<11e> CJ CheilJedang Corporation

<120> GERANYLGERANYL PYROPHOSPHATE SYNTHASE VARIANT AND METHOD OF PRODUCING
TETRATERPENE, PRECURSOR THEREOF, AND MATERIAL HAVING TETRATERPENE AS PRECURSOR
USING THE SAME

<130> OPA22028

<150> KR 10-2021-0074819
<151> 2021-06-09

<160> 91

<170> KoPatentIn 3.0

<210> 1

<211> 327

<212> PRT

<213> Artificial Sequence
<220>

<223> GGS1_WT

<400> 1
Met Asp Tyr Asn Ser Ala Asp Phe Lys Glu Ile Trp Gly Lys Ala Ala
1 5 10 15

Asp Thr Ala Leu Leu Gly Pro Tyr Asn Tyr Leu Ala Asn Asn Arg Gly
20 25 30

His Asn Ile Arg Glu His Leu Ile Ala Ala Phe Gly Ala Val Ile Lys
35 40 45

Val Asp Lys Ser Asp Leu Glu Thr Ile Ser His Ile Thr Lys Ile Leu
50 55 60

His Asn Ser Ser Leu Leu Val Asp Asp Val Glu Asp Asn Ser Met Leu
65 70 75 80

Arg Arg Gly Leu Pro Ala Ala His Cys Leu Phe Gly Val Pro Gln Thr
85 90 95

Ile Asn Ser Ala Asn Tyr Met Tyr Phe Val Ala Leu Gln Glu Val Leu
100 105 110

Lys Leu Lys Ser Tyr Asp Ala Val Ser Ile Phe Thr Glu Glu Met Ile
115 120 125

Asn Leu His Arg Gly Gln Gly Met Asp Leu Tyr Trp Arg Glu Thr Leu



Thr

145

Gly

Lys

Asp

Gln

Glu

225

Asp

Ser

Phe

Ser

Arg

305

Lys

130

Cys

Gly

Gln

Thr

Ser

210

Gly

Asn

Leu

Asp

Tyr

290

Ala

Tyr

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

<220>
<223>

<400>

atggattata acagcgcgga tttcaaggag atatggggca aggccgccga caccgegetg

Pro Ser

Leu Phe

Glu Asp
180

Leu Gly
195

Thr Glu

Lys Phe

His Glu

Lys Lys

260
Tyr Cys
275
Ile Asp

Ile Leu

Phe Glu

2

984
DNA
Artific

ggsl WT

2

Glu

Arg

165

His

Val

Leu

Ser

Ile

245

Tyr

Leu

Asp

His

Asp
325

ial

135

Asp Glu
150

Leu Ala

Glu Lys

Ile Tyr

Thr Glu
215

Phe Pro
230

Leu Asn

Ala Val

Lys Arg

Leu Ala
295

Tyr Phe
310

Ala Gln

Sequence

Tyr

Leu

Ile

Gln

200

Asn

Leu

Ile

Asp

Ile

280

Ala

Val

Leu

Arg

Asn

185

Ile

Lys

Ile

Leu

Tyr

265

Gln

Ala

Ser

Glu

Leu

170

Phe

Leu

Gly

His

Lys

250

Met

Ala

Gly

Thr

Met

155

Met

Asp

Asp

Phe

Ser

235

Gln

Arg

Met

His

Ser
315

140

Val

Leu

Leu

Asp

Cys

220

Ile

Arg

Thr

Ser

Asp

300

Asp

Val

Ser

Thr

Tyr

205

Glu

Arg

Thr

Glu

Leu

285

Val

Cys

His

Val

His

190

Leu

Asp

Thr

Ser

Thr

270

Lys

Ser

Glu

Lys

Ala

175

Leu

Asn

Ile

Asn

Asp

255

Lys

Ala

Lys

Glu

Thr

160

Ser

Thr

Leu

Ser

Pro

240

Ala

Ser

Ser

Leu

Arg
320



ctgggaccgt
gcagcgttcg
accaagattt
cgacgaggcc
aactacatgt
tccattttca
agagaaacac
ggtggactgt
catgaaaaga
attctggatg
gaagatatca
gataaccacg
tacgccgtgg
caggccatgt
gtctccaagc
aagtactttg
<210> 3
<211>
<212>
<213>
<220>

<223>

<400> 3

acaactacct
gagcggttat
tgcataactc
tgccggcagc
actttgtggc
ccgaggaaat
tcacttgccc
ttcggctggc
tcaactttga
attacctcaa
gcgaaggaaa
agattctcaa
actacatgag
cactcaaggc

tacgagccat

aggatgcgca

327
PRT
Artificial Sequence

GGS1_M103I

cgccaacaac
caaggtggac
gtcgctgcett
ccattgtctg
tctgcaggag
gatcaacttg
ctcggaagac
tctgagactt
tctcacacac
cctgcagtcc
gttttcgttt
cattctcaaa
aacagaaacc
aagttcgtac

tttgcattat

gtga

cggggccaca
aagagcgatc
gttgatgacg
tttggagtcc
gtgctcaagc
catagaggtc
gagtatctgg
atgctgtcgg
cttaccgaca
acggaattga
ccgctgattc
cagcgaacaa
aagagtttcg
attgatgatc

tttgtgtcca

acatcagaga
tcgagaccat
tggaagacaa
cccaaaccat

tcaagtctta

agggtatgga
agatggtggt
tggcatcgaa
cactgggagt
ccgagaacaa
acagcatacg
gcgacgcttc
actactgcct
tagcagcagc

cctctgactg

acacttgatc
ttcgcacatc
ctcgatgctc
caactccgcc
tgatgccgtc
tctctactgg
gcacaagacc
acaggaggac
catttaccag
gggattctgc
caccaacccg
actcaaaaag
caagaggata

tggccacgat

tgaggagaga

Met Asp Tyr Asn Ser Ala Asp Phe Lys Glu Ile Trp Gly Lys Ala Ala

1

5

10

15

Asp Thr Ala Leu Leu Gly Pro Tyr Asn Tyr Leu Ala Asn Asn Arg Gly

20

25

30

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

984



His

Val

His

65

Arg

Ile

Lys

Asn

Thr

145

Gly

Lys

Asp

Gln

Glu

225

Asp

Ser

Phe

Ser

Asn

Asp

50

Asn

Arg

Asn

Leu

Leu

130

Cys

Gly

Gln

Thr

Ser

210

Gly

Asn

Leu

Asp

Tyr
290

Ile

35

Lys

Ser

Gly

Ser

Lys

115

His

Pro

Leu

Glu

Leu

195

Thr

Lys

His

Lys

Tyr

275

Ile

Arg

Ser

Ser

Leu

Ala

100

Ser

Arg

Ser

Phe

Asp

180

Glu

Phe

Glu

Lys

260

Cys

Asp

Glu

Asp

Leu

Pro

85

Asn

Tyr

Gly

Glu

Arg

165

His

Val

Leu

Ser

Ile

245

Tyr

Leu

Asp

His

Leu

Leu

70

Ala

Tyr

Asp

Gln

Asp

150

Leu

Glu

Ile

Thr

Phe

230

Leu

Ala

Lys

Leu

Leu

Glu

55

Val

Ala

Ile

Ala

Gly

135

Glu

Ala

Lys

Tyr

Glu

215

Pro

Asn

Val

Arg

Ala
295

Ile

40

Thr

Asp

His

Tyr

Val

120

Met

Tyr

Leu

Ile

Gln

200

Asn

Leu

Ile

Asp

Ile

280

Ala

Ala

Ile

Asp

Cys

Phe

105

Ser

Asp

Leu

Arg

Asn

185

Ile

Lys

Ile

Leu

Tyr

265

Gln

Ala

Ala

Ser

Val

Leu

90

Val

Ile

Leu

Glu

Leu

170

Phe

Leu

Gly

His

Lys

250

Met

Ala

Gly

Phe

His

Glu

75

Phe

Ala

Phe

Tyr

Met

155

Met

Asp

Asp

Phe

Ser

235

Gln

Arg

Met

His

Gly

Ile

60

Asp

Gly

Leu

Thr

Trp

140

Val

Leu

Leu

Asp

Cys

220

Ile

Arg

Thr

Ser

Asp
300

Ala

45

Thr

Asn

Val

Gln

Glu

125

Arg

Val

Ser

Thr

Tyr

205

Glu

Arg

Thr

Glu

Leu

285

Val

Val

Lys

Ser

Pro

Glu

110

Glu

Glu

His

Val

His

190

Leu

Asp

Thr

Ser

Thr

270

Lys

Ser

Ile

Ile

Met

Gln

95

Val

Met

Thr

Lys

Ala

175

Leu

Asn

Ile

Asn

Asp

255

Lys

Ala

Lys

Lys

Leu

Leu

80

Thr

Leu

Ile

Leu

Thr

160

Ser

Thr

Leu

Ser

Pro

240

Ala

Ser

Ser

Leu



Arg Ala Ile Leu His Tyr Phe Val Ser Thr Ser Asp Cys Glu Glu Arg
310

305

Lys Tyr Phe Glu Asp Ala Gln

<210> 4
<211>
<212>
<213>
<220>
<223>
<400> 4
atggattata
ctgggaccgt
gcagcgttcg
accaagattt
cgacgaggcc
aactacatat
tccattttca
agagaaacac
ggtggactgt
catgaaaaga
attctggatg
gaagatatca
gataaccacg
tacgccgtgg
caggccatgt

gtctccaagc

325

984
DNA
Artificial Sequence

ggs1l _G309A

acagcgcgga
acaactacct
gagcggttat
tgcataactc
tgccggcagce
actttgtggc
ccgaggaaat
tcacttgccc
ttcggetggce
tcaactttga
attacctcaa
gcgaaggaaa
agattctcaa
actacatgag
cactcaaggc

tacgagccat

tttcaaggag
cgccaacaac
caaggtggac
gtcgctgett
ccattgtctg
tctgcaggag
gatcaacttg
ctcggaagac
tctgagactt
tctcacacac
cctgcagtcc
gttttegttt
cattctcaaa
aacagaaacc
aagttcgtac

tttgcattat

315

atatggggca
cggggccaca
aagagcgatc
gttgatgacg
tttggagtcc
gtgctcaagc
catagaggtc
gagtatctgg
atgctgtcgg
cttaccgaca
acggaattga
ccgectgattc
cagcgaacaa
aagagtttcg
attgatgatc

tttgtgtcca

aggccgccga
acatcagaga
tcgagaccat
tggaagacaa
cccaaaccat

tcaagtctta

agggtatgga
agatggtggt
tggcatcgaa
cactgggagt
ccgagaacaa
acagcatacg
gcgacgcttc
actactgcct
tagcagcagc

cctctgactg

320

caccgcgctg
acacttgatc
ttcgcacatc
ctcgatgctc
caactccgcc
tgatgccgtc
tctctactgg
gcacaagacc
acaggaggac
catttaccag
gggattctgc
caccaacccg
actcaaaaag
caagaggata

tggccacgat

tgaggagaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



aagtactttg aggatgcgca gtga 984

<210> 5

<211> 327

<212> PRT

<213> Artificial Sequence
<220>

<223> GGS1_F43I

<400> 5
Met Asp Tyr Asn Ser Ala Asp Phe Lys Glu Ile Trp Gly Lys Ala Ala
1 5 10 15

Asp Thr Ala Leu Leu Gly Pro Tyr Asn Tyr Leu Ala Asn Asn Arg Gly
20 25 30

His Asn Ile Arg Glu His Leu Ile Ala Ala Ile Gly Ala Val Ile Lys
35 40 45

Val Asp Lys Ser Asp Leu Glu Thr Ile Ser His Ile Thr Lys Ile Leu
50 55 60

His Asn Ser Ser Leu Leu Val Asp Asp Val Glu Asp Asn Ser Met Leu
65 70 75 80

Arg Arg Gly Leu Pro Ala Ala His Cys Leu Phe Gly Val Pro Gln Thr
85 90 95

Ile Asn Ser Ala Asn Tyr Met Tyr Phe Val Ala Leu Gln Glu Val Leu
100 105 110

Lys Leu Lys Ser Tyr Asp Ala Val Ser Ile Phe Thr Glu Glu Met Ile
115 120 125

Asn Leu His Arg Gly Gln Gly Met Asp Leu Tyr Trp Arg Glu Thr Leu
130 135 140

Thr Cys Pro Ser Glu Asp Glu Tyr Leu Glu Met Val Val His Lys Thr
145 150 155 160

Gly Gly Leu Phe Arg Leu Ala Leu Arg Leu Met Leu Ser Val Ala Ser
165 170 175

Lys Gln Glu Asp His Glu Lys Ile Asn Phe Asp Leu Thr His Leu Thr
180 185 190

Asp Thr Leu Gly Val Ile Tyr Gln Ile Leu Asp Asp Tyr Leu Asn Leu



195

Gln Ser Thr

210

Glu
225

Gly Lys

Asp Asn His

Ser Leu Lys

Phe Asp Tyr

275
Ile

Ser Tyr

290

Arg Ala Ile

305

Lys Tyr Phe

<210> 6
<211> 98
<212> DN
<213> Ar

<220>

<223> gg

<400> 6
atggattata

ctgggaccgt
gcagcgatcg
accaagattt
cgacgaggcc
aactacatgt

tccattttca

Glu Leu

Phe Ser

Thr

Phe

200

Glu
215

Asn

Pro Leu

230

Glu Ile

245

Lys
260

Tyr
Cys Leu
Asp Asp

Leu His

Leu

Ala

Lys

Leu

Tyr

Asn Ile

Val Asp

Ile
280

Arg

Ala
295

Ala

Phe Vval

310

Glu Asp

325

4
A
tificial

s1_T127A

acagcgcgga
acaactacct
gagcggttat
tgcataactc
tgccggcagc
actttgtggc

ccgaggaaat

Ala

Gln

Sequence

tttcaaggag
cgccaacaac
caaggtggac
gtcgectgcett
ccattgtctg
tctgcaggag

gatcaacttg

Lys Gly Phe

Ile Ser

235

His

Leu Lys Gln

250
Tyr Met
265

Arg

Gln Ala Met

Ala Gly His

Thr Ser

315

Ser

atatggggca
cggggccaca
aagagcgatc
gttgatgacg
tttggagtcc
gtgctcaagc

catagaggtc

205

Cys Glu

220

Asp

Ile Arg Thr

Arg Thr Ser

Thr Glu Thr

270

Leu
285

Ser Lys

Asp Val Ser

300

Asp Cys Glu

aggccgccga
acatcagaga
tcgagaccat
tggaagacaa
cccaaaccat

tcaagtctta

agggtatgga

Ile Ser

Pro
240

Asn

Asp Ala

255

Lys Ser

Ala Ser

Lys Leu

Glu Arg

320

caccgcgctg
acacttgatc
ttcgcacatc
ctcgatgctc
caactccgcc
tgatgccgtc

tctctactgg

60

120

180

240

300

360

420



agagaaacac
ggtggactgt
catgaaaaga
attctggatg
gaagatatca
gataaccacg
tacgccgtgg
caggccatgt
gtctccaagc
aagtactttg
<210> 7
<211> 32
<212> PR
<213>
<220>

<223>

<400> 7
Met Asp Tyr

Asp Thr Ala

Ile
35

His Asn

Val Asp

50

Lys

His Asn Ser

65
Arg

Arg Gly

tcacttgccc
ttcggectggc
tcaactttga
attacctcaa
gcgaaggaaa
agattctcaa
actacatgag
cactcaaggc

tacgagccat

aggatgcgca

7
T

Asn Ser

Leu Leu

20

Arg Glu

Ser Asp
Leu

Ser

Pro
85

Leu

Ala

Gly

His

Leu

Leu

70

Ala

ctcggaagac
tctgagactt
tctcacacac
cctgcagtcc
gttttcgttt
cattctcaaa
aacagaaacc
aagttcgtac

tttgcattat

gtga

Artificial Sequence

GGS1_N29T/L96R

Asp Phe

Pro

Tyr

Ile
40

Leu

Glu
55

Thr
Val Asp

Ala His

gagtatctgg
atgctgtcgg
cttaccgaca
acggaattga
ccgctgattc
cagcgaacaa
aagagtttcg
attgatgatc

tttgtgtcca

Glu
10

Lys Ile

Asn Leu

25

Ala Ala Phe

Ile Ser His

Val Glu

75

Asp

Cys Arg Phe

90

agatggtggt
tggcatcgaa
cactgggagt
ccgagaacaa
acagcatacg
gcgacgcttc
actactgcct
tagcagcagc

cctctgactg

Trp Gly Lys

Ala Thr Asn

30

Ala
45

Gly Val

Ile
60

Thr Lys

Asp Asn Ser

Gly val Pro

gcacaagacc
acaggaggac
catttaccag
gggattctgc
caccaacccg
actcaaaaag
caagaggata

tggccacgat

tgaggagaga

Ala
15

Ala

Arg Gly

Ile Lys

Ile Leu

Met Leu

80

Gln
95

Thr

480

540

600

660

720

780

840

900

960

984



Ile

Lys

Asn

Thr

145

Gly

Lys

Asp

Gln

Glu

225

Asp

Ser

Phe

Ser

Arg

305

Lys

Asn

Leu

Leu

130

Cys

Gly

Gln

Thr

Ser

210

Gly

Asn

Leu

Asp

Tyr

290

Ala

Tyr

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

Ser Ala
100

Lys Ser
115

His Arg

Pro Ser

Leu Phe

Glu Asp
180

Leu Gly
195

Thr Glu

Lys Phe

His Glu

Lys Lys

260

Tyr Cys
275

Ile Asp

Ile Leu

Phe Glu

8
984
DNA

Asn

Tyr

Gly

Glu

Arg

165

His

Val

Leu

Ser

Ile

245

Tyr

Leu

Asp

His

Asp
325

Artificial

Tyr Met

Asp Ala

Gln Gly

135

Asp Glu
150

Leu Ala

Glu Lys

Ile Tyr

Thr Glu
215

Phe Pro
230

Leu Asn

Ala Val

Lys Arg

Leu Ala
295

Tyr Phe
310

Ala Gln

Sequence

Tyr

Val

120

Met

Tyr

Leu

Ile

Gln

200

Asn

Leu

Ile

Asp

Ile

280

Ala

Val

Phe

105

Ser

Asp

Leu

Arg

Asn

185

Ile

Lys

Ile

Leu

Tyr

265

Gln

Ala

Ser

Val

Ile

Leu

Glu

Leu

170

Phe

Leu

Gly

His

Lys

250

Met

Ala

Gly

Thr

Ala

Phe

Tyr

Met

155

Met

Asp

Asp

Phe

Ser

235

Gln

Arg

Met

His

Ser
315

Leu

Thr

Trp

140

Val

Leu

Leu

Asp

Cys

220

Ile

Arg

Thr

Ser

Asp

300

Asp

Gln

Glu

125

Arg

Val

Ser

Thr

Tyr

205

Glu

Arg

Thr

Glu

Leu

285

Val

Cys

Glu

110

Glu

Glu

His

Val

His

190

Leu

Asp

Thr

Ser

Thr

270

Lys

Ser

Glu

Val

Met

Thr

Lys

Ala

175

Leu

Asn

Ile

Asn

Asp

255

Lys

Ala

Lys

Glu

Leu

Ile

Leu

Thr

160

Ser

Thr

Leu

Ser

Pro

240

Ala

Ser

Ser

Leu

Arg
320



<220>
<223>

<400> 8
atggattata
ctgggaccgt
gcagecgttcg
accaagattt
cgacgaggcc
aactacatgt
tccattttca
agagaaacac
ggtggactgt
catgaaaaga
attctggatg
gaagatatca
gataaccacg
tacgccgtgg
caggccatgt
gtctccaagc
aagtactttg
<210> 9
<211>
<212>
<213>

<220>
<223>

acagcgcgga
acaactacct
gagcggttat
tgcataactc
tgccggcagce
actttgtggc
ccgaggaaat
tcacttgccc
ttcggctggce
tcaactttga
attacctcaa
gcgaaggaaa
agattctcaa
actacatgag
cactcaaggc

tacgagccat

aggatgcgca

327
PRT
Artificial Sequence

GGS1_N29T

ggs1l_A86C_T269G

tttcaaggag
cgccaccaac
caaggtggac
gtcgectgett
ccattgtcgg
tctgcaggag
gatcaacttg
ctcggaagac
tctgagactt
tctcacacac
cctgcagtcc
gttttcgttt
cattctcaaa
aacagaaacc
aagttcgtac

tttgcattat

gtga

atatggggca
cggggccaca
aagagcgatc
gttgatgacg
tttggagtcc
gtgctcaagc
catagaggtc
gagtatctgg
atgctgtcgg
cttaccgaca
acggaattga
ccgctgattc
cagcgaacaa
aagagtttcg
attgatgatc

tttgtgtcca

10

aggccgecga
acatcagaga
tcgagaccat
tggaagacaa
cccaaaccat

tcaagtctta

agggtatgga
agatggtggt
tggcatcgaa
cactgggagt
ccgagaacaa
acagcatacg
gcgacgcttc
actactgcct
tagcagcagc

cctctgactg

caccgcegctg
acacttgatc
ttcgcacatc
ctcgatgctc
caactccgcc
tgatgccgtc
tctctactgg
gcacaagacc
acaggaggac
catttaccag
gggattctgc
caccaacccg
actcaaaaag
caagaggata

tggccacgat

tgaggagaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

984



<400>

Met

Asp

His

Val

His

65

Arg

Ile

Lys

Asn

Thr

145

Gly

Lys

Asp

Gln

Glu

225

Asp

Ser

Asp

Thr

Asn

Asp

50

Asn

Arg

Asn

Leu

Leu

130

Cys

Gly

Gln

Thr

Ser

210

Gly

Asn

Leu

9
Tyr

Ala

Ile

35

Lys

Ser

Gly

Ser

Lys

115

His

Pro

Leu

Glu

Leu

195

Thr

Lys

His

Lys

Asn

Leu

20

Arg

Ser

Ser

Leu

Ala

100

Ser

Arg

Ser

Phe

Asp

180

Gly

Glu

Phe

Glu

Lys

Ser

Leu

Glu

Asp

Leu

Pro

85

Asn

Tyr

Gly

Glu

Arg

165

His

Val

Leu

Ser

Ile

245

Tyr

Ala

Gly

His

Leu

Leu

70

Ala

Tyr

Asp

Gln

Asp

150

Leu

Glu

Ile

Thr

Phe

230

Leu

Ala

Asp

Pro

Leu

Glu

55

Val

Ala

Met

Ala

Gly

135

Glu

Ala

Lys

Tyr

Glu

215

Pro

Asn

Val

Phe

Tyr

Ile

40

Thr

Asp

His

Tyr

Val

120

Met

Tyr

Leu

Ile

Gln

200

Asn

Leu

Ile

Asp

Lys

Asn

25

Ala

Ile

Asp

Cys

Phe

105

Ser

Asp

Leu

Arg

Asn

185

Ile

Lys

Ile

Leu

Tyr

Glu

10

Tyr

Ala

Ser

Val

Leu

90

Val

Ile

Leu

Glu

Leu

170

Phe

Leu

Gly

His

Lys

250

Met

Ile

Leu

Phe

His

Glu

75

Phe

Ala

Phe

Tyr

Met

155

Met

Asp

Asp

Phe

Ser

235

Gln

Arg

11

Trp

Ala

Gly

Ile

60

Asp

Gly

Leu

Thr

Trp

140

Val

Leu

Leu

Asp

Cys

220

Ile

Arg

Thr

Gly

Thr

Ala

45

Thr

Asn

Val

Gln

Glu

125

Arg

Val

Ser

Thr

Tyr

205

Glu

Arg

Thr

Glu

Lys

Asn

30

Val

Lys

Ser

Pro

Glu

110

Glu

Glu

His

Val

His

190

Leu

Asp

Thr

Ser

Thr

Ala

15

Arg

Ile

Ile

Met

Gln

95

Val

Met

Thr

Lys

Ala

175

Leu

Asn

Ile

Asn

Asp

255

Lys

Ala

Gly

Lys

Leu

Leu

80

Thr

Leu

Ile

Leu

Thr

160

Ser

Thr

Leu

Ser

Pro

240

Ala

Ser



Phe Asp Tyr

275

Ser Tyr Ile

290

Arg Ala Ile

305
Lys Tyr Phe

<210> 10
<211> 98
<212> DN
<213> Ar
<220>

<223> gg
<400> 10
atggattata

ctgggaccgt

gcagcgttcg

accaagattt

cgacgaggcc

aactacatgt

tccattttca

agagaaacac

ggtggactgt

catgaaaaga

attctggatg

gaagatatca

gataaccacg

260

Cys Leu

Asp Asp

Leu His

Lys Arg

Leu Ala

Tyr Phe

Ile
280

295

Val

310

Glu Asp

325

4
A
tificial

s1_A86C

acagcgcgga
acaactacct
gagcggttat
tgcataactc
tgccggcagc
actttgtggc
ccgaggaaat
tcacttgccc
ttcggctggc
tcaactttga
attacctcaa
gcgaaggaaa

agattctcaa

Ala Gln

Sequence

tttcaaggag
cgccaccaac
caaggtggac
gtcgectgcett
ccattgtctg
tctgcaggag
gatcaacttg
ctcggaagac
tctgagactt
tctcacacac
cctgcagtcc
gttttcgttt

cattctcaaa

265

Gln Ala Met

Ala Ala Gly His

Ser Thr Ser
315

atatggggca
cggggccaca
aagagcgatc
gttgatgacg
tttggagtcc
gtgctcaagc
catagaggtc
gagtatctgg
atgctgtcgg
cttaccgaca
acggaattga
ccgctgattc

cagcgaacaa

12

270

Ser Leu Lys Ala Ser

285

Asp Val Ser Lys Leu

300

Asp Cys Glu Glu Arg

aggccgecga
acatcagaga
tcgagaccat
tggaagacaa
cccaaaccat

tcaagtctta

agggtatgga
agatggtggt
tggcatcgaa
cactgggagt
ccgagaacaa
acagcatacg

gcgacgcttc

320

caccgcgctg
acacttgatc
ttcgcacatc
ctcgatgctc
caactccgcc
tgatgccgtc
tctctactgg
gcacaagacc
acaggaggac
catttaccag
gggattctgc
caccaacccg

actcaaaaag

60

120

180

240

300

360

420

480

540

600

660

720

780



tacgccgtgg actacatgag aacagaaacc aagagtttcg actactgcct caagaggata 840

caggccatgt cactcaaggc aagttcgtac attgatgatc tagcagcagc tggccacgat 900
gtctccaagc tacgagccat tttgcattat tttgtgtcca cctctgactg tgaggagaga 960
aagtactttg aggatgcgca gtga 984
<210> 11
<211> 327

<212> PRT
<213> Artificial Sequence

<220>
<223> GGS1_L96R

<400> 11
Met Asp Tyr Asn Ser Ala Asp Phe Lys Glu Ile Trp Gly Lys Ala Ala
1 5 10 15

Asp Thr Ala Leu Leu Gly Pro Tyr Asn Tyr Leu Ala Asn Asn Arg Gly
20 25 30

His Asn Ile Arg Glu His Leu Ile Ala Ala Phe Gly Ala Val Ile Lys
35 40 45

Val Asp Lys Ser Asp Leu Glu Thr Ile Ser His Ile Thr Lys Ile Leu
50 55 60

His Asn Ser Ser Leu Leu Val Asp Asp Val Glu Asp Asn Ser Met Leu
65 70 75 80

Arg Arg Gly Leu Pro Ala Ala His Cys Arg Phe Gly Val Pro Gln Thr
85 90 95

Ile Asn Ser Ala Asn Tyr Met Tyr Phe Val Ala Leu Gln Glu Val Leu
100 105 110

Lys Leu Lys Ser Tyr Asp Ala Val Ser Ile Phe Thr Glu Glu Met Ile
115 120 125

Asn Leu His Arg Gly Gln Gly Met Asp Leu Tyr Trp Arg Glu Thr Leu
130 135 140

Thr Cys Pro Ser Glu Asp Glu Tyr Leu Glu Met Val Val His Lys Thr
145 150 155 160

13



Gly Gly Leu Phe Arg Leu Ala Leu Arg Leu Met Leu Ser Val Ala Ser
165 170 175

Lys Gln Glu Asp His Glu Lys Ile Asn Phe Asp Leu Thr His Leu Thr
180 185 190

Asp Thr Leu Gly Val Ile Tyr Gln Ile Leu Asp Asp Tyr Leu Asn Leu
195 200 205

Gln Ser Thr Glu Leu Thr Glu Asn Lys Gly Phe Cys Glu Asp Ile Ser
210 215 220

Glu Gly Lys Phe Ser Phe Pro Leu Ile His Ser Ile Arg Thr Asn Pro
225 230 235 240

Asp Asn His Glu Ile Leu Asn Ile Leu Lys Gln Arg Thr Ser Asp Ala
245 250 255

Ser Leu Lys Lys Tyr Ala Val Asp Tyr Met Arg Thr Glu Thr Lys Ser
260 265 270

Phe Asp Tyr Cys Leu Lys Arg Ile Gln Ala Met Ser Leu Lys Ala Ser
275 280 285

Ser Tyr Ile Asp Asp Leu Ala Ala Ala Gly His Asp Val Ser Lys Leu
290 295 300

Arg Ala Ile Leu His Tyr Phe Val Ser Thr Ser Asp Cys Glu Glu Arg
305 310 315 320

Lys Tyr Phe Glu Asp Ala Gln

325
<210> 12
<211> 984
<212> DNA
<213> Artificial Sequence
<220>

<223> ggs1_T269G

<400> 12

atggattata acagcgcgga tttcaaggag atatggggca aggccgccga caccgegectg 60
ctgggaccgt acaactacct cgccaacaac cggggccaca acatcagaga acacttgatc 120
gcagcgttcg gagcggttat caaggtggac aagagcgatc tcgagaccat ttcgcacatc 180

14



accaagattt
cgacgaggcc
aactacatgt
tccattttca
agagaaacac
ggtggactgt
catgaaaaga
attctggatg
gaagatatca
gataaccacg
tacgccgtgg
caggccatgt
gtctccaagc

aagtactttg

<210> 13

327
PRT
Artificial Sequence

<211>
<212>
<213>

<220>
<223>

<400> 13
Met Asp Tyr Asn Ser Ala Asp

1

Asp Thr Ala Leu Leu Gly Pro

His Asn Ile Arg Glu His Leu
35

Val Asp Lys Ser Asp Leu Glu

50

tgcataactc
tgccggcagce
actttgtggc
ccgaggaaat
tcacttgccc
ttcggctggc
tcaactttga
attacctcaa
gcgaaggaaa
agattctcaa
actacatgag
cactcaaggc

tacgagccat

aggatgcgca

5

20

gtcgectgett
ccattgtcgg
tctgcaggag
gatcaacttg
ctcggaagac
tctgagactt
tctcacacac
cctgcagtcc
gttttcgttt
cattctcaaa
aacagaaacc
aagttcgtac

tttgcattat

gtga

GGS1_I122V/R141K

Phe

Tyr

Ile
40

Thr
55

gttgatgacg
tttggagtcc
gtgctcaagc
catagaggtc
gagtatctgg
atgctgtcgg
cttaccgaca
acggaattga
ccgctgattc
cagcgaacaa
aagagtttcg
attgatgatc

tttgtgtcca

Lys Glu Ile

10

Asn Tyr Leu

25

Ala Ala Phe

Ile Ser His

15

tggaagacaa
cccaaaccat

tcaagtctta

agggtatgga
agatggtggt
tggcatcgaa
cactgggagt
ccgagaacaa
acagcatacg
gcgacgcttc
actactgcct
tagcagcagc

cctctgactg

Trp Gly Lys
Ala Asn Asn
30

Gly Ala Val
45

Ile Thr Lys
60

ctcgatgctc
caactccgcc
tgatgccgtc
tctctactgg
gcacaagacc
acaggaggac
catttaccag
gggattctgc
caccaacccg
actcaaaaag
caagaggata

tggccacgat

tgaggagaga

Ala Ala

15

Arg Gly

Ile Lys

Ile Leu

240

300

360

420

480

540

600

660

720

780

840

900

960

984



His

65

Arg

Ile

Lys

Asn

Thr

145

Gly

Lys

Asp

Gln

Glu

225

Asp

Ser

Phe

Ser

Arg

305

Lys

Asn

Arg

Asn

Leu

Leu

130

Cys

Gly

Gln

Thr

Ser

210

Gly

Asn

Leu

Asp

Tyr

290

Ala

Tyr

Ser

Gly

Ser

Lys

115

His

Pro

Leu

Glu

Leu

195

Thr

Lys

His

Lys

Tyr

275

Ile

Ile

Phe

Ser

Leu

Ala

100

Ser

Arg

Ser

Phe

Asp

180

Gly

Glu

Phe

Glu

Lys

260

Cys

Asp

Leu

Glu

Leu

Pro

85

Asn

Tyr

Gly

Glu

Arg

165

His

Val

Leu

Ser

Ile

245

Tyr

Leu

Asp

His

Asp

Leu

70

Ala

Tyr

Asp

Gln

Asp

150

Leu

Glu

Ile

Thr

Phe

230

Leu

Ala

Lys

Leu

Tyr

310

Ala

Val

Ala

Met

Ala

Gly

135

Glu

Ala

Lys

Tyr

Glu

215

Pro

Asn

Val

Arg

Ala

295

Phe

Gln

Asp

His

Tyr

Val

120

Met

Tyr

Leu

Ile

Gln

200

Asn

Leu

Ile

Asp

Ile

280

Ala

Val

Asp

Cys

Phe

105

Ser

Asp

Leu

Arg

Asn

185

Ile

Lys

Ile

Leu

Tyr

265

Gln

Ala

Ser

Val

Leu

90

Val

Val

Leu

Glu

Leu

170

Phe

Leu

Gly

His

Lys

250

Met

Ala

Gly

Thr

Glu

75

Phe

Ala

Phe

Tyr

Met

155

Met

Asp

Asp

Phe

Ser

235

Gln

Arg

Met

His

Ser
315

16

Asp

Gly

Leu

Thr

Trp

140

Val

Leu

Leu

Asp

Cys

220

Ile

Arg

Thr

Ser

Asp

300

Asp

Asn

Val

Gln

Glu

125

Lys

Val

Ser

Thr

Tyr

205

Glu

Arg

Thr

Glu

Leu

285

Val

Cys

Ser

Pro

Glu

110

Glu

Glu

His

Val

His

190

Leu

Asp

Thr

Ser

Thr

270

Lys

Ser

Glu

Met

Gln

95

Val

Met

Thr

Lys

Ala

175

Leu

Asn

Ile

Asn

Asp

255

Lys

Ala

Lys

Glu

Leu

80

Thr

Leu

Ile

Leu

Thr

160

Ser

Thr

Leu

Ser

Pro

240

Ala

Ser

Ser

Leu

Arg
320



<210> 14
<211> 98
<212> DN
<213>
<220>
<223>
<400> 14
atggattata
ctgggaccgt
gcagcgttcg
accaagattt
cgacgaggcc
aactacatgt
tccgttttca
aaagaaacac
ggtggactgt
catgaaaaga
attctggatg
gaagatatca
gataaccacg
tacgccgtgg
caggccatgt
gtctccaagc
aagtactttg

<210> 15
<211> 32

325

4
A

acagcgcgga
acaactacct
gagcggttat
tgcataactc
tgccggcagc
actttgtggc
ccgaggaaat
tcacttgccc
ttcggctggc
tcaactttga
attacctcaa
gcgaaggaaa
agattctcaa
actacatgag
cactcaaggc

tacgagccat

aggatgcgca

7

Artificial Sequence

ggsl A364G_G422A

tttcaaggag
cgccaacaac
caaggtggac
gtcgctgctt
ccattgtctg
tctgcaggag
gatcaacttg
ctcggaagac
tctgagactt
tctcacacac
cctgcagtcc
gttttcgttt
cattctcaaa
aacagaaacc
aagttcgtac

tttgcattat

gtga

atatggggca
cggggccaca
aagagcgatc
gttgatgacg
tttggagtcc
gtgctcaagc
catagaggtc
gagtatctgg
atgctgtcgg
cttaccgaca
acggaattga
ccgctgattc
cagcgaacaa
aagagtttcg
attgatgatc

tttgtgtcca

17

aggccgecga
acatcagaga
tcgagaccat
tggaagacaa
cccaaaccat

tcaagtctta

agggtatgga
agatggtggt
tggcatcgaa
cactgggagt
ccgagaacaa
acagcatacg
gcgacgcttc
actactgcct
tagcagcagc

cctctgactg

caccgcgctg
acacttgatc
ttcgcacatc
ctcgatgctc
caactccgcc
tgatgccgtc
tctctactgg
gcacaagacc
acaggaggac
catttaccag
gggattctgc
caccaacccg
actcaaaaag
caagaggata

tggccacgat

tgaggagaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

984



<212> PRT
<213> Artificial Sequence

<220>
<223> GGS1_TI122V

<400> 15
Met Asp Tyr Asn Ser Ala Asp Phe Lys Glu Ile Trp Gly Lys Ala Ala
1 5 10 15

Asp Thr Ala Leu Leu Gly Pro Tyr Asn Tyr Leu Ala Asn Asn Arg Gly
20 25 30

His Asn Ile Arg Glu His Leu Ile Ala Ala Phe Gly Ala Val Ile Lys
35 40 45

Val Asp Lys Ser Asp Leu Glu Thr Ile Ser His Ile Thr Lys Ile Leu
50 55 60

His Asn Ser Ser Leu Leu Val Asp Asp Val Glu Asp Asn Ser Met Leu
65 70 75 80

Arg Arg Gly Leu Pro Ala Ala His Cys Leu Phe Gly Val Pro Gln Thr
85 90 95

Ile Asn Ser Ala Asn Tyr Met Tyr Phe Val Ala Leu Gln Glu Val Leu
100 105 110

Lys Leu Lys Ser Tyr Asp Ala Val Ser Val Phe Thr Glu Glu Met Ile
115 120 125

Asn Leu His Arg Gly Gln Gly Met Asp Leu Tyr Trp Arg Glu Thr Leu
130 135 140

Thr Cys Pro Ser Glu Asp Glu Tyr Leu Glu Met Val Val His Lys Thr
145 150 155 160

Gly Gly Leu Phe Arg Leu Ala Leu Arg Leu Met Leu Ser Val Ala Ser
165 170 175

Lys Gln Glu Asp His Glu Lys Ile Asn Phe Asp Leu Thr His Leu Thr
180 185 190

Asp Thr Leu Gly Val Ile Tyr Gln Ile Leu Asp Asp Tyr Leu Asn Leu
195 200 205

Gln Ser Thr Glu Leu Thr Glu Asn Lys Gly Phe Cys Glu Asp Ile Ser
210 215 220

18



Glu
225

Gly Lys

Asp Asn His

Ser Leu Lys

Phe Asp Tyr

275
Ile

Ser Tyr

290
Ala

Arg Ile

305
Phe

Lys Tyr

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

16
98
DN
Ar

<220>

<223> gg

<400> 16
atggattata

ctgggaccgt
gcagcgttcg
accaagattt
cgacgaggcc
aactacatgt
tccgttttca

agagaaacac

ggtggactgt

Phe Ser

Phe

Pro Leu

230

Glu Ile

245

Lys
260

Tyr
Cys Leu
Asp Asp

Leu His

Leu

Ala

Lys

Leu

Tyr

Asn Ile

Val Asp

Ile
280

Arg

Ala
295

Ala

Phe Val

310

Glu Asp

325

4
A
tificial

s1_A364G

acagcgcgga
acaactacct
gagcggttat
tgcataactc
tgccggcagc
actttgtggc
ccgaggaaat
tcacttgccc

ttcggctggc

Ala

Gln

Sequence

tttcaaggag
cgccaacaac
caaggtggac
gtcgectgctt
ccattgtctg
tctgcaggag
gatcaacttg
ctcggaagac

tctgagactt

Ile Ser

235

His

Leu Lys Gln

250
Tyr Met
265

Arg

Gln Ala Met

Ala Gly His

Thr Ser

315

Ser

atatggggca
cggggccaca
aagagcgatc
gttgatgacg
tttggagtcc
gtgctcaagc
catagaggtc
gagtatctgg

atgctgtcgg

19

Ile Arg Thr

Arg Thr Ser

Thr Glu Thr

270

Leu
285

Ser Lys

Asp Val Ser

300

Asp Cys Glu

aggccgecga
acatcagaga
tcgagaccat
tggaagacaa
cccaaaccat

tcaagtctta

agggtatgga
agatggtggt

tggcatcgaa

Pro
240

Asn

Asp Ala

255

Lys Ser

Ala Ser

Lys Leu

Glu Arg

320

caccgcgctg
acacttgatc
ttcgcacatc
ctcgatgctc
caactccgcc
tgatgccgtc
tctctactgg

gcacaagacc

acaggaggac

60

120

180

240

300

360

420

480

540



catgaaaaga
attctggatg
gaagatatca
gataaccacg
tacgccgtgg
caggccatgt
gtctccaagc
aagtactttg
<210>
<211>

<212>
<213>

17
32
PR
Ar

<220>

<223> GG

<400>
Met Asp

17
Tyr

Asp Thr Ala

Ile
35

His Asn

Val Asp

50

Lys

His Asn Ser

65

Arg Arg Gly

Ile Asn Ser

Lys Leu Lys

115

tcaactttga
attacctcaa
gcgaaggaaa
agattctcaa
actacatgag
cactcaaggc

tacgagccat

aggatgcgca

7
T
tificial

S1_R141K

Asn Ser

Leu Leu

20

Arg Glu

Ser Asp
Leu

Ser

Pro
85

Leu

Ala
100

Asn

Ser Tyr

Ala

Gly

His

Leu

Leu

70

Ala

Tyr

Asp

tctcacacac
cctgeagtcc
gttttcgttt
cattctcaaa
aacagaaacc
aagttcgtac

tttgcattat

gtga

Sequence

Asp Phe

Pro

Tyr

Ile
40

Leu

Glu
55

Thr

Val Asp

Ala His

Met Tyr

Ala Val

120

cttaccgaca
acggaattga
ccgctgattce
cagcgaacaa
aagagtttcg
attgatgatc

tttgtgtcca

Glu
10

Lys Ile

Asn Leu

25

Tyr

Ala Ala Phe

Ile Ser His

Val Glu

75

Asp

Leu Phe

90

Cys

Phe
105

Val Ala

Ser Ile Phe

20

cactgggagt
ccgagaacaa
acagcatacg
gcgacgcttc
actactgcct
tagcagcagc

cctctgactg

Trp Gly Lys

Ala Asn

30

Asn

Ala
45

Gly Val

Ile
60

Thr Lys

Asp Asn Ser

Gly val Pro

Gln Glu

110

Leu

Thr Glu

125

Glu

catttaccag
gggattctgc
caccaacccg
actcaaaaag
caagaggata

tggccacgat

tgaggagaga

Ala
15

Ala

Arg Gly

Ile Lys

Ile Leu

Met Leu

80

Gln
95

Thr
Val

Leu

Met Ile

600

660

720

780

840

900

960

984



Asn

Thr

145

Gly

Lys

Asp

Gln

Glu

225

Asp

Ser

Phe

Ser

Arg

305

Lys

Leu

130

Cys

Gly

Gln

Thr

Ser

210

Gly

Asn

Leu

Asp

Tyr

290

Ala

Tyr

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

<220>
<223>

His Arg

Pro Ser

Leu Phe

Glu Asp
180

Leu Gly
195

Thr Glu

Lys Phe

His Glu

Lys Lys

260

Tyr Cys
275

Ile Asp

Ile Leu

Phe Glu

18
984
DNA

Gly

Glu

Arg

165

His

Val

Leu

Ser

Ile

245

Tyr

Leu

Asp

His

Asp
325

Artificial

ggsl G422A

Gln Gly
135

Asp Glu
150

Leu Ala

Glu Lys

Ile Tyr

Thr Glu
215

Phe Pro
230

Leu Asn

Ala Val

Lys Arg

Leu Ala
295

Tyr Phe
310

Ala Gln

Sequence

Met

Tyr

Leu

Ile

Gln

200

Asn

Leu

Ile

Asp

Ile

280

Ala

Val

Asp

Leu

Arg

Asn

185

Ile

Lys

Ile

Leu

Tyr

265

Gln

Ala

Ser

Leu

Glu

Leu

170

Phe

Leu

Gly

His

Lys

250

Met

Ala

Gly

Thr

Tyr

Met

155

Met

Asp

Asp

Phe

Ser

235

Gln

Arg

Met

His

Ser
315

21

Trp

140

Val

Leu

Leu

Asp

Cys

220

Ile

Arg

Thr

Ser

Asp

300

Asp

Lys

Val

Ser

Thr

Tyr

205

Glu

Arg

Thr

Glu

Leu

285

Val

Cys

Glu

His

Val

His

190

Leu

Asp

Thr

Ser

Thr

270

Lys

Ser

Glu

Thr

Lys

Ala

175

Leu

Asn

Ile

Asn

Asp

255

Lys

Ala

Lys

Glu

Leu

Thr

160

Ser

Thr

Leu

Ser

Pro

240

Ala

Ser

Ser

Leu

Arg
320



<400> 18
atggattata

ctgggaccgt
gcagcgttcg
accaagattt
cgacgaggcc
aactacatgt
tccattttca
aaagaaacac
ggtggactgt
catgaaaaga
attctggatg
gaagatatca
gataaccacg
tacgccgtgg
caggccatgt
gtctccaagc
aagtactttg
<210> 19
<211> 58
<212> DN
<213>
<220>

<223> Pr

<400> 19

acagcgcgga
acaactacct
gagcggttat
tgcataactc
tgccggcagc
actttgtggc
ccgaggaaat
tcacttgccc
ttcggectggc
tcaactttga
attacctcaa
gcgaaggaaa
agattctcaa
actacatgag
cactcaaggc

tacgagccat

aggatgcgca

A

imer

tttcaaggag
cgccaacaac
caaggtggac
gtcgctgcett
ccattgtctg
tctgcaggag
gatcaacttg
ctcggaagac
tctgagactt
tctcacacac
cctgcagtcc
gttttcgttt
cattctcaaa
aacagaaacc
aagttcgtac

tttgcattat

gtga

Artificial Sequence

atatggggca
cggggccaca
aagagcgatc
gttgatgacg
tttggagtcc
gtgctcaagc
catagaggtc
gagtatctgg
atgctgtcgg
cttaccgaca
acggaattga
ccgctgattc
cagcgaacaa
aagagtttcg
attgatgatc

tttgtgtcca

aggccgecga
acatcagaga
tcgagaccat
tggaagacaa
cccaaaccat

tcaagtctta

agggtatgga
agatggtggt
tggcatcgaa
cactgggagt
ccgagaacaa
acagcatacg
gcgacgcttc
actactgcct
tagcagcagc

cctctgactg

caccgcgctg
acacttgatc
ttcgcacatc
ctcgatgctc
caactccgcc
tgatgccgtc
tctctactgg
gcacaagacc
acaggaggac
catttaccag
gggattctgc
caccaacccg
actcaaaaag
caagaggata

tggccacgat

tgaggagaga

catatctaca gcattaatta agcagatcca aaaggatcca tggattataa cagcgcgg

<210> 20

22

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

984

58



<211>
<212>
<213>

<220>
<223>

<400>

gaatgtaagc gtgacataac taattacatg aggtacctca ctgcgcatcc tcaaagtac

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

<220>
<223>

<400>

59
DNA
Artificial Sequence

Primer

20

21

40

DNA

Artificial Sequence

Primer

21

gaggcccttt cgtcttcaag aattcgagtt tggcgcccgt

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

<220>
<223>

<400>

tgacataact aattacatga ggtaccggat ccttttggat ctgcttaatt aatgctgtag

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

<220>
<223>

<400>

22

60

DNA

Artificial Sequence

Primer

22

23

60

DNA

Artificial Sequence

Primer

23

23

59

40

60

60



ctacagcatt aattaagcag atccaaaagg atccggtacc tcatgtaatt agttatgtca

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

<220>
<223>

<400>

24

55

DNA

Artificial Sequence

Primer

24

agtcagacag atactcgtcg cggccgecgge gcgccgcaaa ttaaagcctt cgagc

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

<220>
<223>

<400>

25

55

DNA

Artificial Sequence

Primer

25

gctcgaagge tttaatttgc ggcgcgccge ggccgecgacg agtatctgtc tgact

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

<220>
<223>

<400>

26

40

DNA

Artificial Sequence

Primer

26

acgggcgcca aactcgaatt cttgaagacg aaagggcctc

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

<220>

27

2019

DNA

Artificial Sequence

24

60

60

55

55

40



<223>
<400> 27
atgacggctc
ctcggectgce
gtatttattg
tggacatatc
tatgaagagt
gcaactaggc
ctcgcgctca
ccatcgcccg
atcaccccac
agtggccgag
gtagattatg
tggaggcttg
atgattgttc
cgaactattt
ctctccctgt
gcagtcaagt
agcgaagtta
atcgactctc
cttaccctac
cctttacttc
ccttcgctct
catttcgcct

gaactcctta

tcgcatatta
tcacttcccc
cgtttagtgc
catcagcgga
acgctttctt
accttctccc
aggcgctcat
acccgctcgt
ctaccatgct
caaagtcaac
ttgctgtcgg
gaggtgtact
tgggtctgtc
atggcaacaa
tttttagcag
tgttggagga
gggagaggct
ctgaagtatc
tatttgggcc
ctccttcgca
cgcctgecga
tcaggttgct

gaggatacac

X. dendrorhous crtYB

ccagatccat
gattttgaca
aaccacacca
gagtggccaa
tgtcattcaa
atctctcgeg
ccctetgecc
gacagatcac
cttggcagca
tattgcagca
tcaagactct
acccattgag
tgcctgcgat
aaagatgcca
ccgaccatac
aaagagccgg
ggttggacta
ttccaacccg
cccgctacac
cccttcccga
gctcgttcaa
cgctaagttg

cactgatctt

ctgatctata
aaatttgaca
tgggactcat
ggcgtgtttg
accgtaatca
cttcccaaga
attatctacc
tacttctaca
ttatcaggcg
atcatgatcc
tggtcgatca
gaagctatgt
catactcagg
tcttcatttc
tcttctcagc
agcttttttg
tacgcattct
catgccacaa
ccttcgcaac
cccacgggaa
ttccttaccg

caagggctga

atctttccct

25

ctctcccaat
tctacaaaat
ggatcatcag
gaacgtttct
ccggecttggt
ctagatcgtc
tatttaccgc
tgcgggcact
aatatgcttt
cgacggtgta
acgatgagaa
tcttcttact
ccctatacct
ccctcattac
caaaacgtga
ttgcctcggc
gcegggtgac
ttgacatggt
ctgacaagat
tgtatcccct
aaagggttcc
tccctcgata

tatcgacaga

tcttggtctt
atcgatcctc
aaatggcgca
agatgttcca
ctacgtcttg
cgececctttct
tcaccccagce
ctccttactc
cgattggaaa
tctgatttgg
gattgtaggg
gacgaatcta
gctacacggt
accgcctgtg
cttggaactg
tggatttcct
tgatgatctt
ctccgatttt
cctttcttcg
cccgcctcect
cgttcaatac

cccactcgac

ggcagtccag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



gctcggaaga
ggctcagtcg
gccaccatag
cagttggtga
ccactctcat
gaacctcggc
tcttcaaacg
gcctacgcag
gttcaagcgg
gtcgtttgga
aaagtcttga
<210> 28
<211> 19
<212> DN
<213>
<220>
<223>
<400> 28
atgggaaaag
ggaatcgcca
aacgactact
gggcccagtt
aagatggaag
gatgaagaga
tttgaaggca
tacgagcttg

cggctacagt

cgcctatcga
ccgagctatt
aagaaagaga
acattgctag
tctttggtct
ctcaagattt
cctcagaaag
aggatcttgc
gaatgcgagc
aaggagacgt

gtgtggtcat

66
A

aacaagatca
ctgccgctcg
ccggaggtcg
tgctgctctt
attgggtcga
ctttcactct
aagatggatt
ctgtcgttca

tcattggcca

gaccacagct
ggtctatgtc
agctgtgtta
ggacattaaa
tcgggatgaa
cgacaaactc
cttccggttc
caaacattct
ggcttgegeg
cggagagaga

gagcggatgg

Artificial Sequence

X. dendrorhous crtI

ggataaaccc
tcttgctaaa
atgctcttta
gccagatctc
tctcatcaag
ttcaaccgac
tgatcggttc
cgtcctgcag

aatcctggct

gacttgctgg
tcttgggcaa
gtggcaagcc
ggggacgceaa
tcaaagcttg
ctcagtctat
gaatggaaga
tataagggaa
agctacctac
aggacagttg

gaagggcag

acagctatca
gaaggtttcc
atcgagcgag
ttcaagcaga
tgtgaaccca
atggcgttgc
ttgtcgttta
aagaacttcc

cttcacccct

26

actatggtct
gtgcaccaag
gagagatggg
cagaagggasg
cgatcccgac
ctccttcgtc
cgtactcgct
ttgaccgact
tgatcggccg

ccggatggag

tcgtgggatg
aggtcacggt
atggttatcg
cattcgaaga
actatgtttg
tcaagcggga
tccaagaagc
ctggcttcgc

tcgagtctat

atgtgtagca
tcaggtccct
aactgccctt
attttaccta
tgattggacg
cacattacca
tccattagtc
tcctaccgag

agagatcaaa

gagagtacgg

tggtatcggt
gttcgagaag
attcgatcag
tttgggagag
ccacttccac
agtcgagcgt
ccacagacat
agcattctta

ctggacaaga

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2019

60

120

180

240

300

360

420

480

540



gtttgtcgat
atgggtcaaa
accgagggca
atcgtcaagc
cttctctctc
cacgccgatg
gacgatgcca
ttagttggtg
gaccgaatcg
tcattcgaca
gttccctcge
gtgccgtgtg
gcaaggaagt
atgattgtgg
gacggaagca
accagacatc
ggggttccca
gaccgatccc
aaatcaaatg
tgggtatacc
gctttctgaa
ctctctatat
tcagagtcat

atctccatca

atttcaagac
gcccatacag
tctggtatcc
gcaacaatcc
ctgccaagga
ttgtgattgt
gaaacaagat
gaaagaagct
tggacggtct
caatcttcga
gaatcgatcc
gccatatcga
ttgtgatcca
cagagaaggt
tcttgggact
ccaagtatga
tcgtcttggc
cagctccaga
gaacgggtat
ttttggtgtt
gcaagacaac
acatactctg
acccggtctc

cctcaagtct

cgacagatta
tgcgcccgga
gagaggagsc
ctcagccaag
ccgagcgact
caatgctgac
tggccaactg

caagggaagt

gggcggacac
ggagttgggt
ttctgeccgct
cgcttcgaac
cacgctttcc
tcacgatgct
ggctcacaac
caagttgttc
tggagccaag
tcccaatatg
cgattctcag
gttgattggg
gatcctttct
ctcgtctgtt
tcaacgtccg

gatgttcatc

Ccgaagagtct
acatattcct
ttttggcagg
ttcaatttca
ggtgttcgac
ctcgtttacg
ggtgaagtca
tgcagtagtt
aatatcttct
ctcccagccg
cccgaaggca
cctcaagatt
gccaagcttg
ccctcttggg
tttatgcaag
tttgtcgggs
ttaactgcca
tcactctccg
gtccagctga
gccgtgatcg
tagagtttta
ctcttctcga
tttgagggct

atctttttta

27

tctecgtttgc
tgctccaata
ttcctaatac
acgctccagt
ttgaatccgg
cctccgagca
agagaagttg
tgagcttcta
tggccgagga
atccttcctt
aagatgctat
acaacaagct
gacttcccga
agaaagaatt
ttcttggttt
cttcgactca
accaagttct
taccatatgg
agttcatgga
ctcgatccgt
ttttagtctc
gggttcctct
agacaattgt

ttcgtt

agtgatgtac
caccgaattg
tcttcttcag
ttcccaggtt
cgaggaacat
cttgattcct
gtgggctgac
ctggagcatg
cttcaaggga
ttacgtgaac
cgtcattctt
tgttgctcgg
ctttgaaaaa
caacctcaag
caggccgagc
tcccggaact
cgaatccttt
aaaacctctc
tttggagaga
tggtgttctt
ttcctgtgtt
ttactttgtg

tagtctcgaa

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1966



<210> 29
<211> 28
<212> DN
<213>
<220>
<223>

<400> 29
agagaccggsg

cccaaattga
aacctccccc
cgcttgttca
gcaaaataga
aagaccaccg
cccgaaatcg
aggcagcagc
acacaagacg
gcatattacc
acttccccga
tttagtgcaa
tcagcggaga
gctttctttg
cttctcccat
gcgctcatcc
ccgctcgtga
accatgctct
aagtcaacta

gctgtcggtc

30
A

ttggceggesgc
cccagtagcg
ggttcccaca
gactttgtac
ctactgaaaa
tccccgaatt
ttaagcattt
aattgccacg
ccacgtcatc
agatccatct
ttttgacaaa
ccacaccatg
gtggccaagg
tcattcaaac
ctctcgcgct
ctctgcccat
cagatcacta
tggcagcatt
ttgcagcaat

aagactcttg

Artificial Sequence

TEFINtp-crtYB-CYC1t

atttgtgtcc
ggcccaaccc
cttgccgtta
tagtttcttt
tttttttget
acctttectc
ccttctgagt
ggctttgagc
cgaccagcac
gatctatact
atttgacatc
ggactcatgg
cgtgtttgga
cgtaatcacc
tcccaagact
tatctaccta
cttctacatg
atcaggcgaa
catgatcccg

gtcgatcaac

caaaaaacag
cggcgagagc
agggcgtagg
gtctggccat
ttgtggttgg
ttcttttctc
ataagaatca
acacggccgg
tttttgcagt
ctcccaattc
tacaaaatat
atcatcagaa
acgtttctag
ggcttggtct
agatcgtccg
tttaccgctc
cgggcactct
tatgctttcg
acggtgtatc

gatgagaaga

28

ccccaattgc
ccccttctcc
gtactgcagt
ccgggtaacc
gactttagcc
tctctecttg
ttcaaaatgg
gtgtggtccc
actaaccgca
ttggtcttct
cgatcctcgt
atggcgcatg
atgttccata
acgtcttggc
ccctttctct
accccagccc
ccttactcat
attggaaaag

tgatttgggt

ttgtagggtg

cccaattgac
ccacatatca
ctggaatcta
catgccggac
aagggtataa
tcaactcaca
tgagtttcag
attcccatcg
gacggctctc
cggtctgctc
atttattgcg
gacatatcca
tgaagagtac
aactaggcac
cgcgctcaag
atcgcccgac
caccccacct
tggccgagca

agattatgtt

gaggcttgga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



ggtgtactac
ggtctgtctg
ggcaacaaaa
tttagcagcc
ttggaggaaa
gagaggctgg
gaagtatctt
tttgggcccc
ccttcgcacc
cctgccgagc
aggttgctcg
ggatacacca
cctatcgaga
gagctattgg
gaaagagaag
attgctaggg
tttggtcttc
caagatttcg
tcagaaagct
gatcttgcca
atgcgagcgg
ggagacgtcg
gtggtcatga
tacattcacg

aagtctaggt

ccattgagga
cctgcgatca
agatgccatc
gaccatactc
agagccggag
ttggactata
ccaacccgca
cgctacaccc
cttcccgacc
tcgttcaatt
ctaagttgca
ctgatcttat
ccacagctga
tctatgtctc
ctgtgttagt
acattaaagg
gggatgaatc
acaaactcct
tccggttcga
aacattctta
cttgcgcgag
gagagagaag
gcggatggga
ccctecccccc

ccctatttat

agctatgttc
tactcaggcc
ttcatttccc
ttctcagcca
cttttttgtt
cgcattctgc
tgccacaatt
ttcgcaacct
cacgggaatg
ccttaccgaa
agggctgatc
ctttccttta
cttgctggac
ttgggcaagt
ggcaagccga
ggacgcaaca
aaagcttgcg
cagtctatct
atggaagacg
taagggaatt
ctacctactg
gacagttgcc
agggcagtaa
acatccgctc

ttttttatag

ttcttactga
ctatacctgc
ctcattacac
aaacgtgact
gccteggetg
cgggtgactg
gacatggtct
gacaagatcc
tatcccctcc
agggttcccg
cctcgatacc
tcgacagagg
tatggtctat
gcaccaagtc
gagatgggaa
gaagggagat
atcccgactg
ccttcgtcca
tactcgcttc
gaccgacttc
atcggccgag
ggatggagga
ctcgagtcat
taaccgaaaa

ttatgttagt

29

cgaatctaat
tacacggtcg
cgectgtgct
tggaactggc
gatttcctag
atgatcttat
ccgattttct
tttcttcgcc
cgcctcctcc
ttcaatacca
cactcgacga
cagtccaggc
gtgtagcagg
aggtccctgc
ctgcccttca
tttacctacc
attggacgga
cattaccatc
cattagtcgc
ctaccgaggt
agatcaaagt
gagtacggaa
gtaattagtt
ggaaggagtt

attaagaacg

gattgttctg
aactatttat
ctccctgttt
agtcaagttg
cgaagttagg
cgactctcct
taccctacta
tttacttcct
ttcgctctcg
tttcgecttc
actccttaga
tcggaagacg
ctcagtcgcc
caccatagaa
gttggtgaac
actctcattc
acctcggcect
ttcaaacgcc
ctacgcagag
tcaagcggga
cgtttggaaa
agtcttgagt
atgtcacgct
agacaacctg

ttatttatat

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



ttcaaatttt tctttttttt ctgtacagac gcgtgtacge atgtaacatt atactgaaaa

ccttgettga gaaggttttg ggacgctcga aggctttaat ttgcggegeg cggaggecct

ttcgtcttea

<210> 30

2555
DNA
Artificial Sequence

<211>
<212>
<213>

<220>
<223>

<400> 30

agagaccggg
cccaaattga
aacctccccc
cgcttgttca
gcaaaataga
aagaccaccg
cccgaaatcg
aggcagcagc
acacaagacg
caagatcagg
gccgctcegtc
ggaggtcgat
ctgctcttgc
tgggtcgatc
ttcactcttt
gatggatttg

gtcgttcacg

ttggcggesgc
cccagtagcg
ggttcccaca
gactttgtac
ctactgaaaa
tccccgaatt
ttaagcattt
aattgccacg
ccacgtcatc
ataaacccac
ttgctaaaga
gctctttaat
cagatctctt
tcatcaagtg
caaccgacat
atcggttctt

tcctgcagaa

TEFINtp-crtI-CYC1t

atttgtgtcc
ggcccaaccc
cttgccgtta
tagtttcttt
tttttttget
acctttcctc
ccttctgagt
ggctttgagc
cgaccagcac
agctatcatc
aggtttccag
cgagcgagat
caagcagaca
tgaacccaac
ggcgttgctc
gtcgtttatc

gaacttccct

caaaaaacag
cggcgagagce
agggcgtagg
gtctggccat
ttgtggtteg
ttcttttctc
ataagaatca
acacggccgg
tttttgcagt
gtgggatgtg
gtcacggtgt
ggttatcgat
ttcgaagatt
tatgtttgcc
aagcgggaag
caagaagccc

ggcttcgcag

30

ccccaattgc
ccccttctcc
gtactgcagt
ccgggtaacc
gactttagcc
tctctccttg
ttcaaaatgg
gtgtggtccc
actaaccgca
gtatcggtgg
tcgagaagaa
tcgatcaggg
tgggagagaa
acttccacga
tcgagecgttt
acagacatta

cattcttacg

cccaattgac
ccacatatca
ctggaatcta
catgccggac
aagggtataa
tcaactcaca
tgagtttcag
attcccatcg
gggaaaagaa
aatcgccact
cgactactcc
gcccagtttg
gatggaagat
tgaagagact
tgaaggcaaa
cgagcttgct

gctacagttc

2760

2820

2830

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



attggccaaa
ttcaagaccg
ccatacagtg
tggtatccga
aacaatccct
gccaaggacc
gtgattgtca
aacaagattg
aagaagctca
gacggtctgg
atcttcgagg
atcgatcctt
catatcgacg
gtgatccaca
gagaaggttc
ttgggactgg
aagtatgaca
gtcttggctg
gctccagatc
acgggtatcg
ttggtattgt
gagtcatgta
ccgaaaagga
tgttagtatt

tgtacgcatg

tcctggetct
acagattacg
cgcccggaac
gaggaggctt
cagccaagtt
gagcgactgg
atgctgacct
gccaactggg
agggaagttg
gcggacacaa
agttgggtct
ctgccgctcc
cttcgaaccc
cgctttccgc
acgatgctcc
ctcacaactt
agttgttctt
gagccaagtt
ccaatatgtc
attctcaggt
tgattggggc
attagttatg
aggagttaga
aagaacgtta

taacattata

tcaccccttce
aagagtcttc
atattccttg
ttggcaggtt
caatttcaac
tgttcgactt
cgtttacgcc
tgaagtcaag
cagtagtttg
tatcttcttg
cccagccgat
cgaaggcaaa
tcaagattac
caagcttgga
ctcttgggag
tatgcaagtt
tgtcggggct
aactgccaac
actctccgta
ccagctgaag
cgtgatcgct
tcacgcttac
caacctgaag
tttatatttc

ctgaaaacct

gagtctatct
tcgtttgcag
ctccaataca
cctaatactc
gctccagttt
gaatccggcg
tccgagcact
agaagttggt
agcttctact
gccgaggact
ccttecctttt
gatgctatcg
aacaagcttg
cttcccgact
aaagaattca
cttggtttca
tcgactcatc
caagttctcg
ccatatggaa
ttcatggatt
cgatccgttg
attcacgccc
tctaggtccc
aaatttttct

tgcttgagaa

31

ggacaagagt
tgatgtacat
ccgaattgac
ttcttcagat
cccaggttct
aggaacatca
tgattcctga
gggctgactt
ggagcatgga
tcaagggatc
acgtgaacgt
tcattcttgt
ttgctcgggc
ttgaaaaaat
acctcaagga
ggccgagcac
ccggaactgg
aatcctttga
aacctctcaa
tggagagatg
gtgttcttgc
tccccccaca
tatttatttt

tttttttctg

ggttttggga

ttgtcgatat

gggtcaaagc
cgagggcatc
cgtcaagcgc
tctctctect
cgccgatgtt
cgatgccaga
agttggtgga
ccgaatcgtg
attcgacaca
tccctegega
gccgtgtggc
aaggaagttt
gattgtggca
cggaagcatc
cagacatccc
ggttcccatc
ccgatcccca
atcaaatgga
ggtatacctt
tttctgactc
tccgctctaa
tttatagtta
tacagacgcg

cgctcgaagg

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



ctttaatttg ccggccgcga cgagtatctg tctga

<210> 31
<211> 15
<212> DN
<213>
<220>
<223>
<400> 31
tgcctectgt
tggatcactt
gcgeggttgg
atttttgtcg
tagccgtata
tacttcactg
ctcctcttca
tttgccgcetc
gatgttacca
atgatcaaga
ctcaaggaac
attggcaaca
gatatcacca
gccgaggaaa
tacaaggagt
gccgagetgt
cttgcccgat

gactctgagg

33
A

ctgactcgtc
tgacgataca
ccgacaacaa
gcaaaggcga
gtccagtcta
ccccagataa
ccaccaaaat
gagtgctcaa
ccaccaagga
cccatatcga
ttgctcttaa
ctgtcaagca
acgcccacgg
ctgtctctga
tcctggtecc
cttgcaaggg
ccgaccccga

actggcttat

Artificial Sequence

URA3 selection marker

attgccgect
ttcttcgttg
tatcagctgce
cgcccagaga
tctataagtt
ggttccgata
gccctcectac
gctcgtggea
gctcattgag
catcattgac
gcacggtttc
ccagtacaag
tgtacccgga
acagaagaag
ctctcccaac
ctctctggcc
gtttgtggtt

tctgaccccc

ttggagtacg
gaggctgtgg
aacgtcattg
gccattgacg
caactaactc
aaaagttctg
gaagctcgag
gccaagaaaa
cttgccgata
gacttcacct
ttcctgtteg
aacggtgtct
accggaatca
gaggacgtct
gagaagctgg
actggcgagt
ggcttcattg

gggstgggtc

32

actccaacta
gtctgacagc
ctggctttca
ttctttctaa
gtaactatta
cagactaaat
ctaacgtcca
ccaacctgtg
aggtcggacc
acgccggcac
aggacagaaa
accgaatcgc
ttgctggect
ctgactacga
ccagaggtct
actccaagca
cccagaaccg

ttgacgacaa

tgagtgtgct
tgcgtttteg
tcatgatcac
tttggaccga
ccataacata
ttatttcagt
caagtccgcec
tgcttctetg
ttatgtgtgc
tgtgctcccc
gttcgcagat
cgagtggtcc
gcgagctggt
gaactcccag
gctcatgcetg
gaccattgag

acctaagggc

gggagacgct

2555

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



ctcggacagc
gtcggccgag
aaggctggct
atttaactgt
tcagacgacc
tgtccaatgg

tacgattgaa

agtaccgaac
gtctgtacgg
gggaggctta
gtatatagag
tgtctgatcg
ggcatgttgt

ctacttatac

tgttgaggat
ccagaaccga
ccagaagatt
agcgtgcaag
agtatgtatg
tgtgtttctc

ttatatgagg

gtcatgtcta
gatcctattg
aactgttaga
tatggagcgc
atactgcaca
gatacggaga
cttgaagaaa

CCa

ccggaacgga

aggaggccaa

ggttagacta
ttgttcagct
acctgtgtat
tgctgggtac

gctgacttgt

ttctcaacta catccccagt cacaatacca

<210> 32

<211> 30

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 32

gtgcgecttct ctcgtctcgg taaccctgtc

<210> 33

<211> 44

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 33

atgcgccgec aacccggtct ctggggtgtg gtggatgggg tgtg

<210> 34

<211> 44

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

33

tatcataatt
gcgataccag
tggatatgtc
tgtatgatgg
ccgcatgatc
aagtagctaa

gtatgactta

1140

1200

1260

1320

1380

1440

1500

1533

30

44



<400>

34

cacaccccat ccaccacacc ccagagaccg ggttggcgge gcat

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

<220>
<223>

<400>

35

39

DNA

Artificial Sequence

Primer

35

cgccgccaac ccggtctctt gaagacgaaa gggcectccg

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

<220>
<223>

<400>

36

39

DNA

Artificial Sequence

Primer

36

cggaggccct ttcgtcttca agagaccggg ttggcggceg

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

<220>
<223>

<400>

37

40

DNA

Artificial Sequence

Primer

37

gacgagtcag acaggaggca tcagacagat actcgtcgcg

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

38

40

DNA

Artificial Sequence

34

44

39

39

40



220>
<223> Primer

<400> 38
cgcgacgagt atctgtctga tgcctcctgt ctgactcgtc

<210> 39

<211> 44

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 39

atgacgagtc agacaggagg catggtggta ttgtgactgg ggat

<210> 40

<211> 44

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 40

atccccagtc acaataccac catgcctcct gtctgactcg tcat

<210> 41

<211> 44

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 41

cggcgtcctt ctcgtagtcc gecttttggtg gtgaagagga gact

<210> 42
<211> 44
<212> DNA

35

40

44

44

44



<213> Artificial Sequence

<220>
<223> Primer
<400> 42

agtctcctct tcaccaccaa aagcggacta cgagaaggac gccg

<210> 43

<211> 30

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 43

ccactcgtca ccaacagtgc cgtgtgttgc

<210> 44

<211> 24

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 44

tcgtacgtct ataccaacag atgg

<210> 45

<211> 24

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 45

cgcatacaca cacactgccg gggg

<210> 46

36

44

30

24

24



<211> 55
<212> DN
<213>

<220>

<223>

<400> 46
tccacacgtc

tctacacacc

tcagtgctcg

aataacatca

aggttcaagg

aacagctcca

ggcctcgacg

cacaggacgg

gattctcaaa

actaacacag

<210> 47
<211> 30
<212> DN
<213>

<220>

<223> Pr
<400> 47

%
A

gttctttttt
agcacaaaca
tatggttcgt
actgtggttc
tgagtactga
caccgaccac
gtcagcgaaa
ggtcacaata

ccacccctga

A

imer

Artificial Sequence

ccttagecctt
aagttaagct
tcaattttcg

ttcaacaggc

gaaggaatag
gaaggccacg
acgcgagacc
ggcttgaaca

ctacttcagc

Artificial Sequence

acaatgcctc gaggaggttt aaaagtaact

<210> 48

<211> 41

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

HMGR native promoter region

ttttgcagtg
cagggttgtc
Ccaaaaatcg
ctaaggaacg
aaggcctaaa
aaatcaaggg
acaacgcgat
gcaagtacaa

gcctctgtga

37

cgecgtgtccc
gttgaggtcg
ttttgecttt
aaacaagccg
ggcgcaaacc
gtcctaaagt
cagaaccagg
gctgtgatct

cacagccccc

aaaccccagc
cttactgtag
gtatcttggg
gaccaagatc
gacaggtggc
tagtctttgt
acctaaacaa
ctctatattt

ctatcatccg

60

120

180

240

300

360

420

480

540

550

30



<400>

48

gcgeccgccaa cccggtcectet ctgtgttagt cggatgatag g

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

<220>
<223>

<400>

49

41

DNA

Artificial Sequence

Primer

49

cctatcatcc gactaacaca gagagaccgg gttggecggeg ¢

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

<220>
<223>

<400>

50

42

DNA

Artificial Sequence

Primer

50

gacgagtcag acaggaggca ctgcggttag tactgcaaaa ag

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

<220>
<223>

<400>

51

42

DNA

Artificial Sequence

Primer

51

ctttttgcag tactaaccgc agtgcctcct gtctgactcg tc

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

52

44

DNA

Artificial Sequence

38

41

41

42

42



<220>

<223> Primer

<400> 52

atgcgccgecc aacccggtct cttggtggta ttgtgactgg ggat 44
<210> 53

<211> 44

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 53

atccccagtc acaataccac caagagaccg ggttggcgge gcat 44
<210> 54

<211> 41

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 54

ctttccaata gctgcttgta gctgcggtta gtactgcaaa a 41
<210> 55

<211> 41

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 55

ttttgcagta ctaaccgcag ctacaagcag ctattggaaa g 41
<210> 56

<211> 30

<212> DNA

39



<213> Artificial Sequence

<220>
<223> Primer
<400> 56

gcttaatgtg attgatctca aacttgatag

<210> 57

<211> 24

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 57

gctgtctctg cgagagcacg tcga

<210> 58

<211> 24

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 58

ggttcgcaca acttctcggg tggc

<210> 59

<211> 19

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 59

ccttgtttag tttggctcc

<210> 60

40

30

24

24

19



<211> 20

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 60

aaagccagca atgacgttgc

<210> 61

<211> 40

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 61

accgtacaac tacctcgcca ccaaccgggg ccacaacatc

<210> 62

<211> 40

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 62

gatgttgtgg ccccggttgg tggcgaggta gttgtacggt

<210> 63

<211> 40

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 63

cctgeccggeca gecccattgte ggtttggagt cccccaaacc

41

20

40

40

40



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

<220>
<223>

<400>

ggtttggggg actccaaacc gacaatgggc tgccggcagg

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

<220>
<223>

<400>

64

40

DNA

Artificial Sequence

Primer

64

65

39

DNA

Artificial Sequence

Primer

65

gtcttatgat gccgtctccg ttttcaccga ggaaatgat

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

<220>
<223>

<400>

66

39

DNA

Artificial Sequence

Primer

66

atcatttcct cggtgaaaac ggagacggca tcataagac

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

<220>
<223>

<400>

67

40

DNA

Artificial Sequence

Primer

67

42

40

39

39



gggtatggat ctctactgga aagaaacact cacttgcccc

<210> 68

<211> 40

<212> DNA

<213> Artificial Sequence
<220>

<223> Primer

<400> 68

ggggcaagtg agtgtttctt tccagtagag atccataccc

<210> 69
<211> 53
<212> DN
<213>
<220>
<223>

<400> 69
agagaccggg

cccaaattga
aacctccccc
cgcttgttca
gcaaaataga
aagaccaccg
cccgaaatcg
aggcagcagc
acacaagacg
<210> 70
<211> 21

<212> DN
<213>

1
A

ttggceggesc
cccagtagcg
ggttcccaca
gactttgtac
ctactgaaaa
tccccgaatt
ttaagcattt
aattgccacg

ccacgtcatc

A

Artificial Sequence

TEFINt promoter

atttgtgtcc
ggcccaaccc
cttgccgtta
tagtttcttt
tttttttget
acctttcctc
ccttctgagt
ggctttgagc

cgaccagcac

Artificial Sequence

caaaaaacag
cggcgagagce
agggegtagg
gtctggccat
ttgtggttgg
ttcttttctc
ataagaatca

acacggccgg

tttttgcagt

43

ccccaattgc
ccccttctcc
gtactgcagt
ccgggtaacc
gactttagcc
tctctecttg
ttcaaaatgg
gtgtggtccc

actaaccgca

cccaattgac
ccacatatca
ctggaatcta
catgccggac
aagggtataa
tcaactcaca
tgagtttcag
attcccatcg

g

40

40

60

120

180

240

300

360

420

480

531



<220>

<223> Primer

<400> 70

atctcttcta gatagatgcc t 21
<210> 71

<211> 41

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 71

gcgccgccaa cccggtctct gagatttgecc acccaacgtc g 41
<210> 72

<211> 41

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 72

cgacgttggg tggcaaatct cagagaccgg gttggecggeg c 41
<210> 73

<211> 42

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 73

gacgagtcag acaggaggca ctgcggttag tactgcaaaa ag 42
<210> 74

<211> 42

<212> DNA

44



<213> Artificial Sequence

<220>

<223> Primer

<400> 74

ctttttgcag tactaaccgc agtgcctcct gtctgactcg tc 42
<210> 75

<211> 43

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 75

gcgccgccaa cccggtctet tggtggtatt gtgactgggg atg 43
<210> 76

<211> 41

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 76

ttttgcagta ctaaccgcag gattataaca gcgcggattt c 41
<210> 77

<211> 21

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 77

taacctggtc aaataccaat g 21
<210> 78

45



<211> 43

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 78

catccccagt cacaatacca ccaagagacc gggttggecgg cgc 43
<210> 79

<211> 41

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 79

gaaatccgcg ctgttataat cctgcggtta gtactgcaaa a 41
<210> 80

<211> 21

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 80

atctcttcta gatagatgcc t 21
<210> 81

<211> 41

<212> DNA

<213> Artificial Sequence

<220>

<223> Primer

<400> 81

gcgccgccaa cccggtectect gagatttgec acccaacgtc g 41

46



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

<220>
<223>

<400>

cgacgttggg tggcaaatct cagagaccgg gttggcggeg c

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

<220>
<223>

<400>

82

41

DNA

Artificial Sequence

Primer

82

83

20

DNA

Artificial Sequence

Primer

83

ctccgatcgc tgcgatcaag

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

<220>
<223>

<400>

84
20
DNA
Artificial Sequence

Primer

84

cttgatcgca gcgatcggag

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

<220>
<223>

<400>

85

41

DNA

Artificial Sequence

Primer

85

47



gacgagtcag acaggaggca taacctggtc aaataccaat g

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

<220>
<223>

<400>

86
40
DNA
Artificial Sequence

Primer

86

cccagtcaca ataccaccag attataacag cgcggatttc

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

<220>
<223>

<400>

87

40

DNA

Artificial Sequence

Primer

87

tcaacaattg taacaacttg taacctggtc aaataccaat

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

<220>
<223>

<400>

cattggtatt tgaccaggtt atgcctcctg tctgactcgt c

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

<220>
<223>

88

41

DNA

Artificial Sequence

Primer

88

89

40

DNA

Artificial Sequence

Primer

48

41

40

40

41



<400>

89

gaaatccgcg ctgttataat ctggtggtat tgtgactggg

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

<220>
<223>

<400>

90
40
DNA
Artificial Sequence

Primer

90

attggtattt gaccaggtta caagttgtta caattgttga

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

<220>
<223>

<400>

91

21

DNA

Artificial Sequence

Primer

91

tgaaagtcct ggaagcagta c

49

40

40

21





