<110>

<120>

SEQUENCE LISTING

MODERNATX, INC.

POLYNUCLEOTIDES ENCODING CITRIN FOR THE TREATMENT OF
CITRULLINEMIA TYPE 2

PatentIn version 3.5

wild type Citrin, isoform 1 peptide

Val Ala

Leu Lys

Asn Asp

Asn Pro

55

Asp Gly
70

Cys Ala

Ala Gly

<130> 3529.072PC02

<150> 62/338479

<151> 2016-05-18

<160> 157

<170>

<210> 1

<211> 675

<212> PRT

<213> Artificial Sequence

<220>

<223>

<400> 1

Met Ala Ala Ala Lys

1 5

Leu Arg Thr Ile Phe

20

Phe Phe Met Ser Pro
35

Gly Glu Ser Gln Pro

50

Val Asp Gln Thr Lys

65

Phe Glu Ser Val Leu

85
Gln Leu Phe Asp Lys
100
Lys Gln Val Phe Gly

Gln Thr

Leu

Tyr

Phe

40

Lys

Leu

Pro

Lys

Thr

Thr

Ala

25

Val

Thr

Ile

Asp

Gly

105

Ile

Lys

10

Ser

Thr

Val

Ser

Ala

90

Glu

His

Arg

Ile

Arg

Glu

Phe

75

Leu

Val

Gln

Page 1

Ala

Glu

Tyr

Leu

60

Gln

Phe

Thr

His

Asp

Lys

Leu

45

Leu

Glu

Met

Phe

Ile

Pro

Asn

30

Asn

Ser

Phe

Val

Glu

110

Pro

Ala

15

Gly

Ile

Gly

Val

Ala

95

Phe

Glu

Glu

Phe

Val

Ala

80

Phe

Val

Asn



Trp

His

145

Glu

Arg

His

Gly

Ser

225

Ala

Ala

Phe

Asp

Leu

305

Val

Asp

130

Leu

His

Val

Val

Thr

210

Leu

Gly

Ala

Gln

Ile

290

Ala

Leu

115

Ser

Thr

Ala

Thr

Leu

195

Thr

Leu

Thr

Gln

Leu

275

Glu

Glu

Leu

Glu

Tyr

Lys

Ala

180

Thr

Ser

Asn

Arg

Lys

260

Ala

Arg

Ala

Gln

Phe

Ala

Gln

165

Ile

Pro

His

Asn

Lys

245

Phe

Asp

Ile

Gln

Val
325

Val

Glu

150

Ala

Asp

Phe

Gln

Met

230

Asp

Gly

Leu

Ala

Arg

310

Ala

Gln

135

Phe

Phe

Phe

Val

Val

215

Glu

Val

Gln

Tyr

Pro

295

Gln

Glu

120

Leu

Thr

Val

Arg

Glu

200

Ser

Leu

Glu

Val

Glu

280

Leu

Lys

Ser

His

Gln

Gln

Asp

185

Glu

Phe

Ile

Val

Thr

265

Pro

Glu

Ala

Ala

Phe

Phe

Arg

170

Ile

Cys

Ser

Arg

Thr

250

Pro

Arg

Glu

Ser

Tyr
330

Gly

Leu

155

Asp

Met

Leu

Tyr

Lys

235

Lys

Met

Gly

Gly

Gly

315

Arg

Page 2

Lys

140

Leu

Asn

Val

Val

Phe

220

Ile

Glu

Glu

Arg

Thr

300

Asp

Phe

125

Glu

Glu

Ala

Thr

Ala

205

Asn

Tyr

Glu

Val

Met

285

Leu

Ser

Gly

Arg

Ile

Arg

Ile

190

Ala

Gly

Ser

Phe

Asp

270

Thr

Pro

Ala

Leu

Lys

Gln

Thr

175

Arg

Ala

Phe

Thr

Val

255

Ile

Leu

Phe

Arg

Gly
335

Arg

Leu

160

Gly

Pro

Gly

Asn

Leu

240

Leu

Leu

Ala

Asn

Pro

320

Ser



Val

Lys

Leu

Glu

385

Val

Asp

Leu

Leu

Gly

465

Gly

Ser

Asn

Ile

Lys
545

Ala

Thr

Met

370

Gly

Ala

Lys

Ala

Glu

450

Pro

Ile

Ala

Glu

Ala

530

Thr

Gly

Arg

355

Tyr

Phe

Pro

Phe

Gly

435

Ile

Arg

Tyr

Ile

Asp

515

Gly

Arg

Ala

340

Met

Lys

Phe

Glu

Met

420

Gly

Val

Val

Lys

Tyr

500

Gly

Met

Leu

Val

Gln

Asn

Gly

Lys

405

His

Cys

Lys

Ser

Gly

485

Phe

Gln

Pro

Gln

Gly

Asn

Ser

Leu

390

Ala

Lys

Ala

Ile

Ala

470

Ala

Pro

Val

Ala

Val
550

Ala

Gln

Phe

375

Tyr

Ile

Asp

Gly

Arg

455

Leu

Lys

Cys

Ser

Ala

535

Ala

Thr

Arg

360

Asp

Arg

Lys

Gly

Gly

440

Leu

Ser

Ala

Tyr

Pro

520

Ser

Ala

Ala

345

Ser

Cys

Gly

Leu

Ser

425

Ser

Gln

Val

Cys

Ala

505

Gly

Leu

Arg

Val

Thr

Phe

Leu

Thr

410

Val

Gln

Val

Val

Phe

490

His

Ser

Val

Ala

Tyr

Gly

Lys

Leu

395

Val

Pro

Val

Ala

Arg

475

Leu

Val

Leu

Thr

Gly
555

Page 3

Pro

Ser

Lys

380

Pro

Asn

Leu

Ile

Gly

460

Asp

Arg

Lys

Leu

Pro

540

Gln

Ile

Phe

365

Val

Gln

Asp

Ala

Phe

445

Glu

Leu

Asp

Ala

Leu

525

Ala

Thr

Asp

350

Val

Leu

Leu

Phe

Ala

430

Thr

Ile

Gly

Ile

Ser

510

Ala

Asp

Thr

Leu

Gly

Arg

Leu

Val

415

Glu

Asn

Thr

Phe

Pro

495

Phe

Gly

Val

Tyr

Val

Glu

Tyr

Gly

400

Arg

Ile

Pro

Thr

Phe

480

Phe

Ala

Ala

Ile

Ser
560



Gly val 1Ile

Ala Leu Trp

Phe Val

595

Gly

Ile Asp Phe

610

Ser Ile

625

Arg

Lys Leu Ala

Tyr Leu Pro

Pro
675

Gly Gly

<210> 2

<211> 2025
<212> DNA
<213>

<220>
<223>

<400> 2
atggcggccg

tttttgaagt
gtcactcgat
ttaagtggag
tttgaatctg
aaagctggca

attcatcaac

Asp Cys

565

Lys
580

Gly
Thr Leu
Gly

Gly

Asn Leu

Phe

Ala

Leu

Val

Pro

Arg Lys

Gly Ala

Thr Tyr

600

Lys Pro

615

Ala Pro

630

Val Ala

645

Leu Phe

660

ccaaggtggc
atgcaagcat
acttgaacat
tggtggatca
tcctgtgtgce
aaggagaagt

atattccatt

Thr

Lys

Phe Ala

Pro Ser

Artificial Sequence

wild type Citrin, isoform

tttaaccaag
tgagaaaaac
ttttggagaa
gaccaaagat
ccctgatgct
aacttttgag

taactgggat

Ile Leu

570

Arg

Arg Val Phe

585

Glu Leu Leu

Met Gly Ser

Asn Pro Asp

635

Ile
650

Gly Glu

Val
665

Ser Thr

1 NA

agagcagatc
ggtgaatttt
agccagccta
ggattaatat
ttgtttatgg
gatgttaagc

tcagaatttg

Page 4

Glu

Arg

Gln

Glu

620

His

Asn

Ser

cagctgagct tagaacaata
tcatgtcccc caatgacttt
atccaaagac tgtggaactt
cttttcaaga atttgttgcc
tagcctttca gectgtttgac
aagtttttgg acagaccaca

tgcaactaca ttttggaaaa

Glu

Ser

Arg

605

Pro

Val

Lys

Lys

Gly

Ser

590

Trp

Val

Gly

Phe

Ala
670

Pro

575

Pro

Phe

Pro

Gly

Gly

655

Ile

Lys

Gln

Tyr

Lys

Tyr

640

Leu

Gly

60

120

180

240

300

360

420



gaaagaaaaa
gagcacgcaa
atcgacttcc
gaatgtctag
aatggattta
gctggcacca
tttggtcagg
ccaaggggac
ctgcccttta
gttcttctac
gttggagcca
tcaactggct
gtgctacgct
gttgccccag
cacaaagatg
tcccaggtga
gaaatcacca
gggatctaca
tttccgtgct
ggaagcctgc
gctgatgtta
ggagtgatag
ggagctggtg
gaattgctac
ccagttccta
aaactggcag

ttcaagccat

gacacctgac
agcaagcctt
gagacatcat
tagctgctgc
attcgctcct
ggaaagatgt
ttacacccat
gtatgacctt
acttggctga
aagttgcaga
ctgctgtgta
cttttgtggg
atgaaggctt
agaaggccat
gttcggtccc
ttttcacaaa
ctggtcctcg
agggtgccaa
atgctcatgt
tcttagctgg
tcaagacgag
actgctttag
ctcgtgtatt
agcgatggtt
aatccaggat
ttgctacatt

cagtatctac

atatgcggaa
tgtgcaacgg
ggtcaccatc
tggaggtacc
taacaacatg
tgaagtgact
ggaagttgac
agcagacatt
ggcccagagg
gtcggcctac
tcctatcgat
agaactcatg
ctttggactg
aaaacttaca
acttgcagca
tcctttagaa
agtcagtgct
agcatgcttt
gaaggcttcc
tgccatagct
attacaggtg
aaagatactg
tcgatcctca
ctacattgat
caacctgcct
tgcagggatt

ctcaaaggct

tttactcagt
gacaatgcta
cgcccccatg
acatcccatc
gaactcatta
aaggaggagt
atcttgtttc
gaacggattg
cagaaggcct
aggtttggtc
cttgtaaaaa
tataaaaaca
tatagaggtc
gtgaacgatt
gaaattcttg
atcgtcaaga
ctgtctgtcg
ctgcgggaca
tttgcaaatg

ggtatgcctg

gctgeecggg
cgtgaagaag
ccccagtttg
tttggaggag
gccccgaatc

gaaaacaaat

attggtggag

Page 5

ttttattgga
ggactgggag
tcttgactcc
aagttagttt
gaaagatcta
ttgttctggc
agttagcaga
ctcctctgga
caggtgattc
tgggttctgt
ctcgaatgca
gctttgactg
tgttgccaca
ttgtgaggga
ctggaggctg
tccgtttgca
tgcgggacct
ttcctttctc
aagatgggca
cagcatcttt
ctggccaaac
gaccaaaagc
gtgtaacttt
taaaacccat
ctgatcacgt
ttggacttta

gccca

aatacaactg
agtcacagcc
ttttgtagaa
ctcctatttt
tagcactctg
agctcagaaa
tttatatgag
agagggaact
agctcgacca
tgctggagct
gaaccaacga
ttttaagaaa
gttattggga
taaatttatg
cgctggaggc
agtggcagga
ggggtttttt
ggccatctac
ggttagccca
agtgacccct
cacttacagc
tctgtggaag
gctgacttac
gggatcagag

tgggggctac

cctacctctc

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

2025



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

<220>
<223>

<400>

3
6
P

76
RT

Artificial Sequence

wild type Citrin, isoform 2 peptide

3

Met Ala Ala

1

Leu

Phe

Gly

Val

65

Phe

Gln

Lys

Trp

His

145

Glu

Arg

Phe

Glu

50

Asp

Glu

Leu

Gln

Asp

130

Leu

His

Thr

Met

35

Ser

Gln

Ser

Phe

Val

115

Ser

Thr

Ala

Ala

Ile

20

Ser

Gln

Thr

Val

Asp

100

Phe

Glu

Tyr

Lys

Lys

Phe

Pro

Pro

Lys

Leu

85

Lys

Gly

Phe

Ala

Gln
165

Val Ala

Leu Lys

Asn Asp

Asn Pro
55

Asp Gly
70

Cys Ala

Ala Gly

Gln Thr

Val Gln
135

Glu Phe
150

Ala Phe

Leu

Tyr

Phe

40

Lys

Leu

Pro

Lys

Thr

120

Leu

Thr

Val

Thr

Ala

25

Val

Thr

Ile

Asp

Gly

105

Ile

His

Gln

Gln

Lys

10

Ser

Thr

Val

Ser

Ala

90

Glu

His

Phe

Phe

Arg
170

Arg

Ile

Arg

Glu

Phe

75

Leu

Val

Gln

Gly

Leu

155

Asp

Page 6

Ala

Glu

Tyr

Leu

60

Gln

Phe

Thr

His

Lys

140

Leu

Asn

Asp

Lys

Leu

45

Leu

Glu

Met

Phe

Ile

125

Glu

Glu

Ala

Pro

Asn

30

Asn

Ser

Phe

Val

Glu

110

Pro

Arg

Ile

Arg

Ala

15

Ile

Gly

Val

Ala

95

Asp

Phe

Lys

Gln

Thr
175

Glu

Glu

Phe

Val

Ala

80

Phe

Val

Asn

Arg

Leu

160

Gly



Arg

His

Gly

Ser

225

Ala

Ala

Phe

Asp

Leu

305

Pro

Ser

Val

Glu

Tyr
385

Val

Val

Thr

210

Leu

Gly

Ala

Gln

Ile

290

Ala

Val

Val

Lys

Leu

370

Glu

Thr

Leu

195

Thr

Leu

Thr

Gln

Leu

275

Glu

Glu

Leu

Ala

Thr

355

Met

Gly

Ala

180

Thr

Ser

Asn

Arg

Lys

260

Ala

Arg

Ala

Leu

Gly

340

Tyr

Phe

Ile

Pro

His

Asn

Lys

245

Phe

Asp

Ile

Gln

Gln

325

Ala

Met

Lys

Phe

Asp

Phe

Gln

Met

230

Asp

Gly

Leu

Ala

Arg

310

Val

Val

Gln

Asn

Gly
390

Phe

Val

Val

215

Glu

Val

Gln

Tyr

Pro

295

Gln

Ala

Gly

Asn

Ser

375

Leu

Arg

Glu

200

Ser

Leu

Glu

Val

Glu

280

Leu

Gln

Glu

Ala

Gln

360

Phe

Tyr

Asp

185

Glu

Phe

Ile

Val

Thr

265

Pro

Glu

Ser

Thr

345

Asp

Arg

Ile

Cys

Ser

Arg

Thr

250

Pro

Arg

Glu

Ala

Ala

330

Ala

Ser

Cys

Gly

Met

Leu

Tyr

Lys

235

Lys

Met

Gly

Gly

Ser

315

Tyr

Val

Thr

Phe

Leu
395

Page 7

Val

Val

Phe

220

Ile

Glu

Glu

Arg

Thr

300

Gly

Arg

Tyr

Gly

Lys

380

Leu

Thr

Ala

205

Asn

Tyr

Glu

Val

Met

285

Leu

Asp

Phe

Pro

Ser

365

Lys

Pro

Ile

190

Ala

Gly

Ser

Phe

Asp

270

Thr

Pro

Ser

Gly

Ile

350

Phe

Val

Gln

Arg

Ala

Phe

Thr

Val

255

Ile

Leu

Phe

Ala

Leu

335

Asp

Val

Leu

Leu

Pro

Gly

Asn

Leu

240

Leu

Leu

Ala

Asn

Arg

320

Gly

Leu

Gly

Arg

Leu
400



Gly

Arg

Ile

Pro

Thr

465

Phe

Phe

Ala

Ala

Ile

545

Ser

Lys

Gln

Tyr

Val

Asp

Leu

Leu

450

Gly

Gly

Ser

Asn

Ile

530

Lys

Gly

Ala

Phe

Ile
610

Ala

Lys

Ala

435

Glu

Pro

Ile

Ala

Glu

515

Ala

Thr

Val

Leu

Gly

595

Asp

Pro

Phe

420

Ile

Arg

Tyr

Ile

500

Asp

Gly

Arg

Ile

Trp

580

Val

Phe

Glu

405

Met

Gly

Val

Val

Lys

485

Tyr

Gly

Met

Leu

Asp

565

Lys

Thr

Gly

Lys

His

Cys

Lys

Ser

470

Gly

Phe

Gln

Pro

Gln

550

Cys

Gly

Leu

Gly

Ala

Lys

Ala

Ile

455

Ala

Ala

Pro

Val

Ala

535

Val

Phe

Ala

Leu

Val
615

Ile

Asp

Gly

440

Arg

Leu

Lys

Cys

Ser

520

Ala

Ala

Arg

Gly

Thr

600

Lys

Lys

Gly

425

Gly

Leu

Ser

Ala

Tyr

505

Pro

Ser

Ala

Lys

Ala

585

Tyr

Pro

Leu

410

Ser

Ser

Gln

Val

Cys

490

Ala

Gly

Leu

Arg

Ile

570

Arg

Glu

Met

Thr

Val

Gln

Val

Val

475

Phe

His

Ser

Val

Ala

555

Leu

Val

Leu

Gly

Page 8

Val

Pro

Val

Ala

460

Arg

Leu

Val

Leu

Thr

540

Gly

Arg

Phe

Leu

Ser
620

Asn

Leu

Ile

445

Gly

Asp

Arg

Lys

Leu

525

Pro

Gln

Glu

Arg

Gln

605

Glu

Asp

Ala

430

Phe

Glu

Leu

Asp

Ala

510

Leu

Ala

Thr

Glu

Ser

590

Arg

Pro

Phe

415

Ala

Thr

Ile

Gly

Ile

495

Ser

Ala

Asp

Thr

Gly

575

Ser

Trp

Val

Val

Glu

Asn

Thr

Phe

480

Pro

Phe

Gly

Val

Tyr

560

Pro

Pro

Phe

Pro



Lys
625

Tyr

Leu

Gly

<210> 4
<211>
<212>
<213>

DNA
<220>
<223>

<400> 4
atggcggccg

tttttgaagt
gtcactcgat
ttaagtggag
tttgaatctg
aaagctggca
attcatcaac
gaaagaaaaa
gagcacgcaa
atcgacttcc
gaatgtctag
aatggattta
gctggcacca

tttggtcagg

2028

630

645

660

Gly Gly Pro
675

ccaaggtggc

atgcaagcat
acttgaacat
tggtggatca
tcctgtgtgc
aaggagaagt
atattccatt
gacacctgac
agcaagcctt
gagacatcat
tagctgctgc
attcgctcct
ggaaagatgt

ttacacccat

Artificial Sequence

tttaaccaag
tgagaaaaac
ttttggagaa
gaccaaagat
ccctgatgct
aacttttgag
taactgggat
atatgcggaa
tgtgcaacgg
ggtcaccatc
tggaggtacc
taacaacatg
tgaagtgact

ggaagttgac

635

Lys Leu Ala Val Ala Thr Phe Ala Gly Ile

650

Tyr Leu Pro Leu Phe Lys Pro Ser Val Ser

665

wild type Citrin, isoform 2 NA

agagcagatc
ggtgaatttt
agccagccta
ggattaatat
ttgtttatgg
gatgttaagc
tcagaatttg
tttactcagt
gacaatgcta
cgcccccatg
acatcccatc
gaactcatta
aaggaggagt

atcttgtttc

Page 9

Glu Asn Lys

Thr Ser Lys
670

cagctgagct
tcatgtcccc
atccaaagac
cttttcaaga
tagcctttca
aagtttttgg
tgcaactaca
ttttattgga
ggactgggag
tcttgactcc
aagttagttt
gaaagatcta
ttgttctggc

agttagcaga

Ser Arg Ile Asn Leu Pro Ala Pro Asn Pro Asp His Val Gly Gly

640

Phe Gly
655

Ala Ile

tagaacaata
caatgacttt
tgtggaactt
atttgttgcc
gctgtttgac
acagaccaca
ttttggaaaa
aatacaactg
agtcacagcc
ttttgtagaa
ctcctatttt
tagcactctg
agctcagaaa

tttatatgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840



ccaaggggac
ctgcccttta
ccagttcttc
gctgttggag
cgatcaactg
aaagtgctac
ggagttgccc
atgcacaaag
ggctcccagg
ggagaaatca
tttgggatct
tactttccgt
ccaggaagcc
cctgctgatg
agcggagtga
aagggagctg
tacgaattgc
gagccagttc
tacaaactgg
ctcttcaagc
<210> 5
<211> 2025
<212> RNA
<213>

<220>

<223> C(Citr

<400> 5

gtatgacctt
acttggctga
tacaagttgc
ccactgctgt
gctcttttgt
gctatgaagg
cagagaaggc
atggttcggt
tgattttcac
ccactggtcc
acaagggtgc
gctatgctca
tgctcttagc
ttatcaagac
tagactgctt
gtgctcgtgt
tacagcgatg
ctaaatccag
cagttgctac

catcagtatc

in-C001

agcagacatt
ggcccagags
agagtcggcc
gtatcctatc
gggagaactc
cttctttgga
cataaaactt
cccacttgca
aaatccttta
tcgagtcagt
caaagcatgc
tgtgaaggct
tggtgccata
gagattacag
tagaaagata
atttcgatcc
gttctacatt
gatcaacctg
atttgcaggg

tacctcaaag

Artificial Sequence

gaacggattg
cagcagaagg
tacaggtttg
gatcttgtaa
atgtataaaa
ctgtatagag
acagtgaacg
gcagaaattc
gaaatcgtca
gctctgtctg
tttctgeggg
tcctttgcaa
gctggtatgc
gtggctgccc
ctgcgtgaag
tcaccccagt
gattttggag
cctgccccga
attgaaaaca

gctattggtg

ctcctctgga
cctcaggtga
gtctgggttc
aaactcgaat
acagctttga
gtctgttgcc
attttgtgag
ttgctggagg
agatccgttt
tcgtgeggga
acattccttt
atgaagatgg
ctgcagcatc
gggctggceca
aaggaccaaa
ttggtgtaac
gagtaaaacc
atcctgatca
aatttggact

gaggccca

agagggaact
ttcagctcga
tgttgctgga
gcagaaccaa
ctgttttaag
acagttattg
ggataaattt
ctgcgectgga
gcaagtggca
cctggggttt
ctcggccatc
gcaggttagc
tttagtgacc
aaccacttac
agctctgtgg
tttgctgact
catgggatca

cgttggggsc

ttacctacct

auggccgecg ccaaggugge gcugaccaag agggecgacc cggecgageu geggaccauc

uuucugaagu acgccuccau cgagaagaac ggagaguucu ucaugagccc caacgauuuc

gugaccaggu accugaacau uuucggggag agccagecca acccgaagac cguggageug
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900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2028

60

120

180



cucuccggcg

uucgaaagcg

aaggccggga

auccaccagc

gagaggaagc

gagcacgcca

aucgauuuca

gagugccugg

aauggauuca

gccggcacca

uucggccagg

cccaggggcc

cugcccuuca

guacugcugc

gugggcgcua

agcacaggcu

gugcugcgcu

gucgcccccg

cacaaggacg

agccagguaa

gagaucacca

ggcaucuaca

uuccccugcu

ggcagccugc

gccgacguga

ggagucauug

ggugccgegcesg

ugguggacca

ugcugugcgc

aaggcgaggu

acauccccuu

gccaucugac

agcaggccuu

gggacaucau

uggccgecgc

acucccuccu

ggaaagaugu

ugacccccau

gcaugacccu

accuagccga

agguggccga

ccgeccgugua

ccuucguggg

acgagggcuu

agaaggccau

ggagcgugcec

ucuucaccaa

cgggucccag

agggcgccaa

acgcccacgu

ugcuggccgg

ucaaaacccg

acugcuuccg

cuaggguguu

gaccaaggac

ccccgacgcec

cacuuuugag

caacugggac

cuacgccgaa

cguccagcgc

ggugaccauc

cgggegecacyg

gaacaacaug

ggaagugacg

ggagguggac

ggcagauaua

agcccagcga

gagcgccuac

ccccauugac

cgagcugaug

cuuuggccug

caagcugacc

ccuggcagcc

ccceccuggag

ggucagcgcc

ggccugcuuc

gaaagccucc

ggccauugcc

gcugcagguc

uaagauccug

uaggagcucc

ggacugauua
cuguucaugg
gacgugaagc
agcgaguucg
uuuacccagu
gauaacgccc
cggccccaug
acgucccacc
gagcugauca
aaggaggagu
auccucuucc
gagcgaauug
cagaaggccu
cgguucgggc
cuggugaaga
uacaagaaca
uacaggggcc
gugaaugacu
gagauccugg
aucgugaaga
cugagcgugg
cugagggaca
uuugcaaacg
ggcaugcccg
gccgeecgag
cgggaggags

ccccaguuug
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gcuuucagga

uggccuucca

agguguucgg

ugcagcugca

uccugcugga

ggaccggcecg

ugcugacccc

agguguccuu

ggaagaucua

ucgugcuggc

agcuggccga

cgccccugga

ccggggacuc

uggggagegu

ccaggaugca

gcuucgacug

ugcugccgcea

ucgugcggga

cgggcgegaug

uccgucugca

ugcgggaccu

uccccuucag

aggacgggca

ccgccagcecu

cgggccagac

ggcccaaagce

gggucacccu

guucgucgcg

acuguucgac

CCaaaccacc

cuuugguaaa

gauccagcug

ggugaccgcc

cuucguggag

cuccuacuuc

cagcacccug

cgcccagaag

ccuguacgag

ggagggcacc

cgceccggecg

ggeeggeecc

gaaccagcgg

cuucaagaag

acugcucggg

caaguucaug

cgceggeggc

gguggcgesc

gggguucuuc

cgccaucuac

agucagcccc

ggugaccccc

gaccuacucc

ccuguggaaa

gcucaccuac

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800



gagcuccucc
cccgugccga
aaacuggccg
uucaagccca
<210> 6

<211>
<212>

<213>

<220>
<223>

<400> 6
auggccgecg

uuccucaagu

gugacccguu

cugagcgsgcsg

uucgaguccg

aaggcgggea

auccaccagc

gagcggaaga

gaacaugcua

aucgacuucc

gagugccucg

aacggcuuua

gccggcacaa

uucggucagg

cccecggggca

cuccccuuca

guccuucugc

guaggcgcca

ucgaccggcu

2025
RNA
Artificial Sequence

agaggugguu

agagcaggau

uggccaccuu

gcgugaguac

Citrin-C002

ccaaggucgc

acgccagcau

accugaauau

ugguggacca

ugcugugcgc

aaggcgaagu

acauccccuu

ggcaucugac

agcaggccuu

gggacaucau

uggccgecgc

acagccugcu

gg8aaggacgu

ucacccccau

ggaugacccu

accuggccga

agguggccga

ccgeccgugua

cuuuugucgg

uuacaucgac

caaccugccc

cgccggeauc

cagcaaggcc

ccugaccaag

cgaaaagaac

cuucggggaa

gaccaaagau

cceccgacgcec

gaccuucgag

caacugggac

cuacgccgag

cgugcagagsg

ggugaccauc

cggcggaacc

CaaCaacaug

cgaggugacc

ggagguggac

ggccgacauc

ggcccagega

aagcgccuac

cccuaucgac

cgagcugaug

uucgggeecsg

gcgcccaauc

gaaaacaagu

aucggeggcg

cgggccgacc

ggcgaauucu

agccagccca

ggacugauca

cuguucaugg

gacgugaaac

agcgaauuug

uucacccagu

gauaacgccc

cguccgcaug

aCcCagccacc

gagcugaucc

aaggaggagu

auccuguucc

gagcggaucg

cagaaggccu

agguucgggc

cucgugaaaa

uacaagaaca
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ugaaacccau

ccgaccaugu

ucggccucua

gcccc

ccgeccgageu

ucaugucccc

aucccCaaaac

gcuuucagga

uggcguucca

aaguguucgg

uccaacugca

uccugcugga

ggacuggcag

ugcucacccc

aggugagcuu

guaagaucua

ucgugcuggc

agcucgcgga

ccccccugga

ccggcgauag

ugggcagcgu

ccaggaugca

gcuucgacug

gggcagcgag

ggggggcuac

ccugccccug

gaggaccauc

aaacgacuuc

cgucgaacug

guuuguggcg

gcuguucgau

gcagaccacc

cuucggcaag

gauccagcuu

ggugaccgcc

cuucgucgag

uagcuacuuc

cagcacccug

cgcccagaag

ccuguacgag

agagggcaca

cgcceggecc

cgeceggegcec

gaaucagcgg

cuucaagaaa

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



gugcugaggu

guggcccccg

cacaaagaug

agccagguga

gaaaucacca

ggcaucuaua

uuccccugcu

gggagccugc

gccgacguca

ggcgugaucg

ggagcgeecs

gaacugcugc

cccgugccca

aaacuggccg

uucaaaccca

<210> 7

<211>

<212>
<213>

RNA

<220>

<223>

<400> 7
auggccgccg

uuucugaagu

gugacccggu

cuguccggcg

uuugaaagcg

aaggccggcea

auccaccagc

2025

augagggcuu

agaaggccau

ggagcgugcc

ucuucaccaa

ccggcccacg

agggcgccaa

acgcccacgu

ugcuggcagsg

ucaagaccag

acugcuuuag

ccaggguauu

agcggugguu

agagcaggau

uggccaccuu

gcgucuccac

Citrin-C003

ccaaagucgc

acgccuccau

accugaacau

ugguggacca

uccugugcgc

agggagaggu

acauccccuu

cuucggccug

caagcugaca

ucuggeccgeg

cccgcuggag

cguaagcgcc

ggccugcuuc

gaaggccagc

cgccaucgcec

gcugcagguc

gaagauccuc

ccggagcagc

cuacaucgac

caaucugccc

cgceggeauc

cagcaaggcg

Artificial Sequence

ccugacaaag

cgagaagaac

cuucggcgag

gaccaaggau

ccccgacgcec

gaccuucgag

caacugggau

uauaggggcc

gucaacgacu

gagauccugg
aucgugaaaa
cugucggugg
cugcgcgaca
uucgccaacg
gggaugcccg
gcggecaggg
cgggaagaag
ccacaguucg
uucggcggag
gcccccaacc
gagaacaagu

aucggcggug

agggccgacc

ggggaguucu

agccagccca
ggcuugauuu
cuguucaugg
gauguaaagc

agcgaauuug
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ugcugcccca

ucgugaggga

ccggegguug

uaaggcugca

ugagggaccu

uccccuucuc

aggacgguca

ccgeccagcecu

ccggccaaac

gccccaaggce

gcgugacccu

ugaaaccgau

ccgaccacgu

ucggccugua

gcccc

ccgeccgagceu

uuaugagccc

aCCcCcCaagac

cauuccagga

uggccuucca

agguguucgg

ugcagcugca

gcugcuggga

caaguucaug

cgccggegga

aguggccggs

gggcuucuuc

cgccauauac

ggugagcccc

cgugacuccc

gaccuacucc

ccuguggaaa

ccucacuuac

ggggagegag

gggcggeguac

ccugccccuc

ccgcaccauc

Caacgauuuc

uguggagcug

guucguggcc

gcuguucgau

gcagaccacc

cuucggcaaa

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420



gagcggaaga

gaacacgcaa

aucgacuuca

gagugccugg

aacggcuuca

gcgggcacca

uucgggcagsg

cccaggggca

cugcccuuca

gugcucuugc

guggggecca

agcaccggga

gugcugaggu

guggcccccg

cacaaggacg

agccagguga

gaaauaacca

ggcaucuaua

uuccccugcu

ggcucccugc

gccgacguca

ggcgucaucg

g888gccgecsy

gagcugcugc

ccugucccca

aagcucgcag

uucaagcccu

ggcaccugac

aacaggccuu

gggauaucau

uggccgecgc

auagucugcu

ggaaagacgu

ugacccccau

ggaugacccu

aucuggccga

aggucgccga

ccgeccgugua

gcuucguggs

acgagggcuu

agaaagccau

gcagcgugcc

ucuucaccaa

cuggccccag

agggcgccaa

acgcccacgu

ugcucgcgssg

ucaaaaccag

acugcuuucg

cccguguguu

aaaggugguu

agagcaggau

uggcgaccuu

ccgucagcac

cuaugccgag

ugugcagegg

ggugaccauu

gggcggcacc

gaacaacaug

ggaagugacc

ggagguggac

ggcggacauc

g8CCCagagg

guccgccuau

ccccaucgac

ugagcugaug

cuucggccug

Ccaagcucacc

ccuggcugcc

cccccucgag

aguguccgcc

ggccugcuuc

caaggcuagc

cgccaucgcec

gcugcaagug

gaagauccug

uaggagcucc

cuacauagac

caaccucccc

cgcgggaauc

cagcaaagcg

uucacccagu
gacaacgcca
aggccgcacg
accucccauc
gagcugaucc
aaggaggagu
auccucuuuc
gagaggaucg
cagaaggccu
agguucgggc
cucgugaaga
uacaaaaaua
uacagaggcc
gucaaugacu
gagauccugg
aucgucaaaa
cugagcgugg
cugagggaca
uucgccaacg
gggaugcccg
gccgcaaggg
cgugaggagsg
ccccaguucg
uuuggeggeg
gcgccgaacc
gagaacaagu

aucggaggcesg
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uccugcugga

ggaccggcag

ugcugacacc

agguguccuu

ggaagaucua

ucgugcuggc

agcucgccga

ccccccucga

ccggcgacag

ugggcuccgu

cgaggaugca

gcuucgauug

ugcugccaca

ucgucaggga

cuggegeesusg

ucaggcugca

ugcgggaucu

uccccuucag

aggacggaca

ccgccagecu

ccggccagac

gccccaaggce

gcgugacacu

ugaagcccau

ccgaccacgu

ucggacugua

gccca

gauccagcug

ggugaccgcg

cuucguggag

cagcuacuuc

uagcacccug

cgCcCCaaaaa

ccuguacgag

ggagggcacc

cgcccgeccc

ggccggagcea

gaaccagagg

cuucaagaag

gaugcugggc

Caaauuuaug

cgccgeesss

gguggccgga

gggcuucuuc

cgccaucuau

gguguccccc

ggugaccccc

caccuacucc

ccuguggaaa

gcugacauau

gggcagcgag

gggcggcuac

ccucccccug

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

2025



<210> 8

<211> 2025
<212> RNA
<213>

<220>

<223> C(Citr

<400> 8
auggccgccg

uuccugaagu

gucacccggu

cucuccggcg

uucgaaagcg

aaagccggca

auucaucagc

gagaggaagc

gagcacgcca

aucgacuuca

gagugucugg

aacggauuca

gccggcacca

uucggccaag

ccuagggggc

cugccuuuca

gugcuucugc

gugggcgeca

agcacuggcu

guccucaggu

gucgcccccg

cacaaggacg

ucccagguga

in-coe4

ccaaaguggc

acgccuccau

aucugaacau

ugguggacca

ugcugugcgc

agggcgagsgu

acauccccuu

gucaccucac

agcaagccuu

gggacaucau

uggccgecgc

acucccuccu

ggaaggacgu

ugacccccau

ggaugacccu

accuggccga

aaguggccga

ccgccgucua

ccuucguugg

acgagggcuu

agaaggcgau

gcuccgugcc

uuuucaccaa

Artificial Sequence

ccugaccaaa

cgagaagaac

cuucggggag

gaccaaagac

gcccgacgec

gaccuuugag

caacugggac

guacgccgag

uguacagcgg

ggucaccauc

cggegggacc

gaacaacaug

ggaggugacc

ggaggucgau

ggccgacauc

ggcgeagegs

gucggccuac

ccccaucgac

cgagcugaug

cuucggccug

Ccaagcucacc

ccuggccegcec

cccccuggaa

cgugccgacc
ggcgaguucu
agccagccca
ggccugauca
cuguucaugg
gacgugaagc
ucugaguucg
uucacccagu
gacaacgcgc
cggccccacg
accagccacc
gagcugaucc
aaggaagaau
auucuguucc
gagaggaucg
cagaaggccu
agguucggac
cuggucaaaa
uacaagaaca
uacaggggsc
gugaacgacu
gagauacuag

aucguaaaaa
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ccgeccgagceu

uuaugucccc

aCCCcCaagac

gcuuccagga

ucgccuucca

aggucuucgg

ugcagcucca

uucugcugga

gcaccggecg

ugcugacccc

aggugaguuu

ggaagaucua

uugugcuggc

agcuagccga

ccccccugga

caggcgacuc

ugggcagcgu

ccaggaugca

gcuucgacug

uccugcccca

ucgugaggga

ccggeggeug

uccggcugca

gcgcaccauc

Caacgacuuu

cgucgagcuc

guucguggcc

gcucuucgac

CCaaaccacc

cuucgggaaa

gauccagcug

ggugacggcc

guucguggag

cuccuacuuc

cagcacccug

cgccCaaaaa

ccucuacgag

agagggcacc

ugcccgaccc

ggceggegcec

gaaccagagg

cuucaagaag

gcuucucggg

uaaguucaug

cgcecggeggu

gguggccges

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



gagauaacca

ggcaucuaca

uucccgugcu

gggagccucc

gccgauguga

ggcgugaucg

ggggcagsecy

gagcugcugc

ccggugccca

aaacuggcgg

uuuaaacccu

<210> 9
<211>
<212>
<213>

<220>
<223>

<400> 9
auggcugccg

uuccugaagu

gucaccaggu

uugagcggcg

uucgaguccg

aaggccggca

auccaccagc

gagcggaaga

gagcacgcca

aucgacuucc

gagugccugg

aacggcuuca

2025
RNA
Artificial Sequence

ccgggecgeg

agggcgccaa

augcccacgu

ugcucgccgg

ucaagacccg

acugcuuccg

cacgcguguu

agaggugguu

aaucuaggau

uggccaccuu

ccgugagcac

Citrin-C0@5

ccaagguggc

acgccagcau

aucugaauau

ugguggacca

uccugugcgc

agggcgaggu

acauccccuu

ggcaccugac

agcaggccuu

gggacauaau

uggccgecgc

acucgcugcu

cgugagcgcc

ggccugcuuc

gaaagcgagc

ggccauagcc

gcugcaggua

gaaaauccug

caggagcagc

cuauaucgac

caacuugccc

cgccggaauc

cagcaaggcc

ccugaccaag

cgagaagaac

cuucggcgag

gaccaaggac

cceccgacgcec

gacguucgag

caacugggac

cuacgccgag

cgugcagcgu

ggugacgauc

cggcggaaca

CaaCaacaug

cugagcgugg
cugagggaua
uucgccaacg
ggcaugcccg
gcagegeges
agagaggagsg
ccccaguucg
uucggeggeg
gcacccaacc

gaaaacaagu

aucgggescs

agggccgauc
ggugaguuuu
ucccaaccca
gggcucaucu
cucuuuaugg
gacgugaagc
agcgaguucg
uucacccagu
gacaacgcgc
cgccecccacg
accagccauc

gaacucauca
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uccgggaccu

uccccuucuc

aggauggcca

ccgccucccu

ccggccagac

gcccgaaggce

gcgugacccu

ugaagcccau

ccgaccacgu

uuggccugua

gcccc

ccgeccgagceu

ucaugagccc

aCCCcCaagac

cguuccagga

ucgccuuuca

aggucuucgg

uacagcugca

uccugcugga

ggacgggcag

ugcugacgcc

aggucagcuu

ggaagauaua

gggcuucuuc

cgccaucuac

agugagcccc

cgugacgccc

gaccuacagc

ccucuggaag

gcucaccuac

gggcagcgaa

gggcggguac

ccugccccug

gcgcacgauc

Caacgacuuc

cguggaacug

guucguggcc

gcuguucgac

ccagaccacc

cuucggaaag

gauccagcug

ggucaccgcc

cuucguggag

cagcuauuuc

cagcacccug

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540

600

660

720



gccggcacca

uuuggacagg

cccaggggcc

cugcccuuca

guccugcucc

gugggegega

agcaccggau

gugcugcgcu

gucgcccccg

cacaaggacg

ucccaaguga

gagaucacca

ggcaucuaca

uuccccuguu

gguagccugc

gccgacguca

ggcgugauag

ggggrcgecsy

gagcuccugc

cccgugccca

aaacuggcgg

uuuaaaccua

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

10
2025
RNA

220>
<223> C(Citr

<400> 10

ggaaggacgu

ucaccccgau

gcaugacccu

accuggccga

aaguggcaga

cugcggugua

ccuuugucgg

acgagggguu

agaaggccau

gcagcgugcc

ucuucacgaa

cgggccccag

agggggcluaa

acgcccacgu

uccuggccgg

ucaagaccag

acugcuucag

cccgeguguu

agecggugguu

agagcaggau

uggccacuuu

gcgugucaac

in-C006

ggaggugacc

ggaggucgac

ggccgacauc

ggcccaacgg

guccgccuac

ccccaucgac

ggagcugaug

uuucggccug

Caaacugacc

ccuggceggcc

cccccucgaa

ggugagcgcc

agccugcuuc

gaaggccagc

cgccaucgcu

guugcagguc

gaagauccuu

ccgcuccagc

cuacaucgau

Ccaaccugcca

cgccggcaua

cagcaaggcc

Artificial Sequence

aaggaagagu
auccuguucc
gagcgcaucg
cagaaggccu
cguuucggcc
cugguuaaga
uauaagaacu
uauaggggcc
gucaacgauu
gaaauccugg
auugugaaga
cugagcguag
cucagggaca

uuugccaacg

gggaugcccg
gccgccaggs
agggaggage
ccccaguucg
uucggeggeg
gCccCccccaacc
gagaacaagu

aucggcggcg
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ucguccuggc

agcuggccga

ccccccugga

ccggcgauag

ugggcuccgu

ccaggaugca

ccuucgacug

uccugcccca

ucguccggga

ccggegguug

uccggcugca

uccgcgaccu

uccccuucuc

aggacggcca

ccgeccagecu

ccggccagac

ggcccaaggce

gcgugacccu

ugaaacccau

ccgaccacgu

ucgggcuuua

gcccc

cgcccagaaa

ccucuacgag

agagggcacg

cgcecggecc

ggeeggeecc

gaaucagagg

cuucaagaag

gecugcugges

caaguucaug

cgccggaggc

gguggeeggc

gggcuucuuc

cgccaucuac

ggugagcccc

ggugaccccc

caccuacagc

gcucuggaag

gcugaccuau

gggcagegag

gggcggeguac

ccucccccug

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025



auggccgecg

uuccugaagu

gugacccgau

cucuccggcg

uucgaaagcg

aaagccggca

auccaucagc

gagaggaaaa

gaacacgcca

aucgacuuca

gagugccuag

aacggcuuca

gccggeaccc

uuugggcagsg

cceceggggcc

cugcccuuca

gugcucuuac

guggggecca

aguacgggca

gugcugaggu

gucgccccgg

cauaaggacg

agccaaguga

gagaucacca

ggcaucuaca

uuccccugcu

ggcucccugc

gccgacguga

caaagguugc

acgccuccau

aCCucCaauau

ugguggacca

ugcugugcgc

agggcgaggu

acauccccuu

ggcaucugac

agcaagccuu

gggacaucau

uggcggeegce

acagccugcu

gg8aaggacgu

ugaccccgau

ggaugacccu

aucuggcgga

agguggcaga

ccgeccgugua

guuucguggs

acgagggguu

agaaggccau

gcucuguccc

uuuucaccaa

ccgguccgceg

agggagccaa

augcccacgu

ugcuggccgsg

uaaaaaccag

ccucacaaag

cgagaagaac

cuucggcgag

gaccaaagac

cceccgacgcec

cacguucgaa

caacugggac

cuacgccgag

cguccaacga

ggugaccauc

cgggggaacc

gaacaauaug

ggaggucacg

ggaaguggac

ggccgauauc

ggcccagaga

gagcgccuau

cccgaucgac

cgagcugaug

cuucggccug

caagcugacg

ccuggccgcec

cccccucgag

ggugagcgcc

ggccugcuuc

gaaagccagc

cgccaucgcec

gcugcaggug

cgggccgacc
ggcgaguuuu
agccagccca
gggcucauca
cuguucaugg
gacgugaagc
uccgaguucg
uucacccaau
gauaacgcca
aggccccaug
accagccacc
gagcugauca
aaggaggagu
auccuguucc
gagcggaucg
cagaaggcca
agguucggcc
cuggugaaga
uacaagaacu
uacaggggcc
gugaaugacu
gaaauccugg
aucgugaaaa
cuguccgucg
cucagggaca

uucgccaacg

ggcaugcccg

gccgecaggg
Page 18

ccgeggagceu

ucaugagccc

aCCCCaagac

gcuuccagga

uggccuucca

agguguucgsg

ugcagcugca

uucugcugga

ggacaggccg

ugcucacccc

aggucuccuu

ggaagaucua

uuguccuggc

agcuggccga

ccccccugga

gcggcgacag

ucggcuccgu

cgaggaugca

ccuucgacug

uccugcccca

uugugaggga

ccggeggeug

uuaggcugca

uccgggaucu

ucccguucag

aggacggcca

ccgccagecu

ccggccagac

gcgaaccauc

Caacgacuuu

cgucgagcuc

guucguggcc

guuguucgau

aCagaccacc

cuuuggcaag

aauccagcuc

cgugaccgcc

cuucgucgag

cagcuauuuc

cagcacccug

cgcccagaag

ucuguacgag

ggaaggcacc

cgccaggccc

ggccggcgcc

gaaccagcga

cuucaagaag

gcucuugggc

Ccaaauucaug

cgecuggceggc

ggucgccggs

gggcuucuuc

cgccaucuac

agucagcccg

ggugaccccc

caccuacagc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680



ggggucaucg

ggcgecgees

gagcugcugc

ccggucccca

aagcuggccg

uuuaaacccu

<210>

<211>

<212>
<213>

11

RNA

<220>

<223>

<400> 11
auggccgcug

uuccugaaau

gugacccgcu

cucagcggcg

uucgagagcg

aaagcgggga

auacaccagc

gagcggaaaa

gagcacgcca

auagacuucc

gaaugucugg

aacggcuuca

gccggaaccc

uucggccagg

cccecggggca

cugcccuuca

2025

acugcuuccg

ccagggucuu

aaaggugguu

agagcaggau

uggccaccuu

caguguccac

Citrin-C007

ccaagguggc

acgcgucgau

accugaacau

ugguggacca

ugcugugcgc

agggeggagsu

acauccccuu

ggcauuugac

agcaggccuu

gggacaucau

ucgccgecgc

acagccugcu

gcaaggacgu

ugaccccuau

ggaugacccu

accuggccga

Caagauccuc

caggucgagc

cuacaucgau

caaucugccc

cgcegggauc

cuccaaggcc

Artificial Sequence

ccugaccaag

cgagaagaac

cuucggagag

aaccaaggac

gcccgacgec

gacguucgag

caacugggac

guacgccgag

cgugcagcga

ggugaccauc

cggceggceacc

CaacCaacaug

ggaggugacg

ggagguggau

ggccgauauc

ggcccagegg

CgELagLgagsy
ccccaguucg
uucgguggag
gcccccaacc

gaaaacaagu

aucggeggceg

cgggcugacc
ggcgaguucu
agccagccca
ggccugaucu
cuguuuaugg
gaugugaagc
uccgaguuug
uucacccagu
gacaacgcca
aggccccacg
accagccacc
gaacugaucc
aaggaagaau
auccucuucc

gaaaggaucg

caaaaggccu
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ggcccaaggce

gggugacgcu

ucCaaacccau

ccgaccaugu

ucggacugua

gcccc

ccgeccgagceu

ucaugagccc

acccgaagac

ccuuccagga

uggccuucca

agguguucgg

ugcagcugca

uccugcugga

ggaccgggasg

uccugacccc

aagugagcuu

gcaagaucua

ucguccuggc

agcucgccga

ccccccugga

ccggcgacag

ucuguggaag

gcugacauac

gggaagegag

gggcggauac

ccugccccug

gaggacaauc

uaacgacuuc

cguggaacug

guucguggcc

gcuguucgau

ccagacgacc

cuucggcaag

gauccaacug

ggugacggcg

cuucguagag

uagcuacuuc

cagcacccuc

cgcacagaag

ccucuacgag

ggaggguacc

cgcccgaccc

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



guccugcucc

gucggcgcca

agcaccggca

gugcugcgcu

gucgcccccg

cacaaggaug

ucgcagguca

gaaaucacca

ggcauuuaca

uuccccuguu

gggucgcuge

gccgacguca

ggggugauag

8888ccgess

gaacugcugc

cccgugccca

aagcuggccg

uucaagccca

<210>

<211>

<212>
<213>

12

RNA

<220>

<223>

<400> 12
auggccgecg

uuucugaagu

gugacccggu

cugagcggss

uuugaguccg

2025

aaguggccga

ccgeccgugua

gcuucgucgg

augaaggcuu

agaaggccau

gcagcgugcc

ucuucacgaa

ccggaccccg

agggcgccaa

acgcccacgu

ugcuggccgg

ucaaaacccg

acugcuuucg

ccagggucuu

agaggugguu

aaagcaggau

uggccaccuu

gcgucagcac

Citrin-C0@8

ccaagguggc

acgccuccau

acCucaacau

ugguggacca

ugcuuugcgc

gucagcguac

ccccCauagac

ggagcugaug

cuucggacug

caagcugacc

ccuggccgcec

uccccucgaa

cgugagcgcc

ggccugcuuc

gaaggccagc

cgccaucgca

gcugcaggug

uaagauucuc

ccgguccagc

cuacaucgau

caaccugccc

cgccgguauc

cucgaaggcg

Artificial Sequence

ccugaccaag

cgagaagaac

cuucggugag

gaccaaggac

ccccgacgcec

agguuuggcc
cuggugaaga
uauaaaaacu
uacaggggcc
gugaacgacu
gagauccugg
aucgucaaaa
cucagcgugg
cugagggaca
uucgccaacg
gggaugccgg
gccgecaggg
agggagegags
ccccaguucg
uucggeggeg
gccccgaacc

gaaaacaagu

aucggaggcesg

cgggccgauc
ggcgaguucu
ucgcagccga
ggccucauaa

cuguucaugg

Page 20

ugggcagcgu

ccaggaugca

ccuuugacug

uccugcccca

uugugaggsga

cgggegecug

uucgccugca

ugagggaccu

uccccuuuuc

aggacgggca

ccgeccagecu

caggccagac

gccccaaggce

gggugacacu

ugaagccuau

ccgaucacgu

ucggacugua

guccg

ccgeccgageu

ucaugagccc

aCCCCaagac

gcuuccaaga

uagccuucca

ggccggcgcc

gaaccagagg

uuucaagaag

gcugcugggs

caaguuuaug

ugcgeeessc

aguggccggs

aggguucuuc

cgccaucuac

gguuagcccc

ggucaccccc

caccuauagc

gcuguggaag

ccugaccuau

gg8ggagcgag

gggcggauau

ccugccccug

gcguaccauc

Caacgacuuc

cguggaacuc

guucguggcc

gcuguucgac

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300



aaggccggcea

auacaucagc

gagaggaaac

gagcacgcca

aucgacuucc

gagugucugg

aauggguuca

gccggcaccc

uucggacagg

cccaggggac

cugcccuuca

guccugcugc

gucggugcca

agcaccggua

guccugaggu

gucgcccccg

cacaaggacg

ucccaaguua

gagaucacca

ggcauauaca

uuccccugcu

ggcucucugc

gccgacguga

ggggucaucg

ggcgecgees

gagcugcugc

ccggugccaa

aaggcgaggu

acauccccuu

ggcaccugac

aacaggccuu

gggacaucau

uggccgecgc

acagccugcu

ggaaggaugu

ugacccccau

guaugacccu

accuggcaga

agguggccga

ccgeccgugua

gcuucgucgg

acgaaggcuu

agaaggcuau

gcuccguccc

ucuucaccaa

ccggeecccg

aaggugccaa

acgcccacgu

ugcucgeggg

uaaagaccag

acugcuucag

ccaggguguu

agaggugguu

agucccgcau

gaccuucgaa

caacugggac

cuacgccgag

cgugcagcgc

ggugacgauc

cggegggacc

gaacaacaug

ggaggugacc

ggagguggau

ggcggauauc

ggcgeagagsg

auccgccuac

ccccauugac

cgagcugaug

uuucggucug

caagcugacg

ccucgcecegcec

cccccuggaa

cguguccgcc

ggccugcuuc

gaaggccagc

cgccaucgcec

gcugcaggug

gaagauccug

uaggucaagc

cuauaucgac

caaccugccc

gaugugaagc
agcgaguuug
uucacccagu
gacaacgcgc
aggccccacg
accucccauc
gagcugaucc
aaggaagagu
auacuguucc
gagaggaucg
cagaaggcca
cgguucggcc
cucgugaaga
uacaagaaua
uaucggggcc
gugaacgacu
gagauccugg
aucguuaaga
cuguccgugg
cugagggaua
uucgccaacg
ggcaugcccg
gcegecagesg
agggaggagsg
ccccaguucg

uucgggescsg

gccccgaacc

Page 21

aggucuuugg

ugcagcugca

uucugcugga

ggaccggcecg

uguugacccc

aggucuccuu

gaaagaucua

ucguccuggc

agcucgccga

ccccccugga

geggggacag

ugggcagegu

cccggaugcea

gcuuugacug

ugcugcccca

ucgugcgcga

ccggaggeug

uccggcugcea

ugagggaccu

uccccuucag

aggauggcca

ccgecgucccu

caggccagac

ggCccgaaggc

gggucacccu

ugaagcccau

ccgaucacgu

ucagaccacc

uuucggaaag

gauccagcug

ggugacugcc

cuucguggag

uagcuacuuc

uagcacgcuc

ugcccagaag

ccuguacgag

ggagggcacc

cgcccgaccu

agccggegcec

gaaccagcga

cuucaagaag

acugcugggsg

uaaauucaug

cgccgeessc

ggucgeggsc

gggcuucuuc

cgccaucuac

ggucuccccc

ggugaccccc

caccuacagc

ccucuggaag

ccugaccuac

gggcuccgag

cggceggeuac

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920



aagcucgccg uggccaccuu ugccgguauc gagaacaagu ucggacugua ucugccccug

uucaagccga gcgugagcac cagcaaggec aucggegggg geecg

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

13
2025
RNA

<220>

<223> C(Citr

<400> 13
auggccgecg

uuccugaagu

gugacgcgcu

cugagcggcg

uucgagucag

aaggccggua

auccaccagc

gagaggaaga

gagcacgcca

aucgacuucc

gagugccugg

aacggguuca

gccggcacca

uucgggcagg

ccccgaggua

cuccccuuua

gugcugcugc

guaggagcca

agcaccgggu

guacugcgcu

guugcccccg

in-C009

ccaaggucgc

acgccuccau

accugaauau

uggucgacca

ugcugugcgc

aaggggagsgu

auauaccguu

ggcaucugac

agcaggccuu

gggacaucau

ucgccgeggc

acagccugcu

ggaaagacgu

ugacccccau

ggaugacccu

aucuggcgga

agguggcgga

ccgecgucua

ccuucguggg

acgagggcuu

agaaggccau

Artificial Sequence

ccugaccaag

ugagaagaac

cuucggggaa

aaccaaggac

ccccgaugcec

gaccuucgaa

caauugggac

cuacgccgag

cguacagagg

ggugaccauc

cggceggceacc

CaaCaacaug

ggaggugacc

ggaaguggac

ggccgacaua

agcccaaagg

gagcgccuau

ccccaucgac

cgagcugaug

cuucggccug

Ccaaacucacc

cgggeggacc

ggcgaauuuu
ucccagccca
ggacugauca
cuguucaugg
gaugugaagc
agcgaguuug
uucacccaau
gacaacgccc
cguccgcacg
accagccacc
gagcugauca
aaggaggagu
auccuguucc
gagcgaaucg
caaaaagcca
cguuuugggc
cuggugaaga
uacaagaaua

uacaggggsgc

gucaacgacu

Page 22

ccgeccgageu

ucaugagccc

aCCCCaagac

gcuuucagga

uugccuucca

agguguuugsg

ugcagcugca

uccugcucga

ggaccgggag

uccugacccc

aggugagcuu

ggaagaucua

ucgugcuggc

aacucgccga

ccccgeucga

gcggcgacag

ucgggagcgu

ccaggaugca

gcuucgacug

uccugcccca

ucgugaggsga

gaggacaauc

Caacgacuuu

gguggageuc

guucguggcc

gcuguucgau

gcagaccacc

cuucggcaag

gauccagcuc

ggugaccgcc

uuuuguggag

cagcuacuuc

cagcacccug

cgcccagaag

ccuguacgag

ggagggaaca

cgcccguccc

ggccggegcsg

gaaucagcga

cuucaagaag

gcuccugggc

caaguucaug

1980

2025

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



cauaaggacg

agccagguga

gagaucacca

ggcaucuaca

uuccccugcu

ggcucccugce

gccgacguga

ggcgucaucg

ggcgeegegug

gagcugcucc

cccgucccca

aagcuggccg

uucaaaccca

<210>

<211>

<212>
<213>

14

RNA

<220>

<223>

<400> 14
auggcagccg

uuccugaagu

gugaccaggu

cugagcggcg

uuugagagcg

aaggccggga

auacaccagc

gagaggaaga

gaacacgcga

2025

gcucggugcc

ucuucacuaa

ccggccccag

agggcgccaa

augcucacgu

ugcuggccgg

ucaagacucg

auugcuuccg

cgcgaguguu

agaggugguu

agucgcgcau

uggccaccuu

gcgugaguac

Citrin-CO10

ccaaggucgc

acgcaagcau

aucugaauau

uaguggauca

ugcucugcgc

agggcgaagu

auaucccuuu

ggcaccugac

agcaggccuu

ccuggccegcec

cccccucgag

ggugagcgcc

ggccugcuuc

gaaggccagc

cgccaucgcea

ccuccaggug

gaagauccuc

uaggagcagc

cuacaucgac

Ccaaccucccc

ugccggcauc

cucgaaggcg

Artificial Sequence

CcCuuaccaaa

cgagaagaac

cuucggggaa

aaccaaggac

ccccgacgcec

gaccuucgaa

uaacugggac

guaugccgag

cguccagagg

gaaauccugg
auagugaaga
cucuccgugg
cuccgggaua

uuugccaacg

gguaugcccg
gcecgecaggg
cgugaagagg
ccccaguucg
uucggcggag
gccccgaacc
gagaacaagu

aucggecggceg

cgugccgauc
ggcgaguucu
ucccaaccca
ggccugaucu
cuguuuaugg
gacgugaagc
agcgaauucg
uucacgcaau

gacaacgccc

Page 23

cgggegeecug

ucaggcugca

ugagggaucu

ucccguucuc

aggauggaca

cugccucccu

ccggccagac

gucccaaggc

gggugacucu

uaaagcccau

ccgaccacgu

ucggccugua

ggccc

ccgecggagceu

ucaugucccc

aucccaagac

cguuccagga

ucgccuucca

agguguucgg

ugcagcugca

uucugcugga

gcaccgggag

cgccggagga

ggucgccggc

gggcuucuuc

cgccaucuau

ggugagcccc

cgugaccccc

caccuacucc

ccucuggaaa

gcugaccuac

gggcagegag

cggcgguuac

ccucccccug

gaggaccauc

Caacgacuuc

cgucgagcuc

guuugucgcc

gcuguucgau

cCagaccacc

cuucggaaag

gauccagcuc

ggugaccgcc

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540



aucgacuucc

gagugccucg

aacggguuca

gcggguaccc

uuugggcagsg

cceceggggcc

cugccuuuca

guacugcugc

gugggcgcca

agcacaggga

gugcugaggu

guggccccgg

cacaaagacg

ucccagguga

gagaucacca

ggcaucuaca

uuccccugcu

ggcagucugc

gccgacguga

ggcgugaucg

ggugcaggcg

gagcugcugc

cccgugccca

aaacucgcgg

uucaagcccu

<210>

<211>

<212>
<213>

15
2025
RNA

gcgauaucau

uggcagcagc

acagccugcu

gg8aaggacgu

ugacccccau

gcaugacccu

accuggcgga

aggucgccga

ccgeggugua

gcuucgugeg

augagggcuu

agaaggccau

gcagcguccc

ucuuuacaaa

ccggecccag

agggcgccaa

acgcccacgu

ugcuggccgsg

ucaaaacuag

acugcuuccg

ccaggguguu

agcgcugguu

aguccaggau

uggccaccuu

ccguguccac

ggugaccauc

cggceggeacc

gaacaauaug

ggaggugacc

ggagguggac

ggccgacauc

ggcgcagagsg

gagcgccuac

ccccaucgac

ggagcugaug

uuucgggcug

aaagcugacc

ccuggccgcec

uccccucgaa

ggugagcgcc

ggccugcuuu

gaaagccucg

ugccaucgcc

gcugcaggug

aaagauccug

ccgauccucc

cuauaucgau

caaccucccc

cgcaggcauc

cuccaaggcc

Artificial Sequence

cgaccccacg
acgucgcacc
gagcugauca
aaggaggagu
auccuguucc
gagaggaucg
cagaaggcca
cgauuuggcc
cucgugaaga
uacaagaaca
uacaggggsc
gugaacgacu
gagauccugg
auugugaaga
cugagcgugsg
cugcgugaca
uuugccaacg
ggcaugcccg
gcegeecgeg
agggagegags
ccccaguucg
uuuggceggcg
gcgcccaacc
gagaacaagu

aucgggescs
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ugcugacccc

aggugagcuu

ggaagauaua

ucgugcuggc

agcucgccga

ccccccugga

gcggggacag

uggggagcgu

cccggaugcea

gcuucgacug

ugcuccccca

ucguccggga

ccggeggaug

ucagguugca

ugagggaccu

ucccauucag

aggacggcca

ccgecgucccu

ccggccagac

gccccaaggce

gcgugacgcu

ucaagcccau

ccgaccaugu

ucggccucua

gcccc

cuucgucgag

uuccuacuuc

cagcacccuc

cgcccagaag

ccuguacgag

ggagggcaca

cgccaggccc

ggcuggcgca

aaaccagagg

uuucaaaaag

gcugcucggce

caaguucaug

cgccggeggc

aguggccggc

cggcuuuuuc

cgccaucuau

ggugucgccc

ggugaccccc

cacguacagc

ccuguggaag

ccugaccuac

gggcucggag

gggcggauac

ccugccacuu

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025



<220>
<223>

<400> 15
auggccgccg

uuccugaaau

gucacccggu

cugagcggceg

uucgaauccg

aaggcaggga

auccaccagc

gagcgcaaga

gagcacgcca

aucgacuucc

gagugccugg

aacggcuuca

gccggcacca

uucggccagg

cccaggggac

cuccccuuca

gugcugcugc

guggggecca

agcaccggcu

gugcugaggu

guggcccccg

cacaaggaug

ucccagguga

gagaucacca

ggcauauaca

Citrin-CO11

ccaagguggc

acgccagcau

aCCucaacau

ucguggacca

ugcucugcgc

agggggaagu

acauccccuu

ggcaccugac

agcaggcguu

gggacauaau

uggccgeggc

acagccugcu

ggaaggacgu

ugacccccau

guaugacccu

accuagccga

aggucgccga

cggccgugua

ccuucguggg

acgagggguu

adaaagccau

gguccgugcc

ucuucaccaa

cgggcccccg

agggcgccaa

ccugaccaag

cgagaagaac

cuucggagag

gacgaaggac

gcccgacgec

caccuucgag

uaacugggac

cuacgcggag

ugugcagcgg

ggugaccauc

cgggegecacyg

Caauaacaug

ggaggugacc

ggagguggac

ggccgauauc

ggcccagcega

gagcgccuac

ccccaucgac

ggagcugaug

uuucgggcug

caagcugacc

ccucgceggcec

ccceccuggag

cguguccgcc

ggccugcuuc

agggccgacc
ggcgaguucu
agccagccca
ggccucauca
cuguucaugg
gaugugaagc
agcgaauucg
uucacccaau
gacaacgcca
cgccecccacg
accucccacc
gagcugaucc
aaggaggaau
auccuguuuc
gagcguaucg
cagaaggcca
agguuugggc
cuggucaaga
uacaaaaacu
uacaggggcc
gugaaugacu
gagauccugg
aucgugaaaa
cugagcgugg

cugcgggaca

Page 25

ccgeggagceu

ucaugagccc

aCCcCCaaaac

gcuuccagga

uggccuuuca

aaguguuugg

ugcaacucca

uccugcugga

ggaccggcag

ugcugacacc

aggugagcuu

ggaagaucua

ucgugcucgc

agcuggcaga

cgccccugga

gcggggacuc

uggggagegu

cccgaaugcea

ccuucgacug

ugcuccccca

ucgugcgcga

ccggegesgug

ucaggcugca

ucagagaccu

uccccuucag

gaggaccauu

Caacgacuuc

uguggagcug

auucgucgcc

gcuguucgac

ccagacgacg

cuucggaaag

gauacagcug

ggucaccgcc

guucguagaa

cucguacuuc

uagcacccug

ggcccagaag

ccuguacgag

ggaggguacc

ggcaaggccc

ugccggegec

aaacCcaacgc

cuucCaaaaag

gcugcugggc

uaaguucaug

ugccggeggc

agucgccggc

cggcuucuuc

cgccaucuac

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



uuccccugcu

ggcagccugc

gccgauguga

ggcgugaucg

g8ggccgsecsy

gagcugcugc

cccgucccca

aagcuggccg

uucaaaccga

<210>

<211>

<212>
<213>

16

RNA

<220>

<223>

<400> 16
auggcggecg

uuucugaagu

gucacgaggu

cuguccggug

uucgagagcg

aaagccggca

auccaccagc

gaacggaaga

gagcacgcca

auugacuuca

gagugccugg

aacggcuuca

gccgggaccc

uucggccagg

2025

acgcacaugu

ugcuggccgsg

ucaagaccag

acugcuucag

cccgeguguu

agcggugguu

aauccaggau

ucgccaccuu

gcgugucgac

Citrin-C012

ccaagguggc

acgccagcau

accugaacau

uggucgacca

ugcugugcgc

agggcgaggu

acauccccuu

ggcaucugac

agcaagcguu

gggauaucau

uggccgegsgc

auagccugcu

gg8aaggacgu

ugaccccgau

gaaggcgucc

cgccaucgcec

gcugcaggug

gaagauacug

caggagcagc

uuacauagau

caaccugccc

cgccggeauc

aagcaaggcc

Artificial Sequence

gcugacgaag

cgaaaagaac

cuucggagag

gaccaaggac

ccccgaugcec

gacuuucgaa

caacugggac

cuacgccgag

cgugcagagsg

ggucacuauc

cggcggegacsg

gaauaauaug

ggaagugacc

ggagguggac

uucgccaaug

ggcaugcccg
gccgegagegs
agggaggaag
ccccaguucg
uucggeggug
gcccccaacc
gagaacaagu

aucgggescs

cgggccgacc
ggcgaguucu
ucccaaccca
ggccuaaucu
cuguucaugg
gaugugaagc
agcgaguucg
uucacgcagu
gacaacgccc
cggccccacg
accucccauc
gagcugauca
aaagaggagu
aucuuguucc

Page 26

aggacggcca

cagccucccu

cuggccagac

gccccaaggce

gugugacccu

ugaagcccau

ccgaccacgu

ucgggcugua

gcccc

ccgeccgageu

ucaugucccc

auccgaagac

ccuuccagga

uggccuucca

agguguuugsg

ugcagcugca

uccugcugga

ggaccggcag

uccugacgcc

agguguccuu

ggaagaucua

uugugcuggc

agcuggcgga

ggucagcccc

cgucaccccc

caccuacagc

ccuguggaaa

gcugacguac

gggcucugag

gggcggcuac

ccugccccug

gaggaccauc

Caacgacuuc

cgucgaacug

auucguggcc

gcuguuugac

aCagaccacc

cuucgggaaa

aauccagcug

gguuaccgcc

cuucguggag

uagcuacuuu

cuccacccug

cgcccagaaa

ucucuaugag

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540

600

660

720

780

840



ccccgaggcec

cugccauuca

gugcuccugc

gugggcgcca

agcaccggga

gugcugaggu

guggccecgg

cacaaggacg

ucccagguga

gagauuacca

ggcaucuaca

uuucccugcu

gggucccugc

gccgauguga

ggugugaucg

ggggccgecsy

gagcugcugc

cccgugccca

aagcuggccg

uucaagccca

<210>

<211>

<212>
<213>

17
2025
RNA

220>
<223> C(Citr

<400> 17

ggaugacccu

accucgccga

agguggcaga

cggcagucua

gcuucguggsg

acgagggguu

agaaagccau

gcagcgugcc

ucuucaccaa

ccggeecccg

agggcgccaa

augcccaugu

ugcuugccgg

ucaaaaccag

auugcuucag

cccgeguguu

aaaggugguu

aaucuaggau

uggccaccuu

gcgucagcac

in-C013

ggccgauauu

agcccagagg

guccgcguac

ccccaucgac

cgagcugaug

cuucgggcuc

Ccaagcucacc

ccuggccgcec

uccccuggag

cguguccgcc

ggccugcuuc

gaaggccagc

ugccaucgceg

gcugcaggug

gaagauccuc

ccgcagceucg

cuauaucgac

Ccaaccucccc

cgccgguauc

cagcaaggcc

Artificial Sequence

gaaaggaucg

cagaaggcga

cgcuucggcec

cuggucaaga

uacCaagaaca

uaccgggggc

gugaaugauu

gagauccugg

aucguuaaga

cugagcgugsg

cugcgggaua

uucgcaaaug

ggcaugccgg

gccgccaggs

cgggagegags

ccgcaauucg

uucggcggceg

gccccgaacc

gagaacaagu

aucggeggceg

ccccccugga

gcggggauuc

uuggguccgu

cccggaugcea

gcuucgacug

ugcugcccca

uugugaggga

caggcggeug

ucaggcucca

ugcgcgaucu

uccccuucag

aagaugggca

ccgccagecu

ccggccagac

gccccaaggce

gugucacccu

ucaagcccau

cugaccaugu

ucgggcucua

gcccg

ggagggaacc

cgccaggcca

ggceggegcec

gaaccagcgc

cuucaagaag

gcuccugggs

caaguucaug

cgceggeggc

gguggeeggc

gggguucuuc

cgccaucuac

ggugucgccc

ggugaccccu

caccuacagc

ccuguggaag

ccugaccuac

gggcagegag

cggceggeuac

ccugccccug

auggccgecg ccaaagugge ccugaccaaa agggecgacc cugcggageu gaggaccauc

uuccugaagu acgccagcau cgagaaaaac ggggaguuuu ucaugagccc caacgacuuc

Page 27

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120



gugacgcggu

cugagcgsgcsg

uuugagagcg

aaggcuggca

auccaccagc

gaaaggaagc

gaacacgcca

auagacuuca

gagugccugg

aauggcuuca

gccggcacca

uucggccagg

ccececguggcec

cugccguuca

guccugcugc

gugggeecea

ucaaccggcu

gugcugcggu

guggcccccg

cacaaagacg

ucccagguca

gagaucacca

ggcaucuaca

uuccccuguu

gggucccugc

gcagacguca

ggaguuaucg

ggcgecgsecsy

accugaacau

uugucgauca

ugcugugcgc

agggcgagsgu

auauccccuu

ggcaccugac

aacaggccuu

gggacaucau

uggccgecgc

acagccuccu

ggaaggacgu

ugacccccau

ggaugacccu

accuggccga

aggucgccga

ccgeccgugua

ccuucguggg

augaggguuu

agaaagcaau

gaagcgugcc

ucuucaccaa

ccggeeccag

aaggagccaa

augcccacgu

ugcucgccgg

uaaagacgcg

acugcuuccg

cucggguguu

auucggcgag

gaccaaagau

cceccgacgcec

gaccuucgag

caacugggac

cuacgcagag

cguccagagg

ggugacgaua

cgggggcacc

gaauaacaug

ggaggugacc

ggaagucgau

ggccgacauc

ggcccaaagg

gagcgccuau

ucccaucgac

ggagcugaug

cuucggccug

caagcugacc

ccuggccgcec

cccgecuggag

ggugagegceg

agccugcuuc

gaaggcgucg

cgccaucgcc

ccugcagguc

gaagauccuc

ucggagcucc

agccagccca
ggucugaucu
cuguucaugg
gacguuaagc
agcgaguucg
uucacgcagu
gacaacgccc
cggccgcacg
accucccauc
gagcuaauca
aaggaggagu
auccuguucc
gagcggaucg
cagaaagccu
cgauucgggc
cuggugaaga
uauaagaaua
uacagaggcc
gugaacgacu
gagauccugg
aucgucaaaa
cuguccgugg
cugagggaua
uucgcuaaug
gguaugccag
gcggecaggs
cgggagegags

ccgcaguucg
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aCCCCaagac

ccuuucagga

ucgccuuuca

agguguucgsg

ugcagcucca

uccugcugga

ggacgggegasg

ugcugacgcc

aggugagcuu

ggaagauaua

ucgugcuggc

agcucgccga

ccccacugga

ccggggacuc

ugggcuccgu

ccaggaugca

gcuucgacug

ugcugcccca

ucgugaggsga

ccggagguug

uccgccugcea

ugcgggaccu

uccccuucuc

aagacgggca

ccgccagecu

ccgggcagac

gccccaaggce

gugugacgcu

cguggagcuc

guuuguggcc

gcuguucgac

gCaaaccacc

cuucggcaag

aauccaacug

ggucaccgcc

cuuuguggag

cagcuauuuc

cagcacccug

cgcccaaaag

ccuguacgaa

ggagggcacu

cgcgaggcecg

ggccggcgcc

gaaccagagg

uuucaagaag

gcuguugggs

caaguucaug

cgcgggagga

gguggccgsc

cggguucuuc

cgcuaucuac

agugucccca

ggugaccccc

aacguacagc

ccuguggaag

gcugaccuac

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800



gagcuccucc

cccgucccca

aaacuggcgg

uucaagccca

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

RNA

<220>

<223>

<400> 18
auggccgcag

uuccugaaau

gugaccaggu

cucagcggcg

uucgagagcg

aaggccggcea

auccaccagc

gaacggaagc

gaacacgcca

aucgauuuca

gagugccuug

aacggguuca

gccggcaccc

uucggccagg

cccaggggcc

cugcccuuca

gugcuccugc

gugggcgcca

2025

agaggugguu

agagccgaau

uggcgaccuu

gcgucagcac

Citrin-C014

ccaagguggc

acgccagcau

aucCuaaacau

ucguggauca

ugcugugugc

agggeggagsgu

auauaccguu

ggcaucucac

agcaggccuu

gggacaucau

uggccgecgc

acagccugcu

ggaaggaugu

ugacacccau

ggaugacccu

accuggcgga

agguggccga

ccgeccgucua

cuacaucgac

aaaucugccc

cgcegggauc

cagcaaggcc

Artificial Sequence

ccugaccaag

cgaaaagaac

cuucggcgaa

gaccaaagac

ccccgacgcec

gaccuucgaa

caauugggac

cuacgccgag

cguccagagg

ggugacgauc

cgguggcacc

gaauaauaug

ggaggugacc

ggaggucgac

ggccgauauc

agcgcagcgc

aagcgcguac

ccccaucgac

uucggcgges

gcccccaacc

gagaauaagu

aucggggegasg

cgggcugacc

ggcgaguucu

agccaaccca

ggccugaucu

cuguucaugg

gacgugaagc

uccgaguucg

uucacccagu

gacaacgcca

aggccucacg

acuagccacc

gagcugauaa

aaggaggagu

auccuguuuc

gagaggaucg

cagaaggcaa

cgcuucggcec

cuugucaaga
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ugaagcccau

ccgaucacgu

uugggcugua

ggccg

ccgeccgagceu

ucaugucccc

aCCcCcCaagac

ccuuccagga

uggccuucca

agguuuucgg

ugcaacugca

uucugcugga

ggaccgggasg

ugcugacgcc

aggugagcuu

ggaagaucua

ucgugcuggc

agcucgccga

cgccccugga

gcggagacuc

ugggguccgu

ccaggaugca

gggcuccgag

ggggggauac

ccucccccua

gcgcaccauc

gaacgacuuc

gguggagecug

guucgucgcc

gcuguucgau

ucaaacgacg

cuucgggaag

aauccagcug

ggugaccgcc

cuucguggag

cagcuacuuc

uagcacccug

cgcccagaag

ccuguacgag

ggaggggacc

cgcaaggccc

ggeeggegcesg

aaaccagcgc

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



ucgaccggca

gugcugagau

guggcgeecg

cacaaggacg

ucccagguga

gaaaucacca

gggaucuaca

uuccccugcu

ggcucccugc

gccgacguga

ggggucaucg

8888ccgess

gagcuccugc

cccgugccua

aagcuggcgs

uuuaagccca

<210>

<211>

<212>
<213>

19

<220>
<223>

<400> 19
auggcugccg

uuccugaagu

gucacgaggu

cuguccggcg

uucgaaagcg

aaggccggca

auccaccagc

2025
RNA
Artificial Sequence

gcuucguggs

augaaggguu

aaaaggccau

gguccguccc

ucuucaccaa

ccgggccaag

aaggcgccaa

acgcccacgu

ugcuggcagsg

ucaagacccg

auugcuuccg

ccaggguguu

agcggugguu

agucccguau

uggccaccuu

gcgugagcac

Citrin-C015

ccaaagucgc

acgcgagcau

accugaacau

ugguggacca

ugcugugugc

agggcgaggu

acaucccguu

cgagcucaug

cuucggccug

Ccaagcucacc

ccuggccegcec

uccgcuggag

gguauccgcc

ggccugcuuc

gaaggccucc

cgcgaucgcec

gcugcaaguc

aaagauccug

cagaagcagc

cuacaucgac

caaccugccc

cgccggeauc

cagcaaagcc

ccugaccaag

cgagaagaac

cuucggcgag

gaccaaggac

ccccgaugcec

gaccuucgag

caacugggac

uacaagaaca
uacaggggcc
gugaacgacu
gagauccugg
aucgugaaga
cugagcgugsg
cuccgcgaca

uucgccaacg

ggaaugcccg
gccgegagegg
agggaggaag
ccccaguucg
uucggaggcg
gcccccaauc
gagaacaagu

aucgguggusg

cgugcggacc
ggggaguuuu
agccagccca
gggcucaucu
cuguucaugg
gacgugaagc

agugaguucg
Page 30

gcuuugacug

uccugcccca

ucgugaggsga

ccggagguug

uccggcugca

ugcgggaccu

uccccuuuag

aggacggcca

ccgeccagecu

ccggccagac

ggcccaaggce

gcgugacccu

uaaagccgau

cggaccacgu

ucggccucua

gcccg

ccgeccgageu

ucaugucccc

aucccCaagac

ccuuccagga

uggccuucca

agguguucgsg

ugcagcugca

uuucaagaag

acugcugggc

Ccaaauucaug

cgccggegec

gguggcgesc

cggguucuuc

cgcgaucuac

agugagcccc

cgucacgccc

caccuacagc

gcuguggaag

gcugaccuac

gggcagcgaa

gggcggauac

ccucccgeug

caggacgauc

Caacgacuuc

cguggaacug

guucguggcc

gcuguucgac

ccagaccacg

cuucggcaaa

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420



gagcggaagc

gaacacgcca

aucgauuuua

gagugccucg

aacggcuuca

gccgggacca

uucggccaag

ccccgaggcec

cugcccuuua

guguugcugc

gucggcgcca

uccaccggua

gugcugcggu

gucgcccccg

cacaaggacg

agccagguga

gagauaacca

ggcauauaca

uuccccugcu

ggcagccugc

gccgacguca

ggcgugauug

ggcgecgees

gagcuccugc

cccgugccca

aagcuggegg

uucaagcccu

gccaccugac

agcaggccuu

gggacauaau

ucgccgeggc

auagccugcu

ggaaggacgu

ucacccccau

ggaugacccu

accuggccga

agguggccga

ccgeccgugua

gcuucgugeg

acgaaggcuu

aaaaggcaau

gcuccgugcc

ucuucaccaa

ccgggcccag

agggcgccaa

acgcccacgu

ugcucgccgg

ucaaaaccag

auugcuuccg

caaggguguu

agcgcugguu

agagcaggau

uggccaccuu

cggugagcac

cuacgccgag

cgugcagcgu

ggugaccauc

cggceggceacc

gaacaacaug

ggaagugacc

ggaaguggac

ggccgacauc

ggcgeagagsg

aagcgccuac

ucccaucgau

cgagcugaug

cuucggccug

caagcugacc

ccucgcecegcec

cccccucgag

gguguccgcg

ggcgugcuuc

aaaggccagc

cgcuauagcc

gcugcaaguu

caagauccug

ccgcagcucc

uuacaucgac

caaucugccg

cgcegggauc

cagcaaggcg

uucacccagu
gacaacgcca
cgccecccacg
accagccacc
gagcugauac
aaggaggagu
auccuuuucc
gaacgcaucg
cagaaggccu
agguucggac
cuggugaaaa
uacaaaaaca
uaccggggcc
gugaacgacu
gagauucugg
aucgugaaaa
cugagcgucg
cugagagaua
uucgccaacg
ggcaugcccg
gecegeeeggsg
agggaagaag
ccccaguucg
uucggeggcg
gcccccaacc
gagaacaagu

aucgggegecs
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uccuccucga

ggaccggcecg

ugcugacccc

aggugagcuu

gaaaaaucua

ucguccuggc

agcuggccga

ccccccucga

caggagacag

ugggcuccgu

cccgaaugcea

gcuucgacug

ugcugcccca

ucgugcgcga

ccggugegsgusg

ucaggcugca

ugcgagaccu

uaccauucuc

aggauggcca

ccgccucccu

ccggccagac

ggcccaaagce

gcgugacccu

ugaagcccau

ccgaccacgu

ucggucucua

gcccg

gauccaacug

ggugaccgcc

cuucguggag

cagcuacuuc

cagcacccug

cgcccagaag

ccuguacgag

ggagggcacc

cgccaggcecg

ggceggegau

gaaccaaagg

cuucaagaag

gcuccugggc

caaguucaug

cgceggeggc

aguggccgsgc

gggguuuuuc

agccaucuac

gguguccccc

gguuaccccc

cacguacagc

ccuguggaag

gcugaccuac

gggaagcgaa

ggggggeuac

ccucccccug

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

2025



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

20
2025
RNA

<220>

<223> C(Citr

<400> 20
auggccgecg

uuccugaagu

guuacgaggu

cucagcgsgses

uuugagagcg

aaggccggcea

auccaccagc

gagaggaaga

gagcacgcua

aucgacuucc

gagugcuugg

aacggcuuua

gccggcacga

uuugggcagsg

cCccaggggga

cugccguuca

guccugcugc

gucggcgcca

agcaccggcu

guacugcgcu

guggcgeecg

cacaaggacg

ucccaaguga

in-CO16

ccaagguggc

acgcuagcau

aCCuuaauau

uggucgauca

uccugugcgc

agggagaggu

acaucccguu

ggcaucugac

agcaggccuu

gagacaucau

uggccgecgc

acucccugcu

ggaaagaugu

ugacacccau

ggaugacccu

aucuggccga

agguggccga

ccgeccgugua

ccuuuguggg

acgagggcuu

agaaagccau

ggagcgugcc

ucuucaccaa

Artificial Sequence

ccugaccaag

cgagaagaac

cuucggcgag

gacgaaggac

cceccgacgcec

gaccuucgag

caacugggau

guacgcugag

cgugcagcgc

ggugaccauc

cggcggaacc

Caauaacaug

agaggugacc

ggaaguggac

ggccgacauc

ggcacagagg

gagcgcuuau

ccccaucgac

cgagcucaug

cuucggccug

Caaacugacc

acuggccgcec

uccccuggag

agggccgauc

ggggaguucu

agccaaccca
ggccugauca
cuauucaugg
gacgugaaac
uccgaguucg
uucacucaau
gacaacgccc
aggccgcacg
accagccauc
gagcugauca
aaggaggagu
auccuguuuc
gagaggaucg
cagaaggccu
agguucggsc
cuggucaaga
uacaagaaca
uacaggggsc
gugaacgauu

gagauucugg

aucgucaaga

Page 32

ccgeccgageu

ucaugagccc

aucccCaagac

gcuuucaaga

uggccuucca

agguguuugg

ugcagcugca

uccugcugga

gcaccggecg

ugcugacccc

aaguguccuu

ggaagaucua

ucgugcucgc

aacuggccga

ccccccugga

ccggcgauag

uggggagcgu

ccaggaugca

gcuucgacug

ugcuccccca

ucgucaggga

ccggagguug

uaaggcugca

gaggaccauc

aaacgacuuu

cguggagcuc

guucgucgcc

gcuguucgac

ucagaccacg

cuucggcaag

gauccaacug

cgugaccgcu

cuucgucgaa

cagcuacuuc

cuccacccug

ggcccagaag

ccuguacgag

ggagggcacc

cgccaggccc

ggccggagcc

gaaccagagg

cuucaagaag

gcugcugggs

caaguucaug

cgccggsssc

gguggccgsc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



gaaauaacca

ggcaucuaua

uuccccugcu

gggagccucc

gecggauguga

ggcgugaucg

ggggcrcgegug

gagcugcuuc

cccgugccca

aaacuggccg

uucaagccca

<210>

<211>

<212>
<213>

21

RNA

<220>

<223>

<400> 21
auggccgccg

uuucugaagu

gugacccggu

cugagcggcesg

uuugagagcg

aaagccggca

auucaccagc

gagcgcaaga

gagcacgcca

aucgauuuca

gagugccuag

2025

cugggcccag

agggcgccaa

augcucacgu

uucuggccgg

ucaagaccag

auuguuuucg

ccagaguguu

aacggugguu

agagccgcau

uggccaccuu

gcgugucgac

Citrin-C017

ccaagguggc

acgccagcau

aucugaauau

ugguggacca

uacugugugc

aaggcgaggu

acauccccuu

ggcaccugac

agcaagccuu

gggacauaau

uggccgecgc

ggugagcgcc

ggccugcuuc

caaggcaagc

ggccaucgcc

gcugcagguu

gaagauccug

ccgauccagc

cuacaucgac

uaaccugccc

ugccggcauc

cagcaaggcc

Artificial Sequence

ccugacgaag

cgagaagaac

cuucggcgaa

gaccaaagac

cccggacgcec

gacguucgaa

caacugggac

cuacgccgag

cgugcagagsg

ggugacaaua

cggegegegacyg

cuguccgugg
cugagggaca
uucgccaacg
ggcaugcccg
gccgeccgag
agggaggagsg
ccgcaguuug
uucggeggug
gccccaaacc
gagaacaagu

aucggcggcg

agggccgacc
ggagaguucu
ucccaaccca
gggcugaucu
cuguucaugg
gacgugaaac
agcgaguucg
uucacacaau
gauaacgccc
cgccecccacg

accucccacc

Page 33

ugagggaccu

uccccuucag

aagacgggca

ccgeccagcecu

ccggccagac

gaccgaaggc

gagugacccu

ugaagccaau

ccgaccacgu

ucggccucua

guccc

ccgeccgaacu

ucaugagccc

acccgaagac

ccuuccagga

uggccuucca

agguguucgg

uccagcugca

uucuccugga

gaacaggccg

ugcucacccc

aagugagcuu

gggcuucuuc

cgccaucuac

ggugagcccc

ggucaccccg

caccuacagc

acuguggaaa

gcucaccuac

gggcagegag

gggcggauac

ucugccccug

ccggaccauc

caacgauuuu

gguggagecug

guucguggcg

gcuguucgau

cCagaccacc

uuuuggcaag

gauccaacug

ggugaccgcc

cuucguggag

cagcuacuuu

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540

600

660



aacggcuuca

gccggeaccc

uucggccaag

cceceggggcc

cugcccuuca

gugcuguugc

gugggcgcca

ucaaccggcu

gugcugaggu

guggcccccg

cacaaggacg

agccagguga

gagaucacca

ggaaucuaca

uuccccugcu

ggcagccugc

gccgacguca

ggggugaucg

8888ccgess

gagcugcuac

cccgugccca

aagcuggcag

uucaagcccu

<210>

<211>

<212>
<213>

22
2025
RNA

<220>

<223> C(Citr

acucccugcu

guaaggacgu

ugacccccau

ggaugacccu

aucucgccga

agguggccga

ccgecgucua

ccuuuguggg

acgaaggauu

agaaggccau

gcagcgugcc

ucuucaccaa

ccggaccccg

agggcgcaaa

acgcccacgu

ugcucgccgg

ucaagaccag

acugcuucag

cccggguguu

agcggugguu

agagcaggau

uggcuaccuu

ccgugagcac

in-C018

gaauaacaug

ggaggugacc

ggagguggac

ggcggacauc

agcccagegg

gagcgccuau

CcCCaaucgac

cgagcugaug

cuucggccug

caagcugacc

ccucgcecgcec

ccceccuggag

cguguccgcc

ggccugcuuc

caaggccagc

cgccauagcc

gcuccaggug

gaagauccug

caggagcagc

cuacaucgac

caaccugccc

ugccggeauc

cucgaaggcc

Artificial Sequence

gaacugauaa
aaggaggagu
auccuguucc
gaaaggaucg
cagaaggccu
agguucggcc
cuggugaaga
uacaagaacu

uaccgecgggc

gucaacgauu
gagauacugg
aucgugaaga
cugucagucg
cugagggaca
uucgccaaug
ggaaugccag
gccgccagag
cgggaggaag
ccacaguucg
uucgguggcg
gcccccaauc
gagaauaagu

auaggecggcg

Page 34

ggaagaucua

ucgugcuggc

agcucgcgga

ccccauuaga

ccggcgacag

ucggguccgu

ccaggaugca

ccuucgacug

ugcugcccca

ucgugaggga

ccggegguug

ucaggcugca

ugagggaccu

ucccguucag

aagacggcca

ccgccucccu

ccggccagac

gccccaaggce

gcgugacccu

ugaagcccau

cugaccaugu

ucggccugua

guccc

cagcacccua

ugcccagaag

ucucuacgag

ggagggcacc

cgcgegeccu

ggccggagau

aaaucaaagg

cuucaagaag

acugcucggc

caaguucaug

cgeceggeggc

aguggccggc

gggguucuuc

cgccaucuac

ggucucgccc

ggugaccccg

caccuacagc

ccucuggaag

gcugaccuac

gggcagcgag

gggcggeuac

ucugccacug

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025



<400> 22
auggccgccg

uuccugaagu

gugacgcgcu

cugucaggcg

uuugagagcg

aaggcaggga

auccaccagc

gagaggaagc

gagcacgcca

aucgacuuca

gagugccucg

aauggcuuua

gccggaaccc

uuuggccaag

ccccgaggcec

cuucccuuca

gugcuacugc

gugggcgcca

agcaccgggu

gugcugcgcu

guggccccgg

cacaaggacg

agccagguga

gaaauuacca

ggcaucuaca

uuccccugcu

ggcagccugc

ccaagguggc

acgcaucaau

accugaacau

ugguggacca

ugcugugugc

agggcgagsgu

acauccccuu

gccaccugac

agcaggccuu

gggacaucau

uggccgeugc

acucgcugcu

ggaaggacgu

ugacgcccau

ggaugacccu

aucuggccga

agguggccga

ccgeccgugua

ccuucguggg

acgagggguu

agaaggcuau

gcagcguacc

ucuuuaccaa

ccggccccag

agggggcccaa

acgcccacgu

uucuggccgg

ccugaccaag

cgagaagaac

cuucggcgag

gaccaaggac

ccccgacgcec

gaccuucgag

caacugggac

guacgccgag

cgugcagagg

ggugaccauc

cgggegegacc

gaacaacaug

ggaagucacc

ggaggucgac

ggccgacaua

ggcccagagsg

gagugccuac

cccgaucgac

ggagcugaug

uuucgggcug

aaagcugacc

ucucgeggcec

cccgcuggag

gguaucggcc

ggccuguuuc

gaaggccucc

cgccaucgcec

agagccgauc
ggcgaguuuu
agucagccca
ggccugauca
cuguucaugg
gacgugaagc
uccgaguucg
uuuacccagu
gacaacgcca
aggccccaug
accagccacc
gagcugaucc
aaagaggagu
auccuguucc
gaaaggauag
cagaaggcca
cgguucggcc
cuggugaaga
uacaagaacu
uaccgaggcc
gugaaugauu
gagauccucg
auugugaaga
cuguccgugg
cucagggaua

uuugccaacg

ggcaugcccg

Page 35

ccgeccgagceu

ucaugagccc

aCCcCCaaaac

gcuuccagga

uggccuucca

agguguucgg

uccagcugca

uccugcugga

ggacaggccg

ugcugacccc

aggugagcuu

ggaagauaua

ucgugcuggc

agcuggccga

ccccccugga

gcggcgauag

ugggcuccgu

ccaggaugca

ccuucgacug

ugcugcccca

ucgugaggga

ccggeggeug

uucggcugca

ugagggaccu

uccccuucag

aggacggcca

ccgccagcecu

gcgcaccauc

Caacgacuuu

gguggageug

guuuguggcc

gcuguucgac

gcagaccacc

cuuuggcaag

gauccaacug

ggugaccgcc

guucgucgag

uaguuacuuc

cagcacccug

cgcccagaag

ccuauacgag

ggaggggacc

cgccaggccc

ggcaggcgcc

gaaccagcgg

uuuuaagaaa

gcuucucggce

caaguucaug

ugcgeeceses

gguggcgesc

gggcuucuuu

cgccaucuac

ggugagcccc

ggugaccccg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



gcggacguga

ggggugaucg

ggggccgegag

gagcuccugc

cccgugcecga

aagcuggcegs

uucaagccca

<210>

<211>

<212>
<213>

23

<220>
<223>

<400> 23
auggccgecg

uuccugaagu

gugaccaggu

cugagcgsgcsg

uucgagagcg

aaggccggcea

auccaccagc

gagcggaagc

gaacacgcca

aucgacuucc

gagugucugg

aacggcuuca

gccgggacca

uucggccagg

cccaggggca

uugccauuca

2025
RNA
Artificial Sequence

ucaagacgcg

auugcuucag

ccaggguguu

agcggugguu

aaagcaggau

uggccaccuu

gcgugagcac

Citrin-C019

ccaagguggc

acgccucuau

accugaacau

ugguggacca

ugcucugcgc

agggcgaagu

acauccccuu

ggcaccucac

agcaagccuu

gugacaucau

uggccgecgc

acagccugcu

ggaaagacgu

ucacccccau

ggaugacccu

aucuggccga

ccugcaggug

gaagauccug

ccggagcucc

cuacauagac

caaccugccc

cgcagggaua

cagcaaggcc

ucugaccaag

cgagaagaac

cuucggcgag

gacgaaggac

ccccgacgcec

gaccuucgaa

caacugggac

cuacgccgag

cgugcaaagg

ggucaccaua

agggegegegacsg

gaacaacaug

cgaagugacg

ggaggucgac

ggccgauauc

gg8Ccccagecgg

gcagcaaggg
agggaggaag
ccgcaguucg
uucggcggag
gccccgaacc
gagaauaagu

auaggeggcg

agggcggacc

ggcgaauucu
agccaaccca
ggccugauca
cuguucaugg
gacgugaagc
agcgaauucg
uucacccagu
gauaacgcca
cgaccccacg
accagccacc
gagcucauca
aaggaggagu
auacuguucc
gaacgcaucg

cagaaggcca

Page 36

ccgggcagac

gccccaaggce

gcgugacccu

ugaagccuau

ccgaccaugu

uuggccugua

ggccc

ccgeccgageu

ucaugucacc

aCCCcCaagac

gcuuccagga

uggccuucca

agguguuugsg

uccagcugca

uucugcucga

ggaccggcag

ugcugacccc

aaguaagcuu

gaaaaaucua

ucguccuggc

agcuggccga

ccccccugga

gcggcgacag

caccuacagc

ccucuggaag

gcugaccuau

gggcagcgag

cggceggeuac

ccugccccuc

gaggaccauc

Caacgacuuc

cguggagcug

guucguggcc

gcuguucgac

cCagaccacc

cuucggcaag

gauccagcug

ggucaccgcc

cuucgucgag

cagcuacuuc

cucuacccug

cgcccagaag

ccucuaugaa

ggaggggacc

cgccagaccc

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



gugcugcugc

guggggecca

uccaccggca

gugcuucgau

guggccecgsg

cacaaggacg

ucccagguga

gagaucacca

ggcaucuaca

uuccccugcu

ggcagccugc

gccgauguca

ggcgugaucg

ggcgeugees

gaacugcugc

cccgugccca

aaacuggcgg

uucCaaaccca

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

24

RNA

<220>

<223>

<400> 24
auggccgccg

uuccucaagu

guaacaaggu

cucagcggcg

2025

aggucgcgga

ccgeccgugua

gcuucguggsg

acgagggguu

agaaggcgau

gcuccgugcc

uauucaccaa

ccgggecgag

agggagccaa

acgcccaugu

ugcuggccgg

ucaagacccg

acugcuuuag

cccgugucuu

agaggugguu

aaagcaggau

uggccacguu

gcgugagcac

Citrin-C020

ccaaggucgc

acgccagcau

aCCucCaacau

uggucgauca

gagcgccuac

ccccaucgau

cgagcugaug

cuucggccug

uaagcugacc

ccuggccgcec

uccccucgaa

ggugagcgcc

ggccugcuuc

gaaggccucc

ggccaucgcc

gcugcaggug

gaaaauccug

cagguccucc

uuacaucgac

caaccucccg

cgcgggeauc

cagcaaggcc

Artificial Sequence

ccucaccaaa

cgaaaagaac

cuucggugag

gaccaaggau

cguuucggcc

cuggugaaga

uauaagaacu

uaccgaggac

gugaaugauu

gaaauccugg

aucguaaaaa

cugucagugg

cugcgggaua

uucgccaacg

ggcaugcccg

gccgecageg

agggaggags

ccccaguucg

uucggcggceg

gcgcccaacc

gagaacaagu

aucggeggceg

agggccgacc

ggcgaguucu

agccagccca

ggccugauca

Page 37

uggggagegu

ccaggaugca

cauuugacug

ugcugcccca

ucgugcgcga

ccggegesgug

ucaggcugca

uaagggaccu

ucccauucag

aggacggcca

ccgeccucgeu

ccggucagac

gccccaaagce

gagugacccu

ugaagcccau

ccgaccaugu

ucgggcugua

gucca

cggccgagceu

ucaugagccc

aCCCcCaagac

gcuuucaaga

agcgggcegcec

gaaccagcga

cuucaagaag

acugcugggc

Caaauucaug

cgcecgguggc

g8uggceees

gggguucuuc

cgccauuuau

agugagcccc

agugaccccc

gaccuacuca

gecuguggaag

gcucacguac

gggcagegag

ggggggcuac

ccugccccug

ccggaccauu

Caacgacuuc

cguggagcuc

guucguggcc

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240



uucgagagcg

aaagccggca

auccaccaac

gagcggaagc

gagcacgcca

aucgauuucc

gagugucuag

aauggcuuca

gccggcacca

uucggccagg

ccccgggega

cugccguuca

gugcugcugc

gugggeecea

agcaccggau

guccugcgcu

guggcccccg

cacaaagacg

agccagguga

gaaaucacca

ggcaucuaua

uuccccugcu

ggcucgcugc

gcggacguga

ggggucaucg

ggagcgescsy

gagcugcucc

cccgugccca

uauugugcgc

aaggcgaggu

acauccccuu

gccaucugac

agcaggccuu

gggacaucau

uagccgeggc

auagccugcu

gg8aaggacgu

ugacccccau

ggaugacccu

accuggcaga

aaguggccga

ccgeccgugua

ccuuuguggg

augagggcuu

adaaagccau

gcagcgugcc

ucuucaccaa

ccggccccag

agggcgccaa

acgcccacgu

ugcuggccgsg

uaaagacccg

acugcuucag

ccaggguguu

agaggugguu

agagcaggau

ccccgacgceg

gacauucgag

caacugggac

uuacgccgag

ugugcaacga

gguaacgaua

cggceggceacc

CaaCaacaug

ggaagugacc

ggaagucgac

ggcggacauc

g8CCCagagg

gagcgccuac

ucccaucgac

cgagcugaug

cuucggccug

caagcugacc

ccucgcecgcec

uccccuggag

gguguccgcc

ggcgugcuuc

gaaggccucc

agccaucgcc

gcugcaggug

gaagauccuc

ucgaagcagc

cuacaucgac

uaaccugccg

cuguuuaugg
gacgugaagc
uccgaguucg
uucacgcaau
gacaacgcca
cggccccacg
accucgcacc
gagcugauca
aaggaagagu
auccuguucc
gagaggaucg
caaaaggcca
cgauucggcc
cuggugaaaa
uacaagaaca

uacagagggc

gucaacgacu

gagauccugg
auagugaaaa
cuguccgugg
cucagggaca

uucgccaacg

ggcaugcccg
gcegegages
cgggagegags
ccccaguucg

uucgggeecsg

gCccccCccCaacc

Page 38

uggccuuuca

aaguguucgg

ugcagcugca

uccuccugga

ggaccgguag

ugcugacgcc

aggucagcuu

ggaagaucua

ucgugcuggc

agcuggccga

ccccccugga

gcggggacag

uugggagcgu

cccgaaugcea

gcuucgacug

ugcugcccca

uugugaggsga

ccggaggaug

uccggcugca

ugcgcgaccu

ucccauucag

aggacggcca

ccgccucacu

ccggacagac

gccccaaggce

gcgugacccu

ugaagcccau

cagaccacgu

gcuguucgac

CCaaaccacc

cuucgguaag

gauccagcug

ggucaccgcc

guuuguggaa

cagcuacuuc

uagcacccuc

cgcgcagaag

ccuguacgag

ggaggggacc

cgceeggecc

cgeceggegcec

gaaccagcgg

cuucaagaag

gcuccuggsgs

uaaguuuaug

cgccggaggu

gguggccgsc

gggcuucuuc

cgccauauau

ggugagcccc

ggugaccccc

caccuacucc

ccuguggaaa

ccugaccuac

gggcuccgag

cggceggeuac

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920



aagcuggccg uggccaccuu ugcaggcauc gaaaacaagu uuggccucua ccuuccccug

uuuaaaccca gcgugagcac aagcaaggcc auuggggeggg gaccg

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

25
2025
RNA

<220>

<223> C(Citr

<400> 25
auggccgccg

uuucugaagu

gugaccaggu

cucagcgggg

uucgaguccg

aaggccggga

auccaccagc

gagaggaagc

gagcaugcca

auugacuuca

gagugccugg

aacggcuuca

gccggcaccce

uucggucagg

cccecguggcec

cugcccuuca

guccuccucc

gugggugcca

agcaccggaa

gugcugcgau

in-C021

ccaaaguggc

acgcaagcau

aCCuuaauau

uggucgacca

ugcugugcgc

agggcgaagu

auauccccuu

gCcCaucuaac

agcaggccuu

gggacaucau

uggccgecgc

acagccugcu

gcaaggaugu

ugaccccgau

gcaugacccu

aucuggccga

aggucgccga

ccgeccgugua

gcuucguggsg

acgagggauu

Artificial Sequence

ccugacgaag

cgagaagaac

cuucggcgag

gaccaaagac

cccagaugcc

gaccuucgaa

caacugggac

uuacgccgag

cguccagcgc

ggugaccauc

cgggegeegacyg

gaacaauaug

ggaggugaca

ggagguggac

cgccgauauc

ggcccagegg

gucggcauac

ccccaucgac

ggagcugaug

uuuuggccuc

agggcagacc
ggcgaguucu
agccagccca
ggacugauca
cuguucaugg
gacgugaagc
ucggaguucg
uucacccagu
gauaacgccc
cgccecccacg
accucccacc
gagcugauca
aaggaggagu
auccucuucc
gagaggaucg
cagaaggcgu
cguuucggcc
cuggugaaga

uaCaagaaca

uacaggggcc

Page 39

ccgeccgagceu

ucaugagccc

aCCcCCaaaac

gcuuccagga

uggccuucca

agguguucgg

ugcagcugca

uccugcugga

gaaccggecg

ugcugacccc

aggucagcuu

ggaagaucua

ucgugcuggc

aacuggccga

ccccccugga

ccggcgauag

ucggaagcgu

ccaggaugca

gcuuugacug

ugcugcccca

gaggaccauc

Caacgacuuc

gguggageug

guucguggcc

acucuucgac

gcaaacaacg

uuucggcaaa

aauccagcug

cgugaccgcc

cuuugucgag

cuccuauuuc

cagcacccuc

cgcccaaaag

ccuguacgag

ggagggcacc

cgcgegecca

ggceggegcec

gaaccagagg

cuucCaaaaag

gcugcuggga

1980

2025

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



gucgcccccg

cauaaggacg

ucccagguca

gaaaucacca

ggcaucuaca

uuccccugcu

ggcagccuuc

gcggacguga

ggcgugaucg

ggcgcagsgcsg

gagcugcugc

cccguaccca

aagcucgccg

uuuaaaccga

<210>

<211>

<212>
<213>

26

<220>
<223>

<400> 26
auggccgecg

uuccugaagu

gugaccaggu

cuguccggag

uuugagagcg

aaagccggua

auccaccaac

gagcggaagc

gagcaugcca

2025
RNA
Artificial Sequence

agaaggccau

gcuccguccc

ucuuuaccaa

ccgggcccag

aaggcgccaa

acgcccaugu

ugcucgccgg

ucaagaccag

acugcuucag

ccagaguguu

agaggugguu

aaagccggau

uggccacauu

gcgugagcac

Citrin-C022

ccaaagucgc

acgcguccau

aCCuaaacau

ugguggacca

ugcugugcgc

agggcgaggu

acaucccguu

gucaucugac

agcaggccuu

caagcugacc

ccuggccgcec

cccccuggag

ggucagcgcc

ggccugcuuc

gaaggccagu

cgccaucgcc

gcugcaggug

gaagauccuc

caggagcagc

cuacaucgac

Ccaaccugccc

cgcggggauc

gagcaaggcc

ccugacgaag

cgagaagaac

cuucggcgag

gaccaaggac

cccggacgcec

gaccuucgag

caauugggac

guacgcggag

cgugcagagsg

gugaacgacu
gagauccugg
aucgugaaga
cugagcgugsg
cugcgagaca
uucgccaaug
ggcaugcccg
geegecaggs
agggagegags
ccccaguucg
uucggeggug
gcccccaauc
gagaacaagu

aucggegges

agggcggauc

ggggaguucu

ucccagccca
ggccugauca
cuguucaugg
gaugugaagc
agcgaguuug
uucacccagu

gacaacgccc
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ucgugaggsga

caggegegesusg

uaaggcugca

ugcgggaccu

uccccuucuc

aggacggcca

ccgccucccu

cuggucagac

gccccaaagce

gggugacccu

ugaaacccau

ccgaccacgu

ucgggcucua

ggccc

ccgeccgageu

ucaugucccc

aCCCCaagac

gcuuccaaga

uggccuucca

agguguucgsg

ugcagcugca

uccugcugga

ggacaggcag

caaguucaug

cgccggeggc

gguggccgsc

gggcuuuuuu

agccaucuac

ggugucccca

ggugaccccg

gaccuacagc

ccuguggaag

gcucaccuac

gggcagegaa

ggggggeuac

ccugccccug

caggacaauc

Caacgacuuc

cguggagcug

auucgucgcc

gcuguucgac

gcagaccaca

cuucgguaag

gauccagcug

ggugacugcg

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540



auugacuucc

gagugucucg

aacggcuuca

gccggcacca

uucggccagg

cccecggggaa

cugccauuca

guacugcugc

gugggcgcca

ucgaccggca

gugcugaggu

guggcccccg

cacaaggacg

ucccagguga

gagaucacca

gguaucuaca

uuucccugcu

ggcagccucc

gccgacguga

ggcgugaucg

ggggrcgecsy

gaacugcugc

ccugugccca

aagcucgccg

uucaagccau

<210>

<211>
<212>

27
2025
RNA

gagauaucau

ucgccgecgc

acucacugcu

ggaaggaugu

ugaccccaau

ggaugacccu

accuggccga

agguggccga

ccgeccguuua

gcuuuguggsg

acgagggcuu

agaaggccau

gguccguccc

ucuucaccaa

ccggeeegeg

aaggcgccaa

acgcccacgu

uccuggccgg

ucaagacgag

acugcuuccg

cccggguguu

agcggugguu

aaagcagaau

uggcgaccuu

ccgucagcac

ggugaccauc

ggguggcacg

gaacaacaug

cgaagucacc

ggagguggau

ggccgauauc

ggcccagegu

gagcgccuac

cccgaucgac

cgagcugaug

uuuuggccug

caagcugacc

ccuggeggcec

ccceccuggag

agucagcgcc

ggcgugcuuc

gaaggcuagc

agccaucgcc

gcuccaggug

caagauucug

ccggagcucc

cuacaucgac

caaccucccc

cgccggeauc

cagcaaagcc

aggccacacg

accagccacc

gaguugauuc

aaggaggagu

auccuguucc

gagcgcaucg

cagaaggcca

cgguucggcc

cucgugaaga

uacCaagaaca

uaccggggcc

gugaacgacu

gagauccugg

aucgucaaga

uugagcgugg

cuccgggaua

uucgccaacg

gggaugcccg

gccgccaggs

agggagegags

ccgcaguucg

uucggcggag

gcccccaacc

gaaaacaagu

aucgggggasg
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uccugacccc

aggucagcuu

ggaaaaucua

ucgugcuggc

agcuggccga

ccccccugga

gcggggauuc

ugggcuccgu

cccggaugcea

gcuuugacug

ugcugcccca

ucguccggga

ccgguggeug

ucaggcugca

ucagggaucu

ucccguucuc

aggacgggca

ccgeccagecu

ccgggcagac

gccccaaagce

gggugacccu

ugaagcccau

ccgaccacgu

ucggccucua

gcccc

cuucguggag

cagcuacuuc

cagcacccug

cgcccagaag

ccucuacgag

agagggcacc

agccaggccc

ggceggegcec

gaaccaacgc

cuucaagaaa

acuccugggc

caaguucaug

ugccggeggc

gguggcaggc

gggcuucuuc

cgccaucuau

agucagcccc

ggugaccccc

gacguacucc

ccuguggaag

ccugaccuac

ggguagcgag

cgggggcuac

ccucccccug

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025



<213>

<220>
<223>

<400> 27
auggccgecg

uuccucaagu

gucaccaggu

cugagcggcsg

uucgaaagcg

aaggccggga

auccaccagc

gaacgcaagc

gaacacgcca

aucgacuuca

gagugucugg

aacggcuuca

gcuggcacca

uucgggcaag

ccgeggggca

cugcccuuua

guccugcugc

gucggcgcca

agcaccggca

guccugaggu

gucgcccccg

cacaaggacg

agccagguga

gagaucacca

ggcaucuaca

Citrin-C023

ccaaggucgc

acgccagcau

accugaacau

uggucgacca

ugcugugcgc

agggcgaggu

acaucccauu

gccaccugac

agcaggccuu

gggacaucau

uggccgecgc

acucccugcu

gg8aaggacgu

ugacccccau

ggaugacccu

accuggccga

agguggccga

ccgeccgugua

gcuucguggs

acgagggcuu

agaaagcaau

gcuccgugcc

ucuuuacgaa

ccgggcccag

agggagccaa

Artificial Sequence

ccugaccaaa

cgaaaagaac

cuucggcgaa

gacaaaggau

ccccgacgcec

gaccuuugag

uaacugggac

guacgcugag

cgugcagagsg

ggugaccauc

cggegggacc

gaacaacaug

cgaggucacc

ggagguggac

ggccgacauu

ggcccaaagg

aagcgccuac

ccccaucgac

cgagcugaug

cuucgggcuc

caagcugacc

ccucgcecgcec

cccccucgag

ggugagcgcc

ggccugcuuc

cgggccgacc

ggcgaauucu
ucccaaccca
gggcucaucu
cuguucaugg
gacgugaagc
agcgaguucg
uuuacucagu
gauaaugcgc
aggccccacg
acgucccacc
gagcugauca
aaggaggaau
auacuguucc
gagcgaaucg
cagaaggcca
cgguucggcc
cuggugaaaa
uauaagaaca
uacagaggcc
gugaacgacu
gagauccugg
aucgucaaga
cugagcgugsg

cugagggaca
Page 42

ccgeccgaacu

ucaugucccc

aCCCCaagac

ccuuucagga

uggccuucca

agguguuugsg

ugcagcugca

uccugcugga

gcaccggaag

uccugacccc

agguuagcuu

ggaagaucua

ucgugcucgc

agcuggccga

ccccccugga

gcggggacag

ugggcagcgu

cacggaugca

gcuuugacug

ugcuccccca

uugucaggga

ccggeggaug

uuaggcugca

ugcgcgaucu

uccccuucag

gcggaccauc

Caacgacuuc

cguggagcug

guucgucgcc

gcuguucgac

gcagaccacg

cuucggcaag

gauccagcug

ggucaccgcc

cuucguagag

uuccuacuuc

uagcacccug

cgcccagaag

ucuguaugag

ggagggcacc

cgcaagaccg

ggccggagcc

gaaccagagg

cuucaagaag

gcuccuggsgs

caaguucaug

cgcgeegeesa

gguggccges

cggcuucuuc

cgccaucuac

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



uucccguguu

gggucgcucc

gecggacguga

ggcgugaucg

g8cgeegeess

gaguugcugc

ccggugccca

aagcuggccg

uucaagccca

<210>

<211>

<212>
<213>

28

RNA

<220>

<223>

<400> 28
auggccgccg

uuucugaagu

gugacccgcu

cugucuggug

uucgagagcg

aaagccggca

auccaccaac

gaaaggaaga

gagcacgcga

aucgacuuca

gaaugccugg

aacggcuuca

gccggcacgce

2025

acgcccacgu

uccuggcgsgsg

ucaagacccg

acugcuuccg

ccaggguguu

agaggugguu

agagccggau

uggccaccuu

gcguguccac

Citrin-C024

ccaaagucgc

acgccuccau

accugaacau

uggucgacca

uccugugcgc

agggcgagsgu

aCauaccguu

ggcaccugac

agcaggccuu

gagacauaau

uggccgecgc

acagccugcu

ggaaggacgu

gaaggccucg

agccauagcc

gcuccaggug

adaaauccug

ccgcuccucc

cuacaucgac

Ccaaccuccca

ugccggcauc

gagcaaggcc

Artificial Sequence

ccugacaaag

cgagaagaac

cuucggcgag

gaccaaggau

ccccgacgcec

gaccuucgag

caacugggau

cuaugccgag

cgugcaacgg

ggucaccauc

cggcgguacc

gaacaacaug

ggaagugacc

uucgccaacg

ggcaugcccg
gcecgecaggg
agggaggage
ccccaguucg
uuuggcggeg
gcccccaacc

gaaaacaagu

aucggegeges

cgcgecgacc
ggcgaguuuu
agccaaccaa
ggccugauau
cuguucaugg
gacgucaaac
uccgaguucg
uuuacccagu
gacaacgccc
aggccgcacg
accucccacc
gagcugaucc

aaggaggagu

Page 43

aggacggcca

ccgccucccu

ccgggcagac

gccccaaggce

gggugacgcu

ugaagcccau

ccgaccacgu

ucggccucua

gcccc

ccgeccgagceu

ucaugagccc

aCCCcCaagac

cguuccagga

uggccuucca

agguguucgg

uccagcuuca

uccuguugga

ggaccgggasg

ugcucacccc

aggucagcuu

gaaagauuua

uuguacuggc

ggugagcccc

ggugacccca

cacguauagc

ccuguggaaa

gcugacuuac

ggggagegag

gggcggauac

ccucccgeug

gcggaccauc

Caacgacuuc

cguggagcug

guucguggcc

gcuguucgac

cCagaccacc

uuucgggaag

gauccagcug

ggugaccgcc

cuucguggag

cagcuacuuu

cagcacccug

cgcccagaag

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540

600

660

720

780



uucggccagg

ccccgggsgga

cugcccuuca

gugcugcugc

gucggagcca

agcaccggca

gugcugaggu

guggcccccg

cacaaggacg

agccaaguga

gagaucacca

gggaucuaua

uuccccugcu

ggaagccugc

gccgacguga

ggcgugauag

ggcgcecgess

gagcugcugc

cccgugccca

aagcuggcag

uucaaaccca

<210>

<211>

<212>
<213>

29
2025
RNA

<220>
<223> C(Citr

<400> 29

ugacgcccau

ggaugacccu

accuugccga

agguggcgga

ccgeccgugua

gcuucguggs

acgaaggguu

agaaggcaau

gaucagugcc

ucuucaccaa

ccgggccuag

agggcgccaa

acgcccacgu

ugcuggccgsg

ucaagaccag

acugcuuccg

cccggguguu

aaaggugguu

agagccggau

uggcaaccuu

gcgugagcac

in-C025

ggagguggac

ggccgauauc

gg8Ccccagcgg

gagcgccuac

ucccaucgac

ggaacugaug

uuuugggcug

caagcugacc

acuggccgcec

ccceccuggag

gguguccgcc

ggccugcuuc

gaaagccagc

cgccaucgcec

gcugcagguc

Ccaagauccuc

caggagcucc

cuauaucgau

caaccugccc

cgccgggauc

gagcaaggcc

Artificial Sequence

aucuuauucc

gagaggaucg

Caaaaagcua

cgcuucggcc

cuggucaaga

uacCaagaaca

uacagagggc

gugaacgacu

gagauacugg

aucgugaaga

cugagcgugg

cugcgcgaca

uucgccaacg

ggaaugcccg

gccgeccgag

cgagaggaag

ccgcaguucg

uucggcggceg

gCccccCccCaacc

gaaaaCaaau

aucggcggag

agcuggcgga

ccccccugga

gcggcgacag

ugggcagcgu

ccaggaugca

gcuuugacug

ugcugcccca

ucgugaggsga

ccggeggaug

uccgccugcea

ugagggaccu

ucccauucuc

aagacggcca

ccgccucccu

ccgggcagac

gucccaaggc

gcgugacccu

ugaagccgau

ccgaccacgu

ucggccugua

gcccc

uuuauacgag

agagggcacc

ugcaaggccc

ggccggcgcc

gaaccagcgg

cuucaagaag

gcugcugggu

caaguucaug

ugccggegsc

ggucgeeggce

gggcuucuuu

ugccauauac

ggugagcccc

ggugaccccg

caccuauucc

ccuguggaag

gcucaccuac

gggcuccgag

aggcggcuau

ccucccccug

auggccgecg ccaaggucge ccugaccaaa agggecgacc ccgecgageu gegaaccauc

uuccugaaau acgccagcau agagaagaac ggecgaguucu ucaugagecc gaacgacuuc
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840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120



gugacgcggu

cugagcggcesg

uucgagagcg

aaggccggga

auccaccagc

gagcggaaga

gaacacgcca

aucgacuucc

gaaugccugg

aacggcuuca

gccgggacca

uucggccagg

cccaggggga

cugccguuca

guacugcugc

guggggecca

agcacgggua

guccuccggu

gucgcccccg

cacaaggacg

ucccagguga

gagaucacca

gggaucuaca

uuccccuguu

gggucccugc

gccgacguga

ggcguuaucg

accugaacau

ugguggauca

ugcugugcgc

agggeggagsgu

acauccccuu

ggcaccugac

agcaggcauu

gggacaucau

uggccgecgc

acagccugcu

ggaaggaugu

ucacccccau

gaaugacccu

accuggccga

aaguggcgga

ccgeggugua

gcuucguggs

acgagggauu

agaaggccau

gcucggugcc

ucuucaccaa

ccggecccag

agggagccaa

acgcccacgu

ugcucgcagg

ucaagacgag

acugcuuuag

cuucggggag

gaccaaggac

ccccgacgcec

gacauucgag

caacugggac

cuacgccgaa

cgugcagcgc

ggugaccauc

cggceggceacc

CaaCaauaug

ggaggugacc

ggaagucgac

ggccgacauc

ggcccagagsg

guccgccuau

CCCaauagac

ggagcugaug

cuucggccug

aaagcugacc

ccuggccegcec

cccgcuggag

aguguccgcg

agccugcuuu

uaaggccucc

cgccaucgcec

gcuccaggug

gaagauccug

agccagccca

gggcugauca
cuguucaugg
gacgugaagc
uccgaauuug
uucacccagu
gacaacgccc
cggccgcacg
accagccacc
gagcugauca
aaagaggaau
auccuguuuc
gagaggaucg
cagaaggcca
agguucgggc
cuggugaaaa
uauaagaaua
uaccggggcc
gugaacgauu
gaaauacugg
aucgugaaga
cugagcgucg
cugagggaca
uuugccaacg
ggcaugcccg
gcegecagesg

agggagegags
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aCCCcCaagac

guuuccaaga

uggcuuucca

agguguucgg

ugcagcugca

uccugcugga

gcaccgguag

ugcugacccc

aagugagcuu

ggaaaaucua

uugugcucgc

agcuugccga

cuccccugga

gcggugacuc

ugggcagcgu

cccggaugcea

gcuucgauug

ugcugcccca

ucgugcggga

cgggcegesgus

uccgucugca

ugcgugaccu

uccccuucuc

aggacggcca

ccgccagcecu

cggggcagac

ggcccaaggce

cguggagcug

guucguggcc

gcuguucgac

gcagaccacg

uuucggcaag

gauccagcug

ggugaccgcc

cuucguggag

cagcuauuuc

cagcacccug

cgcccaaaag

ccucuaugag

ggagggaaca

cgccaggccc

ggeecggeecc

aaaccagagg

cuucaagaag

gcugcugggu

caaguucaug

ugccggeges

gguggeeggc

gggcuucuuc

cgccaucuac

ggugagcccc

ggugaccccg

uaccuacagc

ccucuggaag

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740



ggcgecggag ccaggguguu caggageagce
gagcugcugc agaggugguu uuacaucgau
cccgugccca agagcaggau caaucugccc
aagcuggccg uggccacguu cgccgguauc
uucaagcccu ccguauccac cagcaaggeg
<210> 30

<211> 47

<212> RNA

<213> Artificial Sequence

<220>

<223> (5' UTR)

<400> 30

ccccaguuug

uucgggeecsg

gcccccCaauc

gagaacaagu

auaggagggs

ggguaacgcu

ucaagcccau

ccgaccacgu

ucgggcugua

gaccc

gggaaauaag agagaaaaga agaguaagaa gaaauauaag agccacc

<210> 31

<211> 47

<212> RNA

<213> Artificial Sequence
<220>

<223> 5'UTR-002

<400> 31

gggagaucag agagaaaaga agaguaagaa gaaauauaag agccacc

<210> 32

<211> 145

<212> RNA

<213> Artificial Sequence
<220>

<223> 5'UTR-003

<400> 32

ccugaccuac

gggguccgag

ggggggcuac

ccugccccug

gg8aauaaaag ucucCaacacCa acauauacCaa aacCaaacCgaa ucucaagCaa ucaagcauuc

uacuucuauu gcagcaauuu aaaucauuuc uuuuaaagcCa aaagCaauuu ucugaaaauu

uucaccauuu acgaacgaua gcaac

<210> 33

<211> 42

<212> RNA

<213> Artificial Sequence
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<220>
<223> 5'UTR-004

<400> 33
gggagacaag cuuggcauuc cgguacuguu gguaaagcca cc

<210> 34
<211> 47
<212> RNA

<213> Artificial Sequence

<220>
<223> 5'UTR-005

<400> 34
gggagaucag agagaaaaga agaguaagaa gaaauauaag agccacc

<210> 35
<211> 145
<212> RNA

<213> Artificial Sequence

<220>
<223> 5'UTR-006

<400> 35
ggaauaaaag ucucaacaca aCauauacaa aacaaacgaa ucucaagcaa ucaagcauuc

uacuucuauu gcagcaauuu aaaucauuuc uuuuaaagcCa aaagCaauuu ucugaaaauu

uucaccauuu acgaacgaua gcaac

<210> 36
<211> 42
<212> RNA

<213> Artificial Sequence

<220>
<223> 5'UTR-007

<400> 36
gggagacaag cuuggcauuc cgguacuguu gguaaagcca cc

<210> 37
<211> 47
<212> RNA

<213> Artificial Sequence

<220>
<223> 5'UTR-008

Page 47
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<400>

37

gggaauuaac agagaaaaga agaguaagaa gaaauauaag agccacc

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

<220>
<223>

<400>

38

47

RNA

Artificial Sequence

5'UTR-009

38

gggaaauuag acagaaaaga agaguaagaa gaaauauaag agccacc

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

<220>
<223>

<400>

39

47

RNA

Artificial Sequence

5'UTR-010

39

gggaaauaag agaguaaaga acaguaagaa gaaauauaag agccacc

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

<220>
<223>

<400>

40

47

RNA

Artificial Sequence

5'UTR-011

40

gggaaaaaag agagaaaaga agacuaagaa gaaauauaag agccacc

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

<220>
<223>

<400>

41

47

RNA

Artificial Sequence

5'UTR-012

41

gggaaauaag agagaaaaga agaguaagaa gauauauaag agccacc

<210>
<211>

42
47
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<212>
<213>

<220>
<223>

<400>

RNA
Artificial Sequence

5'UTR-013

42

gggaaauaag agacaaaaca agaguaagaa gaaauauaag agccacc

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

<220>
<223>

<400>

43

47

RNA

Artificial Sequence

5'UTR-014

43

gggaaauuag agaguaaaga acaguaagua gaauuaaaag agccacc

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

<220>
<223>

<400>

44

47

RNA

Artificial Sequence

5'UTR-15

44

gggaaauaag agagaauaga agaguaagaa gaaauauaag agccacc

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

<220>
<223>

<400>

45

47

RNA

Artificial Sequence

5'UTR-016

45

gggaaauaag agagaaaaga agaguaagaa gaaaauuaag agccacc

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

<220>
<223>

<400>

46

47

RNA

Artificial Sequence

5'UTR-017

46
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gggaaauaag agagaaaaga agaguaagaa gaaauuuaag agccacc

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

<220>
<223>

<400>

47

92

RNA

Artificial Sequence

5'UTR-018

47

ucaagcuuuu ggacccucgu acagaagcua auacgacuca cuauagggaa auaagagaga

aaagaagagu aagaagaaau auaagagcca cc

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

<220>
<223>

<400>

48

142

RNA

Artificial Sequence

3'UTR including miR142-3p binding site

48

ugauaauagu cCcauaaagua ggaaacacua Cagcuggage Cucgguggec augcuucuug

cCcccuugggr cuccccccag ccccuccucc ccuuccugca cccguacccc cguggucuuu

gaauaaaguc ugagugggcg gc

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

<220>
<223>

<400>

49

142

RNA

Artificial Sequence

3'UTR including miR142-3p binding site

49

ugauaauagg cuggagccuc gguggcucca uaaaguagga aacacuacac augcuucuug

cCcccuugggr cuccccccag ccccuccucc ccuuccugca cccguacccc cguggucuuu

gaauaaaguc ugagugggcg gc

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

<220>

50

142

RNA

Artificial Sequence
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<223> 3'UTR including miR142-3p binding site

<400> 50
ugauaauagg cuggagccuc gguggccaug CUUCUUgCCC cuuccauaaa guaggaaaca

cuacauggge cuccccccag cCCCUuccucc ccuuccugca cccguacccc cguggucuuu

gaauaaaguc ugagugggcg gc

<210> 51
<211> 142
<212> RNA

<213> Artificial Sequence

<220>
<223> 3'UTR including miR142-3p binding site

<400> 51
ugauaauagg cuggagccuc gguggccaug CUUCUUgCCC cuugggccuc cccccagucc

auaaaguagg aaacacuaca CCCCUCCUCC ccuuccugca cccguacccc cguggucuuu

gaauaaaguc ugagugggcg gc

<210> 52
<211> 142
<212> RNA

<213> Artificial Sequence

<220>
<223> 3'UTR including miR142-3p binding site

<400> 52
ugauaauagg cuggagccuc gguggccaug CUUCUUgCCC cuugggccuc cccccagecc

CUCCUCCCCU ucuccauaaa guaggaaaca cuacacugca cccguacccc cguggucuuu

gaauaaaguc ugagugggcg gc

<210> 53
<211> 142
<212> RNA

<213> Artificial Sequence

<220>
<223> 3'UTR including miR142-3p binding site

<400> 53
ugauaauagg cuggagccuc gguggccaug CUUCUUgCCC cuugggccuc cccccagecc

CUCCUCCCCU UCCUgCAccC guacccccuc cauaaaguag gaaacacuac aguggucuuu
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gaauaaaguc ugagugggcg gc

<210> 54
<211> 142
<212> RNA
<213>
<220>
<223>
<400> 54

Artificial Sequence

3'UTR including miR142-3p binding site

ugauaauagg cuggagccuc gguggccaug CUUCUUgCCC CUuugggccuc cccccagecce

CUCCUCCCCU UCCUEGCAcCcC guacccccgu ggucuuugaa uaaaguucca uaaaguagga

aacacuacac ugagugggcg gc

<210> 55

<211> 371

<212> RNA

<213> Artificial Sequence

<220>

<223> 3'UTR-001

<400> 55

gcgecugecc accugccacc gacugcugga
gaguccugcu cccucacucc ucgccccgec
cuccacccuu cucagaguuc caguuucaac
ggauucuggec caaugaaaua ucucccuggc
ccaaccagga gcucuaguua auggagagcu
ccacgcaaag cgauaaauaa aagcauuggu
ggaagucuag a

<210> 56

<211> 568

<212> RNA

<213> Artificial Sequence

<220>

<223> 3'UTR-002

<400> 56

acccagccag

cccuguccca

cagaguucca

aggguccucu

CcCCagcacac

ggccuuuggu

ugggagggcc

gagucccacc

accaaugggc

ucuuuuccca

ucggagcuug

cuuugaauaa

uggcccacca

ugggggcucu

uccauccucu

gagcuccacc

ugcuuugucu

agccugagua

gCcccugecg cucccacccc cacccaucug ggecccgggu ucaagagaga geggggucug

aucucgugua gccauauaga guuugcuucu gagugucugc uuuguuuagu agaggugggc
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aggaggagcu

gccucccugu

ugcaugguuu

aCCcuccCaaac

gucugauuaa

ucugggcugg

ucagguaugg

ugaauaaagc

<210> 57

<211> 289
<212> RNA
<213>

<220>
<223>

<400> 57
acacacucca

gcugagcucc
aaacugacac
uucgaaacaa
uuaagcugcg
<210> 58

211> 379
<212> RNA

<213>

<220>
<223>

<400> 58

gagggecugs

gggaugucau

ggaucugaau

uggcuguaac

ucacuggccc

gcgggcecagc

cagugacuca

cugaguagga

3'UTR-003

ccuccagcac

agccaccccg

aguguuuaua

agcccugugg

uaaauggucu

3'UTR-004

ggcuggesgusg

cacccuggga

uaauuguccu

CCCaaaucca

cuugaagaca

uggggaagca

ccugguuuua

agucuaga

Artificial Sequence

gcgacuucuc

cagucacuuu

acguguacau

aagaaaaugg

uugaauaaag

Artificial Sequence

caucacauuu aaaagcaucu cagccuacca

aagcuuauuc

aucuguuuuu

cuuuuucguu

aUaaauuucu uuaaucauuu ugccucuuuu

gaaucuaaua

gagugguaca

gcacuguuau

uugaaguugg

accgggagug

uucuucuaaa

agccauuaac

gcagaauguc

uuugacuauc

aUaaaacaac

aggacgacga

cuuuguaaca

aCauuaacuu

adaaacuugaa

ccugaguagg

ugagaauaag

gguguaaagc

cucugugcuu

uuuucaaaga

Page 53

cuuugcaugc

gcccuuggcu

ucccaaccga

uacaccugac

ccuuugcaau

uggaacuugu

cugCaacauc

aucuucucaa

acuuccguug

auuaccucau

gaagcauuaa

aagucuaga

agaaagaaaa

Caacacccug

Caauuaauaa

uguguugcua

ccagcgaugc

cacuguguuc

acuucuucca

aguagcaauu

gaggaggaga

gugugccucc

ucauggucuu

ugegeeesscs

cugccaucgu

uuuguuauuu

agucauucug

ugaagaucaa

ucuaaaaaac

aaaauggaaa

uccugaaaau

180

240

300
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120
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240
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UCUgUAggUU Cuguggaagu UCCcaguguuc ucucuuauuc cacuucggua gaggauuucu

aguuucuugu gggcuaauua aauaaaucCau uaauacucuu cuaauggucu uugaauaaag

ccugaguagg aagucuaga
<210> 59

<211> 118

<212> RNA

<213> Artificial Sequence
<220>

<223> 3'UTR-005

<400> 59

gcugccuucu gegggegcuug Cccuucuggec augecccuucu ucucucccuu geaccuguac

Cucuuggucu uugaauaaag ccugaguagg aaggcggecg cucgagcaug caucuaga

<210> 60

<211> 908
<212> RNA
<213>

<220>
<223>

<400> 60
gccaagcccu

cauauuuaaa

uucugaguuu

ggacugggag

ggcucugcaa

ugggacccuu

uaaacagcag

acagcggccc

ugggaggcau

acuuuuggga

gccucgggac

gcaggugccu

ggaggaauca

3'UTR-006

ccccauccca

gacagggaag

cauucuccug

guagauaggu

ugggcacugsg

gagaguauca

uguuccccau

cugcaucccc

ggcccuggss

caugguuuga

accugcccug

ggacauuugc

ugucaggccu

Artificial Sequence

uguauuuauc

agcagaacgg

ccuguagcag

adauaccaag

gaugagccgc

ggucucccac

cuggguccuu

uuggcuguga

ucccacgaau

cucccgaaca

cccccacgag

cuugcuggac

gugugugaaa

ucuauuuaau
agccccaggc
ugagaaaaag
uauuuauuac
ugugagcccc
gugggagaca
gcaccccuca
ggccccugga
uugcugggga
ucaccgacgc
ggucaggacu

gg8ggacuggs

ggaagcucca
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auuuaugucu

cucugugucc

cuccuguccu

uaugacugcu

ugguccugag

agaaaucccu

cucuggccuc

caagcagagg

aucucguuuu

gucuccuguu

gugacucuuu

gaugugggag

cugucacccu

auuuaagccu

uucccugcau

cccauccccu

ccccagcccu

gguccccacc

guuuaauauu

agccgacugc

uggccagagc

ucuucuuaag

uuucugggug

uuagggccag

ggagcagaca

ccaccucuuc

300

360
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aCCCcccCacu caccaguguc cccuccacug ucacauugua acugaacuuc aggauaauaa

aguguuugcc uccauggucu uugaauaaag ccugaguagg aaggcggecg cucgagcaug

caucuaga

<210> 61

<211> 835
<212> RNA
<213>

<220>
<223>

<400> 61
acucaaucua

ucuucuuuuu

uugugggcaa

cuccuucccc

ggaaaauguc

auuugcacca

ccaaagguuu

ugaccuagac

aauuaauagu

auacuccugu

auauuuucca

auucagcauu

uuguuucuug

aauaaauugu

<210> 62

<211> 297

<212> RNA

<213>

<220>
<223>

<400> 62

3'UTR-007

daadUuaaaaaa

uaacugaaag

aagagaaaaa

cgcuccccca

aaccuuugua

cuuguggcuu

aaacuaccuc

agagaugaac

auuucagaua

auugaguugu

ucuuauuccc

uguucuuugc

ggcaagcaga

gaaaaaaaug

3'UTR-008

Artificial Sequence

gaaagaaauu

cugaauccuu

gaaggauuga

adaaauuugaa

agaaaaccaa

uugaauaucu

aaaacacuuu

ugagguccuu

cuugaagaau

aucguguggu

aauuaaaagu

cagucucauu

aadaauUuaaau

adaUaaagca

Artificial Sequence

ugaaaaaacu
ccauuucuuc
ucagagcauu
uuuuuuuuuc
aauaaaaauu
uccacagagg
cccaugagug
guuuuguuuu
guugauggug
guauuuuuua
augcagauua
uucaucuucu
uguaccuauu

uguuugguuu

Page 55

uucucuuugc

ugcacaucua

gugcaauaca

aacCacucuua

gaaaaauaaa

gaaguuuaaa

ugauccacau

guucauaaua

cuagaagaau

adaaaauuuga

uuugcccaaa

uccaugguuc

uuguauaugu

ucCaaaagaa

cauuucuucu

cuugcuuaaa

guuucauuaa

caccuguuau

aaCCauaaac

aCCCaaacuu

uguuaggugc

caaaggugcu

uugagaagaa

uuuagcauuc

ucuucuucag

cacagaagcu

gagauguuua

Ccauau

840

900

908

60

120

180
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420
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660

720

780

835



cgecegecegcec
gggcccgggu
cucuccagcu
ccaggcccuc
cuaccuggcc
<210> 63

<211> 602
<212> RNA

<213>

<220>
<223>

<400> 63
ggggcuagag

ggugguuuug

gagaugcaac

uuuccacuuu

uaaaauaggg

ccgaggceagsg

ccugucucua

agcuacucgg

agcugagauc

auaaauaaau

ad

<210> 64

<211> 785

<212> RNA

<213>

<220>
<223>

<400> 64

cgggccececgc

cccacacggc

ccucccacgg

cgcaggeugc

ccugagcucu

3'UTR-009

cccucuccgc

uuuugcuuug

acugagagcc

gaauugcuaa

acguggccag

cggcucacga

Cuaaaaguac

gaggcugagsg

acgccauugc

adauaaauaa

3'UTR-010

agucgagggu

cagcaccgcu

gguccccgua

ccggeeuccc

ggagcaagcc

Artificial Sequence

acagcgugga

uuuaaagccg

aaggeggugss

aaguggcauu

gcacgguggc

ggucaggaga

adaaaauuag

caggagaaag

acuccagccu

auaaauaaau

Artificial Sequence

cgugagccca

gcucacucgg

gcceeggecc

ucccccugca

cugacccaau

gacggggcaa

ugggaaaaug

aguugggaua

uuuccuaugu

ucaugccugu

ucgagacuau

cugggegugs

gcaugaaucc

gggcaacagu

addauaaaaau

ccccguccau

acgacgcccu

ccgeccagcec

gCcaucccaa

aaaggcuuug

ggagggeesu

gCacCaacuuu

auuuuuauau

gcagucacuc

aaucccagca

ccuggcuaac

uggugggcac

aagaggcaga

guuaagacuc

aaagcgagau

ggugcuaagc

gggccugcac

ccaggucucc

ggcuccugac

aacccau

uauuaggauu

accucugugg

aaaagaaguu

cucucauuuc

cuuugggagsg

acgguaaaac

cuguaguccc

gcuugcagug

ugucucaaau

guugcccuca

ggcccugece cgucggacug cccccagaaa gecuccugee cccugccagu gaaguccuuc

agugagecccec uccccageca geccuucccu ggeecccgecg gauguauaaa uguaaaaaug
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aaggaauuac

cauccccucc

gggcuugeges

gugcagccuu

ccugcuugcc

ugccccuguc

guucuugggs

caugcucaac

cagggcugga

aggageguges

uuuaauaauu

auugu

<210>

<211>

<212>
<213>

65
3001
RNA

<220>

<223> 3'UT

<400> 65
auauuaagga

uaaaguauca

cugaagaaag

uuuaaaaaag

aaaaguauuu

uuuaugccuc

aaCauuauac

uauguuuuuu

cccuugcaau

uguacuucag

auuuuauaug

cugccugcuc

cugcaccucc

ccccucccug

cgcucccaca

uggaagacgu

gaggccaccc

cccccuccca

gacuuccucu

ccacacccag

uuugcugaau

R-011

ucaagcuguu

guauacaugg

CaaagcCaaaa

gauugaaaau

uauaaaagga

cucaguaacc

auggcucuga

uuuucaacaa

ucaaccgcag

agucuauauu

ugagcgagca

cuuggcaccc

uacccuccca

uauaagacac

gcuuccugag

ggaucugggu

Ccaaaccccag

gacaggcccu

gguaaacauu

gaagggaaag

uccuuuacaa

Artificial Sequence

agcCuaauaau

ugauguacau

acuguauaga

ucuaaauguc

gaaagaacag

agaaauguuu

aauaucugac

augugacuaa

uuugaauuaa

ucaagggcac

agccggcaag
ccaugcugcc
ccagaacgca
uuugccaagg
ggcuaauucu
gagguaggcg
ccccaacucc
cccugucucc
ccuccagccu

cgggcagccc

CUaaauaaca

gccaccucug
cuguagcaaa
gagauuuuuc
uuucugugca
ccucauuuua
uaaaaaacua
acaauguaaa
uuugaaacuu
ucauaucaaa

auuuucucac
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cgagcacagu

uucagggaga

ccccacuggg

cucuccccuc

gggaagegegasg

ggaaaggaug

aggggcaccu

agggccccca

ccccuccccu

cguuuugggsg

cagauauugu

caguuuuggg

gcucuuggag

aaaagcagua

uauuuuuugu

gauguagucc

aguguuuagg

cauugcaggc

uuaugaacuu

ucaguuuuaa

uacuauuuua

auuauuucuc

caggcaggga

agagcuggug

ucgccccauc

aguucuuugc

gaguguuuua

augagauggc

ccgagguucc

ggggacgcca

acgugaacgu

Uauaaauaaa

aacaggcaaa

aaaaugaaga

aucccucaau

guuaggaauc

uguuggauuu

auuucaagac

accugcauuu

cugagcuguc

uuuuuuaaau

auacCcauuaaa

180

240

300

360

420

480

540

600

660

720

780

785

60

120

180
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420

480

540

600



ggacuaaaua

aadauaccaaug

aauuggagau

ugaguggaau

aauuaucucu

aagaccugcu

gauuuuuuuu

aaugguggcu

uuuauagaag

gugaaugugu

uuucucaaaa

aaauuuuguu

uuauaaucag

gugugugcgu

caauuuguua

ucuauuagaa

uguaguuaua

uuuaaacuaa

uuuauauaua

caauuguguu

aggauauuua

ggacuuagau

cuauuucauu

uuuuuguauu

uguaccuuau

uugauuuguc

aguuuguguu

auacccCaaag

aucuuucaga

adacCauacaa

cucuuuaauu

ucaacauuug

ggugacaaaa

aCuaugaaau

caaaucagug

uuuuuuagcu

uguagauuuu

gaugaauacu

aauuauuaac

acuguaaugc

uuucuauuuu

uuguguguua

auugaucuua

gaaaguaaac

ucuagaaaga

aaauaaucau

uuuuuauuua

aaaugaauug

aaggauuuuu

uauaaauuau

auuccucuuu

auucacuaua

agucugucac

uuuaagggcu

uaaauuacuc

gauuauaaau

gaugcuggaa

cuugaaaauu

ucgaucaacu

aCuaauaaaa

gaguaaaauc

agaugacauu

uguguuuuga

accucuuugu

cuuugugacu

cagauuauuu

acaugaaaga

ucgcguuuag

gcugugccug

aagcagaaaa

gaucacuagu

accaucuuua

agcaauuuug

acuuggauuu

guauuaucuu

adaauucaug

guauauauaa

ggcaaaaauc

uuccaauaag

ucuuuaugau

Caaaaaaaaa

uguuaacuau

aucuaagcaa

caugcugcua

acaaaucauu
aguaauagua
uauaaugugu
ugaguucauc
aaauauuucu
aaucugucuu
ggucuuaugu
ucauuuaagc
uugcuaucgu
gucucucuau
caaucucuaa
ugaguuuaaa
agauuaagau
gacuuuuuua
aaacucaggg
uuccugcccu
auuucuugaa
uauuuauuuu
auucuuugcu
cccuguucau
uuucuuaaau
uaaaaacaac
ucauacaauu
auuuaaguau
aaauuaucug
ccuuuauuuu
aaaauguaua

uaaagacaca

Page 58

ugcuuuauau

uuuuugaaga

aguacuauau

auguuggcaa

gccuguuaca

cacuguuuau

aauugaugac

accaguaaag

gccuaaagcu

auaauuaguu

aCCagaaaaa

aCacCacagua

cuguguaugu

aaaguuuuaa

cugaauuaua

uuuucuucuc

aagguaguuc

ugucauagua

auuugccaau

uuuauuuuac

uaauauucca

adaaaugauu

gguagauaug

adauaauuaa

uagguaguga

cucauuuguc

uaaaucccau

ugcacacgua

guuucauuag

ucccauuucu

uaagugcacu

gugauguggc

aauaucaagg

aauacggaug

auuugagaga

aucaugucuu

Cuaaauauag

ugguacuaag

gaaguaguac

ucuuuugguu

gugugugugu

gugauaaaug

ccauguauau

ucaaaguagu

cugcacucag

aaaauuuuaa

ccuuugucau

uuuauugguu

aaagguuagu

uuuauacauu

acuuauuuua

aaaaauuuau

aaugcuaaug

uuaaauuagg

uacuggguau

uguuuauugc

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



agcacuauuc

gauuaagaaa

uucauguccu

caaggacaga

acacuuggac

ggggagegau

accaacaugg

aacCuuaaagu

Ccugaaauaaa

aauauauugu

gugauaacua

auauauacuu

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

66

RNA

<220>

<223>

<400> 66
cccacccugce

agaguaaaau

aaagcuugga

cagcccugag

accugcacag

ggggcucagc

cuccugcccg

cccaccagcc

uguccccaua

1037

aCaauagcaa

augugcacau

uuguagggac

dadacCCaaaca

aCaagguggsg

agcauuagga

cacauguaua

aUaauuaaaa

ugugaucuuu

auucuugaaa

auugagguaa

adaaaauaugu

3'UTR-012

acgccggcac

gugaugcgaa

aagccaggac

uuggcaucac

ggcccucuga

ccugagcugg

cccucccucc

ugagcaagac

gcugguuuuu

agacuuggaa

auacaccaug

auggauaaag

cugcauguuc

gaacaccaca

gauauaccua

cauauguagc

dadaadaaagaa

CcCCauuaaaa

aauucuaaga

ugcacauauu

uauacCacCaau

Artificial Sequence

Caaacccugu

uuuucccgac

acaacgcugc

cugcgcaggg

ggcucagccc

ccucaccugg

ugccugcgea

gcccucucgg

CcCCacCcCaauc

ccaacccaaa
gaauacuaug
cuggaaacca
ucacucauag
caccagggcc
auguaaauga
aaaccugcac
aacagaagcu
aaauaaagaa
gaguggaugu
aauuagaaag

aadauacauac

ccucccaccc
Ccaaccugauu

ugccugcuuu

cccucugggg
ugagcuggcg
guuccccacc
gcuccuuccc
ggccugugcc

cucaccuaac
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uguccaucaa

cagccauaaa

ucauucugag

gugggaauug

ugucauggsgsg

ugaguuaaug

guugugcaca

auuuauaaag

auuuugggsgu

gaaguguucu

auuuugucau

auUaaaaaau

cuccccacuc

cgcuagauuu

gugcaggguc

cucagcccug

ucaccugugc

ccgggeucuc

uaggcaccuc

gcacuagccu

aguuacuuua

ugauagacuu

aaaggaugag

Caaacuauug

aacaaugaga

uggggeggagu

ggugcagcac

uguacccuag

aaguuauuug

dddaaaacac

CaCcCacCaaaa

uccacaaugu

aaguaaaugu

aucCacCuaaac

uuuuuaagga

cuccggggcu

agcuaguguc

agggcccucu

cugcccugcec

ugugcugcau

cccucuccuc

Caauuaaacu

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3001

60

120

180

240

300

360

420

480

540



caaagcaagc

ccaaggucag

uccugcuggu

acugaccccg

uuaacggugc

ugagagcccc

uccucagaau

guuuugcucc

agguuuucac

<210>

<211>

<212>
<213>

67
577
RNA

<220>

<223>

<400> 67
agaggccugc

CcCaaauaaug

gggguggauu

uuuuuuuuuu

ucucaucuuu

ccccuccaac

uccuuccugg

ugaggaagaa

ggccacuucu

CaaacCaaaau

<210>

<211>

<212>
<213>

68
2212
RNA

<220>

ucuucuccuc

gaggccguug

gaccggccug

accucagaga

uaaccccguc

uuggugccac

agugaugugu

uucuguguuu

uccucuc

3'UTR-013

cuccagggcu

ucucugugag

uugguuuugu

uuuuaaacug

cuugaucaac

cuggggegsca

agcccagagg

cggggcucuu

ggguggeeca

uucuauuaaa

agcuuggsgsgc

Ccagacauaaa

gaccuuggcc

guacucgcag

ugcuccuccc

agagggcugu

ucgacguuuu

uuuucugaac

Artificial Sequence

ggacugaggc

acucgagaac

uccccuccuc

guauuuuauc

aucuuuucuu

guggugugga

agggcagcag

cucauuucac

guggguccca

uuaaauuuug

Artificial Sequence

agccauuggc
ucucggcgac
cuacagcccu
gggegeuggc
ucccgcagag
gucuuacuag
aucaaaggcc

cauauccaug

cugagcgcuc
uuucauuuuu
cacucucccc
uuugauucuc
gccucugucc
gaagccacag
aagggegsgugs
cccucccuuu
gauuggcuca

ugucucc

Page 60

cucugucucg

ucggccccgu

ggaggccgcu

ugcacucaag

acuggggccu

aadaaCaacgca

cccuuucuau

uugcugacuu

cugccgcaga

uuccaggcug

cacccccucc

cuucagcccu

ccuucucuca

gccugagauu

ugucuccaac

cuccccugcc

cacugagaau

uuuugggaaa

cuccugaggg

gcugaccagc

acccucgaga

ggacuggaca

aaccucuccu

guucauguua

uuccCaaauaa

gauggccgceg

guucggauuu

ccgocccuuuu

caccccuggu

ucucuuagcu

ucaucugcuc

cccccagcac

cccaggacug

guaagaacua

600

660

720

780

840

900

960

1020

1037

60

120

180

240

300

360

420

480

540

577



<223>

<400> 68
cucccuccau

agacaagcaa

gacuuuggaa

CCaaccgaac

adagaauaaa

gecggggeuaa

uccuuucucc

gaagacacag

aguggccccc

gggguucuca

cuccccuucg

aggagaguca

ucccuugugc

ugaaagacua

uggggegcagyg

guggLgLEuULEs

auguuccuuu

uuuuugugga

gugugcggcu

uucucaggcc

auccucccgg

uucccaaagc

cuauuuugua

gcauguggaa

g8888a8LE8L

ccuuucccuc

3'UTR-014

cccaaccugg

CCCaaacuga

aauauuuuuu

augaccaaaa

Uaaauaacuu

gucccuuucu

acCaccccccu

gaaacaaugu

acccucagcc

gacugccaaa

uuuuugaggg

ggaagggcca

cgcagggcug

ccucguucuu

guggaagcgsg

gagggaauca

uuguucaaag

uggggacuug

ccagcccagc

ucugcucucc

cucccuccua

acaaagcagu

uguguauaau

augacccaaa

uagacauggg

cCCacuauuc

cucccuccca

aCCcccucaa

uccuuugcau

accaaaagug

uuuaaaaaag

gcccguuggs

uggggccucc

auugucugcc

cgcuccugcc

gaagccuugc

ggucaugccg

cgacaaagca

ggcgggagag

gucuugaugu

cuccccauuu

cuggugcuau

ucuauuuuua

ugaauuuuuc

ccgcugcuca

gaccucucuc

gucuguccug

uuuucccccu

aauuugagau

Ccauaauccgc

gaaggggcuu

ucuucuagau

cccaaccaac
aagccaaaaa
ucaucucuca
cauucaaccu
gaagcuuggu
cuuaugaaac
ccuccacucc
cagcaaucaa
cgcccagcac
caucuggcgc
ggggagccac
gaaacaucgg
acuguucugu
gucaccgggsg
uauaccaaag
agaaauugag
uuccuugaua
uaaaggugcu
cuuuccaccc
cucugaaacc
cguccucugu
agggguggga
guuuuuaauu
aguggccucc
uggggugaug

cCccuccCauaa
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uuucccccca

augggagaca

aacuuaguuu

uacCaaaaaa

ccacuugcuu

cccaaugcug

uucccCaaauc

aggcaaugcu

ccccaggecc

ucccauggcu

cagccccuca

auuuggggaa

uccuugugua

caacugccug

gugcuacauc

augccccccc

uuuuucuuuu

auuuaacaug

ucucuccacc

cuccuccaca

cccecggguuu

ggaagcaaaa

auuuugauug

uaauuuccuu

ggcuugccuu

ccccacuccc

acccggaaac

auuucacaug

uuaucuuuga

dddaadaaaa

gaagacccau

cccuuucugc

ugucucccca

CaaacCaccca

ugggggaccu

cuugcaacau

cuggguucgg

cgcgugucaa

acuguguugc

gggegcgeeea

uaugugaugg

aggccagcaa

uuuuuuuuuu

ggaggagagc

ugccucuggc

gcugcagccc

cagagacaac

gacucuguac

cuggaauaaa

cuuuggaguu

ccauuccugc

cuuucucuca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560



cccuucuuau

ugcaccuuuu

Ccacacacaca

cccauccacu

acugggagsgs

acaugaaggg

gcaacgcaac

aggcgugcuc

gagcuguggs

accacggacu

uggucugggg

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

69
729

<220>
<223>

<400> 69
uuggccaggc

ucugggaccu

cucuuggagc

accuuuaugg

uuuuacugcu

cuucccccac

cagaaagacu

ccagggacuu

ccugagucug

gacagcgacu

ucuacuugcc

uggaugccuc

RNA
Artificial Sequence

accgCaaacc

CcCaaauccuc

cacucuucac

cuccaccccc

ugaggggagu

ucaucuggcc

aggagagsgss

ccugcucgcu

gaaggcacuc

gggugceucg

aaccaucgug

3'UTR-015

cugacccucu

cgggguccca

CcacCcCaaucaa

cuggggcucu

uuguagugac

cucuuccaug

gucuggguga

cugcuucaag

ggacuucugc

ccagagaacc

uguggggagsg

ugaagagagg

uuucuacuuc

uucuccccug

aucugggguu

uggaugcccu

ggaacccgug

ucugcucccu

ucugcugagc

guccuggccc

gcaccgugcu

accuccugaa

cccccgecuc

uggaccuuuc

gggaacccag

agagauucaa

ccgugguguu

ucgugcucuc

gggugagacu

gaagccaugg

uuuuggggua

cuccauggcu

ucuugggaga

ggagugacag

gacagaccgu

cucuuucauu
Ccaauaccaua

gucCaaaccu

gcacuuggug
aggaggaccu
ucucacccac
cuggcgaggg
ugggeggagug
cuugggaagg
uccccagaac

ccgccuacuc

uucuuugccg
uccagccucc
agagauuccu
cuggacccag
caaccugucu
ugagcagaac
ccagagcuuc
aagacaccug
ggucaugaga
cagaagaggc
guccacacac

cagaaacugg

Page 62

uucuauucuu

caggcaaucc

cauacccacu

gcggugggau

gggggCcucu

gcugaccucc

ucugggaggsg

agggagacag

aaggagaccu

acaacccccc

cuuuuuaagc

aCaaccacug

uggcuguuga

gcaggccaga

ccccuggaga

uccugaaaaa

aggggcuucc

ucccaggcac

gaucagacuc

gcaaaccgua

aucugugcac

cacacugggu

agaguuucua

gCaauuuccu

acgugcacaa

ccccuucaag

gcucauggau

ccuugaacug

ugccgaagga

accaggagga

acaccuggga

ggcccugcuc

ugggcugeges

uu

cccagcagcec

cuucccauug

ggcggaacac

caccauucac

ccaaggcccc

ccaaguugcc

agguguugca

caagggcugc

guccccugga

agcucgaucu

cacccugucc

uuaaagguca

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2212

60

120

180

240

300

360

420

480

540

600

660

720



uuuaaacca

<210> 70

<211> 847
<212> RNA
<213>

<220>
<223>

<400> 70
uccuccggga

ugaaguggca

cacggccugg

ccuccaaguc

gugaggugcu

ucccaagagg

uguggccgcec

CcCaagcuucu

uuguggaacc

gggauccuca

ggcuuccagc

Ccacacagccc

agccucaucu

gcuccgcauc

gaacCaaa

<210> 71

<211> 110

<212> RNA

<213>

<220>
<223>

<400> 71

3'UTR-016

ccccagcccu

cagucagcuu

cauuucacgc

uguggcucuu

cagugaucgg

gucugcucug

cuagcauccu

gguugauuaa

agugaugccu

guauagccgg

caucucaucg

cagaaggguc

ggagccccug

cugcugugug

3'UTR-017

Artificial Sequence

caggauuccu

cccuggggsgc

auugcugcca

cccuucuguc

cuuaacuuag

agccugcguu

guaugcccac

ugagggcaug

caaagacagu

ugaacccuga

ccagccuccu

ccagagcuga

aagaccaguc

uccuguucca

Artificial Sequence

gaugcuccaa

uggugucaug

ccccaggucc

cuccgagggsg

agaagcccgc

ccuagguggc

agcuacugga

gggugguccc

guccccucca

uaccaggagc

ccuggaccuc

CcCcccacucca

ccacccaccu

uguuccgguu

ggcgacugau

uugggcuccu

accugucucc

cuugccuucu

ccccuccccu

ucggccucag

auccccgcug

ucaagaccuu

cagcugggug

cugggccucc

uuggccccca

ggaccuaggc

uucuggccuc

CcCauccCaaau

gggegeugga

g888cgLLEs

acuuucacag

cucgugucca

ucuccgucug

cugccugggu

cugcuccggg

ccccuaccuu

ccaggggcag

cugaaccccu

gccccuuccc

ccagccccuc

aucugacacu

acacuuucug

gcuggagccu cgguggccau gcuucuugec CCuugggecu CCCccccagee ccuccucccec
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729

60

120

180

240

300

360

420

480

540

600

660

720

780

840

847

60



uuccugcacc Cguacccccg uggucuuuga auaaagucug agugggcgec 110

<210> 72
<211> 119
<212> RNA

<213> Artificial Sequence

<220>
<223> 3' UTR no miR binding sites

<400> 72

ugauaauagg cuggagccuc gguggccaug CUUCUUgCCC CUuugggccuc cccccagecce 60
CUCCUCCCCU UCCUGCAcCcC guacccccgu ggucuuugaa uaaagucuga gugggcgec 119
<210> 73

<211> 87

<212> RNA

<213> Artificial Sequence

<220>
<223> miR-142

<400> 73

gacagugcag ucacccauaa aguagaaagc acuacuaaca gcacuggagg guguaguguu 60
uccuacuuua uggaugagug uacugug 87
210> 74

<211> 23

<212> RNA

<213> Artificial Sequence

<220>
<223> miR-142-3p

<400> 74

uguaguguuu ccuacuuuau gga 23
<210> 75

<211> 23

<212> RNA

<213> Artificial Sequence

<220>
<223> miR-142-3p binding site

<400> 75
uccauaaagu aggaaacacu aca 23

Page 64



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

<220>
<223>

<400>

76

21

RNA

Artificial Sequence

miR-142-5p

76

cauaaaguag aaagcacuac u

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

<220>
<223>

<400>

77

21

RNA

Artificial Sequence

miR-142-5p binding site

77

aguagugcuu ucuacuuuau g

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

<220>
<223>

<400>

78

18

DNA

Artificial Sequence

Syn5 promoter

78

attgggcacc cgtaaggg

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

<220>
<223>

<400>

ucaagcuuuu ggacccucgu acagaagcua auacgacuca cuauagggaa auaagagaga

aaagaagagu aagaagaaau auaagagcca cc

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

79

92

RNA

Artificial Sequence

5' UTR of Citrin in Example 12

79

80
119
RNA
Artificial Sequence
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21

21

18

60

92



<220>
<223>

<400>

3' UTR of Citrin in Example 12

80

ugauaauagg cuggagccuc gguggccaug cuucuugccc

CuCCcucCccCccu uccugcaccc guacccccgu ggucuuugaa

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

<220>
<223>

<400>

81

133

RNA

Artificial Sequence

(3'UTR with miR 142-3p binding site)

81

gcuggagccu cgguggccau gcuucuugec ccuugggecu

uuccugcacc cguaccCcCcCcu CcCauaaagua ggaaacacua

cugagugggc ggc

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

<220>
<223>

<400>

82

23

RNA

Artificial Sequence

(miR 142-3p binding site)

82

uccauaaagu aggaaacacu aca

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

<220>
<223>

<400>

83

23

RNA

Artificial Sequence

(miR 142-3p sequence)

83

uguaguguuu ccuacuuuau gga

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

<220>

84

21

RNA

Artificial Sequence
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cuugggccuc cccccagecc

uaaagucuga gugggcggc

CCCCCCagcc ccuccucccc

caguggucuu ugaauaaagu

60

119

60

120

133

23

23



<223>

<400>

(miR 142-5p sequence)

84

cauaaaguag aaagcacuac u

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

<220>
<223>

<400>

85

22

RNA

Artificial Sequence

(miR 146-3p sequence)

85

ccucugaaau ucaguucuuc ag

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

<220>
<223>

<400>

86

22

RNA

Artificial Sequence

(miR 146-5p sequence)

86

ugagaacuga auuccauggg uu

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

<220>
<223>

<400>

87

22

RNA

Artificial Sequence

(miR 155-3p sequence)

87

cuccuacaua uuagcauuaa ca

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

<220>
<223>

<400>

88

23

RNA

Artificial Sequence

(miR 155-5p sequence)

88

uuaaugcuaa ucgugauagg ggu

<210>

89
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21

22

22

22

23



<211>
<212>
<213>

<220>
<223>

<400>

22
RNA
Artificial Sequence

(miR 126-3p sequence)

89

ucguaccgug aguaauaaug cg

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

<220>
<223>

<400>

90

21

RNA

Artificial Sequence

(miR 126-5p sequence)

90

cauuauuacu uuugguacgc g

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

<220>
<223>

<400>

91

22

RNA

Artificial Sequence

(miR 16-3p sequence)

91

ccaguauuaa cugugcugcu ga

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

<220>
<223>

<400>

92

22

RNA

Artificial Sequence

(miR 16-5p sequence)

92

uagcagcacg uaaauauugg cg

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

<220>
<223>

93

21

RNA

Artificial Sequence

(miR 21-3p sequence)
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22

21

22

22



<400>

93

caacaccagu cgaugggcug u

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

<220>
<223>

<400>

94
22
RNA
Artificial Sequence

(miR 21-5p sequence)

94

uagcuuauca gacugauguu ga

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

<220>
<223>

<400>

95

22

RNA

Artificial Sequence

(miR 223-3p sequence)

95

ugucaguuug ucaaauaccc ca

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

<220>
<223>

<400>

96
22
RNA
Artificial Sequence

(miR 223-5p sequence)

96

cguguauuug acaagcugag uu

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

<220>
<223>

<400>

97

22

RNA

Artificial Sequence

(miR 24-3p sequence)

97

uggcucaguu cagcaggaac ag

<210>
<211>
<212>

98
22
RNA

Page 69

21

22

22

22

22



<213> Artificial Sequence

<220>
<223> (miR 24-5p sequence)

<400> 98

ugccuacuga gcugauauca gu 22
<210> 99

<211> 21

<212> RNA

<213> Artificial Sequence

<220>
<223> (miR 27-3p sequence)

<400> 99

uucacagugg cuaaguuccg ¢ 21
<210> 100

<211> 22

<212> RNA

<213> Artificial Sequence

<220>
<223> (miR 27-5p sequence)

<400> 100

agggcuuagc ugcuugugag ca 22
<210> 101

<211> 22

<212> RNA

<213> Artificial Sequence

<220>
<223> (miR 126-3p binding site)

<400> 101
cgcauuauua cucacgguac ga 22
<210> 102
<211> 141
<212> RNA

<213> Artificial Sequence

<220>
<223> (3'UTR with miR 126-3p binding site)

<400> 102
ugauaauagg cuggagccuc gguggccaug CUUCUUgCCC CUuugggccuc cccccagecce 60
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CUCCUCCCCU UCCUgCaccc guaccccccg cauuauuacu cacgguacga guggucuuug

aauaaagucu gagugggcgg ¢

(3" UTR with miR 142-3p binding site)

<210> 103

<211> 142

<212> RNA

<213> Artificial Sequence
<220>

<223>

<400> 103

ugauaauagg

cuccuccccu

gaauaaaguc ugagugggcg gc

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

<220>
<223>

<400>

104
141
RNA
Artificial Sequence

cuggagccuc gguggccaug CUuuCUuugccc cuugggccuc cccccagecc

uccugcaccc guacccccuc cauaaaguag gaaacacuac aguggucuuu

(3" UTR with miR 126-3p binding site)

104

ugauaauagg cuggagccuc gguggccaug CUUCUUgCCC cuugggccuc cccccagecc

CUCCUCCCCU UCCUgCcaccc guaccccccg cauuauuacu cacgguacga guggucuuug

aauaaagucu gagugggcgg ¢

(3" UTR with miR 142-3p and miR 126-3p binding sites)

<210> 105
<211> 164
<212> RNA
<213> Artificial Sequence
<220>
<223>
<400> 105
ugauaauagu
ccccuugggc
acucacggua
<210> 106

Ccauaaagua ggaaacacua Cagcuggage Ccucgguggec augcuucuug

cuccccccag ccccuccucc ccuuccugca cccguacccc ccgcauuauu

Ccgaguggucu uugaauaaag ucugaguggg cggc
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120

141

60

120

142

60

120

141

60

120

164



<211> 23

<212> RNA

<213> Artificial Sequence

<220>

<223> (miR 155-5p sequence)

<400> 106
uuaaugcuaa
<210> 107
<211> 23

<212> RNA

uugugauagg ggu

<213> Artificial Sequence

<220>

<223> (miR 155-5p binding site)

<400> 107
accccuauca

<210> 108
<211> 188
<212> RNA

Ccaauuagcau uaa

<213> Artificial Sequence

<220>
<223> (3
<400> 108
ugauaauagu
ccccuugggc
gcacccguac
ugggcegsc
<210> 109
<211> 140
<212> RNA

UTR with 3 miR 142-3p binding sites)

CCauaaagua ggaaacacua Cagcuggage Cucgguggec augcuucuug
cuccauaaag uaggaaacac Uacauccccc Cagccccucc uccccuuccu

ccccuccaua aaguaggaaa cacuacagug gucuuugaau aaagucugag

<213> Artificial Sequence

<220>

<223> (3'UTR with miR 142-5p binding site)

<400> 109
ugauaauagg

cuccuccccu

auaaagucug

cuggagccuc gguggccaug CUuCUUgCCcC CUugggeccuc cccccagecce
uccugcaccc guacccccag uagugcuuuc uacuuuaugg uggucuuuga

agugggcgec
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23

23

60

120

180

188

60

120

140



<210> 110

<211> 182

<212> RNA

<213> Artificial Sequence

<220>

<223> (3'UTR with 3 miR 142-5p binding sites)

<400> 110

ugauaauaga guagugcuuu cuacuuuaug gcuggagccu cgguggccau gcuucuugec 60

ccuugggcca guagugcuuu cuacuuuaug uccccccage cccuccuccc cuuccugeac 120

ccguaccccc aguagugecuu ucuacuuuau gguggucuuu gaauaaaguc ugagugggcsg 180

gc 182

<21e> 111

<211> 184

<212> RNA

<213> Artificial Sequence

<220>

<223> (3'UTR with 2 miR 142-5p binding sites and 1 miR 142-3p binding
site)

<400> 111

ugauaauaga guagugcuuu cuacuuuaug gcuggageccu cgguggeccau gcuucuugec 60

ccuugggeccu ccauaaagua ggaaacacCua caucccccca gccccuccuc cccuuccuge 120

acccguaccc CCaguaguge uuucuacuuu augguggucu uugaauaaag UCUgaguggs 180

cggc 184

<210> 112

<211> 142

<212> RNA

<213> Artificial Sequence

<220>

<223> (3'UTR with miR 155-5p binding site)

<400> 112

ugauaauagg cuggagccuc gguggeccaug CUUCUUECCC CUUgEgECcUC cccccagecc 60

CUCCUCCCCU uccugcaccc guacccccac cccuaucaca auuagcauua aguggucuuu 120

gaauaaaguc ugagugggcg gc 142
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<210> 113

<211> 188

<212> RNA

<213> Artificial Sequence

<220>

<223> (3" UTR with 3 miR 155-5p binding sites)

<400> 113

ugauaauaga ccccuaucac aauuagcauu aagcuggage cucgguggec augcuucuug 60

ccccuuggge caccccuauc acaauuagea uUuaauccccc Cageccccucc uccccuuccu 120

gcacccguac ccccaccccu aucacaauua gcauuaagug gucuuugaau aaagucugag 180

ugggcggc 188

<210> 114

<211> 188

<212> RNA

<213> Artificial Sequence

<220>

<223> (3'UTR with 2 miR 155-5p binding sites and 1 miR 142-3p binding
site)

<400> 114

ugauaauaga ccccuaucac aauuagcauu aagcuggagec cucgguggecc augcuucuug 60

ccccuuggge cuccauaaag uaggaaacac UacCauccccc Cageccccucc uccccuuccu 120

gcacccguac ccccaccccu aucacaauua gcauuaagug gucuuugaau aaagucugag 180

ugggcggc 188

<210> 115

<211> 142

<212> RNA

<213> Artificial Sequence

<220>

<223> (3'UTR with miR 142-3p binding site, P1 insertion)

<400> 115

ugauaauagu ccauaaagua ggaaacacua cagcuggagc cucgguggcc augcuucuug 60

CCCCuuggge cuccccccag CCCCUCCUCC ccuuccugca Cccguacccc cguggucuuu 120

gaauaaaguc ugagugggcg gc 142

<210> 116

<211> 142
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<212>
<213>

<220>
<223>

<400>

RNA
Artificial Sequence

(3'UTR with miR 142-3p binding site, P2 insertion)

116

ugauaauagg cuggagccuc gguggcucca uaaaguagga aacacuacac augcuucuug

ccccuuggge cuccccccag cCCCcuccucc ccuuccugeca cccguaccce cguggucuuu

gaauaaaguc ugagugggcg gc

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

<220>
<223>

<400>

117
142
RNA
Artificial Sequence

(3'UTR with miR 142-3p binding site, P3 insertion)

117

ugauaauagg cuggagccuc gguggccaug CUUCUUgCCC cuugggccuc cauaaaguag

gaaacCacuaC auccccccag ccccuccucc ccuuccugca cccguacccc cguggucuuu

gaauaaaguc ugagugggcg gc

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

<220>
<223>

<400>

118

21

RNA

Artificial Sequence

(miR-142-5p binding site)

118

aguagugcuu ucuacuuuau g

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

<220>
<223>

<400>

119
87
RNA
Artificial Sequence

(miR-142)

119

gacagugcag ucacccauaa aguagaaagc acuacuaaca gcacuggagg guguaguguu

uccuacuuua uggaugagug uacugug
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60

120

142

60

120

142

21

60

87



<210> 120

<211> 70

<212> RNA

<213> Artificial Sequence

<220>
<223> (5" UTR with miR142-3p binding site at position p1l)

<400> 120
gggaaauaag aguccauaaa guaggaaaca cCuacaagaaa agaagaguaa gaagaaauau

aagagccacc
210> 121
<211> 70

<212> RNA

<213> Artificial Sequence

<220>
<223> (5" UTR with miR142-3p binding site at position p2)

<400> 121
gggaaauaag agagaaaaga agaguaaucc auaaaguagg aaacacuaca gaagaaauau

aagagccacc
210> 122
<211> 70

<212> RNA

<213> Artificial Sequence

<220>
<223> (5" UTR with miR142-3p binding site at position p3)

<400> 122
gggaaauaag agagaaaaga agaguaagaa gaaauauaau ccauaaagua ggaaacacua

cagagccacc
210> 123
<211> 23

<212> RNA

<213> Artificial Sequence

<220>
<223> (miR 155-5p binding site)

<400> 123
accccuauca caauuagcau uaa
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60

70

60

70

60

70

23



<210> 124

<211> 181

<212> RNA

<213> Artificial Sequence

<220>

<223> (3'UTR with 3 miR 142-5p binding sites)

<400> 124

ugauaauaga guagugcuuu cuacuuuaug gcuggagccu cgguggccau gcuucuugec 60

ccuugggcca guagugcuuu cuacuuuaug uccccccage CCccucucccc uuccugeacc 120

cguaccccca guagugcuuu cuacuuuaug guggucuuug aauaaagucu gagugggcgg 180

C 181

<210> 125

<211> 184

<212> RNA

<213> Artificial Sequence

<220>

<223> (3'UTR with 2 miR 142-5p binding sites and 1 miR 142-3p binding
site)

<400> 125

ugauaauaga guagugcuuu cuacuuuaug gcuggagccu cgguggccau gcuucuugec 60

ccuugggccu ccauaaagua ggaaacacua caucccccca gCcccuccuc cccuuccuge 120

acccguaccc ccaguagugec uuucuacuuu augguggucu uugaauaaag ucugaguggg 180

cggc 184

<210> 126

<211> 70

<212> RNA

<213> Artificial Sequence

<220>

<223> (5" UTR with miR142-3p binding site at position p1l)

<400> 126

gggaaauaag aguccauaaa guaggaaaca cuacaagaaa agaagaguaa gaagaaauau 60

aagagccacc 70

<210> 127

<211> 70

<212> RNA

<213> Artificial Sequence
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<220>
<223>

<400> 127

(5" UTR with miR142-3p binding site at position p2)

gggaaauaag agagaaaaga agaguaaucc auaaaguagg aaacacuaca gaagaaauau

aagagccacc
<210> 128
<211> 70
<212> RNA
<213>
<220>
<223>
<400> 128

Artificial Sequence

(5" UTR with miR142-3p binding site at position p3)

gggaaauaag agagaaaaga agaguaagaa gaaauauaau ccauaaagua ggaaacacua

cagagccacc

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

129
2025
RNA

<220>

<223>

<400> 129
auggccgccg

uuucucaagu

gucaccaggu

cucagcggcg

uucgagagcg

aaggccggcea

auccaccagc

gaaaggaagc

gaacacgcca

aucgacuucc

gagugccugg

ccaaggucgc

acgccuccau

aCCucaacau

ucgucgacca

uccucugcgc

agggcgagsgu

acaucccuuu

gccaucugac

aacaggcguu

gugauaucau

uggccgecgc

Artificial Sequence

ccucaccaag

cgagaagaac

cuucggcgag

gacgaaggac

gcccgacgec

gaccuuugaa

uaacugggac

cuacgccgag

cguucagcgg

ggugaccauc

gggugggacc

Construct #1 ORF of Citrin gene

agggcggacc

ggggaguucu

agccagccca
ggacucauua
cucuucaugg
gaugugaagc
ucagaauucg
uucacacagu
gacaacgcca
aggccucacg

acgucccacc
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ccgeggagceu

ucaugagccc

acccgaagac

gcuuccagga

ucgcguucca

agguguucgg

uccagcugca

uucuccugga

ggaccggcecg

uccugacgcc

aggugagcuu

caggaccauc

gaacgauuuc

cguagagcuc

guucgucgcc

gcuguucgau

ucagaccacc

cuucggcaag

gauccagcug

ggucaccgcg

cuucguggaa

cuccuauuuu

60

70

60

70

60

120

180

240

300

360

420

480

540

600

660



aacggguuca

gccgggacgc

uuuggccagg

cccaggggcc

cugcccuuca

guccugcugc

gugggugcca

uccaccggca

guucuccggu

guggcgeecg

cacaaggacg

agccagguca

gagauuacca

ggcauauaca

uuucccugcu

ggcucccuac

gcggacguua

ggcgugaucg

ggcgcrcgess

gaacugcugc

ccugugccca

aaacuggccg

uucaaaccgu

<210>

<211>

<212>
<213>

130
2236
RNA

<220>
<223>

acagccuccu

gcaaggacgu

ugacgcccau

ggaugacccu

accuggcgga

agguggccga

ccgeccgugua

gcuucguggs

acgagggguu

agaaggccau

gcagcguccc

ucuuuaccaa

ccggaccccg

agggagccaa

acgcccacgu

ugcuggccgsg

ucaagaccag

acugcuuccg

caaggguguu

agcggugguu

agagcaggau

uggccaccuu

ccgucuccac

CaaCaacaug

cgaggugacc

ggagguggac

ggccgacauc

ggcccagegce

guccgcguac

uccgaucgac

cgagcucaug

cuucggccuc

caagcucacg

acuggccgcec

cccacuggag

ugugagcgcc

ggccugcuuu

gaaagcgagc

agccaucgcc

gcugcaggug

caagauccug

caggagcagc

cuauaucgac

caaucugccc

cgccggaauc

cagcaaggcc

Artificial Sequence

gagcugaucc
aaggaagaau
auccuguucc
gagcgcauug
cagaaggcca
agguucgguc
cucgugaaga
uacaagaacu

uaccggggac

gucaacgacu
gagauucugg
aucgugaaga
cugagcgugsg
cugagggaca
uucgccaacg
gggaugcccg
gcggecaggs
cgggagegags
ccacaguucg
uucggaggag
gcgcccaacc
gagaacaagu

aucggcggasg
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ggaagaucua

ucgugcuggc

aacuggcgga

ccccgeucga

gcggggacag

uggggagecgu

cccguaugcea

ccuucgacug

ugcuacccca

uugugcggga

caggcggeug

ucaggcugca

ugagggaccu

ucccguuuuc

aggacggcca

ccgccagecu

cgggccagac

ggcccaaggce

gggugacccu

ucaagcccau

cagaccacgu

ucggccugua

gcccc

Construct #1 Full Citrin nucleic acid with UTRs

uagcacccug

cgcccagaag

ccuguacgaa

ggagggcacc

cgccaggccc

cgcgggagcc

gaaucagagg

uuucaagaag

gcugcucggc

caaguucaug

cgccggaggc

aguggccggs

uggcuucuuu

cgccauauac

ggucaguccc

ggugacgccc

caccuacagc

ccuguggaaa

gcuuaccuac

gggcuccgag

gggaggguac

ucugccccug

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025



<400> 130
gggaaauaag

aggucgcccu

ccuccaucga

ucaacaucuu

ucgaccagac

ucugcgegec

gecgaggugac

ucccuuuuaa

aucugaccua

aggcguucgu

auaucauggu

ccgeegeggg

gccuccucaa

aggacgucga

cgcccaugga

ugacccuggc

uggcggagsgc

uggccgaguc

ccguguaucc

ucgugggcga

agggguucuu

aggccaucaa

gcgucccacu

uuaccCaaccc

gaccccgugu

gagccaaggc

cccacgugaa

agagaaaaga

caccaagagg

gaagaacggsg

cggcgagagc

gaaggacgga

cgacgcccuc

cuuugaagau

cugggacuca

cgccgaguuc

ucagcgggac

gaccaucagg

ugggaccacg

caacauggag

ggugaccaag

gguggacauc

cgacaucgag

ccagcgccag

cgcguacagg

gaucgaccuc

gcucauguac

cggccucuac

gcucacgguc

ggcecgeegag

acuggagauc

gagcgcccug

cugcuuucug

agcgagcuuc

agaguaagaa

gcggacccecg

gaguucuuca

cagcccaacc

cucauuagcu

uucauggucg

gugaagcagg

gaauucgucc

aCacaguuuc

aacgccagga

ccucacgucc

ucccaccagg

cugauccgga

gaagaauucg

cuguuccaac

cgcauugccc

aaggccagcg

uucggucugg

gugaagaccc

aagaacuccu

cggggacugc

aacgacuuug

auucuggcag

gugaagauca

agcgugguga

agggacaucc

gccaacgagg

gaaauauaag
cggagcucag
ugagcccgaa
cgaagaccgu
uccaggaguu
cguuccagcu
uguucgguca
agcugcacuu
uccuggagau
ccggecgggu
ugacgcccuu
ugagcuucuc
agaucuauag
ugcuggecgc
uggcggaccu
cgcucgagga
gggacagcgc
ggagcgucgc
guaugcagaa
ucgacuguuu

uaccccagcu

ugcgggacaa
gcggeugegce
ggcugcaagu
gggaccuugg

cguuuuccgc

acggccaggu
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agccaccaug

gaccaucuuu

cgauuucguc

agagcuccuc

cgucgccuuc

guucgauaag

gaccaccauc

cggcaaggaa

ccagcuggaa

caccgcgauc

cguggaagag

cuauuuuaac

cacccuggcc

ccagaaguuu

guacgaaccc

gggcacccug

caggcccguc

gggageegug

ucagaggucc

caagaagguu

gcucggcgug

guucaugcac

cggaggcagc

ggccggeegasg

cuucuuuggc

cauauacuuu

cagucccggc

gccgecgeca

cucaaguacg

accagguacc

ageggegucg

gagagcgucc

gccggcaagg

caccagcaca

aggaagcgcc

cacgccaaac

gacuuccgug

ugccuggugg

ggguucaaca

gggacgcgca

ggccagguga

aggggccgga

CcCccuucaacc

cugcugcagg

ggugccaccg

accggcagcu

cuccgguacg

gcgcccgaga

aaggacggca

caggucaucu

auuaccaccg

auauacaagg

cccugcuacg

ucccuacugc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



UggCcggage Ccaucgeccggg augecccgecg ccageccuggu gacgeccgeg

agaccaggcu gcagguggeg gccagggegg gccagaccac cuacageggce

gcuuccgcaa gauccugcgg gaggaggggc ccaaggcccu guggaaaggce

ggguguucag gagcagccca Ccaguucgggg ugacccugcu uaccuacgaa

ggugguucua uaucgacuuc ggaggaguca agcccauggg cuccgagccu

gcaggaucaa ucugcccgeg cccaacccag accacguggg aggguacaaa

ccaccuucgc cggaaucgag aacaaguucg gccuguaucu gccccuguuc

ucuccaccag caaggccauc ggecggaggec ccugauaaua guccauaaag

uacagcugga gCcucggugg ccaugcuucu ugccccuugg gecucccccc

CCCCUUCCUg Cacccguacc ccccgcauua uuacucacgg uacgaguggu

agucugagug ggcggc

<21e> 131

<211> 675

<212> PRT

<213> Artificial Sequence

<220>

<223> Construct #1 Amino acid sequence of Citrin gene

<400> 131

Met Ala Ala Ala Lys Val Ala Leu Thr Lys Arg Ala Asp Pro

1 5 10

Leu Arg Thr Ile Phe Leu Lys Tyr Ala Ser Ile Glu Lys Asn
20 25 30

Phe Phe Met Ser Pro Asn Asp Phe Val Thr Arg Tyr Leu Asn

35 40 45
Gly Glu Ser Gln Pro Asn Pro Lys Thr Val Glu Leu Leu Ser
50 55 60

Val Asp Gln Thr Lys Asp Gly Leu Ile Ser Phe Gln Glu Phe

65 70 75

Phe Glu Ser Val Leu Cys Ala Pro Asp Ala Leu Phe Met Val

85 90
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gacguuauca

gugaucgacu

gccggggclaa

cugcugcagc

gugcccaaga

cuggccgugs

aaaccguccg

uaggaaacac

agccccuccu

cuuugaauaa

Ala
15

Glu

Gly Glu

Ile Phe

Gly Vval

Val Ala

80

Ala
95

Phe

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2236



Gln

Lys

Trp

His

145

Glu

Arg

His

Gly

Ser

225

Ala

Ala

Phe

Asp

Leu

Leu

Gln

Asp

130

Leu

His

Val

Val

Thr

210

Leu

Gly

Ala

Gln

Ile

290

Ala

Phe

Val

115

Ser

Thr

Ala

Thr

Leu

195

Thr

Leu

Thr

Gln

Leu

275

Glu

Glu

Asp

100

Phe

Glu

Tyr

Lys

Ala

180

Thr

Ser

Asn

Arg

Lys

260

Ala

Arg

Ala

Lys

Gly

Phe

Ala

Gln

165

Ile

Pro

His

Asn

Lys

245

Phe

Asp

Ile

Gln

Ala

Gln

Val

Glu

150

Ala

Asp

Phe

Gln

Met

230

Gly

Leu

Ala

Arg

Gly

Thr

Gln

135

Phe

Phe

Phe

Val

Val

215

Glu

Val

Gln

Tyr

Pro

295

Gln

Lys

Thr

120

Leu

Thr

Val

Arg

Glu

200

Ser

Leu

Glu

Val

Glu

280

Leu

Lys

Gly

105

Ile

His

Gln

Gln

Asp

185

Glu

Phe

Ile

Val

Thr

265

Pro

Glu

Ala

Glu

His

Phe

Phe

Arg

170

Ile

Cys

Ser

Arg

Thr

250

Pro

Arg

Glu

Val

Gln

Gly

Leu

155

Asp

Met

Leu

Tyr

Lys

235

Lys

Met

Gly

Gly

Thr

His

Lys

140

Leu

Asn

Val

Val

Phe

220

Ile

Glu

Glu

Arg

Thr
300

Ser Gly Asp
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Phe

Ile

125

Glu

Glu

Ala

Thr

Ala

205

Asn

Tyr

Glu

Val

Met

285

Leu

Ser

Glu

110

Pro

Arg

Ile

Arg

Ile

190

Ala

Gly

Ser

Phe

Asp

270

Thr

Pro

Ala

Asp

Phe

Lys

Gln

Thr

175

Arg

Ala

Phe

Thr

Val

255

Ile

Leu

Phe

Arg

Val

Asn

Arg

Leu

160

Gly

Pro

Gly

Asn

Leu

240

Leu

Leu

Ala

Asn

Pro



305

Val

Val

Lys

Leu

Glu

385

Val

Asp

Leu

Leu

Gly

465

Gly

Ser

Asn

Leu

Ala

Thr

Met

370

Gly

Ala

Lys

Ala

Glu

450

Pro

Ile

Ala

Glu

Leu

Gly

Arg

355

Tyr

Phe

Pro

Phe

Gly

435

Ile

Arg

Tyr

Ile

Asp
515

Gln

Ala

340

Met

Lys

Phe

Glu

Met

420

Gly

Val

Val

Lys

Tyr

500

Gly

Val

325

Val

Gln

Asn

Gly

Lys

405

His

Cys

Lys

Ser

Gly

485

Phe

Gln

310

Ala

Gly

Asn

Ser

Leu

390

Ala

Lys

Ala

Ile

Ala

470

Ala

Pro

Val

Glu

Ala

Gln

Phe

375

Tyr

Ile

Asp

Gly

Arg

455

Leu

Lys

Cys

Ser

Ser

Thr

Arg

360

Asp

Arg

Lys

Gly

Gly

440

Leu

Ser

Ala

Tyr

Pro
520

Ala

Ala

345

Ser

Cys

Gly

Leu

Ser

425

Ser

Gln

Val

Cys

Ala

505

Gly

Tyr

330

Val

Thr

Phe

Leu

Thr

410

Val

Gln

Val

Val

Phe

490

His

Ser

Page 83

315

Arg

Tyr

Gly

Lys

Leu

395

Val

Pro

Val

Ala

Arg

475

Leu

Val

Leu

Phe

Pro

Ser

Lys

380

Pro

Asn

Leu

Ile

Gly

460

Asp

Arg

Lys

Leu

Gly

Ile

Phe

365

Val

Gln

Asp

Ala

Phe

445

Glu

Leu

Asp

Ala

Leu
525

Leu

Asp

350

Val

Leu

Leu

Phe

Ala

430

Thr

Ile

Gly

Ile

Ser

510

Ala

Gly

335

Leu

Gly

Arg

Leu

Val

415

Glu

Asn

Thr

Phe

Pro

495

Phe

Gly

320

Ser

Val

Glu

Tyr

Gly

400

Arg

Ile

Pro

Thr

Phe

480

Phe

Ala

Ala



Ile Ala Gly Met Pro Ala Ala Ser Leu Val Thr Pro Ala Asp Val Ile
530 535 540

Lys Thr Arg Leu Gln Val Ala Ala Arg Ala Gly Gln Thr Thr Tyr Ser
545 550 555 560

Gly Val Ile Asp Cys Phe Arg Lys Ile Leu Arg Glu Glu Gly Pro Lys
565 570 575

Ala Leu Trp Lys Gly Ala Gly Ala Arg Val Phe Arg Ser Ser Pro Gln
580 585 590

Phe Gly Val Thr Leu Leu Thr Tyr Glu Leu Leu Gln Arg Trp Phe Tyr
595 600 605

Ile Asp Phe Gly Gly Val Lys Pro Met Gly Ser Glu Pro Val Pro Lys
610 615 620

Ser Arg Ile Asn Leu Pro Ala Pro Asn Pro Asp His Val Gly Gly Tyr
625 630 635 640

Lys Leu Ala Val Ala Thr Phe Ala Gly Ile Glu Asn Lys Phe Gly Leu
645 650 655

Tyr Leu Pro Leu Phe Lys Pro Ser Val Ser Thr Ser Lys Ala Ile Gly
660 665 670

Gly Gly Pro
675

<210> 132
<211> 2025
<212> RNA
<213> Artificial Sequence

<220>
<223> Construct #2 ORF of Citrin gene

<400> 132

auggccgecg ccaaggucge ccucaccaag agggeggacc ccgeggageu caggaccauc 60
uuucucaagu acgccuccau cgagaagaac ggggaguucu ucaugagccc gaacgauuuc 120
gucaccaggu accucaacau cuucggcgag agccagccca acccgaagac cguagageuc 180

Page 84



cucagcggcg

uucgagagcg

aaggccggcea

auccaccagc

gaaaggaagc

gaacacgcca

aucgacuucc

gagugccugg

aacggguuca

gcegggacgce

uuuggccagg

cccaggggcc

cugcccuuca

guccugcugc

gugggugcca

uccaccggca

guucuccggu

guggcgaccg

cacaaggacg

agccagguca

gagauuacca

ggcauauaca

uuucccugcu

ggcucccuac

gcggacguua

ggcgugaucg

ggcgecgess

gaacugcugc

ucgucgacca

uccucugcgc

agggcgagsgu

acaucccuuu

gccaucugac

aacaggcguu

gugauaucau

uggccgecgc

acagccuccu

gcaaggacgu

ugacccccau

ggaugacccu

accuggcgga

agguggccga

ccgeccgugua

gcuucguggs

acgagggguu

agaaggccau

gcagcguccc

ucuuuaccaa

ccggaccccg

agggagccaa

acgcccacgu

ugcuggccgsg

ucaagaccag

acugcuuccg

caaggguguu

agcggugguu

gacgaaggac

ccccgacgcec

gaccuuugaa

uaacugggac

cuacgccgag

cguucagcgg

ggugaccauc

gggugggacc

CaaCaacaug

cgaggugacc

ggagguggac

ggccgacauc

ggcccagegce

guccgcguac

uccgaucgac

cgagcucaug

cuucggccuc

caagcucacg

ccuggccgcec

cccccuggag

ugugagcgcc

ggccugcuuu

gaaagcgagc

agccaucgcc

gcugcaggug

caagauccug

caggagcagc

cuauaucgac

ggacucauua
cucuucaugg
gaugugaagc
ucagaauucg
uucacacagu
gacaacgcca
aggccucacg
acgucccacc
gagcugaucc
aaggaagaau
auccuguucc
gagcgcauug
cagaaggcca
agguucgguc
cucgugaaga
uacaagaacu

uaccggggsgc

gucaacgacu
gagauucugg
aucgugaaga
cugagcgugg
cugagggaca
uucgccaacg
gggaugcccg
gcggecaggs
cgggagegags
ccccaguucg

uucggegegag
Page 85

gcuuccagga

ucgcguucca

agguguucgg

uccagcugca

uucuccugga

ggaccggccg

uccugacccc

aggugagcuu

ggaagaucua

ucgugcuggc

aacuggcgga

ccccgeucga

gcggggacag

uggggagcgu

cccguaugcea

ccuucgacug

ugcuacccca

uugugcggsga

caggcggaug

ucaggcugca

ugagggaccu

ucccguuuuc

aggacggcca

ccgccagecu

cgggccagac

ggcccaaggce

gggugacccu

ucaagcccau

guucgucgcc

gcuguucgau

ucagaccacc

cuucggcaag

gauccagcug

ggucaccgcg

cuucguggaa

cuccuauuuu

uagcacccug

cgcccagaag

ccuguacgaa

ggagggcacc

cgccaggccc

cgcgggagcc

gaaucagagg

uuucaagaag

gcugcucggc

caaguucaug

cgccggaggc

aguggccggs

uggcuucuuu

cgccauauac

ggucaguccc

ggugaccccc

caccuacagc

ccuguggaaa

gcuuaccuac

gggcuccgag

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860



ccugugccca agagcaggau caaucugccc gcccccaacc cagaccacgu gggaggguac

aaacuggccg uggccaccuu cgccggaauc gagaacaagu ucggccugua ucugccccug

uucaaaccgu ccgucuccac cagcaaggcc aucggegggg gcccc

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

133
2236
RNA

<220>

<223>

<400> 133
gggaaauaag

aggucgcccu

ccuccaucga

ucaacaucuu

ucgaccagac

ucugcgcccc

gecgaggugac

ucccuuuuaa

aucugaccua

aggcguucgu

auaucauggu

ccgecgeggsg

gccuccucaa

aggacgucga

cccccaugga

ugacccuggc

uggcggagsgc

uggccgaguc

ccguguaucc

agagaaaaga

caccaagagg

gaagaacggg

cggcgagagc

gaaggacgga

cgacgcccuc

cuuugaagau

cugggacuca

cgccgaguuc

ucagcgggac

gaccaucagg

ugggaccacg

caacauggag

ggugaccaag

gguggacauc

cgacaucgag

ccagcgccag

cgcguacagg

gaucgaccuc

Artificial Sequence

agaguaagaa

gcggacccecg

gaguucuuca

cagcccaacc

cucauuagcu

uucauggucg

gugaagcagg

gaauucgucc

aCacaguuuc

aacgccagga

ccucacgucc

ucccaccagg

cugauccgga

gaagaauucg

cuguuccaac

cgcauugccc

aaggccagcg

uucggucugg

gugaagaccc

gaaauauaag

cggagcucag

ugagcccgaa

cgaagaccgu

uccaggaguu

cguuccagcu

uguucgguca

agcugcacuu

uccuggagau

ccggeegggu

ugacccccuu

ugagcuucuc

agaucuauag

ugcuggccgc

uggcggaccu

cgcucgagga

gggacagcgc

ggagcgucgc

guaugcagaa
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Construct #2 Full Citrin nucleic acid with UTRs

agccaccaug

gaccaucuuu

cgauuucguc

agagcuccuc

cgucgccuuc

guucgauaag

gaccaccauc

cggcaaggaa

ccagcuggaa

caccgcgauc

cguggaagag

cuauuuuaac

cacccuggcc

ccagaaguuu

guacgaaccc

gggcacccug

caggcccguc

gggageegug

ucagaggucc

gccgecgeca

cucaaguacg

accagguacc

agcggecgucg

gagagcgucc

gccggcaagg

caccagcaca

aggaagcgcc

cacgccaaac

gacuuccgug

ugccuggugsg

ggguucaaca

gggacgcgca

ggccagguga

aggggccgga

CcCccuucaacc

cugcugcagg

ggugccaccg

accggcagcu

1920

1980

2025

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



ucgugggcga gcucauguac aagaacuccu ucgacuguuu caagaagguu cuccgguacg

agggguucuu cggccucuac cggggecuge uaccccageu geucggegug gegeccgaga

aggccaucaa gcucacgguc aacgacuuug ugcgggacaa guucaugcac aaggacggca

gcgucccccu ggecgecgag auucuggcag geggeugege cggaggeage caggucaucu

uuaccaaccc ccuggagauc gugaagauca ggcugcaagu ggecggggag auuaccaccg

gaccccgugu gagcgeccug agcgugguga gggaccuugg Cuucuuugge auauacaagg

gagccaagge cugcuuucug agggacaucc CguuUuUUCCgC cauauacuuu cccugcuacg

cccacgugaa agcgagcuuc gccaacgagg acggccaggu cagucccgge ucccuacuge

uUggccggage Caucgccggg augecccgecg Ccageccuggu gacccccgeg gacguuauca

agaccaggcu gcagguggeg gccagggegg gccagaccac cuacagegge gugaucgacu

gcuuccgcaa gauccugcgg gaggageggee Cccaaggeccu guggaaagge gecggggeaa

ggguguucag gagcagcccc caguucgggg ugacccugecu uaccuacgaa cugcugcage

ggugguucua uaucgacuuc gggggaguca agcccauggg cuccgagecu gugcccaaga

gcaggaucaa UCugcccgee cccaacccag accacguggg aggguacaaa cuggecgugg

ccaccuucgec cggaaucgag aacaaguucg gccuguaucu gccccuguuc aaaccguccg

ucuccaccag caaggccauc ggecggeggecc ccugauaaua guccauaaag uaggaaacac

uacagcugga gccucggugg CcCcaugcuucu ugccccuugg gccucccccc agccccuccu

CcCcccuuccug cacccguacc ccccgcauua uuacucacgg uacgaguggu cuuugaauaa

agucugagug ggcggc

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

<220>
<223>

<400>

134
675
PRT
Artificial Sequence

Construct #2 Amino acid sequence of Citrin gene

134

Met Ala Ala Ala Lys Val Ala Leu Thr Lys Arg Ala Asp Pro Ala Glu

1

5 10 15

Leu Arg Thr Ile Phe Leu Lys Tyr Ala Ser Ile Glu Lys Asn Gly Glu

20 25 30
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1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2236



Phe

Gly

Val

65

Phe

Gln

Lys

Trp

His

145

Glu

Arg

His

Gly

Ser

225

Ala

Phe

Glu

50

Asp

Glu

Leu

Gln

Asp

130

Leu

His

Val

Val

Thr

210

Leu

Gly

Met

35

Ser

Gln

Ser

Phe

Val

115

Ser

Thr

Ala

Thr

Leu

195

Thr

Leu

Thr

Ser

Gln

Thr

Val

Asp

100

Phe

Glu

Tyr

Lys

Ala

180

Thr

Ser

Asn

Arg

Pro

Pro

Lys

Leu

85

Lys

Gly

Phe

Ala

Gln

165

Ile

Pro

His

Asn

Lys

Asn

Asn

Asp

70

Cys

Ala

Gln

Val

Glu

150

Ala

Asp

Phe

Gln

Met

230

Asp

Asp

Pro

55

Gly

Ala

Gly

Thr

Gln

135

Phe

Phe

Phe

Val

Val

215

Glu

Val

Phe

40

Lys

Leu

Pro

Lys

Thr

120

Leu

Thr

Val

Arg

Glu

200

Ser

Leu

Glu

Val

Thr

Ile

Asp

Gly

105

Ile

His

Gln

Gln

Asp

185

Glu

Phe

Ile

Val

Thr

Val

Ser

Ala

90

Glu

His

Phe

Phe

Arg

170

Ile

Cys

Ser

Arg

Arg

Glu

Phe

75

Leu

Val

Gln

Gly

Leu

155

Asp

Met

Leu

Tyr

Lys
235

Tyr

Leu

60

Gln

Phe

Thr

His

Lys

140

Leu

Asn

Val

Val

Phe

220

Ile

Thr Lys Glu
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Leu

45

Leu

Glu

Met

Phe

Ile

125

Glu

Glu

Ala

Thr

Ala

205

Asn

Tyr

Glu

Asn

Ser

Phe

Val

Glu

110

Pro

Arg

Ile

Arg

Ile

190

Ala

Gly

Ser

Phe

Ile

Gly

Val

Ala

95

Asp

Phe

Lys

Gln

Thr

175

Arg

Ala

Phe

Thr

Val

Phe

Val

Ala

80

Phe

Val

Asn

Arg

Leu

160

Gly

Pro

Gly

Asn

Leu

240

Leu



Ala

Phe

Asp

Leu

305

Val

Val

Lys

Leu

Glu

385

Val

Asp

Leu

Leu

Ala

Gln

Ile

290

Ala

Leu

Ala

Thr

Met

370

Gly

Ala

Lys

Ala

Glu
450

Gln

Leu

275

Glu

Glu

Leu

Gly

Arg

355

Tyr

Phe

Pro

Phe

Gly

435

Ile

Lys

260

Ala

Arg

Ala

Gln

Ala

340

Met

Lys

Phe

Glu

Met

420

Gly

Val

245

Phe

Asp

Ile

Gln

Val

325

Val

Gln

Asn

Gly

Lys

405

His

Cys

Lys

Gly

Leu

Ala

Arg

310

Ala

Gly

Asn

Ser

Leu

390

Ala

Lys

Ala

Ile

Gln

Tyr

Pro

295

Gln

Glu

Ala

Gln

Phe

375

Tyr

Ile

Asp

Gly

Arg
455

Val

Glu

280

Leu

Lys

Ser

Thr

Arg

360

Asp

Arg

Lys

Gly

Gly

440

Leu

Thr

265

Pro

Glu

Ala

Ala

Ala

345

Ser

Cys

Gly

Leu

Ser

425

Ser

Gln

250

Pro

Arg

Glu

Ser

Tyr

330

Val

Thr

Phe

Leu

Thr

410

Val

Gln

Val

Page 89

Met

Gly

Gly

Gly

315

Arg

Tyr

Gly

Lys

Leu

395

Val

Pro

Val

Ala

Glu

Arg

Thr

300

Asp

Phe

Pro

Ser

Lys

380

Pro

Asn

Leu

Ile

Gly
460

Val

Met

285

Leu

Ser

Gly

Ile

Phe

365

Val

Gln

Asp

Ala

Phe

445

Glu

Asp

270

Thr

Pro

Ala

Leu

Asp

350

Val

Leu

Leu

Phe

Ala

430

Thr

Ile

255

Ile

Leu

Phe

Arg

Gly

335

Leu

Gly

Arg

Leu

Val

415

Glu

Asn

Thr

Leu

Ala

Asn

Pro

320

Ser

Val

Glu

Tyr

Gly

400

Arg

Ile

Pro

Thr



Gly

465

Gly

Ser

Asn

Ile

Lys

545

Gly

Ala

Phe

Ile

Ser

625

Lys

Tyr

Gly

Pro

Ile

Ala

Glu

Ala

530

Thr

Val

Leu

Gly

Asp

610

Arg

Leu

Leu

Gly

Arg

Tyr

Ile

Asp

515

Gly

Arg

Ile

Trp

Val

595

Phe

Ile

Ala

Pro

Pro
675

Val

Lys

Tyr

500

Gly

Met

Leu

Asp

Lys

580

Thr

Gly

Asn

Val

Leu
660

Ser

Gly

485

Phe

Gln

Pro

Gln

Cys

565

Gly

Leu

Gly

Leu

Ala

645

Phe

Ala

470

Ala

Pro

Val

Ala

Val

550

Phe

Ala

Leu

Val

Pro

630

Thr

Lys

Leu

Lys

Cys

Ser

Ala

535

Ala

Arg

Gly

Thr

Lys

615

Ala

Phe

Pro

Ser

Ala

Tyr

Pro

520

Ser

Ala

Lys

Ala

Tyr

600

Pro

Pro

Ala

Ser

Val

Cys

Ala

505

Gly

Leu

Arg

Ile

Arg

585

Glu

Met

Asn

Gly

Val
665

Val

Phe

490

His

Ser

Val

Ala

Leu

570

Val

Leu

Gly

Pro

Ile

650

Ser

Page 90

Arg

475

Leu

Val

Leu

Thr

Gly

555

Arg

Phe

Leu

Ser

Asp

635

Glu

Thr

Asp

Arg

Lys

Leu

Pro

540

Gln

Glu

Arg

Gln

Glu

620

His

Asn

Ser

Leu

Asp

Ala

Leu

525

Ala

Thr

Glu

Ser

Arg

605

Pro

Val

Lys

Lys

Gly

Ile

Ser

510

Ala

Asp

Thr

Gly

Ser

590

Trp

Val

Gly

Phe

Ala
670

Phe

Pro

495

Phe

Gly

Val

Tyr

Pro

575

Pro

Phe

Pro

Gly

Gly

655

Ile

Phe

480

Phe

Ala

Ala

Ile

Ser

560

Lys

Gln

Tyr

Lys

Tyr

640

Leu

Gly



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

135
2025
RNA

<220>

<223>

<400> 135
auggccgecg

uuccucaagu

guaaccaggu

cucuccgggg

uucgaguccg

aaggccggga

auccaccagc

gagaggaaga

gagcaugcca

aucgacuuuc

gagugccugg

aacggguuca

gccggcacca

uucggacagg

cccecggggcea

cuucccuuca

gugcuccugc

gugggcgceca

agcaccggcu

guccugcguu

gucgcgccecg

cacaaggacg

ucccagguga

ccaaggucgc

acgccagcau

aCCucCaauau

ucgucgauca

uccucugcgc

aaggcgaggu

auauccccuu

ggcaccucac

aacCaagccuu

gcgauaucau

ucgccgecge

acagccugcu

gg8aaggacgu

ugaccccgau

ggaugacgcu

accuggccga

agguggccga

ccgeccgugua

ccuuuguggg

acgagggcuu

agaaggccau

gcagugugcc

ucuuuacgaa

Artificial Sequence

acucaccaaa

cgagaagaac

cuucggcgaa

gaccaaggac

cccggacgcec

gaccuucgaa

uaacugggac

cuaugccgaa

uguccagcgg

ggugaccauc

cggcggegacsg

gaacaacaug

ggaagugacc

ggagguggac

cgccgacauc

ggcccagega

auccgccuac

cccgaucgac

cgagcuuaug

cuucgggcug

uaagcugacc

ccuggccgcea

cccccuggag

Construct #3 ORF of Citrin gene

cgggccgacc

ggggaguucu

agccagccca
gggcucaucu
cucuucaugg
gaugugaagc
agcgaguucg
uucacacaau
gacaacgcca
aggccccacg
accagccacc
gagcugaucc
aaggaggagu
auccucuucc
gagcgaaucg
cagaaagcca
agauuuggcc
cuggucaaga
uacaagaaca
uaccggggcec
gugaacgacu

gagauccugg
auagugaaga

Page 91

ccgeccgageu

ucaugagccc

acccgaagac

ccuuccagga

ucgccuucca

agguuuucgg

ugcagcugca

uccugcucga

ggaccggcag

ugcucacccc

agguguccuu

gcaagaucua

ucguucucgc

agcuggccga

ccccccugga

gcggegacag

ugggcagcgu

ccaggaugca

gcuucgacug

ugcugccgcea

ucguacggga

ccggegeecug

uccggcugca

caggaccauc

Caacgacuuc

cgucgagcuc

guucguggcc

acucuucgau

ccagaccacg

cuucggcaaa

gauucagcug

ggucaccgcg

cuuuguggag

cucauacuuc

cuccacccug

cgcccagaaa

ucucuacgag

ggaggguacc

ugccaggccc

cgceggegea

gaaccagaga

cuucaagaag

gcugcuaggc

Caaauucaug

ugccggeges

gguggccges

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



gagaucacca

ggcaucuaua

uuccccugcu

gggucccugc

gecggacguga

ggugugauag

ggggrcgecsy

gagcuccugc

ccggugccca

aaacuggcgg

uuuaagccgu

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

136
2236
RNA

<220>

<223>

<400> 136
gggaaauaag

aggucgcacu

ccagcaucga

ucaauaucuu

ucgaucagac

ucugcgcccc

gcgaggugac

uccccuuuaa

aCccucaccua

aagccuuugu

auaucauggu

ccggeeeccg

agggugccaa

acgcccaugu

ugcuggccgg

uaaagacgag

acugcuuccg

ccaggguguu

agaggugguu

agagccggau

uggccaccuu

ccgugagcac

agagaaaaga

caccaaacgg

gaagaacggsg

cggcgaaagc

Ccaaggacggsg

ggacgcccuc

cuucgaagau

cugggacagc

ugccgaauuc

ccagcgggac

gaccaucagg

gguguccgcc

ggccugcuuc

caaggccagc

cgccaucgcea

gcugcaggug

gaagauccug

ccgcagcagc

cuacaucgac

caaucugccc

cgceggeauc

cuccaaggcc

Artificial Sequence

agaguaagaa

gccgacccecg

gaguucuuca

cagcccaacc

cucaucuccu

uucauggucg

gugaagcagg

gaguucgugc

aCacCaauucc

aacgccagga

ccccacgugc

cugagcgucg
cugcgugaca
uucgccaacg
gggaugccegg
gcecgeecgeg
agggaagaag
ccccaguucg
uuuggcgegs
gcccccaacc
gagaacaagu

aucgggeecs

gaaauauaag
ccgagcucag
ugagccccaa
cgaagaccgu
uccaggaguu
ccuuccaacu
uuuucggcca
agcugcacuu
ugcucgagau
ccggcaggsgu

ucacccccuu
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ugagggaucu

uucccuuuag

aagacggaca

ccgccucacu

caggccagac

gccccaaggce

gggucacccu

ucaagcccau

cugaccacgu

uuggccugua

gccca

Construct #3 Full Citrin nucleic acid with UTRs

agccaccaug

gaccaucuuc

cgacuucgua

cgagcuccuc

cguggccuuc

cuucgauaag

gaccacgauc

cggcaaagag

ucagcuggag

caccgcgauc

uguggaggag

gggguucuuu

cgccaucuac

ggugagcccc

ggugaccccg

cacguacucg

ccuguggaag

gcucacguac

gggcagugag

cggeggguac

ccugccgeug

gccgecgeca

cucaaguacg

accagguacc

uccggggucg

gaguccgucc

gccgggaaag

caccagcaua

aggaagaggc

caugccaaac

gacuuucgcg

ugccuggucg

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180

240

300

360

420

480

540

600

660



ccgeegecgg

gccugcugaa

aggacgugga

ccccgaugga

ugacgcucgc

uggccgagsgc

uggccgaauc

ccguguaccc

uugugggcga

agggcuucuu

aggccauuaa

gugugccccu

uuacgaaccc

gccececegggu

gugccaaggc

cCccCaugucaa

uggccggcegc

agacgaggcu

gcuuccggaa

ggguguuccg

ggugguucua

gccggaucaa

ccaccuucgc

ugagcaccuc

uacagcugga

ccccuuccug

agucugagug

cgggacgacc

caacauggag

agugaccaag

gguggacauc

cgacaucgag

ccagcgacag

cgccuacaga

gaucgaccug

gcuuauguac

cgggcuguac

gcugaccgug

ggccgcagag

ccuggagaua

guccgcccug

cugcuuccug

ggccagcuuc

caucgcaggg

gcagguggcc

gauccugagg

cagcagcccc

caucgacuuu

ucugcccgcec

cggcaucgag

caaggccauc

gcaucggugsg

cacccguacc

88cgec

agccaccagg

cugauccgca

gaggaguucg

cucuuccagc

cgaaucgccc

aaagccagcg

uuuggccugg

gucaagacca

aagaacagcu

cggggeeuge

aacgacuucg

auccuggccg

gugaagaucc

agcgucguga

cgugacauuc

gccaacgaag

augccggecg

gcccgegeag

gaagaaggcc

caguucgsggs

ggcgggeuca

CcCCaacccug

aacaaguuug

gggggcgecc

ccaugcuucu

ccccgcauua

uguccuucuc
agaucuacuc
uucucgccgc

uggccgaucu

cccuggagga
gcgacagugc
gcagcgucgc
ggaugcagaa
ucgacugcuu
ugccgcagcu
uacgggacaa
ggggeugugce
ggcugcaggu
gggaucuggsg
ccuuuagcgc
acggacaggu
ccucacuggu
gccagaccac
ccaaggcccu
ucacccugcu
agcccauggg
accacgucgg
gccuguaccu
caugauaaua
ugccccuugg

uuacucacgg
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auacuucaac

cacccuggcc

cCagaaauuc

cuacgagccc

ggguacccuu

caggcccgug

cggcgcagug

ccagagaagc

caagaagguc

gcuaggcguc

auucaugcac

cggeggegucc

ggccggesgasg

guucuuuggc

caucuacuuc

gagccccggs

gaccccggeg

guacucgggu

guggaaggss

cacguacgag

cagugagccg

cggguacaaa

gccgecuguuu

guccauaaag

gccucccccc

uacgaguggu

ggguucaaca

ggcaccagga

ggacagguga

cggggcagga

cccuucaacc

cuccugcagg

ggcgccaccg

accggcuccu

cugcguuacg

gcgcccgaga

aaggacggca

caggugaucu

aucaccaccg

aucuauaagg

cccugcuacg

ucccugcugc

gacgugauaa

gugauagacu

gccggegeca

cuccugcaga

gugcccaaga

cuggcggugs

aagccguccg

uaggaaacac

agccccuccu

cuuugaauaa

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

2236



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

<220>
<223>

<400>

137
675
PRT

Artificial Sequence

Construct #3 Amino acid sequence

137

Met Ala Ala Ala

1

Leu

Phe

Gly

Val

65

Phe

Gln

Lys

Trp

His

145

Glu

Arg

Arg

Phe

Glu

50

Asp

Glu

Leu

Gln

Asp

130

Leu

His

Val

Thr Ile
20

Met Ser

35

Ser Gln

Gln Thr

Ser Val

Phe Asp

100

Val Phe

115

Ser Glu

Thr Tyr

Ala Lys

Thr Ala

Lys

Phe

Pro

Pro

Lys

Leu

85

Lys

Gly

Phe

Ala

Gln

165

Ile

Val Ala

Leu Lys

Asn Asp

Asn Pro
55

Asp Gly
70

Cys Ala

Ala Gly

Gln Thr

Val Gln

135

Glu Phe
150

Ala Phe

Asp Phe

Leu

Tyr

Phe

40

Lys

Leu

Pro

Lys

Thr

120

Leu

Thr

Val

Arg

Thr

Ala

25

Val

Thr

Ile

Asp

Gly

105

Ile

His

Gln

Gln

Asp

Lys

10

Ser

Thr

Val

Ser

Ala

90

Glu

His

Phe

Phe

Arg
170

of Citrin gene

Arg

Ile

Arg

Glu

Phe

75

Leu

Val

Gln

Gly

Leu

155

Asp

Ala

Glu

Tyr

Leu

60

Gln

Phe

Thr

His

Lys

140

Leu

Asn

Ile Met Val
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Asp

Lys

Leu

45

Leu

Glu

Met

Phe

Ile

125

Glu

Glu

Ala

Thr

Pro

Asn

30

Asn

Ser

Phe

Val

Glu

110

Pro

Arg

Ile

Arg

Ile

Ala

15

Ile

Gly

Val

Ala

95

Asp

Phe

Lys

Gln

Thr

175

Arg

Glu

Glu

Phe

Val

Ala

80

Phe

Val

Asn

Arg

Leu

160

Gly

Pro



His

Gly

Ser

225

Ala

Ala

Phe

Asp

Leu

305

Val

Val

Lys

Leu

Glu
385

Val

Thr

210

Leu

Gly

Ala

Gln

Ile

290

Ala

Leu

Ala

Thr

Met

370

Gly

Leu

195

Thr

Leu

Thr

Gln

Leu

275

Glu

Glu

Leu

Gly

Arg

355

Tyr

Phe

180

Thr

Ser

Asn

Arg

Lys

260

Ala

Arg

Ala

Gln

Ala

340

Met

Lys

Phe

Pro

His

Asn

Lys

245

Phe

Asp

Ile

Gln

Val

325

Val

Gln

Asn

Gly

Phe

Gln

Met

230

Asp

Gly

Leu

Ala

Arg

310

Ala

Gly

Asn

Ser

Leu
390

Val

Val

215

Glu

Val

Gln

Tyr

Pro

295

Gln

Glu

Ala

Gln

Phe

375

Tyr

Glu

200

Ser

Leu

Glu

Val

Glu

280

Leu

Lys

Ser

Thr

Arg

360

Asp

Arg

185

Glu

Phe

Ile

Val

Thr

265

Pro

Glu

Ala

Ala

Ala

345

Ser

Cys

Gly

Cys

Ser

Arg

Thr

250

Pro

Arg

Glu

Ser

Tyr

330

Val

Thr

Phe

Leu
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Leu

Tyr

Lys

235

Lys

Met

Gly

Gly

Gly

315

Arg

Tyr

Gly

Lys

Leu
395

Val

Phe

220

Ile

Glu

Glu

Arg

Thr

300

Asp

Phe

Pro

Ser

Lys

380

Pro

Ala

205

Asn

Tyr

Glu

Val

Met

285

Leu

Ser

Gly

Ile

Phe

365

Val

Gln

190

Ala

Gly

Ser

Phe

Asp

270

Thr

Pro

Ala

Leu

Asp

350

Val

Leu

Leu

Ala

Phe

Thr

Val

255

Ile

Leu

Phe

Arg

Gly

335

Leu

Gly

Arg

Leu

Gly

Asn

Leu

240

Leu

Leu

Ala

Asn

Pro

320

Ser

Val

Glu

Tyr

Gly
400



Val

Asp

Leu

Leu

Gly

465

Gly

Ser

Asn

Ile

Lys

545

Gly

Ala

Phe

Ile

Ala

Lys

Ala

Glu

450

Pro

Ile

Ala

Glu

Ala

530

Thr

Val

Leu

Gly

Asp
610

Pro

Phe

Gly

435

Ile

Arg

Tyr

Ile

Asp

515

Gly

Arg

Ile

Trp

Val

595

Phe

Glu

Met

420

Gly

Val

Val

Lys

Tyr

500

Gly

Met

Leu

Asp

Lys

580

Thr

Gly

Lys

405

His

Cys

Lys

Ser

Gly

485

Phe

Gln

Pro

Gln

Cys

565

Gly

Leu

Gly

Ala

Lys

Ala

Ile

Ala

470

Ala

Pro

Val

Ala

Val

550

Phe

Ala

Leu

Val

Ile

Asp

Gly

Arg

455

Leu

Lys

Cys

Ser

Ala

535

Ala

Arg

Gly

Thr

Lys
615

Lys

Gly

Gly

440

Leu

Ser

Ala

Tyr

Pro

520

Ser

Ala

Lys

Ala

Tyr

600

Pro

Leu

Ser

425

Ser

Gln

Val

Ala

505

Gly

Leu

Arg

Ile

Arg

585

Glu

Met

Thr

410

Val

Gln

Val

Val

Phe

490

His

Ser

Val

Ala

Leu

570

Val

Leu

Gly
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Val

Pro

Val

Ala

Arg

475

Leu

Val

Leu

Thr

Gly

555

Arg

Phe

Leu

Ser

Asn

Leu

Ile

Gly

460

Asp

Arg

Lys

Leu

Pro

540

Gln

Glu

Arg

Gln

Glu
620

Asp

Ala

Phe

445

Glu

Leu

Asp

Ala

Leu

525

Ala

Thr

Glu

Ser

Arg

605

Pro

Phe

Ala

430

Thr

Ile

Gly

Ile

Ser

510

Ala

Asp

Thr

Gly

Ser

590

Trp

Val

Val

415

Glu

Asn

Thr

Phe

Pro

495

Phe

Gly

Val

Tyr

Pro

575

Pro

Phe

Pro

Arg

Ile

Pro

Thr

Phe

480

Phe

Ala

Ala

Ile

Ser

560

Lys

Gln

Tyr

Lys



Ser
625

Lys

Tyr

Gly Gly Pro

675

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

138
2025
RNA

<220>

<223>

<400> 138
auggccgecg

uuucucaaau

gucaccaggu

cuaucgggcg

uucgaguccg

aaggccggaa

auccaucagc

gaacgaaagc

gaacacgcca

aucgauuuca

gagugccugg

aacggcuuca

gccggcacca

uuugggcagsg

cccaggggca

630

645

Leu Pro Leu Phe Lys

660

cuaaggucgc

acgccagcau

aCCuaaacau

ucgucgacca

uccucugcgc

agggeggagsu

acaucccguu

ggcaccucac

agcaggccuu

gggacaucau

ucgcagccgc

acagccugcu

ggaaggaugu

ucacccccau

ggaugacccu

Artificial Sequence

ccucacgaag

cgagaagaac

cuucggcgag

gaccaaggac

cceccgacgcec

gaccuucgag

uaacugggac

cuacgccgag

cgugcagcga

ggugaccauc

cggggguacc

CaaCaacaug

ggaggugacc

ggagguggac

ggccgacauc

635

650

Construct #4 ORF of Citrin gene

cgggccgauc
ggcgaguucu
agccagecga
gggcucauca
cucuucaugg
gacgugaagc
ucggaguucg
uucacccagu
gacaaugcga
cggccccacg
accucccacc
gaacugaucc
aaggaggagu
auccucuucc

gaacgaaucg
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670

ccgeccgagceu

ucaugucccc

aCCCCaagac

gcuuccagga

uagcauucca

agguguuugsg

ugcagcucca

uccugcugga

ggaccggsecsg

ugcugacucc

aggugagcuu

gcaagaucua

uugugcuggc

agcuggccga

ccccccugga

Arg Ile Asn Leu Pro Ala Pro Asn Pro Asp His Val Gly Gly Tyr

640

Leu Ala Val Ala Thr Phe Ala Gly Ile Glu Asn Lys Phe Gly Leu

655

Pro Ser Val Ser Thr Ser Lys Ala Ile Gly
665

ccggaccauc

Caacgacuuc

cgucgaauug

guucgucgcc

guuguucgac

ucagaccacc

cuucggcaag

gauccagcug

cgugacugcc

cuucguggag

cagcuacuuc

uuccacacuc

ggcccagaag

ccuguacgag

ggagggcaca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



cugcccuuca

gugcuucugc

gucggugcca

agcaccggcu

gugcugcgcu

guggcccccg

cacaaggacg

ucgcagguga

gagaucacca

gggauauaca

uuucccugcu

ggcucccugce

gccgauguga

ggggucaucg

g888cceees

gaacugcugc

ccggugccua

aagcuggccg

uucaagcccu

<210>

<211>

<212>
<213>

139
2236
RNA

<220>

<223>

<400> 139

accuggccga

aaguggccga

ccgeccgugua

ccuuugucgg

acgagggcuu

agaaggccau

gcagcgugcc

ucuucaccaa

ccggccccag

agggcgcgaa

acgcccacgu

uccuggccgg

ucaagaccag

auugcuuuag

ccaggguguu

agaggugguu

agagccggau

uggcuaccuu

ccgugagcac

ggcccagagg

gagcgccuac

CCCaaucgac

ggagcugaug

cuucggccug

caagcugacc

cuuggccgcea

cccccucgag

gguguccgcc

ggccugcuuc

caaggccagc

ugcuaucgcg

gcugcaaguc

gaagauccuc

ccguagcucc

cuacaucgac

caaucugccc

cgccgguauc

gagcaaggcc

Artificial Sequence

cagaaggccu

cgcuuuggcc

cuagugaaga

uauaagaaca

uacagggggc

guuaacgacu

gagauacugg

aucguaaaga

cugucggugsg

cugagggaca

uucgccaacg

ggaaugcccg

gcgegcgages

cgggagegags

ccccaguuug

uucgggescsg

gCcccccaacc

gagaacaagu

aucgggeecs

ccggcgacag

ugggauccgu

cacgcaugca

gcuucgacug

ugcugcccca

ucgugcgaga

ccggegeecug

ucaggcucca

ucagggaccu

uccccuucag

aggauggcca

ccgecgagccu

ccggucagac

ggcccaaggce

gcgugacccu

ugaagcccau

ccgaccacgu

ucggccugua

gcccc

Construct #4 Full Citrin nucleic acid with UTRs

cgcccgaccc

ggceggegcec

gaaccagcgc

cuucaagaag

acugcugggc

caaguucaug

cgecgeceges

aguggccggs

gggguucuuc

cgccaucuac

gguguccccg

ggugaccccc

caccuacucc

acuguggaag

gcugaccuac

gggcuccgag

ggggggcuac

ccugccccug

gggaaauaag agagaaaaga agaguaagaa gaaauauaag agccaccaug gccgcecgeua

aggucgcccu cacgaagegg gecgaucccg ccgageuccg gaccaucuuu cucaaauacg

ccagcaucga gaagaacggec gaguucuuca ugucccccaa cgacuucguc accagguacc
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960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2025

60

120

180



uaaacaucuu

ucgaccagac

ucugcgecccc

gggaggugac

ucccguuuaa

accucaccua

aggccuucgu

acaucauggu

cagccgecgg

gccugcucaa

aggaugugga

cccccaugga

ugacccuggc

uggccgaggc

uggccgagag

ccguguaccc

uugucgggsga

agggcuucuu

aggccaucaa

gcgugcccuu

ucaccaaccc

gccccagggu

gCcgCgaaggc

cCccCacgucaa

uggccggugc

agaccaggcu

gcuuuaggaa

ggguguuccg

cggcgagagc

Caaggacggs

cgacgcccuc

cuucgaggac

cugggacucg

cgccgaguuc

gcagcgagac

gaccauccgg

ggguaccacc

caacauggaa

ggugaccaag

gguggacauc

cgacaucgaa

ccagaggcag

cgccuaccgc

aaucgaccua

gcugauguau

cggccuguac

gcugaccguu

ggccgcagag

ccucgagauc

guccgcccug

cugcuuccug

ggccagcuuc

uaucgcggga

gcaagucgcg

gauccuccgg

uagcuccccc

cagccgaacc

cucaucagcu

uucaugguag

gugaagcagg

gaguucgugc

acccaguucc

aaugcgagga

ccccacgugc

ucccaccagg

cugauccgca

gaggaguuug

cucuuccagc

cgaaucgccc

aaggccuccg

uuuggccugg

gugaagacac

aagaacagcu

agggggcugc

aacgacuucg

auacuggccg

guaaagauca

ucggugguca

agggacaucc

gccaacgagg

augcccgecg

gcgaggeccsg

gaggageesc

caguuuggcg

ccaagaccgu
uccaggaguu
cauuccaguu
uguuugguca
agcuccacuu
ugcuggagau
ccgggegegu
ugacucccuu
ugagcuucag
agaucuauuc
ugcuggeggc
uggccgaccu
cccuggagga
gcgacagcegce
gauccguggc
gcaugcagaa
ucgacugcuu
ugccccaacu
ugcgagacaa
ggggeugcegce
ggcuccaagu
gggaccuggsg
ccuucagcgc
auggccaggu
cgagccuggu
gucagaccac
ccaaggcacu

ugacccugcu

Page 99

cgaauugcua

cgucgccuuc

guucgacaag

gaccaccauc

cggcaaggaa

ccagcuggaa

gacugccauc

cguggaggag

cuacuucaac

cacacucgcc

ccagaaguuu

guacgagccc

gggcacacug

ccgacccgug

cggegecguc

ccagcgcagc

caagaaggug

gecugggegug

guucaugcac

cggecggsucyg

ggccggesgasg

guucuucggg

caucuacuuu

guccccgggc

gacccccgec

cuacuccggg

guggaaggss

gaccuacgaa

ucgggcgucsg

gaguccgucc

gCcCggaaagg

caucagcaca

cgaaagcggc

cacgccaagc

gauuucaggg

ugccuggucg

ggcuucaaca

ggcaccagga

gggcCagguca

aggggcagga

cccuucaacc

cuucugcaag

ggugccaccg

accggcuccu

cugcgcuacg

gcccccgaga

aaggacggca

caggugaucu

aucaccaccg

auauacaagg

cccugcuacg

ucccugcucc

gaugugauca

gucaucgauu

gccgggglca

cugcugcaga

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860



ggugguucua caucgacuuc gggggcguga agcccauggg cuccgagecg

gccggaucaa UCugcccgee cccaaccccg accacguggg gggcuacaag

cuaccuucgc cgguaucgag aacaaguucg gccuguaccu gccccuguuc

ugagcacgag caaggccauc ggggegcgegcc ccugauaaua guccauaaag

uacagcugga gccucggugg ccaugcuucu ugccccuugg gccucccccc

ccccuuccug cacccguacc ccccgcauua uuacucacgg uacgaguggu

agucugagug ggcggc

<210> 140

<211> 675

<212> PRT

<213> Artificial Sequence

<220>

<223> Construct #4 Amino acid sequence of Citrin gene

<400> 140

Met Ala Ala Ala Lys Val Ala Leu Thr Lys Arg Ala Asp Pro

1 5 10

Leu Arg Thr Ile Phe Leu Lys Tyr Ala Ser Ile Glu Lys Asn
20 25 30

Phe Phe Met Ser Pro Asn Asp Phe Val Thr Arg Tyr Leu Asn

35 40 45
Gly Glu Ser Gln Pro Asn Pro Lys Thr Val Glu Leu Leu Ser
50 55 60

Val Asp Gln Thr Lys Asp Gly Leu Ile Ser Phe Gln Glu Phe

65 70 75

Phe Glu Ser Val Leu Cys Ala Pro Asp Ala Leu Phe Met Val

85 90

Gln Leu Phe Asp Lys Ala Gly Lys Gly Glu Val Thr Phe Glu
100 105 110

Lys Gln Val Phe Gly Gln Thr Thr Ile His Gln His Ile Pro

Page 100

gugccuaaga

cuggccgugsg

aagcccuccg

uaggaaacac

agccccuccu

cuuugaauaa

Ala
15

Glu

Gly Glu

Ile Phe

Gly val

Val Ala

80

Ala
95

Phe

Val

Phe Asn

1920

1980

2040

2100

2160

2220

2236



Trp

His

145

Glu

Arg

His

Gly

Ser

225

Ala

Ala

Phe

Asp

Leu

305

Val

Asp

130

Leu

His

Val

Val

Thr

210

Leu

Gly

Ala

Gln

Ile

290

Ala

Leu

115

Ser

Thr

Ala

Thr

Leu

195

Thr

Leu

Thr

Gln

Leu

275

Glu

Glu

Leu

Glu

Tyr

Lys

Ala

180

Thr

Ser

Asn

Arg

Lys

260

Ala

Arg

Ala

Gln

Phe

Ala

Gln

165

Ile

Pro

His

Asn

Lys

245

Phe

Asp

Ile

Gln

Val
325

Val

Glu

150

Ala

Asp

Phe

Gln

Met

230

Asp

Gly

Leu

Ala

Arg

310

Ala

Gln

135

Phe

Phe

Phe

Val

Val

215

Glu

Val

Gln

Tyr

Pro

295

Gln

Glu

120

Leu

Thr

Val

Arg

Glu

200

Ser

Leu

Glu

Val

Glu

280

Leu

Lys

Ser

His

Gln

Gln

Asp

185

Glu

Phe

Ile

Val

Thr

265

Pro

Glu

Ala

Ala

Phe

Phe

Arg

170

Ile

Cys

Ser

Arg

Thr

250

Pro

Arg

Glu

Ser

Tyr
330

Gly

Leu

155

Asp

Met

Leu

Tyr

Lys

235

Lys

Met

Gly

Gly

Gly

315

Arg

Lys

140

Leu

Asn

Val

Val

Phe

220

Ile

Glu

Glu

Arg

Thr

300

Asp

Phe
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125

Glu

Glu

Ala

Thr

Ala

205

Asn

Tyr

Glu

Val

Met

285

Leu

Ser

Gly

Arg

Ile

Arg

Ile

190

Ala

Gly

Ser

Phe

Asp

270

Thr

Pro

Ala

Leu

Lys

Gln

Thr

175

Arg

Ala

Phe

Thr

Val

255

Ile

Leu

Phe

Arg

Gly
335

Arg

Leu

160

Gly

Pro

Gly

Asn

Leu

240

Leu

Leu

Ala

Asn

Pro

320

Ser



Val

Lys

Leu

Glu

385

Val

Asp

Leu

Leu

Gly

465

Gly

Ser

Asn

Ile

Lys
545

Ala

Thr

Met

370

Gly

Ala

Lys

Ala

Glu

450

Pro

Ile

Ala

Glu

Ala

530

Thr

Gly

Arg

355

Tyr

Phe

Pro

Phe

Gly

435

Ile

Arg

Tyr

Ile

Asp

515

Gly

Arg

Ala

340

Met

Lys

Phe

Glu

Met

420

Gly

Val

Val

Lys

Tyr

500

Gly

Met

Leu

Val

Gln

Asn

Gly

Lys

405

His

Cys

Lys

Ser

Gly

485

Phe

Gln

Pro

Gln

Gly

Asn

Ser

Leu

390

Ala

Lys

Ala

Ile

Ala

470

Ala

Pro

Val

Ala

Val
550

Ala

Gln

Phe

375

Tyr

Ile

Asp

Gly

Arg

455

Leu

Lys

Cys

Ser

Ala

535

Ala

Thr

Arg

360

Asp

Arg

Lys

Gly

Gly

440

Leu

Ser

Ala

Tyr

Pro

520

Ser

Ala

Ala

345

Ser

Cys

Gly

Leu

Ser

425

Ser

Gln

Val

Cys

Ala

505

Gly

Leu

Arg

Val

Thr

Phe

Leu

Thr

410

Val

Gln

Val

Val

Phe

490

His

Ser

Val

Ala

Tyr

Gly

Lys

Leu

395

Val

Pro

Val

Ala

Arg

475

Leu

Val

Leu

Thr

Gly
555

Pro

Ser

Lys

380

Pro

Asn

Leu

Ile

Gly

460

Asp

Arg

Lys

Leu

Pro

540

Gln
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Ile

Phe

365

Val

Gln

Asp

Ala

Phe

445

Glu

Leu

Asp

Ala

Leu

525

Ala

Thr

Asp

350

Val

Leu

Leu

Phe

Ala

430

Thr

Ile

Gly

Ile

Ser

510

Ala

Asp

Thr

Leu

Gly

Arg

Leu

Val

415

Glu

Asn

Thr

Phe

Pro

495

Phe

Gly

Val

Tyr

Val

Glu

Tyr

Gly

400

Arg

Ile

Pro

Thr

Phe

480

Phe

Ala

Ala

Ile

Ser
560



Gly Val Ile Asp Cys Phe Arg Lys Ile Leu Arg Glu Glu Gly Pro Lys
565 570 575

Ala Leu Trp Lys Gly Ala Gly Ala Arg Val Phe Arg Ser Ser Pro Gln
580 585 590

Phe Gly Val Thr Leu Leu Thr Tyr Glu Leu Leu Gln Arg Trp Phe Tyr
595 600 605

Ile Asp Phe Gly Gly Val Lys Pro Met Gly Ser Glu Pro Val Pro Lys
610 615 620

Ser Arg Ile Asn Leu Pro Ala Pro Asn Pro Asp His Val Gly Gly Tyr
625 630 635 640

Lys Leu Ala Val Ala Thr Phe Ala Gly Ile Glu Asn Lys Phe Gly Leu
645 650 655

Tyr Leu Pro Leu Phe Lys Pro Ser Val Ser Thr Ser Lys Ala Ile Gly
660 665 670

Gly Gly Pro
675

<210> 141

<211> 70

<212> RNA

<213> Artificial Sequence

<220>
<223> mRNA encoding non-translated Factor IX (NTFIX

<400> 141
gggaaauaag agagaaaaga agaguaaucc auaaaguagg aaacacuaca gaagaaauau

aagagccacc
210> 142
<211> 85

<212> RNA

<213> Artificial Sequence

<220>
<223> miR-126
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<400> 142

cgcuggcgac gggacauuau uacuuuuggu acgcgcugug acacuucaaa cucguaccgu 60
gaguaauaau gcgccgucca cggca 85
<210> 143

<211> 22

<212> RNA

<213> Artificial Sequence

<220>
<223> miR-126-3p

<400> 143

ucguaccgug aguaauaaug cg 22
<210> 144

<211> 22

<212> RNA

<213> Artificial Sequence

<220>
<223> miR-126-3p binding site

<400> 144

cgcauuauua cucacgguac ga 22
<210> 145

<211> 21

<212> RNA

<213> Artificial Sequence

<220>
<223> miR-126-5p

<400> 145

cauuauuacu uuugguacgc g 21
<210> 146

<211> 21

<212> RNA

<213> Artificial Sequence

<220>
<223> miR-126-5p binding site

<400> 146
cgcguaccaa aaguaauaau g 21
<210> 147
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<211> 166
<212> RNA
<213> Artificial Sequence

<220>
<223> 3' UTR with miR 142-3p and miR 126-3p binding sites variant 2

<400> 147
ugauaauagu cCcauaaagua ggaaacacua Cagcuggage Cucgguggec uagcuucuug 60
Cccccuuggge cuccccccag CCCCUCCUCC ccuuccugea cccguaccce ccgcauuauu 120
acucacggua cgaguggucu uugaauaaag ucugaguggg cggcsd 166
<210> 148
<211> 142
<212> RNA

<213> Artificial Sequence

<220>
<223> 3' UTR with miR 142-3p binding site variant 2

<400> 148
ugauaauagg cuggagccuc gguggccuag Cuucuugccc cuugggeccuc cccccagecc 60
CUCCUCCCCU uccugcaccc guacccccuc cauaaaguag gaaacacuac aguggucuuu 120
gaauaaaguc ugagugggcg gc 142
<210> 149
<211> 119
<212> RNA

<213> Artificial Sequence

<220>
<223> 3' UTR, no miR binding sites variant 2

<400> 149
ugauaauagg cuggagccuc gguggccuag CUuCUUgCCC Cuugggccuc cccccagecce 60
CUCCUCCCCU UCCUEGCAcCcC guacccccgu ggucuuugaa uaaagucuga gugggcgec 119
<210> 150
<211> 141
<212> RNA

<213> Artificial Sequence

<220>
<223> 3' UTR with miR 126-3p binding site variant 3

<400> 150
ugauaauagg cuggagccuc gguggccuag CUuCUUgCCC Cuugggeccuc cccccagecc 60
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CUCCUCCCCU UCCUgCaccc guaccccccg cauuauuacu cacgguacga guggucuuug

aauaaagucu gagugggcgg ¢

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

<220>
<223>

<400>

151
188
RNA
Artificial Sequence

3" UTR with 3 miR 142-3p binding sites variant 2

151

ugauaauagu ccauaaagua ggaaacacua Ccagcuggage Cucgguggec uagcuucuug

ccccuuggge cuccCauaaag uaggaaacaC uacauccccc cagccccucc uccccuuccu

gcacccguac ccccuccaua aaguaggaaa cacuacagug gucuuugaau aaagucugag

ugggcgsc

<210> 152

<211> 142

<212> RNA

<213> Artificial Sequence

<220>

<223> 3'UTR with miR 142-3p binding site, P1 insertion variant 2
<400> 152

ugauaauagu ccauaaagua ggaaacacua Cagcuggage Cucgguggec uagcuucuug

ccccuuggge cuccccccag cCCCcuccucc ccuuccugeca cccguaccce cguggucuuu

gaauaaaguc ugagugggcg gc

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

<220>
<223>

<400>

153
142
RNA
Artificial Sequence

3'UTR with miR 142-3p binding site, P2 insertion variant 2

153

ugauaauagg cuggagccuc gguggcucca uaaaguagga aacacuacac uagcuucuug

ccccuuggge cuccccccag cCCCcuccucc ccuuccugca cccguaccce cguggucuuu

gaauaaaguc ugagugggcg gc
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120

141

60

120

180

188

60

120

142

60

120

142



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

<220>
<223>

<400>

154
142
RNA
Artificial Sequence

3'UTR with miR 142-3p binding site, P3 insertion variant 2

154

ugauaauagg cuggagccuc gguggccuag CUUCUUgCCC CUuugggccuc cauaaaguag

gaaacCacuaC auccccccCag CcCcccuccucc ccuuccugca cccguacccc cguggucuuu

gaauaaaguc ugagugggcg gc

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

<220>
<223>

<400>

155
142
RNA
Artificial Sequence

3'UTR with miR 155-5p binding site variant 2

155

ugauaauagg cuggagccuc gguggccuag CUuCUUgCCC Cuugggccuc cccccagecce

CUCCUCCCCU uccugcaccc guacccccac cccuaucaca auuagcauua aguggucuuu

gaauaaaguc ugagugggcg gc

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

<220>
<223>

<400>

156
188
RNA
Artificial Sequence

3" UTR with 3 miR 155-5p binding sites variant 2

156

ugauaauaga ccccuaucac aauuagcauu aagcuggage Cucgguggec uagcuucuug

ccccuugggr caccccuauc acCaauuagcCa uuaauccccc cagccccucc uccccuuccu

gcacccguac CcCccaccccu aucacaauua gcauuaagug gucuuugaau aaagucugag

uggecgsc

<210> 157

<211> 188

<212> RNA

<213> Artificial Sequence
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60

120

142

60

120

142

60

120

180

188



<220>
<223> 3'UTR with 2 miR 155-5p binding sites and 1 miR
site variant 2

<400> 157
ugauaauaga cCcccuaucac aauuagcauu aagcuggage cucgguggcc

ccccuugggr cuccCauaaag uaggaaacacC uacauccccc cagccccucc

gcacccguacC CCCCacCCCu aucacCaauua gcauuaagug gucuuugaau

uggegcgec
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142-3p binding

uagcuucuug 60
uccccuuccu 120
aaagucugag 180

188



