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Clostridium acetobutyTicum
1
Glu val val Ile Ala Ser Ala val Arg Thr Ala
5 10

Lys Ser Leu Lys Asp val Pro Ala val Asp Leu
20 25

Lys Glu Ala val Lys Lys Ala Gly Ile Lys Pro

val Ile Leu Gly Asn val Leu Gln Ala Gly Leu
55 60

Arg GIn Ala Ser Phe Lys Ala Gly Leu Pro val
70 75

Thr IT1e Asn Lys val Cys Gly Ser Gly Leu Arg
85 90

Ala GIn Ile ITe Lys Ala Gly Asp Ala Asp val
100 105

Met Glu Asn Met Ser Arg Ala Pro Tyr Leu Ala
115 120 125

Gly Tyr Arg Met Gly Asn Ala Lys Phe val Asp
135 140

Gly Leu Trp Asp Ala Phe Asn Asp Tyr His Met
150 155

Asn ITe Ala Glu Arg Trp Asn Ile Ser Arg Glu
165 170
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Thr
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Glu Phe

Gly Gln

Gly Glu
210

ITle Glu
225
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Ala Lys

Gly Tyr

Trp Thr
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Ala Gln

val Asn

Ser Gly

Asp Ala
370

Thr Ala
385
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<212>
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atgaaagaag ttgtaatagc tagtgcagta
cttaaggatg taccagcagt agatttagga
gcaggaataa aaccagagga tgttaatgaa

ttaggacaga atccagcaag acaggcatct
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Phe

195

Thr
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Ile
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val
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Ala
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Leu

180
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val

Leu

Gly
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260

val
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Asp

Leu

Asnh

340

Arg

Lys

Leu

Ala

Asp

val

Ala

Asn

245

Ala
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Phe

Glu

Ala

325
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Ile
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Leu
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Glu
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Glu
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Tyr

Leu
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val
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Leu

Leu

Glu
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Thr
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Leu
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295
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val
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Gly
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280

Thr

Leu

Lys

Ile

Thr

360

Thr

Cys

185

Pro

Glu

Pro

Leu

Lys

Ile

Asp

Ala

345

Leu

Leu

Clostridium acetobutyTicum

2

val

His

Ala

Asn

250

Glu

Gly

Ala

Glu

Leu

330

Leu

val

Cys

val

Pro

Phe

235

Asp

Leu

val

Ala

Ser

315

Lys
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His

Ile

agaacagcga

gctacagcta

gtcattttag

tttaaagcag
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Ile
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220

Lys

Cys

Gly
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Ile

300

Ash

Phe

His

Ala
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ttggatctta tggaaagtct
taaaggaagc agttaaaaaa
gaaatgttct tcaagcaggt

gattaccagt tgaaattcca

Lys

205

Phe

Lys

Ala

val

Pro
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Glu

Glu
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Pro

Met

365
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190

Gly

Gly

Asp
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Lys

Ala

Met

Ile

350

Gln

Gly

Lys

Arg

Ser

Gly

val

255

Pro

Ile

Ala

Phe

Asn

335
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Lys

Gln
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Lys

Thr

Thr

240

Leu

Leu

Met
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Ala

320

Lys

Ala

Arg
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60
120
180
240



gctatgacta
attataaaag
gctccttact
gatgaaatga
gcagaaaaca
gcatcacaaa
cctgtagtaa
tttggatcaa
gttacagctg
gcagaaaaag
gcaggagttg
gaaaaagcag
gctcaaagtt
ggaggagcta
cttgtacacg
ggcggacaag
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<211> 282
<212> PRT
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<400> 3
Met Lys Lys
1

Ala

Ala Gln

Glu
35

Lys Asp

Ser Lys Leu

Ile Thr

65

Leu

Cys Asp Leu

Gln Ile Phe

ttaataaggt
caggagatgc
tagcgaataa
tcactgacgg
tagctgagag
aaaaagctga
ttaaaggcag
ctatagaagg
gtaatgcatc
ctaaagagct
acccagcaat
gttggacagt
tagcagtagc
ttgcccttgg
caatgcaaaa

gaacagcaat

val

Phe Ala Al

20

Phe val As

val Lys Ly

Ile Se

70

Arg

Ile GI

85

val

Ala
100

Asp Le
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ttgtggttca
tgacgtaata
cgctagatgg
attgtgggat
atggaacatt
agaagctata
aaagggagaa
acttgcaaaa
aggattaaat
tggagtaaaa
aatgggatat
tgatgaatta
aaaagattta
tcatccaatt
aagagatgca

attgctagaa

Cys val Ile Gly Ala
5

a Lys Gly

Gly
40

p Arg

s Gly
55

Lys
r Gly Thr
Ala

u Ala

u Asp Asn

ggacttagaa
atagcaggtg
ggatatagaa
gcatttaatg
tcaagagaag
aaatcaggtc
actgtagttg
ttaaaacctg
gactgtgcag
ccacttgcta
ggacctttct
gatttaatag
aaatttgata
ggagcatcag
aaaaaaggct

aagtgctag

Clostridium acetobutyTicum

Gly Thr

10

Phe Glu val

25

Leu Asp Phe

Ile Glu Glu

val Leu

75

Asp

Glu
90

val Arg

Ile
105

Cys Lys
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cagttagctt
gtatggaaaa
tgggaaacgc
attaccacat
aacaagatga
aatttaaaga
atacagatga
ccttcaaaaa
cagtacttgt
agatagtttc
atgcaacaaa
aatcaaatga
tgaataaagt
gtgcaagaat
tagcaacttt

Met Gly Ser

val Leu Arg

30

Ile Asn

45

Lys

Ala Thr

60

Lys

Asn Met Ala

Met Asp Ile

Thr
110

Pro Glu

agcagcacaa
tatgtctaga
taaatttgtt
gggaataaca
gtttgctctt
tgaaatagtt
gcaccctaga
agatggaaca
aatcatgagt
ttatggttca
agcagctatt
agcttttgcea
aaatgtaaat
actcgttact
atgtataggt

Gly Ile

15

Asp Ile

Ash Leu

val Glu

Ala Asp

80

Lys Lys

Ile Leu
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Ala Asn

115

Ser

Lys Arg Pro

130

val
145

Met Lys

Thr Phe Asp

val Glu val

Ile
195

Pro Met

Glu
210

val Asp

Gly Pro Leu

ITe Met Asp

His Thr Leu

Ser Gly Lys

275

<210> 4

<211> 849
<212> DNA
<213>

<400> 4
atgaaaaagg

gcagctaaag
ttagatttta
actaaagttg
tgcgatttag
gacttagaca
ataacagaag
aatccagctc
acttttgatg

gaagcaccag

Thr Ser

Asp

Lys

Leu Vval

Ser

val

Glu
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Leu
120

Ile
135

Gly

val Ile

150

val
165

Ala

Ala Glu

180

Asn Glu

Ile Asp

Glu Leu

val Leu

245

Leu
260

Lys

Gly Phe

tatgtgttat
gatttgaagt
tcaataaaaa
aaatcttaac
ttatagaagc
atatatgcaa
tggcatcagc
ctgttatgaa
cagttaaaga

gatttgttgt

Lys

Ala

Ala

Lys

Gly

Tyr

Lys

Tyr

Glu Thr

Pro Gly
val

Gly

Ala
215

Met

Asp Phe

Ser Glu

Tyr val

Asp Tyr

280

aggtgcaggt
agtattaaga
tctttctaaa
tagaatttcc
agctgttgaa
gccagaaaca
aactaaaaga
gcttgtagag
gacatctata

aaatagaata

Met His Phe

Ile
155

Arg Gly

Ile Ala

170

Ser

Phe val val

185

Ile Leu Ala

Lys Leu Gly

Ile Leu

235

Gly

Thr Gly Asp

Arg Ala Gly

Ser Lys

Clostridium acetobutyTicum

actatgggtt
gatattaaag
ttagttaaaa
ggaacagttg
agaatggata
attcttgcat
cctgataagg
gtaataagag
gcaataggaa

ttaataccaa
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Ser Ile Thr Glu val Ala Ser

125

Phe
140

Asn Pro

Ala Thr Ser

Ile Gly Lys

Ile
190

Asn Arg

Glu Gly Ile

Ala His

220

Asn

Asp Ile Cys

Ser Lys Tyr

Trp Leu Gly

caggaattgc
atgaatttgt
aaggaaagat
accttaatat
ttaaaaagca
caaatacatc
ttataggtat
gaatagctac
aagatcctgt

tgattaatga

Ala Thr

Ala

Pro

Glu
160

Gln

Asp Pro

175

Leu Ile

Ala Ser
Met

Pro

Ala
240

Leu

Arg Pro

Arg Lys

tcaggcattt
tgatagagga
agaagaagct
ggcagctgat
gatttttgct
atcactttca
gcatttcttt
atcacaagaa
agaagtagca

agcagttggt
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180
240
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atattagcag aaggaatagc ttcagtagaa

aatcacccaa tgggaccatt agaattaggt

ataatggatg ttttatactc agaaactgga

aagaagtatg taagagcagg atggcttgga

tcaaaat

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

<400>

aa

5
201
PRT

Clostrdium acetobutylicum

5

Met Glu Leu Ash Asn val Ile Leu
1 5

val Thr

Leu Lys

val Leu

50

Gly Ala

65

Lys Phe

Glu Lys

Cys Glu

Arg Phe

130

Gly Thr

Leu Ile

Gly Leu

Lys Glu

Ile

Glu

35

Ala

Asp

Gly

Pro

Ile

115

Gly

Gln

Phe

val

Ile
195

Asnh

20

Met

val

Ile

Ile

val

100

Ala

Gln

Arg

Thr

Asn

180

Ala

Arg

Asp

Ile

ser

Leu

85

Ile

Met

Pro

Leu

Ala

165

Lys

Asn

Pro Lys Ala

Tyr val Ile
40

Leu Thr Gly
55

Glu Met Lys
70

Gly Asn Lys

Ala Ala val

Ser Cys Asp
120

Glu val Gly
135

Ser Arg Leu
150

Gln Asn Ile

val val Glu

Lys ITe val
200

gacatagata

gattttatag

gattctaagt

agaaaatcag

Glu

Leu

25

Gly

Ala

Glu

val

Ash

105

Ile

Leu

val

Lys

Pro

185

Ser

Lys

Asnh

Glu

Gly

Met

Phe

90

Gly

Arg

Gly

Gly

Ala

170

Ser

Asn

Glu

Ala

Ile

Glu

Asn

75

Arg

Phe

Ile

Ile

Met

155

Asp

Glu

Ala
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aagctatgaa acttggagct
gtcttgatat atgtcttgct
atagaccaca tacattactt

gaaaaggttt ctacgattat

Gly Lys val Ala val
15

Leu Asn Ser Asp Thr
30

Glu Asn Asp Ser Glu
45

Lys Ser Phe val Ala

Thr ITe Glu Gly Arg
80

Arg Leu Glu Leu Leu
95

Ala Leu Gly Gly Gly

Ala Ser Ser Asn Ala
125

Thr Pro Gly Phe Gly
140

Gly Met Ala Lys Gln
160

Glu Ala Leu Arg Ile
175

Leu Met Asn Thr Ala
190

Pro val Ala val Lys
205

660
720
780
840
849



Leu Ser Lys Gln Ala

210

Ala Leu Ala Phe Glu

225

Asp Gln Lys Asp Ala
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230

245

Gly Phe Lys Asn Arg

<210> 6

<211> 786
<212> DNA
<213>

<400> 6
atggaactaa

agacctaaag
ggtgaaattg
tcatttgtag
aaattcggga
atagcagctg
ataagaatag
cctggttttg
cttatattta
aaggtagtag
agcaatgctc
gatattgata
gatcaaaagg
agatag
<210>

<211>

<212>
<213>

7
379
PRT

<400> 7

1

260

acaatgtcat
cattaaatgc
aaaatgatag
caggagcaga
tacttggaaa
ttaatggttt
cttcaagcaa
gtggtacaca
ctgcacaaaa
aacctagtga
cagtagctgt
ctgctttage

atgcaatgac

Clostridium acetobutyTicum

ccttgaaaag
gttaaatagt
cgaagtactt
tatttctgag
taaagtgttt
tgctttagga
cgcaagattt
aagactttca
tataaaggca
attaatgaat
taagttaagc
atttgaatca

agctttcata

Clostridium acetobutyTicum

Met Asp Phe Asn Leu Thr Arg Glu
5

Arg Glu Phe Ala Glu Asn Glu val

20

Glu Thr Glu Arg Phe Pro Met Glu

ITe Asn Arg Gly Met Gln
215

Ser Glu Ala Phe Gly Glu

235

Met Thr Ala Phe ITe Glu

250

gaaggtaaag
gatacactaa
gcagtaattt
atgaaggaaa
agaagattag
ggcggatgcg
ggtcaaccag
agattagttg
gatgaagcat
acagcaaaag
aaacaggcta
gaagcatttg

gagaaaagaa

Gln Glu Leu

10

Lys Pro Ile
25

Asn val Lys
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Cys Asp Ile Asp Thr

220

Cys Phe Ser Thr Glu

240

Lys Arg Lys Ile Glu

ttgctgtagt
aagaaatgga
taactggagc
tgaataccat
aacttcttga
aaatagctat
aagtaggtct
gaatgggcat
taagaatcgg
aaattgcaaa
ttaatagagg
gagaatgctt

aaattgaagg

255

taccattaac
ttatgttata
aggagaaaaa
tgaaggtaga
aaagcctgta
gtcttgtgat
cggaataaca
ggcaaagcag
acttgtaaat
caaaattgtg
aatgcagtgt
ttcaacagag

cttcaaaaat

val Arg Gln Met val

15

Ala Ala Glu Ile Asp

30

Lys Met Gly Gln Tyr
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Gly

Asp

65

Gly

Leu

Pro

Asnh

Gly

Gly

Gly

Phe

Thr

Ile

225

Gly

Ala

Arg

Asp

Leu
305

Met

50

val

Thr

Ile

Leu

Ala

130

Asp

val

Thr

Ser

Thr

210

Gly

Gly

Phe

ser

val

290

Lys

35

Met

Leu

Thr

Asn

Ala

115

Gly

His

Ala

Lys

Ile

195

Glu

Lys

Arg

Asn

Leu

275

Ala

Gln

Gly

Ser

Gly

Glu

100

Lys

Thr

Tyr

Asp

Gly

Gly

Leu

Glu

Ile

Glu

260

Asp

Ile

Ala

Ile

Tyr

val

85

His

Gly

Asp

val

Thr

165

Ile

Lys

val

Gly

Gly

Ala

Lys

Glu

Gly

Pro

Ile

70

Ile

Gly

Glu

Ser

Ile

150

Phe

Ser

val

Phe

Lys

Ile

Arg

Phe

Ser

Leu
310

Phe

55

Ile

Leu

Thr

Lys

Gly

Asn

val

Ala

Glu

Glu

215

Gly

Ala

Ala

Gln

Ala

295

Pro
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40

Ser Lys Glu Tyr

Ala

Ser

Glu

Ile

120

Ala

Gly

Ile

Phe

Gln

200

Asp

Phe

Ala

Tyr

Gly

Arg

Tyr

val

Ala

Glu

105

Gly

Gln

Ser

Phe

Ile

185

Lys

Met

Pro

Gln

Met

265

Leu

Tyr

Thr

Glu

His

90

Gln

Ala

Gln

Lys

Ala

170

Ile

Leu

Ile

Ile

Ala

250

Lys

Ala

Leu

val

Glu

75

Thr

Lys

Tyr

Thr

Ile

155

Met

Glu

Gly

val

Ala

235

Leu

Glu

Trp

val

Asp
315

Page 7

Gly
60

Leu
Ser
Gln
Gly
val
140
Phe
Thr
Lys
Ile
Pro
220
Met
Gly
Arg
Met
Tyr

300

Ala

45

Gly

Ser

Leu

Lys

Leu

125

Ala

Ile

Asp

Gly

Arg

val

Lys

Ile

Lys

Met

285

Lys

Ala

Ala

Lys

Cys

Tyr

110

Thr

val

Thr

Arg

Phe

190

Ala

Glu

Thr

Ala

Gln

270

Ala

Ala

Arg

Gly

val

Ala

95

Leu

Glu

Leu

Asn

Thr

175

Lys

Ser

Ash

Leu

Glu

255

Phe

Asp

Ala

Ala

Gly

Cys

80

Ser

val

Pro

Glu

Gly

Lys

Gly

Ser

Met

Asp

240

Gly

Gly

Met

Tyr



Leu His Ala Ala Asn val Ala
Leu Phe Gly Gly Tyr Gly Tyr
340

Met Arg Asp Ala Lys Ile Thr

355

Gln Lys Leu val ITle Ser Gly

370

<210> 8

<211> 1140
<212> DNA
<213>

<400> 8
atggatttta

gaaaatgaag
aatgtaaaga
ggcgcaggtg
ggtactacag
catggtacag
ggtgcttatg
gctgtacttg
ggagttgcag
atatcagcat
aagcttggaa
gtagaaaaca
ggaggaagaa
gcaagagctt
cttgcatgga
aaagcagcat
cttcatgctg
tacggatata
atatatgaag
<210> 9

<211> 858
<212> PRT
<213>
<400> 9

325

atttaacaag
ttaaacctat
aaatgggtca
gagatgtatt
gagttattct
aagaacaaaa
gattgactga
aaggagatca
atacttttgt
ttataataga
taagagcttc
tgattggtaa
ttggtatagc
acatgaagga
tgatggcaga
atcttaaaca
caaatgtagc
caaaagatta

gaacttcaga
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Thr

Glu
360

Lys
375

agaacaagaa
agcagcagaa
gtatggtatg
atcttatata
ttcagcacat
acaaaaatat
gccaaatgca
ttatgtaatt
tatatttgca
aaaaggcttc
atcaacaact
agaaggaaaa
agctcaagct
gagaaaacaa
tatggatgta
agcaggactt
aatggatgta
tccagttgaa

agttcagaaa

Lys Asp Tyr
345

ITe Tyr Glu

ITe Phe Arg

Clostridium acetobutyTicum

ttagtaagac
attgatgaaa
atgggaattc
atcgccgttg
acatcacttt
ttagtacctt
ggaacagatt
aatggttcaa
atgactgaca
aaaggtttct
gaacttgtat
ggcttcccta
ttaggtatag
tttggaagaa
gctatagaat
ccatacacag
acaactaagg
agaatgatga

ttagttattt

Clostridium acetobutyTicum

Page 8

Met Asp val Thr Thr Lys Ala val Gln
330

335

Pro val Glu Arg Met

350

Gly Thr ser Glu val

365

agatggttag
cagaaagatt
cattttcaaa
aggaattatc
gtgcttcatt
tagctaaagg
ctggagcaca
aaatattcat
gaactaaagg
ctattggtaa
ttgaagatat
tagcaatgaa
ctgaaggtgc
gccttgacaa
cagctagata
ttgatgctgce
cagtacaatt
gagatgctaa

caggaaaaat

agaatttgct
tccaatggaa
agagtatggt
aaaggtttgc
aataaatgaa
tgaaaaaata
acaaacagta
aactaatgga
aacaaaaggt
agttgaacaa
gatagtacca
aactcttgat
tttcaacgaa
attccaaggt
tttagtatat
aagagctaag
atttggtgga
gataactgaa

ttttagataa
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600
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720
780
840
900
960

1020
1080
1140



Met

Arg

Lys

Leu

Lys

Ile

Thr

Lys

Ser

145

Gly

Leu

Gly

Gly

Ile

225

Gly

Tyr

Lys

Glu

Ile

Ala

50

Ile

Asn

Thr

Thr

Thr

130

Thr

Ala

Ser

Pro

val

210

Asp

val

Glu

val

Ala

Phe

35

Lys

Ile

Glu

Lys

Asn

115

Arg

Ile

Pro

Gln

Ser

195

Gly

Met

Ile

Lys

Thr

Gln

20

Lys

Leu

Lys

Lys

val

100

Pro

Asnh

Ala

Lys

Asp

180

Met

Ala

Ala

Cys

val
260

Asn

Lys

Gln

Ala

Asn

Thr

85

Ala

Thr

Ala

Ala

Asn

165

Leu

val

Gly

val

Ala

245

Lys

Gln

Lys

Cys

val

His

70

Cys

Glu

Ser

Ile

Ala

150

Ile

Met

Lys

Asn

Ser

230

Ser

Glu

Lys

Phe

Ala

Glu

55

Phe

Gly

Pro

Thr

Phe

135

Lys

Ile

Ser

Ala

Thr

215

Ser

Glu

Glu
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Glu Leu Lys Gln Lys Leu Asnh
10

Ala Thr
25

Ile Ala

40

Glu Thr

Ala Ala

Ile Ile

Ile Gly

Ala Ile

120

Phe ser

Leu Ile

Gly Trp

Glu Ala

185

Ala Tyr

200

Pro Ala

Ile Ile

Gln Ser

Phe val
265

Tyr

Ala

Gly

Glu

Asp

90

Ile

Phe

Pro

Leu

Ile

170

Asp

Ser

Ile

Leu

Lys

Thr

Ala

Ile

TYyr

75

His

val

Lys

His

Asp

155

Asp

Ile

Ser

Ile

Ser

235

Leu

Arg

Page 9

Gln

Lys

Gly

60

Ile

Asp

Ala

Ser

Pro

140

Ala

Ile

Gly

Asp

220

Lys

val

Gly

Glu

Glu

45

Leu

Tyr

Asp

Ala

Leu

125

Arg

Ala

Pro

Leu

Thr

Met

Ser

Gln

30

Arg

val

Asnh

Ser

Ile

110

Ile

Ala

val

Ser

Ala

190

Pro

Ser

Tyr

Asn

Tyr
270

Glu

15

val

Ile

Glu
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Lys

Gly

Gly

Leu

Phe

Ala

Thr

val

500

Ser

Ash

Asp
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Asp

405

Thr
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Glu

His

365

Lys

Pro

Pro

Gln

Arg

Lys

Lys

Tyr

Ser

Lys

Ile

Tyr
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Asn

Leu

Tyr

Ala

Thr

Ala

Ala

Ala

740

Thr
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atgaaagtta
aagaagtttg
gccgcagcta
cttgtagaag
aaaaatgaaa
gctgaaccaa
attttcaaat
cgtgcaaaaa
ggagcaccta
ttgatgagtg
tattcatctg
gagagtgcag
ggagtaatat
aaagaggaat
aaagaaacta
ataattgcta
gtacaatctg
atgtataaag
ggtggaagtg
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ggagcaagcg
acttggggag
agtgttgctg
aaatatggat
tttatagtaa
ctagatgaga

gattcagtaa

caaatcaaaa
caacctatac
aagaaagaat
ataaaattat
aaacttgtgg
ttggaattgt
cattaatttc
aatctacaat
aaaatataat
aagctgatat
gaaaacctgc
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gcgcttctga
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aaatggcagg
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ttaaggattt
gacacacgtc
gattagcaat
gagatttata
gaaactctgt
aaagaaggga
gtcttagatt
cagataaaga
tagatattaa

aaaaaggtgc
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Clostridium acetobutylicum

agaactaaaa
tcaagagcaa
aaacttagct
aaaaaatcat
cataatagac
tgcagccata
tttaaaaaca
tgctgcagea
aggctggata
aatattagca
aattggtgtt
ggcagtaagc
acaatcaata
aggatcatat
tggagctatt
aattgaagtt
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aatatatata
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cttcaatggt
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Lys Glu
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ITe Thr Lys
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caccttttgc
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taacagcagc
tggctacgga
tgcctagagce
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Met

PhoenixTemp39976. tmp. txt

Leu
680

Glu
695

Lys

Ala Ser

710

Ile
725

Ala

Ala
740

Leu

val Lys

Arg Tyr

Glu Glu

Ala Leu

805

Asn Phe

820

Gln Cys

Glu Met

caacagtaaa
cttgttactc
acgcaaggat
acaaggttat
aaacctgcgg
taggagttgt

ccttaatatc

Lys

Leu

Gln

Ala

Lys

Asn

Tyr

Thr

Tyr

Leu Ser

Ile Glu

Ala Pro

760

Arg Ile

val Asp
ITe Pro
ser
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795

Leu Leu
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Clostridium acetobutylicum

gaaaaactca
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aaagcagctg
tttgcaggcy
cgaaatgaac
atccctgtaa

agaaatggaa
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ITe Phe Lys Tyr Leu Pro Glu
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Lys Met Ala
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Phe Leu Gly

Asn Ile Pro

Phe Asn
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Lys

Tyr Lys Tyr

Ile
780

Lys Leu

Asn Lys Ile

Lys Asp Ala

Glu
830
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Phe Pro Leu

845

Lys GIn Pro
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aggtaattaa
tctttagaaa
ttttggaaac
aatacatcta
cctacggaat
caaaccccac

ttttcttttc

Ala Tyr

His Ala

Leu Cys

720
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Ala val
Pro Asn
Gly Gly

Glu
800

His

Gly val
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Thr Ser
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tgcagcaatg
cggtatgggc
taacaaatat
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gcctcaccca
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aaagatgagt
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gttacctcct
atgtatgagg
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ttttggggag
accgtagctg
aagttcggtt
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ttaggtggta
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acatccgtat
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cattccatgg
ttactaatag
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aagcttggag
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aatccacaat
aaaatataat
aagcagatat
gaaaaccagc
atataaaaat
gtgcttctga
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ttgaagatct
tcggtaaaaa
ctccttttge
aaatgacacc
taaccgctta
atgcttcaga
tgcctgaggc
cttcaactat
caataaaatt
aagaagtaat
ataagtatcc
gaaatactga

ctttaaatat

PhoenixTemp39976. tmp. txt

actagcagct
aggttggata
aacccttgea
aataggtgtt
ggcagtaagt
acaatctgta
aggagcttat
tggatccgta
cataaaagta
agaacctttt
tgatgatgct
aggaatatat
gaaaaccgta
taattttaga
ttccgagaat
aaacatgctt
tgctttaaaa
cccctataat
ttttaaagta
tgaagaaatg
gagctctgca
tgcaataaaa
ggctatgtta
tttagtaact
aaatatggca
ttcaggtata
atacacaaac
ttacaaaaac
ggcaggtatg
aagttcagaa
aaaatttaac
aaacaccata
tgaggaaaag

accaacttca

aaaacaatac
gatgaacctt
actggtggtc
ggtccgggta
tcaattatat
atagtcttaa
ataataaaga
aaccctaaaa
cctaaaacca
gcccacgaaa
ttaaaaaaag
gcagatgaaa
agaacctttg
ataccacctt
gttggtccaa
tggtttagag
gatttaaaag
ttaaactatg
tttaataagg
tcctecttta
aagctaatgt
tttatggaca
gttgcaatta
gacaataaca
attgtagatg
gatgcactag
ggactagcac
ggaagaacca
gcatccgcta
cacaatattc
gcagttgata
tttagatatg
gtagatctct
ataaaggatg

Page 17

ttgatgcagc
caattgaact
cctcactagt
acaccccagt
tatccaaaac
aatccatata
aaaacgaatt
tagtcggaca
caagaatatt
aactatctcc
cagtaactct
taaaagcacg
taaatatccc
ctttcacgcet
aacatctttt
ttccacataa
atctaaagaa
ttgattcaat
ttggaagaga
tgccagacac
gggtactata
taagaaagag
caacttctgc
ctggaaataa
cagaacttat
taaatagtat
tagaggcaat
atgaaaaagc
atgcatttct
ctagtggcat
atcctgtaaa
ctcgaattgc
taattaacaa

caggtgtttt

cgttaagagt
aactcaatat
taaatctgct
aataattgat
ctatgataat
taacaaggta
ggataaagtc
gtcagcttat
aataggagaa
tgttttggct
aataaactta
agataaaata
aacctcacaa
tggctgcgga
gaatattaaa
agtatatttt
aaaaagagcc
aataaaaata
agctgatctt
tataatagct
tgaacatcca
aatatatact
tggttccggt
gtacatgtta
gatgaaaatg
agaagcatac
acgattaata
aagagagaaa
aggtctatgt
tgccaatgca
acaagcccct
agattatata
aatacatgaa

ggaggaaaac

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
2460
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ttctattcct cccttgatag aatatctgaa cttgcactag atgatcaatg cacaggcgct 2520

aatcctagat ttcctcttac aagtgagata aaagaaatgt atataaattg ttttaaaaaa 2580
caaccttaa 2589
<210> 13

<211> 389

<212> PRT

<213> Clostridium acetobutylicum

<400> 13

Met Leu Ser Phe Asp Tyr Ser Ile Pro Thr Lys val Phe Phe Gly Lys

1 5 10 15

Gly Lys Ile Asp val ITe Gly Glu Glu Ile Lys Lys Tyr Gly Ser Arg
20 25 30

val Leu Ile val Tyr Gly Gly Gly Ser Ile Lys Arg Asn Gly Ile Tyr
35 40 45

Asp Arg Ala Thr Ala Ile Leu Lys Glu Asn Asn Ile Ala Phe Tyr Glu
50 55 60

Leu Ser Gly val Glu Pro Asn Pro Arg Ile Thr Thr val Lys Lys Gly
65 70 75 80

ITe Glu Ile Cys Arg Glu Asn Asn Vval Asp Leu val Leu Ala Ile Gly
85 90 95

Gly Gly Ser Ala Ile Asp Cys Ser Lys val Ile Ala Ala Gly val Tyr
100 105 110

Tyr Asp Gly Asp Thr Trp Asp Met val Lys Asp Pro Ser Lys Ile Thr
115 120 125

Lys val Leu Pro Ile Ala Ser Ile Leu Thr Leu Ser Ala Thr Gly Ser
130 135 140

Glu Met Asp GIn ITe Ala val Ile Ser Asn Met Glu Thr Asn Glu Lys
145 150 155 160

Leu Gly val Gly His Asp Asp Met Arg Pro Lys Phe Ser val Leu Asp
165 170 175

Pro Thr Tyr Thr Phe Thr val Pro Lys Asn Gln Thr Ala Ala Gly Thr
180 185 190

Ala Asp Ile Met Ser His Thr Phe Glu Ser Tyr Phe Ser Gly val Glu
195 200 205

Gly Ala Tyr val GIn Asp Gly ITe Ala Glu Ala Ile Leu Arg Thr Cys
210 215 220

Page 18
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ITe Lys Tyr Gly Lys Ile Ala

225 230

Arg Ala Asn Leu Met Trp Ala Ser Ser Leu Ala

245 250
Ser Leu Gly Lys Asp Arg Lys Trp Ser Cys His
260 265
Leu Ser Ala Tyr Tyr Asp Ile Thr His Gly val
275 280

Thr Pro Asn Trp Met Glu Tyr Ile Leu Asn Asp
290 295

Phe val Ser Tyr Gly Ile Asn val Trp Gly Ile

305 310 315

Asn Tyr Glu ITe Ala Arg Glu Ala ITe Lys Asn

325 330
Asn Ser Leu Gly Ile Pro Ser Lys Leu Arg Glu
340 345
Asp Lys Leu Glu Leu Met Ala Lys GIn Ala val
355 360

Thr Ile Gly Ser Leu Arg Pro Ile Asn Ala Glu
370 375

Phe Lys Lys Ser Tyr

385

<210> 14

<211> 1170

<212> DNA

<213> Clostridium acetobutylicum

<400> 14

atgctaagtt ttgattattc aataccaact aaagtttttt

gtaattggag aagaaattaa gaaatatggc tcaagagtgc

agtataaaaa ggaacggtat atatgataga gcaacagcta

gctttctatg aactttcagg agtagagcca aatcctagga

atagaaatat gtagagaaaa taatgtggat ttagtattag

atagactgtt ctaaggtaat tgcagctgga gtttattatg

gttaaagatc catctaaaat aactaaagtt cttccaattg

gcaacagggt ctgaaatgga tcaaattgca gtaatttcaa

cttggagtag gacatgatga tatgagacct aaattttcag

Page 19

Met Glu Lys Thr Asp Asp Tyr
235

ITe Asn Gly

Glu
270

Pro Met

Gly Leu Ala

285

Asp Thr Leu

300

Asp Lys Asn

Thr Arg Glu

Ile
350

val Gly

Asn Ser

365

Arg

Asp val Leu

380

ttggaaaagg
ttatagttta
tattaaaaga
taacaacagt
caataggggg
atggcgatac
caagtatact
atatggagac

tgttagatcc

Ala
240

Glu

Leu Leu

255

His Glu

Ile Leu

His Lys

Lys Asp

320

Tyr Phe

335

Gly Lys

Gly Gly

Glu Ile

aaaaatagac
tggcggagga
aaacaatata
aaaaaaaggc
aggaagtgca
atgggacatg
tactctttca
taatgaaaag

tacatatact

60
120
180
240
300
360
420
480
540
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tttacagtac ctaaaaatca aacagcagcg ggaacagctg
gaatcttact ttagtggtgt tgaaggtgct tatgtgcagg
ttaagaacat gtataaagta tggaaaaata gcaatggaga
agagctaatt tgatgtgggc ttcaagttta gctataaatg
gatagaaaat ggagttgtca tcctatggaa cacgagttaa
catggtgtag gacttgcaat tttaacacct aattggatgg
acacttcata aatttgtttc ttatggaata aatgtttggg
aactatgaaa tagcacgaga ggctattaaa aatacgagag
attccttcaa agcttagaga agttggaata ggaaaagata
caagctgtta gaaattctgg aggaacaata ggaagtttaa
gttcttgaga tatttaaaaa atcttattaa
<210> 15
<211> 390
<212> PRT
<213> Clostridium acetobutylicum
<400> 15
Met val Asp Phe Glu Tyr Ser Ile Pro Thr Arg
1 5 10
Asp Lys Ile Asn val Leu Gly Arg Glu Leu Lys
20 25
val Leu Ile val Tyr Gly Gly Gly Ser Ile Lys
35 40
Asp Lys Ala val Ser Ile Leu Glu Lys Asn Ser
50 55
Leu Ala Gly val Glu Pro Asn Pro Arg val Thr
65 70 75
val Lys Ile Cys Arg Glu Asn Gly val Glu val
85 90
Gly Gly Ser Ala Ile Asp Cys Ala Lys val Ile
100 105
Tyr Asp Gly Asn Pro Trp Asp Ile val Leu Asp
115 120
Arg val Leu Pro Ile Ala Ser Ile Leu Thr Ile
130 135
Glu Met Asp Thr Trp Ala val ITe Asn Asn Met
145 150 155

Page 20

acattatgag
acggtatagc
agactgatga
gtctattatc
gtgcatatta
aatatattct
gaatagacaa
aatactttaa
aactagaact

gaccaataaa

Ile Phe Phe

Gly
30

Lys Tyr

Asn Gly

45

Arg

Ile Phe

60

Lys

Thr val Glu

val Leu Ala

Ala
110

Ala Ala

Gly ser

125

Lys

Ala Ala Thr

140

Asp Thr Asn

tcacaccttt
agaagcaatc
ttacgaggct
acttggtaag
tgatataaca
aaatgacgat
gaacaaagat
ttcattgggt
aatggcaaag

tgcagaggat

Gly
15

Lys
ser Lys
Ile Tyr
Glu

Tyr

Gly
80

Lys

Ile
95

Gly
Ccys Glu
Ile Lys
Ser

Gly

Glu Lys

600
660
720
780
840
900
960
1020
1080
1140
1170
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Leu ITe Ala Ala His Pro Asp Met Ala Pro Lys Phe Ser Ile Leu Asp
165 170 175

Pro Thr Tyr Thr Tyr Thr val Pro Thr Asn Gln Thr Ala Ala Gly Thr
180 185 190

Ala Asp Ile Met Ser His ITe Phe Glu val Tyr Phe Ser Asn Thr Lys
195 200 205

Thr Ala Tyr Leu Gln Asp Arg Met Ala Glu Ala Leu Leu Arg Thr Cys
210 215 220

ITe Lys Tyr Gly Gly ITe Ala Leu Glu Lys Pro Asp Asp Tyr Glu Ala
225 230 235 240

Arg Ala Asn Leu Met Trp Ala Ser Ser Leu Ala Ile Asn Gly Leu Leu
245 250 255

Thr Tyr Gly Lys Asp Thr Asn Trp Ser val His Leu Met Glu His Glu
260 265 270

Leu Ser Ala Tyr Tyr Asp Ile Thr His Gly val Gly Leu Ala Ile Leu
275 280 285

Thr Pro Asn Trp Met Glu Tyr Ile Leu Asn Asn Asp Thr val Tyr Lys
290 295 300

Phe val Glu Tyr Gly val Asn val Trp Gly ITe Asp Lys Glu Lys Asn
305 310 315 320

His Tyr Asp Ile Ala His Gln Ala Ile GIn Lys Thr Arg Asp Tyr Phe
325 330 335

val Asn val Leu Gly Leu Pro Ser Arg Leu Arg Asp val Gly Ile Glu
340 345 350

Glu Glu Lys Leu Asp Ile Met Ala Lys Glu Ser val Lys Leu Thr Gly
355 360 365

Gly Thr Ile Gly Asnh Leu Arg Pro val Asn Ala Ser Glu val Leu GlIn
370 375 380

ITe Phe Lys Lys Ser val
385 390

<210> 16

<211> 1173

<212> DNA

<213> Clostridium acetobutylicum

<400> 16
gtggttgatt tcgaatattc aataccaact agaatttttt tcggtaaaga taagataaat 60

Page 21



gtacttggaa
agtataaaga
aaattttatg
gttaaaatat
atagattgcg
gtgttagatg
gcaacaggat
ctaattgcgg
tataccgtac
gaggtgtatt
ttaagaactt
agagccaatc
gacactaatt
cacggcgtag
acagtgtaca
cactatgaca
ggtttaccat
aaggaatcag
gaagtcctac
<210>
<211>

<212>
<213>

17

DNA
<220>
<223>

<400> 17
atgaaggaag

ttgaaggatg
gctggtatta
ttaggtcaaa
gccatgacga
attattaagg
gctccatatt
gatgaaatga
gctgaaaata
gccagtcaaa

ccagttgtca

1179

gagagcttaa
gaaatggaat
aacttgcagg
gtagagaaaa
caaaggttat
gctcaaaaat
cagaaatgga
cacatccaga
ctaccaatca
ttagtaatac
gtattaaata
taatgtgggc
ggagtgtaca
ggcttgcaat
agtttgttga
tagcacatca
ctagactgag
taaagcttac

aaatattcaa

ttgtcattgc
ttccageegt
agccagaaga
atccagctcg
ttaataaggt
ctggtgatgc
tagctaataa
ttacggatgg
ttgctgaacg
aaaaggctga

ttaagggtcg
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aaaatatggt
atatgataaa
agtagagcca
tggagttgaa
agcagcagca
aaaaagggtg
tacgtgggca
tatggctcct
aacagcagca
aaaaacagca
tggaggaata
ttcaagtctt
cttaatggaa
tttaacacct
atatggtgta
agcaatacaa
agatgttgga
aggaggaacc

aaaatctgtg

Artificial sequence

thil gene codon optimised

tagtgctgtt
tgatttaggt
tgttaacgaa
gcaagctagt
ttgtggtagt
cgatgtcatt
tgcccggtgg
tttgtgggat
gtggaatatt

agaagccatt

gaagggtgaa

tctaaagtgc
gctgtaagta
aatccaagag
gtagtactag
tgtgaatatg
cttcctatag
gtaataaata
aagttttcta
ggaacagctg
tatttgcagg
gctcttgaga
gcgataaatg
catgaattaa
aattggatgg
aatgtttggg
aaaacaagag
attgaagaag
ataggaaacc

taa

ttatagttta
tacttgaaaa
taactacagt
ctataggtgg
atggaaatcc
ctagtatatt
atatggatac
tattagatcc
atattatgag
atagaatggc
agccggatga
gacttttaac
gtgcttatta
agtatatttt
gaatagacaa
attactttgt
aaaaattgga

taagaccagt

for L. plantarum

cggacggcca
gctacggcca
gtcattttag
tttaaggctg
ggtttacgga
attgccggtg
ggttatcgga
gcctttaatg
agtcgggaag
aagtcaggtc

acggttgttg

Page 22

ttggtagtta
ttaaggaagc
gtaatgtttt
gtttgccagt
cggttagttt
gtatggaaaa
tgggtaatgc
attatcacat
aacaagatga
agtttaagga

atacggatga

tggtggagga
aaacagtatt
tgaaaaagga
aggaagtgca
atgggatatt
aaccattgct
aaacgaaaaa
aacgtatacg
tcatatattt
agaagcgtta
ttatgaggca
atatggtaaa
cgacataaca
aaataatgat
agaaaaaaat
aaatgtacta
cataatggca

aaacgcctcec

tggtaagtca
tgttaaaaag
gcaagccggt
tgaaattcca
agctgcccag
tatgagtcgg
caagtttgtc
gggtattacg
atttgccttg
tgaaattgtc

acatccacgg

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1173

60
120
180
240
300
360
420
480
540
600
660



tttggtagta
gttacggctg
gccgaaaagg
gctggtgttg
gaaaaggctg
gctcaaagtt
ggtggtgcca
ttagtccacg

ggtggtcaag

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

18
849
DNA

<220>
<223>

<400> 18
atgaaaaagg

gctgctaagg
ttggatttca
acgaaggttg
tgtgatttag
gatttggata
attacggaag
aatccagctc
acgtttgatg
gaagctccag
attttagctg
aatcatccga
attatggatg
aaaaagtatg
tcaaagtaa

<210>
<211>

<212>
<213>

19
786
DNA

<220>
<223>

<400> 19

cgattgaagg
gtaatgctag
ctaaggaatt
atccagccat
gttggacggt
tagctgttgc
ttgctttagg
ccatgcaaaa

gtacggccat

tctgtgtcat
gttttgaagt
ttaacaaaaa
aaattttaac
tcattgaagc
atatttgtaa
ttgctagtgc
cagtgatgaa
ccgttaagga
gttttgtcgt
aaggtattgc
tgggtccatt
ttttgtatag
ttcgggctgg
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cttggccaag
tggtttgaat
aggtgttaag
tatgggttat
tgatgaattg
caaggatttg
tcatccaatt
gcgggatgct
tttgttggaa

Artificial sequence

tggtgctggt
tgttttgcgg
tttaagcaaa
gcggattagt
tgctgttgaa
gccagaaacg
tacgaagcgg
gttagttgaa
aacgtcaatt
taatcggatt
cagtgtcgaa
ggaattgggt
tgaaacgggt
ttggttaggt

Artificial sequence

ttaaagccag
gattgtgccg
ccattggcca
ggtccatttt
gatttgattg
aagtttgata
ggtgctagtg
aaaaagggtt

aagtgttaa

acgatgggta
gatattaagg
ttggtcaaaa
ggtacggttg
cggatggata
attttggcta
ccagataagg
gtcattcggg
gccattggta
ttgattccaa
gatattgata
gattttattg
gattcaaagt
cggaaaagtg

Page 23

cctttaaaaa
ccgttttagt
aaattgtcag
atgctacgaa
aaagtaatga
tgaacaaggt
gtgctcggat

tagccacgtt

hbd gene codon optimised for L. plantarum

gtggtattgc
atgaatttgt
agggcaaaat
atttaaatat
ttaaaaagca
gtaatacgag
tcattggtat
gtattgctac
aggatccagt
tgattaatga
aggccatgaa
gtttggatat
atcggccaca

gtaagggttt

crt gene codon optimised for L. plantarum

ggatggtacg
cattatgagt

ttatggcagt
ggccgcecatt
agcttttgec
caatgttaat
tttagttacg

gtgtattggt

tcaagctttt
tgatcggggt
tgaagaagcc
ggccgccgat
aatttttgcc
ttcattgagt
gcactttttt
gagtcaagaa
tgaagttgct
agccgtcggt
attaggtgct
ttgtttggec
cacgttgtta

ttatgattat

720
780
840
900
960
1020
1080
1140
1179

60
120
180
240
300
360
420
480
540
600
660
720
780
840
849



atggaattga
cggccaaagg
ggtgaaattg
agttttgttg
aagttcggta
attgctgecg
attcggattg
ccaggttttg
ttaattttta
aaggtcgtcg
agtaatgccc
gatattgata
gatcaaaagg
cggtaa
<210>

<211>

<212>
<213>

20

DNA
<220>
<223>

<400> 20
atatggattt

ccgaaaatga
aaaatgttaa
gtggtgccgg
gtggtacgac
aacatggtac
ttggtgccta
ttgctgtttt
gtggtgttgc
gtattagtgc
aaaagttagg
cagtcgaaaa
atggtggtcg
aagctcgggc
gtttagcttg

ataaggccgc

1142

ataatgtcat
ccttaaatgc
aaaatgatag
ccggtgccga
ttttgggtaa
ttaatggttt
ccagtagtaa
gtggtacgca
cggcccaaaa
agccaagtga
cagttgccgt
cggccttggc

atgccatgac

caatttgacg
agtcaagcca
aaaaatgggt
tggtgatgtt
gggtgtcatt
tgaagaacaa
tggtttgacg
ggaaggtgat
tgatacgttt
ctttattatt
tattcgggct
tatgattggt
gattggtatt
ctatatgaag
gatgatggcc

ctatttaaag
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tttggaaaag
cttgaatagt
tgaagttttg
tattagtgaa
taaggttttt
tgctttaggt
tgctcggttt
acggttaagt
tattaaagcc
attaatgaat
taagttaagt
ctttgaaagt

ggcctttatt

Artificial sequence

cgggaacaag
attgctgeccg
caatatggta
ttgagttata
ttaagtgctc
aagcagaagt
gaaccaaatg
cactatgtca
gtcatttttg
gaaaagggtt
agtagtacga
aaggaaggca
gctgctcaag
gaacggaagc
gatatggatg
caagcgggtt

gaaggtaagg
gatacgttga
gccgtcattt
atgaaggaaa
cggcggttgg
ggtggttgtg
ggtcaaccag
cggttagttg
gatgaagcct
acggccaagg
aagcaagcca
gaagcttttg

gaaaagcgga

aattagttcg
aaattgatga
tgatgggtat
ttattgccgt
acacgagttt
atttggtccc
ctggtacgga
ttaatggctc
ccatgacgga
ttaaaggttt
cggaattggt
aaggttttcc
ccttaggtat
aattcggtcg
ttgccattga

taccatatac
Page 24

ttgccgttgt
aggaaatgga
taacgggtgc
tgaatacgat
aattgttgga
aaattgccat
aagttggttt
gtatgggtat
tacggattgg
aaattgccaa
ttaatcgggg
gtgaatgttt

aaattgaagg

bcd gene codon optimised for L. plantarum

gcaaatggtt
aacggaacgg
tccatttagt
cgaagaattg
gtgtgccagt
attagctaag
ttcaggtgct
aaaaatcttt
tcggacgaag
ttcaattggt
ttttgaagat
aattgccatg
tgctgaaggt
gagtttggat
aagtgcccgg
ggttgatgct

tacgattaat
ttatgtcatt
tggtgaaaaa
tgaagggcgg
aaaaccagtc
gagttgtgat
aggtattacg
ggccaagcaa
tttagtcaat
taaaattgtt
tatgcaatgt
tagtacggaa

ttttaaaaat

cgggaatttg
tttccaatgg
aaggaatatg
tcgaaagttt
ttgattaatg
ggtgaaaaaa
caacaaacgg
attacgaatg
ggtacgaaag
aaggtcgaac
atgatcgtcc
aaaacgttgg
gcttttaatg
aagtttcaag
tatttggttt

gctcgggceca

60
120
180
240
300
360
420
480
540
600
660
720
780
786

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

gttatggtta tacgaaggat tatccagtcg

aaatttatga aggtacgagt gaagttcaaa

aa

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

21

DNA
<220>
<223>

<400> 21
atgaaggtca

aaaaagtttg
gctgctgcta
ttggtcgaag
aaaaatgaaa
gctgaaccaa
atttttaagt
cgggctaaaa
ggtgccccaa
ttaatgagtg
tattcaagtg
gaaagtgccg
ggtgtcattt
aaggaagaat
aaggaaacga
attattgcta
gtccaaagtg
atgtataagg
ggtggtagtg
aaggaatttg
ggtgccagtg
acgtggggtg
tcagttgctg
aagtatggtt

tttattgtta

2577

cgaatcaaaa
ccacgtatac
aggaacggat
ataaaattat
aaacgtgtgg
ttggtattgt
cattgattag
aaagtacgat
aaaatattat
aagccgatat
gtaagccagc
atattgatat
gtgccagtga
tcgttaageg
tgtttaaaaa
aaatggccgg
tcgaaaaaag
tcaaggattt
gtcacacgag
gtttggccat
gtgatttgta
gtaattcagt
aacggcggga
gtttgcggtt
cggataagga

Artificial sequence

adhE gene codon optimised

ggaattaaag
gcaagaacaa
taatttagcec
taaaaaccac
tattattgat
tgctgccatt
tttgaaaacg
tgccgecgcet
tggttggatt
tattttagct
cattggtgtt
ggccgtcagt
acaatcaatt
tggtagttat
tggtgccatt
tattgaagtt
tgaattgttt
tgatgaagcc
tagtttgtat
gaaaactagt
taattttgcec
tagtcaaaat
aaatatgttg
tgccttgaag

tttgttcaag

ttacgacgaa ggctgttcag ttgtttggtg

aacggatgat gcgggatgcc aaaattacgg

agttggtcat tagtggtaaa atttttcggt

for L. plantarum

caaaagttaa
gtcgataaaa
aagttggccg
ttcgecgecg
cacgatgatt
gttccaacga
cggaatgcca
aagttaattt
gatgaaccat
acgggtggtc
ggtgccggta
tcaattattt
ttggtgatga
attttgaatc
aatgccgata
ccacaaacga
agtcacgaaa
ttgaaaaagg
attgattcac
cggacgttta
attgccccaa
gtcgaaccaa
tggtttaagg
gaattgaagg
ttgggttatg

Page 25

atgaattgcg
tttttaagca
ttgaagaaac
aatatattta
cattgggtat
cgaatccaac
ttttttttag
tggatgccgc
caattgaatt
catcaatggt
atacgccagc
tgagtaaaac
attcaattta
aaaatgaaat
tcgtcggtaa
Ccgaaaatttt
agttaagtcc
cccaacggtt
aaaataataa
ttaatatgcec
gttttacgtt
agcacttgtt
tcccacaaaa
atatgaataa

ttaataaaat

ggaagcccaa
atgtgccatt
gggtatcggt
taataagtat
tactaaggtc
gagtacggcg
tccacatcca
tgttaaagct
gagtcaagat
taaggctgcc
cattattgat
gtatgataat
tgaaaaggtc
tgcgaaaatt
gtcagcctat
gattggtgaa
agttttggcc
aattgaatta
ggataaggtt
aagtagtcaa
gggttgtggt
gaatattaag
aatttatttt
aaagcgggcc

tacgaaggtt

1020
1080
1140
1142

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



ttggatgaaa
gattcagtta
attggtgggg
gaagccgaaa
tttccaaagt
agtgaagcta
acgagttatg
ccacggaagt
gttagtgtca
tttaagtatt
atggctcatg
cattcaatgg
gttttgattg
tttccacaat
aatttgaagg
ttaaaaattg
ttttataata
aatccacggt
<210>
<211>

<212>
<213>

22

DNA
<220>
<223>

<400> 22
atggtcgatt

gttttaggtc
tcaattaagc
aagttttatg
gtcaaaattt
attgattgtg
gttttggatg
gctacgggtt
ttgattgccg
tacaccgtcc
gaagtttatt

ttacggacgt

1173

ttgatattaa
aaaagggtgc
gtagtccaat
tcgaaaattt
tgggtacgaa
cgccatttge
aattgacgcc
taacggctgc
tggctacgga
tgccacgggce
ccagtaatat
cccacaagtt
aagaagtcat
ataagtcacc
gtactagtga
atttgagtat
cgttggataa

atccattaat

tcgaatactc
gggaattgaa
ggaatggtat
aattggccgg
gtcgggaaaa
ctaaggtgat
gttcaaaaat
cagaaatgga
cccatccaga
caacgaatca
ttagtaatac

gtattaagta

PhoenixTemp39976. tmp. txt

gtattcaatt
caaggaaatg
ggatgctgct
ggccattaat
ggccatttca
tgtcattacg
aaatatggcg
cacgggtatt
ttatacggat
ctataaaaat
tgctggtatg
aggtgccatg
caagtataac
aaatgcgaag
tacggaaaag
tccacaaaat
aatgtcagaa

tagtgaatta

Artificial sequence

bdhB gene codon optimised

aattccaacg
aaagtatggt
ttatgataag
tgttgaacca
tggtgttgaa
cgctgctgcec
taagcgggtt
tacgtgggcc
tatggctcca
aactgctgct
gaaaacggcc

tggtggtatt

tttacggata
ttaaattttg
aaggtcatgc
tttatggata
gttgccattc
aatgatgaaa
attattgata
gatgctttag
gaattagcct
ggtacgaatg
gcttttgcca
catcatgttc
gccacggatt
cggaagtatg
gttacggctt
attagtgccg
ttggcctttg

aaggatattt

ttaaaagtga
aaccagatac
acttgttgta
ttcggaagceg
caacgacggc
cgggtatgaa
cggaattaat
tccatgecat
tacgggccat
atattgaagc
atgccttttt
cacatggtat
gtccgacgaa
ctgaaattgc
tgattgaagc
ccggtattaa
atgatcaatg

atattaagtc

for L. plantarum

cggatttttt
tcaaaggttt
gccgtttcaa
aatccacggg
gtcgttttag
tgtgaatatg
ttgccaattg
gtcattaata
aagttttcaa
ggtacggctg
tatttacaag

gccttggaaa

Page 26

tcggtaagga
tgattgttta
ttttagaaaa
ttacgacggt
ccattggtgg
atggtaatcc
cttcaatttt
atatggatac
ttttggatcc
atattatgag
atcggatggc

agccagatga

tccaacgatt
gattatttca
tgaatatcca
gatttgtaat
tggtacgggt
gtatccattg
gttgaatatg
tgaagcctat
taaaatgatt
ccgggaaaaa
gggtgtttgt
tgcttgtgcc
gcaaacggct
cgaatatttg
catttcaaag
taaaaaggat
tacgacggct

attttaa

taaaattaat
tggtggtggt
aaattcaatt
tgaaaagggc
cggttcagcec
gtgggatatt
aacgattgcc
gaatgaaaag
gacgtatacg
tcacattttt
tgaagctttg

ttatgaagcc

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2577

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



cgggctaatt
gatacgaatt
cacggtgttg
acggtttata
cattatgata
ggtttgccaa
aaggaatcag
gaagttttac
<210>
<211>

<212>
<213>

23
DNA

<220>
<223>

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

<400> 23
catgaaggaa

attgaaggat
ggctggtatt
tttaggtcaa
agccatgacg
gattattaag
ggctccatat
cgatgaaatg
ggctgaaaat
ggccagtcaa
cccagttgtc
gtttggtagt
ggttacggct
tgccgaaaag
tgctggtgtt

tgaaaaggct

taatgtgggc
ggagtgtcca
gtttagccat
agtttgtcga
ttgcccatca
gtcggttacg
ttaaattaac

aaatttttaa

14364

misc_feature
(8165)..(8165)
nisa, c, g, or t

misc_feature
(8169)..(8173)
nisa, c, g, or t

gttgtcattg
gttccagccg
aagccagaag
aatccagctc
attaataagg
gctggtgatg
ttagctaata
attacggatg
attgctgaac
aaaaaggctg
attaagggtc
acgattgaag
ggtaatgcta
gctaaggaat

gatccagcca

ggttggacgg

PhoenixTemp39976. tmp. txt

tagtagtttg
tttgatggaa
tttaacgcca
atatggtgtg
agccattcaa
ggatgttggt
gggtggtacg
aaagtcagtt

Artificial sequence

ctagtgctgt
ttgatttagg
atgttaacga
ggcaagctag
tttgtggtag
ccgatgtcat
atgcccggtg
gtttgtggga
ggtggaatat
aagaagccat
ggaagggtga
gcttggccaa
gtggtttgaa
taggtgttaa
ttatgggtta

ttgatgaatt

gcgattaatg
catgaattga
aattggatgg
aatgtttggg
aaaacgcggg
attgaagaag
attggcaatt

taa

tcggacggcec
tgctacggcec
agtcatttta
ttttaaggct
tggtttacgg
tattgccggt
gggttatcgg
tgcctttaat
tagtcgggaa
taagtcaggt
aacggttgtt
gttaaagcca
tgattgtgcc
gccattggcec
tggtccattt

ggatttgatt
Page 27

gtttgttgac
gtgcctatta
aatacatttt
gtattgataa
attattttgt
aaaagttgga

tacggccagt

pHBO75BUOH comprising 6 genes of BUuOH pathway

attggtagtt
attaaggaag
ggtaatgttt
ggtttgccag
acggttagtt
ggtatggaaa
atgggtaatg
gattatcaca
gaacaagatg
cagtttaagg
gatacggatg
gcctttaaaa
gccgttttag
aaaattgtca
tatgctacga

gaaagtaatg

gtatggtaag
tgatattacg
aaataatgat
ggaaaaaaat
taatgttttg
cattatggcc

taatgcctca

atggtaagtc
ctgttaaaaa
tgcaagccgg
ttgaaattcc
tagctgccca
atatgagtcg
ccaagtttgt
tgggtattac
aatttgcctt
atgaaattgt
aacatccacg
aggatggtac
tcattatgag
gttatggcag
aggccgecat

aagcttttgc

780
840
900
960
1020
1080
1140
1173

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



cgctcaaagt
tggtggtgcc
gttagtccac
tggtggtcaa
aggtctgttt
ctcaagcttt
ttgatcgggy
ttgaagaagc
tggccgecga
aaatttttgc
gttcattgag
tgcacttttt
cgagtcaaga
ttgaagttgc
aagccgtcgg
aattaggtgc
tttgtttggc
acacgttgtt
tttatgatta
gaataatgtc
ggccttaaat
tgaaaatgat
tgccggtgcc
tattttgggt
cgttaatggt
tgccagtagt
tggtggtacg
tacggcccaa
cgagccaagt
cccagttgcec
tacggccttg
ggatgccatg
gccctaaaaa

ttagttcggc

ttagctgttg
attgctttag
gccatgcaaa
ggtacggcca
aatgaaaaag
tgctgctaag
tttggatttc
cacgaaggtt
ttgtgattta
cgatttggat
tattacggaa
taatccagct
aacgtttgat
tgaagctcca
tattttagct
taatcatccg
cattatggat
aaaaaagtat
ttcaaagtaa
attttggaaa
gccttgaata
agtgaagttt
gatattagtg
aataaggttt
tttgctttag
aatgctcggt
caacggttaa
aatattaaag
gaattaatga
gttaagttaa
gcctttgaaa
acggccttta
tagataggag

aaatggttcg

PhoenixTemp39976. tmp. txt

ccaaggattt
gtcatccaat
agcgggatgc
ttttgttgga
gtctgtgtca
ggttttgaag
attaacaaaa
gaaattttaa
gtcattgaag
aatatttgta
gttgctagtg
ccagtgatga
gccgttaagg
ggttttgtcg
gaaggtattg
atgggtccat
gttttgtata
gttcgggctg
accggtaaat
aggaaggtaa
gtgatacgtt
tggccgtcat
aaatgaagga
ttcggcggtt
gtggtggttg
ttggtcaacc
gtcggttagt
ccgatgaagc
atacggccaa
gtaagcaagc
gtgaagcttt
ttgaaaagcg
gtaagtttat

ggaatttgcc

gaagtttgat
tggtgctagt
taaaaagggt
aaagtgttaa
ttggtgctgg
ttgttttgcy
atttaagcaa
cgcggattag
ctgctgttga
agccagaaac
ctacgaagcg
agttagttga
aaacgtcaat
ttaatcggat
ccagtgtcga
tggaattggg
gtgaaacggg

gttggttagg
caatatttta

ggttgccgtt
gaaggaaatg
tttaacgggt
aatgaatacg
ggaattgttg
tgaaattgcc
agaagttggt
tggtatgggt
cttacggatt
ggaaattgcc
cattaatcgg
tggtgaatgt
gaaaattgaa
atggatttca
gaaaatgaag

Page 28

atgaacaagg
ggtgctcgga
ttagccacgt
gacgtccttt
tacgatgggt
ggatattaag
attggtcaaa
tggtacggtt
acggatggat
gattttggct
gccagataag
agtcattcgg
tgccattggt
tttgattcca
agatattgat
tgattttatt
tgattcaaag
tcggaaaagt
ggaggattag
gttacgatta
gattatgtca
gctggtgaaa
attgaagggc
gaaaaaccag
atgagttgtg
ttaggtatta
atggccaagc
ggtttagtca
aataaaattg
ggtatgcaat
tttagtacgg
ggttttaaaa
atttgacgcg

tcaagccaat

tcaatgttaa
ttttagttac
tgtgtattgg
aaatttaggg
agtggtattg
gatgaatttg
aagggcaaaa
gatttaaata
attaaaaagc
agtaatacga
gtcattggta
ggtattgcta
aaggatccag
atgattaatg
aaggccatga
ggtttggata
tatcggccac
ggtaagggtt
tcatggaatt
atcggccaaa
ttggtgaaat
aaagttttgt
ggaagttcgg
tcattgctgc
atattcggat
cgccaggttt
aattaatttt
ataaggtcgt
ttagtaatgc
gtgatattga
aagatcaaaa
atcggtaagg
ggaacaagaa

tgctgccgaa

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
2760
2820
2880
2940
3000



attgatgaaa
atgggtattc
attgccgtcg
acgagtttgt
ttggtcccat
ggtacggatt
aatggctcaa
atgacggatc
aaaggttttt
gaattggttt
ggttttccaa
ttaggtattg
ttcggtcgga
gccattgaaa
ccatatacgg
acgacgaagg
cggatgatgc
ttggtcatta
aatgaaggtc
aaaaaagttt
tgctgctgct
tttggtcgaa
taaaaatgaa
cgctgaacca
gatttttaag
acgggctaaa
tggtgcccca
tttaatgagt
ctattcaagt
tgaaagtgcc
tggtgtcatt
caaggaagaa
taaggaaacg
tattattgct

agtccaaagt

cggaacggtt
catttagtaa
aagaattgtc
gtgccagttt
tagctaaggg
caggtgctca
aaatctttat
ggacgaaggg
caattggtaa
ttgaagatat
ttgccatgaa
ctgaaggtgc
gtttggataa
gtgcccggta
ttgatgctgc
ctgttcagtt
gggatgccaa
gtggtaaaat
acgaatcaaa
gccacgtata
aaggaacgga
gataaaatta
aaaacgtgtg
attggtattg
tcattgatta
aaaagtacga
aaaaatatta
gaagccgata
ggtaagccag
gatattgata
tgtgccagtg
ttcgttaage
atgtttaaaa
aaaatggccg

gtcgaaaaaa

PhoenixTemp39976. tmp. txt
tccaatggaa aatgttaaaa aaatgggtca

ggaatatggt
gaaagtttgt
gattaatgaa
tgaaaaaatt
acaaacggtt
tacgaatggt
tacgaaaggt
ggtcgaacaa
gatcgtccca
aacgttggat
ttttaatgaa
gtttcaaggt
tttggtttat
tcgggccaag
gtttggtogt
aattacggaa
ttttcggtaa
aggaattaaa
cgcaagaaca
ttaatttagc
ttaaaaacca
gtattattga
ttgctgccat
gtttgaaaac
ttgccgeegc
ttggttggat
ttattttage
ccattggtgt
tggccgtcag
aacaatcaat
gtggtagtta
atggtgccat
gtattgaagt
gtgaattgtt

ggtgccggtg
ggtacgacgg
catggtactg
ggtgcctatg
gctgttttgg
ggtgttgctg
attagtgcct
aagttaggta
gtcgaaaata
ggtggtcgga
gctcgggect
ttagcttgga
aaggccgcect
ttacatgctg
tatggttata
atttatgaag
acgcgtaaat
gcaaaagtta
agtcgataaa
caagttggcc
cttcgecgec
tcacgatgat
tgttccaacg
gcggaatgcec
taagttaatt
tgatgaacca
tacgggtggt
tggtgccggt
ttcaattatt
tttggtgatg
tattttgaat
taatgccgat
tccacaaacg

tagtcacgaa
Page 29

gtgatgtttt
gtgtcatttt
aagaacaaaa
gtttgacgga
aaggtgatca
atacgtttgt
ttattattga
ttcgggctag
tgattggtaa
ttggtattgc
atatgaagga
tgatggccga
atttaaagca
ctaatgttgc
cgaaggatta
gtacgagtga
tttataaagg
aatgaattgc
atttttaagc
gttgaagaaa
gaatatattt
tcattgggta
acgaatccaa
atttttttta
ttggatgccg
tcaattgaat
ccatcaatgg
aatacgccag
ttgagtaaaa
aattcaattt
caaaatgaaa
atcgtcggta
acgaaaattt

aagttaagtc

atatggtatg
gagttatatt
aagtgctcac
gcagaagtat
accaaatgct
ctatgtcatt
catttttgcc
aaagggtttt
tagtacgacg
ggaaggcaaa
tgctcaagcec
acggaagcaa
tatggatgtt
agcgggttta
aatggatgtt
tccagtcgaa
agttcaaaag
agtgtatata
gggaagccca
aatgtgccat
cgggtatcgg
ataataagta
ttactaaggt
cgagtacggc
gtccacatcc
ctgttaaagc
tgagtcaaga
ttaaggctgc
ccattattga
cgtatgataa
atgaaaaggt
ttgcgaaaat
agtcagccta
tgattggtga
cagttttggc

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100



catgtataag
aggtggtagt
taaggaattt
aggtgccagt
tacgtggggt
gtcagttgct
taagtatggt
ctttattgtt
tttggatgaa
tgattcagtt
aattggtggg
agaagccgaa
ttttccaaag
tagtgaagct
gacgagttat
gccacggaag
tgttagtgtc
ttttaagtat
aatggctcat
tcattcaatg
cgttttgatt
ttttccacaa
gaatttgaag
gttaaaaatt
tttttataat
taatccacgg
cggaaataat
ggattttttt
caaaggtttt
ccgtttcaat
atccacgggt
tcgttttagc
gtgaatatga

tgccaattgc

gtcaaggatt
ggtcacacga
ggtttggcca
ggtgatttgt
ggtaattcag
gaacggcggg
tgtttgcggt
acggataagg
attgatatta
aaaaagggtg
ggtagtccaa
atcgaaaatt
ttgggtacga
acgccatttg
gaattgacgc
ttaacggctg
atggctacgg
ttgccacggg
gccagtaata
gcccacaagt
gaagaagtca
tataagtcac
ggtactagtg
gatttgagta
acgttggata
tatccattaa
ctaaacagga
cggtaaggat
gattgtttat
tttagaaaaa
tacgacggtt
cattggtggc
tggtaatccg

ttcaatttta

PhoenixTemp39976. tmp. txt

ttgatgaagc
gtagtttgta
tgaaaactag
ataattttgc
ttagtcaaaa
aaaatatgtt
ttgccttgaa
atttgttcaa
agtattcaat
ccaaggaaat
tggatgctgc
tggccattaa
aggccatttc
ctgtcattac
caaatatggc
ccacgggtat
attatacgga
cctataaaaa
ttgctggtat
taggtgccat
tcaagtataa
caaatgcgaa
atacggaaaa
ttccacaaaa
aaatgtcaga
ttagtgaatt
ggggttaaaa
aaaattaatg
ggtggtggtt
aattcaatta
gaaaagggcg
ggttcagcca
tgggatattg

acgattgccg

cttgaaaaag
tattgattca
tcggacgttt
cattgcccca
tgtcgaacca
gtggtttaag
ggaattgaag
gttgggttat
ttttacggat
gttaaatttt
taaggtcatg
ttttatggat
agttgccatt
gaatgatgaa
gattattgat
tgatgcttta
tgaattagcc
tggtacgaat
ggcttttgcc
gcatcatgtt
cgccacggat
gcggaagtat
ggttacggct
tattagtgcc
attggccttt
aaaggatatt
tggtcgattt
ttttaggtcg
caattaagcg
agttttatga
tcaaaatttg
ttgattgtgc
ttttggatgg
ctacgggttc

Page 30

gcccaacggt
caaaataata
attaatatgc
agttttacgt
aagcacttgt
gtcccacaaa
gatatgaata
gttaataaaa
attaaaagtg
gaaccagata
cacttgttgt
attcggaagc
ccaacgacgg
acgggtatga
acggaattaa
gtccatgcca
ttacgggcca
gatattgaag
aatgcctttt
ccacatggta
tgtccgacga
gctgaaattg
ttgattgaag
gccggtatta
gatgatcaat
tatattaagt
cgaatactca
ggaattgaaa
gaatggtatt
attggccggt
tcgggaaaat
taaggtgatc
ttcaaaaatt

agaaatggat

taattgaatt
aggataaggt
caagtagtca
tgggttotgg
tgaatattaa
aaatttattt
aaaagcgggc
ttacgaaggt
atccaacgat
cgattatttc
atgaatatcc
ggatttgtaa
ctggtacggg
agtatccatt
tgttgaatat
ttgaagccta
ttaaaatgat
cccgggaaaa
tgggtgttty
ttgcttgtge
agcaaacggc
ccgaatattt
ccatttcaaa
ataaaaagga
gtacgacggc
cattttaatc
attccaacgc
aagtatggtt
tatgataagg
gttgaaccaa
ggtgttgaag
gctgctgect
aagcgggttt
acgtgggccg

5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140



tcattaataa
agttttcaat
gtacggctga
atttacaaga
ccttggaaaa
cgattaatgg
atgaattgag
attggatgga
atgtttgggg
aaacgcggga
ttgaagaaga
ttggcaattt
aatctagacc
agcggttatc
tgctgagggy
tagaggcatt
agaaatcgat
acagnctgnn
caaataattt
gttgataaag
ttagaggtgg
aaagcgagaa
taaatttgtc
tatcaagctt
gactagcaaa
ttaaaaacca
tctccaagat
atgctgctaa
aattaaaaaa
cctcacttcg
taataattaa
aaaaaacaaa
cctgtatcat
tttaaagtct

tagctttctt

tatggatacg
tttggatccg
tattatgagt
tcggatggcet
gccagatgat
tttgttgacy
tgcctattat
atacatttta
tattgataag
ttattttgtt
aaagttggac
acggccagtt
gcggacctat
gatgtggtaa
gcagcgatgc
tatatggaag
gacttgattt
nnnggatccc
tacctgaatt
caattactga
tttttttatt
taaggaagat
caccaattaa
atcgataccg
tactaacaac
cgtaaccaca
tttecctectc
atagtttata
tcaagtgttc
ttcagtccaa
ttaaaatctt
cacgtatcat
agctaaacaa
cttgaatgaa

tttcttcttt
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aatgaaaagt
acgtatacgt
cacatttttg
gaagctttgt
tatgaagccc
tatggtaagg
gatattacgc
aataatgata
gaaaaaaatc
aatgttttgg
attatggcca
aatgcctcag
tgatgtcttt
acgccaacat
cccttatatc
tactttcagc
tcatgggaac
caactagcga
ctgcagatgt
tattgctgaa
tataaattat
aaatcccata
aggaccgata
tcgacctcga
aagacacaca
agaactaatc
taatatgctc
ggacaaataa
gcttcgetct
gccaactaaa
actctgtata
agatataaat
atcgagttgt
tgtatgctct

ttttacttta

tgattgccgc
acaccgtccc
aagtttattt
tacggacgtg
gggctaattt
atacgaattg
acggtgttgg
cggtttataa
attatgatat
gtttgccaag
aggaatcagt
aagttttaca
tgagtcgatg
cgtcaaatac
accattcttt
ggttaagcag
tcctcagcaa
ttctgaaatc
gttgctttga
aaattgtaat
tcgtttgatt
agggcgggag
acgcgagctt
gggggggccc
caccaaaaat
caatccatgt
aacttaaatg
gtatactcta
cactgcccct
agttttcggg
tttctgctaa
gtaatggcat
gtgtccgttt
aagtcaaaag

atgatcgata
Page 31

ccatccagat
aacgaatcaa
tagtaatacg
tattaagtat
aatgtgggct
gagtgtccat
tttagccatt
gtttgtcgaa
tgcccatcaa
tcggttacgg
taaattaacg
aatttttaaa
gaagataaag
cactcgtaac
tcgccgatag
gaaaatatcg
tggtcattgc
accatttaaa
ttgatagcca
ttataaataa
tcgctttcga
cagaatgtcc
ctcgacctgc
gaattctatt
caaaaattca
aatcgggttc
acctattcaa
atgacctata
cgacgtttta
ctactctctc
tcattcgcta
agtgcgggtt
tagggcgttc
aatttgtcag

gcaacaatga

atggctccaa
actgctgctg
aaaacggcct
ggtggtattg
agtagtttgg
ttgatggaac
ttaacgccaa
tatggtgtga
gccattcaaa
gatgttggta
ggtggtacga
aagtcagttt
cgcacgaaag
gtttaaacga
cgctaactaa
cagcgagcac
aggaacaaaa
aaactccaat
aaaagcagca
aaatcacctt
tagaacaatc
gagactaatg
aggaattcga
taatcacttt
ctacttttag
ttcaaatatt
taaatctatt
aaagatagaa
gtagcctttc
cttcteccccc
aacagcaaag
ttattttcag
tgctagcttg
cgcctttata

tttaacacta

7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240



gcaagttgaa
ttcagtacct
tcttttttgg
attaaatctt
aatttaaacc
gctttgcaaa
cttctaacaa
tcaaacatat
agggtaaaca
tgcaataaga
accgttagac
cattctttga
atgcgagcaa
tctcggatat
gtcacataga
atcatagtag
gtttcttttg
ttttcagaat
acgttggatg
agaacaacac
ttgcttttac
aacaagccgt
tttcctataa
tgtttcaata
ctaatcgaat
gaagaaaaat
ttaaacgttt
atataagttt
aaaagcaatc
tacttgaaaa
caaagttaat
ggtttggcaa
gtcatggctc

tttaaaaaaa

tgccaccatt
tcagcaattt
tcgtcactaa
ctttccattc
acccttgacg
gaatggtaat
ttttgattac
tatattcgca
tgacgttatt
gattaaacca
ttgaacgagt
aagaataacg
taccaaaatg
tttgcgaaat
ctggcgtttc
gcataaaacc
ccgtgtgaat
gtcctttegt
tccaatgtgt
cacgaccgcc
ctggcttggt
catgaagcac
atcctataaa
ttgcatgttt
aaattatttt
acttatctga
ctagtgtata
tacattcatc
aaacgatttc
ctctctgatt
taaataactt
tcttatcggg
ttttttcgtt

ataagcaacg
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tcttcctggt
atctaatgtc
ataaggcttg
tgacaaatga
gacaaataaa
gtattcccta
ttctttttct
cgtttcgatt
acgccctatt
gggttcatct
aaagccctta
gtaattagga
attacacgtt
tattttggct
taaaacaaaa
taaatcaata
atcaaaatca
gtatgaacgg
aaatgtatct
aatcatgctt
agtgattgag
agtttctaca
ataggttgtt
tgaaaaagat
gttattttct
ttttgtttct
gatatttgct
atgattcata
cgattgattg
tccctatata
cttacgaggg
ctatgcattt
tctattcagt

atttcgtgca

ttaatcttaa
cgttcaggaa
tatacatcgc
acacgttgac
tctttactgg
ttagccectt
tctaagggtt
gaatagcctg
aaaccctttt
acttgttttt
ttatctgttt
tcaaaaaatt
agatcaactg
gctttgacag
tatgcttgat
gcggttgtta
ataaagaagg
ttttcgtctg
tgattttctt
gattttgagc
cgaattttac
acaaaaggga
taattaactt
ttttttcctt
attaacttat
aagtagatat
aattttctta
caaactccac
cttaacaatt
atgatagtac
aagagttcat
ataaaatgtc
tcgttgtttc

ttattcacac

Page 32

agaaaatttc
tgcctageac
ttttttcgct
gttcgcttct
ttaaatcact
gatagttttc
gatctaatcg
aactaaagta
ctcctgaaaa
tgccttctgt
gtttgaaaga
ctacattgtc
gcaaagactt
atttaaattc
aacctttatc
aaatatcgct
tattgatttg
catacgttcc
gaatcgcttc
gatacgcaaa
tatttttaaa
tattcattca
ggtttgcttt
tataagtcaa
atatataatc
ttctcttttc
tctccaataa
cttctataaa
cttaaattca
ggttatatac
ctgactaact
gtcaaacatt
gttatatcta

gaagtcattg

ctgattcgcec
ttctctaatc
aatataagcc
ttttttcttg
tgatacccaa
tgaataggca
attattaaac
ggctaaagag
tttcgtttcg
accgcttaaa
ccaatcttgc
cgttcttggt
tccaaaatat
tgattttgaa
agatttgata
tgctgaaata
tcttaaattg
ataacgataa
ctcggaagtc
aatagcccct
tttgtacttt
gctgttetcec
ttcattcaac
tttttttcca
ttccecctec
taactctttc
actatttttt
tgaatacaaa
gtagcttaga
cgtcttcaaa
gataagcgtt
ttataaatgt
gtataccgct

cttttttctt

9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280



cttccatttc
gctcatttgg
agtgttttta
atttctaatt
tctctaaatg
atttaaatta
ttaatcactt
ggttttttat
cactggccgt
gccttgeage
gcccttecca
tgctggtcaa
cttaaacacg
aataattttt
cattttaaaa
gaaataaaag
gtttaagaga
ataggtttga
accattgaaa
gtcaatcaat
tgatcctcta
gaaacatgac
ctgaatacag
tatctgcgaa
gtgatcaatc
tatcctgtgc
gatcaagtga
aataaagaaa
ttttataaaa
aaacctcata
tcttttaacc
aaatttaagg
gtttgtgatg
tgtgacgagt

aaatctagaa

taaatccaat
gattaaaatc
tggttggatc
cttgggagaa
ctagttccaa
tagcttttaa
gtgatttgtg
cgacgattat
cgttttacaa
acatccccct
acagttgcgc
tataacatgc
acattgctat
ataattaatg
ggttcaaata
aagaaaaaaa
caataagaaa
tagaatataa
actgaataaa
aatgaaagac
gagtcgaggc
atatctcttg
taaatcacat
aagagcactt
tagacatcac
aaatttattt
acgatgaact
caaagacgtt
gctgtgtagce
tgccagaaaa
ttaatgtatc
tggaagaagg
gctatcatgc
ggttaaatga

gatgaaggca
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gttacttgtt
cactactagc
tgattttcct
tttttctttt
gtttctcccc
tatcttaata
attattccaa
tggactggat
cgtcgtgact
ttcgccagcet
agcctgaatg
ctgttgaaca
aaaaaagcag
agaataaagt
aaatattttt
tagaaaatac
aaaagattga
tagttgtcgce
gaagaatgac
aagccatcaa
tttaacgtag
aaaggatgat
tcaggaggag
tcaccattat
gaaattgcat
gttagcaaga
tggttactgg
ttcaagtatt
cgatattgaa
catgttcaat
tacagatgaa
aaaaatcatt
cggtcaatat
ttcattgcat

gactgaaatg

ctgattctgt
gttgagttag
gattctattc
gatttggtac
cctctttttg
aacaagtgat
aagtaggtaa
cgtgtttecct
gggaaaaccc
ggcgtaatag
gcgaatggaa
agttgaaaaa
tagaagttat
actgccattt
cataaaatta
actaacccaa
aaaatgacat
gagagacgac
tcatgtgatg
ttcggtgact
gcaaagctca
tgtggtggtg
ataaaattgt
atgacgttaa
gcaatattaa
gctgtgcaaa
gagattctcc
tggacgcctt
acatttagca
atttcaagtc
gcttatttac
ttgccegttg
gttgaatatt
attacctgaa

agtctgectt
Page 33

ttctggctct
ttaactttgc
gtgaataatt
ctctcatctt
tgtaataaaa
taatcacttg
tttcacaacc
aaagcgattc
tggcgttacc
cgaagaggcc
attgtaagcg
ccttcttcca
tgcaacaaca
gtagtacttt
tcagatgttt
agaagcgcgt
taaattcttg
gttgaagcgc
tagcaataca
taaatacttt
gggtagactt
aaaacagata
ttaaacaaat
cccgatgcetc
aagaaaaaaa
aaattcctga
atcctagtta
ttgatgaaaa
aaagcagcaa
taccgtggat
tgcctatatt
ccatacaagt
tgaggtggct
gacaaaaggt

tttgttttgt

ggttctgttg
aatttgttct
tgatctactc
ttttaagctt
ttcacgcttt
tgatttgtga
tttttaaaag
taagcgcgcet
caacttaatc
cgcaccgatc
ttaatgatct
agttgacatg
gctaaagtaa
attgttttgc
tttaaaaaat
aatatcgagg
acagggagag
gacaagctag
tcaaaaatct
atttgaagtt
tgaatggaca
aaatctcctc
agacgaaaat
atatagcttg
gctgaaagta
gtttcggatg
tacgattcta
ctttgctcag
cctatttccg
tgattttact
tacgataggc
acatcatgct
tattgaacat
gctcccatga

aatgataatg

11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380



tgccaaaggt
aattctatat
ggagaaagtc
caattcagtg
atggaagagg
atgttagatt
cggacaatat
tgttgttaac
tggagctcaa
agttaaaaac
atttaaaagt
tttagaaatt
acacttttgc
agattaaaga
ttaaggtggg
ttaaaaaaga

gatccccaat

ttattgatgt
gtgataataa
tttcttcaca
tacccgacgc
atcaagattt
acattaaacc
ggggtaagcg
ccaattcaca
ttgaaagcta
taaaaataaa
ttgctttaaa
tatttggatt
tcaatattat
aaagtcatgt
gtaggaatag
acaagtactc

tcaggaggat
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aacaattgtt
atgtaatata
tgtaggtgtg
agagattttg
actcatttat
tgtagacttt
acttctacct
ttccattgaa
tcatcgatga
aaagagttag
ctataataaa
ttatatagtt
cttagctgta
aagatacaat
tataatatgt
tgcaggcatg

attc

ctttttgcgg
agggaaatta
aaaataaatg
aaagctgagg
tatcaattga
aataaaaata
tggtcaacca
cgatgctgaa
agcttttgct
tagaaaattt
aaagtctgtt
taccccgtca
gccttacaat
tagaaagtgt
ttattcaacc

atcgttcgat
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tttcttttcy
gtggaagggg
aatggtataa
tagaacaaga
tgtgctttcy
gaccaaccat
gctgtagttg
atgcaaaaaa
aaagaagaat
caactaactc
catcgacaga
gctttagaga
tccctttaga
tttgtaatca
gaacttaatg

cttaactaac

gtgctttgta
aataagggat
aatgattcgg
aattgaacga
acatcaaatc
ttcatagatc
gtgctgaagg
tggaagcttc
ttgcttctge
tttttattat
cttttttatt
tctagcgatc
aatcttttac
taaagaaata
ggaggaaaaa

taactcgagg

13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
14364



