<110>
<120>
<130>

<150>
<151>

<160> 49
<170>
<210> 1
<211>
<212>
<213>

<400> 1
gatggctgcg

gagattaata
tgaaggccct
atgaccatgc
ttgaccccga
acaggaagta
attatgcgag
agatcgggga
tacacacaga
ctgtacacgc
gggttgggtt
actcgacaaa
cagacctgac
cgtgcgaccg
ttaagagctg
gctgtgatac

gcctttatgg

Valneva SE

P5922W000

EP17192374.1
2017-09-21

11674
DNA
Chikungunya virus

tgagacacac
acccatcatg
gcaacgtgcg
taatgctaga
ctcaaccatc
ccactgcgtc
aaagctagca
cttacaagca
cgtctcatgt
acccacgtcg
cgacacaacc
ctgggcagat
ggaaggtaga
tgtgctgttc
gcacctgcca
agtggtttcg

adadaaccaca

SEQUENCE LISTING

PatentIn version 3.5

gtagcctacc
gatcctgtgt
taccccatgt
gecgttctcgce
ctggatatcg
tgcccgatgc
tctgccgcag
gtaatggccg
agacagagag
ctataccacc
ccgttcatgt
gagcaggtac
cgaggcaagt
tcagtagggt
tcggtgttcc
tgtgagggct

gggtatgegg

Immunogenic Chikungunya Virus

agtttcttac
acgtggacat
ttgaggtgga
atctagctat
gcagtgcgcc
gcagtgcgga
gaaaagtcct
tgccagacac
cagacgtcgc
aggcgattaa
acaatgccat
tgaaggctaa
tgtctattat
caacgctcta
atttaaaggg
acgtcgttaa

taacccacca

tgctctactc
agacgctgac
accaaggcag
aaaactaata
agcaaggagsg
agatcccgag
ggacagaaac
ggagacgcca
tatataccaa
aggggtccga
ggcgggtgcec
gaacatagga
gagagggaaa
cccggaaagc
caaactcagc

gagaataacg

cgcagacgga

tgcaaagcaa
agcgcctttt
gtcacaccga
gagcaggaaa
atgatgtcgg
agactcgcca
atctctggaa
acattctgct
gacgtctatg
gtggcgtact
tacccctcat
ttatgttcaa
aagctaaaac
cgcaagctac
ttcacatgcc
atgagcccag

ttcctgatgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



gcaagactac
cggcgaccat
cacagaagct
atacgaacac
caaaggagtg
tgacctgctg
ctgataccca
tgtggtcgtc
tgccaaaaac
aagaagcaga
cagcacagga
caggaataat
tcgtgggaga
tgattcacgc
atgcggtcga
aagacttcca
acagaaagct
atgagctggt
gatgctgtaa
cctaccacga
cagtcatagg
ttaccaggca
acgtgatgag
atggatgcaa
gaacgctact
acccgaagca

tctgcaccca

cgacacggtt
ttgtgatcaa
gttggtgges
catgaaaaat
ccggaaagac
ctgtctatgg
gtcaattcag
cgggttgtca
cgacctgatc
ggaagaacga
agatgttcag
agagactccg
gtacctggta
tttggcggag
agcgtacgac
gagtctaagc
acaccatatt
gagggcagag
gaaggaagaa
attcgcatat

agtcttcgga

ggacctggtg
acagagaggt
cagaccagtc
tgctttgatc
gtgcggcttc

agtgtaccac

gacggcgaaa
atgaccggca
ctgaaccaga
tatctgcttc
atggaagatg
gcattcaaga
aaggttcagg
atccctttga
ccatacagcg
gaagcagaac
gtcgaaatcg
agaggagcta
ctctccccgc
caagtgaaga
ggccgagtcc
gaaagcgcaa
gcgatgcacg
aggacagaac
gccgeaggac
gaagggctaa
gtaccgggat
actagcggaa
ctagagatat
gacgtgttgt
gccttggtga
ttcaatatga

aaaagtatct

gaatgtcatt
tccttgctac
gaatagtggt
ccgtggtcgc
aaaaactcct
agcagaaaac
ccgagtttga
ggactagaat
gagacgcccg
tgactcgcga
acgtggaaca
tcaaagttac
agaccgtact
cgtgcacgca
tagtgccctc
cgatggtgta
gaccagccct
acgagtacgt
tggtactggt
aaatccgccc
ctggcaagtc
agaaagaaaa
ctgcacgtac
acgtagacga
gaccaaggca
tgcagatgaa

ccaggeggtg

ctcggtgtgc
agaagtcacg
taacggcaga
ccaagccttc
gggggtcaga
acacacggtc
cagctttgtg
caaatggttg
agaagcccgg
agccctacca
gcttgaggac
tgcccaacca
acgtagccag
caacggacga
aggctatgca
taacgaaaga
gaacaccgac
ctacgacgtg
gggcgacttg
tgcctgccca
agctattatc
ctgccaagaa
ggttgactcg
ggcgtttgeg
gaaagttgta
agtcaactat

tacactgcct

acatacgtgc

ccggaggatg
acgcaacgga
agtaagtggg
gaaagaacac
tacaagaggc
gtaccgagtc
ttaagcaagg
gacgcagaaa
cctctacagg
agagcgggcsg
acagaccacg
aagctcagtc
gcagggaggt
atctcgcctg
gagttcgtaa
gaagagtcgt
gatcagagaa
actaatccgc
tacaaaattg
aagaacctag
atcaccaccg
ctgctcttga
tgccactctg
ctttgtggtg
aatcacaaca

gtgaccgcca

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640



ttgtgtcatc
ttgtagtgga
tcagagggtsg
ccgcatccca
acccgctcta
aactggtatg
aaggaaactt
gcatctgcag
ctaagagctt
ctcagataat
aaatatgtac
tgtctgtgta
ttaaccccga
acatcaacaa
acatcatacc
aaggggaaag
gtggctataa
gcggagegea
acctagtggt
accacgcaat
gctctctatt
tattgggacg
ctgagatgtt
tcatgaacaa
cgtcgtaccg
ccgctaaccc

cggagtcctt

gttgcattac
cactacaggc
ggttaaacaa
agggttaacc
tgcatcaacg
gaagacactt
caaagcaact
tcaccaaatg
ggtccctatc
tcaagccttc
gcgcatgtat
ttacgcggat
ggcagcatcc
gcagatctgc
ggccaacagg
aatggaatgg
ccttgcactg
ctacacatac
cataaacatc
gaaactgcaa
gatcagagca
caagtttaga
tttcctattc
tcaactgaat
ggtaaaacgc
tcgcgggtta

taagaacagt

gaaggcaaaa
tcaacaaaac
ctgcaaattg
agaaaaggag
tcagagcacg
tccggegacc
attaaggagt
accttcgata
ctcgaaacag
aaagaagaca
ggggtggatc
aaccactggg
attctagaaa
gtgactacca
agactaccac
ctggttaaca
cctactaaga
aacctagagt
cacacacctt
atgctcgggg
tatggttacg
tcgtctagag
agcaactttg
gcagccttcg
atggacatcg
ccgggtggceg

gcaacaccag

tgcgcactac
ctgaccctgg
actatcgtgg
tttacgcagt
tcaacgtact
cgtggataaa
gggaggtgga
cattccaaaa
cggggataaa
aagcatactc
tagacagcgg
ataataggcc
gaaagtatcc
ggaggataga
actcattagt
agataaacgg
gagtcacttg
tgggtctgcc
ttcgcataca
gtgactcatt
cagatagaac
cgttgaaacc
acaatggcag
taggacaggt
cgaagaacga
gtgtttgcaa

tgggaaccgc

gaatgagtac
agacctcgtg
atacgaggtc
tagacaaaaa
cctaacgcgt
gacgctgcag
gcatgcatca
taaagccaac
actaaatgat
acctgaagta
gctattttct
tggagggaaa
attcacaaaa
agactttaac
ggccgaacac
ccaccacgtg
ggtagcgecg
agcaacgctt
ccattaccaa
gagactgctc
cagtgaacga
accatgtgtc
aaggaatttc
cacccgagca
tgaagagtgc
ggcagtatac

aaaaacagtt

aacaagccga
ttaacgtgct
atgacagcag
gttaatgaaa
acggaaggta
aacccaccga
ataatggcgg
gtttgttggg
aggcagtggt
gccctgaatg
aaaccgttgg
atgttcggat
gggaagtgga
cctaccacca
cgcccagtaa
ctcctggtca
ttaggtgtcc
ggtaggtatg
cagtgcgtcg
aaaccgggcg
gtcatctgceg
accagcaaca
acaactcatg
ggatgtgcac
gtagtcaacg
aaaaaatggc

atgtgcggta

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260



cgtatccagt
accgggaatt
atagtgtagc
cccagtcact
actgccgcga
tagagctgct
gcagcttggc
aagggacccg
agcaaacaga
tcaggcagaa
gcctttgeceg
caagcataat
aagtcaaatg
gggcttatag
ccgtacctgt
agagagaagg
cggtcgtaca
gtaccgccac
ccattacatt
ctttcggaga
gctcagacac
acaccggtcc
ccctggagga
aactattact
cgcgcaaagt
tatacttaat

tgtactcgcc

aatccacgct
ggcagctgcc
tatacctctc
gaaccacctc
caaagaatgg
ggatgagcac
aggcagaaaa
ttttcatcag
ggccaatgag
atgcccggtg
ttacgctatg
tgtgtgttct
ctctaaggta
aggtgccgct
cgecgeegecc
gaatataaca
agaaacagcg
ggaaccgaat
tggggacttc
cttcttacca
ggacgacgag
aggtcattta
agtccacgag
taagaaactc
agaaaacatg
gtcagagacc

tccgatcaac

gttggaccaa
tatcgagaag
ctctccacag
tttacagcca
gagaagaaaa
atctccatag
ggatacagca
acggctgtgg
caagtctgcc
gatgatgcag
actccagaac
tcgtttcccc
atgctatttg
gccggtaacc
agaagaaggc
cccatggcta
gagacgcgtg
catccgccga
aacgaaggag
ggagaagtgg
ttaagactag
caacagaagt
gagaagtgtt
caggagagtg
aaagcagcaa
ccaaaagtcc

gtccgattgt

acttctctaa
tcgcaaagga
gtgtatactc
tggactcgac
tatctgaggc
actgcgatat
ccacggaagg
atatggcgga
tatatgccct
acgcatcatc
gcgtcacccg
tcccaaagta
accacaacgt
ttgcggeccgt
gagggagaaa
gcgtccgatt
acacagcaat
tctccttcgg
aaatcgaaag
atgacttgac
acagggcagsg
cagtacgcca
acccacctaa
catccatggc
tcatccagag
ctacttaccg

ccaatcccga

ttattcggag

agtaactagg

aggagggaaa
ggatgcagac
catacagatg
tgttcgegtg
cgcactgtac
gatacatact
gggggaaagt
tccccccaaa
gcttcgcatg
caaaatagaa
gccatcgcegc
gtctgattgg
cctgactgtg
ctttagggca
gtctcttcag
agcatcaagc
cttgtcttct
agacagcgac
tgggtatata
gtcagtgctg
gctggatgaa
caacagaagc
actaaagaga
gactacatat

gtccgcagtg

tctgaagggsg
ctgggagtaa
gacaggctga
gtggtcatct
cggacccaag
caccctgaca
tcatatctag
atgtggccaa
attgaatcga
actgtcccgt
aaccacgtca
ggagtgcaaa
gtaagtccaa
gtaatgagca
acatgtgacg
gagctgtgtc
gcaccaccga
gagacgttcc
gagctactaa
tggtccacgt
ttctcgtcgg
ccggtgaaca
gcaaaggagc
aggtatcagt
ggctgtagac
ccggegectg

gcagcatgca

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880



atgagttctt
atgcatatct
cgtcaaaact
ctgtaccgtc
actgcaacgt
agtgtttcaa
ttaggataac
cagcgctatt
tcacagtaga
gacctaaggt
ttcacagaga
ttgacatgtc
ctgttttgga
ctgctttgat
ctgctttcgg
ccatgatgaa
tcgccagccg
acgacaacat
ggatgaacat
gtggagggtt
taaaaaggct
gaagacgagc
tggagaaagc
tggccacctt
tgtacggegg

agtatctaaa

gaggtaccag

agctagaaac
agacatggtg
caggagctac
cccattccag
cacacagatg
aaaattcgca
aactgagaat
cgcaaaaacc
tatgaaaagg
gcaggttata
gctggttagg
tgccgaggat
aacggacata
gctgttagag
agagatttcc
atcaggtatg
agtgctggaa
aatacatgga
ggaagtgaag
tatactgcac
ttttaaactg
gctggctgac
ggtatactct
tgcaagctcc
tcctaaatag
cactaatcag

cctcgaccct

tatccaactg
gacgggtcgg
ccgaaacagc
aacacactac
agggaattac
tgcaaccaag
ttagcaacct

cataatctac

gacgtaaagg
caggcggctg
aggctgaacg
ttcgatgcca
gcctecctttg
gatttagggg
agctgtcacc
ttcctaactc
gatcgtctga
gtcgtctccg
atcatagatg
gatactgtga
ggcaaaccgc
gaagtgatca
aggtacgaag
agatccaact
gtacgcacta

ctacaatgga

ggactccgceg

tctcatcata
agagttgcct
acgcttacca
agaatgtact
ccactttgga
aatactggga
atgttactaa
tgccactaca
tgactcctgg
aacccttggc
ccgtcctcect
tcatagccgc
ataagagcca
tggatcactc
taccgacagg
tgttcgtcaa
caaaatccgc
atgaattgat
cagttgtatc
caggaacagc
tagcggcagg
gatggcaacg
tgcagggtat
tcgagaagct
cagctaccta
gttcatccca

ccctactatc

ccaaattacc

ggaccgagceg
cgcgecctcc
ggcagcagcc
ctcagcagta
agaatttgct
actaaaaggg
ggaagtacca
tacaaagcat
gacagcatac
acccaatgta
acactttaag
agatgattca
cctgctggac
tacgcgcttc
cacattgtta
gtgcgeggcec
ggcagccaga
cttgaaagcc
ttgcagagtg
tgacgaacaa
aacagggcta
atcagttgtg
cagaggaccc
ttttgcagaa
acccaaactt

caagtcatca

gacgagtatg
acattcaatc
atcagaagcg
acgaaaagaa
ttcaacgtgg
gccagcccta
ccaaaagcag
atggataggt
acagaggaaa
ctatgtggga
catacactat
ccaggagaca
cttgcgctta
ttgatagagg
aagttcggceg
aacatcacca
ttcatcggcg
tgtgccactt
ccttactttt
gcagacccgc
gatgaagata
attgatgagc
gtaatgtcca
gtcataactt
gccgacagcea
tttacaatag

ggcccagacc

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500



gcgeccctcag
aatgcgcgcg
aaaacaacag
ggctcaaaag
ttgtattttc
caaagtaatg
ggcctttaag
gtccgacgct
agcagtacag
cagcggcaga
taatgaagga
aatcaccccc
aaacaccacg
ggaggaaacc
acaagcatcc
tgtctataaa
gtgccatagt
aatccaggtc
gcgttatatg
atcagcaccg
aggggaaact
cccatttcac
cggtaaagag
agaggtacac
cgtaaagatc
tgaaggacta

cgcggtcacc

aggcaagctg
gtaccacaac
gcgccacaaa
aaaaagaagc
gaagtcaagc
aaaccagcac
cggtcatcta
tcgaagttca
tactcaggag
ccgatcttcg
gcccgtacag
gaggggeeccg
ttccecctget
ctacgcatgc
ttaacatgtt
gccacaagac
cccgtagcac
tccttgcaaa
gacaaccaca
tgtacgatta
ctgacggtgg
cacgaccctc
ctaccttgca
atgcccccag
acagtcaatg
acaactacag

aatcacaaaa

ggcaacttgc
agaagccacg
acaacacaaa
cgggeegeag
acgaaggtaa
acgtaaaggg
agtatgacct
cccatgagaa
gccggttcac
acaacaaggg
ccctcteggt
aagagtggag
cccagccccc
ttgaggacaa
ctccccaccg
catacttagc
tagaacgcat
tcggaataaa
tgccagcaga
ctggaacaat
gattcactga
ctgtgatagg
gcacgtacgt
acacccctga
gccagacggt
acaaagtgat

agtggcagta

ccagctgatc

caggaatcgg
tcaaaagaag
agagaggatg
ggtaacaggt
gaccatcgat
tgaatgcgcg
accggagges
catccctaca
acgcgtggtg
ggtgacctgg
tcttgccatc
ttgcacgccc
cgtcatgaga
ccagcgacgc
tcactgtccc
cagaaatgaa
gacggatgac
cgcagagagg
gggacacttc
cagtaggaag
tcgggaaaaa
gcagagcacc
tcgcacatta
gcggtacaag
taataactgc

taactcccct

tcagcagtta
aagaataaga
cagccaccta
tgcatgaaaa
tacgcgtgcc
aacgcggacc
cagatacccg
tactacaact
ggtgctggca
gccatagtct
aataaagaca
ccagttatgt
tgctgctacg
cctgggtact
agcaccaagg
gactgtggag
gcgacagacg
agccacgatt
gcggggctat
atcctggccc
attagtcact
ttccattccc
gccgcaacta
atgtcacaac
tgtaattgcg
aaggttgatc

ctggtcccgc

ataaactgac
agcaaaagca
aaaagaaacc
tcgaaaatga
tggtgggesga
tggccaaact

tgcacatgaa

ggcaccacgg
aaccagggga
taggaggagc
ttgtcactaa
gcctgttggc
aaaaggaacc
atcagctgct
acaacttcaa
aagggcactc
ggacgctgaa
ggaccaagct
ttgtaagaac
gatgtccaaa
catgtacgca
gaccgcagca
ccgaggagat
agtccggcaa
gtggctcaaa
aatgtcatgc

gtaatgctga

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120



acttggggac
ggtgcctaaa
gtatcctgac
agaagagtgg
ggtcacgtgg
agcccatggc
tgtagtagtt
gatgtgcatg
cgtccctttc
agaggctgcg
tccgectggca
aacgttggct
cgtaacagtg
ctacagcccc
gcttgattac
cggtacagca
cgtctaccca
gagcgaagca
ggctcatacc
tgtaactgcc
ggggccaatg
cgtctataac
ccaaagtcgc
accggctgtg
gctaaaagaa

aaacccggta

ggaagcggcc

cgaaaaggaa
gcaaggaacc
cacccaacac
gtgatgcata
ggcaacaacg
cacccgcatg
gtgtcagtgg
tgtgcacgac
ctgcttagcc
atatacctgt
gccctgattg
tttttagccg
atcccgaaca
atggtattgg
atcacgtgcg
gagtgcaagg
tttatgtggg
cacgtggaga
gcatctgcat
tatgcaaacg
tcttcagect
atggactacc
acacctgaga
ggtacggtac
cgcggggegt
agagcggtga

ttcactaggg

aaattcacat
ccaccgtgac
tcctgtccta
agaaggaagt
agccgtataa
agataattct
ccacgttcat
gcagatgcat
taatatgctg
ggaacgagca
ttctatgcaa
taatgagcgt
cggtgggagt
agatggaact
agtacaaaac
acaaaaacct
gcggecgcecta
agtccgaatc
cagctaagct
gcgaccatgc
ggacaccttt
cgcecctttgg
gtaaagacgt
acgtgccata
cgctgcagca
actgcgccgt

tcgtcgacgc

cccgtttccg
gtacgggaaa
ccggaatatg
cgtgctaacc
gtattggccg
gtattattat
actcctgtcg
cacaccgtat
catcagaaca
gcaacctttg
ctgtctgaga
cggtgcccac
accgtataag
actgtcagtc
cgtcatcccg
acctgactac
ctgcttctgc
atgcaaaaca
ccgegtectt
cgtcacagtt
cgacaacaaa
cgcaggaaga
ctatgctaat
ctctcaggca
cacagcacca

agggaacatg

gccctcttta

ctggcaaatg
aaccaagtca
ggagaagaac
gtgccgactg
cagttatcta
gagctgtacc
atggtgggta
gaactgacac
gctaaagcgg
ttttggctac
ctcttaccat
actgtgagcg
actctagtca
actttggagc
tctccgtacg
agctgtaagg
gacgctgaaa
gaatttgcat
taccaaggaa
aaggacgcca
attgtggtgt
ccaggacaat
acacaactgg
ccatctggct
tttggctgcc
cccatctcca

acggacatgt

taacatgcag
tcatgctact
caaactatca
aagggctcga
caaacggtac
ccactatgac
tggcageggsg
caggagctac
ccacatacca
aagcccttat
gctgctgtaa
cgtacgaaca
atagacctgg
caacactatc
tgaagtgctg
tcttcaccgg
acacgcagtt
cagcatacag
ataacatcac
aattcattgt
acaaaggtga
ttggcgatat
tactgcagag
ttaagtattg
aaatagcaac

tcgacatacc

cgtgcgaggt

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740



accagcctgc
caagaaaggc
gatagaagtt
cgaattccgc
gaaggaccac
cgctacggeg
tgccgcactg
ttaagtatga
gatcaaaggg
aaacagaaaa
ataagtatag
aaaatcataa
atagtaacaa
agatgtaggt
ataccgaact
ttaatatttc
<210> 2

<211> 423
<212> PRT

<213>

<400> 2

acccattcct
aagtgtgcgg
gaagggaatt
gtacaagtct
atagtcaact
atgtcatggg
attctaatcg
aggtatatgt
ctacgcaacc
atacataaat
atcaaagggc
aatagaaaaa
aacataaaat
acttaagctt
cttccacgat

dddaaadaaaad

cagactttgg
tgcattcgat
ctcagctgca
gttctacaca
acccggegtc
tgcagaagat
tggtgctatg
gtcccctaag
cctgaatagt
aggtatacgt
cgaataaccc
ccataaacag
taataaaaat
cctaaaagca
tctccgaacc

dddaaadaaaa

Chikungunya virus

gggecgtcgcc
gactaacgcc
aatctctttc
agtacactgt
acataccacc
cacgggaggt
cgtgtcgttc
agacacactg
aacaaaatac
gtcccctaag
ctgaatagta
aagtagttca
caaatgaata
gccgaactca

cacagggacg

aaaa

Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala

1

5

10

Ala His Cys Pro Asp Cys Gly Glu Gly His Ser

20

25

Ala Leu Glu Arg Ile Arg Asn Glu Ala Thr Asp

35

40

Gln Val Ser Leu Gln Ile Gly Ile Lys Thr Asp

attattaaat
gtcactattc
tcgacggcct
gcagccgagt
ctcggggtcc
gtgggactgg
agcaggcact
tacatagcaa
aaaatcacta
agacacattg
acaaaatatg
aagggctata
ccataattgg
ctttgagaag

taggagatgt

atgcagccag
gggaagctga
tagccagcgc
gccacccccc
aggacatctc
ttgttgctgt
aacttgacaa
ataatctata
aaaattataa
tatgtaggtg
aaaatcaata
aaacccctga
caaacggaag
taggcatagc

tattttgttt

Thr Arg Pro Tyr Leu

15

Cys His Ser Pro Val

30

Gly Thr Leu Lys Ile

45

Asp Ser His Asp Trp

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11674



Thr

65

Ala

Met

Val

Phe

Pro

145

Ala

Asp

Asn

Gly

Cys

225

Leu

Ile

50

Lys

Gly

Gly

Gly

His

130

Gln

Ala

His

Gly

Leu

210

His

Val

Pro

Leu

Leu

His

Phe

115

His

His

Thr

Thr

Gln

195

Thr

Ala

Pro

Phe

Arg

Phe

Phe

100

Thr

Asp

Gly

Thr

Leu

180

Thr

Thr

Ala

Arg

Pro
260

Tyr

Val

85

Ile

Asp

Pro

Lys

Glu

165

Met

Val

Thr

Val

Asn

245

Leu

Met

70

Arg

Leu

Ser

Pro

Glu

150

Glu

Ser

Arg

Asp

Thr

230

Ala

Ala

55

Asp

Thr

Ala

Arg

Val

135

Leu

Ile

Gln

Tyr

Lys

215

Asn

Glu

Asn

Asn

Ser

Arg

Lys

120

Ile

Pro

Glu

Gln

Lys

200

Val

His

Leu

Val

His

Ala

Cys

105

Ile

Gly

Cys

Val

Ser

185

Cys

Ile

Lys

Gly

Thr
265

Met

Pro

90

Pro

Ser

Arg

Ser

His

170

Gly

Asn

Asn

Lys

Asp

250

Cys

Pro

75

Cys

Lys

His

Glu

Thr

155

Met

Asn

Cys

Asn

Trp

235

Arg

Arg

60

Ala

Thr

Gly

Ser

Lys

140

Tyr

Pro

Val

Gly

Cys

220

Gln

Lys

Val

Asp

Ile

Glu

Cys

125

Phe

Val

Pro

Lys

Gly

205

Lys

Tyr

Gly

Pro

Ala

Thr

Thr

110

Thr

His

Gln

Asp

Ile

190

Ser

Val

Asn

Lys

Lys
270

Glu

Gly

95

Leu

His

Ser

Ser

Thr

175

Thr

Asn

Asp

Ser

Ile

255

Ala

Arg

80

Thr

Thr

Pro

Arg

Thr

160

Pro

Val

Glu

Gln

Pro

240

His

Arg



Asn

Pro

Asn

305

Val

Lys

His

Val

Ala

385

Glu

Cys

Pro

Asp

290

Tyr

Pro

Tyr

Glu

Val

370

Ala

Leu

Ile

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

<220>
<223>

<400>

3

Thr

275

His

Gln

Thr

Trp

Ile

355

Val

Gly

Thr

Arg

423

p

RT

Val

Pro

Glu

Glu

Pro

340

Ile

Ser

Met

Pro

Thr
420

Thr

Thr

Glu

Gly

325

Gln

Leu

Val

Cys

Gly

405

Ala

Tyr

Leu

Trp

310

Leu

Leu

Tyr

Ala

Met

390

Ala

Lys

Gly

Leu

295

Val

Glu

Ser

Tyr

Thr

375

Cys

Thr

Ala

Artificial Sequence

Lys

280

Ser

Met

Val

Thr

Tyr

360

Phe

Ala

Val

Asn

Tyr

His

Thr

Asn

345

Glu

Ile

Arg

Pro

Gln

Arg

Lys

Trp

330

Gly

Leu

Leu

Arg

Phe
410

Val

Asn

Lys

315

Gly

Thr

Tyr

Leu

Arg

395

Leu

mutation arising from Vero passaging

3

Ile

Met

300

Glu

Asn

Ala

Pro

Ser

380

Cys

Leu

Met

285

Gly

Val

Asn

His

Thr

365

Met

Ile

Ser

Leu

Glu

Val

Glu

Gly

350

Met

Val

Thr

Leu

Leu

Glu

Leu

Pro

335

His

Thr

Gly

Pro

Ile
415

Tyr

Pro

Thr

320

Tyr

Pro

Val

Met

Tyr

400

Cys

Ser Thr Lys Asp Asn Phe Asn Val Tyr Lys Ala Thr Arg Pro Tyr Leu

1

5

10

15



Ala

Ala

Gln

Thr

65

Ala

Met

Val

Phe

Pro

145

Ala

Asp

Asn

Gly

Cys

His

Leu

Val

50

Lys

Gly

Gly

Gly

His

130

Gln

Ala

His

Gly

Leu

210

His

Cys

Glu

35

Ser

Leu

Leu

His

Phe

115

His

His

Thr

Thr

Gln

195

Thr

Ala

Pro

20

Arg

Leu

Arg

Phe

Phe

100

Thr

Asp

Gly

Thr

Leu

180

Thr

Thr

Ala

Asp

Ile

Gln

Tyr

Val

85

Ile

Asp

Pro

Lys

Glu

165

Met

Val

Thr

Val

Cys

Arg

Ile

Met

70

Arg

Leu

Ser

Pro

Glu

150

Glu

Ser

Arg

Asp

Thr

Gly

Asn

Gly

55

Asp

Thr

Ala

Arg

Val

135

Leu

Ile

Gln

Tyr

Lys

215

Asn

Glu

Glu

40

Ile

Asn

Ser

Arg

Lys

120

Ile

Pro

Lys

Gln

Lys

200

Val

His

Gly

25

Ala

Lys

His

Ala

Cys

105

Ile

Gly

Cys

Val

Ser

185

Cys

Ile

Lys

His

Thr

Thr

Met

Pro

90

Pro

Ser

Arg

Ser

His

170

Gly

Asn

Asn

Lys

Ser

Asp

Asp

Pro

75

Cys

Lys

His

Glu

Thr

155

Met

Asn

Cys

Asn

Trp

Cys

Gly

Asp

60

Ala

Thr

Gly

Ser

Lys

140

Tyr

Pro

Val

Gly

Cys

220

Gln

His

Thr

45

Ser

Asp

Ile

Glu

Cys

125

Phe

Val

Pro

Lys

Gly

205

Lys

Tyr

Ser

30

Leu

His

Ala

Thr

Thr

110

Thr

His

Gln

Asp

Ile

190

Ser

Val

Asn

Pro

Lys

Asp

Glu

Gly

95

Leu

His

Ser

Ser

Thr

175

Thr

Asn

Asp

Ser

Val

Ile

Trp

Arg

80

Thr

Thr

Pro

Arg

Thr

160

Pro

Val

Glu

Gln

Pro



225

Leu

Ile

Asn

Pro

Asn

305

Val

Lys

His

Val

Ala

385

Glu

Cys

Val

Pro

Pro

Asp

290

Tyr

Pro

Tyr

Glu

Val

370

Ala

Leu

Ile

<210>
<211>
<212>

Pro

Phe

Thr

275

His

Gln

Thr

Trp

Ile

355

Val

Gly

Thr

Arg

4
423
PRT

Arg

Pro

260

Val

Pro

Glu

Glu

Pro

340

Ile

Ser

Met

Pro

Thr
420

Asn

245

Leu

Thr

Thr

Glu

Gly

325

Gln

Leu

Val

Cys

Gly

405

Ala

230

Ala

Ala

Tyr

Leu

Trp

310

Leu

Leu

Tyr

Ala

Met

390

Ala

Lys

Glu

Asn

Gly

Leu

295

Val

Glu

Ser

Tyr

Thr

375

Cys

Thr

Ala

Leu

Val

Lys

280

Ser

Met

Val

Thr

Tyr

360

Phe

Ala

Val

Gly

Thr

265

Asn

Tyr

His

Thr

Asn

345

Glu

Ile

Arg

Pro

Asp

250

Cys

Gln

Arg

Lys

Trp

330

Gly

Leu

Leu

Arg

Phe
410

235

Arg

Arg

Val

Asn

Lys

315

Gly

Thr

Tyr

Leu

Arg

395

Leu

Lys

Val

Ile

Met

300

Glu

Asn

Ala

Pro

Ser

380

Cys

Leu

Gly

Pro

Met

285

Gly

Val

Asn

His

Thr

365

Met

Ile

Ser

Lys

Lys

270

Leu

Glu

Val

Glu

Gly

350

Met

Val

Thr

Leu

Ile

255

Ala

Leu

Glu

Leu

Pro

335

His

Thr

Gly

Pro

Ile
415

240

His

Arg

Tyr

Pro

Thr

320

Tyr

Pro

Val

Met

Tyr

400

Cys



<213>

<220>
<223>

<400>

Artificial Sequence

mutation

4

Ser Thr Lys

1

Ala

Ala

Gln

Thr

65

Ala

Met

Val

Phe

Pro

145

Ala

Asp

His

Leu

Val

50

Lys

Gly

Gly

Gly

His

130

Gln

Ala

His

Cys

Glu

35

Ser

Leu

Leu

His

Phe

115

His

His

Thr

Thr

Asp

Pro

20

Arg

Leu

Arg

Phe

Phe

100

Thr

Asp

Gly

Thr

Leu
180

arising from Vero passaging

Asn

Asp

Ile

Gln

Tyr

Val

85

Ile

Asp

Pro

Lys

Glu

165

Met

Phe

Cys

Arg

Ile

Met

70

Arg

Leu

Ser

Pro

Glu

150

Glu

Ser

Asn

Gly

Asn

Arg

55

Asp

Thr

Ala

Arg

Val

135

Leu

Ile

Gln

Val

Glu

Glu

40

Ile

Asn

Ser

Arg

Lys

120

Ile

Pro

Glu

Gln

Tyr

Gly

25

Ala

Lys

His

Ala

Cys

105

Ile

Gly

Cys

Val

Ser
185

Lys

10

His

Thr

Thr

Met

Pro

90

Pro

Ser

Arg

Ser

His

170

Gly

Ala

Ser

Asp

Asp

Pro

75

Cys

Lys

His

Glu

Thr

155

Met

Asn

Thr

Cys

Gly

Asp

60

Ala

Thr

Gly

Ser

Lys

140

Tyr

Pro

Val

Arg

His

Thr

45

Ser

Asp

Ile

Glu

Cys

125

Phe

Val

Pro

Lys

Pro

Ser

30

Leu

His

Ala

Thr

Thr

110

Thr

His

Gln

Asp

Ile
190

Tyr

15

Pro

Lys

Asp

Glu

Gly

95

Leu

His

Ser

Ser

Thr

175

Thr

Leu

Val

Ile

Trp

Arg

80

Thr

Thr

Pro

Arg

Thr

160

Pro

Val



Asn

Gly

Cys

225

Leu

Ile

Asn

Pro

Asn

305

Val

Lys

His

Val

Ala

385

Glu

Gly

Leu

210

His

Val

Pro

Pro

Asp

290

Tyr

Pro

Tyr

Glu

Val

370

Ala

Leu

Gln

195

Thr

Ala

Pro

Phe

Thr

275

His

Gln

Thr

Trp

Ile

355

Val

Gly

Thr

Thr

Thr

Ala

Arg

Pro

260

Val

Pro

Glu

Glu

Pro

340

Ile

Ser

Met

Pro

Val

Thr

Val

Asn

245

Leu

Thr

Thr

Glu

Gly

325

Gln

Leu

Val

Cys

Gly

Arg

Asp

Thr

230

Ala

Ala

Tyr

Leu

Trp

310

Leu

Leu

Tyr

Ala

Met

390

Ala

Tyr

Lys

215

Asn

Glu

Asn

Gly

Leu

295

Val

Glu

Ser

Tyr

Thr

375

Cys

Thr

Lys

200

Val

His

Leu

Val

Lys

280

Ser

Met

Val

Thr

Tyr

360

Phe

Ala

Val

Cys

Ile

Lys

Gly

Thr

265

Asn

Tyr

His

Thr

Asn

345

Glu

Ile

Arg

Pro

Asn

Asn

Lys

Asp

250

Cys

Gln

Arg

Lys

Trp

330

Gly

Leu

Leu

Arg

Phe

Cys

Asn

Trp

235

Arg

Arg

Val

Asn

Lys

315

Gly

Thr

Tyr

Leu

Arg

395

Leu

Gly

Cys

220

Gln

Lys

Val

Ile

Met

300

Glu

Asn

Ala

Pro

Ser

380

Cys

Leu

Gly

205

Lys

Tyr

Gly

Pro

Met

285

Gly

Val

Asn

His

Thr

365

Met

Ile

Ser

Ser

Val

Asn

Lys

Lys

270

Leu

Glu

Val

Glu

Gly

350

Met

Val

Thr

Leu

Asn

Asp

Ser

Ile

255

Ala

Leu

Glu

Leu

Pro

335

His

Thr

Gly

Pro

Ile

Glu

Gln

Pro

240

His

Arg

Tyr

Pro

Thr

320

Tyr

Pro

Val

Met

Tyr

400

Cys



405

Cys Ile Arg Thr Ala Lys Ala

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

<220>
<223>

<400>

420

5
423
PRT

Artificial Sequence

mutation

5

Ser Thr Lys Asp

1

Ala

Ala

Gln

Thr

65

Ala

Met

Val

Phe

Pro

His

Leu

Val

50

Lys

Gly

Gly

Gly

His

130

Gln

Cys Pro
20

Glu Arg
35

Ser Leu

Leu Arg

Leu Phe

His Phe

100

Phe Thr
115

His Asp

His Gly

410

arising from Vero passaging

Asn

Asp

Ile

Gln

Tyr

Val

85

Ile

Asp

Pro

Lys

Phe

Cys

Arg

Ile

Met

70

Arg

Leu

Ser

Pro

Glu

Asn

Gly

Asn

Gly

55

Asp

Thr

Ala

Arg

Val

135

Leu

Val

Glu

Glu

40

Ile

Asn

Ser

Arg

Lys

120

Ile

Pro

Tyr

Gly

25

Ala

Lys

His

Ala

Cys

105

Ile

Gly

Cys

Lys

10

His

Thr

Thr

Met

Pro

90

Pro

Ser

Arg

Ser

Ala

Ser

Asp

Asp

Pro

75

Cys

Lys

His

Glu

Thr

Thr

Cys

Gly

Asp

60

Ala

Thr

Gly

Ser

Lys

140

Tyr

Arg

His

Thr

45

Ser

Asp

Ile

Glu

Cys

125

Phe

Val

Pro

Ser

30

Leu

His

Ala

Thr

Thr

110

Thr

His

Gln

415

Tyr

15

Pro

Lys

Asp

Glu

Gly

95

Leu

His

Ser

Ser

Leu

Val

Ile

Trp

Arg

80

Thr

Thr

Pro

Arg

Thr



145

Ala

Asp

Asn

Gly

Cys

225

Leu

Ile

Asn

Pro

Asn

305

Val

Lys

His

Ala

His

Gly

Leu

210

His

Val

Pro

Pro

Asp

290

Tyr

Pro

Tyr

Glu

Thr

Thr

Gln

195

Thr

Ala

Pro

Phe

Thr

275

His

Gln

Thr

Trp

Ile
355

Thr

Leu

180

Thr

Thr

Ala

Arg

Pro

260

Val

Pro

Glu

Glu

Pro

340

Ile

Glu

165

Met

Val

Thr

Val

Asn

245

Leu

Thr

Thr

Glu

Gly

325

Gln

Leu

150

Glu

Ser

Arg

Asp

Thr

230

Ala

Ala

Tyr

Leu

Trp

310

Leu

Leu

Tyr

Ile

Gln

Tyr

Lys

215

Asn

Lys

Asn

Gly

Leu

295

Val

Glu

Ser

Tyr

Glu

Gln

Lys

200

Val

His

Leu

Val

Lys

280

Ser

Met

Val

Thr

Tyr
360

Val

Ser

185

Cys

Ile

Lys

Gly

Thr

265

Asn

Tyr

His

Thr

Asn

345

Glu

His

170

Gly

Asn

Asn

Lys

Asp

250

Cys

Gln

Arg

Lys

Trp

330

Gly

Leu

155

Met

Asn

Cys

Asn

Trp

235

Arg

Arg

Val

Asn

Lys

315

Gly

Thr

Tyr

Pro

Val

Gly

Cys

220

Gln

Lys

Val

Ile

Met

300

Glu

Asn

Ala

Pro

Pro

Lys

Gly

205

Lys

Tyr

Gly

Pro

Met

285

Gly

Val

Asn

His

Thr
365

Asp

Ile

190

Ser

Val

Asn

Lys

Lys

270

Leu

Glu

Val

Glu

Gly

350

Met

Thr

175

Thr

Asn

Asp

Ser

Ile

255

Ala

Leu

Glu

Leu

Pro

335

His

Thr

160

Pro

Val

Glu

Gln

Pro

240

His

Arg

Tyr

Pro

Thr

320

Tyr

Pro

Val



Val

Ala

385

Glu

Cys

Val

370

Ala

Leu

Ile

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

<220>
<223>

<400>

Val Ser

Gly Met

Thr Pro

Arg Thr
420

6
423
PRT

Val Ala Thr

375

Cys Met Cys

390

Gly Ala Thr

405

Ala Lys Ala

Artificial Sequence

mutation

6

Ser Thr Lys Asp

1

Ala

Ala

Gln

Thr

65

Ala

Met

His

Leu

Val

50

Lys

Arg

Gly

Cys Pro
20

Glu Arg

35

Ser Leu

Leu Arg

Leu Phe

His Phe
100

Phe Ile Leu Leu

Ala Arg Arg Arg

395

Val Pro Phe Leu

410

arising from Vero passaging

Asn

Asp

Ile

Gln

Tyr

Val

85

Ile

Phe

Cys

Arg

Ile

Met

70

Arg

Leu

Asn

Gly

Asn

Gly

55

Asp

Thr

Ala

Val

Glu

Glu

40

Ile

Asn

Ser

Arg

Tyr

Gly

25

Ala

Lys

His

Ala

Cys
105

Lys

10

His

Thr

Thr

Met

Pro

90

Pro

Ala

Ser

Asp

Asp

Pro

75

Cys

Lys

Ser Met Val Gly

380

Cys Ile Thr Pro

Leu Ser Leu Ile

Thr

Cys

Gly

Asp

60

Ala

Thr

Gly

Arg

His

Thr

45

Ser

Asp

Ile

Glu

Pro

Ser

30

Leu

His

Ala

Thr

Thr
110

415

Tyr

15

Pro

Lys

Asp

Glu

Gly

95

Leu

Met

Tyr

400

Cys

Leu

Val

Ile

Trp

Arg

80

Thr

Thr



Val

Phe

Pro

145

Ala

Asp

Asn

Gly

Cys

225

Leu

Ile

Asn

Pro

Asn

305

Val

Gly

His

130

Gln

Ala

His

Gly

Leu

210

His

Val

Pro

Pro

Asp

290

Tyr

Pro

Phe

115

His

His

Thr

Thr

Gln

195

Thr

Ala

Pro

Phe

Thr

275

His

Gln

Thr

Thr

Asp

Gly

Thr

Leu

180

Thr

Thr

Ala

Arg

Pro

260

Val

Pro

Glu

Glu

Asp

Pro

Lys

Glu

165

Met

Val

Thr

Val

Asn

245

Leu

Thr

Thr

Glu

Gly

Ser

Pro

Glu

150

Glu

Ser

Arg

Asp

Thr

230

Ala

Ala

Tyr

Leu

Trp

310

Leu

Arg

Val

135

Leu

Ile

Gln

Tyr

Lys

215

Asn

Glu

Asn

Gly

Leu

295

Val

Glu

Lys

120

Ile

Pro

Glu

Gln

Lys

200

Val

His

Leu

Val

Lys

280

Ser

Met

Val

Ile

Gly

Cys

Val

Ser

185

Cys

Ile

Lys

Gly

Thr

265

Asn

Tyr

His

Thr

Ser

Arg

Ser

His

170

Gly

Asn

Asn

Lys

Asp

250

Cys

Gln

Arg

Lys

Trp

His

Glu

Thr

155

Met

Asn

Cys

Asn

Trp

235

Arg

Arg

Val

Asn

Lys

315

Gly

Ser

Lys

140

Tyr

Pro

Val

Gly

Cys

220

Gln

Lys

Val

Ile

Met

300

Glu

Asn

Cys

125

Phe

Val

Pro

Lys

Gly

205

Lys

Tyr

Gly

Pro

Met

285

Gly

Val

Asn

Thr

His

Gln

Asp

Ile

190

Ser

Val

Asn

Lys

Lys

270

Leu

Glu

Val

Glu

His

Ser

Ser

Thr

175

Thr

Asn

Asp

Ser

Ile

255

Ala

Leu

Glu

Leu

Pro

Pro

Arg

Thr

160

Pro

Val

Glu

Gln

Pro

240

His

Arg

Tyr

Pro

Thr

320

Tyr



Lys

His

Val

Ala

385

Glu

Cys

Tyr

Glu

Val

370

Ala

Leu

Ile

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

<220>
<223>

<400>

Trp

Ile

355

Val

Gly

Thr

Arg

7
423
PRT

Pro

340

Ile

Ser

Met

Pro

Thr
420

325

Gln

Leu

Val

Cys

Gly

405

Ala

Leu

Tyr

Ala

Met

390

Ala

Lys

Ser

Tyr

Thr

375

Cys

Thr

Ala

Artificial Sequence

mutation

7

Ser Thr Lys Asp

1

Ala

His

Cys

Pro
20

Ala Leu Glu Arg

35

Gln Val Ser Leu

Thr

50

Lys

Leu

Arg

Thr Asn
345

Tyr Glu

360

Phe Ile

Ala Arg

Val Pro

330

Gly Thr

Leu Tyr

Leu Leu

Arg Arg

395

Phe Leu
410

arising from Vero passaging

Asn

5

Asp

Ile

Gln

Tyr

Phe

Cys

Arg

Ile

Met

Asn

Gly

Asn

Gly

55

Asp

Val Tyr

Glu Gly
25

Glu Ala
40

Ile Lys

Asn His

Lys Ala

10

His Ser

Thr Asp

Thr Asp

Met Pro

Ala His

Pro Thr
365

Ser Met
380

Cys Ile

Leu Ser

Thr Arg

Cys His

Gly Thr
45

Asp Ser
60

Ala Asp

Gly

350

Met

Val

Thr

Leu

Pro

Ser

30

Leu

His

Ala

335

His Pro

Thr Val

Gly Met

Pro Tyr

400

Ile Cys
415

Tyr Leu

15

Pro Val

Lys Ile

Asp Trp

Glu Arg



65

Ala

Met

Val

Phe

Pro

145

Ala

Asp

Asn

Gly

Cys

225

Leu

Ile

Asn

Gly

Gly

Gly

His

130

Gln

Ala

His

Gly

Leu

210

His

Val

Pro

Pro

Leu

His

Phe

115

His

His

Thr

Thr

Gln

195

Thr

Ala

Pro

Phe

Thr
275

Phe

Phe

100

Thr

Asp

Gly

Thr

Leu

180

Thr

Thr

Ala

Arg

Pro

260

Val

Val

85

Ile

Asp

Pro

Lys

Glu

165

Met

Val

Thr

Val

Asn

245

Leu

Thr

70

Arg

Leu

Ser

Pro

Glu

150

Glu

Ser

Arg

Asp

Thr

230

Ala

Ala

Tyr

Thr

Ala

Arg

Val

135

Leu

Ile

Gln

Tyr

Lys

215

Asn

Glu

Asn

Gly

Ser

Arg

Lys

120

Ile

Pro

Glu

Gln

Lys

200

Val

Tyr

Leu

Val

Lys
280

Ala

Cys

105

Ile

Gly

Cys

Val

Ser

185

Cys

Ile

Lys

Gly

Thr

265

Asn

Pro

90

Pro

Ser

Arg

Ser

His

170

Gly

Asn

Asn

Lys

Asp

250

Cys

Gln

75

Cys

Lys

His

Glu

Thr

155

Met

Asn

Cys

Asn

Trp

235

Arg

Arg

Val

Thr

Gly

Ser

Lys

140

Tyr

Pro

Val

Gly

Cys

220

Gln

Lys

Val

Ile

Ile

Glu

Cys

125

Phe

Val

Pro

Lys

Gly

205

Lys

Tyr

Gly

Pro

Met
285

Thr

Thr

110

Thr

His

Gln

Asp

Ile

190

Ser

Val

Asn

Lys

Lys

270

Leu

Gly

95

Leu

His

Ser

Ser

Thr

175

Thr

Asn

Asp

Ser

Ile

255

Ala

Leu

80

Thr

Thr

Pro

Arg

Thr

160

Pro

Val

Glu

Gln

Pro

240

His

Arg

Tyr



Pro

Asn

305

Val

Lys

His

Val

Ala

385

Glu

Cys

Asp

290

Tyr

Pro

Tyr

Glu

Val

370

Ala

Leu

Ile

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

<220>
<223>

<400>
ttaggatccg atggctgcgt gagacac

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

His

Gln

Thr

Trp

Ile

355

Val

Gly

Thr

Arg

8
27
DNA

Pro

Glu

Glu

Pro

340

Ile

Ser

Met

Pro

Thr
420

Thr

Glu

Gly

325

Gln

Leu

Val

Cys

Gly

405

Ala

Leu

Trp

310

Leu

Leu

Tyr

Ala

Met

390

Ala

Lys

Leu

295

Val

Glu

Ser

Tyr

Thr

375

Cys

Thr

Ala

Artificial Sequence

primer

8

9
29
DNA

Artificial Sequence

Ser

Met

Val

Thr

Tyr

360

Phe

Ala

Val

Tyr

His

Thr

Asn

345

Glu

Ile

Arg

Pro

Arg

Lys

Trp

330

Gly

Leu

Leu

Arg

Phe
410

Asn

Lys

315

Gly

Thr

Tyr

Leu

Arg

395

Leu

Met

300

Glu

Asn

Ala

Pro

Ser

380

Cys

Leu

Gly

Val

Asn

His

Thr

365

Met

Ile

Ser

Glu

Val

Glu

Gly

350

Met

Val

Thr

Leu

Glu

Leu

Pro

335

His

Thr

Gly

Pro

Ile
415

Pro

Thr

320

Tyr

Pro

Val

Met

Tyr

400

Cys

27



<220>
<223>

<400>

taactcgagc cgtcaggtct gttgaacat

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

<220>
<223>

<400>

primer

9

10

28

DNA

Artificial Sequence

primer

10

ttaggatcct accaccaggc gattaaag

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

<220>
<223>

<400>

taactcgagc tttgcccact tactgaagg

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

<220>
<223>

<400>

11

29

DNA

Artificial Sequence

primer

11

12

27

DNA

Artificial Sequence

primer

12

ttaggatcct gctacagaag tcacgcc

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

<220>
<223>

<400>

13

26

DNA

Artificial Sequence

primer

13

taactcgagg ccaaagcgtg aatcag

29

28

29

27

26



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

<220>
<223>

<400>

14

29

DNA

Artificial Sequence

primer

14

ttaggatcca acagcttgag gacagagcg

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

<220>
<223>

<400>

15

28

DNA

Artificial Sequence

primer

15

taactcgagc tctgtctcat cacgtcgg

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

<220>
<223>

<400>

16

32

DNA

Artificial Sequence

primer

16

ttaggatcca aattgcagtc ataggagtct tc

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

<220>
<223>

<400>

17

29

DNA

Artificial Sequence

primer

17

taactcgaga gtacgttgac gtgctctga

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

18

29

DNA

Artificial Sequence

29

28

32

29



<220>
<223>

<400>

primer

18

ttaggatccg tgggttaaac aactgcaaa

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

<220>
<223>

<400>

19

33

DNA

Artificial Sequence

primer

19

taactcgagg gttaaagtct tctatcctcc tgg

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

<220>
<223>

<400>

20

31

DNA

Artificial Sequence

primer

20

ttaggatccg gataaccact gggataatag g

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

<220>
<223>

<400>

21

30

DNA

Artificial Sequence

primer

21

taactcgaga gttgtgaaat tccttctgcc

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

<220>
<223>

<400>

22

29

DNA

Artificial Sequence

primer

22

ttaggatccc gcagatagaa ccagtgaac

29

33

31

30

29



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

<220>
<223>

<400>

taactcgagc agcagctcta cttgggtc

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

<220>
<223>

<400>

23

28

DNA

Artificial Sequence

primer

23

24

27

DNA

Artificial Sequence

primer

24

ttaggatcca ggagggaaag acaggct

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

<220>
<223>

<400>

25

25

DNA

Artificial Sequence

primer

25

taactcgagc cctcgecttc ttctg

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

<220>
<223>

<400>

ttaggatccc aaaatagaag gagtgcaaaa ag

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

26

32

DNA

Artificial Sequence

primer

26

27

35

DNA

Artificial Sequence

28

27

25

32



<220>
<223> primer

<400> 27
taactcgagc ctggagtttc ttaagtaata gttgc

<210> 28

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 28
ttaggatcca ccggtccagg tcattta

<210> 29

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 29
taactcgagg cagcaaattc ttcccag

<210> 30

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 30
ttaggatccc cattccagaa cacactacag

<210> 31

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 31
taactcgaga tacctgattt catcatggc

35

27

27

30

29



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

<220>
<223>

<400>

32

30

DNA

Artificial Sequence

primer

32

ttaggatccc ctttgataag agccaagatg

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

<220>
<223>

<400>

33

30

DNA

Artificial Sequence

primer

33

taactcgagt acaaagttat gacgggtcct

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

<220>
<223>

<400>

34

28

DNA

Artificial Sequence

primer

34

ttaggatccc aacgaacagg gctaattg

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

<220>
<223>

<400>

35

26

DNA

Artificial Sequence

primer

35

taactcgagg accgcttaaa ggccag

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

36

29

DNA

Artificial Sequence

30

30

28

26



<220>
<223> primer

<400> 36
ttaggatccg tgcatgaaaa tcgaaaatg

<210> 37

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 37
taactcgagt ggtcttgtgg ctttatagac a

<210> 38

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 38
ttaggatcca accggaggaa accctac

<210> 39

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 39
taactcgagg taccgcaccg tctgg

<210> 40

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 40
ttaggatcca gctaccttgc agcacgt

29

31

27

25

27



<210> 41

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 41
taactcgagc ccaccatcga cagg

<210> 42

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 42
ttaggatccc gagccgtata agtattggc

<210> 43

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 43
taactcgagc gccggtgaag accttac

<210> 44

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 44
ttaggatcca ctactgtcag tcactttgga gc

<210> 45

<211> 29

<212> DNA

<213> Artificial Sequence

24

29

27

32



<220>
<223> primer

<400> 45
taactcgagt accgggtttg ttgctattt

<210> 46

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 46
ttaggatccc acaactggta ctgcagagac

<210> 47

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 47
taactcgagg cgtagccctt tgatctatag

<210> 48

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 48
ttaggatccg gtgctatgcg tgtcgt

<210> 49

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 49
taactcgaga tctcctacgt ccctgtggg

29

30

30

26

29






