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<210> 1
<211> 2889
<212> DNA
<213> Ssaprolegnia monoica
<400> 1
atgtctgacc agctcgacct cgcggcacgc ctccgcgecc tgcgtgaggg caacgccgceg 60
ccagccgacc ccgaggcacc gccacccaca cagcctgcgc ccgcgccgca gtaccatcca 120
cagcggctgc cgccgctgta tacacaagag tcgctcgagt tcggagggac gtatgccacg 180
ggcagccccg tgggcgccga ggccgagggg tcctactcgc aagtacctgt gtggaaggac 240
tccaaggaga cgcgaagaag ttacctggac gatgagccga €gccgcagcec ccaatcgctc 300
attaacatgg ctaacacctt ggtccagcgc caagcgtcga atcaatcctt ccggcggcag 360
catacagcga acttccgacc gctgcccaac accgtcgagg agcttctgga cggcacgcca 420
acgtacgaag gagcgtttcg cctcgtgcag ctcgcggtgc agatggagca agacggcgac 480
ccaggtgctg caattaactt gtacgtggac gctggcacga cgctcgtcga agtcggtaag 540
cgtgaggtcg accctcttct gcagaagggc atccagcaaa aggcctttga gctcctgcaa 600
cgtgccgagg agctcggcac gtggatgaac acggtggccg aggaagcgcg gaaagctgcg 660
ttgccaccgc agctcaagat cgcgcgcacc aacgtcccga cggtcgagca agcgtggaag 720
ggtcgcactc cgcctttcca tgacgccgac gagttccgac ttatgcggta cacggcecgtg 780
gcaacgaaag acccgatcca gttctcgaac gacggatacg tgctccgggt gcaccagceta 840
catcggcgca tcaaggtctt catcacaatc actatgtaca acgaagaagg ctcagagatc 900
ttgggcacgc tcactggtct cgccaagggc ctcgggtata tgtgcaagga gtatggccag 960
gatttttggc aagaagttgc tgtggctatc gtctcagacg gccgcaccaa agctagcaag 1020
acgtgtctcg agtacctcaa cggcctcggce gcatttgacg aagagatcat gacggtcacg 1080
agcctcggtg tcgacgtgca gatgcacctc ttcgagtcga cactccagct ggttgagaac 1140
cagacgtttg aaaactactt tccgccgctc caagtgatct acgcgctcaa agagaacaac 1200
ggtggcaagc tcaactcgca tctgtggttc ttcaacgcct tcagcgagca attgaacccc 1260
aagtacactg tactcgtgga cgtcggcacc attcccgccg aaacgtccgt tttccgettg 1320

Page 1



atccgcagca
gcacctaact
atcatggaca
tcagcctacc
tttaagagcc
gccgaagatc
cactatgtca
aagcagcgcec
tttgggcgcg
cagttctttt
cttacattct
gcgatgctga
aagcccgaac
atgatgcttg
aaagacccac
gtcggtggtg
tttagcatcc
ctgggcatct
tctgggggacy
cagcagaaga
aacagcttcc
tggctctacg
gtcgtcggcet
atctttcgcec
cgcaacctgc
gttgtggtcg
caagtctag
<210> 2
<211> 962
<212> PRT
<213>
<400> 2

tggagcgcaa
acttcaatcc
agtcgcttga
ggtacgaagc
tcacgtcgac
gtattttatg
aggacgcgat
ggcggtgget
tctggagcca
accttgecct
actttgtttt

cgctgtatct

‘ctcggacggc

tgaccggcat
gggtgatcac
tcgtcacctc
tcctcagegt
atgcctacag
gccacggacc
agctcgaagc
gggcgttccg
ttgtgacgga
tctttaacgt
gattcggcct
cgcccgactg

cccgtgcaga

ctaccagatc
tgtcattgcc
gtccgtcttt
catccgtgct
gaccaaagag
ttttgaattg
cgcccgeact
caacgggtct
gagctcccac
acagaacctg
gacgctcgcc
ggccattgtc
cagcttttac
ttccatctac
gggggccctt
gcttggcttg
catccagtac
caatttgcac
aacgaaaacc
ccaacgccag
gtcgacactg
ctacatgtcg
catccgtttc
caactgctgt
gcagactcat

gagcataaac

Saprolegnia monoica

ggcggcegttg
gcacagcact
ggttttatct
gtcaagggtg
ctcgggecat
ctggcgcgcea
gacgttcccg
ttctttgceg
accatgtccc
ctcagttggt
tttacggact
ggtggcttga
ctcttcagcet
ggccttgtecg
ggcaactgta
atcttcctct
ttcttcatgce
gacttgagct
ggcggceggta
gccgeggceta
ctgctgtcgt
agcgggtgct
acgggctgcg
gcaatggggg
tacaatgtac

ccagcaacgc

cgggggagat
tcgagtacaa
cggtgctccc
tggggccget
ttcagggcaa
aacataaaca
agacgctcgt
gcctctttgce
ggaagcttgt
tcctcttgag
cagcaccggc
ttgtctttgc
gcctttacat
gcaagggcac
ctgtctctga
ctgccttecgt
tcccaacgtt
ggggtaccaa
acgtcaagga
aggagaaaga
ggctcacgac
acttgaaggg
tcgtatttat
ccacccacga

dagaaccaagc

cccgcggagg

tgcagtcgaa
gatctcaaat
gggggccttc
gccagagtac
tatgtacctc
gtggacaatg
agacctgatc
catcgggcac
gttcacgttt
caatttgttc
ccttctccaa
gctcgggaac
gggcatcatc
aagcgctgtg
aggggagctt
ccatggcgag
tgtgaatgtg
gggcctggag
cgtcgtcgag
agatgtggac
caacggcatt
cctcagcettc
tatcttgcgce
tacctatgag
cgacggtcgg

cgcctaccaa

%et Ser Asp Gln Eeu Asp Leu Ala Ala Arg Leu Arg Ala Leu Arg Glu
10

15

Gly Asn Ala Ala Pro Ala Asp Pro Glu Ala Pro Pro Pro Thr Gln Pro
25
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1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460

2520

2580
2640
2700
2760
2820
2880
2889



Ala

Gln

Gly

65

Ser

Pro

Ser

Pro

Ala

145

Pro

Glu

GIn

Met

Leu

225

Gly

Tyr

Tyr

Thr

Pro

Glu

50

Ala

Lys

Gln

Asn

Asn

130

Phe

Gly

val

Lys

Asn

210

Lys

Arg

Thr

val

Ile
290

Ala

35

ser

Glu

Glu

Ser

Gln

115

Thr

Arg

Ala

Gly

Ala

195

Thr

Ile

Thr

Ala

Leu

275

Thr

Pro

Leu

Ala

Thr

Leu

100

Ser

val

Leu

Ala

Lys

180

Phe

val

Ala

Pro

val

260

Arg

Met

Gln

Glu

Glu

Arg

85

Ile

Phe

Glu

val

Ile

165

Arg

Glu

Ala

Arg

Pro

245

val

Tyr

Tyr

Phe

Gly

70

Arg

Asn

Arg

Glu

Gln

150

Asn

Glu

Leu

Glu

Thr

230

Phe

Thr

His

Asn

His

Gly

55

Ser

ser

Met

Arg

Leu

135

Leu

Leu

val

Leu

Glu

215

Asn

His

Lys

GIn

Glu
295

Pro

40

Gly

Tyr

Tyr

Ala

Gln

120

Leu

Ala

Tyr

Asp

Gln

200

Ala

val

Asp

Asp

Leu

280

Glu

Gln

Thr

Ser

Leu

Asn

105

Asp

val

val

Pro

185

Arg

Arg

Pro

Ala

Pro

265

His

Gly

Arg

Tyr

GIn

Asp

90

Thr

Thr

Gly

Gln

Asp

Leu

Ala

Lys

Thr

250

Ile

Arg

Ser

Leu

Ala

val

75

Asp

Leu

Ala

Thr

Met

155

Ala

Leu

Glu

Ala

val

235

Glu

Gln

Arg

Glu
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Pro

Thr

60

Pro

Glu

val

Asn

Pro

140

Glu

Gly

Gln

Glu

Ala

220

Glu

Phe

Phe

Ile

Ile
300

Pro

45

Gly

val

Pro

Gln

Phe

125

Thr

Gln

Thr

Lys

Leu

205

Leu

Gln

Arg

Ser

Lys

285

Leu

Leu

ser

Trp

Thr

Arg

110

Arg

Tyr

Asp

Thr

Gly

Gly

Pro

Ala

Leu

Asn

270

val

Gly

Tyr

Pro

Lys

Pro

95

Gln

Pro

Glu

Gly

Leu

175

Ile

Thr

Pro

Trp

Met

255

Asp

Phe

Thr

Thr
val
Asp
80

Gln
Ala
Leu
Gly
Asp
160
val
Gln
Trp
Gln
Lys
240
Arg
Gly

Ile

Leu



Thr

305

Asp

Lys

Asp

His

Asn

385

Gly

Gin

Ala

Gln

Phe

465

Pro

Lys

Ile
545

His

Gly

Phe

Ala

Glu

Leu

370

Tyr

Gly

Leu

Glu

Ile

450

Asn

Met

Gly

val

Glu

530

Leu

Tyr

Leu

Trp

ser

Glu

355

Phe

Phe

Lys

Asn

Thr

435

Gly

Pro

Asp

Ala

Cys

val

Ala

Gln

Glu

Pro

Leu

Pro

420

ser

Gly

val

Lys

Phe

500

Pro

Gly

Phe

Lys

Lys

Glu

325

Thr

Met

ser

Pro

Asn

405

Lys

val

val

Ile

Ser

485

Ser

Leu

Pro

Glu

Asp
565

Gly

310

val

Ccys

Thr

Thr

Leu

390

Ser

Tyr

Phe

Ala

Ala

470

Leu

Ala

Pro

Phe

Leu

550

Ala

Leu

Ala

Leu

val

Leu

375

GIn

His

Thr

Arg

Glu

Tyr

Glu

Gln

535

Leu

Ile

Gly

val

Glu

Thr

360

Gln

val

Leu

val

Leu

440

Glu

Gln

Ser

Arg

TYyr

520

Gly

Ala

Ala

Tyr

Ala

Tyr

345

ser

Leu

Ile

Trp

Leu

425

Ile

Ile

val

TYyr

505

Phe

Asn

Arg

Arg

Met

Ile

330

Leu

Leu

val

Tyr

Phe

410

val

Arg

Ala

Phe

Phe

490

Glu

Lys

Met

Lys

Thr
570

Cys

315

val

Asn

Gly

Glu

Ala

395

Phe

Asp

Ser

val

Glu

475

Gly

Ala

Ser

Tyr

His

555

Asp
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Lys

ser

Gly

val

Asn

380

Leu

Asn

val

Met

Glu

460

Tyr

Phe

Ile

Leu

Leu

540

Lys

val

Glu

Asp

Leu

Asp

365

Gln

Lys

Ala

Gly

Glu

445

Ala

Lys

Ile

Arg

Thr

525

Ala

Gln

Pro

Tyr

Gly

Thr

Glu

Phe

Thr

430

Arg

Pro

Ile

Ser

Ala

510

Ser

Glu

Trp

Glu

Gly

Arg

335

Ala

Gln

Phe

Asn

ser

415

Ile

Asn

Asn

ser

val

495

val

Thr

Asp

Thr

Thr
575

GIn

320

Thr

Phe

Met

Glu

Asn

400

Glu

Pro

Tyr

Tyr

Asn

480

Leu

Lys

Thr

Arg

Met

560

Leu



val

Ala

Ser

Leu

625

Leu

Ala

Leu

Phe

Thr

705

Lys

Glu

Leu

Gln

Ala

785

ser

Asp

Ala

Thr

Asp

Gly

His

610

Ala

Thr

Leu

Ile

Tyr

690

Gly

Asp

Gly

Ser

Tyr

770

Tyr

Gly

val

Lys

Leu

Leu

Leu

595

Thr

Leu

Phe

Leu

val

675

Leu

Ile

Pro

Glu

Ala

Phe

Ser

Gly

val

Glu

835

Leu

Ile

580

Phe

Met

Gln

Tyr

GlIn

660

Phe

Phe

Ser

Arg

Leu

740

Phe

Phe

Asn

Gly

Glu

820

Lys

Leu

Lys

Ala

ser

Asn

Phe

645

Ala

Ala

Ser

Ile

val

725

val

val

Met

Leu

His

805

Gln

Glu

sSer

GIn

Ile

Arg

Leu

630

val

Met

Leu

cys

Tyr

710

Ile

Gly

His

Leu

His

790

Gly

GlIn

Asp

Trp

Arg

Gly

Leu

Leu

Gly

Leu

695

Gly

Thr

Gly

Gly

Pro

775

Asp

Pro

Lys

val

Leu

Arg

His

600

Leu

Ser

Thr

Thr

Asn

680

Tyr

Leu

Gly

val

Glu

760

Thr

Leu

Thr

Lys

Asp

Thr

Arg

Phe

val

Trp

Leu

Leu

665

Lys

Met

val

Ala

val

745

Phe

Phe

ser

Lys

Leu

825

Asn

Thr

Trp

Gly

Phe

Phe

Ala

650

Tyr

Pro

Gly

Gly

Leu

730

Thr

ser

val

Trp

Thr

810

Glu

Ser

Asn

Leu

Arg

Thr

Leu

635

Phe

Leu

Glu

Ile

Lys

Gly

Ser

Ile

Asn

Gly

Ala

Phe

Gly
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Asn

val

Phe

620

Leu

Thr

Ala

Pro

Ile

700

Gly

Asn

Leu

Leu

val

780

Thr

Gly

Gln

Arg

Ile

Ser

Asp

Ile

Thr

Cys

Gly

Leu

765

Leu

Lys

Gly

Arg

Ala

845

Trp

ser

590

Ser

Phe

Asn

ser

val

670

Thr

Met

ser

Thr

Leu

750

ser

Gly

Gly

Asn

Gln

830

Phe

Leu

Phe

Gln

Phe

Leu

Ala

655

Gly

Ala

Leu

Ala

val

735

Ile

val

Ile

Leu

val

815

Ala

Arg

Tyr

Phe

ser

Tyr

Phe

640

Pro

Gly

Ser

val

val

720

Ser

Phe

Ile

Tyr

Glu

800

Lys

Ala

ser

val



850

val Thr

865

Asp

val val Gly

ITe Ile Leu

Thr
915

Gly Ala

His
930

Thr Tyr

Ala Glu

val

<210> 3

<211> 2733
<212> DNA
<213>

<400> 3
atgccgecca

gttcgcgcac
aacccgagcg
atgccaatgt
tcgtccaaag
tccttcacta
ggccggtacc
gccgagaagg
ttggagtggg
gttcgcgttg
gatttagacg
gcttttactg
atggtcgtca
gtttgcaaca
gcgtggaagc
acgcttgagt

Tyr Met

Ser

855

Ser Gly

870

Phe
885

Phe

Arg Ile

900

AsSp
val

Asn

Ser Ile

Asn

Phe

Thr

Gln

Asn

val Ile

Arg

Arg

Glu
920

Tyr

Asn Gln

935

Pro Ala

950

agcgaccgac
ccacaaagcg
cggcgagcat
tgcagccacc
aagcgagtat
ttgacgatgc
gcgaagccct
aagcgtcgca
ccgagcacct
ctaagcccat
aaacggaagc
aaacggggta
ttaccatgta
acgttctgta
aggtgctcgt
ggctttcgaa

Saprolegnia monoica

gaccgacggc
cacacagccg
gcaagcatac
caagagccaa
gaagagctca
cttccgtgece
caagcatttc
aaaggtgcgc
cgccgagtgg
ggctgtcgaa
gcgcacaatg
ccggctccaa
caacgaagac
cctcaagcag
ggttatcgtc

cgtcggectg

Leu

Cys
875

Tyr

Phe Thr

Arg
890

Phe Leu

905

Gly

Arg Asn Leu

Ala Asp Gly

Thr Pro

cgccgegegt
cgcggcaaaa
gaatttgaat
cctacgttcc
aatgcaatgc
atcgaacgcg
ttggacggtg
aacttgcttt
attgagcgct
gtcacgtacg
ttttacacgc
tgcatccagt
gagaacgagc
cagagcctgc
tcggacgggc

tatgacgaag

Page 6

860

Lys Gly Leu

Gly Cys val

Asn Cys Cys

910

Pro
925

Pro Asp

val val

Gly Ala

acaatgcagg
tcggcagecg
acgactacaa
tcaacaatat
agctcttgct
caattcaagc
gcgagatgat
tgcacaaagg
ataatacgca
accgcacgat
cagtgtgctg
€gggccggcyg
tccggtcgac
ctggctacga
gcaccaaagc

atgtcatgaa

Phe
880

Ser

val Phe

895

Ala Met

Trp Gln
Ala

val

Gln
960

Tyr

caatacgact
ggcatccaat
cagcgcaatg
tgcgcccatc
ccagagcact
tgagaacgaa
tgtgactgcc
caaggaagtg
ctccgcacca
gaattctccg
caccccgcaa
cccgeggcett
actccgcaag
aggtgacgac
caataaaggc

cattacgtcg

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



acgggtgtga
tcgatccggt
cttgactcgc
gtcctcctceg
ctcgagatca
ccaaatatgt
ctggacaagt
gcctatcgcet
acgccgatgg
ttgtgctttg
gcgatagcac
tggctcaatg
acggagagca
gtgctccaag
gtcatctttc
gcgctgcttt
acccaagtca
atctcggtgce
gtcacggcgc
ttcattggtt
acggcgctga
gacctgagct
gtcgggcagt
gacgccagga
ttgatttggg
gacagctacc
ggctgcatcg
gccactgggg
ccggacccga
ccgatccaag
<210>
<211>
<212>
<213>
<400> 4

4
910
PRT

aagtgcaatg
ttccgecgcet
atctttggta
atgttgggac
acgcgcagat
gcaactgggt
cactcgagtc
acaaagcgat
cggagctcgg
agctgctcgce
gcaccgacgt
gctccttett
accactcctt
ttatcttttc
aaggctttaa
tagacggcct
cgattggcct
tctttggtat
acaagaccgt
cggccatgca
tgccgagett
ggggcaccaa
acaaggacat
accaggacga
ttatgtccaa
tcccgtttct
ggtacctctt
tgctacacaa
tcgactttga

cgccgtacaa

ccatctattt
tcaagtgacc
tttcgacgca
gatgccaacc
tggcggtgtc
cattgccgeg
gtgctttggc
ccgtggtgeg
gccatttgct
gcgcaaggat
gccaacaaat
tgcgacactc
cacgcgcaag
gtggttttta
agacaatcgg
cccgacggeg
cgggaacaag
cctcatgctc
cgaagccatc
ctgcgaagtg
cgtcaatatc
aggcatcgac
cgtcgegeag
gctcaagaaa
tatggccatg
ctatgcgttt
gtactacgcg
gcgccatgaa
aatgggcact

ccgcatgegce

Saprolegnia monoica

gaacactcgc
tttgcactaa
tttgctgaac
aagtcgtcct
tgcggcgaga
cagcacttcg
tttatatctg
ccgttgcagg
ggcaatatgt
tgcaactgga
ttgattgatt
tttgcgattt
atggcactgc
cccgecaact
tggaacttca
tttaacgtgt
cccaagcatg
attgcgtcca
atcctcgctg
catcatattg
ctcatggtct
acgggtcatg
caaaaagcgt
cgattcgact
gtggtcattt
gttgccgegt
cgccagtttt
gcgcgcaagce
tttcagaacg

tag

tgcaaatgac
aagagcacaa
aagtgatgcc
tttacaagct
tcgctgtcga
agtacaagat
tgctacctgg
cctactttaa
acctggctga
cgatgcacta
tggtcgggcea
ggaactgggg
tcgtgcagta
tttacctcge
tcgatacgtc
tttacgccgt
taaaaggcac
ccattgctat
tcttaatcct
tcctcacgtt
actcgttctg
agcacaagag
tggaagccaa
cgttccggtc
gcgtcaatac
tcaacggcat
tgctctttaa
acaagaaagc

accttcctga

caaggagaac
cgccgggaaa
cgactacacg
cctcacggcec
taagccgctg
cagcaacatt
tgcattctcc
gagtcttacg
agaccgaatc
tgtcaaggac
gcgacggcgg
tcgcgtgtac
cgtctataac
tctgtatttt
caagtacccg
caccgtgttt
gcactacctc
agtcatcttc
cggcacgttc
tgtgcagtat
caaccttcac
tgacggcgcc
gaaggcggaa
gaatttgctc
aatcggcgcc
ccggetectce
tacgctgagt
cgaagaagac

cgtcgcggtg

Met Pro Pro Lys Arg Pro Thr Thr Asp Gly Arg Arg Ala Tyr Asn Ala
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1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2733



Gly

Lys

Ala

GIn

65

Ser

Leu

Arg

His

Ala

145

Leu

His

Tyr

Thr

Thr

225

Met

Thr

Leu

Asn

Ile

Tyr

50

Pro

Ser

Gln

Ala

Phe

130

ser

Glu

ser

Asp

Met

210

Gly

val

Leu

Pro

Thr

Gly

35

Glu

Pro

Lys

ser

Ile

115

Leu

Gln

Trp

Ala

Tyr

val

Arg

Gly

Thr

20

Ser

Phe

Lys

Glu

Thr

100

Gln

Asp

Lys

Ala

Pro

180

Thr

TYyr

Arg

Ile

Lys

Tyr

val

Arg

Glu

sSer

Ala

85

ser

Ala

Gly

val

Glu

165

val

Met

Thr

Leu

Thr

245

val

Glu

Arg

Ala

Tyr

Gln

70

Ser

Phe

Glu

Gly

Arg

His

Arg

Asn

Pro

Gln

230

Met

cys

Gly

Ala

Ser

Asp

55

Pro

Met

Thr

Asn

Glu

135

Asn

Leu

val

Ser

val

215

cys

Tyr

Asn

Asp

Pro

Asn

40

TYr

Thr

Lys

Ile

Glu

120

Met

Leu

Ala

Ala

Pro

200

Cys

Ile

Asn

AsSn

Thr

25

Asn

Asn

Phe

ser

Gly

Ile

Leu

Glu

LysS

Asp

Cys

Gln

Glu

val

265

Ala

10

Lys

Pro

Ser

Leu

Ser

90

Asp

Arg

val

Leu

Leu

Thr

ser

Asp

250

Leu

Trp

Arg

Ser

Ala

Asn

75

Asn

Ala

Tyr

Thr

His

155

Ile

Met

Asp

Pro

Gly

Glu

TYyr

Lys

Page 8

Thr

Ala

Met

60

Asn

Ala

Phe

Arg

Ala

140

Lys

Glu

Ala

Glu

GIln

220

Arg

Asn

Leu

Gln

Gln

Ala

45

Met

Ile

Met

Arg

Glu

125

Ala

Gly

Arg

val

Thr

205

Ala

Arg

Glu

Lys

val
285

Pro

30

ser

Pro

Ala

Gln

Ala

110

Ala

Glu

Lys

Tyr

Glu

190

Glu

Phe

Pro

Leu

Gln

270

Leu

15

Arg

Met

Met

Pro

Leu

95

Ile

Leu

Lys

Glu

Asn

175

val

Ala

Thr

Arg

Arg

255

Gln

val

Gly

GlIn

Leu

Ile

80

Leu

Glu

Lys

Glu

val

160

Thr

Thr

Arg

Glu

Leu

240

ser

Ser

val



Ile

Leu

305

Thr

Thr

Leu

Asp

val

385

Leu

Asp

Phe

Phe

Lys

Thr

Glu

Trp

Thr

ser
545

val

290

ser

Gly

Lys

Lys

Ala

370

Gly

Glu

Lys

Glu

Gly

Ala

Pro

Asp

Thr

Asn

530

Phe

ser

Asn

val

Glu

Glu

355

Phe

Thr

Pro

TYyr

435

Phe

Ile

Met

Arg

Met

515

Leu

Phe

Asp

val

Lys

Asn

340

His

Ala

Met

ASn

Leu

420

Lys

Ile

Arg

Ala

Ile

500

His

Ile

Ala

Gly

Gly

val

325

Ser

Asn

Glu

Pro

Ala

405

Pro

Ile

Ser

Gly

Glu

485

Leu

Tyr

Asp

Thr

Arg

Leu

310

Gln

Ile

Ala

Gln

Thr

390

Gln

Asn

ser

val

Ala

470

Leu

Cys

val

Leu

Leu
550

Thr

295

Tyr

Cys

Arg

Gly

val

375

Lys

Met

Asn

Leu

455

Pro

Gly

Phe

Lys

val

535

Phe

Lys

Asp

His

Phe

Lys

360

Met

Ser

Gly

Cys

Ile

440

Pro

Leu

Pro

Glu

520

Gly

Ala

Ala

Glu

Leu

Pro

345

Leu

Pro

ser

Gly

Asn

425

Leu

Gly

Gln

Phe

Leu

505

Ala

Gln

Asn

AsSp

Phe

330

Pro

Asp

Asp

Phe

val

410

Trp

Asp

Ala

490

Leu

Ile

Arg

Trp

Page 9

Lys

val

315

Glu

Leu

Ser

Tyr

Tyr

395

cys

val

Lys

Phe

TYyr

475

Gly

Ala

Ala

Arg

Asn
555

His

GlIn

His

Thr’

380

Lys

Gly

Ile

ser

ser

460

Phe

Asn

Arg

Arg

Arg

Trp

Thr

Asn

Ser

val

Leu
365

val

Leu

Glu

Ala

Leu

445

Ala

Lys

Met

Lys

Thr

525

Trp

Gly

Leu

Ile

Leu

Thr

350

Trp

Leu

Leu

Ile

Ala

430

Glu

Tyr

ser

Tyr

Asp

Leu

Arg

Glu

Thr

Gln

335

Phe

Tyr

Leu

Thr

Ala

415

Gln

Ser

Arg

Leu

Leu

495

cys

val

Asn

val

Trp

Ser

320

Met

Ala

Phe

Asp

Ala

400

val

His

Cys

TYyr

Thr

480

Ala

Asn

Pro

Gly

TYyr
560



Thr

Tyr

Asn

Asn

Asp

Thr

Thr

ser

Ala

Ala

705

Thr

Cys

His

Ala

GIn

785

Leu

Thr

Glu

val

Phe

Gly

Gln

His

Thr

Ile

690

Met

Ala

Asn

Glu

770

Asp

Ile

Ile

ser

Tyr

TYyr

595

Trp

Leu

val

Tyr

Ile

675

Ile

His

Leu

Leu

His

755

GIn

Glu

Trp

Gly

Asn

Asn

580

Leu

Asn

Pro

Thr

Leu

660

Ala

Leu

cys

Met

His

740

Lys

Lys

Leu

val

Ala
820

His

565

val

Ala

Phe

Thr

Ile

645

Ile

Ile

Ala

Glu

Pro

725

Asp

ser

Ala

Lys

Met

805

Asp

Ser

Leu

Leu

Ile

Ala

630

Gly

ser

val

val

val

710

ser

Leu

Asp

Leu

Lys

ser

ser

Phe

Gln

Tyr

Asp

Phe

Leu

val

Ile

Leu

695

His

Phe

Ser

Gly

Glu

775

Arg

Asn

Tyr

Thr

val

Phe

600

Thr

Asn

Gly

Leu

Phe

680

Ile

His

val

Trp

Ala

760

Ala

Phe

Met

Leu

Arg

Ile

585

val

ser

val

Asn

Phe

665

val

Leu

Ile

Asn

Gly

val

Lys

Asp

Ala

Pro
825

Ile

Lys

Phe

Lys

Gly

Thr

Gly

val

Ile

730

Thr

Gly

Lys

Ser

Met

810

Phe

Page 10

Met

ser

Phe

Tyr

Tyr

635

Pro

Ile

Ala

Thr

Leu

715

Leu

Lys

Gln

Ala

Phe

795

val

Leu

Ala

Trp

Gln

Pro

620

Ala

Lys

Leu

His

Phe

700

Thr

Met

Gly

Tyr

Glu

780

Arg

val

Tyr

Leu

Phe

val

His

Met

Phe

val

Ile

Lys

Asp

Ser

Ile

Ala

Leu

Leu

590

Phe

Leu

Thr

val

Leu

670

Thr

Ile

val

TYyr

Asp

Ala

Asn

Cys

Phe
830

val

575

Pro

Lys

Leu

val

val

Gly

Gln

Ser

735

Thr

Ile

Arg

Leu

val

815

val

Gln

Ala

Asp

Leu

Phe

640

Gly

Ala

Glu

ser

Tyr

720

Phe

Gly

val

Asn

Leu

800

Asn



Ala Phe Asn Gly Ile Arg Leu Leu
835 840

Tyr Ala Arg GIn Phe Leu Leu Phe
850 855

Leu His Lys Arg His Glu Ala Arg
865 870

Pro Asp Pro Ile Asp Phe Glu Met
885

Asp val Ala val Pro Ile Gln Ala
900

<210> 5

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer CHS2Fwd

<400> 5

caccatgagt gaccagctcg acctcgcggce

<210> 6

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer CHS2Rev

<400> 6
tgctctctge acgggcaacc acaacccgac

<210> 7

<211> 27

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer CHS1Fwd
<400> 7

aatgaggacg agaacgagct ccggtcg

<210> 8

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer CHS1Rev

<400> 8
agcttgtaaa aggacgactt ggttggc

<210> 9

Gly

Asn

Lys

Gly

Pro
905

Cys Ile

Thr Leu

His Lys
875

Thr Phe
890

Tyr Asn

Page 11

Gly Tyr Leu
845

Ser Ala Thr
860
Lys Ala Glu

Gln Asn Asp

Arg Met Arg

Leu Tyr

Gly val

Glu Asp
880

Leu Pro
895

30

30

27

27



<211>
<212>
<213>

<220>
<223>

<400>

28

DNA

Artificial Sequence
Primer CHS1Revl

9

tctccttggt catttgcagc gagtgttc

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

<220>
<223>

<400>

10

28

DNA

Artificial Sequence

Primer CHS1Rev2
10

cagaacgttg ttgcaaacct tgcggagt

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

<220>
<223>

<400>

11

28

DNA

Artificial Sequence

Primer CHSFwdl
11

tccggtcgac actccgcaag gtttgcaa

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

<220>
<223>

<400>

12

28

DNA

Artificial Sequence

Primer CHS1Fwd?2
12

actacacggt cctcctcgat gttgggac

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

<220>
<223>

<400>

13

24

DNA

Artificial Sequence

Primer CHS2Fwdl
13

tgtcggtgge ttgattgtct ttgc

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

<220>
<223>

<400>

14

24

DNA

Artificial Sequence

Primer CHS2Fwd?2
14

tttggctcta cgttgtgacg gact

Page 12

28

28

28

28

24

24



<210> 15

<211> 30
<212> DNA
<213>
<220>
<223>
<400> 15

Artificial Ssequence

Primer CHS1FLFwd

caccatgccg cccaagcgac cgacgaccga

<210> 16
<211> 28
<212> DNA
<213>
<220>
<223>
<400> 16

Artificial Sequence

Primer CHS1FLRev

ctagcgcatg cggttgtacg gcgcttgg

<210> 17
<211> 28
<212> DNA
<213>
<220>
<223>
<400> 17

CHS2FLRev

Artificial Sequence

ttagacttgt tggtaggcgc cgccgcgg

<210> 18
<211>
<212>
<213>

<220>
<223>

DNA

2889

Artificial Sequence

modified nucleotide sequence of saprolegnia monoica chitin

synthase 2 (codon optimized for expression in cotton)

<400> 18
atgagtgatc

cctgctgatc
cagagattac
ggatctcctg
tctaaagaaa
attaacatgg
catactgcta
acctacgaag
ccaggtgcag
cgtgaggtag
cgtgctgaag

aacttgacct
ctgaagcacc
cacccctcta
tcggagctga
ctcgtcgcetce
caaacacctt
atttccgacc
gtgcttttcg
caattaacct

accctctact

agttggggac

cgcagcaagg
tccacctaca
tacacaagag
agctgaagga
ttacttggat
ggtccagcgt
tctgccaaac
attggttcaa
ttacgtcgat
tcagaagggt

ttggatgaat

ttacgagcat
caacctgctc
agtctggagt
tcctatagtc
gatgagccaa
caagcctcta
actgtcgaag
cttgctgtgc
gctggtacaa
atccagcaga

actgttgccg
Page 13

taagagaggg
cagcacccca
ttggtgggac
aagtcccggt
ctccgcaacc
atcaatcctt
agcttttgga
agatggagca
ctctcgttga
aggcctttga

aagaagcaag

taatgcagct
ataccatcca
ttatgctact
gtggaaggat
acagtcactc
caggcgtcag
cggaacacca
agatggcgac
agtcggtaaa
acttctgcaa

gaaagctgct

30

28

28

60
120
180
240
300
360
420
480
540
600
660



ttgccacctc
ggaagaactc
gctaccaaag
catcggagga
ttgggaactc
gatttttggc
acatgtctgg
tcgettggty
cagacattcg
ggagggaaac
aagtatactg
atccgaagca
gctcccaact
atcatggaca
tcggcttatc
ttcaagagcc
gccgaagatc
cactatgtga
aagcaacgac
tttggaaggg
cagttcttct
ctgaccttct
gctatgctta
aagcccgaac
atgatgctcg
aaagatccaa
gtgggaggtg
ttctccatcc
ctcgggatct
tctgggggtg
cagcaaaaga
aattcgtttc
tggctctacg

gttgtcggct

aactcaagat
ctcctttcca
atccgatcca
tcaaggtctt
ttactggact
aagaggtcgc
agtacttgaa
tcgacgtgca
aaaactactt
tgaatagcca
tgctcgtgga
tggaaaggaa
acttcaatcc
agagccttga
gttacgaagc
tcacttcaac
ggattctctg
aggacgcaat
gtaggtggtt
tatggtccca
accttgccct
acttcgtcct
ccctgtatct
ctagaacagc
tgactggcat
gggtgataac
tcgttacttc
tcctttcagt
atgcctattc
gacatggtcc
aactcgaagc
gcgctttccg
ttgtgacaga

tcttcaacgt

tgctagaaca
tgacgctgac
gttctctaac
catcacaatc
tgctaaggga
tgttgctatc
cggcctcggt
gatgcacttg
tccgeecttg
tctctggttc
cgttggaaca
ctaccagatt
tgtgattgcc
aagcgtgttc
catacgtgct
caccaaagaa
tttcgaactg
cgctagaact
gaacggatct
gtcttcacac
tcagaatctc
tactctcgcc
ggccattgtt
ctcattctac
ttcgatctac
tggagccctt
acttggcttg
gatccagtac
caatctgcac
aacaaaaact
tcaaagacaa
atctactctg
ctacatgtca

catcagattc

aacgtcccga
gagtttcgct
gacggatacg
actatgtaca
ctcggctata
gtgtcagatg
gcttttgacg
tttgagagca
caagtgatct
ttcaacgcct
attcccgcetg
ggaggggttg
gctcagcact
gggtttatat
gtcaagggtg
ctcggtccat
ctcgcaagga
gatgttcctg
ttctttgccg
acaatgtcca
ctcagttggt
tttaccgatt
ggtggcttga
ctgttcagct
ggtcttgttg
gggaattgta
atcttcctgt
ttcttcatge
gatttgagct
ggtgggggaa
gccgcagcta
ttgctgagtt
tctgggtgcet
actggctgcg

Page 14

ctgtcgaaca
tgatgaggta
tgcttcgagt
acgaagaagg
tgtgcaagga
ggagaaccaa
aagagataat
cactccaact
acgctctgaa
tttcggagca
aaacctccgt
ctggagagat
tcgagtacaa
ccgttcttec
tcggaccttt
tccaggggaa
aacataaaca
agacactcgt
gactctttgc
gaaagctcgt
tcctcttgag
cagctcctgc
ttgtctttge
gcctttacat
gcaaaggtac
ctgtctctga
cagcattcgt
ttccgacctt
ggggtaccaa
atgtgaaaga
aggagaaaga
ggctcactac
acttgaaggg

tcgtctttat

agcatggaaa
tactgctgtg
tcaccaacta
gtccgagatc
gtatggccaa
agctagtaag
gaccgttact
ggttgagaac
ggagaacaat
attgaatccc
ttttcggttg
agcagtcgaa
gatcagcaat
tggggctttt
gccagagtac
tatgtatctc
gtggaccatg
cgatctgatc
aatcggacac
cttcaccttc
caatctgttc
tctactccaa
tctcggcaac
ggggatcata
aagcgctgtg
aggtgaactt
tcatggcgag
tgtcaatgtg
gggactcgaa
cgtcgtcgag
ggatgtggac
caatgggatt
actcagtttc

aatccttcga

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700



atctttaggc ggtttggctt gaactgctgt gcaatgggtg caacacacga tacctatgag

cgtaacctac ctcccgattg gcaaacccat tacaatgtcc agaaccaagc tgacggtcgg

gtggtagtcg caagagccga gagtataaac ccagcaactc caagaggagg tgcttaccaa

caagtctaa

<210> 19

<211> 69

<212> PRT

<213> Artificial Sequence

<220>

<223> MIT domain from Saprolegnia monoica chitin synthase 2 gene
<400> 19

Thr Tyr Glu Gly Ala Phe Arg Leu val GIn Leu Ala val Gln Met Glu
1 5 10

GIn Asp Gly Asp Pro Gly Ala Ala Ile Asn Leu Tyr val %sp Ala Gly
20 25 0

Thr Thr Leu val Glu val Gly Lys Arg Glu val Asp Pro Leu Leu Gln
35 40 45

Lys §1y Ile GIn GIn Lys Ala Phe Glu Leu Leu Gln Arg Ala Glu Glu
0

55 60

Leu Gly Thr Trp Met

65

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

<220>
<223>

<400>

20

69

PRT

Artificial Sequence

MIT domain from Saprolegnia monoica chitin synthase 1 gene
20

Ihr ITe Asp Asp §1a Phe Arg Ala Ile Glu Arg Ala Ile Gln Ala Glu
10

15

Asn Glu Gly égg Tyr Arg Glu Ala Leu Lys His Phe Leu Asp Gly Gly
30

25

Glu Met Ile val Thr Ala Ala Glu Lys Glu Ala Ser Gln Lys val Arg

35 40 45

Asn Leu Leu Leu His Lys Gly Lys Glu val Leu Glu Trp Ala Glu His
5 60

50

5

Leu Ala Glu Trp Ile

65

Page 15

2760
2820
2880
2889



21
2676
DNA

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

<400> 21
atgccaccca

ccgtccaaca
gcgtccaacg
ccgatgatgc
tcggcgaaag
tcgttcacga
ggccggttcc
gccgagaagg
ctcgagtggg
gtccgeatcg
gacctcgacg
gcgttcaccg
atggtggtca
gtctgcaaca
gcgtggaagce
acgctcgagt
accggcgtca
tcgatccggt
gagcagatca
tcgttctaca
gagattgcgg
ttcgaataca
tcggtgetgce
caagcgtact
atgtacctcg
tggaccatgc
gacctcgtgg
atctggaact
ctcctegtge
gtcatcttcc
cagtgggtcc

acccaagtca

agcgceccgac
acgccgecaa
tcccatccge
aggcgcecgec
aggcgagcat
tcgacgatgc
gcgaggcgcet
aagcgtccca
ccgagcacct
ccaagccgat
aaaccgaggc
agacggggta
tcaccatgta
acgtcctgta
aggtgctggt
ggctcgccaa
aggtgcagtg
tccecgecact
tgcccgacta
agctgctcac
tcgacaagcc
agatttccaa
ccggcegegtt
ttaagagtct
ccgaagatcg
actacgtcaa
gccagcgecg
ggggccgcegt
atgctcttct
aaggcttccg
tcgacggect

cgatcggcct

Ssaprolegnia parasitica

cgaggccagt
tgccaagccg
cgcctegtceg
caagtcgcag
gaagggctcg
gttccgcgeg
caagcacttt
gaaggtccgc
cgccgagtgg
ggccgtcgag
gcgcatgatg
ccggctgceag
caacgaagac
cctcaagcag
cgtcgtcgtc
cgtcggectc
ccacctcttc
ccaactcgac
caccgtgcetc
ggcgctcgag
gctgcccaac
catcctcgac
ctcggectac
cacaaccgac
catcctgtgc
ggacgcgatc
gcgctggcetc
gtacaccgag
cggcgtctca
cgacaaccgg
cccgacggceg

cggcaacaag

ggccgecgcet
cgcgcgecge
tacgagtacg
ccaaccttcc
aacgcgatgc
atcgagcgtg
ctggacggcg
aacctcctcc
atcgagcgct
gtcacgtacg
ttttacacgc
tgcatccaga
gagaacgagc
cacagcctcc
tcggatggec
tacgacgaag
gagcattcgc
tcgcacctct
ctcgacgtcg
atcaacgcac
atgtgcaact
aagtcgctcg
cgctacaagg
atggccgagc
tttgagctcc
gcgcgcacag
aacgggtcgt
tcgaaccact
gcggccaact
tggaacttca
tttaacgtct

cccaaacacg
pPage 16

acgcgccgec
gaaagggcgt
actacgagta
tctccaacat
aactcctgct
cgatccaagc
gcgagatgat
tccataaagg
acaacacgtc
accgcacgat
ccgtgtgctc
gcggcecegecyg
tccggtcgac
cggggtacga
gcacgaaagc
acgttatgaa
ttcagatgac
ggtactttga
gcacgatgcc
agatcggcgg
gggtcatcgc
agtcgtgctt
cgattcgcgg
tcggaccgtt
tcgcgcgcaa
acgtgccgac
ttttcgcgac
cgctcacgcg
tttacctcgce
tcgacacgtc
tttacgcggt

tcaaaggcac

cgccggtegt
gagcagccgt
caacatgatg
tgcgcccatc
gcagggcacg
cgagaacgag
tgtgacggcc
caaggaggtg
gacgccgccg
gaactcgcca
gggcccgaaa
cccgeggetc
gctccgcaag
aggcgacgac
caacaaaggc
catcacgtcg
gaaagagaac
cgcgtttgcec
gaccaagtcg
cgtctgcggce
ggcgcagcat
cggcttcatc
cgcgcecactg
tgctggcaac
agactgcaac
caacttgatc
gttgtttgcg
caagctcgcg
cttgtacttt
cgagtacccg
cacggtcttt

ccattacctc

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
1680
1740
1800
1860
1920



atctcggtgc
atcacgtcct
ttcattgggt
acggcgctca
gacctcagct
gtcggccagt
gacgcgcgca
ctggtgtggg
gactcgttct
ggctgcatcg
gccacgggcg
gaéccgatcg
cccatgatgce
<210>
<211>
<212>
<213>
<400>

22
891
PRT

22

Met Pro Pro
1

Pro Ala Gly

Pro Arg Lys

35

Ser
50

Ser Tyr

Ala
65

Pro Pro

Ser Ala Lys

Leu Gln Gly

Ile
115

Arg Ala

Phe
130

His Leu

tctttggett
cgaaagacgc
cagcgctgca
tgccgagcett
ggggcacaaa
acaaggacat
accaagacga
tcatgtccaa
tgccgttctt
ggtacctcat
tcctccacaa
acatggaact

aagcgccgta

Lys Arg Pr
5

Arg Pro Se

20

Gly val se

Glu Tyr As

Gl
70

Lys Ser

Ala
85

Glu Se

Thr Ph

100

Ser

Gln Ala Gl

Asp Gly Gl

gctcatgctg
catggcgatc
ctgcgaagtg
tgtcaacatc
gggcatcgac
tgtcgcgegce
gctcaagaag
catgtcgatg
gtacgcgttc
ctactacgcg
gcgccacgaa
cggcacgttc

caaccgcatg

Saprolegnia parasitica

o Thr Glu

r Asn Asn

r ser Arg

40

p Tyr Glu

55

n Pro Thr

r Met Lys
Ile

e Thr

Glu
120

u Asn

y Glu Met

135

ctcgcatccg
gtgctcgcag
caccacattg
ctcatggtct
acgggccacg
caaaaagctc
cgcttcgact
gtcatcatct
gtcgcecgect
cggcagttcc
gcgcgcaagce
aacgaaccgg

cgttag

Ala Ser

10

Gly

Ala Ala

25

Asn

Ala Ser Asn

Tyr Asn Met

Phe Leu Ser

75

ser
90

Gly Asn

Asp Ala

Gly Arg Phe

Ile val Thr

Page 17

gtgtcgccat
tgctcattct
tgctcacgtt
actcgttctg
aggcccataa
tggaggccaa
cgttccggtc
gcgtcaacac
tcaacggcat
tcctcttcaa
acaagaaggc

cgacgtccga

Arg Arg Tyr

Pro
30

Lys

val Pro Ser

45

Met
60

Pro Met

Asn Ala

Ala Met Gln

Ala
110

Phe Arg

Glu Ala

125

Arg

Ala Ala Glu

140

cgtcatcttc
cggcacgttc
cgtccagtac
caacctccac
aaccgaagcc
gaaagcccaa
caacttgcta
ggtcggcgcec
ccggctectc
tacgctgagc
cgaggacccg

gattggcgcg

Ala
15

Pro
Arg
Ala Ala
Gln

Met

Ile
80

Pro

Leu Leu

95

Ile Glu

Leu

Lys

Lys Glu

1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2676



Ala

145

Leu

Ser

Tyr

Met

Thr

225

Met

Thr

Leu

val

Leu

305

Thr

Thr

Leu

val

Leu

385

Glu

Ser

Glu

Thr

ASp

Met

210

Gly

val

Leu

Pro

val

290

Ala

Gly

Lys

Trp

Leu

370

Leu

Ile

Gln

Trp

Pro

Tyr

val

Arg

Gly

ser

Asn

val

Glu

Tyr

355

Leu

Thr

Ala

Lys

Ala

Pro

180

Thr

Tyr

Arg

Ile

260

Tyr

Asp

val

Lys

Asn

340

Phe

Asp

Ala

val

val

Glu

165

val

Met

Thr

Leu

Thr

245

val

Glu

Gly

Gly

val

325

ser

Asp

val

Leu

Arg

Asn

Pro

Gln

230

Met

Cys

Gly

Arg

Leu

310

Gln

Ile

Ala

Gly

Glu

390

Lys

Asn

Leu

Ile

ser

val

215

Cys

Tyr

Asn

Asp

Thr

295

Tyr

cys

Arg

Phe

Thr

375

Ile

Pro

Leu

Ala

Ala

Pro

200

Cys

Ile

Asn

Asn

Lys

Asp

His

Phe

Ala

360

Met

Asn

Leu

Leu

Glu

Asp

ser

Gln

Glu

val

265

Ala

Ala

Glu

Leu

Pro

345

Glu

Pro

Ala

Pro

Leu

Leu

Gly

Ser

Asp

Leu

Trp

AsSn

Asp

Phe

330

Pro

Gln

Thr

Gln

Asn
410

Page 18

His

155

Ile

Met

Asp

Pro

Gly

Glu

Tyr

Lys

Lys

val

315

Glu

Leu

Lys

Ile
395

Met

Lys

Glu

Ala

Glu

Lys

Arg

Asn

Leu

Gln

His

GlIn

Met

Ser

380

Gly

Cys

Gly

Arg

val

Thr

205

Ala

Arg

Glu

Lys

val

285

Thr

Asn

Ser

Leu

Pro

365

Ser

Gly

AsSn

Lys

Tyr

Glu

190

Glu

Phe

Pro

Leu

Gln

270

Leu

Leu

Ile

Leu

350

Asp

Phe

val

Trp

Glu

Asn

175

val

Ala

Thr

Arg

Arg

His

val

Glu

Thr

Gln

335

Ser

Tyr

Tyr

Cys

val
415

val
160
Thr

Thr

Arg

Leu

240

ser

ser

val

Trp

Ser

320

Met

His

Thr

Lys

Gly

Ile



Ala

Leu

Ala

Lys

Thr

Trp

Ala

Phe

Thr

Ile

625

Ile

Ile

Ala

Ala

Glu

Tyr

450

ser

Tyr

Asp

Asp

Leu

530

Arg

Leu

Leu

Ile

Ala

610

Gly

Ser

val

val

Gln

ser

435

Arg

Leu

Leu

Cys

val

515

Asn

val

val

Tyr

Asp

Phe

Leu

val

Ile

Leu
675

His

420

Cys

Tyr

Thr

Ala

Asn

500

Pro

Gly

Tyr

His

Phe

580

Thr

Asn

Gly

Leu

Phe

660

Ile

Phe

Phe

Lys

Thr

Glu

485

Trp

Thr

ser

Thr

Ala

565

val

Ser

val

Asn

Phe

645

Ile

Leu

Glu

Gly

Ala

Asp

470

Asp

Thr

Asn

Phe

Glu

550

Leu

Ile

Glu

Phe

Lys

Gly

Thr

Gly

Tyr

Phe

Ile

455

Met

Arg

Met

Leu

Phe

535

Ser

Leu

Phe

Tyr

Tyr

615

Pro

Leu

ser

Thr

Lys

Ile

440

Arg

Ala

Ile

His

Ile

520

Ala

Asn

Gly

GIn

Pro

600

Ala

Lys

Leu

ser

Phe
680

Ile

425

Ser

Gly

Glu

Leu

Tyr

505

Asp

Thr

His

val

Gly

Gln

val

His

Met

Lys

Phe

Ser

val

Ala

Leu

Cys

val

Leu

Leu

ser

ser

570

Phe

Trp

Thr

val

Leu

650

Asp

Ile

Page 19

Asn

Leu

Pro

Gly

Phe

Lys

val

Phe

Leu

555

Ala

Arg

val

val

Ala

Gly

Ile

Pro

Leu

460

Pro

Glu

Asp

Gly

Ala

540

Thr

Ala

Asp

Leu

Phe

620

Gly

Ala

Met

Ser

Leu

Phe

Leu

Ala

Gln

525

Ile

Arg

Asn

Asn

Asp

Thr

Thr

Ser

Ala

Ala
685

Ala

Ala

Leu

Ile

510

Arg

Trp

Lys

Phe

Gly

GIn

His

Gly

Ile

670

Leu

Lys

Phe

Tyr

Gly

Ala

495

Ala

Arg

Asn

Leu

Tyr

575

Trp

Leu

val

Tyr

val

655

val

His

ser

ser

Phe

Asn

480

Arg

Arg

Arg

Trp

Ala

560

Leu

Asn

Pro

Thr

Leu

640

Ala

Leu

Cys



val His

690

Glu

Pro Ser Phe

705

Asp Leu Ser

Lys Thr Glu

Glu
755

Ala Leu

Lys Lys

770

Arg

Met
785

Ser Asn

Asp Ser Phe

Ile Arg Leu

Phe Leu

835

Leu

Glu Ala

850

His

Met Glu

865

Leu

Pro Met Met

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

<400> 23
atgagcgaca

23
2880
DNA

gagcccgecc
cccacgecgce
cccgtgggcg
gagaagacgt

aaggccaatg

His Ile

val Asn

val

Ile

Leu Thr

695

Leu Met

710

Trp Gly

Ala val

740

Ala Lys

Phe

Asp

Met Ser

Thr

Gly

Lys

ser

Met

Lys Gly

Gln

Tyr

Gln
760

Ala

Phe
775

Arg

val Ile

790

Pro
805

Leu

Leu
820

Gly
Phe Asn
Arg

Lys

Gly Thr

Phe

Cys

Thr

His

Phe

Leu Tyr

Ile Gly

ser
840

Leu

Lys

Glu

870

Ala
885

Gln

gcaacctcga
ctgcgecgge
tgtacacgca
ccgaggcgga
acggctactt

acctcgtgca

Pro

Tyr Asn

Saprolegnia parasitica

cctecgecgcec
accgacgccc
agagtcgctc
cggcgtgtac
ggacgacgag

gcgccaagec

Phe val Gln

ser
715

val Tyr

Ile Thr

Asp Ile

745

Asp Ala Arg

Ser Asn Leu

val
795

Ile Cys

Phe val

810

Ala

Tyr Leu Ile

825

Ala Thr Gly

Ala Glu Asp

Thr
875

Pro Ala

Met
890

Arg Arg

cgccteeggg
tacatgcatt
gagtttggcg
acgcaggtgc
ccggegecge

tccaacaagg
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Tyr Thr Ala

700

Phe Cys Asn

Gly His Glu

val Ala Arg

Gln
765

Asn Asp

Leu val

780

Leu

Asn Thr val

Ala Ala Phe

Ala
830

Tyr Tyr

val Leu His

845

Pro Pro

860

Asp

Ser Glu Ile

cgctgcgega
cgccaccatc
ggacgtatac
ctgtgtggaa
aggcccagac

cgtttcggceg

Leu Met

His
720

Leu

Ala His

735

Gln Lys

Glu Leu
val

Trp

Ala
800

Gly

Asn
815

Gly
Arg Gln
Lys Arg
Ile

Asp

Ala
880

Gly

gggcggegec
gcggacccgg
gactggtagc
ggactcgaag
gctcctgaac

tcagcacaca

60
120
180
240
300
360



gccgegtttc
gaaggcgcgt
gccgcgatca
gtcgacccgc
gaagacctcg
ccgagcctcc
ccgeccgecct
aaggacccga
cccatcaagg
acgctcacgg
tggcagcaag
ctcgagtacc
ggtgtcgacg
tttgaggcct
aagctcaact
acggtgctcg
agcatggagc
aatttcttca
gacaagtcgc
taccggtacg
agcctcacgt
gaccgcatct
gtcaaggacg
cgccggegcet
cgcgtctgga
gtctacctcg
ttttactttg
ctgaccgtct
gagccgcegcea
ctcgtgacgg
ccgcgeacga
ggcgtcatca
atcctcctca

atctatgcgt

ggccgetgec
tccggetegt
acttgtacgc
ttttgcaaaa
aggcgtggat
gcatcgcgceg
tccatgacgc
tccagttctc
tctttatcac
gccttgccaa
tcgeggtggc
tcaaggccgt
tccagatgca
attacccacc
cgcatctctg
tcgacgtcgg
gcaacgcgca
accctgtgat
tcgagtcggt
aagcgattcg
cgacgaccaa
tgtgctttga
cgattgcgcg
ggctcaacgg
gccaaagcag
cgctccagaa
tcttgacgcet
acctcgcgat
cggccagett
gcatttccat
tcaccgggat
cgtcgctcgg
gctttgtgca

acagcaacct

caacactgtc
gcagctcgcec
agacgccggce
gggcatccgc
gaacggcgtc
caccaacgtg
caacgaattc
ggacgacggc
gatcaccatg
aggtctcgcg
catcgtctcg
cggcgegttt
tctcttcgag
gctgcaagtg
gttcttcaac
gacgattccc
gattggcggt
tgccgeccag
gtttggcttt
ggccgtcaag
ggagctcggg
gctcctcgeg
cacggacgtg
gtcgttcttc
ccactcgttt
cctcctcteg
ggcctttacc
cattggcggc
ttacctcttt
ctacggcttg
cttctccaac
gctcatcttc
gtatttcttc

tcatgatctg

gaggagctcc
gtgcagatgg
gcgacgcttg
caaaaggccc
gccgaggagg
ccgaccgtcg
aaattgatgc
tacgtgctcc
tacaacgaag
tacatgtgca
gacggccgga
gacgaagaga
tcgacgctcec
atttacgcgc
gcgttctcgg
gccgagacct
gtcgctggcg
catttcgagt
atctcggtgc
ggcgtcgggce
ccgttccaag
cgcaagcagc
cccgaaacgc
gcgggectct
ggtcgeaage
tggtttctgt
gagtcggcgce
ctcatcgtct
agctgcctct
attggcaagg
tgcacggtca
ctctcggect

atgctcccga
agctggggca
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tcgatggctc
agcaggatgg
tcgaggtcgg
aagagctcct
cgcgcaaggce
agcagacgtg
ggtacacggc
gcgtgcacga
aaggctcgga
aggagtacgg
cgaaagcgtc
tcatgacggt
agctggtcga
tcaaggagaa
agcagctcaa
cggtctttcg
agattgcagt
acaagatctc
tgcccggtgce
cgctgcccga
gcaacatgta
ggcgctggac
tcgtcgacct
ttgcgatcgg
tcgtgtttac
tgagcaacct
cggcgcetgcet
ttgcccttgg
acatgggcat
gtacgagcgc
gcgacgccga
tcgtccacgg
cgtttgtcaa

cgaaaggcct

gccgacgtac
cgatccgcaa
gcgcaaagaa
ccagcgtgcec
cgctttgecg
ggccggecga
ggtggcgacc
gctgcaacga
gatcaagggc
cgacgacttt
caagacgtgt
cacgtcgctc
gaaccagaac
caatggcggg
cccaaagtac
cttgatccgg
tgaagccccg
caacattatg
gttctcagcg
gtactttaaa
cttggccgaa
catgcactac
catcaagcag
gcactttggc
gttccagttt
ctttctgacg
ccagacgatg
caacaagccc
catcatgctg
cgtcaaggac
gctegeggge
cgagtttggc
cgtgctgggc
cgagtcgggc

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
1980
2040
2100
2160
2220
2280
2340
2400



ggcggccacg
aagaagatag
ttcegegegt
tacgtcgtca
ggcttcttca
cggcggttceg
gagtggcaga
aagcacgcgg
<210>
<211>
<212>
<213>

<400>

24
959
PRT

24

Met Ser Asp
1

Glu Gly Gly

His Ser Pro

35

Leu Glu

50

ser

Glu Ala

65

Asp

Glu Lys Thr

Thr Leu Leu

Phe
115

Lys Ala

val Glu

130

Thr
Leu val
Ile

Ala

Arg Lys

ggcccgecaa
aggccgegeg
tccggtcgac
cggactacat
acgtcgtgeg
gctgcggegc
cgcactacaa

cgtcgatgga

ser

Ala Glu

20

Pro Ser

Phe Gly
val

Gly

Gly
85

Tyr

Asn
100

Lys
Arg Arg
Glu

Leu

Gln Leu

Asn Leu
5

Pro
Arg
Gly
Tyr

70

Tyr

Gln
Leu

Ala

ggccggceggc
gcaagccgcec
gttgctgctc
gtcgagcggg
ctttacgggc
gcgcgegtec
cgtgacgaac

cccgaccacg

Saprolegnia parasitica

Asp Leu

Ala Pro

Thr Arg

40

Thr
55

Tyr
Thr Gln
Leu Asp
Asn

Asp

Thr
120

His

Gly

Gln

150

Leu
165

Asn

Glu val

TYyr

Asp

Ala Asp

Pro Leu

ggcaacgtca
gccagagaga
tcgtggctca
tgctacctca
tgcgtcgtgt
cgcgacaact
cgaaccgatg

ccccatggceg

Ala
10

Ala Arg

Ala Ala

25

Pro

Pro Thr Pro

Thr Thr Gly

val
75

val Pro

Glu
90

Asp Pro

Leu val Gln

105

Ala Ala Phe

Ser Pro Thr

Gln
155

Met Glu

Ala Gly Ala

170

Leu GIn Lys

Page 22

aggacgtcgt
aggaagatgt
cgaccaacgg
agggcctcag
ttgtgatcct
accaagaggc
gccgegtcgce

gcgtctacca

Leu Arg Ala

Pro Thr Pro

30

Leu Tyr Thr

45

Sser val

60

Pro

Trp Lys Asp

Ala Pro Gln

Ala
110

Arg GlIn

Pro
125

Arg Leu

Tyr Glu Gly

140

Asp Gly Asp

Thr Leu val

Gly Ile Arg

cgagcagcaa
cgacaacagc
catttggctg
ctacattgtc
gcgcatgttt
gctgccggcec
gccgeegecc

gcaagtgtaa

Leu
15

Arg
Tyr Met
Gln Glu
Gly Ala
ser
Ala

95

Ser Asn

Pro Asn

Phe

Gln
160

Pro

Glu val

175

GIn Lys

2460
2520
2580
2640
2700
2760
2820
2880



Ala

Gly

Ile

225

Pro

Ala

Leu

Thr

Leu

305

Trp

ser

Glu

Phe

Tyr

385

Lys

Asn

Thr

Gly

Gln

val

210

Ala

Pro

val

Arg

Met

290

Ala

Gln

Lys

Ile

Glu

370

Pro

Leu

Pro

Ser

Glu

195

Ala

Arg

Pro

Ala

val

275

Tyr

Lys

Gln

Thr

Met

355

ser

Pro

Asn

Lys

val

435

val

180

Leu

Glu

Thr

Phe

Thr

260

His

Asn

Gly

val

cys

340

Thr

Thr

Leu

Ser

Tyr

Phe

Ala

Leu

Glu

Asn

His

245

Lys

Glu

Glu

Leu

Ala

325

Leu

val

Leu

Gln

His

405

Thr

Arg

Gly

GlIn

Ala

val

230

Asp

Asp

Leu

Glu

Ala

310

val

Glu

Thr

Gln

val

390

Leu

val

Leu

Glu

Arg

215

Pro

Ala

Pro

Gln

Tyr

Ala

Tyr

Ser

Leu

375

Ile

Trp

Leu

Ile

Ile
455

Ala

200

Lys

Thr

Asn

Ile

Arg

Ser

Met

Ile

Leu

Leu

360

val

Tyr

Phe

val

440

Ala

185

Glu

Ala

val

Glu

Gln

265

Pro

Glu

Cys

val

Gly

Glu

Ala

Phe

Asp

ser

val

Asp

Ala

Glu

Phe

250

Phe

Ile

Ile

Lys

ser

330

Ala

val

Asn

Leu

Asn

410

val

Met

Glu
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Leu

Leu

Gln

235

Lys

ser

Lys

Lys

Glu

315

Asp

val

Asp

GIn

Gly

Glu

Ala

Glu

Pro

220

Thr

Leu

Asp

val

Gly

300

Tyr

Gly

Gly

val

Asn

380

Glu

Phe

Thr

Arg

Pro
460

Ala

205

Pro

Trp

Met

Asp

Phe

285

Thr

Gly

Arg

Ala

Gln

365

Phe

Asn

ser

Ile

Asn

445

Asn

190

Trp

ser

Ala

Arg

Gly

Ile

Leu

Asp

Thr

Phe

350

Met

Glu

Asn

Glu

Pro

430

Ala

Phe

Met

Leu

Gly

Tyr

255

Tyr

Thr

Thr

Asp

Lys

Asp

His

Ala

Gly

Gln

415

Ala

Gln

Phe

Asn

Arg

val

Gly
Phe
320
Glu
Leu
Tyr
Gly
4

Leu

Glu

Asn



Pro

465

Asp

Ala

Gly

Leu

Ccys

545

val

Leu

Leu

sSer

Leu

625

Phe

Leu

val

Leu

Ile

705

Pro

val

Lys

Phe

Pro

Lys

Ile

Phe

Phe

610

Gln

Tyr

Gln

Phe

Phe

690

ser

Arg

Ile
ser
ser
Leu
515
Pro
Glu
Asp
Lys
Ala
595
Gly
Asn
Phe
Thr
Ala
675
ser

Ile

Thr

Ala

Leu

Ala

500

Pro

Phe

Leu

Ala

Gln

580

Ile

Arg

Leu

val

Met

660

Leu

Cys

Tyr

Ile

Ala

Glu

485

Tyr

Glu

Gln

Leu

Ile

565

Arg

Gly

Lys

Leu

Leu

645

Leu

Gly

Leu

Gly

Thr
725

Gln

470

Ser

Arg

Tyr

Gly

Ala

550

Ala

Arg

His

Leu

ser

630

Thr

Thr

Asn

Tyr

Leu

710

Gly

His

val

Tyr

Phe

Asn

535

Arg

Arg

Arg

Phe

val

615

Trp

Leu

val

Lys

Met

695

Ile

Ile

Phe

Phe

Glu

Lys

Met

Lys

Thr

Trp

Phe

Ala

Tyr

Pro

680

Gly

Gly

Phe

Glu

Gly

Ala

505

Ser

Tyr

GlIn

Asp

Leu

585

Arg

Thr

Leu

Phe

Leu

665

Glu

Ile

Lys

Ser

Tyr

Phe

490

Ile

Leu

Leu

Arg

val

570

Asn

val

Phe

Leu

Thr

650

Ala

Pro

Ile

Gly

Asn
730
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Lys

Ile

Arg

Thr

Ala

Arg

Pro

Gly

Trp

Gln

ser

635

Glu

Ile

Arg

Met

Thr

715

cys

Ile

Ser

Ala

ser

Glu

540

Trp

Glu

Ser

Ser

Phe

620

Asn

Ser

Ile

Thr

Leu

700

Ser

Thr

Ser

val

val

Thr

525

Asp

Thr

Thr

Phe

GIn

605

val

Leu

Ala

Gly

Ala

685

Leu

Ala

val

Asn
Leu
Lys
510
Thr
Arg
Met
Leu
Phe
590
Ser
Tyr
Phe
Pro
Gly
6

Ser
val

val

sSer

Ile

Pro

495

Gly

Lys

Ile

His

val

575

Ala

Ser

Leu

Leu

Ala

655

Leu

Phe

Thr

Lys

Asp
735

Met
480
Gly
val
Glu
Leu
Tyr
560

Asp

Gly

Thr

640

Leu

Ile

Tyr

Gly

Asp

Ala



Glu

Ala

Phe

Ser

785

Gly

val

Glu

Leu

Leu

Asn

Thr

Ser
945

Leu

Phe

Phe

770

Asn

Gly

Glu

Lys

Leu

850

Tyr

Phe

Arg

Tyr

Asn

930

Met

Ala

val

755

Met

Leu

His

Gln

Glu

835

Ser

Met

Phe

Met

Gin

915

Arg

Asp

Gly

His

Leu

His

Gly

Gln

820

Asp

Trp

Ser

Asn

Phe

900

Glu

Thr

Pro

Gly

Gly

Pro

Asp

Pro

805

Lys

val

Leu

Ser

val

885

Arg

Ala

Asp

Thr

val

Glu

Thr

Leu

790

Ala

Lys

ASp

Thr

Gly

val

Arg

Leu

Gly

Thr
950

Ile

Phe

Phe

775

Ser

Lys

Ile

Asn

Thr

855

Cys

Arg

Phe

Pro

Thr

Gly

val

Trp

Ala

Glu

Ser

840

Asn

Tyr

Phe

Gly

Ala

920

val

His

Ser

745

Ile

Asn

Gly

Gly

Ala

825

Phe

Gly

Leu

Thr

Ala

Gly

Leu
Leu
val
Thr
Gly
8

Ala
Arg
Ile
Lys
Gly
Gly
Trp
Pro

Gly
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Gly

Leu

Leu

Lys

Gly

Arg

Ala

Trp

Gly

cys

Ala

Gln

Pro

val
955

Leu

Ser

Gly

Gly

Asn

Gln

Phe

Leu

860

Leu

val

Arg

Thr

Pro

940

Tyr

Ile

Phe

765

Ile

Leu

val

Ala

Tyr

ser

val

Ala

His

925

Lys

Gln

Phe

750

val

Tyr

Glu

Lys

Ala

830

Ser

val

Tyr

Phe

ser

910

Tyr

His

Gln

Leu

GIn

Ala

Ser

Asp

Ala

Thr

val

Ile

val

895

Arg

Asn

Ala

val

Ser

Tyr

Tyr

Gly

val

Arg

Leu

Thr

val

880

Asp

val

Ala



