt
tcaagggcac
gcaaggaggt
acgactgggc
ggaatcactt
gccacgagac
tccecgtacca

gtcagctcgg

Artificial

Primer

cgccagcggce
gatcgaggag
cgaccaggag
gcaccagaag
catgaccatc
ccagattgac
gaaggcgctc
cggcctcaag
cattgtgaac
gatggcgccg
ggaggcggag
cgccgtccag
ttccggecgge
gtactaccac
gcacgagcct

caatgaggag

atgacgtggg
gagaacggcc
agcgatccgg
cgctggtacc
aacaaggtgg
gccgagtgcec
acggtgctct
ctgttcgcga
cacatcatcg
ccgaagacga
gcgtccaagt
tgccagacct
ctcaaccacc
atccaggacg
tcgctctgga

acccacgagt

gcggccgcege catgacggtc ggctacgacg ag

<210> 39

<211> 29

<212> DNA

<213> Artificial
<220>

<223> Primer
<400> 39

gcggccgegt caggcagcgce gctgccagg

<210> 40
<211> 819
<212> DNA

21

agttccagca
tgcaaaaggt
acgtcttttc
accgtttcca
tcacgcagga
ggtacgcgag
acatggtggc
tcgcgcactt
agggcgtctc
tgcacggcgt
ctggcgccgt
cggtgaactg
agattgagca
tcgttcagtc
ccgcgtactg

cctggcagcg

cgtcctgggce
gagcggcaag
cacgtacccg
gcacatttac
cgtcggtgtg
cccaatgtac
cctgccgtgce
tacgtgcggce
gtacgcttcc
gacgcccatg
ggtcaagtca
gagcgtcggce
ccacctgttc
cacctgcgcc
gaagatgctc

cgctgcctga

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

32

29



<213>

<400> 40
atggacgcct

cccgatggaa
atcaccatcg
ctccccecgcaa
tgtgcctaca
ccttgcaatc
atttccaagg
caattatctt
gccaatgtct
acggtgatgt
agtcttccta
atgatgagtc
acgattgtgt
caatcataca
<210> 41

<211>
<212>
<213>

<400> 41
atgtgcgtgg

gagcgcgagc
ctggcgaaga
gattttaagc
gcgacggaag
gcgctceegt
ttcgccaagt
gtggcgtatc
gctcgatacg
tgggtgcage
atccaggcct

cacCaacaadgc

1371
DNA
Ostreococcus tauri

acaacgctgc
agttccgtgce
ccctcatcta
tggatcccta
tgactgtcga
atttcaatgt
tgtgggactt
tcttgcatgt
tgtacgatgg
acacgtatta
tatggtggaa
aggctaccta
actttgtgta

tggcacccaa

agacggaaaa
gggcggaggce
cgttcgcgag
acccgggagyg
cgttcaagga
ctcgaccggc
ggcggaaaga
gcttcgccga
tcgtctectce
acgagggcgyg
tcacagccgg

atcacgcgac

Thalassiosira pseudonana

tatggacaag
cgatagagag
catcgccttc
ccccatcaaa
ggcgggattt
gaatgatcct
ttgggatacc
ataccatcac
tgacatcttc
cttcatctgt
gtcgagtttg
ccttgtcttc
cattttgagt

aaagaagaag

taacgatggg
aaacgtgaag
gcggtacgtc
aacggttatt
gtttcatcat
caagacggcc
attggagaga
gctcgcggceg
ggtgctcgtg
acacagctcg
gttcggtctc

gcctcaaaag

attggtgctg
gactggtggc
gtcatcctcg
ttcctctaca
ttggcctacc
cccgtggcga
attttcattg
accaccatct
cttaccatct
atgcatacca
acggcgtttc
cacgggtgtg
ttgttcttcc

agtgcttag

atccccacgg
ctgtccgcgg
gtgatcgagg
ttctatgcgt
cggtcgagaa
aaggtggacg
gatggattct
atgtacgctc
tacgcttgct
ctgacgggca
gccggtageg

gttcgtcacg

22

ctattattga
tctgcgactt
gttccgecgt
acgtctccca
gcaatggata
atcttctttg
tgttggggaa
ttctattcta
tgctcaatgg
aagattccaa
agttgttgca
ataaggtgtc

tttttgctca

tggagatcgc
agaagatgga
gggtggagta
tgtcaaacac
aggcgaggaa
acgcggagat
tcaagccctc
tcgggacgta
ttttcggcgce
acatttggtg
gcgacatgtg

acatggatct

ctggtctgat
ccgtagcgcc
catgcaatcc
aatcttcctt
taccgtcatg
gttgttttat
gaagtggcgt
ttggctgaat
attcatccac
gacgggcaag
attcactatc
gcttcgtatc

gttctttgtg

gttcgacggt
gccggeggceg
cgatgtgacg
cggggcggac
agccttggcg
gctccaagat
tccggcgcecac
cctgatgtac
ccgatgcggt
ggacaagcgc
gaactcgatg

ggacaccacc

60

120

180

240

300

360

420

480

540

600

660

720

780

819

60

120

180

240

300

360

420

480

540

600

660

720



cccgeggtgg
tactggttgc
ttctggatgt
gtgtggatgc
accgcgatgc
tttgcacact
tcctgggttce
aactggttga
cagttccgcc

aactacaagg

gtgggtaagc

<210> 42
<211> 26
<212>
<213>

<220>
<223>

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

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

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

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

<400> 42

DNA
Artificial

cgttcttcaa
gccttcaggce
ttttcctececa
tcgccgcegca
agtcctacgg
tctccacgtc
gatacgccgt
tgggctacct
agcccgaggt
tcatgaccta

actactacgt

modified base
(6) ..

(6)

misc_feature
(6) ..
nis a, ¢, g,

(6)

modified base
(12) ..(12)

misc_feature
(12) ..(12)
nis a, ¢, g,

caccgcggtg
gtggaccttc
cccctceccaag
cgtcatccgce
cttatttttg
gcacacgcac
cgatcacacg
caactgccaa
atctcgccgce
cgccggtgcg

gcacggccaa

Degenerate primer

or t

or t

tgggtnytbg cncaygartg ygghca

<210> 43

<211> 26

<212> DNA

<213> Artificial

gaagacaatc
atcccecgtga
gctttgaagg
acgtggacga
gcgacgagct
ctggatgtgg
atcgacatcg
gtcatccacc
ttcgtecgect
tggaaggcaa

cactccggaa

23

gtccecegtgg
cgtccggcett
gtggcaagta
tcaaggcggt
gggtgagcgg
tgcccgcecgga
atccgagtca
acctctttcc
ttgcgaaaaa
cgctcggaaa

agacggcgta

ctttagcaag
ggtgctcctt
cgaagagttg
gaccggattc
ctgctatctg
cgagcatctc
aggttgggtg
gagcatgccg
gtggaacctc
cctcgacaac

a

780

840

900

960

1020

1080

1140

1200

1260

1320

1371

26



<220>
<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>

<400>

Degenerate primer

modified base
(3) ..(3)
I

misc_ feature
(3)..(3)
n is a, ¢, g,

modified base
(9) ..(9)
I

misc_ feature
(9) ..(9)

n is a, ¢, g,

modified base
(24) .. (24)
I

misc_ feature
(24) ..(24)
n is a, ¢, g,

43

or t

or t

or t

ttnggrtcng trtgytgvar raangt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

44

25

DNA
Artificial

Primer

44

atgaagacca tgtcgcgctc catgt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

45

23

DNA
Artificial

Primer

45

gacgagcacc tcatcctgct tag

24

26

25

23



<210>
<211>
<212>
<213>

<220>
<223>

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

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

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

<400>

40

51

PRT
Artificial

Desaturase Signature 1

VARIANT
(1) ..(48)
Xaa 1s any Aminoacid

VARIANT
(1) ..(48)
Xaa 1s any amino acid

misc_ feature
(49) ..(50)
Xaa can be any naturally occurring amino

46

Gly Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa His

1

5 10

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

20 25

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Pro Xaa Xaa Xaa Trp

35 40

Xaa Xaa His

50

<210>
<211>
<212>
<213>

<220>
<223>

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

<220>
<221>
<222>

47

17

PRT
Artificial

Desaturase Signature 2

VARIANT
(1) ..(15)
Xaa 1s any amino acid

VARIANT
(16)..(1l6)

25

acid

Xaa Xaa Xaa His
15

Xaa Gly Xaa Xaa
30

Xaa Xaa Xaa His
45



<223> ¥Xaa is Gln or His

<400> 47

Pro Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1 5 10 15
His

<210> 48

<211> 13

<212> PRT

<213> Artificial

<220>
<223> Desaturase Signature 3

<220>
<221> VARIANT
<222> (1) ..(13)

<223> Xaa is any amino acid
<400> 48

His Xaa Xaa His His Xaa Xaa Xaa Xaa Xaa Pro Xaa Tyr

1 5 10
<210> 49

<211> 14

<212> PRT

<213> Artificial

<220>
<223> Desaturase Signature 4

<220>
<221> VARIANT
<222> (1) ..(14)

<223> Xaa is any amino acid
<400> 49

His Xaa Xaa His His Xaa Xaa Xaa Xaa Xaa Xaa Pro Xaa Tyr
1 5 10

26



<210>
<211>
<212>
<213>

<400> 50
agtagtgatc

50
1300
DNA

tgctecgtea
cacggacctc
ctactacacy
gctegeccag
caccgtgttc
cggegetttce
catccrcacyg
caacatcgac
tcgecatttg
acctoggaaa
tgttatcatc
tcaagtggga
gatgctegtce
cgaggactgg
cattgataac
tcecccactac
acgcaagagt
gtacggegtc
gaaagcagca
gcaagacagyg
agatgaacgg
<210>
<211>

<212>
<213>

51
1086
DNA

ttgtcgecac
gccacaaaaa
aagcggtcgce
ctgegetege
ccactegtec
cagggcgtga
agccgetacc
ccgttegagt
cgagacgaga
accttcacge
ctcaatcact
tcaattcteg
gtccaggetyg
atcacgacgt
tcgtacgtca
ttgagccaca
aagctcaage
gacgagcgga
gccgactcegt
agtgatgcca
ctcacaaaaa

tctacgtcac

gcgteccgea
cgtccatggce
tcccaagega
tegtgtttge
agaacttcta
tcttctgggg
cggtgctcaa
cgtggaaact
tctrttacce
tcggagetge
ataacccgtt
cccagttttt
tggegetcta
trtrgcacca
agggcaacct
acattggcac
cegegacage
ttcttcagge
cagccaaget
aagcagctta
cgaacgatgg

ttctactcta

Hyaloperonospora parasitica

ccaagtctca
gaccaagcaa
gtgcttcgaa
cggttecttg
ccegetecgt
ctttttcacc
cttcaccgtce
cacgeacegce
ccaacgggag
gtggttcgecc
cgagcegctc
cgtcgeggga
ttactacgga
caatgacgag
ctcgteggtt
gcaccaggtc
tgcttttegt
gttttaccgce
gtttacactce
ggattagcge
acggatggat

gtctaacgaa

Hyaloperonospora parasitica

27

cgtaacacca
tcggtegegt
tcctcattge
gctgtaagtc
gtcgctctaa
atcggtcatg
gggacgctea
caccaccaca
agcgacgacc
tacctcegteg
tttgaacgga
crctegatet
ccgatctttyg
gagacgcegt
gatcggtcat
catcacctgt
cgtgertttc
atcggtcgge
aaggaagcecec
tggaagcagt
gtggcaagtg

tttcggaact
tcccgacect
cgctgteact
tcagctacge
tcgegggeta
atgccggtca
tgcacteget
agaacacggg
acccagttte
aggggtttec
gagtatctgc
acctctgett
tcttiggeac
ggtatggaga
acggaccgcet
tccccattat
ctcacctegt
tctatgcaaa
aattgacgtc
tctcacteat

atctatrtgac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1300



<400> 51
atggcgacca

agcgagtget
tttgeeggtt
ttctacccge
tggggetttt
ctcaacttca
aaactcacgc
tacccccaac
gctgegtggt
cegttegage
tttttcgteg
ctctattact
caccacaatg
aacctcteogt
ggcacgcacc
acagctgctt
caggcgtttt
aagctgttta
gcrtag
<210>

<211>

<212>

<213>

<400>

52
361
PRT

52

Met Ala Thr Lys Gln Ser
1 >
Arg Ser Leu Pro Ser Glu
Tyr Tyr Thr Leuy Arg Ser
35
teu Ser Tyr Ala Leu Ala
50

Arg val Ala Leu Ile Ala
65 70

agcaatcggt
tcgaatcctc
ccttggctgt
tcegtgtege
tcaccatcgy
ccgtcgggac
accgecacca
gg9gagagcga
tcgectacct
cgctctttga
cgggactctc
acggaccgat
acgaggagac
cggttgatcg
aggtccatca
ttcgtegtge
accgcatecgg

cactcaagga

Hyaloperonospora

20

cgcgttecceg
attgccgetg
aagtctcage
tctaatcgeg
tcatgatgec
gctcatgeac
ccacaagaac
cgaccaccca
cgtcgagygyg
acggagagta
gatctacctc
ctttgtcttt
gccgtggtat
gtcatacgga
cctgttccce
ttttccteac
tcggetctat

agcccaattg

55

val Ala Phe
Cys Phe Glu
25
Leu val Phe
Gin Pro Leu

Gly Tyr Thr

accctcacgg
tcactctact
tacgecgctcg
ggctacaccg
ggtcacggcg
tegeteatec
acgggcaaca
gtttctcgec
tttccaccte
tctgctgtta
tgctttcaag
ggcacgatgce
ggagacgagg
ccgctcattyg
attattccce
ctcgtacgca
gcaaagtacg

acgtcgaaag

parasitica

Pro Thr

10

Ser Ser

Ala Gly

val GIn

val Phe
75

28

acctcaagcg
acacgcetgeg
cccagecact
tgttccaggy
ctttcagecg
tcacgecgtt
tcgaccgaga
atttgacctt
ggaaactcaa
tcatctcaat
tgggagtcca
tcgtcatcac
actggtcgta
ataacttgag
actacaagct
agagtgacga
gcgtegecga

cagcaagtga

Leu Thr Asp

Leu Pro Leu

30

teu Ala
45

Ser

Asn
60

Phe Tyr

GIn Gly val

gtcgetecca
ctcgctegtg
cgtccagaac
cgtgatcttc
ctacccggtg
cgagtcgtyg
cgagatcttt
cacgctcgga
tcactataac
tctegeccag
ggctgtggeg
gacgtttttg
cgtcaaggge
ccacaacatt
caagccegeg
gcggattctt
ctcgteagec

tgccaaagca

Leu
15

Lys
Ser Leu
val ser
Leu

Pro

Phe
80

Ile

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1086



Trp

Arg

Ile

Lys

Glu

145

Ala

Asn

val

Tyr

Gly

His

Tyr

Ile

Phe

Asp

Gly

Tyr

Leu

Asn

130

Ser

Ala

His

Ile

Leu

210

Pro

His

val

ASp

Pro

290

Arg

Ala

Ser

Phe

Pro

Thr

115

Thr

AsSp

Trp

Tyr

Ile

195

Cys

Ile

Asn

LyS

Asn

275

Ile

Ala

rPhe

Ser

Phe

val

100

Pro

Gly

ASp

Phe

Asnh

180

Ser

Phe

Phe

Asp

Gly

Leu

Ile

Phe

Tyr

Ala
340

Thr

85

Leu

Phe

Asn

His

Ala

165

Pro

Ile

Gin

val

Glu

245

ASN

Ser

Pro

Pro

Arg

Lys

Ile

Asn

Glu

Ile

Pro

150

Tyr

Phe

Leu

val

Phe

230

Glu

Leu

His

His
310

Ile

teu

Gly

Phe

Ser

Leu

Glu

Ala

Gly

Thr

Ser

Asn

Tyr

295

Leu

Gly

Phe

His

Thr

Arg

ser

val

Pro

Gin

200

val

Thr

Pro

Ser

Ile

280

Lys

val

Arg

Thr

ASp

val

105

LYS

ASp

Arg

Glu

Lay

185

Phe

Gln

Met

Trp

val

265

Gly

Leu

Arg

Leu

Leu
345

Ala

20

Gly

Leu

Glu

His

Gly

Phe

Phe

Ala

Leu

Tyr

250

Asp

Thr

LyS

Lys

Tyr

Lys

29

Gly

Thr

Thr

Ile

Leu

155

Phe

Glu

val

val

val

235

Gly

Arg

His

Pro

ser

315

Ala

Glu

His

Leu

His

Phe

140

Thr

Pro

Arg

Ala

Ala

220
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