<110>
<120>
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SEQUENCE LISTING

Teknologian tutkimuskeskus VvTT

Genetically modified fungi and their use in Tlipid production

<130> 2091574PC

<160> 97

<170> PatentIn version 3.5
<210> 1

<211> 24

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 1

tacaagtgyg gtggtatyga caag 24
<210> 2

<211> 23

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 2

tcwacggayt tgacttcagt ggt 23
<210> 3

<211> 25

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 3

gcggtgaccc gggagatctg aattc 25
<210> 4

<211> 12

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 4

gaattcagat ct 12
<210> 5

<211> 17

<212> DNA

<213> Artificial Sequence
<220>

<223> primer
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<400> 5
cacgctcacg ctcggcc

<210> 6

<211> 15

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 6

ccgaggtcgg cggcc

<210> 7

<211> 19

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 7

ggcaggcgca aagctggac

<210> 8

<211> 26

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 8
gcagtcactg tcattgtcgc actacc

<210> 9

<211> 32

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 9

tccccgeggg gatccatcac gectgeccgt cc

<210> 10

<211> 47

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 10

gctctagagc ctgcaggttt ttataggttc tgcgaatggt tagtacg

<210> 11
<211> 25
<212> DNA

<213> Artificial Sequence
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17

15

19

26

32

47



<220>
<223>

<400>

primer

11

cctccaggac gtctacaaga tcggc

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

<220>
<223>

<400>

12

16

DNA

Artificial Sequence

primer

12

cccgtcggec gtgtcg

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

<220>
<223>

<400>

13

38

DNA

Artificial Sequence

primer

13

eolf-seql.app

tcccceccggg cctgcaggtt gtagagccct cggttctg

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

<220>
<223>

<400>

14

31

DNA

Artificial Sequence

primer

14

ggaattccgg aggcttgtca tcatacgaga c

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

<220>
<223>

<400>

15

23

DNA

Artificial Sequence

primer

15

ggtaactkka agatgaacgg ctc

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

<220>
<223>

<400>

16

23

DNA

Artificial Sequence

primer

16

gckccrccga craggaawcc rtc

Page 3

25

16

38

31

23

23
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<210> 17

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 17

gggaagttgg cgctgtggac 20
<210> 18

<211> 17

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 18

cgctgagctt ggcgtcg 17
<210> 19

<211> 29

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 19

cgggatcccg gaattcctga ccacccgceg 29
<210> 20

<211> 39

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 20

tgtgtgcctg caggcttgga tatgctgttt taggtttgg 39
<210> 21

<211> 19

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 21

aagcgcgtct cgcagaagg 19
<210> 22

<211> 17

<212> DNA

<213> Artificial Sequence

<220>

<223> primer
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<400>

22

acggcggctc cgtcaac

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

<220>
<223>

<400>

23

35

DNA

Artificial Sequence

primer

23

eolf-seql.app

gctctagagc ctgcagggat gaggcgtggc atagg

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

<220>
<223>

<400>

24

26

DNA

Artificial Sequence

primer

24

cgggatcccg cagctgacga caggct

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

<220>
<223>

<400>

25

25

DNA

Artificial Sequence

primer

25

cccgtcacct cycagaagga gattg

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

<220>
<223>

<400>

26

19

DNA

Artificial Sequence

primer

26

cggtctcacc ggatcggtg

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

<220>
<223>

<400>

27

16

DNA

Artificial Sequence

primer

27

ttggcagcgg cctcgg

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

28

18

DNA

Artificial Sequence
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35

26

25

19

16
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<220>
<223> primer

<400> 28
ccaaggatgg cgttggcg

<210> 29

<211> 19

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 29
cgtgctcctg cccaggagg

<210> 30

<211> 20

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 30
cgatgctctc ggcagttgcg

<210> 31

<211> 29

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 31

cggaattctg tctgtacgag tctgtacac

<210> 32

<211> 38

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 32

ggaattcctg caggtttgag gtgaggttgt tgttttgg

<210> 33

<211> 17

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 33

ggcgtgcaac gccctcc
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<210> 34

<211> 21

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 34

ccatccaggc gtgggtactg a 21
<210> 35

<211> 32

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 35

cccaagcttc ctgcagggtg cgcgtagtgc gc 32
<210> 36

<211> 29

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 36

cccaagcttg ggacgccgag gagcatctc 29
<210> 37

<211> 21

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 37

cgtcggtctt tgacgccaag g 21
<210> 38

<211> 23

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 38

cgtggtacga caacgagtac ggc 23
<210> 39

<211> 43

<212> DNA

<213> Artificial Sequence

<220>

<223> primer
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<400>

eolf-seql.app
39

gctctagagc ctgcaggatc ccttcgagga tgtagttagg ttg

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

<220>
<223>

<400>

40

31

DNA

Artificial Sequence

primer

40

cgggatcccg tggaggtgtc tgtgatgacg a

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

<220>
<223>

<400>

41

38

DNA

Artificial Sequence

primer

41

ggactagtcc tgcaggatga aaaagcctga actcaccg

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

<220>
<223>

<400>

42

37

DNA

Artificial Sequence

primer

42

ggactagtcc tgcaggctat tcctttgccc tcggacg

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

<220>
<223>

<400>

43

35

DNA

Artificial Sequence

primer

43

ggactagtcc tgcaggatga gccatattca acggg

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

<220>
<223>

<400>

44
39

DNA

Artificial Sequence

primer

44

ggactagtcc tgcaggttag aaaaactcat cgagcatca

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

45

38

DNA

Artificial Sequence

Page 8
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<220>
<223>

<400>
acacaccctg caggatgagt gtgtctaccg ccaagagg

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

<220>
<223>

<400>
gtgtgtcctg caggttaatt tgcggccggt accg

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

<400>

primer

45

46
34
DNA

Artificial Sequence

primer

46

47
500
PRT

Saccharomyces cerevisiae

47

Met Thr Lys
1

Pro

Lys

ser

val

65

Trp

Ala

Leu

Ala

Asn

Phe

Thr

50

Glu

Ala

Asp

Asp

Ile

130

Arg

Pro

Gly

Met

35

Tyr

Thr

Asn
115

Asn

Thr

Leu His Phe

Leu

20

Lys

Asn

Ala

Gln

Leu

100

Gly

Cys

Ile

Gly

Thr

Ala

Thr

Ile

Asp

85

Glu

Lys

Leu

Asn

val

Tyr

Gln

val

Glu

70

Pro

Ser

Thr

Arg

Thr

150

Cys

Asp

Glu

Asp

Cys

55

Cys

Arg

Gln

Leu

135

Gly

Gly

Thr

Gln

Gly

40

Glu

Ala

Glu

Ile

Ala

120

Ala

Asp

Gln

eolf-seql.app

Ala

Pro

25

Lys

val

Asp

Arg

Asp

Leu

Ala

Gly

Ile

Glu Pro
10

Thr Gly

Thr Tyr

Ser Ser

Arg Ala
75

Gly Arg
90

Leu val

Ala Arg

Ala Tyr

Tyr Met

155

Ile Pro
Page 9

val

Leu

Pro

Ala

60

Phe

Leu

Ser

Gly

Ala

140

Asn

Trp

Lys

Phe

val

45

Thr

Leu

Ser

Asp

Asp

Phe

Asn

Ile

Ile

30

Glu

Thr

Asp

Ser

Ile

110

val

Lys

Thr

Phe

Thr

15

Asn

Asp

Glu

Thr

Lys

95

Glu

Thr

val

Thr

Pro

Leu

Asn

Pro

Asp

Glu

80

Leu

Ala

Asn

Leu
160

38

34



Met

Cys

Ala

val

225

Arg

val

Leu

Lys

Ile

305

Gly

Gln

Gly

Phe

385

val

Thr

Gly

Met

Ser
210

Pro

Ala

Gly

Thr

290

Cys

Leu

Asn

Gln

Ala

370

Lys

Leu

Ser

Leu

Leu

195

Leu

Gly

Arg

val

Gly

Leu

Ser

Leu

Pro

Phe

355

Lys

Arg

Glu

Glu

Gly

Ala

180

Lys

Cys

Pro

Lys

Asp

260

Lys

Pro

Ser

Ala

Phe

340

Asp

Ile

Pro

Glu

Glu
420

165

Trp

Pro

Lys

Gly

Leu

245

Ser

Ser

Asn

Gly

Ala

325

Asp

Thr

Leu

Thr

Ile

405

Gly

Glu

Lys
Ala
Lys
Arg
2

Ala
Ser
Ala
Leu
Ser
310
Phe
Lys
Ile
Thr
val
390
Phe

val

Thr

Ile

Ala

val

215

Thr

Phe

Glu

His

val

295

Arg

Lys

Ala

Met

Gly

Phe

Gly

Glu

Ala

val

200

Gly

val

Thr

Ser

Leu

280

Asn

Ile

Ala

Asn

Asn

360

Gly

Tyr

Pro

Met

Ser

eolf-seql.app
170

Pro

185

Thr

Ile

Gly

Gly

Asn

265

val

Gly

Tyr

Tyr

Phe

345

Tyr

Glu

Asp

val

Ala

425

Leu

Ala Leu

Pro Leu

Pro Ala

Ala Ala
235

Ser Thr
250

Leu Lys

Phe Asp

Ile Phe

val Gln
315

Leu Glu
330

GIn Gly

Ile Asp

Lys val

val Asn
395

val Thr
410

Asn Ser

Ser Thr
Page 10

Ala

Asn

Gly

Leu

Glu

Lys

Asp

Thr

Ala

Ile

Gly

Glu

val

Ser

Gly

Met

Ala

205

val

Thr

val

Ile

Ala

285

Asn

Gly

Glu

Ile

Asp

Asp

Ala

Glu

Leu

Gly

Leu

val

Asn

Gly

Thr

270

Asn

Ala

Ile

Ile

Thr

350

Lys

Lys

Met

Lys

Phe

430

Lys

175

Asn

Tyr

Asn

Asp

Lys

255

Leu

Ile

Gly

Tyr

Lys

Asn

Lys

Gly

Arg

Phe

415

Gly

val

val

Phe

Pro
240

Ser

Lys

Gln

Asp

320

val

Arg

TYyr

Ile

400

Lys

Leu



435

Met
450

Ser

Met

Arg

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

48
DNA
<220>
<223> S.

<400> 48
atgaccaagc

acctacgagc
aagacctacc
accaccgagg
tgggccaccc
gagtcgcaga
ctcgctcgeg
gacaaggtca
gagcccatcg
tggaagatcg
acccccctca
gtcgtcaaca
cgcatccgca
tcgtcggagt
gtgtttgacg
aacgccggcc
gaactcctcg
gacaaggcca
tacatcgaca

gacaagggct

Leu Lys

Arg val

Gly Glu

1506

440

455

470

485

Lys Leu

500

tccacttcga
agcccaccgg
ccgtcgagga
acgtggagta
aggaccctcg
tcgacctcgt
gcgacgtgac
acggccgcac
gcgtctgegg
cccctgeect
acgccctcta
tcgtccctgg
agctcgcctt
cgaacctcaa
acgccaacat
agatctgctc
ccgccttcaa
acttccaggg
tcggcaagaa

acttcatccg

Artificial Sequence

caccgccgag
cctcttcatc
cccctcgacc
cgccatcgag
cgagcgcggt
cagctcgatc
gatcgccatc
catcaacacc
ccagatcatc
cgccatgggc
cttcgcctcg
ccctggecgce
caccggctcg
gaagatcacg
caagaaaacc
gtcgggeteg
ggcctacctc
cgccatcacc
ggaaggcgct

ccccaccgtc

eolf-seql.app

475

490

445

460

cerevisiae codon optimized to Ustilago maydis

Ala Gly Thr val Trp Ile Asn Thr Tyr Asn Asp Phe
Pro Phe Gly Gly val Lys GIn Ser Gly Tyr Gly Arg
480

Glu val Tyr His Ala Tyr Thr Glu val Lys Ala val

495

cccgtcaaga tcaccctccc caacggcctc

aacaacaagt
gagaacaccg
tgcgccgacc
cgcctcctct
gaggccctcg
aactgcctcc
ggcgacggct
ccctggaact
aacgtctgca
ctctgcaaga
accgtcggeg
accgaggtcg
ctcgaactcg
ctccctaacc
cgcatctacg
gaaaccgaga
aaccgccagc
aagatcctca

ttttacgacg

Page 11

tcatgaaggc
tctgcgaggt
gcgccttcca
ccaaactcgc
acaacggcaa
gcgacgccgce
acatgaactt
tccccatcat
tcctcaagec
aggtcggcat
ctgccctcac
gcaagtcggt
gcggcaagtc
tcgtcaacgg
tccaggaagg
tcaaggtcgg
agttcgacac
cgggcggtga
tgaacgagga

ccaggacggc
cagctcggcc
cgacaccgag
cgacgaactc
gaccctcgcec
tgcctacgcec
caccaccctc
gatgctcgcc
tgccgecgtc
ccctgecggce
caacgacccc
cgccgtcgac
ggcccacctc
catcttcaag
catctacgac
caaccccttc
catcatgaac
aaaggtcggc

catgcgcatc

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

1020
1080
1140
1200



gtcaaggaag
ggcgtcgaga
ctctcgaccg
tacaacgact
gagatgggcg
tgatga
<210>

<211>

<212>
<213>

49
DNA
<220>
<223> S.

<400> 49
atgacaaaac

acttatgaac
aaaacatatc
acaacagagg
tgggctacac
gaatcacaaa
cttgctcgag
gataaagtta
gaaccaattg
tggaaaattg
acaccactta
gttgttaata
cgtattcgaa
tcatcagagt
gtctttgatg
aacgctggtc
gaacttcttg
gataaagcta
tatattgata
gataaaggtt
gtcaaagaag
ggtgttgaaa

ctttcaacag

1506

agatcttcgg
tggctaactc
gcctcaaggt
tcgactcgcg

aggaagtcta

ttcattttga
aaccaacagg
cagttgaaga
atgttgaata
aagatccacg
ttgatcttgt
gtgatgttac
atggtcgaac
gtgtttgtgg
ctccagctct
atgcacttta
ttgttccagg
aacttgcttt
caaacttgaa
atgctaacat
aaatttgttc
ctgcttttaa
attttcaagg
tcggtaaaaa
attttatccg
aaatttttgg
tggctaattc

gtcttaaagt

cccegtegtc
gagcgaattt
cgccaagatg
cgtccccttc

ccacgcctac

Artificial Sequence

tacagctgaa
tctttttatc
tccatcaaca
tgctattgaa
agaacgaggt
ttcatcaatc
aattgctatc
aattaataca
tcaaattatt
tgctatgggt
ttttgcttca
tccaggtcga
tacaggttca
aaaaatcact
caaaaaaaca
atcaggttca
agcatatctt
tgctatcaca
agaaggtgct
accaacagtc
tccagttgtt
atcagaattt

cgctaaaatg

eolf-seql.app

accgtcgcca
ggcctcggct
ctcaaggccg
ggcggcgtca

accgaggtca

ccagttaaaa
aacaacaaat
gaaaatacag
tgtgctgatc
cgacttcttt
gaagctcttg
aattgtttgc
ggtgatggtt
ccatggaact
aatgtttgta
ctttgtaaaa
acagttggtg
acagaagttg
cttgaacttg
cttccaaacc
cgaatttatg
gagacagaaa
aatcgacaac
aaaattctta
ttttatgatg
acagttgcta
ggtcttggtt

cttaaagctg

Page 12

agttcaagac
cgggcatcga
gcaccgtctg
agcagtcggg
aggccgtccg

cerevisiae codon optimized to Rhizopus oryzae

tcacacttcc
ttatgaaagc
tttgtgaagt
gagcttttca
caaaacttgc
ataatggtaa
gagatgctgc
atatgaattt
ttccaattat
ttcttaaacc
aagttggtat
ctgctcttac
gtaaatcagt
gtggtaaatc
ttgtcaatgg
tccaagaggg
ttaaagtcgg
aatttgatac
caggtggtga
tcaatgaaga
aattcaagac
caggtattga

gtacagtttg

cctcgaagag
aaccgagtcg
gatcaacacc
ctacggccgc

catcaagctc

aaatggtctt
tcaggatggt
ttcatcagct
tgatacagaa
tgatgaactt
aacacttgct
tgcttatgct
tacaacgctt
gatgcttgct
agctgctgtt
tccagctggt
aaatgatcca
tgctgttgat
agctcatctt
tatctttaaa
tatctatgat
taacccattt
gatcatgaac
aaaagttggt
tatgcgaatt
acttgaagag
aacagaatca

gattaacacg

1260
1320
1380
1440
1500
1506

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

1020
1080
1140
1200
1260
1320
1380



tataacgatt ttgattcacg agttccattt ggtggtgtta aacaatcagg ttatggtcga

gaaatgggtg aagaagttta tcacgcttat acagaagtta aagctgtccg aatcaaactt

taataa

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

<400>

50
683
PRT

Saccharomyces cerevisiae

50

Met Thr ITle Lys
1

Ala

Tyr

Asn

Trp

65

Asp

val

Glu

Leu

Lys

145

val

val

Ala

Lys

Leu

val

Glu

50

Asp

val

Asp

Ala

Phe

Asn

Thr
210

Lys

Thr

35

Pro

Ala

Ala

Arg

Lys

Gly

Ala

Ala

sSer
195

Ala

20

Asp

Glu

Pro

Trp

His

100

Asp

val

Asp

Met

Gly

Lys

Asn

Glu His Lys val
5

Pro

Met

Lys

Tyr

Phe

85

Ala

Glu

Ser

Thr

Leu

165

Phe

val

Thr

Gln

Gln

Phe

Thr

70

Leu

Phe

Ser

Gln

val

150

Ala

Ser

val

Lys

His

His

Phe

55

Lys

Asn

Ala

Asp

Ile

135

Ala

val

Ala

Ile

Lys

Phe

Tyr

Asp

val

Gly

Asn

Asn

120

Ala

Ile

Ala

Gly

Thr

200

Ile

eolf-seql.app

val

Tyr

Gln

Lys

Gln

Lys

Pro

105

Lys

Gly

Tyr

Arg

Ser

185

Cys

val

Tyr Glu

Asn Ser

Glu Met

Met Ala

Ser Gly

75

Leu Asn
90

Asp Lys

ITe Ile

val Leu

Leu Pro

155

Ile Gly
170

Leu Lys

Asp Glu

Asp Glu

Page 13

Ala
Gln
Tyr
Lys
Ser
Ala
Pro
Thr
Lys
140
Met
Ala
Asp

Gly

Gly
220

Pro

Gln

45

Glu

Leu

Ser

Ala

Phe

125

Ser

Asn

Gly

30

Gln

Tyr

Asn

Tyr

Leu

110

Gly

Trp

Pro

val
190

Arg

Asn

val

15

Lys

Ser

Leu

Asn

Asn

95

Glu

Gly

Glu

Ser

175

val

Gly

Gly

Lys

Gly

Gly

80

cys

Tyr

Leu

val

Ala

160

val

Asp

Gly

val

1440
1500
1506



Lys

Leu

val

Tyr

305

val

Leu

Tyr

Tyr

Glu

385

Gly

Gly

Gly

Pro
465

Ala

Leu

Pro

Gln

Phe

His

290

val

Gly

Gly

Gly

val

370

Glu

Asn

Ser

Ser

450

val

val

val

Met

Arg

Leu

275

Thr

Phe

Trp

Thr

Arg

355

Ala

Ala

Pro

Lys

His

435

Ala

Thr

Lys

Ser

Lys

Thr

260

Leu

Thr

Asp

Ala
340
Tyr

Pro

Lys

Asn

420

Leu

Thr

Gly

Ser

Arg

Ala

245

Tyr

Tyr

Gly

Ile

Thr

325

Ser

Trp

Thr

Tyr

Ser

405

cys

Ile

val

val

Pro
485

Ile

230

Gly

Leu

Thr

Gly

His

310

Gly

Ile

Arg

Ala

Asp

390

Pro

val

Ala

Pro

Glu

470

Trp

Leu

Arg

Pro

Ser

Tyr

Pro

His

Leu
375

Thr

Asp

Pro

Phe

455

Leu

Pro

val

Asp

Pro

Glu

Thr

Phe

Ile

360

Arg

Ser

Leu

Cys

Leu

440

Phe

Glu

Ser

eolf-seql.app

Phe Gln Arg Thr

Tyr

val

265

Ser

Leu

Asp

Tyr

Glu

345

Gln

Leu

Ser

Trp

Asp

Ala

Gly

Gly

Met

Thr

Gly

val

Ala

330

Ser

Arg

Leu
Glu
410

Thr

Gly

Asn

235

Trp

cys

Gly

Ala

Leu

315

Leu

Thr

His

Lys

Arg

Trp

Met

Ala

Asn

Asp
475

Asp

Ser

Ala

300

Phe

Tyr

Pro

Lys

Arg

val

Tyr

Trp

val

Ala

460

val

Ala Arg Ser

490

Page 14

Gly Thr

Glu Glu

Ala Glu
270

Pro Lys
285

Leu Thr

Thr Ala

Gly Pro

Ala Tyr

350

Ala Thr
365

val Gly

Leu Gly

His Glu

Gln Thr

430

Pro Thr
445
Cys Ile

Glu Gly

val Trp

Glu

Ala

255

Asp

Gly

Thr

Gly

Leu

335

Pro

His

Glu

Ser

Lys

Glu

Lys

Ile

val

Asn
495

Pro

val

Arg

Asp

320

Thr

Asp

Phe

val

400

val

Ser

Pro

Asp

Leu
480



Phe

Arg

Thr

545

Ala

Ala

Gly

Leu

Ile

625

Arg

Leu

val

Asp

Thr

Ala

Tyr

Asp

Gln

610

Leu

val

Thr

Glu

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

<220>
<223>

<400>

atgaccatca aggagcacaa
ccccagcact tctacaactc
caggagatgt accagcagtc
gagtacctcc actgggacgc

gatgtcgcct ggttcctcaa

Arg

Glu

val

val

Ala

595

val

val

Leu

Thr

Asn

675

51
2052
DNA

Tyr
500

Asp

val

val

Ser

580

Glu

Arg

Arg

Arg

Leu

660

Gln

Met

Gly

Asp

Glu

Gly

Asp

Phe

Asp

Ala

Asp

Ala

550

Ile

Lys

Ile

Glu

Leu

630

val

Asn

Phe

Thr

Gly

val

535

Ser

Pro

Asp

Thr

Ile

615

Pro

Ala

Pro

Ser

Artificial Sequence

Tyr
Arg
5

val
Ile
Asp
Gly
Pro
600
Gly
Arg
Ser

Glu

Gln
680

eolf-seql.app

Leu Lys Pro

505

Asp

Asn

Ser

Glu

Tyr

Asp

Pro

Thr

Asn

val

665

Lys

His

val

Asn

Leu

570

Leu

Asn

Phe

Arg

Glu

650

val

Lys

Asp

Ser

His

555

Thr

Gln

Leu

Ala

Ser

635

Ala

Pro

Lys

Tyr

Gly

Gly

Glu

Gly

Asn

Arg

Ser

620

Gly

Glu

Ala

Pro

Tyr

His

Asn

Gln

Asn

Lys

Gln

Ile

Tyr

Arg

val

Thr

Ala

590

Glu

Lys

Leu

Ile
670

S.cerevisiae codon optimized to Ustilago maydis

51

ggtcgtctac gaggcccaca acgtcaaggc
gcagcccggce aagggctacg tcaccgacat
gatcaacgag cccgagaagt tcttcgacaa
cccctacacc aaggtccagt cgggctcgcet

cggcaagctc aacgcctcgt acaactgcgt
Page 15

His

Trp

Leu

Ser

val

575

Thr

Leu

Thr

Met

cctcaaggct
gcagcactac
gatggccaag
caacaacggc

cgaccgccac

Tyr

Ser

Glu

560

val

Glu

60
120
180
240
300



gccttcgeca
aagatcatca
tcgtggggcg
gtcatcgcca
ttctcggecg
tgcgacgagg
ctcaacggcg
atccccatga
tacctccccc
tcgaccggca
ctcaccaccc
gtgggctgga
tcgatcatct
cagcgccaca
gtcggcgagg
ggcgagccca
tgcgtcatct
gctggcgecg
tgcatcatcg
gccgtcaagt
atggacacct
gatcacgatg
caccgcctct
gccgecgtceg
ctcaaggacg
gacaacctcc
cccaagacca
cgcgtcectcec
gccaaccctg
aagaagaagt
<210> 52

<211> 611
<212> PRT
<213>
<400> 52

accccgacaa
ccttcggcga
tcaagaaggg
tgctcgcegt
gctcgctcaa
gcaagcgcgg
tcgacctcgt
aggctggccg
ctgtctcgtg
gccctaaggg
gctacgtctt
tcaccggcca
tcgagtcgac
aggccaccca
ccgagatcgc
tctcgeccga
gcgacaccat
tccctaccaa
accccgtcac
cgccctggcec
acctcaagcc
gctactactg
cgacctcgga
tcggcatccc
gctacctcca
gccgcgaact
tcatcctcgt
gcaaggtcgc
aggtcgtccc

ga

Rhizopus oryzae

gcccgecctc
actcctccgce
cgacaccgtc
cgcccgeatc
ggaccgcgtc
tggcaagacc
ctcgcgcatc
cgactactgg
cgacgccgag
cgtcgtccat
tgacatccac
cacctacgcc
ccccgectac
cttctacgtc
caagtacgac
cctctgggag
gtggcagacc
gcctggctcg
cggcgtcgaa
ctcgatggcc
ctaccccggc
gattcgcggt
gatcgaggcc
cgacgaactc
gaacaacgcc
catcctccag
ccgcgacctc
ctcgaacgag

cgccatcatc

eolf-seql.app

atctacgagg
aaggtctcgc
gccatctacc
ggcgccatcc
gtcgatgcca
atcaacacca
ctcgtctttc
tggcacgagg
gaccccctct
acgaccggcg
cccgaggacg
ctctacggcc
cccgactacg
gcccccaccg
acctcgtcgce
tggtatcacg
gagtcgggtt
gccaccgtcc
ctcgagggca
cgcagcgtct
cactacttca
cgcgtcgacg
agcatcagca
accggccaga
accgagggcg
gtccgcggeg
cctcgcaccc
gccgagcagc

tcggecgtcg

Page 16

ccgacgacga
agatcgccgg
tccccatgat
actcggtcgt
actcgaaggt
agaagatcgt
agcgcaccgg
aggccgccaa
tcctectcta
gctacctcct
tgctcttcac
ccctcaccct
gccgctactg
ccctecgect
tccgegtect
agaaggtcgg
cgcacctcat
ctttcttcgg
acgacgtgga
ggaaccacca
ccggcgacgg
atgtcgtcaa
accacgagaa
ccgtcgtegce
acgccgagca
agatcggccc
gctcgggcaa
ttggtgacct

agaaccagtt

gtcggacaac
cgtcctcaag
ccccgaggcec
ctttgccggc
cgtcatcacc
cgacgaaggc
caccgagggc
gcagcgcacc
cacctcgggc
cggcgctgec
cgctggcgac
cggcaccgcc
gcgcatcatc
catcaagcgc
cggctcggtc
caacaagaac
cgcccccctce
catcaacgcc
gggcgtcctc
cgaccgctac
cgctggtcgce
cgtctcgggc
cgtctcggag
ctacgtctcg
catcaccccc
cttcgcectcg
gatcatgcgc
caccaccctc

cttctcgcaa

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
1980
2040
2052



Met

Asp

Phe

val

Pro

65

Gln

val

Ala

Asp

Ser

145

Pro

val

Asn

Leu

225

Leu

Met

Ser

Gln

Lys

Gly

50

val

Leu

Asp

Thr

Leu

130

val

Glu

Lys

Trp

Asn

210

Ser

Gly

Lys

Glu

Glu

35

Leu

Ala

Ala

Glu

Glu

115

Lys

Leu

Thr

Lys

Ala

195

Met

val

Lys

Gly

Leu

Leu

20

Lys

Ser

Gln

Asp

Phe

100

Met

Pro

Leu

Gly

Gly

Lys

TYyr

Arg

Lys

Thr
260

Arg

Pro

Arg

val

Ser

Ile

85

Leu

Ser

Gln

Asp

Leu

165

val

val

Phe

Asp

Gln

245

Met

Arg

Glu

Pro

Gly

His

70

Asp

Gly

Phe

Phe

Lys

150

Asp

Ala

Gly

Ser

Phe

Arg

Asp

Phe

Leu

55

Leu

Asn

Met

Pro

135

Glu

Pro

Ala

Glu

ser

215

Tyr

Gly

Pro

Lys

Ile

Trp

40

Leu

Asn

Ala

Phe

Pro

120

val

Ser

Pro

Ala

Asn

200

Tyr

Phe

Gln

Tyr

eolf-seql.app

Gln

Met

25

Gly

Ala

Ser

Ser

Thr

105

Ala

val

Trp

Gly

Asp

Leu

Asp

Ser

Lys

Phe
265

Glu Lys
10

Ala Asp
Arg Lys
Met Tyr

Leu Gln
75

ITe Leu
90

Ash Leu
Leu Glu
Met Ile

Thr Glu
155

Tyr Lys
170

Tyr Phe
Ala Thr
Trp Arg

Lys Leu
235

Ser val
250

Leu Lys

Page 17

Thr

Ser

Arg

Ala

60

His

Pro

Ile

Tyr

Pro

140

His

val

Ile

Ile

Leu

220

Lys

Ile

Trp

Thr

Ala

Phe

45

Ala

Tyr

Ala

Thr

Arg

Thr

His

val

Lys

Ala

30

Asn

sSer

Leu

Thr

Pro

110

Glu

Met

Met

Ala

Gly

Tyr

Phe

Thr

Thr

Glu
270

Thr

15

Asn

Phe

Thr

Leu

Glu

95

Thr

Ser

val

Leu

val

175

Tyr

Asp

Ser

Ile

His

255

Ser

Asn

val

Ile

Thr

Leu

80

Met

Pro

Leu

Arg

Asp

160

His

Trp

Thr

Asn

Glu

240

Ser

Lys



Gly

Phe

ser

305

Gly

Leu

Glu

Glu

385

Pro

Lys

Phe

Pro

Asn

465

Ser

His

Asn

Lys

His

val

290

Leu

Ala

Met

Ala

Lys

370

Gly

Leu

Asn

Gly

Thr

450

Met

TYyr

Ser

Ser

Thr
530

Gly

Asn

Leu

Tyr

Arg

Ile

355

Tyr

Phe

val

Ala

Leu

435

Lys

Lys

Tyr

Asn

Ser

515

Pro

Gln

Ser

val

Ser

340

Trp

Gln

Asn

Arg

Asp

Thr

Trp

TYyr

Ser

500

Pro

Ser

Gly

Ala

Gly

Leu

325

Trp

Gly

Ser

Glu

Asn

405

Thr

Ser

TYyr

Ala

485

Thr

Ala

Leu

Gly

Ala

Glu

310

Glu

Met

Arg

Phe

Asn

390

Tyr

Lys

Ser

Asn

Cys

470

Ala

val

His

Gln

Pro

295

Thr

Lys

Gly

Gly

Gly

Ser

Thr

Phe

Ser

Pro

455

Phe

Leu

Glu

Ala

Ile
535

Lys

Leu

Arg

Phe

Gly

Gly

Asn

Thr

val

Gly

Lys

Leu

Tyr

Asn

Cys

eolf-seql.app

Trp val Asp Glu

val

Asp

Phe

Ala

345

Asn

Met

Asp

Gln

Gly

Glu

Thr

505

Thr

Ala

Gly val

Thr Met
315

Ser Arg
330

Ser Met

Ala Pro

ITe Ser

ITe Pro
395

Gly Ser
410

Gln Leu

Leu Lys

Ser Arg

Ile Glu

475

Asn Met
490

Thr Glu

Ser Ser

Ser Ile

Page 18

Pro

300

Ala

Arg

Leu

Asp

Phe

380

Ser

Ile

Tyr

Arg

Leu

460

val

Asp

Gln

Ala

Asn
540

His

285

Lys

Leu

Glu

Pro

Asp

val

Asn

Gln

Ala

Asn

445

Pro

Pro

Gln

Asn

Ala

525

Asp

Ala

Gly

Arg

Lys

350

Pro

sSer

Leu

Asn

430

Glu

Asn

Thr

Glu

Ala

510

Phe

Pro

Glu

val

Ser

Ala

335

Gly

Glu

Arg

Gly

Leu

415

Tyr

Asn

Ala

Glu

Cys

495

Glu

Pro

val

Ser

Thr

Phe

320

Lys

Gly

Asp

Pro

Asp

Thr

Ser

Asp

Pro

Arg

Gly

Pro

Asp

Gln



Ile Glu

Leu Ser

His Ala Asp

His
595

Tyr Lys

ser
610

Tyr

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

53
1836
DNA

<220>
<223>

<400> 53
atgtcgaagc

cccgaggaca
ggccgcaagc
gccagcacca
caactcgccg
ctcggcaact
gccctcgagt
gctatggtcc
cccgaaacgg
gtcgaggccg
ctcgccacca
tcgttctcga
ctctcgaaga
atgttccctt
tgggtcgacg
aaggccgtca
ggcgcctacg
tggatgggcg

aacgcccccg

eolf-seql.app

Thr Gly ITe Arg Phe Ser Asn Gly Asp Gly Thr val Pro
550

555

560

Leu Gly Tyr Met Cys Ala Pro Ser Gly Gly Trp Arg Lys
575

565

570

Leu Tyr Asnh Pro Gly His Ser Pro val val Leu Arg Glu

580

585

590

Glu val ser Thr Ser Lys Leu Asp val Arg Gly Gly Trp
600 605

tccgecgteg
tcatggctga
gcttcaactt
cccctgtegce
acatcgacct
tcaccaacct
acaaggagtc
gctcggtecct
gcctcgaccc
ccgactactt
tcggctacga
acctcgaagt
agcagtcggg
actttctcaa
agcacatcga
cctcgetect
tcctcgagaa
gtgcctcgat

acgacgagga

Artificial Sequence

Rhizopus oryzae codon optimized to Ustilago maydis

caagcaggaa aagaccacca agaccaacga ccaggaactc

ctcggecgec
catcgtcggc
ccagtcgcac
cgcctcgatc
catcaccccc
gctcgacctc
cctcgacaag
acccggctac
catcaccggc
caccaacaac
ccgcgacggce
ccagaagtcg
gtgggtcgag
gtcgttcgtc
ctcgggcgag
gttcttctcg

gctccccaag

ggacgagaag

aacgtcttta
ctcagcgtcg
atcaactcgc
ctccccgeca
acccctgcta
aagccccagt
gaaagctgga
aaggtccgcg
tactgggtct
atgtacttcg
tacttctcga
gtcatcatca
tcgaagggcc
aacatcgctg
acccgcgaca
cgtcgagagc
ggcggcgagg

taccaatcgt

Page 19

aggagaagcg
gcctcctcgce
tccagcacta
ccgagatggt
cggagatgtc
tccccgtegt
ccgagcacat
ccgtccacga
gggccaaggt
cctcgtacga
agctcaagca
cccactcgat
acggccaggg
cccccctegt
ccatggccct
gcgccaaget
ctatctgggg

tcggtaacat

ccccttctgg
catgtacgcc
cctecctectce
cgacgagttc
gttcatgccc
catgatcccc
catgctcgac
gaagaagggc
catcgagaac
ctggcgcectc
caccatcgaa
gggcggcacc
cggtcagaag
cggcgtcccc
cggctcgttc
catgcgctcg
tcgcggeggt
gatctcgttc

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

1020
1080
1140



gtccctcgec
cccctegtcc
atcaagttcg
cagctcaagc
cccaacgccc
tcgtactact
accgccgagt
acctcgtcgg
gaccctgtcc
ctcctctecgc
tacaaccccg
aagctcgatg
<210>
<211>

<212>
<213>

54
22

<220>
<223>

<400> 54

DNA
Artificial Sequence

ccgagggctt
gcaactacac
gcaagcagct
gcaacgagaa
ccaacatgaa
acgccatcct
gcaccaccga
ccgecttecc
agcgcatcga
tcggctacat

gccactcgcec

tcecgeggtgg

primer

caacgagaac
cgtccagggc
ctacgccaac
cgaccccacc
gatctactgc
caacgagaac
gcagaacgcc
cgacaagacc
gaccggcatc
gtgcgccccc
cgtcgtcctc

ctggatctcg

gaggtygtcg tykcycctcc yg

<210> 55

<211> 25

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 55

gcgaccttrc crgtrccgat rgccc

<210> 56

<211> 25

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 56

aacaacccaa tcaacaccca tatcc

<210> 57
<211> 24
<212> DNA
<213>
<220>
<223>

primer

Artificial Sequence

eolf-seql.app

tcgaccgaca
tcgatccagce
tactcgttcg
aagtggtcga
ttctacggca
atggaccagg
gagcccaact
ccttcgcetcc
cgcttctcga
tcgggcggtt
cgcgagtaca

tactga

Page 20

tcccctcgaa
tcctcaccaa
gcctcaccac
accccctcga
tcgaggtccc
agtgcggcca
cgtcgectgce
acatcgacgc
acggcgacgg
ggcgcaagca

agcacgaggt

ctcgggcgac
gaacgccgac
ctcgtcgaag
gtcgcgcectc
caccgaacgc
ctcgaactcg
tgtcgccaag
ctcgatcaac
caccgtcccg
cgccgacctc

ctcgacctcg

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1836

22

25

25



<400> 57
ttttgagcag caaccttgat ttcc

<210> 58

<211> 42

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 58

eolf-seql.app

cgggatcccg gaattccagc ctctctaaac gagagttatc cc

<210> 59

<211> 50

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 59

tccccccggg cctgcagggt tgaatatata aagttttttt ttagaaaaaa

<210> 60

<211> 25

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 60

ggtgtctccg tcattgcctg tattg

<210> 61

<211> 25

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 61

gtcgctcgtc aaatgaaggc tattg

<210> 62

<211> 36

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 62

gctctagagc ctgcagggtt gcttcgctcc ccteccc

<210> 63
<211> 33
<212> DNA

Page 21

24

42

50

25

25

36



<213>

<220>
<223>

<400>

Artificial Sequence

primer

63

eolf-seql.app

cgggatcccg cactgccaga ctaaacgcca gag

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

<220>
<223>

<400>

64

24

DNA

Artificial Sequence

primer

64

cggtaagggt tcyttcaagt acgc

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

<220>
<223>

<400>

65

19

DNA

Artificial Sequence

primer

65

ggaagacgga grggcttgt

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

<220>
<223>

<400>

66

25

DNA

Artificial Sequence

primer

66

ttgtacttgg gggtctcgaa cttcc

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

<220>
<223>

<400>

67

22

DNA

Artificial Sequence

primer

67

gataccacgc tcagcttcag cc

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

<220>
<223>

<400>

68

26

DNA

Artificial Sequence

primer

68

ggatggatgg atggatgcat agtatg

Page 22

33

24

19

25

22

26



<210> 69

<211> 27

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 69

cacaacactt ctccaaatct gagaagc

<210> 70

<211> 33

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 70

eolf-seql.app

cccaagcttg ggagcaatgc taaaaaagcc tgg

<210> 71

<211> 53

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 71

tgtgtgcctg caggtttgaa taactatagt atagattttt agtacatcga tgg

<210> 72

<211> 23

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 72

gggatggaac aaggagacca agg

<210> 73

<211> 23

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 73

gactctcctc gaagccatcg atg

<210> 74
<211> 14
<212> DNA

<213> Artificial Sequence

<220>
<223> primer

Page 23

27

33

53

23

23



eolf-seql.app

<400> 74

ccaaggccge cgcec 14
<210> 75

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 75

gcccttgtat aaagtgtgct tttgg 25
<210> 76

<211> 42

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 76

tcccecccggg cctgcaggat tgctacctge tagttttttc tt 42
<210> 77

<211> 32

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 77

ggaattccaa aagtcttttt gggtgtcttt ag 32
<210> 78

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<220>

<221> misc_feature

<222> (14)..(14)

<223> nis a, ¢, g, or t

<400> 78

tcaccaacaa cmancgtaty gt 22
<210> 79

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

Page 24



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

<400>

misc_feature

(18)..(18)
nisa, c, g, or t
79

tggaaacgma ggttytcnar aag

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

<220>
<223>

<400>

80

19

DNA

Artificial Sequence

primer

80

caacagcctc accgttggg

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

<220>
<223>

<400>

81

20

DNA

Artificial Sequence

primer

81

gcagcacctt gttcaagggc

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

<220>
<223>

<400>

82

29

DNA

Artificial Sequence

primer

82

gacactgttt tgaaatgcct aacccatac

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

<220>
<223>

<400>

83

24

DNA

Artificial Sequence

primer

83

gtacggaaaa cagagtcatg gtgc

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

<220>
<223>

<400>

84

35

DNA

Artificial Sequence

primer

84

eolf-seql.app

tccccgeggg gatcccaagg cactaccact acttc

Page 25

23

19

20

29

24

35



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

<220>
<223>

<400>

eolf-seql.app

85

48

DNA

Artificial Sequence

primer

85

gctctagagc ctgcagggat taattatatg attcaatgat gaagataa

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

<220>
<223>

<400>

86

21

DNA

Artificial Sequence

primer

86

ctcgacggaa ccatcgaaac g

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

<220>
<223>

<400>

87

26

DNA

Artificial Sequence

primer

87

gaaggacaat acgaccaata cgaccg

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

<220>
<223>

<400>

88

32

DNA

Artificial Sequence

primer

88

ggcttctttc cttggtgaat aaagtgagtt ac

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

<220>
<223>

<400>

89

28

DNA

Artificial Sequence

primer

89

cggaaattat ccgttcaaac tatcgccc

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

<220>
<223>

90

20

DNA

Artificial Sequence

primer

Page 26

48

21

26

32

28



<400> 90

agccaaaagt tgaattcgac
<210> 91

<211> 59

<212> DNA

<213> Artificial Sequence
<220>

<223> primer

<400> 91

eolf-seql.app

cccaagcttc ctgcaggttt tagaatttat gaaatatata tatataaaga tataatatg

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

92

DNA
<220>
<223>

<400> 92
atgacaatta

ccacaacatt
caagaaatgt
gaatatcttc
gatgttgctt
gcttttgcta
aaaatcatca
tcatggggtg
gttattgcta
ttttcagctg
tgtgatgaag
cttaatggtg
attccaatga
tatcttccac
tcaacaggtt
cttacaacac
gttggttgga
tcaattatct
caacgacata
gttggtgaag

ggtgaaccaa

2052

aagaacataa
tctataattc
atcaacaatc
attgggatgc
ggtttcttaa
atccagataa
catttggtga
ttaaaaaagg
tgcttgctgt
gttcacttaa
gtaaacgagg
ttgatcttgt
aagctggtcg
cagtttcatg
ctccaaaagg
gatatgtctt
ttacaggtca
ttgaatcaac
aagctacaca
ctgaaattgc

tttcaccaga

Artificial Sequence

agtcgtttat
acaaccaggt
aatcaacgaa
tccatataca
tggtaaactt
accagctctt
acttttgcga
tgatacagtt
tgctcgaatt
agatcgagtt
tggtaaaaca
ttcacgtatt
agattattgg
tgatgctgaa
tgttgttcat
tgatattcat
tacttatgca
gccagcttat
tttttatgtc
aaaatatgat

tctttgggaa

gaagctcata
aaaggttatg
ccagagaaat
aaagttcaat
aacgcttcat
atctatgaag
aaagtttcac
gctatctatc
ggtgctattc
gttgatgcta
attaacacga
cttgtttttc
tggcatgaag
gatccacttt
acaacaggtg
ccagaagatg
ctttatggtc
ccagattatg
gctccaacag
acatcatcac

tggtatcatg

Page 27

S.cerevisiae codon optimized to Rhizopus oryzae

atgttaaagc
tcacagatat
ttttcgataa
caggttcact
ataattgtgt
ctgatgatga
aaattgctgg
ttccaatgat
attcagttgt
attcaaaagt
aaaaaatcgt
aacgaacagg
aagctgctaa
ttcttttgta
gttatcttct
ttctttttac
cacttacact
gtcgatattg
cacttcgact
ttcgagttct

aaaaagttgg

tcttaaagca
gcagcattat
gatggctaaa
taacaatggt
tgatcgacat
atcagataac
tgttcttaaa
tcctgaagcet
ttttgctggt
tgttatcaca
tgatgaaggt
tactgaaggt
acaacgaaca
tacatctggt
tggtgctgct
agcaggtgat
tggtacagct
gcgaattatt
tattaaacga
tggttcagtt

taacaaaaat

20

59

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

1020
1080
1140
1200
1260



tgtgttatct
gctggtgctg
tgtattattg
gctgttaaat
atggatacgt
gatcatgatg
catcgacttt
gctgctgttg
cttaaagatg
gataatcttc
Cccaaaaacaa
cgagttcttc
gcaaatccag
aaaaagaagt
<210>
<211>

<212>
<213>

93

DNA
<220>
<223>

<400> 93
atgtcaaaac

cctgaagata
ggtcgaaaac
gcttcaacaa
caacttgctg
cttggtaact
gctcttgaat
gctatggttc
ccagaaacag
gttgaagctg
cttgctacga
tcattttcaa
ctttcaaaaa

atgtttccat

tgggttgatg

1836

gtgatacaat
ttccaacaaa
atccagttac
caccatggcc
atcttaaacc
gttattattg
caacatcaga
ttggtattcc
gttatcttca
gacgagaact
ttattcttgt
gaaaagttgc
aagttgttcc

aa

ttcgacgacg
ttatggctga
gatttaactt
caccagttgc
atattgatct
ttacaaatct
ataaagagtc
gatcagttct
gtcttgatcc
ctgattattt
ttggttatga
atcttgaagt
aacaatcagg
attttcttaa

aacatattga

gtggcaaaca
accaggttca
aggtgttgaa
atcaatggct
atatccaggt
gattcgaggt
aattgaagca
agatgaactt
aaacaatgct
tattcttcaa
tcgagatctt
ttcaaatgaa

agctattatt

Artificial Sequence

aaaacaagaa
ttcagctgct
tatcgttggt
tcaatcacat
tgcttcaatt
tatcacacca
acttgatctt
tcttgataaa
accaggttat
cattacaggt
tacgaacaac
ccgagatggt
tcagaaatca
atgggtcgaa

atcatttgtc

eolf-seql.app

gaatcaggtt
gctacagttc
cttgaaggta
cgatcagttt
cactatttta
cgagttgatg
tcaatttcaa
acaggtcaaa
actgaaggtg
gttcgaggtg
ccacgaacac
gctgaacaac

tcagctgtcg

aaaacaacga
aatgtcttta
ctttcagttg
attaactcac
cttccagcta
acaccagcaa
aaaccacaat
gaatcatgga
aaagttcgag
tattgggttt
atgtattttg
tatttttcaa
gtcattatca
tcaaaaggtc

aatattgctg

Page 28

ctcatcttat
cattttttgg
atgatgttga
ggaatcatca
caggtgatgg
atgttgttaa
accatgaaaa
cagttgttgc
atgctgaaca
aaattggtcc
gatcaggtaa
ttggtgatct

aaaaccagtt

aaacaaacga
aagagaaacg
gtcttttggc
ttcagcacta
cagaaatggt
cagaaatgtc
ttccagttgt
cagaacatat
ctgtccatga
gggctaaagt
cttcatatga
aacttaaaca
cacattcaat
atggtcaagg

ctccacttgt

tgctccactt
tatcaatgct
aggtgttctt
tgatcgttat
tgcaggtcga
tgtttcaggt
tgtttcagaa
ttatgtctct
tattacacca
atttgcttca
aatcatgcga
tacaacactt

tttctcacag

Rhizopus oryzae codon optimized to Rhizopus oryzae

tcaagaactt
accattttgg
aatgtatgct
tcttttgctt
tgatgaattt
atttatgcca
tatgattcca
tatgcttgat
aaaaaaaggt
tattgaaaat
ttggcgactt
cacgatcgag
gggtggtaca
tggtcaaaaa

tggtgttcca

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2052

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



aaagctgtta
ggtgcttatg
tggatgggtg
aatgctccag
gttccacgac
ccacttgttc
atcaaatttg
cagcttaaac
ccaaatgctc
tcatattatt
acagctgaat
acatcatcag
gatccagtcc
cttctttcac
tataatccag
aaacttgatg
<210>
<211>
<212>
<213>

<400> 94
atgtctgaaa

94

DNA

accgttttcg
gaaggtatga
tacgctcgta
gctttgaacg
gtcccatcca
gacttcactg
gacatctgta
agaccagtct
ttgcaaactc
attgacacca
tgttgttcca
ccagctttcg
ggtgtttacg
ttgattttgt

1701

catcacttct
tccttgagaa
gtgcatcaat
atgatgaaga
cagaaggttt
gaaattatac
gtaaacagct
gaaatgaaaa
caaacatgaa
atgctatcct
gtacaacaga
ctgcttttcc
aacgaattga
ttggttatat

gtcattcacc

ttcgaggtgg

ttactttggg
gtttgccagg
gatgggctgg
tcaagggtat
gtattgccgg
tctcttctca
ttttccacag
ccgccccagce
acttaggttt
caattgacat
tcttggtctt
gacacgacgt
tcaccccaat
tcggtacctt

ctgtcggtgc

ttcaggtgaa
attcttttca
gcttccaaaa
agatgagaaa
taacgaaaat
agtccaaggt
ttatgctaac
cgatccaaca
aatctattgt
taacgaaaat
acaaaatgct
agataaaaca
aacaggtatt
gtgtgctcca
agttgttctt

ttggatttca

Saccharomyces cerevisiae

taaatatttg
tgacttcaac
taacgccaac
gtcttgtatc
ttcttacgct
agctaagcaa
aatgtctgcc
tgaaattgac
gccagctaac
gtctttgaag
ggctaaggat
caaggctgaa
gggtaagggt
gtccaagcca

tttgttgtct

eolf-seql.app

acacgagata
cgacgagaac
ggtggtgaag
tatcagtcat
tcaacggata
tcaattcaac
tattcatttg
aaatggtcaa
ttttatggta
atggatcaag
gaaccaaatt
ccatcacttc
cgattttcaa
tcaggtggtt
cgagaatata

tattaa

ttcgaaagat
ttgtccttgt
gaattgaacg
atcaccacct
gaacacgtcg
ttgttgttgc
aacatttctg
agatgtatca
ttggtcgact
ccaaacgatg
gctaagaacc
actaagaagt
tccattagcg
gaagttaagg

gatttcaaca
Page 29

caatggctct
gagctaaact
caatttgggg
ttggtaacat
ttccatcaaa
ttcttacgaa
gtcttacaac
atccacttga
ttgaagttcc
aatgtggtca
catcaccagc
atattgatgc
atggtgatgg
ggcgaaaaca

aacatgaagt

taaagcaagt
tggacaagat
ctcgttacgc
tcggtgtcgg
gtgttttgca
accacacctt
aaaccactgc
gaaccactta
tgaacgtccc
ctgaatccga
cagttatctt
tgattgactt
aacaacaccc
aagccgttga

ccggttcttt

tggttcattt
tatgcgatca
tcgaggtggt
gatttcattt
ttcaggtgat
aaacgctgat
atcatcaaaa
atcacgactt
aacagagcga
ttcaaattca
tgttgctaaa
ttcaattaat
tacagttcca
tgctgatttg

ctcaacgtca

caacgttaac
ctacgaagtt
cgctgatggt
tgaattgtct
cgttgttggt
gggtaacggt
tatgatcact
cgtcacccaa
agctaagttg
aaaggaagtc
ggctgatgct
gactcaattc
aagatacggt
atctgctgac

ctcttactct

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1836

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



eolf-seql.app

tacaagacca agaacattgt cgaattccac tccgaccaca

ttcccaggtg tccaaatgaa attcgttttg caaaagttgt

gctaagggtt acaagccagt tgctgtccca gctagaactc

gcttctaccc cattgaagca agaatggatg tggaaccaat

ggtgatgttg tcattgctga aaccggtacc tccgctttcg

ccaaacaaca cctacggtat ctctcaagtc ttatggggtt

gctaccttgg gtgctgcttt cgctgctgaa gaaattgatc

ttcattggtg acggttcttt gcaattgact gttcaagaaa

ggcttgaagc catacttgtt cgtcttgaac aacgatggtt

cacggtccaa aggctcaata caacgaaatt caaggttggg

actttcggtg ctaaggacta cgaaacccac agagtcgcta

ttgacccaag acaagtcttt caacgacaac tctaagatca

ccagtcttcg atgctccaca aaacttggtt gaacaagcta

gctaagcaat aagcgattta a

<210> 95

<211> 563

<212> PRT

<213> Saccharomyces cerevisiae

<400> 95

Met Ser Glu ITe Thr Leu Gly Lys Tyr Leu Phe

1 5 10

val Asn val Asn Thr val Phe Gly Leu Pro Gly

20 25

Leu Leu Asp Lys ITe Tyr Glu val Glu Gly Met
35 40

Ala Asn Glu Leu Asn Ala Arg Tyr Ala Ala Asp

50 55

Lys Gly Met Ser Cys Ile Ile Thr Thr Phe Gly

65 70 75

Ala Leu Asn Gly Ile Ala Gly Ser Tyr Ala Glu

85 90
His val val Gly val Pro Ser Ile Ser Ser Gln
100 105

Leu His His Thr Leu Gly Asn Gly Asp Phe Thr

115 120

Page 30

tgaagatcag
tgaccaatat
cagctaacgc
tgggtaactt
gtatcaacca
ccattggttt
caaagaagag
tctccaccat
acaccattga
accacctatc
ccaccggtga
gaatgattga

agttgactgc

Glu Arg Leu

Phe Asn

30

Asp

Arg Trp Ala

45

Gly Ala

60

Tyr

val Gly Glu

His val Gly

Gln
110

Ala Lys

Phe His

125

val

aaacgccact
tgctgacgcc
tgctgtccca
cttgcaagaa
aaccactttc
caccactggt
agttatctta
gatcagatgg
aaagttgatt
cttgttgcca
atgggacaag
ggttatgttg

tgctaccaac

Lys
15

Leu Ser

Gly Asn

Arg

ser
80

Leu

val
95

Leu
Leu

Leu

Arg Met

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1701



ser

Ala

145

Arg

Pro

Asp

Lys

His

225

Pro

Pro

Lys

Leu

Asn

305

Phe

Thr

Trp

Ile
385

Ala

130

Pro

Pro

Ala

Ala

Asp

210

Asp

Ala

Arg

Glu

Ser

290

Ile

Pro

Ala

Pro

Met

370

Ala

Asn

Ala

val

Lys

Glu

195

Ala

val

Phe

Tyr

Ala

275

Asp

val

Gly

Asp

Ala

355

Trp

Glu

Glu

TYyr

Leu

180

Ser

Lys

Lys

val

Gly

val

Phe

val

Ala

340

Asn

Asn

Thr

Ser

Leu

165

Leu

Glu

Asn

Ala

Thr

245

Gly

Glu

Asn

Phe

Gln

325

Ala

Ala

Gln

Gly

Glu

Gly

Gln

Lys

Pro

Glu

230

Pro

val

Ser

Thr

His

310

Met

Lys

Ala

Leu

Thr
390

Thr

135

Arg

Leu

Thr

Glu

val

215

Thr

Met

Tyr

Ala

Lys

Gly

val

Gly

Ser

Thr

Cys

Pro

Pro

val

200

Ile

Lys

Gly

val

Asp

280

Ser

Asp

Phe

Tyr

Pro

360

Asn

Ala

eolf-seql.app

Ala

Ala

Ile

185

Leu

Lys

Lys

Gly

Leu

Phe

His

val

Lys

Ala

Phe

Phe

Met Ile
Arg Thr

155

Asn Leu

170

Asp Met

Asp Thr

Ala Asp

Leu Ile

235

Gly Ser

Thr Leu

ITe Leu

Ser Tyr

Met Lys

Leu Gln

330

Pro val

Ser Thr

Leu Gln

Gly 1Ile
395

Page 31

Thr

140

Thr

val

Ser

Ile

Ala

220

Asp

Ile

Ser

Ser

sSer

300

Ile

Lys

Ala

Pro

Glu

380

Asn

Asp

Tyr

Asp

Leu

Leu

205

Cys

Leu

Ser

Lys

val

285

Tyr

Arg

Leu

val

Leu

365

Gly

Gln

val

Leu

Lys

val

Cys

Thr

Glu

Pro

270

Gly

Lys

Asn

Leu

Pro

350

Lys

Asp

Thr

Cys

Thr

Asn

175

Pro

Leu

Ser

Gln

Gln

255

Ala

Thr

Ala

Thr

335

Ala

Gln

val

Thr

Thr

Gln

160

val

Asn

Arg

Phe

240

His

val

Leu

Lys

Thr

320

Asn

Arg

val

Phe
400



Pro Asn Asn

Phe Thr Thr

Pro

Asp

Thr
450

Leu

Tyr Leu Phe

465

His Gly Pro

Ser Leu Leu

Thr
515

Ala Thr

Asn Ser

530

Asp

Ala Gln

545

Pro

Ala Lys

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

<400> 96
atgtcggaga

96
1692
DNA

accgtctttg
gagggcatgc
tacgcccgcea
gccctcaacg
gtcccttcga
gacttcaccg
gatatcgcca

cgccccgtct

Thr Tyr

405

Gly Ala

Lys Arg
Glu

Gln

val Leu

Gly

Thr

val

Asn

Ser

Leu Gly

ITe Leu

440

Ser Thr

455

Ash Asp

470

Ala
485

Lys

Pro Thr

500

Gly Glu

Ile

Lys

Asn Leu

Gln

Phe

Trp

Arg

val

Tyr Asn

Gly Ala

Asp

Met
535

Glu Gln

550

tcaccctcgg
gcctccccgg
gctgggecgg
tcaagggcat
gtatcgccgg
tctcggecca
tctttcaccg
ccgccectgce

acctcggect

Saccharomyces cerevisiae

caagtacctc
cgacttcaac
caacgccaac
gtcgtgcatc
ctcgtacgct
ggccaagcag
catgtcggcc
cgagatcgac

ccccgccaac

eolf-seql.app

Gln val Leu
410

Ala Ala Phe

425

Phe I1e Gly

Met Ile Arg

Thr
475

Gly Tyr

ITe GIn

490

Glu

Lys Asp Tyr

Leu Thr Gln

Glu val Met

Ala Leu

555

Lys

ttcgagcgcec
ctctcgctcc
gaactcaacg
atcaccacct
gagcacgtcg
ctcctcctec
aacatctcgg
cgctgcatcc

ctcgtcgacc

Page 32

Trp Gly Ser

Glu
430

Ala Ala

Asp Ser

Trp Gly Leu
4

Ile Glu Lys

Gly Trp Asp

His
510

Glu Thr

Asp Lys Ser

Leu Pro val

540

Thr Ala Ala

tcaagcaggt
tcgacaagat
ccgcctacgc
tcggtgtcgg
gcgtcctcca
accacaccct
aaaccaccgc
gcaccaccta

tcaacgtccc

Ile
415

Gly
Glu
Leu Gln
Pro

Lys

Ile
480

Leu

His Leu

495

Arg val

Phe Asn

Phe Asp

Thr Asn

560

caacgtcaac
ctacgaggtc
cgccgacggce
cgaactctcg
cgtcgtcggce
cggtaacggc
catgatcacc
cgtcacccag

cgccaagctc

60
120
180
240
300
360
420
480
540



ctccagaccc
atcgacacca
tgctgctcgce
ccecgectteg
ggcgtctacg
ctcatcctct
tacaagacca
ttcceceggceg
gccaagggct
gcctcgaccc
ggcgacgtcg
cccaacaaca
gccaccctcg
ttcatcggcg
ggcctcaagc
cacggcccca
accttcggceg
ctcacccagg
ccecgtctttg
gccaagcagt
<210>
<211>
<212>
<213>

<400> 97
atgtcagaaa

97

DNA

actgtctttg
gaaggtatgc
tatgcacgaa
gcacttaatg
gttccatcaa
gattttacgg
gatattgcaa
cgaccagttt

cttcagacac

1692

ccatcgacat
tcctecgeect
gccacgacgt
tcacccccat
tcggcaccct
cggtcggcge
agaacatcgt
tccagatgaa
acaagcccgt
ccctcaagca
tgatcgccga
cctacggcat
gcgctgectt
acggctcgct
cctacctctt
aggcccagta
ccaaggacta
acaagtcgtt

acgcccccca

ga

tcacgcttgg
gtttgccagg
gttgggcagg
tcaaaggtat
gtattgcagg
tttcagctca
tctttcatcg
cagcaccagc
atttgggttt

caattgacat

gtcgctcaag
cgtcaaggac
caaggccgaa
gggcaagggc
ctcgaagccc
actcctctcg
cgagttccac
gttcgtcctc
cgccgtcect
agagtggatg
aaccggcacc
ctcgcaggtc
cgcagctgag
ccagctcacc
cgtcctcaac
caacgagatc
cgaaacccac
caacgacaac

gaacctcgtc

Saccharomyces cerevisiae

taaatatctt
tgatttcaac
taatgcaaat
gtcatgtatc
ttcatatgca
agcaaaacag
aatgtcagca
agaaattgat
gccagcaaat

gtcacttaaa

eolf-seql.app

cccaacgacg
gccaagaacc
acgaagaagc
tcgatcgacg
gaggtcaagg
gacttcaaca
tcggaccaca
cagaagctcc
gcccgcacac
tggaaccagc
tcggectteg
ctctggggct
gaaatcgacc
gtccaagaga
aacgacggct
cagggctggg
cgcgtcgceca
tcgaagatcc

gagcaggcca

ttcgagcgac
ctttcacttc
gaacttaatg
atcacaacgt
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aacatctcag
cgatgtatcc
cttgtcgatc

cctaacgatg
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ccgagtcgga
ccgtcatcct
tcatcgatct
agcagcaccc
aagccgtcga
ccggctcgtt
tgaagatccg
tcaccacgat
cagccaacgc
tcggcaactt
gcatcaacca
cgatcggctt
ccaagaagcg
tctcgaccat
acaccatcga
accacctctc
caaccggcga
gcatgatcga

agctcaccgc

ttaaacaggt
ttgacaagat
cagcatatgc
ttggtgtcgg
gtgttcttca
atcatacact
aaacaacagc
gaacaacata
ttaatgtccc

ccgaatcaga

gaaggaagtc
cgccgacgcc
cacccagttc
ccgctacggc
gtcggccgac
ctcgtactcg
caacgccacc
cgccgacgcc
agccgtcect
cctccaagag
gaccaccttc
caccaccggc
tgtcatcctc
gatccgctgg
gaagctcatc
gctcctcect
gtgggacaag
gatcatgctc

cgccaccaac

caatgtcaat
ctatgaagtc
agcagatggt
tgaactttca
tgttgttggt
tggtaacggt
aatgatcaca
tgtcacacaa
agcaaaactt

aaaagaagtc
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atcgatacaa
tgttgttcac
ccagcatttg
ggtgtttatg
cttatccttt
tataagacga
tttccaggtg
gccaaaggtt
gcttcaacac
ggtgatgttg
ccaaacaaca
gcaacacttg
tttatcggtg
ggtcttaagc
catggtccaa
acatttggtg
cttacacagg
ccagtctttg

gccaaacagt

tccttgcact
gacatgatgt
ttacgccaat
ttggtacact
cagttggtgc
agaacatcgt
tccaaatgaa
ataagccagt
cacttaaaca
ttatcgcaga
cgtatggtat
gtgcagcatt
atggttcact
catatctttt
aggcacagta
caaaggatta
ataagtcatt
atgcaccaca

aa

tgtcaaagat
caaagcagaa
gggtaaaggt
ttcaaaacca
acttctttca
cgagtttcac
gtttgtcctt
tgcagttcca
agaatggatg
aacaggtaca
ctcacaagtt
tgctgcagaa
tcagcttaca
tgtccttaac
taacgaaatt
tgagacacat
caacgacaac

aaatcttgtt
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gcaaaaaacc
acgaagaaac
tcaatcgatg
gaggtcaaag
gattttaaca
tcagatcata
cagaaacttc
gcacgaacac
tggaatcagc
tcagcatttg
ctttggggtt
gaaatcgatc
gttcaagaaa
aacgacggtt
caaggttggg
cgagttgcaa
tcaaagatcc

gagcaggcaa
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cagttatcct
ttatcgatct
aacaacatcc
aagcagttga
cgggttcatt
tgaagatccg
ttacgacaat
cagcaaatgc
ttggtaactt
gtatcaacca
caatcggttt
caaaaaagcg
tctctacaat
atacgatcga
atcacctttc
caacaggtga
gaatgatcga

aacttacagc

tgcagatgca
tacacagttt
acgatatggt
atcagcagat
ctcatattct
aaacgcaaca
tgcagatgca
agcagttcca
tcttcaagag
gacaacgttt
tacaacaggt
agtcatcctt
gatccgatgg
aaaacttatc
acttttgcca
atgggacaaa
aattatgctt

agcaacaaat
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