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(7) ABSTRACT

The present invention relates to a high-throughput diagnostic
assay for the virus causing Severe Acute Respiratory Syn-
drome (SARS) in humans (“hSARS virus”). In particular, the
invention relates to a high-throughput reverse transcription-
PCR diagnostic test for SARS associated coronavirus
(SARS-CoV). The present assay is a rapid, reliable assay
which can be used for diagnosis and monitoring the spread of
SARS and is based on the nucleotide sequences of the N
(nucleocapsid)-gene of the hNSARS virus. The present method
eliminates false negative results and provides increased sen-
sitivity for the assay. The invention also discloses the S
(spike)-gene of the hSARS virus. The invention further
relates to the deduced amino acid sequences of the N-gene
and S-gene products of the hSARS virus and to the use of the
N-gene and S-gene products in diagnostic methods. The
invention further encompasses diagnostic assays and kits
comprising antibodies generated against the N-gene or
S-gene product.
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a cag gac gct gta gct tca aaa atc tta gga ttg cct acg cag act gtt 49
Gln Asp Ala Val Ala Ser Lys Ile Leu Gly Leu Pro Thr Gln Thr Val
1 5 10 15
gat tca tca cag ggt tct gaa tat gac tat gtc ata ttc aca caa act 57
Asp Ser Ser Gln Gly Ser Glu Tyr Asp Tyr Val Ile Phe Thr Gln Thr
20 25 30
act gaa aca gca cac tct tgt aat gtc aac cgc ttc aat gtg gect atec 145
Thr Glu Thr Ala His Ser Cys Asn Val Asn Arg Phe Asn Val Ala Ile
35 40 45
aca agg gca aaa att ggc att ttg tgc ata atg tct gat aga gat ctt 193
Thr Arg Ala Lys Ile Gly Ile Leu Cys Ile Met Ser Asp Arg Asp Leu
50 55 60
tat gac aaa ctg caa ttt aca agt cta gaa ata cca cgt cgec aat gtg 241
Tyr Asp Lys Leu Gln Phe Thr Ser Leu Glu Ile Pro Arg Arg Asn Val
65 70 75 80
gct aca tta caa gca gaa aat gta act gga ctt ttt aag gac tgt agt 289
Ala Thr Leu Gln Ala Glu Asn Val Thr Gly Leu Phe Lys Asp Cys Ser
85 90 85
aag atc att act ggt ctt cat cct aca cag gca cct aca cac ctc agc 337
Lys Ile Ile Thr Gly Leu His Pro Thr Gln Ala Pro Thr His Leu Ser
100 105 110
gtt gat ata aaa ttc aag act gaa gga tta tgt gtt gac ata cca ggc 385
Val Asp Ile Lys Phe Lys Thr Glu Gly Leu Cys Val Asp Ile Pro Gly
115 120 125
ata cca aag gac atg acc tac cgt aga ctc atc tct atg atg ggt ttc 433
Ile Pro Lys Asp Met Thr Tyr Arg Arg Leu Ile Ser Met Met Gly Phe
130 135 140
aaa atg aat tac caa gtc aat ggt tac cct aat atg ttt atc acc cgec 481
Lys Met Asn Tyr Gln Val Asn Gly Tyr Pro Asn Met Phe Ile Thr Arg
145 150 155 160
gaa gaa gct att cgt cac gtt cgt gcg tgg att gge ttt gat gta gag 529
Glu Glu Ala Ile Arg His Val Arg Ala Trp Ile Gly Phe Asp Val Glu
165 170 175
ggc tgt cat gca act aga gat gct gtg ggt act aac cta cct ctc cag 577
Gly Cys His Ala Thr Arg Asp Ala Val Gly Thr Asn Leu Pro Leu Gln
180 185 190
cta gga ttt tct aca ggt gtt aac tta gta get gta ccg act ggt tat 625
Leu Gly Phe Ser Thr Gly Val Asn Leu Val Ala Val Pro Thr Gly Tyr
195 200 205
gtt gac act gaa aat aac cta 646
Val Asp Thr Glu Asn Asn Leu
210 215

FIG. 1
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t aaa tgt agt aga atc ata cct gcg cgt gcg cgc gta gag tgt ttt gat 49
Lys Cys Ser Arg Ile Ile Pro Ala Arg Ala Arg Val Glu Cys Phe Asp
1 5 10 15

aaa ttc aaa gtg aat tca aca cta gaa cag tat gtt ttc tgc act gta 97
Lys Phe Lys Val Asn Ser Thr Leu Glu Gln Tyr Val Phe Cys Thr Val
20 25 30

aat gca ttg cca gaa aca act gct gac att gta gtc ttt gat gaa atc 145
Bsn Ala Leu Pro Glu Thr Thr Ala Asp Ile val Val Phe Asp Glu Ile
35 40 45

tct atg gect act aat tat gac ttg agt gtt gtc aat gct aga ctt cgt 193
Ser Met Ala Thr Asn Tyr Asp Leu Ser Val Val Asn Ala Arg Leu Arg
50 55 00

gca aaa cac tac gtc tat att ggc gat cct gct caa tta cca gcc ccc 241
Ala Lys His Tyr Val Tyr Ile Gly Asp Pro Ala Gln Leu Pro Ala Pro
65 70 75 80

cgc aca ttg ctg act aaa ggc aca cta gaa cca gaa tat ttt aat tca 289
Arg Thr Leu Leu Thr Lys Gly Thr Leu Glu Pro Glu Tyr Phe Asn Ser
85 90 95

gtg tgc aga ctt atg aaa aca ata ggt cca gac atg ttc ctt gga act 337
Val Cys Arg Leu Met Lys Thr Ile Gly Pro Asp Met Phe Leu Gly Thr
100 105 110

tgt cgc cgt tgt cct get gaa att gtt gac act gtg agt gect tta gtt 385
Cys Arg Arg Cys Pro Ala Glu Ile Val Asp Thr Val Ser Ala Leu Val
115 120 125

tat gac aat aag cta aaa gca cac aag gag aag tca gct caa tgc ttc 433
Tyr Asp Asn Lys Leu Lys Ala His Lys Glu Lys Ser Ala Gln Cys Phe
130 135 140

aaa atg ttc tac aaa ggt gtt att aca cat gat gtt tca tct gca atc 481
Lys Met Phe Tyr Lys Gly Val Ile Thr His Asp Val Ser Ser Ala Ile
145 150 155 160

aac aga cct caa ata ggc gtt gta aga gaa ttt ctt aca cgc aat cct 529
Asn Arg Pro Gln Ile Gly Val Val Arg Glu Phe Leu Thr Arg Asn Pro
165 170 175
gct tgg aga aaa gct gtt ttt atc tca cct tat aat tca cag aac gct 577
Ala Trp BArg Lys Ala Val Phe Ile Ser Pro Tyr Asn Ser Gln Asn Ala
180 185 190

gta gct tca aaa atc tta gga ttg cct acg cag act gtt gat tca tca 625
Val Ala Ser Lys Ile Leu Gly Leu Pro Thr Gln Thr Val Asp Ser Ser
195 200 205

cag ggt tct gaa tat gac tat gtc ata ttc aca caa act act gaa aca 673

Gln Gly Ser Glu Tyr Asp Tyr Val Ile Phe Thr Gln Thr Thr Glu Thr
210 215 220

FIG. 8
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gca cac tct tgt aat gtc aac cgc ttc aat gtg gct atc aca agg gca 721
Ala His Ser Cys Asn Val Asn Arg Phe Asn Val Ala Ile Thr Arg Ala
225 230 235 240

aaa att ggc att ttg tgc ata atg tct gat aga gat ctt tat gac aaa 769
Lys Ile Gly Ile Leu Cys Ile Met Ser Asp Arg Asp Leu Tyr Asp Lys
245 250 255

ctg caa ttt aca agt cta gaa ata cca cgt cgc aat gtg gct aca tta 817
Leu Gln Phe Thr Ser Leu Glu Ile Pro Arg Arg Asn Val Ala Thr Leu
260 265 270

caa gca gaa aat gta act gga ctt ttt aag gac tgt agt aag atc att 865
Gln Ala Glu Asn Val Thr Gly Leu Phe Lys Asp Cys Ser Lys Ile Ile
275 280 285

act ggt ctt cat cct aca cag gca cct aca cac ctc agc gtt gat ata 913
Thr Gly Leu His Pro Thr Gln Ala Pro Thr His Leu Ser Val Asp Ile
290 295 300

aaa ttc aag act gaa gga tta tgt gtt gac ata cca ggc ata cca aag 961
Lys Phe Lys Thr Glu Gly Leu Cys Val Asp Ile Pro Gly Ile Pro Lys
305 310 315 320

gac atg acc tac cgt aga ctc atc tct atg atg ggt ttc aaa atg aat 1008
Asp Met Thr Tyr Arg Arg Leu Ile Ser Met Met Gly Phe Lys Met Asn
325 330 335

tac caa gtc aat ggt tac cct aat atg ttt atc acc cgc gaa gaa gct 1057
Tyr Gln Val Asn Gly Tyr Pro Asn Met Phe Ile Thr Arg Glu Glu Ala
340 345 350

att cgt cac gtt cgt gcg tgg att ggc ttt gat gta gag ggc tgt cat 1105
Ile Arg His Val Arg Ala Trp Ile Gly Phe Asp Val Glu Gly Cys His
355 360 365

gca act aga gat gct gtg ggt act aac cta cct ctc cag cta gga ttt 1153
Ala Thr Arg Asp Ala Val Gly Thr Asn Leu Pro Leu Gln Leu Gly Phe
370 375 380

tet aca ggt gtt aac tta gta gct gta ccg act ggt tat gtt gac act 1201
Ser Thr Gly Val Asn Leu Val Ala Val Pro Thr Gly Tyr Val Asp Thr
385 390 395 400

gaa aat aac cta 1213
Glu Asn Asn Leu

FIG. 8 Con’t
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C aga acc atg cct aac atg ctt agg ata atg gcc tct ctt gtt ctt get 49
Arg Thr Met Pro Asn Met Leu Arg Ile Met Ala Ser Leu Val Leu Ala
1 5 10 15

cgc aaa cat aac act tgc tgt aac tta tca cac cgt ttc tac agg tta 97
Arg Lys His Asn Thr Cys Cys Asn Leu Ser His Arg Phe Tyr Arg Leu
20 25 : 30

gct aac gag tgt gcg caa gta tta agt gag atg gtc atg tgt ggc ggc 145
Ala Asn Glu Cys Ala Gln Val Leu Ser Glu Met Val Met Cys Gly Gly
35 40 45

tca cta tat gtt aaa cca ggt gga aca tca tcc ggt gat gct aca act 193
Ser Leu Tyr val Lys Pro Gly Gly Thr Ser Ser Gly Asp Ala Thr Thr
50 55 60

gct tat gct aat agt gtc ttt aac att tgt caa gct gtt aca gecc aat 241 -
Ala Tyr Ala Asn Ser Val Phe Asn Ile Cys Gln Ala Val Thr Ala Asn
65 70 75 80

gta aat gca ctt ctt tca act gat ggt aat aag ata gct gac aag tat 289
Val Asn Ala Leu Leu Ser Thr Asp Gly Asn Lys Ile Ala Asp Lys Tyr
83 90 95

gtc cgc aat cta caa cac agg ctc tat gag tgt ctc tat aga aat agg 337
Val Arg Asn Leu Gln His Arg Leu Tyr Glu Cys Leu Tyr Arg Asn Arg
100 105 110

gat gtt gat cat gaa ttc gtg gat gag ttt tac gct tac ctg cgt aaa 385
Asp Val Asp His Glu Phe Val Asp Glu Phe Tyr Ala Tyr Leu Arg Lys
115 120 125

cat ttc tcc atg atg att ctt tct gat gat gec gtt gtg tge tat aac 433
His Phe Ser Met Met Ile Leu Ser Asp Asp Ala Val Val Cys Tyr Asn
130 135 140

agt aac tat gcg get caa ggt tta gta get age att aag aac ttt aag 481
Ser Asn Tyr Ala Ala Gln Gly Leu Val Ala Ser Ile Lys Asn Phe Lys
145 150 155 160

gca gtt ctt tat tat caa aat aat gtg ttc atg tct gag gca aaa tgt 529
Ala Val Leu Tyr Tyr Gln Asn Asn Val Phe Met Ser Glu Ala Lys Cys
165 170 S 175

tgg act gag act gac ctt act aaa gga cct cac gaa ttt tgc tca cag 377
Trp Thr Glu Thr Asp Leu Thr Lys Gly Pro His Glu Phe Cys Ser Gln
180 185 190

cat aca atg cta gtt aaa caa gga gat gat tac gtg tac ctg cct tac 625
His Thr-Met Leu Val Lys Gln Gly Asp Asp Tyr Val Tyr Leu Pro Tyr
195 200 205

cca gat cca tca aga ata tta ggc gca ggc tgt ttt gtc gat gat att 673
Pro Asp Pro Ser Arg Ile Leu Gly ARla Gly Cys Phe Val Asp Asp Ile

210 215 220
gtc aaa cag atg gta cac tta tga ttg aaa ggt tcc gtg tca ctg gct 721
Val Lys Gln Met Vval His Leu
225 230

att gat gc 729

FIG. 9
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tttacctacc
actttaaaat
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acaagtcttt
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caggaaaagc
ctgtgtagct
ttttactgte
tcgtccgtgt
taagatggag
tgtccttcag
atcggaggca
cgtactgccce
caatcacggc
tagcggtata
caatgttctt
tctaaagtct
aaactggaac
aggtgcagtc
ttgcatcaaa
tgattacatc
ctggttcact
tgccaagaaa
aaaagtcaaa

tatacgctct,

cttgatgaaa
cacttgtgaa
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taacattaac
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gttgcgatca
gtgtatacgt
aacctttctt
gaacggtgaa
cggcacacca
ctgcgcattg
accaattaaa
tgtgagaatc
tgtctacact
tgttgtgaag
tgagtggagt
acgtatgtat
ggaagaagaa
tcteectcetg
agactggctg
tgaagaacca
atgtgttgac
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cgatctcttg
tgcatgecta
aacgagtaac
catcagcata
ttggtgtcaa
tgctagtgeg
tcaaaaatgg
agccctatgt
ttgagctggt
tactcgtgcece
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tgcgctaaga
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taaatgctgc
caaccaatgg
cagtaggagg
ttggacctaa
tcaattcaca
cacttcagtc
atgacaaagc
tggaagcacc
ctgtcgtaca
ccacaacact
atggtaagcet
agaaggatgce
taataccctc
tgccagttga
aggaagctaa
cacctaatgc
ctcatgctga
caaccatcca
tcecgattett
ctctaaatga
aagaggctgce
cagatgctgt
actttgtaga
gtacagagtt
agagccccegt
tcttatcect
tccacacaca
tggatggtgce
ttgtactacc
atgagagttt
ctcaagttgg
ttttattagce
attatagagce
ataaaactgt
ctaatttgga
ctactacctt
ttaagacagg
aacaagagtc
gtacattctt
taactgctaa
acaaaggacc
ctgtgtcgta
attataaaaa
cattaccaaa
atgatttaaa
tctteeccaga
tcaagaaagg
ccaagacaac
tagatacttc
ttgcttgtga
aggaagtcat
catcagatga
atgtggaaaa
taaaaacaat
tggcttatgt
gattagcaca

taacatacac
tgccatgcaa
gtcttgtttg
cctaaatgca
ggacatctta
tttacaagtg
tctttatgag
taaacaagag
gaagcctgtc
ggaagaaact
ttaccatgat
accttacatg
caaaaaggct
tgagtatata
gactgctctt
taaggaagag
agagacaaga
acgtaaqgtat
cttttatact
gcegcettgte
gcgctgtatg
tactacatat
aacagtttct
aggtgttgaa
cgagtttcat
gcgggaggtt
gcttgtggat
tgatgttaca
tagtgatgac
tcttggtagg
tggtttaact
acttcaacag
ccgtgetggt
tggcgagcett
atctgcaaag
aacgggtgta
tgtttccatt
ttcttttgtt
atgtgcgaat
ggagacccte
agtgactgat
taaactcgat
ggataatgcet
tgcgagtttt
tcaaatgaca
cttgaatgge
tgctaaatta
gttcaaacca
aaattcattt
aagtcaacaa
agagtgtgac
aggtgttaaa
cacaagcatt
tgccactcat
caaaccattc
acgtgtgttt

Sheet 11 of 106

ctgaaacatg
aaggagagtg
ctttctggac
ggtgaggaca
cttgcaccat
tgcgtgcaga
caggttgtca
gagccaccaa
gatgtgaagc
aagtttctta
tctcagaaca
gtaggtgatg
ggtggcacta
accacgtacc
aagaaatgca
attctaggaa
aaattaatgc
aaaggaatta
agtaaagagc
acaatgccaa
cgttctctta
aatggatacc
ttggctgget
tttcttaage
cttgacggtg
aagactataa
atgtctatga
aaaattaaac
acactacgta
tacatgtctg
tcaattaaat
cttgaagtca
gatgctgcta
ggtgatgtca
cgagttctta
gaagctgtga
ccatgtgtgt
atgatgtctg
gagtacactg
tatcgtattg
gttttctaca
ggagttactt
tactatacag
gataatttca
ggcttcacaa
gatgtagtgg
ctgcataagce
aacacttggt
gaagttctgg
cccacctctg
gtgaaaacta
gtaacacaag
accattaaga
ggtattgctg
ttaggacaag
aacaattata
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gtggtggtgt
atgattacat
ataatcttgc
tcecagcettcet
tgttgtcagc
cggttecgtac
tggattatct
acacagaaga
caaaaattaa
ccaataagtt
tgcttagagg
ttatcactag
ctgagatgcet
ctggacaagg
aatctgcatt
ctgtatcctg
ctatatgcat
aaattcaaga
ctgtagcttc
ttggttatgt
aagctcctge
tcacttcgte
cttacagaga
gtggtgacaa
aggttcttte
aagtgttcac
catatggaca
ctcatgtaaa
gtgaagcttt
ctttaaacca
gggctgataa
aattcaatgc
acttttgtgce
gagaaactat
atgtggtgtg
tgtatatggg
gtggtcctga
caccacctgc
gtaactatca
acggagctca
aggaaacatc
acacagagat
agcagcctat
aactcacatg
agccagcttce
ctattgacta
caattgtttg
gtttacgttg
cagtagaaga
aagaagtagt
ccgaagttgt
agttaggtca
aacctaatga
caattaatag
cagcaattac
tgccttatgt

agcaggtgca
taagctaaat
taagaagtgt
taaggcagca
aggcatattt
acaggtttat
tgataacctg
ttccaaaact
ggcctgcatt
actcttgttt
tgaagatatg
tggtgatatc
ctcaagagct
atgtgctggt
ttatgtacta
gaatttgaga
ggatgttaga
gggcatcgtt
tattattacg
gacacatggt
cgtagtgtca
atcaaagaca
ttggtcctat
aattgtgtac
acttgacaaa
aactgtggac
gcagtttggt
tcatgagggt
cgagtactac
cacaaagaaa
caattgttat
accagcactt
actcatactc
gacccatctt
taaacattgt
tactctatct
tgctacacaa
tgagtataaa
gtgtggtcat
ccttacaaag
ttacactaca
tgaaccaaaa
agaccttgta
ttctaacaca
acgagagcta
tagacactat
gcacattaac
tctttggagt
cacacaagga
ggaaaatcct
aggcaatgtc
tgaggatctt
gctttcacta
tgttccttgg
aacatcaaat
gtttacatta
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ttgttccaat
acaactattg
aattatgtga
ttaagtattt
aattttggtg
gttactacta
gactcccttg
ctagacttga
aaattctttt
agtcatttca
cccgtttcetg
agctatgttc
aatcgtgcca
gtctatgcaa
gacacatttt
cagtttaaaa
gtgaaaaatg
catccgctct
ctgcctatta
tectgettetg
cttgtatcaa
gacacctttt
gctcacagceg
gctgcccgac
aaactttcac
acctataata
gcaaggcata
aaagactaca
aacaacatac
actaaaatct
gccacattat
ttgtcaatcc
gtcactcgtg
gcatggttta
gctatcatta
gcaatcaatg
tgctacacac
gctgctgagt
actaatttgc
cttatggatg
gtaacaactt
atttgcctat
ggagttttct
caacctgtgg
ttggtgactt
catgttgttyg
ccagcttaca
ttcaccaatg
gtgccttttt
ttctttaaca
gaggaggctg
gagacactgt
tatttcagtg
aaggctctaa
tcaatcactt

gttgaagggt
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tgtgtacttt
ctaaaaatag
agtcacccaa
gcttaggttce
ctccttctta
tggatttctg
attcttatcc
caattttagg
atttattagg
tcagcaattc
caatggttag
atatcatgga
cacgcgttga
atggaggccg
gcactggtag
gaccaatcaa
gcgcgctteca
cccattttgt
atgtcatagt
tgtactacag
acgttggaga
cagcaacttt
agttagcaaa
aaggtgttgt
atcactcectga
aggttgaaaa
tcaatgccca
tgtctttatce
cttttacact
cactcaaggg
tgtgcgttct
atgatggtta
acatcatttc
gccagcgtgg
caagagagat
gtgacttctt
cttccaaact
gtacaatttt
tagagggttce
gttccatcat
ttgatgctga
ctaccagtgg
gtggtgttga
gtgctttaga
gtgctgecta
ctgctaatge
gctttctgece
atgtttcatt
ggataacagc
actatcttag
ctttgtgtac
tgccacttac
gagccttaga
atgactttag
ctgctgttct
gcatggtaca

tactaaaagt
tgttaagagt
attttctaaa
tctaatctgt
ttgtaatggc
tgaaggttct
agctcttgaa
tctggeeget
tctttcaget
ttggctcatg
gatgtacatc
tggttgcacc
gtgtacaact
tggcttctge
tacattcatt
ccctactgac
cctctacttt
caatttagac
ttttgatggc
tcagctgatg
tagtactgaa
tagtgttect
gggtgtaget
tgataccgat
cttagaagtg
catgacgccc
agtagcaaaa
tgaacagctg
aacttgtgct
tggtaagatt
tgctgcattg
cacaaatgaa
tactgatgat
tggttcatac
tggtttcata
gcattttcta
cattgagtat
taaggatgct
tatttcttat
acagtttcct
gtactgtaga
tagatgggtt
tgcgatgaat
tgtgtctget
ctactttatg
acttttgttt
gggagtctac
cttggctcac
aatctatgta
gaaaagagtc
ctttttgectc
acagtataac
tactaccagc
caactcaggt
gcagagtggt
agtaacctgt
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gtaactgctg
gttagagaat
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accattcagg
gagtgggttt
ataatgcagg
tggtttatca
ttetttgett
tcttegactt
attgttaatg
aagactcaca
agtgatgaag
cagtcatcgt
gacaaggctg
aatttgagag
aagtccaaat
tgccaaccta
gtttccgtta
atggaaaaac
ttagatggtg
gttgacacaa
acaggtgaca
agagatcttg
agtcacaatg
cgtaaacaaa
acaactagac
gttagtactt
gtttgttata
atcattggtt
tgttttgcaa
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gtgcctgget
cctcgtgttt
agtgattttg
atgggcaaac
agtgagcttce
aacacttace
catggtacat
cttaataatg
ctcatagcta
tcagtagtgg
aaattcagac
ttgatgtett
tcagtctttt
cttcaatggt
ttctgtattt
atgtttaatg
aacaaggaaa
aggtatcttg
tatcgtgaag
gctgatgtte
tttaggaaaa
ggaactacaa
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gaattagagc
tatgtttgga
tcgectatgtg
cttttggtgt
tgtatcttaa
gcatttgttt
tgacgatttc
tggcatatat
tgttctttgg
ttagtattgt
ctttctacta
gcatgatgtg
gcatgaagag
attggaattg
ttgctecgtga
atattgttga
gtcaaaagac
ctaacaacac
gcgacgagtce
ttctgttgcet
agatgtttga
ttaaggcact
tcetttetac
aggatgttat
gttgtaacaa
gcgcatgtat
tttcactcat
ttcgtactge
aggttgtcaa
gttttaaact
tcgttatgece
acaaagccat
ataaacatgc
aaagctgccce
taccgggtac
ttagtgctgt
ctacctctgc
ctgtgccata
gtccagacac
tggagggttc
gcgaaaggtc
agcattacag
acatctttac
ctggtggtat
gtgtttttgg
tcactatact
acttgtactt
ttgccatgtt
ctctgaagca
gagttacatt
tgtacctaaa
ctctatataa
cagcttgcetg
tctaccaacc
tggcattccce
ctcttaatgg

ttcactacct
tgccggcecatt
gctattgttg
actcttatct
ttcgtctaac
aagtggatta
atcgtacaag
gttgttcaca
ctattttgcet
acaaatggca
catatggaag
ctataagcgc
atctttctat
tctcaattgt
tttgtcactc
tagtgttgcet
ctatgagaga
taaaggttca
tgcttctaag
tgaccaagct
tgcttatgtc
tgttgctaca
attcgtgtca
tgaatgtete
tttcatgete
tgactgtaat
ctggaatgta
tgccaagaag
tgtcataact
tatgcttaag
agtacataca
tcaggatggt
tggttttgac
tgtagtagct
tgtgctgaga
tggcaacatt
ttgcgttett
ttgttatgac
tcgttatgtg
tgttagagta
agaagtaggt
agctctatca
tcctettgtg
tattgccata
tgagtacaac
ctgtctggta
gacattctat
ttctecctatt
ctgccattgg
tagtaccttc
attgcgtagce
caagtacaag
ccacttagca
accacagaca
gtcaggcaaa
attgtggttg



U.S. Patent

10081
10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741
10801
10861
10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941
12001
12061
12121
12181
12241
12301
12361
12421
12481
12541
12601
12661
12721
12781
12841
12901
12961
13021
13081
13141
13201
13261
13321
13381

gatgacacag
aactatgaag
gttcaacttc
acttctaacc
tcagttctag
aatcatacca
gattatgatt
gctggtactg
gctgecaggta
atcaatggtg
gtggcaatga
ctttctgcte
cagaatggta
ccatttgatg
gttaagggca
caaagtacac
cttggtatta
ttgtgcttgt
cctgctagct
ggttataggc
acagctcgca
acacttgttt
ttagttattt
agagctatag
ttacagtgta
cttttctgtt
tctacacaag
gatgctttca
gctactgtac
cttcaacaac
aatgatattc
tctgttttge
gataaccgtg
gcttatgcca
gttctcaaaa
gccatgcaac
gcaagatctg
atgcttagga
tgtgttccac
gattatggta
tgggaaatce
atggacaatt
gctgttaaac
gctggtacca
aagggaggta
ttcecctaaga
gttacagaca
aacctaaata
aatgctacag
cctgctaaag
aagatgttgt
atggaccaag
catccaaatc
tgtgctaatg
tggaaaggtt
gcatcaacgt
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tatactgtcc
atctgctcat
gtgttattgg
ctaagacacc
catgctacaa
ttaaaggttc
gegtgtettt
acttagaagg
cagacacaac
ataggtggtt
agtacaacta
aaacaggaat
tgaatggtcg
ttgttagaca
ctcatcattg
agtggtcact
tggcaattgce
ttctgttacc
gggtgatgcg
ttaaggattg
ctgtttatga
acaaagtcta
ctgtaacctc
tgtttgtgtg
tcatgcttgt
tactcaaccg
aatttaggta
agcttaacat
agtctaaaat
ttagagtaga
ttcttgcaaa
tatccatgca
ctactcttca
ctgcccagga
agttaaagaa
gcaagttgga
aggacaagag
agcttgataa
tcaacatcat
cctacaagaa
agcaagttgt
caccaaattt
tacagaataa
cacaaacagc
ggtttgtget
gtgatggtac
caccaaaagg
gaggtatggt
aagtacctgc
catataagga
gtacacacac
agtcctttgg
ctaaaggatt
acccagtggg
atggctgtag
ttttaaacgg

aagacatgtc
tcgcaaatcc
ccattctatg
caagtataaa
tggttcacca
tttccttaat
ctgctatatg
taaattctat
cataacatta
tcttaataga
tgaacctttg
tgccgtcetta
tactatcctt
atgctctggt
gatgctttta
gtttttcttt
tgcatgtgct
ttctettgcea
tatcatgaca
tgttatgtat
tgatgctgcet
ctatggtaat
taactattct
tgttgagtat
ttattqgtttce
ttacttcagg
tatgaactcc
taagttgttg
gtctgacgta
gtcatcttcet
agacacaact
gggtgctgta
ggctattgct
ggcctatgag
atctttgaat
aaagatggca
ggcaaaagta
tgatgcactt
accattgact
cacttgtgat
tgatgcggat
ggcttggect
tgaactgagt
ttgtactgat
ggcattacta
aggtacaatt
gcctaaagtg
gctgggcagt
caattcaact
ttacctagca
tggtacagga
tggtgcttca
ctgtgacttg
ttttacactt
ttgtgaccaa

gtttgcggtg
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aaccatagct
caaaattgtc
tttgtccgta
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ggatcatgtg
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gatatgtgtg
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gtggctaaat
gatcaggcta
actagtgcta
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acagcagcca
ggtaacacct
agcaagattg
cttattgtta
ccagtagcac
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tcagaccacc
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aaatacttgt
ttagctgcta
gtgctttcct
agtggaggac
caggcaatta
tgttgtctgt
aaaggtaagt
agaaacacag
ctcegegaac
taagtgcagc
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cagaagacat
ttcttgttceca
tgcttaggcet
tccaacctgg
atcagtgtgc
gtagtgttgg
agcttccaac
ttgacagaca
catggctgta
ctttgaatga
atgttgacat
ctgctttgaa
ttttagaaga
aaggtaagtt
catcactatt
atgctttctt
ttaagcataa
actttaatat
tggctgacac
tagttttgct
ggacactgat
aagctatttc
cgactatcat
tatttattac
gttgctgctg
gtgtttatga
tgcctcctaa
gtaaaccatg
ctgtggtact
cacaatgtgt
agaagatggt
ggttgtgcga
gttctttacc
ctaatggtga
ctgagtttga
tgacccaaat
tgcaaacaat
tcaacaatgc
aactcatggt
ttacatatgc
ttcaacttag
cagctctaag
tacgacagat
ttgcctacta
aagatctcaa
tggaaccacc
acttcatcaa
cagtacgtct
tctgtgecttt
aaccaatcac
ctgtaacacc
attgtagatg
acgtccaaat
tctgtaccgt
ccttgatgca
ccgtcttaca

gcttaatcct
ggctggcaat
taaagttgat
tcaaacattt
catgagacct
ttttaacatt
aggagtacac
aactgcacag
tgectgetgtt
ctttaacctt
attgggacct
agagctgctg
tgagtttaca
caagaaaatt
gattcttgtt
gccatttact
gcacgcattc
ggtctacatg
tagcttgtct
tattctcatg
gaatgtcatt
catgtgggcce
gtttttagcet
tggcaacacc
ctactttggce
ctacttggtc
gagtagtatt
tatcaaggtt
gctctcggtt
acaactccac
ttctettttg
ggaaatgctc
atcatatgcc
ttctgaagtc
ccgtgatget
gtacaaacag
gctcttcact
gcgtgatggt
tgttgtccct
atctgcactc
tgaaattaac
agccaactca
gtcctgtgeg
taacaattcg
atgggctaga
ttgtaggttt
aggcttaaac
tcaggctgga
tgcagtagac
caactgtgtg
agaagctaac
ccacattgac
acctaccact
ctgcggaatg
gtctgcggat
ccgtgeggea
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caggcactag
gttttgcaaa
atttattaga
agactattta
ttagagtaga
tggctgattt
aaatactcgt
acttcgtaga
aatcattatt
tactgacatt
aagtagcacc
tcectceacttt
cacttattaa
accgttattt
ataggtgtat
caagttttgg
ctggatacca
cgcgtctcag
ctggcaattt
atgttgettt
tgtctaaagg
aggatggcaa
gtgatatcag
atggtggctg
tcccatttaa
aagatgcact
ttaagtatgce
gtactatgac
gagctactgt
ctgtttacag
gagccatgce
cttgctgtaa
gtgagatggt
atgctacaac
taaatgcact
aacacaggct
agttttacgc
tgtgctataa
cagttcttta
accttactaa
atgattacgt
tcgatgatat
ttgatgctta
atttacaata
ccgtaatget
tgtacacacc
cttcactteg
accatgtcat
ccccaggttg
gcaagtcaca
tatacaaaaa
gtgattggac
ttttegeage
ccactgtacg
ctagaccacc
aagtacagat
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tactgatgtc
gttcctaaaa
ctcttacttt
taacttggtt
tggtgacatg
agtctatgcet
cacatacaat
gaatcctgac
aaagactgta
agataatcag
aggctgcgga
gactagggca
gtgggatttg
taaatattgg
ccttcattgt
accactagta
ttttcgtgag
tttcaaggaa
attgctagat
tcaaactgtc
tttetttaag
cgctgctate
acaactccta
tattaatgcce
taaatggggt
tttcgegtat
cattagtgca
aaatagacag
ggtaattgga
tgatgtagaa
taacatgctt
cttatcacac
catgtgtgge
tgcttatgcet
tctttcaact
ctatgagtgt
ttacctgcegt
cagtaactat
ttatcaaaat
aggacctcac
gtacctgcct
tgtcaaaaca
cccacttaca
cattagaaag
aactaatgat
acatacagtc
ttgcggtgcece
ttcaacatca
tgatgtcact
taagcctccec
cacatgtgta
taatgctggce
agaaacgcte
cgaagtactc
attgaacaga
tggagagtac

gtctacaggg
actaattgct
gtagttaaga
aaagattgtce
gtaccacata
ctacgtcatt
tgctgtgatg
atcttacgcg
caattctgcg
gatcttaatg
gttcctattg
ttggctgectg
ctgaaatatg
gaccagacat
gcaaacttta
agaaaaatat
ttaggagtcg
cttttagtgt
aaacgcacta
aaacccggta
gaaggaagtt
agtgattatg
ttcgtagttyg
aaccaagtaa
aaggctagac
actaagcgta
aagaatagag
tttcatcaga
acaagcaagt
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aggataatgg
cgtttctaca
ggctcactat
aatagtgtct
gatggtaata
ctctatagaa
aaacatttct
gcggctcaag
aatgtgttca
gaattttgct
tacccagatc
gatggtacac
aaacatccta
ttacatgatg
aacacctcac
ttgcaggctg
tgtattagga
cacaaattag
gatgtgacac
attagttttce
ggcagtgaca
gattacatac
aaagccactg
tctgacagag
aactatgtct
acctttgaaa
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gtcgcttcca
ggcatactat
cagcggttgce
tatcacgtca
ttgatgaggg
atgattattt
tatatgctaa
atgctatgcg
ggaactggta
tggattcata
agtcccatat
attttacgga
accatcccaa
atgtgttatt
ttgtagatgg
tacataatca
atgctgctga
catgcttttce
attttaataa
ctgttgaact
actattatcg
aagttgttga
tcgttaacaa
tttattatga
atgtcatccc
ctcgcaccegt
aattattgaa
tttacggtgg
ttatgggttg
cctectettgt
ggttagctaa
atgttaaacc
ttaacatttg
agatagctga
atagggatgt
ccatgatgat
gtttagtagc
tgtctgaggc
cacagcatac
catcaagaat
ttatgattga
atcaggagta
agcttactgg
ggtactggga
taggtgcttg
gaccattcct
tgttgtctgt
aactgtatct
cattatgtgce
atgtcactga
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aggaaacatt
aattgcatct
ttactggtta
aaggtgacta
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ttacaacgaa
ggagaaggat
gtctaactac
tgtccatgac
gcgtctaact
taattgtgat
caataagaaqg
cttaggtgag
tgatgcaggc
cgatttcggt
ttactcattg
ggatgctgat
agagagactt
ttgtattaac
ttctactgtg
tgttcctttt
ggatgtaaac
tccagctatg
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tacctatcag
tcaacaagag
ttgcttcacc
tgctttttag
ctcgaaatcc
attgttttga
tctaataaac
tagcactgct
ggttcaaaca
tatagctagg
tgttgtttta
gtagtgcccce
gaggacgcaa
cgtcttggtt
agggcgttcc
ctacccgacg
tctattacct
tecgtatgggt
atcctaataa
gcttctacge
gtcgcggtaa
tggctagegg
ttgagagcaa
ctgectgcectga
tcactcaagc
acctaatcag
gtgcctctgce
ggctgactta
tcatactgct
aggacaaaaa
ccactgtgac
ccatgagtgg
gcagatgggc
cagaatgaat
gcaatcttta
gaggccacgce
ggaagagccce
cttcttagga

tgtggctaca
tgattcaggt
ccacgeccggt
atcttgttga
ggattgctat
ctctaactaa
cataaaacga
ctatatcact
tcaggaacat
acttgcacta
ctgcgtgcaa
ctctactcgce
attaagagaa
cctttctget
aggatctaga
cttgtattte
ctcatgtgct
tggctttagtg
tgcacaccta
tgttggtacce
aataaacgaa
ccgcattaca
tggggcaagg
cacagctctce
aatcaacacc
agttcgtggt
aggaactgge
tgcaactgag
caatgctgcce
agagggaagc
ttcaagaaat
aggtggtgaa
agtttctggt
ggcatctaaa
atttgggaga
acaaggaact
attctttgga
tcatggagcece
gaacaageac
gaaaaagact
tcttettect
agcttctgcet
tatgtaaacg
tctcgtaact
atcaatgtgt
ggagtacgat
taatgtgtaa
gaatgacaaa
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tcacgaacgc
tttgctgcat
agcaacgaca
cttccaggtt
ttggaatctt
gaagaattat
acatgaaaat
atcaggagtg
acgagggcaa
gcacacactt
gatcagtttc
cactttttct
agacagaatg
attccttgtt
agaaccttgt
tectatgecagt
tgaagatecct
ctctaggaaa
atgttactat
ttcatgaagg
caaattaaaa
tttggtggac
ccaaaacagc
actcagcatg
aatagtggtc
ggtgacggca
ccagaagctt
ggagccttga
accgtgctac
agaggcggea
tcaactcctg
actgcccteg
aaaggccaac
aagcctcgcece
cgtggtccag
gattacaaac
atgtcacgca
attaaattgg
attgacgcat
gatgaagctc
gcggctgaca
gattcaactc
ttttcgcaat
aaacagcaca
aacattaggg
cgagggtaca
aattaatttt
aaaaaaaaaa
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tttcttatta
acaaccgcta
atattgettt
acaatagcag
gacgttataa
tcggagttag
tattctette
tgttagaggt
ttcaccattt
tgcttttgcet
accaaaactt
cattgttgct
aatgagctca
ttaataatgc
accaaagtct
tgcatatgca
tgtaaggtac
ggttttacct
caactgtcaa
tcaccaaact
tgtctgataa
ccacagattc
gccgaccccea
gcaaggagga
cagatgacca
aaatgaaaga
cacttcccta
atacacccaa
aacttcctca
gtcaagcctce
gcagcagtag
cgctattgcet
aacaacaagqg
aaaaacgtac
aacaaaccca
attggccgea
ttggcatgga
atgacaaaga
acaaaacatt
agcctttgece
tggatgattt
aggcataaac
tcegtttacg
agtaggttta
aggacttgaa
gtgaataatg
agtagtgcta
aa

caaattagga
ccgtattgga
gctagtacag
agatattgat
taagttcaat
atgatgaaga
ctgacattga
acgactgtac
caccctcttg
tgtgctgacg
ttcatcagac
gctctagtat
ctttaattga
ttattatatt
aaacgaacat
ctgtagtaca
aacactaggg
tttcatagat
gatccagctg
gctgcattta
tggaccccaa
aactgacaat
aggtttaccc
acttagattc
aattggctac
gctcagccce
cggcgctaac
agaccacatt
aggaacaaca
ttctcgetce
gggaaattct
gctagacaga
ccaaactgtc
tgccacaaaa
aggaaatttc
aattgcacaa
agtcacacct
tccacaatte
cccaccaaca
gcagagacaa
ctccagacaa
actcatgatg
atacatagtc
gttaacttta
agagccacca
ctagggagag
tccceccatgtg
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1 - ATATTAGGTTTTTACCTACCCAGGARARAGCCARCCAACCTCGATCTCTTGTAGATCTGTT - 60
-1 L G F YL PRI KSOQUPTS5TI S CR SV
- Y ** VvV F TY P G X ANOQZ?PURSLVDTILTF
- I R F L PTQEIK®PTNIULUDIULTIL™* I C S
61 - CTCTAAACGAACTTTAAAATCTGTGTAGCTGTCGCTCGGCTGCATGCCTAGTGCACCTAC - 120

-L * T N F K I CV AV AURULIHBA?*XCTY
- $ KX R TLK SV *L SLGGCMU®P S A PT
- L N E L * NL C S CUR S AACULV HULR

121 - GCAGTATAAACAATAATAAATTTTACTGTCGTTGACAAGAAACGAGTAACTCGTCCCTICT - 180
-AV *TT1T 1INV FTTWVVDI KI KRV TR P S
- QY K Qg ** I LL $L T RNE * L V P L
- S I N NNKVF Y CUR™*QETS NS S L F

181 - TCTGCAGACTGCTTACGGTTTCGTCCGTGTTGCAGTCGATCATCAGCATACCTAGGTTTC - 240
-S$ A DCULIRPFRUPTCCSU RS S AY L G F
- L Q T A Y G F VRV AV DHOQHT * V 8§
- C R L L TV S S VL Qs ITI S I PR FR

241 - GTCCGGGTGTGACCGAARGGTAAGATGGAGAGCCTTGTTCTTGGTGTCAACGAGAAAACA - 300
-V RV *» P K GKMESULT VL GV N E KT
- $ G C DRI KV RWURALUFILUV S TR RKH
- P GV TEW R * DGEU®PCSWCOQOIRUENT

301 - CACGTCCRACTCAGTTTGCCTGTCCTTCAGGTTAGAGACGTGCTAGTGCGTGGCTTCGGG ~ 360
-V QVLSLPVLQVRDUVL VU RGUF G
- T $ N S V CVL S F RUL ETZC®* C VA S G
- R P T Q FACUPSG* RRASAUWILRG

361 - GACTCTGTGGAAGAGGCCCTATCGGAGGCACGTGAACACCTCARAAATGGCACTTGTGGT - 420
-D S VEEA AL S EAREUHTLI KW NGTTCG
- T L W KURP YR RUHVNTSKMAIL VYV
- L CGURG?PTIGOGT * T P Q K WHL W S

421 - CTAGTAGAGCTGGAARAAAGGCGTACTGCCCCAGCTTGAACAGCCCTATGTGTTCATTAAA - 480
-L VvV EL EK GV L P QL E QP Y V F I K
- * * §$ W K KAYCU?PSUL NS FMOCS LN
- S R A G KRURTOA?PA*TALCV H * T

481 - CGTTCTGATGCCTTAAGCACCAATCACGGCCACAAGGTCGTTGAGCTGGTTGCAGAAATG - 540
-R S DAL S TNUHGHIKVV ETLV A E M
- vL.LM©P*AaAPITA AT RS SILSWIL QKW
- F * C L K HQ S R P QGUR * A G CR NG

541 - GACGGCATTCAGTACGGTCGTAGCGGTATAACACTGGGAGTACTCGTGCCACATGTGGGC - 600
-D G I QY GRS GI TULGV L V P HVG
- T A F S TV VAV * HHWEY S CUHMWA
- R HS VRS * R Y NTGS TR ATTCG R

601 - GAAACCCCAATTGCATACCGCAATGTTCTTCTTCGTAAGAACGGTAATAAGGGAGCCGGT - 660
-E T P I A Y RN VL L RKWDNGNIK G A G
- K P L HTAMU FPFUFFVRTVIIRE PV
- NP NCTIPQTCSS S8 * E R * * G S R W

661 - GGTCATAGCTATGGCATCGATCTAAAGTCTTATGACTTAGGTGACGAGCTTGGCACTGAT - 720
-G H S Y GI DbDUL K S Y DULGDUETLGTD
- VI AMASTI®*S L MT* VTS L ATULTI
- s * L WHUR S K VL * L R * RAWH * S

721 - CCCATTGRAGATTATGAACAAAACTGGAACACTAAGCATGGCAGTGGTGCACTCCGTGAA - 780
-P I E DY E ONWNTIKUHGS G A L R E
- P L K I MNIKTGTULSMAV V H S V N
- H * R L * T KL E H*A W Q W CT P * T

781 - CTCACTCGTGAGCTCAATGGAGGTGCAGTCACTCGCTATGTCGACAACAATTTCTGTGGC - 840
-L TR EULNG GAV T RY V DNNUFCG
- § L vsS sS MEV QS LAMSTTTI S V A
- H S * A Q WRCSHSULCURIQQUFTULMWEP

FIG. 11
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841 -~ CCAGATGGGTACCCTCTTGATTGCATCAARGATTTTCTCGCACGCGCGGGCARGTCAATG - 900
-P D GY PLDTCTII KU DT FL ARATGTI K S M
- 0 MGTULULTIASIKTIUFSHAURA®ASDZ QHTC
- R WwWv?PS * L HORUEFSRTRGIQV NV
901 - TGCACTCTTTCCGAACAACTTGATTACATCGAGTCGAAGAGAGGTGTCTACTGCTGCCGT - 960
-C T L S E QUL DY TIES KU RGUVYCTCR
- AL FPNWVNILTIT®TS S S RUREWUV ST® AAUV
- B s FRTT* L HRVEEU RTCULULULUP*
961 - GACCATGAGCATGAAATTGCCTGGTTCACTGAGCGCTCTGATAAGAGCTACGAGCACCAG - 1020
-DHEUHETIA AW FTET RS DI K S Y E H Q
- T M S M KL PG SL S ALTIURATS TR
- P *A * NCL VH *AL * * EL RA P D
1021 -~ ACACCCTTCGAAATTAAGAGTGCCAAGAAATTTGACACTTTCARAGGGGAATGCCCAARG - 1080
-T P F EI K S A K K F DT F K G E C P K
- HP S KL RV PRNILTULS K GDNAOQ S
- T L RN *E CQ E I * 1B F Q RGMUP KV
1081 - TTTGTGTTTCCTCTTAACTCARAAGTCAAAGTCATTCAACCACGTGTTGAARAAGAARARG - 1140
-F V F P L NS KV KV I QP RV E K K K
- L C F L LTOQK S K S F NHV L KRKR
- c v s s *L K S Qs H S T T C* KE KD
1141 - ACTGAGGGTTTCATGGGGCGTATACGCTCTGTGTACCCTGTTGCATCTCCACAGGAGTGT - 1200
-T E G F M G R I RS VY P VA S P QEC
- L RV S WGVY ALCTTULULHULHRSV
- * G F HGAYTULCV?PCTCTISTGV *
1201 - ARCAATATGCACTTGTCTACCTTGATGAAATGTAATCATTGCGATGAAGTTTCATGGCAG - 1260
-N NM HL S TLMIE KT CNU HTCUDEV S W Q
- T 1 ¢ TCUL P * * NV I I A MIKTEFHGR
- Q YaLvy»LDEM®™=*SILR™*S F MAD
1261 - ACGTGCGACTTTCTGAAAGCCACTTGTGAACATTGTGGCACTGAAAATTTAGTTATTGAA - 1320
-T CDFL KATZ CEUHT CSGTUENTULV I E
- RATVF * K P L VNT VAL KTI™*UL L K
- vV R L S E S HUL * TULWWBHB * KF S Y * R
1321 - GGACCTACTACATGTGGGTACCTACCTACTAATGCTGTAGTGAARRATGCCATGTCCTGCC - 1380
-G P TTCGYULP?PTNA AVVY KMZPZCUPA
- DL L HV GTYULUL MUL * * KCH VL P
- T Y Y MWV ?PT Y * CCSENA AMMSCL
1381 - TGTCAAGACCCAGAGATTGGACCTGAGCATAGTGTTGCAGATTATCACAACCACTCAARC - 1440
-C QD FPEI G PEH SV ADY HNIH SN
- VX T ¢ R L DL §1I VL. QTITITTTZQT
- S R P RDWT* A * CCURUL S Q P L K H
1441 - ATTGAAACTCGACTCCGCAAGGGAGGTAGGACTAGATGTTTTGGAGGCTGTGIGTTTGCC - 1500
-1 ET RILRIEKGGRTWRTZEGCTFGGOCV F A
- L KL bSsSAREVGL DUV LEA AVCTLP
- * NS T P Q G R * D * M F W RTULUCV CL
1501 - TATGTTGGCTGCTATAATAAGCGTGCCTACTGGGTTCCTCGTGCTAGTGCTGATATTGGC - 1560
-Y V6 C ¥YNEKIRAYW UV PRASA ATDTIG
- ML A AI I S vVeTG?PFPULVL VL IULA
- Cc WL L * * A CULULGS S C®* C * Y W L
1561 - TCAGGCCATACTGGCATTACTGGTGACAATGTGGAGACCTTGAATGAGGATCTCCTTGAG - 1620
-§$ G HTGTI TG DNVETULNTZEDTLTLE
- QA I LALULVTMW RU®P®*MI RTISULR
- R P Y WH Y W * QCGDTLE * G S P * D
1621 - ATACTGAGTCGTGAACGTGTTAACATTAACATTGTTGGCGATTTTCATTTGAATGAAGAG - 1680
-I L S RERWVNTIWNTIUVSGDFUHUL NEE
- Y * VvV v NVL TVLTTULULATIU FTI®*MIE KR
- T E S * T C * H * HCWU RUPF S F E * R G
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1681 - GTTGCCATCATTTTGGCATCTTTCTCTGCTTCTACAAGTGCCTTTATTGACACTATARAG 1740
-V A I I LASFSASTSAUFTIDTTIK
- L P S FWHUL S$LLL @V PLLTTUL * R
- C HH F GI FLCPFY KT CULY * HY K E

1741 - AGTCTTGATTACAAGTCTTTCAAARACCATTGTTGAGTCCTGCGGTAACTATAAAGTTACC - 1800
-$§ L DY K S F KTTIVES ST CGNYIKVT
- v LI T SUL S XK P L L S P AV T I KLP
- s * L Q VF QNHC®*V LU R®*L * § Y Q

1801 - AAGGGAAAGCCCGTAAAAGGTGCTTGGAACATTGGACAACAGAGATCAGTTTTAACACCA - 1860
-K G K PV K GAWUDNTIGOQOQRS VL TP
- R E S P * K VL GTULODNIRDOQUZF * H H
- G K A R KURTCULEUHWTTETISVFNTT

1861 - CTGTGTGGTTTTCCCTCACAGGCTGCTGGTGTTATCAGATCAATTTTTGCGCGCACACTT - 1920
-L C G F P S QA A GV I RSI FAIRTL
- CVV F P HURULUL VL S DOQFULRAIHL
- vV WPFSL TGO CMWOCYQINTFTCA AWHT *

1921 - GATGCAGCARACCACTCAATTCCTGATTTGCARAGAGCAGCTGTCACCATACTTGATGGT - 1980
-DA A NUH S I PDLOQURAAUVTTIULDG
- MQ Q T T Q F L I C K EQUL S P Y L MV
- Cc S K P L NS * F A K S S CHHT * W Y

1981 - ATTTCTGAACAGTCATTACGTCTTGTCGACGCCATGGTTTATACTTCAGACCTGCTCACC - 2040
-1 §$ EQ $ L RL VDAMVYY TS DU LILT
- P L NS HY VL S TU©PWUFIULQTZCS P
- F » T Vv I T $S C R RHGUL Y F R P A H Q

2041 -~ AACAGTGTCATTATTATGGCATATGTAACTGGTGGTCTTGTACAACAGACTTCTCAGTGG - 2100
-N $ VI I MAYVTGOGULV Q QTS QO W
- TV s L L WUHM* L V VLY NI RTILILSG
- Q CH Y Y G I CDNWWSCTTDTF SV V

2101 - TTGTCTAATCTTTTGGGCACTACTGTTGAAARACTCAGGCCTATCTTTGAATGGATTGAG - 2160
-L $S NL L GT TV EIKULRUPTIVFEWTIE
- C1L I FWAULULULI KNS SG GIULSULNGTIL R
- v *+ § F G H Y C>* K TQQAYUL* MDD * G

2161 - GCGAAACTTAGTGCAGGAGTTGAATTTCTCAARGGATGCTTGGGRGATTCTCARAARTTTCTC - 2220
-A KL S A GV EVFULI KD AWETITZLIZ KT FIL
- R NL VQ ELNTF S RMULGI R F S NF S
- E T * CR S * I §8 ¢Q G CUL G DS OQTI S H

2221 - ATTACAGGTGTTTTTGACATCGTCAAGGGTCAARATACAGGTTGCTTCAGATAARCATCAAG - 2280
-I T GV £ DIV K GOQTI QV A SDNTIK
- L Q VF L TS SRV KYRILILOQTITS R
- Y R CF * HR Q G S NTGCU FR* H QG

2281 - GATTGTGTAAAATGCTTCATTGATGTTGTTAACAAGGCACTCGAAATGTGCATTGATCAA - 2340
-DCV K C?PF 1 DV VNI KALUEMT CTITDDOQ
- I v * N A S$ L MULILTA RHESE K CA ATILTIHK
- L ¢C K ML H* CC™* QGT®RNUVH * § 8

2341 - GTCACTATCGCTGGCGCAAAGTTGCGATCACTCRACTTAGGTGAAGTCTTCATCGCTCAA - 2400
-v T I A G A K UL RS UL NULGUEV F I A Q
- $ L $ L AQ S CDUHST™*V K S S S L K
- HY R W URKV ATITOQULIR™* S L HUR S K

2401 - AGCAAGGGACTTTACCGTCAGTGTATACGTGGCARGGAGCAGCTGCAACTACTCATGCCT - 2460
-S K GGL Y RQCTIURGIE KEH QTLOGQTLTULME®P
- ARDVF TV S VY VARS S CNY S C L
- Q G T L P S VY TWQGAAA ATTHA S

2461 - CTTAAGGCACCAAAAGAAGTAACCTTTCTTGAAGGTGATTCACATGACACAGTACTTACC - 2520
-L K A P KEVTU FULEGDSHDTUV LT
- L RH QKK * P F L KV IHMTOQOYUL P
- * S T K RSN NUL S * R * F T * HS T Y L
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2521 - TCTGAGGAGGTTGTTCTCAAGAACGGTGAACTCGAAGCACTCGAGACGCCCGTTGATAGC 2580
- EEV VL KNGETLEA ATLTET®PV DS
- L RRLF S RTVNSKHSI RIRUPULTIMA
- * 6 G C S QER*TURSTIRDA AR * * L

2581 - TTCACAAATGGAGCTATCGTCGGCACACCAGTCTGTGTAAATGGCCTCATGCTCTTAGAG - 2640
-F T NGATI VGTUPV CVNGILMMILTULE
- S Q M EL S SAUHO QS SV*MASC S * R
- H KW S Y RRUHTSL C K WP H AL R D

2641 - ATTAAGGACAAAGAACAATACTGCGCATTGTCTCCTGGTTTACTGGCTACAARACRATGTIC - 2700
-1 KD K EQ Y CAUL S P GULULATNNUWV
- L RT KNDNT T AU HTCILTULUV Y WL QT M S
- * G Q R T I UL RTI VS W FTG Y K QCL

2701 - TTTCGCTTAAAAGGGGGTGCACCAATTARAGGTGTAACCTTTGGAGAAGATACTGTTTGG - 2760
-F R L XK GGAPTIIKGUVTF GEDTV W
- F A * K GV H @@L KV * P L EIKTITULYF G
- $ L X R G6GCTNM*XI R CNILWRIRYCTUL G

2761 - GAAGTTCAAGGTTACAAGAATGTGAGAATCACATTTGAGCTTGATGAACGTGTTGACAAA - 2820
-E V Q G Y KNV RITTUVFETZLDERV DK
- K F KVTU RMPM*X E S HULSTILMNUVILT K
- S S R L Q ECENUHTI * A * * T C * Q 8

2821 - GTGCTTAATGAAAAGTGCTCTGTCTACACTGTTGAATCCGGTACCGAAGTTACTGAGTTT - 2880
-V1L NEKCSVYTUVESGTEUVTUEF
- ¢ L MK $S$AL S$STULULNU PV P KILILS L
- A * K VL CLHC®* I RY RS Y * V C

2881 - GCATGTGTTGTAGCAGAGGCTGTTGTGAAGACTTTACAACCAGTTTCTGATCTCCTTACC - 2940
-A CV VA EAVV KTULQ PV S5 DUL L T
- HVL * Q@ RL L * RUL Y NOQU FULTI S L P
- M CCSURGCCEDV FTTSF * S P Y Q

2941 - AACATGGGTATTGATCTTGATGAGTGGAGIGTAGCTACATTCTACTTATTTGATGATGCT - 3000
-N M GI DL DE WS VvATFY L F DDA
- T WwWvVvVv L I L MS GV * L HSTYLMMIL
- H GY *»g§ *~* VvV ECS Y I L LI * * C W

3001 - GGTGRAGAAAACTTTTCATCACGTATGTATTGTTCCTTTTACCCTCCAGATGAGGARGAA - 3060
-G E ENF S S R MY CS F Y P P D E E E
- VXK KT FHRHBV CI VP FTUL Q@ MR K K
- * R XK L P I T Y VL FUL L P S R * G R R

3061 - GAGGACGATGCAGAGTGTGAGGAAGAAGAAATTGATGAAACCTGTGAACATGAGTACGGT - 3120
-E D DA AZETCEEEETIUDETTCEUHEYG
- RTMQ S VR K K KL MIEKUPVNMSTV
- G RCRV * GRURN** NTIL * T * V R Y

3121 - ACAGAGGATGATTATCAAGGTCTCCCTCTGGAATTTGGTGCCTCAGCTGAAACAGTTCGA - 3180
-T EDDY Q@ GL PL EF G ASAUETV R
- 0 RMITI KV S L WNUILUV P QL K QF E
- R 6 * L 8 R S P S G I WCUL S * NS § S

3181 - GTTGAGGAAGAAGAAGAGGAAGACTGGCTGGATGATACTACTGAGCAATCAGAGATTGAG - 3240
-V EEEEEEDWULDODTTEQS E I E
- L R K KK RI KT TGWMTIU LI LS NQRTUL S
- * 6 RRRGIRILAG®*Y Y * A I R D * A

3241 - CCAGAACCAGAACCTACACCTGAAGAACCAGTTAATCAGTTTACTGGTTATTTAAARACTT - 3300
-P E P EPTPEEUPVNQUFTG Y L KL
- Q NQ NL HLT KNOQULISUL L VI * NL
- R T RT YT * R T S * S VY WL F KTY

3301 - ACTGACAATGTTGCCATTAAATGTGTTGACATCGTTAAGGAGGCACAAAGTGCTAATCCT - 3360
-T DNV A I KOCV DIV KU EWA AIQSANP
- L T™M L P L NV LTS UL RIRUHIKV L I L
- *Q C C H ~M C * HR * G G T KT C * S Y

FIG. 11 Con’t



U.S. Patent Jun. 16,2009  Sheet 23 of 106 US 7,547,512 B2

3361 - ATGGTGATTGTRRATGCTGCTAACATACACCTGARACATGGTGGTGGTGTAGCAGGTGCA - 3420
-M VI VNAANTIHTILI KHGSG GGV A G A
- W *L * ML L T YT * NMV VV * Q V H
- G DCKOCTC™* HTU®PUETWWMWOCSRICT

3421 - CTCAACAAGGCRACCAATGGTGCCATGCAARAAGGAGAGTGATGATTACATTAAGCTARAT - 3480
-L N K A T NGAMUO QI KE S DD Y I KL N
- $ T RQPMVPCIK RRVMTITTILS *M
- Q QG NQ WCHAIKTGE™* *LH* A KW

3481 - GGCCCTCTTACAGTAGGAGGGTCTTGTTTGCTTTCTGGACATAATCTTGCTAAGRAAGTGT - 3540
-6 P L TV GG S CLL S GHNILAI KIKC
- AL L Q*¥ EGLVCUVFULUDTITIULULIRSV
- P S YSRURVL FAZFWT®*S C * E V §

3541 - CTGCATGTTGTTIGGACCTAARCCTAAATGCAGGTGAGGACATCCAGCTTCTTAAGGCAGCA - 3600
-L HVVG?PNILWNA AGEDTIWOQTLTILI KA ANRA
- ¢CML LDVLT*MOQEUVURTS S F L R QH
- A CCWT™* P KCUR™*GHPA S * G § I

3601 - TATGAAAATTTCAATTCACAGGACATCTTACTTGCACCATTGTTGTCAGCAGGCATATTT - 3660
-Y ENFNSOQDTIULULAZPTULILSAGTITFE
- M K I 8§ 1I HR TS YL HHBCCOQOQA Y L
- * XK F Q F T G H L TOCTI VYV S RHTIW

3661 - GGTGCTAAACCACTTCAGTCTTTACRAGTGTGCGTGCAGACGGTTCGTACACAGGTTTAT - 3720
-G A K PLOQSLQVCVQTVRTOQUVY
- VL NHF SL Y KC®ATCURIRT FV HRTFI
- c * T T S V F T S V RADG S Y T G L Y

3721 - ATTGCAGTCAATGACAAAGCTCTTTATGAGCAGGTTGTCATGGATTATCTTGATRACCTG - 3780
-1 AV N D XK AL Y EQV VMDY L DNTL
- L g S M T KLU FMSRULSWIITULTIT *
- c §$ Q * @ $ s L * A G CHGUL S * * P E

3781 - AAGCCTAGAGTGGAAGCACCTAAACAAGAGGAGCCACCAAACACAGAAGATTCCRAAACT - 3840
-K P RV E AP K QEEU?PPNTUEUDS KT
- 8 L EW K HULNKU RS HQTQ K I P KL
- A * S G S T * T R G AT KUHIRIRF Q N *

3841 - GAGGAGAAATCTGTCGTACAGAAGCCTGICGATGTGAAGCCARAAATTAAGGCCTGCATT - 3500
-E E K S vV VvV Q K P VDV K P K TI KATCTI
- RRNL S YURSL SM* S Q KL R P A L
- G EI CRTEA AT CRTCEA AI KNT* G L H *

3901 ~ GATGAGGTTACCACAACACTGGAAGAAACTAAGTTTCTTACCAATAAGTTACTCTITGTITT - 3960
-DEVTOTTULEETI KPP L TN KL L L F
- M R L P Q HW K KU L S F L P I S Y S CL
- * G Y HNTGI RN™* VS Y Q * V T L V C

3961 ~ GCTGATATCAATGGTAAGCTTTACCATGATTCTCAGARCATGCTTAGAGGTGAAGATATG - 4020
-A DI NG K L Y HD S Q N ML R G E D M

L I s MvsFTMIULRTUZ CULEVKTISC
- *' Y Q w * AL P * F S E.H A * R * R Y V

4021 - TCTTTCCTTGAGAAGGATGCACCTTACATGGTAGGTGATGTTATCACTAGTGGTGATATC - 4080
- FLEKODAPYMV GDV ITS G DI
- L S L RRMHILTW*VMILS L VV I S
- F p* EGCTUL HGR * CY H * W * Y H

4081 - ACTTGTGTTGTAATACCCTCCAAAAAGGCTGGTGGCACTACTGAGATGCTCTCAAGAGCT - 4140
-T C VvV I P S KKAGGTTUEMTULS R A
- L vL.L *Y PP KU RILVAILILI KT CSQEL
- L ¢ CNTL Q K G W WUHY * DATULIK S F

4141 - TTGAAGAAAGTGCCAGTTGATGAGTATATAACCACGTACCCTGGACAAGGATGTGCTGGT - 4200
-L K K v p vV DEY I TTUYUPGQ G CAG
- * R K QLM STI *©PURTULUDI KDV LV
- E E S &aS§s * * VY NHV PWTI RMZ~CWL
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4201 - TATACACTTGAGGAAGCTAAGACTGCTCTTAAGARATGCAAATCTGCATTTTATGTACTA - 4260
-Y T L EEA KT AULIZ K KU CIKSAZFY VL
- I HL RKUILIRULUILTILRNANILIHBTFMY]ZY
- Yy T * 6 $ * bCcs* EMQ1I CTIULCTT

4261 - CCTTCAGAAGCACCTAATGCTAARGGAAGAGATTCTAGGAACTGTATCCTGGAATTTGAGA - 4320
-P S EAPNAIKEUETIULGTUV S WINILR
- L ¢ K HLMULIRI KW RT F®*EU LYU?PGTI * E
- F R ST™*C * GRD S RN CTIULETFER

4321 - GAAATGCTTGCTCATGCTGAAGAGACAAGAAAATTAATGCCTATATGCATGGATGTTAGA - 4380
-EM L A HAUEET R KT LMU®PTIOCMTUDVR
- K ¢L LMUL KRQEN™*CUL Y AWMTULE
- N A CSC* RDI K KTIWNAYMHGT C* 8

4381 - GCCATAATGGCAACCATCCAACGTAAGTATAAAGGAATTAAAATTCAAGAGGGCATCGTT - 4440
~-A I MATTI QU RI KYKGTII KTIOQEG GTIZYV
- P *WQ&PS NV S I K EULI KT FZ KR RA ASIL
- H NGWNUHZPT*V * RN * NS R GH R *

4441 - GACTATGGTGTCCGATTCTTCTTTTATACTAGTAAAGAGCCTGTAGCTTCTATTATTACG - 4500
-DY GV RFF FYTS K E©PV A S I IT
- T MV $ DS S FIULV KS UL *L L L L R
- L wcC&?PILULUL Y * * RACJ SV F Y Y Y E

4501 - AAGCTGAACTCTCTAAATGAGCCGCTTGTCACAATGCCAATTGGTTATGTGACACATGGT - 4560
-K L N S L NEUPULVTMU®PTIGYVTHSG
- s *T7T9L *M S RL S QQCg¢@QUL VM ™* H MV
- AR E L S K * A A CHNA ANWILZCGCTUDTWF

4561 - TTTAATCTTGAAGAGGCTGCGCGCTGTATGCGTTCTCTTAAAGCTCCTGCCGTAGTGTCA - 4620
-F NL EEAARCMUZ RSTLEKA AUZPA AV V S
- L I L XRL RAV CV L LT KUL L P * C Q
- * § * R GCALY AV FS * S S CUR S V 8

4621 - GTATCATCACCAGATGCTGTTACTACATATAATGGATACCTCACTTCGTCATCAAAGACA - 45680
-V § §$ P DAV TTYNGYL TS S S KT
- Y HH OMILUL L HIMUDTS L RHQRH
- I I T R COC Y Y I * W I P HUF VI KUDTI

4681 - TCTGAGGAGCACTTTGTAGAAACAGTTTCTTTGGCTGGCTCTTACAGAGATTGGTCCTAT - 4740
-$ EEHFVETUVSLAGS Y RDWS Y
- L RS TUL * K Q F L WULATLTETIGU?PTI
- * G AL CPRWNSUFFGWIUL UL QRUL VLF

4741 - TCAGGACAGCGTACAGAGTTAGGTGTTGAATTTCTTAAGCGTGGTGACAARATTGTGTAC - 4800
- G Q RTEULGUVET FULI KU RGDIE KTIVY
- Q bDs$ V@S *VvV L N FULSVVTKULTCT
- R T A YRV RC®* I S *A W * Q NC VP

4801 - CACACTCTGGAGAGCCCCGTCGAGTTTCATCTTGACGGTGAGGTTCTTTCACTTGACARA - 4860
-H T L E S P V E FHULDGE VL S L DK
- T L WRAP S S FIULTV RV FUFHULTN
- H S GE PRI RV S S xR * GS5S F T * QT

4861 - CTAAAGAGTCTCTTATCCCTGCGGGAGGTTAAGACTATAAAAGTGTTCACAACTGTGGAC - 4520
-L K §$ L L 8L R EV KTTIUZ KV FTTVD
- * RV § YPCGRUILRIL®* KU CS QL WT
- K E $ L 1 P A GG * DY K S V HNTZCGQ

4921 - AACACTAATCTCCACACACAGCTTGTGGATATGTCTATGACATATGGACAGCAGTTTGGT - 4980
-N T N L H T QL VDMSMTY G Q Q F G
- T&L1I1I S TH S L W I CUL * HMUDS S§ L V
- H *+ S P HTACGY VY DI WT AV WS

4981 - CCRACATACTTGGATGGTGCTGATGTTACAAAAATTAAACCTCATGTARAATCATGAGGGT - 5040
-P T YL D G A D VT KTIKUPHRVNUHEG
- Q HTWWMUVLMULQI KU LNTZLM®*TIMMRYV
- N I L G W C * C Y KN* T S CK S * G *
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5041 - AAGACTTTCTTTGTACTACCTAGTGATGACACACTACGTAGTGRAGCTTTCGAGTACTAC - 5100
-K T FFVLPSDDTULURSEA ATFEYY
- R L $ L Y YL VWMTUHYVV KU LSS TT
- proL cTQT®* * * H TT * * S F RV L P

5101 - CATACTCTTGATGAGAGTTTTCTTGGTAGGTACATGTCTGCTTTAAACCACACAAAGAAA - 5160
~-H T L D E S F L 6GR Y M S AULNDNUHT KK
- I LLM RV FLVGTOCLUL®>*TTQRN
- Yy s * * g F S W * V HV CTFZ XK P HIKEM

5161 - TGGAAATTTCCTCAAGTTGGTGGTTTAACTTCAATTAAATGGGCTGATAACAATTGTTAT - 5220
-W K FPQV G GL TSI KWADNNTCY
- G N F L XKL VvV *L QL NGI LTITTIV I
- E I §$ S S WWUFNU FN™*MG™* * Q L L F

5221 - TTGTCTAGTIGTTTTATTAGCACTTCAACAGCTTGAAGTCAAATTCAATGCACCAGCACTT - 5280
-L $ S v11LL AL OQULZEV KFNAWPA AL
- L V?FY*HFNISTILI KSWNUGSMHOQHF
- v * ¢ F I $ TS TA AH®™* S QI @ CT ST S

5281 - CAAGAGGCTTATTATAGAGCCCGTGCTGGTGATGCTGCTAACTTTTGTGCACTCATACTC - 5340
-Q EAY Y RARAGDA AA ANU&EFPCATILTIIL
- XK R LI TI EPVL VMILULTUFVH S Y S
- R GL L * S PCW®* CC™* L L CTUHTR

5341 - GCTTACAGTAATAARACTGTTGGCGAGCTTGGTGATGTCAGAGAARCTATGACCCATCTT - 5400
-A Y S N KTV GEULGDVIRETMTHL
- L T v I KLLASULVMSEI KT L™* P ITF
- L Q ** NC WU RWAW * C QO RNY D P § S

5401 - CTACAGCATGCTAATTTGGAATCTGCAAAGCGAGTTCTTAATGTGGTGTGTAAACATTGT - 5460
-L Q HANUILESAI KU RVLUNUVV CZ KHC
- Y $ ML I WNUILOQSEUPFLMWOCVNTIW
- T A C* F GI CKASS*CGV *TUL W

5461 - GGTCAGAAAACTACTACCTTAACGGGTGTAGAAGCTGTGATGTATATGGGTACTCTATCT - 5520
-6 ¢ K TTT"T™ULTGVEAVMYMSGTTL S
- VR KL L P * RV * KL * CI WV L YL
- S ENY YL NGCW RS CDUV Y G Y S IL

5521 - TATGATAATCTTAAGACAGGTGTTTCCATTCCATGTGTGTGTGGTCGTGATGCTACACAA - 5580
-Y D NL KTGUV S TI PCVCGRUDA ATQ
- M I I L RQVFPFHVCVV VMILIHN
- * * § + D R CFH SMCVWS * CXYTTI

5581 - TATCTAGTACAACRAGAGTCTTCTTTTGITATGATGTCTGCACCACCTGCTGAGTATAAA - 5640
-Y L V. Q Q ES S FVMMSAPUPAZE Y K
- I * ¥ N K S L L L L * CLHHUL L S I N
- s S T TRV /F FCYDUVCTTZ C®* V * I

5641 - TTACAGCAAGGTACATTCTTATGTGCGAATGAGTACACTGGTAACTATCAGTGTGGTCAT - 5700
-L Q QG T FLCANUEJZYTSGNYQCGH
- Y S K VHSYVRMSTULVTTIS SV VI
- T A RY I L MCE * V HW* L S VW S L

5701 - TACACTCATATAACTGCTAAGGAGACCCTCTATCGTATTGACGGAGCTCACCTTACRRAG - 5760
-Yy T H I T A KETULYURTIDGA AU HTLT K
- TUL I * L L RR P S I VL TETILTTIL QR
- H S$ Y NC * GDPULS Y * R S S P Y KD

5761 - ATGTCAGAGTACARAGGACCAGTGACTGATGTTTTCTACAAGGAARACATCTTACACTACA - 5820
-M S EY K G?PVTDVFY K ETSY TT
- Q¢ s TKDOGQ*L MU F ST RI KU HTLTUL Q
- VRV QRTSD*CVF L Q G NI L H YN

5821 - ACCATCAAGCCTGTGTCGTATAAACTCGATGGAGTTACTTACACAGAGATTGAACCAAAA - 5880
-T I K pPp VS Y KL DGV T YTUETIZE P K

P s s L CURTINSMETLTILTOQHZ RTILNDNOQN

H Q¢ A CV vV * TR W S5 YL HRD* T K I
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5881 - TTGGATGGGTATTATAAAAAGGATAATGCTTACTATACAGAGCAGCCTATAGACCTTGTA - 5940
-L DG Y Y K K DNAYYTEUGQ?PTIUDILWYV
- WM GIIKIRIMLTTIOQS S L * TL Y
- G W VL >* KG*CULUL Y RAAYIRUPCT

5941 - CCAACTCRACCATTACCAAATGCGAGTTTTGATAATTTCAAACTCACATGTITCTAARCACA - 6000
-P T Q PL P NASTFDIDNU FIKULTTZ CSNT
- QL NHY QMU RV LTITISNSHVL T Q
- N S TTI T KTZCTET F®* * F Q T HMTF * HK

6001 - AAATTTGCTGATGATTTAAATCAAATGACAGGCTTCACARAGCCAGCTTCACGAGAGCTA - 6060
-K F A DDULNOQMTG G FTK P A S R E L
- N L L M I * I K * Q A S Q S QL HE S5 Y
- 1 ¢ * * F K S N DU RULHKAOS F T RAI

6061 - TCTGTCACATTCTTCCCAGACTTGARATGGCGATGTAGTGGCTATTGACTATAGACACTAT - 6120
- Vv T FF&PDILNGDVV ATIUDTYRUHBEY
- L S HSsgqgT*MAM®™*WUL L TTDTI
- Cc H I L P RL EWURTCSGY *L * T L F

6121 - TCAGCGAGTTTCAAGAAAGGTGCTAAATTACTGCATAAGCCAATTGTTTGGCACATTAAC - 6180
-S A 8§ F K K GA KUILULUHIKU©PTIUVWHTIN
- QR VSRIKUVILNYCTISQLFGTTULT
- S EF QERC* I T AOP*AINTZCTLAWBHR* P

6181 - CAGGCTACAACCAAGACAACGTTCARAACCAAACACTTGGTGTTTACGTTGTCTTTGGAGT - 6240
-Q AT T K TTF K PNTWCILRCULWS
- R L @ PR QR S NOQTL GV Y V V F GV
- G Y NQ DNV QT KHL VF TUL S L E Y

6241 - ACAAAGCCAGTAGATACTTCAAATTCATTTGAAGTTCTGGCAGTAGARAGACACACARAGGA - 6300
-T K PV DT S NS F E VL AV EDT QG
- Q $ ¢ *1I L ¢ I HL K FWOQ * KT H K E
- K A $§$ R Y F K F I * § S G S R R H T R N

6301 - ATGGACAATCTTGCTTGTGAAAGTCAACAACCCACCTCTGAAGAAGTAGTGGAAAATCCT - 6360
-M D NLACE S Q QPTS EE V V E N P
- W T I L L V KV NDNUPPULIKIK™* W K I L
- G g s ¢cL * K S5TT HUL* RS 8 G K S Y

6361 - ACCATACAGAAGGAAGTCATAGAGTGTGACGTGAAAACTACCGAAGTTGTAGGCAATGTC - 6420
-T 1 9 K E VI ECDUVKTTEV V G NV
- P Y RRKS* S VT * KL P KL * A M S
- H T E G S B RV * R EDNYRSCURQCH

6421 - ATACTTAAACCATCAGATGAAGGTGTTAAAGTAACACAAGAGTTAGGTCATGAGGATCTT - 6480
-I L K P S DPEGVKVTQEULGHE DL
- ¥ L NHQM K VL K *H K S * VMU RTIIL
- T * T I R * R C * § N TRV RS * G § Y

6481 - ATGGCTGCTTATGTGGARARCACAAGCATTACCATTAAGAAACCTAATGAGCTTTCACTA - 6540
-M A A Y V ENTS I TT1 KZ K PNETUL S L
- WL LI MW KT QATLUPILWRWDNIULMSUFH *
- G C L CG KB KHYH*E T * * A F T 8

6541 - GCCTTAGGTTTAARAAACAATTGCCACTCATGGTATTGCTGCAATTAATAGTGTTCCTTGG - 6600
-A L GL K TTIATHSGTIAATINSV P W
- P * V * K QL P LMV L L QUL I V F L G
- L R F K N NCH S WY COCN™** C S L E

6601 - AGTAAAATTTTGGCTTATGTCAAACCATTCTTAGGACAARGCAGCAATTACARACATCAAAT - 6660
-S K I L A YV EKU?PTFULGOQAA ATITT S N
- VK FWI1IMSUNUHS * D KQ QUL QO H QI
- *N F 6 L ¢ ¢ TTIULIRT S S NTYNTIIK KL

6661 - TGCGCTARGAGATTAGCACAACGTGTGTTTAACAATTATATGCCTTATGTGTTTACATTA - 6720
-C A KRLAQRVFNNYMZ®PY VF TL
- AL RD™*HNV CLTTITIU CLMOCOCTLUHY
- R *E I § T TTCUV * QgL Y AULTCUV Y II
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6721 - TTGTTCCAATTGTGTACTTTTACTAAAAGTACCAATTCTAGAATTAGAGCTTCACTACCT - 6780
-L F QL CTUFTI K STNSIZ RTIWIBRASZSTULEP
- CsNCVLLIVL L KV PIULEULUETLHYTL
- v P I VY FY * KYQF * N * § F T T Y

6781 - ACAACTATTGCTAAAAATAGTGTTAAGAGTGTTGCTAAATTATGTTTGGATGCCGGCATT - 6840
-T T I A KNS V K S VA KULCUL DA ASGI
- QL L L KTI VLU RVILLNYVWMUZPAIL
- N Y C* K * C * ECC™* I MTFSGT CU R B *

6841 - AATTATGTGAAGTCACCCAAATTTTCTARATTGTTCACAATCGCTATGTGGCTATTGTTG - 6900
-N Y V K S P K F S KL FTTIAMUWILULL
- I M * S HPNUFULNUZCSIOQS UL CG Y CC
- L ¢ EVTQQTIUF * I VHNIRYVATI VYV

6901 - TTAAGTATTTGCTTAGGTTCTCTAATCTGTGTAACTGCTGCTTTTGGTGTACTCTTATCT - 6960
-L s 1 €L G S LI CVTAATFSGUVL L S
- *VvV rA*VL *S V*¥ L L L L VY S Y L
- K Yy L. LRF SNILCWNZCT CUZFWTCTTLTI *

6961 - AATTTTGGTGCTCCTTCTTATTGTAATGGCGTTAGAGAATTGTATCTTAATTCGTCTAAC - 7020
-NF GA P S Y CNGV RETLYTULNS S N
-1 L vLL LI VMALUEWNT CTIULTIIRIULT
- FwWwWCS FULUL™* W R™* RI VS * F V *R

7021 - GTTACTACTATGGATTTCTGTGAAGGTTCTTTTCCTTGCAGCATTTGTTTAAGTGGATTA - 7080
-v T T M DVF CEGSFPCJUSTIOCULS G L
- L L L W I SV K VLU FPFPVLAATFV * V D *
- Y YY GF L *RFF SL OQHULF KWTIR

7081 - GACTCCCTTGATTCTTATCCAGCTCTTGAAACCATTCAGGTGACGATTTCATCGTACAAG - 7140
-b S L DS Y PAL ETTIOGQVTTI S S Y K
- T P L I LI Q L L K P F R * RFHRT S
- L p* F L S S S * NH S GDDU FTIVOQA

7141 - CTAGACTTGACAATTTTAGGTCTGGCCGCTGAGTGGGTTTTGGCATATATGTTGTTCACA - 7200
-L b L TIULGULARAREWV L AYMIULUFT
- * T * Q F * v w P L S G F W HTI COC S Q
- R 'L DN F RS GR *V G F G I Y V V HK

7201 - ARATTCTTTTATTTATTAGGTCTTTCAGCTATAATGCAGGTGTTCTTTGGCTATTTTGCT - 7260
-K F FYLL GL S aATIMOQVFFGY F A
- NS F I Y *V F QUL * CURZCSULATITULL
- i L L F?P I RS F S YN AGUVLWULUF C*

7261 - AGTCATTTCATCAGCAATTCTTGGCTCATGTGGTTTATCATTAGTATTGTACAAATGGCA - 7320
-8 HF I S NSWILMW®WPFTITISTIVQMA
- v I § s 2111 G S CGUL S L VL Y K WH
- S FHQ Q FL A HUV VY H*YCTNGT

7321 - CCCGTTTCTGCAATGGTTAGGATGTACATCTTCITTGCTTCTTTCTACTACATATGGARG - 7380
-PVSAMVRMYTIVFFASFY Y I WK
- P FL Q WLGOCTSSUL L L STTY G R
- R F CNG* DV HUL L CUVFFLULUHME E

7381 - AGCTATGTTCATATCATGGATGGTTGCACCTCTTCGACTTGCATGATGTGCTATAAGCGC - 7440
- Yyv H#H# I M DGCTS STC CMMZ< CY KR
- AM FI S WMVAUPULIRTILA®*XTCA ATISNA
- L ¢C S Y H G WL HUL F DL H DV L * A Q

7441 - AATCGTGCCACACGCGTTGAGTGTACARACTATTGTTAATGGCATGAAGAGATCTTTCTAT - 7500
-N RATURVECTTTIVNSGMMIE KU RS F Y
- I v PHALSVQULLULMA®* RDTL S M
- S CH TR VY NY C* W HEETIF L C

7501 - GTCTATGCAAATGGAGGCCGTGGCTTCTGCAAGACTCACAATTGGAATTGTCTCAATTGT - 7560
-V Y ANGGRGF CIZ KTHNUW®WNDNTCTLNC

S M ¢ M EAVASAURILTTIGTIUVS I V

- L ¢C K WRPWILUL QDS QUL ETUL S Q L *
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7561 - GACACATTTTGCACTGGTAGTACATTCATTAGTGATGRAGTTGCTCGTGATTTGTCACTC - 7620
-DT FCTSGS T FI S DEVAIRUDTILSL
- T H F AL V VH SL VMEKTELTLUVICH S
- H I L H W *Y I H * * *§ C S * F VTP

7621 - CAGTTTARAAGACCAATCAACCCTACTGACCAGTCATCGTATATTGTTGATAGTGTTGCT - 7680
-Q F XK RPINU®PTUDOQS S Y I VDS VA
- $ L KD@ s TULUL T S HURIULULTI VL L
- vV * KT NQ P Y * P VI VY C * *x C C C

7681 - GTGAAARATGGCGCGCTTCACCTCTACTTTGACAAGGCTGGTCRAAAGACCTATGAGAGA - 7740
-V KN G AL HL Y F DI KA AU G QI KT YE R
- * K MARVFTSTUL T RULV KU RUPMTZ RD
- E XK W RASUPLIL™*Q GW S KODUL * ET

7741 - CATCCGCTCTCCCATTTTGTCAATTTAGACAATTTGAGAGCTAACAACACTARAGGTTCA - 7800
-H P L 8 HFVUNILUDNU LR ANNTIKG S
- I RS 1L §T1 * T 1 * EUL T TUL K V H
- S AL P F COQTFUROQFES * QH * RF T

7801 - CTGCCTATTARTGTCATAGTTTTTGATGGCAAGTCCAAATGCGACGAGTCTGCTTCTAAG - 7860
-L P I NV I VFDGI KSI KT CDIES A S5 K
- ¢L L M S * F L M ASPNATSTULULUL S
- A Y *CH S F *W QVQM®RIR RV CF * V

7861 - TCTGCTTCTGTGTACTACAGTCAGCTGATGTGCCAACCTATTCTGTTGCTTGACCAAGCT - 7920
-8 A S VyYyYy s ogQLMCOQU?PTIIULULILTUDAO QA
- L L.LcTtTTVS *CADNULT FCTCTLTKL
- Cc F C VL QSADUVPTY S VA * P S5 S

7921 - CTTGTATCAAACGTTGGAGATAGTACTGAAGTTTCCGTTAAGATGTTTGATGCTTATGTC - 7980
-L vV § NV GDSTEVS VKMUEFDA AY YV
- L Yy¢Qo TTUL ETI VL KU F©PILI R CTLMILMS
- ¢ I K R WU R®*Y * S FR * DV * CL CR

7981 - GACACCTTTTCAGCAACTTTTAGIGTTCCTATGGAAARAACTTAAGGCACTTGTTGCTACA - 8040
-b T FSATV FSV PMEI KTLI KA ATULVYV AT
- T P FQ QL L V F L W XNILIRUHILILTILRQ
- H L F SNV F* CSY G KT™* G TCZC Y S

8041 - GCTCACAGCGAGTTAGCAAAGGGTGTAGCTTTAGATGGTGTCCTTTCTACATTCGTGTCA - 8100
-A H S ELAI KGVALUDTGUWVUL S TUF V S
- L T AS *QRV*L * M VS F L H S C Q
- S Q R VS K GC S FURWCU?PUZF Y IRV S

8101 - GCTGCCCGACAAGGTGTTGTTGATACCGATGTTGACACARAGGATGTTATTGAATGTCTC - 8160
-ARARQGVVDTDVDTI KDV I E CL
- L P DK VL L I PMULTQ RMTULTULNUV S
- c pTURCC™* YU RC®™*HIKSGCY *M S Q

8161 - AAACTTTCACATCACTCTGACTTAGAAGTGACAGGTGACAGTTGTAACAATTTCATGCTC - 8220
-K L S HHSDUILEVTGDSCNNIEMIL
- N F H I T LT * K * Q VTV VvV TTI S C §
- T FTSUL * L RS DU R* QL * Q F H A H

8221 - ACCTATAATAAGGTTGAAAACATGACGCCCAGAGATCTTGGCGCATGTATTGACTGTAAT - 8280
-T ¥ NKVENMTU?PIRDULGA AT CTIUDTCN
- P I I RL KT * R PEILAUHV LTV M
- L * * G * KHDAQIRSWI RMY* L * C

8281 - GCARGGCATATCAATGCCCAAGTAGCAAAAAGTCACAATGTTTCACTCATCTGGAATGTA - 8340
-A RHI N A QVAI K SHNUV S5 LI WNYV
- Q 61 s M P K *Q KV TMTFUHS S G M *
- K A Y Q C P S S KK S Q CF T HTULE CK

8341 - AARGACTACATGTCTTTATCTGAACAGCTGCGTAAACAAATTCGTACTGCTGCCAAGARG - 8400
-K b Yy M S5 L S EQL REKOQIRTAAIKK

K T TCULYULNSCV NI KU FV L L P R R

R L #HVFI *TH A AM*XTNS Y CC Q E E
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8401 - AARCAACATACCTTTTACACTAACTTGTGCTACARCTAGACAGGTTGTCAARTGTCATAACT - 8460
-N NI P F TULTTCATTW RGQGV VNV IT
- T T YL LH * L VL QLD RIL S M S * L
- Q H T F YTNULTCYWN®*XTS GOCOQCHN Y

8461 - ACTAAAATCTCACTCAAGGGTGGTAAGATTGTTAGTACTTGTTTTAAACTTATGCTTAAG - 8520
-T K I 8 L KGG K I VST CVFI KULMILK
- L K S HS RV VU RILULUVL VL NILTZ CTILR
- * N L T Q GwW *DC* Y L F * T 1Y A * G

8521 - GCCACATTATTGTGCGTTCTITGCTGCATTGGTTTGTTATATCGTTATGCCAGTACATACA - 8580
-ATUL L CVLAALVCYTIVMZPV HT
- P HY CAT FULULHWEFUVISULCOQY IH
- § I I vV R S C CI GL L Y RY A S T Y I

8581 - TTGTCAATCCATGATGGTTACACARATGAAATCATTGGTTACAAAGCCATTCAGGATGGT - 8640
-L §$ I HD G Y TV NUETITIGY KA ATIOQTDSG
- C Q S MMV T QMIEKSTLVTI KU®PFIRMUV
- V N P * WL HK * NHWIUILOQS HS G WC

8641 - GTCACTCGTGACATCATTTCTACTGATGATTGTTTTGCARATAAACATGCTGGTTTTGAC - 8700
-V T RDITISTDUDTCT FA ANIZ KU HAGTFEFD
- $ L v T S F L L M I VLI QTINMTLUVILT
- H § * HH F Y * * L F C K * T C W F * R

8701 - GCATGGTTTAGCCAGCGTGGTGGTTCATACARARATGACAAAAGCTGCCCTGTAGTAGCT - 8760
-A W F S QR GG S Y KNUDIEKS C P V V A
- H G L A SV VYV HTIEKWMTI KA AATL * * L
- M VvV *P AWWU FTIOQIK * Q KL P C S S C

8761 - GCTATCATTACAARGAGAGATTGGTTTCATAGTGCCTGGCTTACCGGGTACTGTGCTGAGA - 8820
-A I I TRUETIGU F I VP GUL P GT VvV L R
- L $ L QE RULV S$ * CLAY RV L C* E
- Y H Y KR DWFH S A WIL TG Y C A E S

8821 - GCAATCAATGGTGACTTCTTGCATTTTCTACCTCGTGTTTTTAGTGCTGTTGGCAACATT - 8880
-A I NGDF L HFL PRV F S AV GG NI
- 0§ MVTSCTIU FYULV/FULVLLATTF
- N Q W * L L A F ST SCU F*COCWOQOHL

8881 - TGCTACACACCTTCCAAACTCATTGAGTATAGTGATTTTGCTACCTCTGCTTGCGTTCIT - 8940
-¢cC Y T™&pPS K LI EY SDV FA ATSACV L
- AT HUL PNSUL SIVIULIL PLL ATFL
- L T FQTWHBH* V> * F CY L CULIR S C

8941 - GCTGCTGAGTGTACAATTTTTAAGGATGCTATGGGCAARACCTGTGCCATATTGTTATGAC - 9000
-A A ECTTI F KD AMGI KU©PV PY C YD
- L L $V(QFLRMILWANTLTCHTIUWVVMT
- c *v YNF * G CY GOQTCATIULTL * H

9001 - ACTAATTTGCTAGAGGGTTCTATTTCTTATAGTGAGCTTCGTCCAGACACTCGTTATGTG - 9060
-T N L L EG S I S Y S ELRU®PUDTRYV
- L 1 ¢C*RVY L FLIVSFVQTULUVMSEC
- * F ARG FY FUL * * A S S RUH S L CA

9061 - CTTATGGATGGTTCCATCATACAGTTTCCTAACACTTACCTGGAGGGTTCTGTTAGAGTA - 9120
-L M DG S I I Q F PNTYULUEG G SV RV
- L WMV ?PSY S FLTULTWRV L L E *
- Y G W F HHTV S * HL P GG FC * § 8§

9121 - GTAACAACTTTTGATGCTGAGTACTGTAGACATGGTACATGCGAAAGGTCAGAAGTAGGT - 9180
-v T T F DA RE Y CRUHGTTCEIR S E V G
- * 9L L ML STV DWMUVUHEAIKGIQZEK * V
- N N F *C * V L * T W Y MR KV R S R Y

9181 - ATTTGCCTATCTACCAGTGGTAGATGGGTTCTTAATAATGAGCATTACAGAGCTCTATCA - 9240
-1 ¢ L $S T S G R W VL NNEHY R AL S
- FA YL PVV DG FULTIMSTITETLYQ
- L P I Y QW *M G S * * *¥ A L @ S S I R
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9241 - GGAGTTTTCTGTGGTGTTGATGCGATGARTCTCATAGCTARCATCTTTACTCCTCTTGTG - 9300
-GV F CGVDAMNILTIANTIUFT?®PILYV
- EF $VVLIMZPR®*TIS* L TSULUILILTILTC
- S F L WC®*CUDESHS*HUL Y S§ S§ CA

9301 - CAACCTGTGGGTGCTTTAGATGTGTCTGCTTCAGTAGTGGCTGGTGGTATTATTGCCATA - 9360
-Q PV GAL DV SASVVAGGTITIA ATI
- N L WVL*MYM CLUL Q * WL V VL L P Y
- T ¢ G CFRCVCF S S GWW Y Y CHI

9361 - TTGGTGACTTGTGCTGCCTACTACTTTATGAAATTCAGACGTGTTTTTGGTGAGTACAAC - 9420
-L vT CAOAYYFMI KT FURRVFGE YN
- ¥+ LvVvdiL.?PppTTTUL * NS DVF LV S TT
- G bL CCULUL L YETIOQTTZ CT FW®*V QP

9421 - CATGTTGTTGCTGCTAATGCACTTTTGTTTTTGATGTCTTTCACTATACTCTGTCTGGTA - 9480
-B vvVvaAANALUL FLMS FTTIULCULV
- ML LLLMUHBPFCF*CULSUL Y S VWY
- c c¢cc¢cc¢c**CcCcT FVFDVF HYTUL S GT

9481 - CCAGCTTACAGCTTTCTGCCGGGAGTCTACTCAGTCTTTTACTTGTACTTGACATTCTAT - 9540
-PAY S FL PGV Y SV F Y LY L TF Y
- QL TAV FCRUEZSTW®QQSUFTZ CT* H 8§ I
- s L.QL S A G SLUL SL L L VL DTILF

9541 - TTCACCAATGATGTTITCATTCTTGGCTCACCTTCAATGGTTTGCCATGTTTTCTICCTATT - 9600
- T NDV S F L AUHLZGQWZFAMMTEFS P I
- $ pPMMFHS WL TFNGTIL?PC CT FTULULL
- H o * CF I L GS P S MV CHV F S YC

9601 - GTGCCTTTTTGGATAACAGCAATCTATGTATTCTGTATTTCTCTGAAGCACTGCCATTGG - 9660
-V P F W I TATI YV F CTIS L KHCH W
- ¢ L P G *Q g S MY SV FL *» ST ATIG
- AF L DNSNUILTCTIULYVFSEWA AULU?PTILUV

9661 - TTCTTTAACAACTATCTTAGGARARAGAGTCATGTTTAATGGAGTTACATTTAGTACCTTC ~ 9720
-F F NNYLRIKW RVM FNGV T F S5 T F
- L TTTIULG K ES CLMETLUHILV P S
- L * QL s *»E K S HV *W S Y I * Y L R

9721 - GAGGAGGCTGCTTTGTGTACCTTTTTGCTCAARCAAGGAAATGTACCTAAAATTGCGTAGC - 9780
-EEAAL CTUPF L L NI KEMYTUL KL R §
- R R L L CV?PPFCSTW RI KT CT®*NTZCV A
- G G CFVYL FAQQGNV P KTIA *¥R

9781 - GAGACACTGTTGCCACTTACACAGTATAACAGGTATCTTGCTCTATATAACAAGTACAAG - 9840
-E T L L P L T Q Y N R Y L A L Y N K Y K
- RHCCHUL H S TITSGTIULIU LY I T S T S
- D T VATYT TV * Q VS C s I * Q V QV

9841 - TATTTCAGTGGAGCCTTAGATACTACCAGCTATCGTGAAGCAGCTTGCTGCCACTTAGCA - 9900
-Y F §$ G AL DTTS S YR EA AA ATCTCHTIL A
- I s v E P * I L P AI V KOLAAT * Q
- F Q wWSsS L RY Y QUL S *S S L L P L S K

9901 - ARGGCTCTARATGACTTTAGCARCTCAGGTGCTGATGTTCTCTACCAACCACCACAGACA - 9960
-K A L NDVF S NS GADUV LY Q P P QT
- R L *MTUL AT QVL M F S TNUHHRH
- G 5§ K *L * QL RC™*CS UL P TTT DI

9961 - TCAATCACTTCTGCIGTTCTGCAGAGTGGTTTTAGGAAAATGGCATTCCCGTCAGGCAAA - 10020
-5 1 TS A VL Q@ S G F R KMAUF P S5 G K
- ¢ s L L L F CRV VL G EKWHZ SR QA K
- N H F CC S AEWT F* ENGTI P V R Q S

10021 - GTTGAAGGGTGCATGGTACARGTAACCTGTGGAACTACAACTCTTAATGGATTGTGGTTG - 10080
-VEGCMVQVTCGTTTIULNGTLWIL
- L K 66 A WYX * PV ELQULUL MUDTCG W
- *R VH 6T S NL WDNYNS * W I V VG
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10081 - GATGACACAGTATACTGTCCAAGACATGTCATTTGCACAGCAGAAGACATGCTTAATCCT - 10140
-DDTV Y C?PRUHVICTA AETIDMMLNFP
- M T QY TV QDMSFAQOQQKTZ CILTIIL
- * § § I L §$ K T C HUL H S R RUHA * 5 *

10141 - AACTATGAAGATCTGCTCATTCGCAAATCCAACCATAGCTTTCTTGTTCAGGCTGGCRAT - 10200
-N Y EDUL L I RKSNUHSF UL V QA G N
- TM K I ¢C S FANUPTIAZFTULFRULAWM
- L-* RS A H S QI Q&P * LS CZSGWOQTC

10201 - GTTCAACTTCGTGTTATTGGCCATTCTATGCAARATTGTCTGCTTAGGCTTAAAGTTGAT - 10260
-V Q¢ L RV I GH S MOQNTCLTILRILIKVD
- F N FVLVLATIULTCI KTIWVCILSGIULIZ KILTI
- S T S C Y WZPVFYAI KULSA*A * 5 * ¥

10261 - ACTTCTAACCCTAAGACACCCAAGTATAAATTTGTCCGTATCCAACCTGGTCARACATTT - 10320
-T $ NP K TP K Y KFVRTIOQZPGQTF
- L L TLRHPS I NILSV S NILVKIHTF
- F *» P * DT QV * I C©PYPTWSNTITF

10321 - TCAGTTCTAGCATGCTACAATGGTTCACCATCTGGTGTTTATCAGTGTGCCATGAGACCT - 10380
-$ VL ACYNGS SU?PSGVY (QCAMRBRTPE
- ¢ F *HATWMUVHHLV FI SV P * DL
- S $ S ML QWU FTIWTCULSV CHET *

10381 - AATCATACCATTAAAGGTTCTTTCCITAATGGATCATGTGGTAGTGTTGGTTTTAACATT - 10440
-N HTI XK G S F L NGSCG SV G F NI
- I I P L KVL SLMUDUHBHV YV VL VLTL
- S YH * RFF P *WIMWO®*TCWUF * H *

10441 - GATTATGATTGCGTGTCTTTCTGCTATATGCATCATATGGAGCTTCCAACAGGAGTACAC - 10500
-DYDOCV S F CYMHBHMETLUZPTG V H
- I M I ACL SATITCTITIWSFOQQEYT
- L * L RV FLL YAS Y GGASNUZ RS TR

10501 - GCTGGTACTGACTTAGAAGGTAAATTCTATGGTCCATTTGTTGACAGACRARCTGCACAG - 10560
-A G T DL E G K F Y G P F V DURQTAQ
- L VLT K VNSMUVHLLTUDKTLHR
- W Y *» L R R * I L W S TITC* QTINUZ CTG

10561 - GCTGCAGGTACAGACACAACCATAACATTAAATGTTTTGGCATGGCTGTATGCTGCTGTT - 10620
-A A G TODTTTITULNUVILAWTILYAA AV
- L gVveQgT™QU©P>*H *MF WHGCMTILTUL L
- C R Y RHNUBHNIIKTCFOGMAVCCTCY

10621 - ATCAATGGTGATAGGTGGTTTCTTAATAGATTCACCACTACTTTGAATGACTTTAACCTT - 10680
~-I NG D RWPF UL NIRRT FTTTTILNDIFUNIL
- §$ MVI1IG66GGPFL I DS PL L *MTIULTL
- Q W * * vy v § * * I HHY F E * L * P C

10681 - GTGGCAATGAAGTACAACTATGAACCTTTGACACAAGATCATGTTGACATATTGGGACCT - 10740
-V A MK YNYEUPLTOQDHUV DTIULSGEP
- wgQ+*sT™T™MMNIL®*HXKIMTILTY WD L
- G NE V QL *TF DT RS C>* H I GTS

10741 - CTTTCTGCTCAAACAGGAATTGCCGTCTTAGATATGTGTGCTGCTTTGAAAGAGCTGCTG - 10800
-L $ AQTG I AV L DMTCA AR ATLIZ KETLITL
- ¥F L L KQ EL PSS *I CVL L * K S CC
- F C S NRNICRUILWIRYV CCTFUERA AHANA

10801 - CAGAATGGTATGAATGGTCGTACTATCCTTGGTAGCACTATTTTAGAAGATGAGTTTACA - 10860
-0 NGMUNGRTTIULSGSTTITULETDETFT
- RMV *MVVLI SLVALTF* KMSL H
- E W Y E W S Y Y P W * HY F RR * V YT

10861 - CCATTTGATGTTGTTAGACAATGCTCTGGTGTTACCTTCCAAGGTAAGTTCAAGAAAATT - 10920
-P FDVVRQCS GV TV FQG K F K K I
- H1L M L L DDNALUVILUZPS K VS S RKL
- 1 *Cc¢C*T ML WCYUL PR * V Q ENTC
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10921 - GTTAAGGGCACTCATCATTGGATGCTTTTAACTTTCTTGACATCACTATIGATTCTTGTT - 10880
-V K G T HHWMULLTFULTSUL UL I ULV
- L RALI I GCU?F *L S *HHY * F L F
- * G H S$SSsS L DATFNU FULUDTITTIUDSC S

10981 - CARAGTACACAGTGGTCACTGTTTTTCTTTGTTTACGAGAATGCTTTCTTGCCATTTACT - 11040
-Q S T QWS L F FFVYENATFTLU®PTFT
- K VH S GH CF S§L FTIRMUILS S CHTILL
- K Yy T vv TV VvV FULCULRETCT FTLATIYS

11041 - CTTGGTATTATGGCAATTGCTGCATGTGCTATGCTGCTTGTTAAGCATAAGCACGCATTC - 11100
-L 6 1 M A I AACAMILILUVIKUHI KU HATF
- L VL WQULL HVLOCO CTLULSTISTHS
- WY Y G NCCMCYA A AC™* A * A RIL

11101 - TTGTGCTTGTTTCTGTTACCTTCTCTTGCAACAGTTGCTTACTTTAATATGGTCTACATG - 11160
-1L ¢CL FLL P SLATUVAY FNMVYM
- CACPFCYULLL 0 OQOQUL L TUILI WS TC
- vV L v SsSvVvVv T F S35 CNJSCULUL™* Y G UL HA

11161 - CCTGCTAGCTGGGTGATGCGTATCATGACATGGCTTGAATTGGCTGACACTAGCTTGTCT - 11220
-P A S WV MPRIMTWILET LZ®2ADTS L S
- L L AG®*¥CVS *HGULUNWILTIULATCIL
- c *L G DAY HDMA®*XTISG*H * L VW

11221 ~ GGTTATAGGCTTAAGGATTGTGTTATGTATGCTTCAGCTTTAGTTTTGCTTATTCTCATG ~- 11280
-G Y RL KD CUVMYASALUVILULTIIL M
- V1 G66GLRIUVLCMULOQUL* F CULTF S *
- L *A * G L CYVCVF S F S F A Y S HD

11281 -~ ACAGCTCGCACTGTTTATGATGATGCTGCTAGACGTGTTTGGACACTGATGAATGTCATT - 11340
-T A RTV Y DDA AARI RVWTTILMNUVI
- Q LAL FMMMULULDVZEFEGH™* * M S L
- S s Hwc&L ** CC=*TTCULUDTUDETCHY

11341 - ACACTTGTTTACAAAGTCTACTATGGTAATGCTTTAGATCAAGCTATTTCCATGTGGGCC - 11400
-T L V Y KV Y Y G NATULUDIGQATI S MWA
- B L P TKSTWMVMIL *I KL F P CGP
- T ¢C L Q $S L L W *¥CVF RS S Y FHVGL

11401 - TTAGTTATTTCTGTAACCTCTAACTATTCTGGTGTCGTTACGACTATCATGTTTTTAGCT - 11460
-L v ISV TSNYSGVVTTTIMMTEFTL A
- * L F L * p L T IULV SLURULSTCT F * L
- s YFfFF CNIL*L FWCURYDYHV F S5 *

11461 - AGAGCTATAGTGTTTGTGTGTGTTGAGTATTACCCATTGTTATTTATTACTGGCAACACC - 11520
-R A I VFVCVEYY?PULU L FTITG GNT
- EL * ¢CL CVL S ITUHTZCYULULILATP
- s Y s v ¢cvce *vV L P I VI Y Y WQHUL

11521 - TTACAGTGTATCATGCTTGTTTATTGTTTCTTAGGCTATTGTTGCTGCTGCTACTTTGGC - 11580
-L g ¢C 1 ML VY CUPFULGYCTCT¢ CTCYFG
- Yy sv s cLFI VS *A IV AAATTLA
- T v Y HACULULV FULIRULULIILILIULULTILWEP

11581 - CTTTTCTGTTTACTCAACCGTTACTTCAGGCTTACTCTTGGTGTTTATGACTACTTGGTC -~ 11640
-L FCLLNRYVFRULTULGV Y DY ULV
- F SVvyYys? TV TSGL L LV FMTT W S
- F L F T QP LVLQAY S WOCUL * L L G L

11641 - TCTACACAAGAATTTAGGTATATGAACTCCCAGGGGCTTTTGCCTCCTRAAGAGTAGTATIT - 11700
- T QEFRYMUNSQGILTLU®PUZPIKS S I
- L HKNULGI * TPURGUFCULUL RV VL
- Yy T R I *V Y ELPGAUFAS * E * Y *

11701 - GATGCTTTCAAGCTTAACATTAAGTTGTTGGGTATTGGAGGTAAACCATGTATCAAGGTIT - 11760
-DAF KL VNTIIKULILGTEIGSGIKU®©POCTITKWV
- M L §$ S L TVL S CWVL EVNUHUV S RIL
- C F QA * H *V VGY WR*TMY QG C
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11761 - GCTACTGTACAGTCTAAAATGTCTGACGTAAAGTGCACATCTGTGGTACTGCTCTCGGTT - 11820
-4 T V 0 S KM SDVI KT CTSUVVLILSV
- L L Y S L KCULT* S A HUILWYCSRF
- Y C TV * NV * RKUVHTIOCGTA ATILG S

11821 - CTTCAACAACTTAGAGTAGAGTCATCTTCTAAATTGTGGGCACAATGTGTACAACTCCAC - 11880
-L 0 QL RV ESSSKTULTWATQ QT CUV QUL H
- F N NLE * S HUILILNTGCGIUHNUVYNST
- 8§ TP T * S R VI F *1I VG TMTCTTPOQ

11881 - AATGATATTCTTCTTGCAARAAGACACAACTGAAGCTTTCGAGAAGATGGTTTCTCTTTTG - 11940,
-N D I L L A XKDTTTEUR BT FTEI KMV VS STLL
- M I F FL QKT OOULXKTULSU RU RUWTE EFTULTFTC
- + Y S S CKURHN™*S FZREUDGTFSTF V

11941 - TCTGTTTTGCTATCCATGCAGGGTGCTGTAGACATTAATAGGTTGTGCGAGGAAATGCTC - 12000
-$ VL L S M Q GAV DIUNZ RILTECETEMIL

L F CYPCRVYUL*TTULTIGT CA AT RIEKTCS
- C F AR I KEKAGT CT CRIHEH®* * V VRGNV NA AR

12001 - GATAACCGTGCTACTCTTCAGGCTATTGCTTCAGAATTTAGTTCTTTACCATCATATGCC - 12060
-DNRATULOQATIASTETFSSIL P S Y A
- I TV LLFFRULILULOUNIULUV L Y HHMSE?P
- * P C Y S S G Y CPFRTIO*T FPFPTTITICHR

12061 - GCTTATGCCACTGCCCAGGAGGCCTATGAGCAGGCTGTAGCTAATGGTGATTCTGAAGTC ~ 12120
-A YA T AOTEWA AYTEGOQ®RaAVANTGT DS STEUV
- L M PL PRI RPMS ST RIL®*ILMVTITULEK S
- L CHC?PGGTUL *AGTC CS * W * F *» S R

12121 - GTTCTCAAAAAGTTAAAGAAATCTTTGAATGTGGCTAAATCTGAGTTTGACCGTGATGCT ~ 12180
-V L K KL K K S LNV ARZEKSETFUDZ RTDA
- F S K S * RNL *MWULNTUILJSTILTV ML
- 8§ Q KV KZETIT FUET CG®* I *x VvV * P *x C C

12181 - GCCATGCAACGCAAGTTGGAARAGATGGCAGATCAGGCTATGACCCAARTGTACRAACAG - 12240
-A M QR KUILETI KMADG QA AMTOQQMTY K Q
- P CNA S WI KU RWOQTIU®RTILT™*UPI KT CTNR
- H A T QV G KD GRS G Y DUPNUVIOQTG

12241 - GCAAGATCTGAGGACARGAGGGCRAAAGTAACTAGTGCTATGCAAACAATGCTCTTCACT - 12300
-A R S ED KU RAIKUVYVTSAMOQTMTLTFT
- QDL RTH RGO QI X * L V LCZ KT G QT CS S S L
- XK I * G Q E G K S N * C Y A NINA ATLH Y

12301 - ATGCTTAGGAAGCTTGATAATGATGCACTTAACAACATTATCAACAATGCGCGTGATGGT - 12360
-M L R KL DNUDA ATLNDNNU NTITIWNNA AT RTDG
- ¢L 6 S L I MMH4LTTTUILSTMTZ RVMUV
- A * EA * *» * C T * 0 HY QOTC CH A * W L

12361 - TCTGTTCCACTCAACATCATACCATTGACTACAGCAGCCAAACTCATGGTTGTTGTCCCT - 12420
-cCc VvV P L NI I PLTTA AAZEKTLMVV VP
- V FH S TS YUH*LQOQUPNSWILIL S L
- C S T QHUHT I DY S S QTUHGTCTC P *

12421 - GATTATGGTACCTACAAGAACACTTGTGATGGTAACACCTTTACATATGCATCTGCACTC - 12480
-DY 6 T Y KNTZ CDGN NTT FTY& aASA AL
- I MV PTI RTULV VMUV TPTILUHMMUHETLH S
- L WYL QEUHTL®*W*HUL Y ICTIUT CTL

12481 - TGGGAAATCCAGCAAGTTGTTGATGCGGATAGCAAGATIGTTCAACTTAGTGARATTAAC - 12540
-WE I Q OV VDA ADSI KTIVOTLSTETIN
- G K S S KL L M®RTIARTLTENTILUVIEKTLT
- GNP A SC* C G * QDI CST * * N * H

12541 - ATGGACAATTCACCAAATTTGGCTTGGCCTCTTATTGTTACAGCTCTAARGAGCCAACTCA - 12600
-M DN S PNUILAUWU PILTIVTA ATLUZ RIANS
- W T I HQ I W L GULULULULU QUL *EU&PTQ
- G Q F T KFGLAS VY C Y S S K S QUL S
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12601 - GCTGTTAAACTACAGAATAATGAACTGAGTCCAGTAGCACTACGACAGATGTCCTGTGCG - 12660
-A V KL Q NNEULSPVALIZ RI QOQMSTCA
- L L N YQRTIMN®*UVQ *HY DU RTCZPUVR
- ¢ * T TE®™* * TESSSTTTTUDUVTILTCG

12661 - GCTGGTACCACACAAACAGCTTGTACTGATGACAATGCACTTGCCTACTATAACAATTCG - 12720
-A G T T QT ACTUDUDU N AL BAY Y NN S
- L VP H KQULVLMTMUHELUEPTTITTIR
- W Y H T NS LY * * Qg CTOCULUL * QF E

12721 - BAGGGAGGTAGGTTTGTGCTGGCATTACTATCAGACCACCAAGATCTCAAATGGGCTAGA - 12780
-K G G R F VLATULTULSTUDU HZ QDTLIE KW AR
- REV G L CWUH Y YO QQTTI KTI S NGTULD
- G R *V CAGTITTIU RUEPUZPRSQMG * I

12781 - TTCCCTRAGAGTGATGGTACAGGTACAATTTACACAGAACTGGAACCACCTTGTAGGTTT - 12840
-FP P KSDGTSGTTIVYTZETLTETPTPTCTRTFEF
- $ L RV MUV QVOQOQFTU QNWDNUHTLVGL
- P * E * WY RYUNUILUHRTGTTUL * V C

12841 - GTTACAGACACACCARAAGGGCCTAARAGTGAAATACTTGTACTTCATCAAAGGCTTAAAC - 12900
-V T DT P K G P K V K VY LY FTIZ KGTULN
- L 0T HQ K GL K * NTU CTS S KA * T
- Y R HT KRAT* S8 E I L VL HQURTILIKQ

12901 - AACCTARATAGAGGTATGGTGCTGGGCAGTTTAGCTGCTACAGTACGTCTTCAGGCTGGA - 12960
-N L NR GM VLG SLAARATUV VU RILOGQA AG
- T * T E VWOCWA AUV * L L QY V FRTULE
- P K *RY GAGU QT FSCUYST S S G WK

12961 - AATGCTACAGAAGTACCTGCCAATTCAACTGTGCTTTCCTTCTGTGCTTTTGCAGTAGAC - 13020
-N A TEV PANSTUVL ST FCATFA AUVD
- ML Q K YL P I OQULTGCU FPSVILULOQ®™*T
- ¢ YRS T COQT FNTCUBATFTULULTC CT FTCS SR TP

13021 - CCTGCTAAAGCATATAAGGATTACCTAGCAAGTGGAGGACAACCAATCACCAACTGTGTG - 13080
-P A K A Y KDY L ASGG GO QU©PTITNTC GCUV
- L L K H I RI T * Q V EDNUG QS P T V *
- CcC * 8§ 1 * 6 L P S K WU RTTNU HGOQOTLCE

13081 - AAGATGTTGTGTACACACACTGGTACAGGACAGGCAATTACTGTAACACCAGAAGCTAAC - 13140
-K M L C T HTGTG QA ATI TV T PEAR RN
- R CCV HTULV QDU RUOQULUL * H QK KTULT
- DV V Y THUWY RTSGNYTCNTWR RS * H

13141 - ATGGACCAAGAGTCCTTTGGTGGTGCTTCATGTTGTCTGTATTGTAGATGCCACATTGAC - 13200
-M DQE S F GGAJUSCCULYTCRT CHTITHD
- W T K S ?PLVVILUHVVCI VDA ATTLT
- G PRV L WWC FMULSV L * MUPH * P

13201 - CATCCAAATCCTAAAGGATTCTGTGACTTGARAGGTAAGTACGTCCAAATACCTACCACT - 13260
-3 P NP KGF CDULIKGI XYV QQT1IUPTT
- I ¢ I L K Dbs§s VT *E KUV ST S KTVYTULZPL
- S K S * R I L * L ER * V RPNT Y HL

13261 - TGTGCTAATGACCCAGTGGGTTTTACACTTAGAAACACAGTCTGTACCGTCTGCGGAATG - 13320
-C A NDU&PUVGFTULT®RNTUVCTUVCG M
- VL MTOQWVULHTU LETT QS SV P S AZEC
- ¢ * * P S G F YT * KH S L Y R L RNV

13321 - TGGAAAGGTTATGGCTGTAGTTGTGACCRACTCCGCGAACCCTTGATGCAGTCTGCGGAT - 13380
-W K G Y G C S CDOTZ LU RETZPTILMZG QSR ATD
- G K VMAV VUV TUNJZSZ BNZPZ®*TCSULIRM
- ERL WUL * L * P TZPU RTULUDA AVTCGC

13381 - GCATCAACGTTTTTAAACGGGTTTGCGGTGTAAGTGCAGCCCGTCTTACACCGTGCGGCA - 13440
-A S T FULNGTPFPFAUV *V QFPVIL HRARA
- HQ R F * T GL R CIKTCSU®P S YTV RH
- I NV FKURUVCGVSAARTILTUPTZCGT
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13441 - CAGGCACTAGTACTGATGTCGTCTACAGGGCTTTTGATATTTACAACGAAAAAAGTGCTG - 13500
-0 AL VLMSSTGULULTIU FTTI KI KVL
- RH*Y * CRLOQOGT F™* YL QRIKIKZCW
- G TS TODUVV Y RAZFDTIVYNEIZ KT SAG

13501 - GTTTTGCAAAGTTCCTAAAAACTAATTGCTGTCGCTTCCAGGAGAAGGATGAGGAAGGCA - 13560
-V 1L Qg SsS s * KL I AV A S RIRIRMRBRIEKA
- FC KV PKN* L L SLPGETG™*G R Q
- F A K FULKTWNTZ CT CZ RZ FOQEI KT DEEGN

13561 - ATTTATTAGACTCTTACTTTGTAGTTAAGAGGCATACTATGTCTAACTACCAACATGAAG - 13620
-I vy *»TT9L UL * L R G I L CULTTNMK
- F I RLLLCS$S *EAYJYV *L P T * R
- L L DS YFVVKRUHTMZSNYQ H EE

13621 - AGACTATTTATAACTTGGTTAAAGATTGTCCAGCGGTTGCTGTCCATGACTTTTTCAAGT - 13680
-R L F I TWULKIVQRILILSMTTF S 8
- bDYL *L G*RL SS GCCU®P*LF QV
- T I Y N L V K D CZPA AV AV HDTVFTFKF

13681 - TTAGAGTAGATGGTGACATGGTACCACATATATCACGTCAGCGTCTAACTAAATACACAA - 13740
-L E *M V T WY H I Y HV SV *¥ L NTQ
- * S RW * HGTTYTITSASN*TIHN
- R v D GDMV P HTI SR QRULTIEKYTM

13741 - TGGCTGATTTAGTCTATGCTCTACGTCATTITGATGAGGGTAATTGTGATACATTAAAAG - 13800
-W L I * S MUL Y VI L MRV I VI H * K
- G * F S$SLCST SV Y **¢G * L *Y I KR
- A DLV YAULRUHZFDESGUNU CDTTULKE

13801 - AAATACTCGTCACATACAATTGCTGTGATGATGATTATTTCAATAAGAAGGATTGGTATG - 13860
-K Yy s s g T7T1AVMMTITIU STII R RTIGWM
- NT R H I QL L * * * L F Q * E G L V *
- I L v TYNTZ CTCDUDUDYFNI KI KUDWYD

13861 - ACTTCGTAGAGAATCCTGACATCTTACGCGTATATGCTAACTTAGGTGAGCGTGTACGCC - 13920
-T § * R I L T S Y A Y MULT * V S V Y A
- L RRES*HULTURTIOC®X*XTLU R * A CT P
- F v EN P DI L R VY ANULGER V R Q

13921 - AATCATTATTAAAGACTGTACAATTCTGCGATGCTATGCGTGATGCAGGCATTGTAGGCG - 13980
-N HY * R L YUNSAMULTCUVMOQATL * A
-1 1 I KDCTIULURUCGCYOA*CURUHTCR RR
- $ L L K T™VQ/FCDAMIRIDA AGTIUVGUV

13981 - TACTGACATTAGATAATCAGGATCTTAATGGGARCTGGTACGATTTCGGTGATTTCGTAC - 14040
-y *» 4 * I I R I L M G T G T I S V I S Y
- TD IR *S G S *WETU LUV RZFR* F RT
- L T L DN QDTILNGNWY DF G D F V Q

14041 - AAGTAGCACCAGGCTGCGGAGTTCCTATTGTGGATTCATATTACTCATTGCTGATGCCCA - 14100
-K *H QA AETFULUL WIHTITUHTC™*CUP
- $ S T RULU RS S Y CGF I L L I A DAH
- vV A PGCGVPI VDS Y Y S L L M PTI

14101 - TCCTCACTTTGACTAGGGCATTGGCTGCTGAGTCCCATATGGATGCTGATCTCGCARAAC ~ 14160
-§ S L *L GHWILUL S P I WMILTIS QN
- P HFD*GI G C*VPY GC * S RKT
- L T L TRALAAZESUHMDA ADTLAIKP

14161 - CACTTATTAAGTGGGATTTGCTGAAATATGATTTTACGGARGAGAGACTTTGTCTCTTCG - 14220
-H L L S G I C*NMTIULRIKI RDUFV S S
- T Y * VvV G FAETI*¥FY GRUETIUL S§ L R
- L I K WwWDULUL K Y DUF T EU EIRTULUCTULTF D

14221 - ACCGTTATTTTARATATTGGGACCAGACATACCATCCCAATTGTATTAACTGTTTGGATG - 14280
-T v I L NI GGTURUHTTIUPTI VLTV WM
- P L F*I L GPODTI?PS QLY * L F G *
- R Y F K Y WD QT Y HU©PWNUCTIWNTZCTULDTD
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14281 - ATAGGTGTATCCTTCATTGTGCAARACTTTAATGTGTTATTTTCTACTGTGTTTCCACCTA - 14340
-1 G Vs FIVQTILWMZCYUFULULCTFHL
- * VY pPSLCI KUL*CVIV FYZ CVSTY
- R C I LHCANVFNUVLUFSTUVZFPUPT

14341 - CAAGTTTTGGACCACTAGTAAGARAAATATTTGTAGATGGTGTTCCTTTTGTTGTTTCAA - 14400
-0 VL DH * * E KYL *MVFUL L L F Q
- K FWTT S K KWNTICRWICSUFCTZCTFN
- S F G P L VRIKTIU FVDGV P FVV ST

14401 - CTGGATACCATTTTCGTGAGTTAGGAGTCGTACATAATCAGGATGTAAACTTACATAGCT - 14460
-L pTr1i1 FvVvVs§s *E S Y I IRM®*T Y I A
- WwWI pPF S * VRSURT®*S G CIKULT * L
- G Y HFREULGV VHNIQDV NLUHS S

14461 - CGCGTCTCAGTTTCAAGGAACTTTTAGTGTATGCTGCTGATCCAGCTATGCATGCAGCTT - 14520
-RV SV S RNPF *CMILIULIOQILCMOQTL
- A S Q FQ GGTUFsvVvVcCcCC?*SsS § Y A C S F
- R L S F KEUL L VY AADUPAMUBHEAARAS

14521 - CTGGCAATTTATTGCTAGATAAACGCACTACATGCTTTTCAGTAGCTGCACTAACAARCA - 14580
-L A I Y C* I NALEAUZFOQ* L H* QT
- W Q FP I A R * THYMULUF S S C TN K Q
- G N L L L DK RTTZ GCUF SV A AILTNN

14581 - ATGTTGCTTTTCAAACTGTCAARACCCGGTAATTTTAATAARAGACTTTTATGACTTTGCTG - 14640
-M L L F KL S NPV IL I KTV FMTL L
- ¢ CF SNCQTW R™*F * *» RUL L * L CC
- vV A F ¢ T VvV K P GNF NI XDV F Y D F AV

14641 - TGTCTAAAGGTTTCTTTAAGGAAGGAAGTTCTGTTGAACTAAAACACTTCTTCTTTGCTC - 14700
-C L KV S LREXKEWVULLN™*NT S S L L
-V * R ¥F L * G R KU FC~* T KTULILIULC S
- S K G F F K E S S Vv EL KHF F F A Q

14701 - AGGATGGCRACGCTGCTATCAGTGATTATGACTATTATCGTTATAATCTGCCAACAATGT - 14760
-R M ATULL s v I MTTITIUVIICZQOQC
- 6 W QRCYQ*L * L L S L * S A NNV
- b G NAAISDYDY YR Y NILU PTWMYWC

14761 - GTGATATCAGACAACTCCTATTCGTAGTTGAAGITGTTGATAAATACTTITGATTGTTACG - 14820
-v I s bN S Y 5 *L KL LTIWDNTULTIVT
- Yo TT?&TU©PTIURS*S C* * I L * L L R
- Db I R QL L FVVEV VDI KYFDT CYD

14821 - ATGGTGGCTGTATTAATGCCAACCAAGTAATCGTTAACAATCTGGATARATCAGCTGGTT - 14880
-M VAV L MUPTIK* S5 L TTIWTINZOQOTILUV
- WWULY *CQPSNI R™*¥QS G * I S WF
- G G C I NANJOQVIUVNNINILDI KSATGTFEF

14881 - TCCCATTTAATAAATGGGGTAAGGCTAGACTTTATTATGACTCAATGAGTTATGAGGATC - 14940
-$§$ HL I NGVRULDV FTIMTZQ®* VMR RI
- p I *» *M G *¥ G * T UL L * L N EL * G S
- P F N KW G KOARULYY DS MS Y E D Q

14941 - ARGATGCACTTTTCGCGTATACTAAGCGTAATGTCATCCCTACTATAACTCAAATGAATC ~ 15000
-KMHF S RIUL S VM S S L L *L K * I
- R CT F RV Y * A * CH P Y Y NS N E S
- b AL FAYTKU RNV I PTTITQMNDNIL

15001 - TTAAGTATGCCATTAGTGCAAAGAATAGAGCTCGCACCGTAGCTGGTGTCTCTATCTGTA - 15060
-L S M P L VU RIELAZP*L V S L SV
- *v CH™* C K E *S S HR S WCUL Y L *
- K Y A I s A KNI RARTUV AGV S I C S

15061 - GTACTATGACARATAGACAGTTTCATCAGAARATTATTGAAGTCAATAGCCGCCACTAGAG - 15120
-v L *»9 I DS F I RNY * S Q * P P L E
- Y Y DX * TV S S E I I EV NS RUH * R
- T M T N R Q F H Q KL L K S I A ATR G
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15121 - GAGCTACTGTGGTAATTGGAARCAAGCARGTTTTACGGTGGCTGGCATAARTATGTTARAARA - 15180
-E L L W * L E QA S F T VAGTITITC*K
- $YCGNWNI KUOQVLRWILA™* Y V KN
- AT VYV 1IGTS K FY G GWHNMTLIKT

15181 - CTGTTTACAGTGATGTAGAAACTCCACACCTTATGGGTTGGGATTATCCAAAATGTGACA - 15240
-L F T VM * KL HTULWUVGI I QN VT
- ¢CLQ* CRDNSTU®PYGULGUL S KM™*Q
- v Y $ DV ETU?PHULMGWD Y P KCDR

15241 - GAGCCATGCCTAACATGCTTAGGATAATGGCCTCTCTTGTTCTTGCTCGCAARCATAACA - 15300
-E PCLTCULG* W PULULFULULAWNTIIT
- S H A *¥HA *DWNGILSCSTCSOQT * H
- A M P NMILRTIMASTL VL AIRI KU HNT

15301 - CTTGCTGTAACTTATCACACCGTTTCTACAGGTTAGCTAACGAGTGTGCGCARGTATTRA - 15360
-L AV TYHT'TVSTG* L T S V R K Y *
- L L *L I T?PVFUILOQUVS * RV CAZ S IK
- Cc ¢ NL $ HRF Y RULANETCA AZOQUV L S

15361 - GTGAGATGGTCATGTGTGGCGGCTCACTATATGTTARACCAGGTGGARACATCATCCGGTG - 15420
-V R WS CV A AAHYMILNOQV E HH PV
- *D GRV.WURULTTIOC®*TI RWNTITIR*
- EMVMCGGSULYVKU?PGGT S S G D

15421 - ATGCTACAACTGCTTATGCTAATAGTGTCTTTAACATTTGTCAAGCTGTTACAGCCAATG - 15480
-M L Q L LMIL IV S LTV F VXL L Q P M
- C Y NCULC* * CVL * HL S S C Y s Q C
- A T T A Y A NS V F NI COQA AV T ANV

15481 - TARATGCACTTCTTTCAACTGATGGTAATAAGATAGCTGACAAGTATGTCCGCAATCTAC - 15540
~-*M H P F OLMUVIU R®*TLTSMS A TIY
- K ¢TSS FN™* W * * DS * Q V C?P Q ST
- N AL L S TDGNI KT ADI K Y V RNTULDQ

15541 - AACACAGGCTCTATGAGTGTCTCTATAGAAATAGGGATGTTGATCATGAATTCGTGGATG - 15600
-N T G $S M S VS I EIGMTLTIMNSWM
- T QAL *V S L * K * G C * S * I R G *
- H RL Y ECLY RN RDV DHEF V D E

15601 - AGTTTTACGCTTACCTGCGTAAACATTTCTCCATGATGATTCTTTCTGATGATGCCGTIG - 15660
-s rTL T CVNISU?P* * F F L M MP L
- VL RL P A * T F L H DD S F * * CRC
- F ¥y ayYyLRIKUHUPFSMMTIULS DDAV V

15661 - TGTGCTATAACAGTAACTATGCGGCTCAAGGTTTAGTAGCTAGCATTAAGAACTTTAAGG - 15720
-¢c Al TVTMUPRIL KV ** L AL RTL R
- VL *Q *L CGS RV FS S *H * EUL * G
- C Y NS NYAAQGL VA S I KNUFIKRA

15721 - CAGTTCTTIATTATCAAAATAATGTGTTCATGTCTGAGGCAAAATGTTGGACTGAGACTG - 15780
-Q F FI I K IMOCSTCULURZOQNWVGTULRIL
- §$S L L 8 K *CVHV * G KMULD* D *
- vV LYY QNWNVFMSEAI KT CWTETD

15781 - ACCTTACTAAAGGACCTCACGAATTTTGCTCACAGCATACAATGCTAGTTAARCAAGGAG - 15840
-T L L K DL TNV FAWHSTIQC* L NKE
- P Y * R TS R I L L T AYNA AS * T R R
- L T K G P HEUFC S QHTMIULV KQG D

15841 - ATGATTACGTGTACCTGCCTTACCCAGATCCATCAAGAATATTAGGCGCAGGCTGTTTTG - 15900
-M I T CTTCULTOTIHOQE Y * A Q AV L
- *L RV PAUL PRSI KU NTII RI RIR RILTFTC
- DY vy L PpPY P DP S RIULGATGTCT FWUV

15901 - TCGATGATATTGTCAAAACAGATGGTACACTTATGATTGAAAGGTTCGTGTCACTGGCTA - 15960
-$S M I L S K Q MV HL * L K G S CH W L
- R *Y CQ NRWY T YD * KV RV T G Y
- D pilI vV KTDGTULMTIETRT FVSLATI
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15961 - TTGATGCTTACCCACTTACAAAACATCCTAATCAGGAGTATGCTGATGTCTTTCACTTGT - 16020
-L M L T HL QN ILTIU R SMTILMSUFTSC
- * ¢ L PTY KT S * S GV C*¥ CUL S L V
- DAY PLTIKHZ®PNGQEYA ADUVFHIULY

16021 - ATTTACAATACATTAGARAGTTACATGATGAGCTTACTGGCCACATGTTGGACATGTATT - 16080
-I Yy ¥NTLESYMMSLILATT CWTTCTI
- F T I H * KV T>* * A Y WP UHV G H V F
- L Q Y I R KL HDUEULTGHWMULDMY S

16081 - CCGTRATGCTAACTAATGATRACACCTCACGGTACTGGGAACCTGAGTTTTATGAGGCTA - 16140
-P * C * L M I TUPHGTGNULS F MRL
- R NA N * * * H L TV L GT * V L * G Y
- VM L T NDNTSRYWEPETFYEA AWM

16141 - TGTACACACCACATACAGTCTTGCAGGCTGTAGGTGCTTGTGTATTGTGCAATTCACAGA - 16200
-C T HHTI QS CRUL * VL VY CATIUHR
- VvV #HTTYSLAGTCRT CLT<CTIUVOQTU FTD
- Y T P HTVULQAUV GACVLCNSZSOQT

16201 - CTTCACTTCGTTGCGGTGCCTGTATTAGGAGACCATTCCTATGTTGCARGTGCTGCTATG — 16260
-L H F VAV PVLGDH S Y VA S AAWM
- FTS$LRCLY *ETTIPMILOQVLL *
- S L RCGACTIU RIRPFTLT CTZCIZ KT CZCYTD

16261 - ACCATGTCATTTCAACATCACACBAATTAGTGTTGTCTGTTAATCCCTATGITTGCAARTG - 16320
-7 M $S F Q H B TNWM*¥XTCTCULULTIUZPMEAM
- P CHFNTITITQTISVV C®* S LCIULZQSC
- H v I 8 T S H KL VL S VNUP YV CNA

16321 - CCCCAGGTTGTGATGTCACTGATGTGACACAACTGTATCTAGGAGGTATGAGCTATTATT - 16380
-P Q V VM S LM * HNCTI*EV * A II
- P RL * CH* CDTTV S RIERYETULTUILTL
- P G CDVTTDVTQLYLGGMS Y YC

16381 - GCAAGTCACATAAGCCTCCCATTAGTTTTCCATTATGTGCTAATGGTCAGGTTTITGGTT - 16440
-A S HI §$L PLVFHY VI MVIRTFIULV
- Q VT *ASH*F §I MC=™* WS G F WF
- K §$ H K P P I S FPLCANGU QUV F G L

16441 - TATACAAAAACACATGTGTAGGCAGTGACAATGTCACTGACTTCAARTGCGATAGCAACAT - 16500
-Yy T K T H VYV *A VT M S L T S MR * Q H
- I Q K HMCUROQ*QCH* L QC D S NM
- Y K NT CV G S DNV TDUFNA ATIWA AT C

16501 - GTGATTGGACTAATGCTGGCGATTACATACTTGCCAACACTTGTACTGAGAGACTCAAGC - 16560
-v I G LM LATI TV YULUPTULVLRUDS S
- * L D * C W RULUHTCOQHL Y *» E T QA
- D W T NAGD Y IL ANTT CTERTULKL

16561 - TTTTCGCAGCAGAAACGCTCAARGCCACTGAGGAAACATTTAAGCTGTCATATGGTATTG - 16620
-F §$ Q Q KR S K P L R KHIL S CHMUV L
- F RS RN AGQSH* G NT * A VI WYC
- F A A ETUL KA ATEETT FI KUL S Y G I A

16621 - CCACTIGTACGCGAAGTACTCTCTGACAGAGAATTGCATCTTTCATGGGAGGTTGGAARAC - 16680
-P L YA K Y SL TEWUNTCTIV FHGI RULE N
- B CTRSTUL* QR RTIASUI FMSOGOGW KT
- T VR E VLS DIZREILUHBLSWEV G K P

16681 - CTAGACCACCATTGAACAGAAACTATGTCTTTACTGGTTACCGTGTAACTAAAAATAGTA - 16740
-L DHH *TETMS L L VTV * L KIV
- * T T TI EQ KL ¢C L Y WUZL P CN * K * *
- R P P L NRWNYVFTGYURUV T KNS K

16741 - RAAGTACAGATTGGAGAGTACACCTTTGAAAAAGGTGACTATGGTGATGCTGTTGTGTACA - 16800
- XK Y RL E ST PL K KV TMVMILULCT
- §$ T DWW RV HL * KR * L W > CCC V Q
- v Q I G EYT T FEI KSGUDYGD AWV V YR
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16801 - GAGGTACTACGACATACAAGTTGAATGTTGGTGATTACTTTGTGTTGACATCTCACACTG - 16860
-E VL RHT S *MLV ITULOC®*HTULTUL
- RY YDTIQV ET CW™X*TLILCV DI S HTC
- G T TT Y KULNV GD Y F VLTS HTYV

16861 - TAATGCCACTTAGTGCACCTACTCTAGTGCCACAAGAGCACTATGTGAGAATTACTGGCT - 16920
-% ¢ H L V HL L * CH XK S TM™* E L L A
- N AT * CTY S S AT RALTCENYWIL
- M P L S A PTULV P QEWHY VRTITGIL

16921 - TGTACCCAACACTCAACATCTCAGATGAGTTTTCTAGCAATGTTGCAAATTATCAARAGG - 16980
-C T Q H ST S QM S FLAMILAOQTITI KR
- VvV P N T Q H LR ™* V F * Q CCZKIL S K G
- Yy P T L NTI S DEZFS S NUVANY QK V

16981 - TCGGCATGCAARAGTACTCTACACTCCAAGGACCACCTGGTACTGGTAAGAGTCATTTTG - 17040
-8 A C K STULHSKDUHUL VL V RV I L
- RHAKVILYTU®PRTTWYMW®*E S F C
- G M Q XY $TULGOQGUPUPGTG K S HF A

17041 - CCATCGGACTTGCTCTCTATTACCCATCTGCTCGCATAGTGTATACGGCATGCTCTCATG - 17100
-P $ DL L $ I THULILUL A * CTIRUHEATLWM
- HRTCSLUL P I CSH S VY G MTUL S5 C
- I1 G LALYY?PSARTIUVYTA AT CSHA

17101 - CAGCTGTTGATGCCCTATGTGARAAGGCATTAAAATATTTGCCCATAGATAAATGTAGTA - 17160
-Q L LMPY VKR RH*DNTITTC®P®*XTINUVYV
- § C*CPM™* K GIKTIUVFAHIR™*M* *
- AV DAVLCEI KA ATLI KYTLU®PTIUDI KT CS R

17161 - GAATCATACCTGCGCGTGCGCGCGTAGAGTGTTTTGATARATTCAARGTGAATTCAACAC - 17220
-E S YL RV RAS* S VL I NJSIK* I QH
- N H T CA CAURU RV F * * I Q0 S EFNT
- I1 T PARAURVETCTFDI KT FI KUVDNSTL

17221 - TAGAARCAGTATGTTTTCTGCACTGTAAATGCATTGCCAGAAACAACTGCTGACATTGTAG - 17280
-* NS M F S AL *MHHCQ K OULUL TTIL *
- R TV CF L HCIKT CTIA ARNDNINTC®*HTC S
- E QY Vv F CTVNA ARTLWU®PUZETTA ADTIWVYV

17281 - TCTTTGATGAAATCTCTATGGCTACTAATTATGACTTGAGTGTTGTCAATGCTAGACTTC - 17340
-$ L M K sSL wWULLTIMT®*VL S MTULUDTF
- L * *» ¥NL Y GY * L * L E CCQQC * T S
- F DEI S MATWDNYUDIL SV VNARTILR

17341 - GTGCAAAACACTACGTCTATATTGGCGATCCTGCTCAATTACCAGCCCCCCGCACATTGC - 17400
-V Q N T TS I L ATILTZLNY QP P A HTC
- C X TULRUL Y WURS C S I TS P P HIA
- A K HYVY I GDUPAOQTVLU®PAU©PIRTTULIL

17401 - TGACTAAAGGCACACTAGAACCAGAATATTTTAATTCAGTGTGCAGACTTATGAARACAA - 17460
-* L KA H * NQNT LTI Q CAUDTL * K Q
- D*RHTIRTW RTIUF®*XTF SV QT Y E NN
- T K 6 T 5L E P EY FNS V CRILMIE KTI

17461 - TAGGTCCAGACATGTTCCTTGGAACTTGTCGCCGTTGTCCTGCTGARATTGTTGACACTG - 17520
-* vV ¢ T C S L EL VAV VL L KILUILTL
- RS RHV PWNILSPLSC* N C * HC
- G P DMUVFUL GTCURIRZOCUPAZETV DTV

17521 - TGAGTGCTTTAGTTTATGACAATAAGCTRAAAGCACACARGGATAAGTCAGCTCAATGCT - 17580
-*Vv L * FM T I S * KHT RIS QUL N A
- ECPFSsSL*@Qg *A KSTQG* V S 8§ ML
- S AL VY DNI KU LI K AUHI KUDI K S A Q CF

17581 - TCAAAATGTTCTACARAGGTGTTATTACACATGATGTTTCATCTGCAATCAACAGACCTC - 17640
-8 K CS8S T K VL LHBEMMUEFEFHBLQS T DL
- @ NV L Q R CY YT *CUF I CNOQIQT S
- KMPFY K GV I THUDUVS S A I NI RPQ
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17641 - AAATAGGCGTTGTAAGAGAATTTCTTACACGCAATCCTGCTTGGAGAAAAGCTGTTTTTA - 17700
-K *A L * ENTF L HATITTULILGTETZ KTLTFL
- NRRCEK R I S Y TQ S5 CULEIKSTCTFY
- 1 6 VvV REU FULTIRUNU®PAWIRIKAUVFI

17701 - TCTCACCTTATAATTCACAGAACGCTGTAGCTTCAAARAATCTTAGGATTGCCTACGCAGA - 17760
-8 HL I I HRTU LOM®*ILOIKS *DCULRR
- L TL *F TEWRTZ CS S FI KN NILRTIAYAD
- S P Y NS QNAVASKTIULSGTLU®PTZQT

17761 - CTGTTGATTCATCACAGGGTTCTGAATATGACTATGTCATATTCACACAAACTACTGARA - 17820
-L L I H BHRVILNMTMMS Y S HI KIULTUL K
- C * Fr I T G VF * I * L CH I HTNY * N
- v bs $Q G S EYDYVIFTOQTTET

17821 - CAGCACACTCTTGTAATGTCAACCGCTTCAATGTGGCTATCACAAGGGCRAARAATTGGCA - 17880
-Q HTL VM ST ASMWUL S QG Q KL A
- §TL L * CQ PL QCGYHIKG KN W H
- A H S CNUVNUR RT FNVATITIRAI KTISGI

17881 - TTTTGTGCATAATGTCTGATAGAGATCTTTATGACAAACTGCAATTTACARAGTCTAGAAA - 17940
-F CAR *C1L I EI FMTNZ CNILZOGQV * K
- F VANV * * R S L * QT ATI YU KSRN
- L ¢ I M $DURUDUL YD KU LGQUFTS UL E I

17941 - TACCACGTCGCAATGTGGCTACATTACAAGCAGARAAATGTAACTGGACTTTTTAAGGACT - 18000
-Y H VA MWILHY KQ KM *L DU FULRT
- T T $ Q C G Y I TSURI KT CNWTTF * G L
- P R R NV ATULQQAZENVTGUL F K DC

18001 - GTAGTAAGATCATTACTGGTCTTCATCCTACACAGGCACCTACACACCTCAGCGTTGATA - 18060
-V VR SL LV FIULUHURHLUHTSATLTI
- ** * D H Y W $ S S§ Y T GT Y TP Q R * Y
- S K I I T G L H P T QAP T HUL S V D I

18061 - TAAAATTCAAGACTGAAGGATTATGTGTTGACATACCAGGCATACCAAAGGACATGACCT - 18120
-* NS R L KDY VL TY QAY Q R T * P
- K 1 ¢ D* R IMC®*HTURUHTKGH DL
- K F K TEGULCUVDTIU®POGTIU®PI KIDMTY

18121 - ACCGTAGACTCATCTCTATGATGGGTTTCAAAATGRATTACCAAGTCAATGGTTACCCTA - 18180
-T VDS SL * WV S K * I TK K SMV TL
- P * T HL Y DG F QNI ETILUPS QW L P *
- R R LIS MMGTFI KMNYOQVNGY PN

18181 - ATATGTTTATCACCCGCGAAGAAGCTATTCGTCACGTTCGTGCGTGGATTGGCTTTGATG - 18240
-1 ¢CL S PA K KULVFVTUVFVRGIULA AL M
- Y VY H PR RS Y S SR S CV DWL * C
- M F I T R E E A I RH VR AWTIGF DV

18241 - TAGAGGGCTGTCATGCAACTAGAGATGCTGTGGGTACTAACCTACCTCTCCAGCTAGGAT - 18300
-* RAVMQL EMULWUVLTYTU L S S * D
- R GL S CWNT™*RTCZCGY * P T S P ARTI
- E GCHA AT RIDA AV GGTNULUPULOQILGTFEF

18301 - TTTCTACAGGTGTTAACTTAGTAGCTGTACCGACTGGTTATGTTGACACTGAARATAACA - 18360
-F L QVL T * L Y RULVMULTULIEKTIT
- FYRC®*UL S S CTODWILC™* H * K * H
- s T GV NL VAV PTGY VDTENNT

18361 - CAGAATTCACCAGAGITAATGCARARCCTCCACCAGGTGACCAGTTTAAACATCTTATAC - 18420
-Q N S P ELMOQUNULHOQVY TS UL NTIIULY
- R I H QS *CI KT ST R®*U©PV * T S§ YT
- E F T RUVNA AI KU PU?PPGDOQUFKHTLTITP

18421 - CACTCATGTATAAAGGCTTGCCCTGGAATGTAGTGCGTATTAAGATAGTACAARTGCTCA - 18480
-4 58 ¢C I KA CPGMT*XCUVLR*Y KC S
- T H V * RL ALEZ CSA AY* D S TNA AQ
- L MY KGL P WNUV V RTII KTIUVQMTLS
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18481 - GTGATACACTGAAAGGATTGTCAGACRGAGTCGTGTTCGTCCTTTGGGCGCATGGCTTTG -~ 18540
-V I H * K DCQTES ST CSSFGIRMAL
- *Y T E R I VROQSR RV RUPILGAWIL *
- DT L K GL S DU RV VF VL WAUHGF E

18541 - AGCTTACATCAATGAAGTACTTTGTCAAGATTGGACCTGAAAGAARCGTGTTGTCTGTGTG - 18600
-S L HQ *STUL S RULDULEKEWRVVCWV
- A Y I NEVLCOQDWT?®* KNV LSV~
- L T S M KY FV KTIGUPEIRTT CT CULTCTD

18601 - ACAAACGTGCRAACTTGCTTTTCTACTTCATCAGATACTTATGCCTGCTGGAATCATTCTG - 18660
-T NV Q L A F L L HQ I L MUPASGTITIITL
- QT CWNULULU FYFIRYULCLULESTFTC
- K R AT CUZ FSTS SDTJY AT CWNUHS SV

18661 - TGGGTTTTGACTATGTCTATAACCCATTTATGATTGATGTTCAGCAGTGGGGCTTTACGG - 18720
-W VL T M S I THUL * L M F S S G A L R
- G F *L CL *p I Y D®* C S AV G L Y G
- G F DY VY NU P FMTIDUVQQWSCGTFT G

18721 - GTAACCTTCAGAGTAACCATGACCAACATTGCCAGGTACATGGAAATGCACATGTGGCTA - 18780
-v T F RVTMTWNTIARYMEMMU MWL
- * P §$SE * P * P TULUPGTWI KT CTTZ CSG *
- N L. Q S NH D QHCOQVHGNWA AMHV A S

18781 - GTTGTGATGCTATCATGACTAGATGTTTAGCAGTCCATGAGTGCTTTGTTAAGCGCGTTG - 18840
-V vHMUL S * L DV * Qg S M S ALUL S A L
- L »C Y HD *M F S s P *V L ¢C * A R *
- ¢c bpaAaIMT RCLAVHETCTFUV KRV D

18841 - ATTGGTCTGTTGAATACCCTATTATAGGAGATGAACTGAGGGTTAATTCTGCTTGCAGAA - 18900
-I 6L L ¥NTU1L L » EMWN®* GG L I L L A E
- L vcCc * I PY Y RR*TEG* F CUL Q K
- W s VvV EY P I I GDEULU RV NS A CRK

18901 - AAGTACRACACATGGTTGTGAAGTCTGCATTGCTTGCTGATAAGTTTCCAGTTCTTCATG - 18960
-K Y NTWUL * S L HCILILIS F Q F F M
- §$ T THGCUEVCTA ATC®* * V § 8§ 5§ § *
- V Q H M Vv Vv K $S AL LADI KU FUPV L HD

18961 - ACATTGGAAATCCAAAGGCTATCAAGTGTGTGCCTCAGGCTGAAGTAGAATGGAAGTTCT - 139020
-T L EI Q R L S$ SV CLRUL K * NG S S§
- H W XK S K GY QQVvVvCASG?*S R MEV L
- I G N P KAI KCV PQAEVEWI KF Y

19021 - ACGATGCTCAGCCATGTAGTGACAAAGCTTACAARATAGAGGAACTCTTCTATTCTTATG - 19080
-T M L $S HV VT XL T K™* RNS S IUL M
- R C S A M * *Q 5 L QN RGTULULUFULLC
- D A¢QPCSDI KA AYE KTITETETLTFY S Y A

19081 - CTACACATCACGATAAATTCACTGATGGTGTTTGITTGTTTTGGAATTGTAACGTTGATC - 18140
-L H I TINSLMUVFVCTFSGTIUVTTILTI
- Yy T™S8§ R * I H *WCULFVLETL®* R * §
- T H HDKFTDGV CULUFWNTZ CNUVWV DR

19141 - GTTACCCAGCCAATGCAATTGTGTGTAGGTTTGACACAAGAGTCTTGTCAAACTTGAACT - 19200
-V T Q P M QUL CV GL T QE S C QT * T
- L P 8 QCNZCV *V * i K S L V KL E L
- Yy P A NAI VCRUFDTWIRWVIL S NTILNIL

19201 - TACCAGGCTGIGATGGTGGTAGTTTGTATGTGAATAAGCATGCATTCCACRCTCCAGCTT - 19260
-Y Q AVMV VYV CM®*TISMHSTTULOQTIL
- T RL * W W>* F V CE * A CI P H S S F
- p 6 CD G G S L Y VNI KUHBAUFUHTPA F

19261 - TCGATAARAAGTGCATTTACTAATTTAAAGCAATTGCCTTTCTTTTACTATTCTGATAGTC - 19320
- I KV HUL LTI * &S NCULSFTTIULTIWV
- R*K ¢CIYy* F KATIAPLULIULTF* * 5§
- b K S A FTWNUILI K OQLU®PFUF Y Y S D S P
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19321 - CTTGTGAGTCTCATGGCARACAAGTAGTGTCGGATATTGATTATGTTCCACTCARATCTG - 19380
-L VS L MANZIK®* CRTIULTIMTEFEUHSNL
- L * V S WOQTSSVGEY *L CSTGOQTISGC
- CE S HG K QUVVSDTIODJYUV?PTULI KSA

19381 - CTACGTGTATTACACGATGCAATTTAGGTGGTGCTGTTTGCAGACACCATGCARATGAGT - 19440

- -L RV L HDATI * VvV VL FADTMMOQMS

- Y VY Y TMUOQTFI RWCGCCILOQT®PCE K *V
- T C I T RCWNILGTGA AV VT CRUHHEANTEY

19441 - ACCGACAGTACTTGGATGCATATAATATGATGATTTCTGCTGGATTTAGCCTATGGATTT - 19500
-7 D S T WMUHdTITI* * FLULDTILA ATYGTF
- P TVL GCI * ¥YDODTFT CWTI* PMUDL
- R QYLD AYUNMMISAGTFEF S L WTI Y

19501 - ACAAACAATTTGATACTTATAACCTGTGGAATACATTTACCAGGTTACAGAGTTTAGAAA - 19560
-7 N N L I L I T C G I HL P G Y R V * K
- 9 T I *Y L * P VEVYTIVYOQVTTETFRK
- K Q FDTJYNULMWNTT FTU RIULGOQSTULTEHN

19561 - ATGTGGCTTATAATGTTGTTAATARAGGACACTTTGATGGACACGCCGGCGRAGCACCTG - 19620
-M W L I ML L I XKDTULMUDTU®PATZIKHL
- ¢ 6L *CC* * RTUL*WTI RI RZ RSTTC
- VA Y NV V N KGUHT FUDTGUHA ATGTEH ATZPYV

19621 - TTTCCATCATTAATAATGCTGTTTACACAAAGGTAGATGGTATTGATGTGGAGATCTTTG - 19680
-F P S L I ML FTJOQ®R* MV ILMUW®WU RS L
- F HH * * CCULHI KTGU RMWY * CG DL *
- 8 I I NNAV Y T XVDGTITUDUVETITFTE

19681 - AAAATAAGACAACACTTCCTGTTAATGTTGCATTTGAGCTTTGGGCTAAGCGTAACATTA - 19740
-K I R Q HFL LMTILUHTLS ST FGTIL S V T L
- K *DNTSC™*COCTI*ATILG* A * H *
- N K T T L PV NV AT FZETLTW®WA ATZ KT RINTIK

19741 - AACCAGTGCCAGAGATTAAGATACTCAATAATTTGGGTGTTGATATCGCTGCTAATACTG - 19800
-N Q C Q RLR Y S TITIWVILIZSTILILTIIL
- T SARDO®™®*ODTZOQ®*TFGC™* YU RTZCT™®* Y C
- PV PETI I KTILNINILSGV YT DTIA AANTYV

19801 - TAATCTGGGACTACAAAARGAGAAGCCCCAGCACATGTATCTACAATAGGTGTCTGCACAA - 19860
-+ 5 G T T K E K P Q HMYTULOQ™®* V S A& Q
- N L G L Q KR S &P STCTIZYDNURTECTILHN
- I WD Y KREAZPAUHVYSTTIOGVTC CTHM

19861 - TGACTGACATTGCCAAGARACCTACTGAGAGTGCTTGTTCTTCACTTACTGTCTIGTTTG - 19920
-% L T L PRNUILTILU RV LV LHLTILSCL
- D * HC QETY*ECULT FTFTVYOCTUL V *
- T DI AKX PTESSACSSTULTVTLTETD

19921 - ATGGTAGAGTGGAAGGACAGGTAGACCTTTTTAGARACGCCCGTAATGGTGTTTTAATAR - 19980
-M V E W KDJU R * T FULETUPV MV F * *
- W * S G R TG RUPTFS*XRUP* WCTFNN
- G RV EGOQVDULT FRINABAIRNGUVTILTIT

19981 - CAGAAGGTTCAGTCAAAGGTCTAACACCTTCAAAGGGACCAGCACAAGCTAGCGTCAATG - 20040
-0 K V Q S KV * HL Q RDOQOQU HI KTLA AS M
- R RF S QR SNTTFTI KTGT ST S * R QW
- E G S V K G L TUPSKGUPA AGOQHA ATSV NG

20041 - GAGTCACATTAATTGGAGAATCAGTAAAAACACAGTTTAACTACTTTAAGAAAGTAGACG - 20100
-E S H * L E N Q * KH S L TTTUILTZ RTIK * T
- S HINWIRTISI KU NTUVS®* L L * E SRR
- VT LI GE SV EKTJ QTFNTZYTFTZ KT KUVDG

20101 - GCATTATTCEACAGTTGCCTGAAACCTACTTTACTCAGAGCAGAGACTTAGAGGATTTTA - 20160
-4 L FN SCILIKZ&PTTULTZ LI RA AET®*URTITL
- HY STV Aad *NTILTULJZYSEGOQTZRTLTZ RTGF *
- I I Q QL P ETYT FTOQSURUDTULTETDTF K
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20161 - AGCCCAGATCACAAATGGAAACTGACTTTCTCGAGCTCGCTATGGATGAATTCATACAGC - 20220
-$ P DHEKWIKULTT F S S S L WMNS Y S
- A Q I T NGN * L S RARYG™* I HTA
- P RS QOMETDZ FILETLA AMTDETFTI QR
20221 - GATATAAGCTCGAGGGCTATGCCTTCGARACACATCGTTTATGGAGATTTCAGTCATGGAC - 20280
-DI §$ S RAMUPSNTS S FMETIS VMDD
- I * ARGULCULURTUHIRILWRIFOQSWT
- Yy K L EG Y A F EHTI VY G D F S H G Q
20281 - AACTTGGCGGTCTTCATTTAATGATAGGCTTAGCCAAGCGCTCACAAGATTCACCACTTA - 20340
- N L AV F I *» * x A x P § A H K I H H L
- T W R S S F NDURILSOQHALTRTFTT *
- L 6 G L HL MTIGULAI KU RZSIOQDS P UL K
20341 - AATTAGAGGATTTTATCCCTATGGACAGCACAGTGAARRATTACTTCATAACAGATGCGC - 20400
-N * R I L $S L WTAZQ™* KTIT S5 * Q MHR
- I R G F Y P Y G Q H S EKILILHNIRCA
- L EDPF I P MD STV KNZYFITUDADQ
20401 - AAACAGGTTCATCAAAATGTGTGTGTTCTGTGATTGATCTTTTACTTGATGACTTTGTCG - 20460
-K Q VH QNUVCVIL * L ITFYILMTIUL S
- NR F I KM CVVFCD®*SVFT* * L CR
- T ¢ $ § K Cv CcC S§S$vVv1I1IDbpbULULILDDF V E
20461 - AGATAATAAAGTCACAAGATTTGTCAGTGATTTCAAAAGTGGTCAAGGTTACAATTGACT - 20520
-R * * S H K I CQ * F Q KW S RUL QLT
- DN KV TR RFV S DFI K S GQ G Y N * L
- I I K §$S Q bL S VIS K VvV KV TTIDY
20521 - ATGCTGAAATTTCATTCATGCTTTGGTGTARGGATGGACATGTTGAARACCTTCTACCCAA - 20580
-M L K F HSC?F GV RMDMILIEKUPSTQ
- C * N F I HAULV *GWTTC*NUILTILPK
- A E I $S F ML WCIKUDGHV ETTF Y P K
20581 - ARCTACAAGCAAGTCAAGCGTGGCRACCAGGTGTTGCGATGCCTAACTTGTACRAGATGC - 20640
-N Y K Q VKU RGNOGQVLURICLTUZ CTRC
- T T S K S S VvV ATURCCDA®* L V Q DA
- L QA S QA WOQP GV AMUPNTILYKMZQ
20641 - AAAGARATGCTTCTTGAAAAGTGTGACCTTCAGAATTATGGTGAAAATGCTGTTATACCAA - 20700
-K ECUPFP L K S VTVFRTIMUVIKMMTLILYQ
- K NA S * KV * P S ELW * K CUCYTK
- R M L L E K CDUL QN Y G ENA AUV I P K
20701 - AAGGRATAATGATGAATGTCGCAAAGTATACTCAACTGTGTCAATACTTAARATACACTTA - 20760
-K E * * * M § ¢ § I L NCVNT* I HIL
- R NNDECR R KV Y STV S TITUL KYTY
- G I MM NV A KY TOQULCOQYTLNTTILT
20761 - CTTTAGCTGTACCCTACAACATGAGAGTTATTCACTTTGGTGCTGGCTCTGATAAAGGAG - 20820
-L *L Yy ? TT* EL F TUL VL AULI K E
- F S CTJLQHESYSULWOCWTUL * * R S
- L AV P YNMZRUVIUHFGAGSUDIE KGV
20821 - TTGCACCAGGTACAGCTGTGCTCAGACRATGGTTGCCAACTGGCACACTACTTCTCGATT - 20880
-L H Q V(gL CSDNGZ COQLAHYULSI
- C T RY SCAQTMVANWUHTTCRF
- A2 P G T AV L RQWILPTGTTULUL VDS
20881 - CAGATCTTAATGACTTCGTCTCCGACGCAGATTCTACTTTAATTGGAGACTGTGCAACAG - 20940
- I ..M TS S ?PTOQQTIULUL*LETV QQ
- RS * * L R L R RRF Y FNWRTULTCNS
- b L NDVF VS DADSTULTIGDT CH ATV
20941 - TACATACGGCTAATAAATGGGACCTTATTATTAGCGATATGTATGACCCTAGGACCAAAC - 21000
Yy I R L I NG TTUL L L ATICMTULG P N
T Yy * *M G PY Y *RYV*P * D QT
H T A NKWDILTI I S DMYDPIRTKH
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21001 - ATGTGACAAAAGAGAATGACTCTAAAGAAGGGTTTTTCACTTATCTGTGTGGATTTATAA - 21060
-M * Q KRMTULI K KG FSUL I CVD L *
- ¢ DK RE®*L * RRV FUHIL S VWTIVYK
- vV T K END S KEGPF F T YL CGVF I K

21061 - AGCAAAAACTAGCCCTGGGTGGTTCTATAGCTGTAAAGATAACAGAGCATTCTTGGAATG - 21120
-§ KN+ P WVVL* L *R * QS5 T1I UL G UM
- A KT S P GWU F Y S5 CIKUDNDNZ RATFIULIEC
- Q0 K L AL GGSTIT AV KTITEUHZSWNA

21121 - CTGACCTTTACAAGCTTATGGGCCATTTCTCATGGTGGACAGCTTTTGTTACAAATGTAR - 21180
-L T F T S L WAI S HGGQULLULQM*
- * P L Q A Y G P F L MVDSFCYKCK
- DL Y K L M GHF S WWTA AUZFV TN VN

21181 - ATGCATCATCATCGGAAGCATTTTTAATTGGGGCTAACTATCTTGGCAAGCCGAARGGRAC - 21240
-M HHHRIKUHTF*L GL TTIUL ASRI RN
- ¢ 111 G S8 I F NWG*L S W QAZEGT
- A S S S EAFUL I GANYL G KUPIKE Q

21241 - ARATTGATGGCTATACCATGCATGCTAACTACATTTTCTGGAGGARCACRAATCCTATCC - 21300
-K LM A I PCMULTTT FSGGTQTIL S8
- N * WL Y HATC* L HFULUEEWUHZ KS Y P
- I DG Y T MHANYTIFWRINTNUPTIOQ

21301 - AGTTGTCTTCCTATTCACTCTTTGACATGAGCAAATTTCCTCTTARATTAAGAGGRACTG - 21360
-§ ¢CL P I HS LT * ANV FIUL UL N*EE L
- VVFL FTUL *HHEOQTIS S * I KRNTC
- L $ 8 Y S L FDMJSI KT FU®PILI KU LIRGT A

21361 - CTGTAATGTCTCTTAAGGAGAATCAAATCAATGATATGATTTATTCTCTTCTGGAARARAG - 21420
-L * ¢ L L RRTIKSMTI * F I L F W K K
- C N VS * G E SNOQ* Y DL F S S G K R
- vV M $ L K E NI NDMMTIY S L L E K G

21421 - GTAGGCTTATCATTAGAGAARACRACAGAGTTGTGGTTTCAAGTGATATTCTTGTTAACA - 21480
-V 6L S L EKTTUETLWZ FOQVIUFULILT
- * A Y H * R K QQS CGFIK®*Y S C *¥ Q
- R L I I R ENNU RV V VS S DTIUL VNN

21481 - ACTAAACGAACATGTTTATTTITCTTATTATTTCTTACTCTCACTAGTGGTAGTGACCTTG - 21540
-T K R T CUL F SY Y ¥ L L S L V VVTL
- L N EHVYFULI I S Y S H * W * ¥ p *
- * T NM F I FL L F L TULT TS G S DUL D

21541 - ACCGGTGCACCACTTTTGATGATGTTCAAGCTCCTAATTACACTCAACATACTTCATCTA - 21600
-T 6 A PLLMMUPFIKTU LU LTITTULNWNTIIU LHIL
- P VHHPF * *CS S S * L HS T Y F IY
- R ¢CTTFDDUV QA PNYTOQHTS S§ M

21601 - TGAGGGGGGTTTACTATCCTGATGAAATTTTTAGATCAGACACTCTTTATTTAACTCAGG - 21660
-* 6 6 F TIULMI K FPFULUDOGQTTLFTI * L R
- EGGLL S * * N F * I RH S L F N S G
- R GV Y Y P DEIFRSDTULYLT QD

21661 - ATTTATTTCTTCCATTTTATTCTAATGTTACAGGGTTTCATACTATTRATCATACGTTTG - 21720
-I Y F* FH FILMILOQEGU? FTIULULTITIZRIL
- F I $5s5s 1L F *CY RV S Y Y * S Y VW
- L P L P F Y SNVTOGTFHTTINIHTTFG

21721 - GCAACCCTGTCATACCTTTTAAGGATGGTATTTATTTTGCTGCCACAGRAGAAATCAAATG - 21780
-ATUL S YL LRMUV F IULUL P QRNZOQWM
- Q P CHTU F * G WYL FCCUHRTETIIKSC
- N P VI P F KD GI Y F A A TE K S NV

21781 - TTGTCCGTGGTTGGGTTTITTGGTTCTACCATGRACAACAAGTCACAGTCGGTGATTATTA - 21840
-L §$ VVvVG FPFP5L VL P *TTSH S R * L L

Cc PWULGVFWUFYHEOOQUV TV G D Y Y

V RGWV F G S TMNNDNIKS QS VI ITI
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21841 - TTAACAATTCTACTAATGTTGTTATACGAGCATGTAACTTTGAATTGTGTGACAACCCTT - 21900
-L T?T1 L LML L Y EHUVTLUNT CVTTIL
- * Q F Y *CCYTSMO®™*UL* IV * Q P F
- N NS TNV VI RACNT FETLTCTDNTFPF

21901 - TCTTTGCTGTTTCTARACCCATGGGTACACAGACACATACTATGATATTCGATAATGCAT - 21960
-5§ L L F L NP WV HRHTIUL*Y S I MH
- L CCF *THGY TDTYYDTIR* CI
- F ARV S K?PMGTQTHTMTIUZFDNDNATF

21961 - TTAATTGCACTTTCGAGTACATATCTGATGCCTTTTCGCTTGATGTTTCAGAAAAGTCAG - 22020
-L I AL S STJYULMZ®PVFURILMEOQIKS Q
- * L HF RV HTI*CULU FA®*CFRIKVR
- N C T F EY I §DATF S L DV S E K S G

22021 - GTAATTTTAAACACTTACGAGAGTTTGTGTTTAAAAATAAAGATGGGTTTCTCTATGTTT - 22080
-v I L NT Y ESULCLI KTIIKMSGT F S MTFEF
- * P * T L T R V C V *» K * RW V § L C L
- N F K HL REFV F KNI XKUDGT FIL Y VY

22081 - ATAAGGGCTATCAACCTATAGATGTAGTTCGTGATCTACCTTCTGGTTTTAACACTTTGA - 22140
-I RA I NL*M * F VI YL L VL T L *
- *6 L § T Y RCS S *S TV FWU F * H F E
- K G Yy o pI DV VU RDILUPSGFNTTIL K

22141 - AACCTATTTTTAAGTTGCCTCTTGGTATTAACATTACAAATTTTAGAGCCATTICTTACAG - 22200
-N L FL $CUL L VL TUILOQQTIUL EUPTFL Q
- T Y F * VA § WY * HY K F * S H S Y S8
- P I F KL P L G INTITNU FIRATIILTA

22201 - CCTTTTCACCTGCTCAAGACATTTGGGGCACGTCAGCTGCAGCCTATTTTGTTGGCTATT - 22260
-P FHL L XTUVFGATRU QILOQU©PTIULTILAI
- L FTCSU RUHLGHV S CSLFOCWILF
- F S PA QDI WGTSAAAYF V G Y L

22261 - TAARAGCCAACTACATTTATGCTCAAGTATGATGAAAATGGTACAATCACAGATGCIGTTG - 22320
-*$§$ 0L H L CSsS S MMEKMVQS QML L
- KA NY I Y AQV * * KW Y NI HRT CZC *
- XK p T T FMUL K Y DEWNGTTITDA AWV D

22321 - ATTGTTCTCAAARATCCACTTGCTGAACTCAAATGCTCTGTTARGAGCTTTGAGATTGACA - 22380
-1 v L K I H L L N S N ATIL UL RAULIRILT
- L F S KSTC®*TOQgMZULTC™* EUL * D * Q
- Cc S Q NP LAETLI KT CSW VK S VFETIDK

22381 - AAGGRATTTACCAGACCTCTAATTTCAGGGTTGTTCCCTCAGGAGATGTTGTGAGATTCC - 22440
-K EF TRUPULTI S GL F P QEMTUL * D §
- R NL P DL * F Q G CSULRWIRTCTCUETIP
- G I vy Q T SNUVF RV VPS5 G DV V R F P

22441 - CTAATATTACAAACTTGTGTCCTTTTGGAGAGGTTTTTAATGCTACTAAATTCCCTTCTG - 22500
-L I L. ¢ TC VL L EIRUFILMULILNZSUL L
- *Y Y K L VS FWURGU? F*CY * I P F C
- N I T NLC P F G EVF NATI KT FP SV

22501 - TCTATGCATGGGAGAGAAAAAAAATTTCTAATTGTGTTGCTGATTACTCTGTGCTCTACA - 22560
-S M H GRE KK FLIUVLULTITTULTCST
- L ¢CMGE K KN F * L CC>* L L CATUL Q
- Y AW EURIKIKTISNITCV ADY S V L Y N

22561 - ACTCRACATTTTTTTCAACCTTTAAGTGCTATGGCGTTTCTGCCACTAAGTTGAATGATC - 22620
-T Q H ¥F FQ PL S AMATFULUZPTLS *MI
- L NI F FNL * VL WU R FCUH * V E * §
- s T FfF F S TV F KCY GV S AT KU LNDL

22621 - TTTGCTTCTCCAATGTCTATGCAGATTCTTTTGTAGTCAAGGGAGATGATGTAAGACAAR ~ 22680

F A S PMSsMOQTITULL* S REMMM®™* DK

L L L.gCLCURVFUFOCSOQGI R ™* CIKTN

Cc F S NV Y ADSVFVV KGDDV R QI
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22681 - TAGCGCCAGGACAAACTGGTGTTATTGCTGATTATAATTATARATTGCCAGATGATTTCA - 22740
-* R D KL VL L L I I IT I NTCOQMTIS
- S ARTNWTCYC* UL * L * I A R * F H
- A P G QT GV I ADYNYKULZPDDTFM

22741 - TGGGTTGTGTCCTTGCTTGGAATACTAGGAACATTGATGCTACTTCAACTGGTAARTTATA - 22800
-WvVyvVvsS>LL G6GIL GGTILMIULIULUOGQTULVITI
- G L C?PCULEY™*EH.* CY F NW * L *
- G CVLAWNT®RNTIDATSTGNYN

22801 - ATTATAAATATAGGTATCTTAGACATGGCAAGCTTAGGCCCTTTGAGAGAGACATATCTA - 22860
-I 1 ¥ I G I L DMAJZSTULGUPUL U RET Y L
- L * I * vV § * T WOQ A * AL * ERH I *
- Y K YR Y L RH G KL RUPZFEIRUDTISN

22861 - ATGTGCCTTTCTCCCCTGATGGCARACCTTGCACCCCACCTGCTCTTAATTGTTATTGGC - 22920
-M CL S PLMANILAPUHILILULTIUVISG
- CA F L P *WOQTULUHU®PTT CS * L L L A
- vV PFSPDGIEKU©PCTU®PUPATLNDNT CYW?®P

22921 - CATTAAATGATTATGGTTTTTACACCACTACTGGCATTGGCTACCAACCTTACAGAGTTG - 22980
-H * M I MV F TPULULATILA ATNULTE L
- 1 K * L W F L HUHYWHWUL P TUL Q S8 C
- L NDY GPFYTTTS GTIGY QP Y RV YV

22981 - TAGTACTTTCTTTTGAACTTTTAAATGCACCGGCCACGGTTTGTGGACCAARATTATCCA - 23040
-% Y P L L N F * M HRPIRUFVDQQNYP
- 8§ T FPF * T F KCTGHGTULWTIZ KTI I H
- VL $ ¥F ELL N AZ®PATUVCGU?PIKULST

23041 - CTGACCTTATTAAGAACCAGTGTGTCAATTTTAATTTTAATGGACTCACTGGTACTGGTG - 23100
-L T L L R TSV §$ I LI L MDS UL VLV
- * P Y * E PV CQF * F * W T HWYWC
- b L I K NQ@QCVNU FNV FWNSGI LTS GT GV

23101 - TGTTAACTCCTTCTTCAAAGAGATTTCAARCCATTTCAACAATTTGGCCGTGATGTTTCTG - 23160
-¢C * L L L Q RDFNZABRPFUNDNILAVMUFIL
- VNS F FKETI STTISTTIWU®PT* CF *
- L T P S S KR FQPF QQ F G R DV 5 D

23161 - ATTTCACTGATTCCGTTCGAGATCCTAAAACATCTGAAATATTAGACATTTCACCTTGCT - 23220
-I s L 1 P F ETIULI KU HLIKY* T F HUL A
- FH * F R SRS * NTIT * NTURWUHUFTIULIL
- F T DS VU RDU P KT S ETIULUDTIS P C S

23221 - CTTTTGGGGGTGTRAGTGTAATTACACCTGGAACAAATGCTTCATCTGAAGTTGCTGTTC - 23280
-L L GGV *V * L HL EQMULHLKULLF
- F W GCE KU CNYTWNI KT CZ FTIO™* S5 CZCS
- F G GV s$ v I T©PGTNAS S EV A VL

23281 - TATATCAAGATGTTAACTGCACTGATGTTTCTACAGCARATTCATGCAGATCAACTCACAC - 23340
-Y I KM L T A LMV FPFULIGQQUFMQQTINSH
- I s RC* L H * CUF Y S NS CRSTHT
- Y 0o DV NCTODV S TATIHA ATDA GQTLTP

23341 - CAGCTTGGCGCATATATTCTACTGGRAACAATGTATTCCAGACTCAAGCAGGCTGTCTTA - 23400
-0 L GAY I LLETMY S RUILKQAVL
- §$ LA HIFYWI KO QT CTIU®PDS S RUL S Y
- A WUR I Y ST GNNUVF FQTOQAGTCTULI

23401 - TAGGAGCTGAGCATGTCGACACTTCTTATGAGTGCGACATTCCTATTGGAGCTGGCATTT - 23460
-* EL 8§ M $TULLMSATUFULULETLAF
- RS * A CRHFUL * V RHS Y W S WUHL
- G AEHVDTTSYECDTIU®PTIUGASGTIS®C

23461 - GTGCTAGTTACCATACAGTTTCTITTATTACGTAGTACTAGCCAARAATCTATTGTGGCTT - 23520
-v L VvV TTI QU FULY YV VLAI KNILTILWL
- ¢ * L P Y S F F I T Y *» P KTI Y CGL
- A S YH TV S LL RS TS Q K S I V AY
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23521 - ATACTATGTCTTTAGGTGCTGATAGTTCAATTGCTTACTCTAATAACACCATTGCTATAC - 23580
-1 L ¢CL *vVvL IV QULULTULTITU®PUL L Y
- YYV FRC®* * FNT CULUL®* * HHCYT
- T M §$ L G A DS S I AY S NNTTI®ATIFP

23581 - CTACTAACTTTTCAATTAGCATTACTACAGARGTAATGCCTGTTTCTATGGCTAARACCT - 23640
-L L T FQ L ALULGQK *CULFL WIULK?P
- Yy * L, P N * HY Y RS NACVF Y G * N L
- T N F § I $ I TTZEVMUPV S MAIZKT S

23641 - CCGTAGATTGTAATATGTACATCTGCGGAGATTCTACTGAATGTGCTAATTTGCTTCTCC - 23700
-Pp * I VI C T S A ETIULLNUVILTICTFS
- R RL *Y V HULURIRIFY™*MC* F A § P
- vV DCNMYTIOCGDSTET CH® ANTZLTLTULQ

23701 - AATATGGTAGCTTTTGCACACAACTAAATCGTGCACTCTCAGGTATTGCTGCTGAACAGG - 23760
-N MV A FAHNT* I VHS Q VL L L NR
- I W * L L HTTI KS ST CTULI RYTCZC™* TG
- Y G $S FCT@QL NI RALSGTIA AATEUQTD

23761 - ATCGCAACACACGTGAAGTGTTCGCTCAAGTCAAACAAATGTACAAAACCCCAACTTTGA - 23820
-I AT HV KCSUL K S NI KT CTI K ©P Q L *
- S QHT * S VRS S QTNV Q NPNF E
- R NT REV FAQVKOQMY KTUZ®PTTL K

23821 - AATATTTTGGTGGTTTTAATTTTTCACAAATATTACCTGACCCTCTAARAGCCAACTAAGA - 23880
-N I L VVLTIU FHI KYYULTU L * S Q L R
- I FWWUPF®* F F TNTIT* P S KA AN * E
- Y F GGG FNF S ¢ I L P DPTL KU©PTKR

23881 - GGTCTTTTATTGAGGACTTGCTCTTTAATAAGGTGACACTCGCTGATGCTGGCTTCATGA - 23940
-6 L L LRTTCSULTIU R®*HSLMULAS *
- VvV F Y * 6L AL * * G DTUR™* CWUL H E
- S F I EDL L F NIXKVTULADA AGT EFMK

23941 - AGCAATATGGCGAATGCCTAGGTGATATTAATGCTAGAGATCTCATTTGTGCGCAGAAGT - 24000
-$S NMANA*UV I LMULETIST FUVRRS
- A I W RMU®PWR * Y * C* R S HL CAE V
- Q Y 6 ECL G DIDNAMRUDILTITZCAZQIZKF

24001 - TCAATGGACTTACAGTGTTGCCACCTCTGCTCACTGATGATATGATTGCTGCCTACACTG - 24060
-S M DL QQCTCHULCSLMTI®* UL UL P TL
- Q W T Y S VAT S AH®** Y DO CTCULHC
- N G L T VL. P PVLZLTDUDWMTIM AATYTA

24061 - CTGCTCTAGTTAGTGGTACTGCCACTGCTGGATGGACATTTGGTGCTGGCGCTGCTCTTC - 24120
-L L * L VvVl PULULDSGHIL VL AULTILTF
- C S 38 * WY CUHTCMWMDPDTIMWCMWRICS S
- AL VS GTA AT AGWTT FSGAGAA ATL Q

24121 - ARATACCTTTTGCTATGCAAATGGCATATAGGTTCAATGGCATTGGAGTTACCCAARATG - 24180
- K ¥ L L L ¢C K W HTI G S MATULETL P KM
- NT F CYANGTI * V QWUHWS Y P KOC
- 1 P FAMOQOMAYIZ RI FNGTIGUVTOQNUV

24181 - TTCTCTATGAGAACCAARAACAAATCGCCAACCAATTTAACAAGGCGATTAGTCARATTC - 24240
-F S M R T KN K S PTNULTURIRILV KF
- $ L *E P KTNU RO QZPTI* QG D * S8 N S
- L YENOQI KOQTIANO QT FNIE K- ATISQTI Q

24241 - AAGAATCACTTACAARCAACATCAACTGCATTGGGCAAGCTGCAARGACGTTGTTAACCAGA - 24300
-K N HL Q QH Q L HWAS ST CI KTIULILTR
- R I T Y NNTI NCTIGQA A AR RTC* P E
- E S L T T TS TAULGIE KULOQDUVV NOQN

24301 - ATGCTCAAGCATTAAACACACTTGTTAAACAACTTAGCTCTAATTTTGGTGCAATTTCAA - 24360
-M L KH *TEHL L NNUILATLTITULVQF Q
- ¢s$ s I Ks®B'TOC®*TT®* L * F WOCN F K
- A Q AL NTUL V KOQLS S NUFGATI S S
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24361 - GTGTGCTAAATGATATCCTTTCGCGACTTGATAAAGTCGAGGCGGAGGTACARATTGACA - 24420
-v ¢ * M I $ F RDILTII K SIRIRIRYKTILT
- CA K *Y P FAT®* *§ R G GG TN * Q
- vV L ND I L 8 R L D KV E A E V Q I D R

24421 - GGTTAATTACAGGCAGACTTCAAAGCCTTCARACCTATGTAACACRACAACTAATCAGGG -~ 24480
-G * L QADF KA ATFI XKUPM®*HNN* S G
- VN Y R QT S K P S NLCNTTTNIQG
- L I TGRUL Q0 S L OQTXY V TQ QUL I R A

24481 - CTGCTGARATCAGGGCTTCTGCTAATCTTGCTGCTACTAAAATGTCTGAGTGTGTTCTTG - 24540
-L L KS GGLUL LI UL L L L KT CUL S V F L
- ¢ * NQGPFC=* s CCY* NV * V C 5 W
- A EI RA S ANILAATI KMSETCUV L G

24541 - GACAATCAAARAGAGTTGACTTTTGTGGAAAGGGCTACCACCTTATGTCCTTCCCACAAG - 24600
-DNQ K EULT FV EIRATTTILTCUP S H K
- T 1 K K § * L L WK GULUPUPY VL P T S
- Q S K R VD FCGI KGYHTULMS F P Q A

24601 - CAGCCCCGCATGGTGTTGTCTTCCTACATGTCACGTATGTGCCATCCCAGGAGAGGAACT - 24660
-Q P RMVL S S Y MS RMCEUPRRGT
- §$ PAWOCCTLZ®PTT CHWUVCATIU®PGEETL
- A P H GV V FLHVT YV P S QO EIRNTF

24661 - TCACCACAGCGCCAGCAATTTGTCATGRAGGCAAAGCATACTTCCCTCGTGAAGGTGTTT - 24720
-5 P QR QQF VMKAI KU HTS L V KV F
- B K s A S8SNULS * R@ SIL P S * R CF
- T T A P A I CHUEGI KA AYVF?PREG GV F

24721 - TTGTGTTTAATGGCACTTCTTGGTTTATTACACAGAGGAACTTCTTTTCTCCACAAATAA - 24780
-L ¢ L MALUL GLULHRGT S F L HZK *
- ¢V * %W H FL VY YTEZETLULUFSTNN
- vV FNGT SW FITQRNVFUF S P QI I

24781 - TTACTACAGACAATACATTTGTCTCAGGAAATTGTGATGTCGTTATTGGCATCATTAACA - 24840
-L 1L QTTIHL S QETIVMSLUL A S LT
- Y Y RQY I CULURIKIL®™X*TC_CURYWHH * Q
- T T bDNTF VS GNCDV VI G I I NN

24841 - ACACAGTTTATGATCCTCTGCAACCTGAGCTTGACTCATTCAAAGAAGAGCTGGACAAGT - 24900
-T ¢ FMIULCNILISTLTUHS K K S W T S
- #$ L *S SAT*A * L I Q RRAGQ V
- T vy>Db&©PL QP EULDSPFKEUZ ETLTDIKY

24901 - ACTTCAAAAATCATACATCACCAGATGTTGATCTTGGCGACATTTCAGGCATTAACGCTT - 24960
-T $ K I I H H O MILTIULATFOQATILTL
- L ¢ K s Yy I T RZC®*S W RHPFRUH* R F
- F K NH T S P DV DULGDTI S G I NAS

24961 - CTGTCGTCAACATTCARARAAGAAATTGACCGCCTCAATGAGGTCGCTAARAAATTTAAATG - 25020
-L §$s s T F KK KL TASMUBRZSUL KTI * M
- CR QH S KR RDN*P P Q* G R * KF K *
- vV vV NI Q K E I DRUILWNUEVAI KN NILNE

25021 - AATCACTCATTGACCTTCAAGAATTGGGAAAATATGAGCAATATATTARATGGCCTTGGT - 25080
-N H S L TF KNWENMMSNTIULNGTIULG
- I TH* P S RIGIKI *ATI Y * M ALV
- s LI bLQEILSGI KYEQYTI KWP WY

25081 - ATGTTTGGCTCGGCTTCATTGCTGGACTAATTGCCATCGTCATGGTTACAATCTTGCTTT - 25140
-M F 6 S ASLLD*UL P S S WUIL QS CF
- CL ARULUHCWTNTZ CMHI RUHGYNTULATL
- vV wL G FTIOAGULTIAIUVMUVTTIILTLTC

25141 - GTTGCATGACTAGTTGTTGCAGTTGCCTCAAGGGTGCATGCTCTTGTGGTTCTTGCTGCA - 25200
-V A * L VVAVAS RV HATLV VL A A

L #HD*LL QL PQGCMTULULWUEFTULTUL Q

- Cc M TS CCSCULI KT G AT CS ST CGSTCTCK
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25201 - AGTTTGATGAGGATGACTCTGAGCCAGTTCTCAARGGGTGTCAAATTACATTACACATAAA -~ 25260
-$S LMRMTUL SV F SRV S5 NY I THK
- vV * * G * L *A S S QGCQTITULHTIN
- F DEDUDSEZ®PUVL X GV KULHYT™*T

25261 - CGAACTTATGGATTTGTTTATGAGATTTTTTACTCTTGGATCAATTACTGCACAGCCAGT - 25320
-R T Y G F VY ETI F Y S WTINYCTAS
- ELMDULFMR R FVFTULGS I TAZOGQUPYV
- M L W I CUL*DFULLULDOQULTULHS Q *

25321 - AAAAATTGACAATGCTTCTCCTGCAAGTACTGTTCATGCTACAGCAACGATACCGCTACA - 25380
- K N * Q C F S CIKYCSCY S DNUIDTA AT
- K I DNA S PA STV HATA ATTIUPILOQ
- K L. T M L L L ¢g VL FMULOQ QR Y R Y K

25381 - AGCCTCACTCCCTTTCGGATGGCTTGTTATTGGCGTTGCATTTCTTGCTGTTTTTCAGAG - 25440
-$ L TPFRMACYW RT CTISTCTCTFSE
- A S L P F GW UL VI GV AFULAUVYF QS
- P H S LT S$DGL L L AULWUHTFULIULUFUFRA

25441 - CGCTACCAAAATAATTGCGCTCAATAAAAGATGGCAGCTAGCCCTTTATAAGGGCTTCCA - 25500
-R Y Q NNCAQ™*KMAASU?PIL* G UL P
- A T K I I AL NI KU RWOQOTILATILY KOG F Q
- L P XK * L RS TIT KDSGS * P F I RAS S

25501 - GTTCATTTGCAATTTACTGCTGCTATTTGTTACCATCTATTCACATCTTTTGCTTGTCGC - 25560
-V H L Q F T AATICYUHTLU FTSUFACR
- F I C N1 L L L F VT I Y S HUL UL L V A
- S FAI Y CCUYULUL P STIHTIUFOCIULSL

25561 - TGCAGGTAAGGAGGCGCAATTTTTGTACCTCTATGCCTTGATATATTTTCTACAATGCAT - 25620
-CR*G GATIT VFV?PLCLDTIU FSTMH
- A G XK EAQF L YL Y ATULTIUZYVFUL QCI
- Q VR RRNUZPFCT S MU®P* Y I F Y N A S

25621 - CAACGCATGTAGRATTATTATGAGATGTTGGCTTTGTTGGAAGTGCAAATCCAAGAACCC - 25680
-0 R M * N Y Y EMULATLTLUEUV QI Q E P
- N A CPRTITIMUPRTCMWILOCWIEKTCIE K S KNP
- T H VvV EL L * DV G F VG S AN P RT H

25681 - ATTACTTTATGATGCCRACTACTTTGTTTGCTGGCACACACATAACTATGACTACTGTAT - 25740
-I T L *C@QVLL?LCULTU LA AHT™*L * L L Y
- L L YDA ANYVFV CWUHTHNYDYCTI
- Yy F M M P TTULVFAGTHTITMTTV Y

25741 - ACCATATAACAGTGTCACAGATACAATTGTCGTTACTGAAGGTGACGGCATTTCAACACC - 25800
-T 1 » @ C HRYNZCRY * R * RHFNT
- PYWNSVTODTTIVVTESGDTGTISTP
- H I T VS Q I @ L § L L KV TATFQH Q

25801 - AAPACTCARAGARGACTACCAAATTGGTGGTTATTCTGAGGATAGGCACTCAGGTGTTAR - 25860
-K T ¢ R R L P N WWULF * G * A L R C *
- KL K EDY QI GGG Y S EDIRMHS G V K
- N § K K T T KL V VI L RTIGTOQV L K

25861 - AGACTATGTCGTTGTACATGGCTATTTCACCGAAGTTTACTACCAGCTTGAGTCTACACA - 25920
-R L CRCTWULUF H R S L L P A * VYT
- bYyVvVvvVvVvVVHGY F TEVY Y QUL E S§ T Q
- T M $ L Y MM A I S P K ¥ T TS L § L H K

25921 - AATTACTACAGACACTGGTATTGAAARTGCTACATTCTTCATCTTTAACRAGCTTGTTAA - 25980
-N Y ¥YRHWY * K CY I L HL * QA C *
- I T TDTZ GTIENA ATV FU FTIVF NI KLV K
- L L QTUL VL KMULHS S S§ LT S L L K

25981 - AGACCCACCGAATGTGCAAATACACACAATCGACGGCTCTTCAGGAGTTGCTRATCCAGC - 26040
-R P T ECA ANTHNI RI RILUFIRSC * 8§ 8§
- DP PNVQTIHT I DOGS S GV ANUPRA
- T H RMCIKYTQ S T AULOQETULILTIOQQ
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26041 - AATGGATCCAATTTATGATGAGCCGACGACGACTACTAGCGTGCCTTTGTAAGCACAAGA - 26100
-N G S N L **A DD DY * R A F V S TR
- M DPI Y DE®PTTTTSV PL * A QE
- W I ¢ FMMS RRIRILTILAZ CTILTCIEKH KK

26101 - ARGTGAGTACGAACTTATGTACTCATTCGTTTCGGAAGAAACAGGTACGTTAATAGTTAA - 26160
-K * vV R TY VL I RV FGRDNUIRY VNS *
- S EYEL MY S F VS EZETSGTTU LTI VN
- v S T NLCTHS FRIEKI KOQUV R * * L I

26161 - TAGCGTACTTCTITTTTCTTGCTTTCGTGGTATTCTTGCTAGTCACACTAGCCATCCTTAC - 26220
-* R T S$§ F S CF R G I L A S HT S H P Y
- §$ v 5+.?Z:L F L AFVVFLULUVTULATIILT
- A Y F F P L L 8 WY SC®* S H* P S L L

26221 - TGCGCTTCGATTGTGTGCGTACTGCTGCAATATTGITAACGTGAGTTTAGTAARACCAAC - 26280
-CASI VCVLL QY C®™*RUET FSKTN
- AL RL CAYCTCNIUVNV SLVIK?PT
- R F DCVERTA AATIULTILT®* V * * N Q R

26281 - GGTTTACGTCTACTCGCGTGTTAARAAATCTGAACTCTTCTGRAGGAGTTCCTGATCTTCT - 26340
-6 L RLLACT* K S ETILUPF>* RS S * § 8§
- VY VY S RV KNILNS S E GV P DL L
- F TS TR VL K I * TL L KUEFULTIF W

26341 - GGTCTAAACGAACTAACTATTATTATTATTCTGTTTGGAACTTTAACATTGCTTATCATG - 26400
-G L N EL TTI I I I L F G T UL T UL L I M
- VvV * TN * L L L L F CLEUL * HCUL S W
- S K R TNY Y Y Y 8§ V WNFNTIAYHG

26401 - GCAGACAACGGTACTATTACCGTTGAGGAGCTTAAACAACTCCTGGAACAATGGAACCTA - 26460
-ADNGTI TV EETVLI KQULULEQWNL
- ¢ T7TTVLLPLIRSILINNSWNNGT *
- R Q RYYY R * GA *T TP G TME P S

26461 - GTAATAGGTTTCCTATTCCTAGCCTGGATTATGTTACTACAATTTGCCTATTCTAATCGG - 26520
-v 1 6 F L FL AWIMULIULUOQTFAY S N R
- * * V. § Y §$ *pP GL CY Y NULU®PTIULTIS®G
- N R F P I P S L DY VTTTITZ CTLTZF * S E

26521 - AACAGGTTTTTGTACATAATAAAGCTTGTTTTCCTCTGGCTCTTGTGGCCAGTAACACTT - 26580
-N R F L Y I I KL VFULWULUL WPV T L
- T G FCT * * S8 L F S S G S CGQ * H L
- Q VvV F VHNKACU FU?PILA ALV A S NTC

26581 - GCTTGITTTGTGCTTGCTGTTGTCTACAGAATTAATTGGGTGACTGGCGGCATTGCGATT - 26640
-AC F VLI AV VY RIWNWWVTGGTI A I
- L vL C¢CLULULSTUETZLTIG®™*TLOAOGTULRIL
- L FCACCTCLOQQNDM*XTLGDWU®RDTCTDOC

26641 - GCAATGGCTTGTATTGTAGGCTTGATGTGGCTTAGCTACTTCGTIGCTTCCTTCAGGCTG ~ 26700
-AMACTIVGLMWILS Y F VA S F R L
- QWL VL A *¥ CGILA AT STULL P S GC
- N GL Y CURULDWVA*¥LLRU CUFULZQA AWV

26701 - TTTGCTCGTACCCGCTCRATGTGGTCATTCAACCCRAGARACAAARCATTCTTCTCAATGTG - 26760
-F A RTIRSMWS FNUPETWNTITILTLUDNYV
- L L vPAQCGHSTOQI KU QTFF S5 MC
- c S YP LNV VI Q P RNI KUHS S Q C &

26761 - CCTCTCCGGGGGACARATTGTGACCAGACCGCTCATGGAAAGTGAACTTGTCATTGGTGCT ~ 26820
-P L RGT I VT R®PULMESETLUV I G A
- L $s 66 QL * P DR S WKV NTILSTILVL
- s P G DNCDOQTA AHGI K™*TCUHWCC

26821 - GTGATCATTCGTGGTCACTTGCGAATGGCCGGACACTCCCTAGGGCGCTGTGACATTAAG - 26880
-v I I R G HL RMAGH S L GG R CD I K

* s rVvvVv?7TCEWT®PDTU®P™*GA VT L R

DHS W SLANGIRTULUPIRAL*H * G
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26881 - GACCTGCCAAAAGAGATCACTGTGGCTACATCACGAACGCTTTCTTATTACAAATTAGGA - 26940
-bDL P K ETI TVA2ATSURTILS Y Y KULG
- T CQ KR SL WUILHHER R PFULTITN*E
- P A K RDUHZ CGY I TN ATFTULULOQTIR S

26941 - GCGTCGCAGCGTGTAGGCACTGATTCAGGTTTTGCTGCATACAACCGCTACCGTATTGGA - 27000
-A S Q RV GTD S GV FAAYNI RYRTISG
- RR SV *A L I ¢ VL L HTTA ATV L E
- vV A ACRUH®*XFURFCCTIOQU®PILUP Y WK

27001 - AACTATAAATTAAATACAGACCACGCCGGTAGCAACGACAATATTGCTTTGCTAGTACAG - 27060
-N Y K L NTDHAGSNDNTIAILILUVDQ
- T I N * I Q T T PV ATTTIIULIULTC * Y §
- L *I K YR PRIR™*Q R QY CUF A STV

27061 - TAAGTGACAACAGATGTTTCATCTIGTTGACTTCCAGGTTACAATAGCAGAGATATTGAT - 27120
-%* VvV T T DV S sS C* L P G Y NS R D TID
- K * Q0 0 M F HL VDV F QV TTIAZETITLTI
- S DNRC?PFILL TSR RUILQ* Q R Y *¥ L

27121 - TATCATTATGAGGACTTTCAGGATTIGCTATTTGGAATCTTGACGTTATAATAAGTTCAAT - 27180
-Y H Y EDF QD CYULES * R Y NI KF N
- I I M RTUF RTI AT WNDNILWDUWVITI S S I
- s L *G¢GL S GLLF GI L TUL * * VvV Q *

27181 - AGTGAGACAATTATTTAAGCCTCTAACTAAGAAGAATTATTCGGAGTTAGATGATGAAGA - 27240
-8 ETI I A SN*EEULUVFGV R * * R
- VR Q L F K P L T K KN Y S E L D DE E
- * D NYL S L *L RRTITIU RS ™*MMMIEKN

27241 - ACCTATGGAGTTAGATTATCCATARAACGAACATGAAARATTATTCTCTTCCTGACATTGA - 27300
-T ¥ 6 VR L § I KR T * KL F S 8§ * H *
- P M EL DY P * NEWHENY S L P DI D
- L w s * I I H KTNMIKTIIULFUL TULI

27301 - TTGTATTTACATCTTGCGAGCTATATCACTATCAGGAGTGTGTTAGAGGTACGACTGTAC - 27360
-L Y L #H L A S Y I TTIRS VL EV R LY
- ¢I1YIl1IULURAI SLS GV C™*RY DO CT
- v F T $ ¢ EL Y HY Q E CV R G TT V L

27361 - TACTAARAGARCCTTGCCCATCAGGAACATACGAGGGCAATTCACCATTTCACCCTCTIG - 27420
-Y * K N L A H Q@ EKETURATIUHMHBPFPTILL
- T KR T L PTIRUNTIU RGO QFTTISZPSC
- L K E P CP S GTYEGNS P F H P L A

27421 - CTGACAATAAATTTGCACTAACTTGCACTAGCACACACTTTGCTTTTGCTTGTGCTGACG - 27480
-L T I NLH*L A L A HTULULULULV L T
- * 9 * I ¢C T NILUH * H TUL CUFCUL C * R
- b N K F AL TT CTSTUHUZF AT FA AT CADSG

27481 - GTACTCGACATACCTATCAGCTGCGTGCAAGATCAGTTTCACCRAAACTTTTCATCAGRC - 27540
-v L DI ?PI S CVQDOQQFHOQNT FS S D
- Y s$ T YL $ A A CI KTI s FTI KTV FHOQT
- T R H T Y QL RAR SV S P KULTFTI R Q

27541 - ARGAGGAGGTTCAACAAGAGCTCTACTCGCCACTTTTTCTCATTGTTGCTGCTCTAGTAT - 27600
-K R RFNIKS S TR RHTFF S L L L L * Y
- R GGG S T RALTULATTE ESHCTCTCS S S I
- EEVQ Q EL Y S PL F L I VAU ALV F

27601 - TTTTAATACTTTGCITCACCATTAAGAGAARGACAGRAATGAATGAGCTCACTTTAATTGA - 27660
-F *Y F A S PLUREIURIGQNE®*AHF N *
- F N TULULHH *¥ E KD RMNDNETLTL I D
- L I L C¢CF T I K RZKTE®*MS S L * L T

27661 - CTTCTATTTGTGCTTTTTAGCCTTTCTGCTATTCCTTGTTTTAATAATGCTTATTATATT - 27720
-L L F VL F S L S ATIUPTCU FNNA AYYTI
- FYLCVF LAV FULULVF L VL IMULTITITF
- s I CRF*PFCYSULPF* * CULUL Y F
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27721 - TTGGTTTTCACTCGAAATCCAGGATCTAGAAGAACCTTGTACCAAAGTCTARACGAACAT - 27780
-L VvV F T RNZPGS SR RIRTIULYOQS L NZEH
- W F S L EI Q DL EE©PCTI KUV * TN M
- G F HS K SRI* KDNULVPKS KIRT *

27781 - GARACTTCTCATTGTITTTGACTTGTATTTCTCTATGCAGTTGCATATGCACTGTAGTACA - 27840
-E T S H CF DL Y F S M QL HMHCST
- KL L I v L TTCCISULTCSTCIU CTUVVQ
- N F S L F *L VFLYAVAYA ATL* Y §

27841 - GCGCTGTGCATCTAATAAACCTCATGTGCTTGAAGATCCTTGTAAGGTACAARCACTAGGG - 27900
-A L CI * * T S8 COA* R SUL * GTTULG
- R CA S NKUPHVLETDU P CI KV QH * G
- AV HL I NILMTCIULI KTIULUVIRYNTRG

27901 - GTAATACTTATAGCACTGCTTIGGCTTTGTGCTCTAGGAAAGGTTTTACCTTTTCATAGAT - 27960
-v I1 L I AL LGV FUVUL * ERFYULVFID
- *Y L *H CL ALCSU RIEKGTZ FTTF S * M
- N T Y S T AWIU LU GCATLGI KV L P FHRW

27961 - GGCACACTATGGTTCAAACATGCACACCTAATGTTACTATCAACTGTCAAGATCCAGCTG - 28020
-G T L W F KHAUHTULIMULULS TV KTQTL
- A HY G SNMHAT* CY Y QL SR § § W
- H T™M VQTOCTU®PWNUVTTINTZ COQDU?PASG

28021 - GTGGTGCGCTTATAGCTAGGTGTTGGTACCTTCATGAAGGTCACCAAACTGCTGCATTTA - 28080
-V VRUL *L GV GTFMIEKUV TZ KTILTULHL
- WCAY S *V L VPSS * R S P NICZCTI *
- G AL I A RCWVY L HEGHQTAA ATF R

28081 - GAGACGTACTTGTTGTTTTAAATAAACGARACAAATTAAARATGTCTGATAATGGACCCCAA - 28140
- T Y L L F* I NEQTII KMSDNGP Q
- RRTCOCU FZ K ™* TN KULI KU CILTIMDPN
- D VL VVLNI KU RTWN®*NDNUV * * WT P I

28141 - TCAAACCAACGTAGTGCCCCCCGCATTACATTTGGTGGACCCACAGATTCARCTGACAAT - 28200
-$S N Q R S A PRTITUVFGG?P T DS TDN
- Q T NV VP PALHULVDPQTIQTULTTI
- K p T * ¢C P P HY I WWTHURF N * Q *

28201 - AACCAGAATGGAGGACGCAATGGGGCARGGCCRARACAGCGCCGACCCCARGGTTTACCC — 28260
-N Q NG G R NG AZRUPIEKOQRIRZPOQGTLP
- TR MEDA AMGQG QNS ADUPI KV YP
- P EWRTQWG K AI KT AZPTPRFTQ

28261 - AATAATACTGCGTCTTGGTTCACAGCTCTCACTCAGCATGGCAAGGAGGAACTTAGATTC - 28320
-N NTA S WU FTA ATLTOQHGIKEETLRF
- I I L RL G S L SL S MAIRI RINTILTD S
- *x Y ¢ VL V H S S H S AW Q G G T * I P

28321 - CCTCGAGGCCAGGGCGTTCCAATCAACACCAATAGTGGTCCAGATGACCARATTGGCTAC ~ 28380
-P R GQGV PIDNTNSG?PDUDOQTIGY
- L EARATFOQST®PIVVOMTIKIULAT
- S R P GRS NQHQ™*W S R * P NWIL L

28381 - TACCGAAGAGCTACCCGACGAGTTCGTGGTGGTGACGGCAAAATGAAAGAGCTCAGCCCC - 28440
-Y R RATIRURVRGGDSGI KMI KETL S P
- T EE L P D EF V V VTAIZ K * KS S A P
- P K S Y PT S S WW * R QNEIRUA AIQP Q

28441 - AGATGGTACTTCTATTACCTAGGAACTGGCCCAGAAGCTTCACTTCCCTACGGCGCTAAC - 28500
-R WY FYYLGTGUPEW ASULPY G A N
- bGTSIT*ELAQI KULUHFPTA ATLT
- M VL L L P RNWPIRSFTS L RR * 0

28501 - AAAGAAGGCATCGTATGGGTTGCAACTGAGGGAGCCTTGAATACACCCAAAGACCACATT - 28560

K E G I VvV wWw VvV A TEUGAULNT P KDHI

K KA S Y GL QL REUP* I H P KTTL

R RHRMGCN®*GS L EYTOQIRPHW
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28561 - GGCACCCGCAATCCTAATARCAATGCTGCCACCGTGCTACAACTTCCTCAAGGAACAACA - 28620
-6 T R NPUNDNWDNASABAZTUVILQLUPOQGTT
- A PAILITMILUPU®POCYNT FLI KTENOQH
- H P QS *>* Q CCHRA ATT TS S RNNTI

28621 - TTGCCAAAAGGCTTCTACGCEGAGGGAAGCAGAGGCGGCAGTCAAGCCTCTTCTCGCTCC - 28680
-L P K GPFYAEGSURGSGS QAS S5 R S
- C Q¢ KA ST QI REA AXMEA ARAUV K ?PLUL AP
- A K RL LRI RGI K QRRQ QS S L F S UL L

28681 - TCATCACGTAGTCGCGGTAATTCAAGAARATTCAACTCCTGGCAGCAGTAGGGGAAATTCT - 28740
- S R S RGNS RWDNJSTU?PGS S RGN S
- HHVVAVIQETIOQLULAA AMVYVYGETITL
- I T * S R * F KK FNS WQQ * G K F S

28741 - CCTGCTCGAATGGCTAGCGGAGGTGGTGAAACTGCCCTCGCGCTATTGCTGCTAGACAGA ~ 28800
-P A RMASGGGETA ATLA AILILULTLUDR
- L L EWU1AZEUVV KLU®PSURYCC™* TD
- C $ NG * R RW * N CU&PIRATIAMA AT RDOQI

28801 - TTGAACCAGCTTGAGAGCAARAGTTTCTGGTAAAGGCCAACAACAACARAGGCCAAACTGTC - 28860
-L N Q L E S KV S G KGOQQ Q0 Q0 G Q TV
- * T § L RA K F L VKA ANNNIZ KA AZKTUL S
- E P A * E Q S F W * RPTTTIRPNCH

28861 - ACTAAGAAATCTGCTGCTGAGGCATCTAARAAGCCTCGCCAARAAACGTACTGCCACAAAA - 28920
-T K K S A A EA S K KPR QK RTAT K
- L RNL L L RHULI K S UL AaZ KNV L P QN
- * E I ¢ ¢ * 6 I * KA S P KT YCUHKT

28921 - CAGTACAACGTCACTCAAGCATTTGGGAGACGTGGTCCAGAACRAACCCAAGGAARATTTC - 28980
-Q YNV T QAU FGURRG?PEUQTOQGNF
- $ T™ T S L KHL G DV V QNI K P KETI S
- vV Q R H S S I W ETWSRTNPR K F R

28981 - GGGGACCAAGACCTAATCAGACAAGGAACTGATTACARACATTGGCCGCARATTGCACARA - 25040
-G DQDULTIRIQGTUDYZ XK HWPQTIADQ
- G TK T * S DK EULTITNDNTIGRIKULHN
- G P RPDNQT RWN®*UILQTULA AANT GCTI

29041 - TTTGCTCCAAGTGCCTCTGCATTCTTTGGAATGTCACGCATTGGCATGGAAGTCACACCT - 29100
-F A P 8 A S AFF GMSURTIGMEVTP
- L L. g VP 1L H S LEUCHA AL AWI KSHL
- Cc 8 K ¢L CI L WWNUVTHWHG S HTF

29101 - TCGGGAACATGGCTGACTTATCATGGAGCCATTAAATTGGATGACAAAGATCCACAATTC - 28160
-8 G T WL T Y HGATIKULDU DI KDUPQ F
- R EHG* 1L I M EPULDNWWMTEKTIHNS
- G NMADUL S WS H*I G * QRS T I Q

29161 - AAAGACAACGTCATACTGCTGAARCAAGCACATTGACGCATACAAAACATTCCCACCARCA - 29220
-K DNV I L L NI KU HTIUDA AYIKTT FU®PZPT
- K T7T S8 Yy C* T S5 TULTUHTI KU HSHQOQ
- R Q R HTAZEOQAUH* R I QNTPTNR

29221 - GAGCCTAAAAAGGACAAAAAGAAAAAGACTGATGAAGCTCAGCCTTTGCCGCAGAGACAA - 29280
-E P K K D KK K K TDEA AUOQZPULP QR Q
- $ L KRTI KIRI KU RLMIEKTLSTLU CIRIRDK
- A * K GQ KE KD * * 5 S A FAAZETK

29281 - AAGAAGCAGCCCACTGTGACTCTTCTTCCTGCGGCTGACATGGATGATTTCTCCAGACAA - 29340
-K K Qg P TV TULL PAA ATUDMMDUDTF S R Q
- RS SsSPVL *L F F LRLTWMTI S P DN
- E AAHRCDSSSCSG™*HG™* F L QTT

29341 - CTTCAAAATTCCATGAGTGGAGCTTCTGCTGATTCAACTCAGGCATAAACACTCATGATG - 285400
-L 9 N S M S GA S ADSTOQA* T L MM
- F K I P * V EVLULUL I QL R HIKH S * *
- S K F H EW S F C®*F NS GTINTHDD
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29401 - ACCACACAAGGCAGATGGGCTATGTAAACGTTTTCGCAATTCCGTTTACGATACATAGTC - 29460
-T T Q GR WAM™*TF S Q F RUL R Y IV
- P HKADGILCI KR RTEFIRNSVY DT * §
- H T RQMG Y VNV FAIUPTFTTIWMHSL

29461 - TACTCTTGTGCAGAATGAATTCTCGTAACTAAACAGCACAAGTAGGTTTAGTTRACTTTA - 25520
-y s ¢caEg *1I1ILVTI KSOQHI K*V * L T L
- T L VQNEF S *L N ST SR F S * L *
- L L CRMUNSRDN*TA A QV GL V NFN

29521 - ATCTCACATAGCAATCTTTAATCAATGTGTAACATTAGGGAGGACTTGAAAGAGCCACCA - 29580
-I S H S NUL * S M CNIUREUDTILIZEKTE PP
- §$ H I A I FNOQCVTULGRT * K S HH
- L T * ¢ $§L I NV *H * GG L EIRATT

29581 - CATTTTCATCGAGGCCACGCGGAGTACGATCGAGGGTACAGTGAATAATGCTAGGGAGAG - 29640
-H F HRGHAZEYDU RGY S E * C * G E
- 1 F I EATU R STTIEZGTV NN AIRE S
- F $ $ R PRGVU RS RUVQ* I MTILGRA

29641 - CTGCCTATATGGAAGAGCCCTAATGTGTAAAATTAATTTTAGTAGTGCTATCCCCATGTG - 29700

-L P I WK S PNV * N * F * * C Y P HV

- L Y G RALMTCIEKTINTFSSATIUPM®*

- A Y M EEUP * CUV KL I LTV VL S P CTD
29701 - ATTTTARTAGCTTCTTAGGAGAATGACAAAAAAARAARAAAR - 29742

-I L 1 A S * E N D K K K K K X

- F * * L L R R M T K K K KX

- F N § F L G E * Q K K K K X
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TTTTTTTTTTTTTTTGTCATTCTCCTAAGAARGCTATTARAATCACATGGGGATAGCACTA 60
-F F FFFVIULIULIRSY*NHMSGTIAIL
- F FFF L SFS*EATIIKTITWSG™* H Y
- F F F F CH S P K KU LULI K SHGUDSTT

61 - CTAARATTAATTTTACACATTAGGGCTCTTCCATATAGGCAGCTCTCCCTAGCATTATTC - 120
-L K L I L HI®RALUPYUROQULSULAULF
- * N * F Y TULGULFHTI G S S P * H Y S
- K I N F TH* G S S I * A AL P S I I H

121 - ACTGTACCCTCGATCGTACTCCGCGTGGCCTCGATGAARATGTGGTGGCTCTTTCAAGTC - 180
-T VvV P S I VL RVASMIEKM®W®WWILFQYV
- LY PR S Y S AWUPR®*KCGG G S F K 8
- ¢c T LDRTUPRGULDUENUVVAILS S P

181 - CTCCCTAATGTTACACATTGATTAAAGATTGCTATGTGAGATTAAAGTTAACTAAACCTA - 240
-L PNV TH*L KI AMOM®*D* § * L NIL
- §$ LM L HTIOD * RL L CZETI K VN> T Y
- p * ¢CYTULIKDTCYVRILI KU LTIXKUPT

241 - CTTGTGCTGTTTAGTTACGAGAATTCATTCTGCACAAGAGTAGACTATGTATCGTARACG - 300
-L VL F S$YENSFCTU RV DY VS *T
- L ¢ CL VT RTIMHSA ASGQE™®*TMYR KR
- C AV * L REVFTIULHI K S RILTCTIUVNG

301 - GAATTGCGARAACGTTTACATAGCCCATCTGCCTTGTGIGGTCATCATGAGTGTTTATGC - 360
~-E L R KRLHSPSAULTCGHHETCTLC
- NCEWN VY I A HLPCVVIMSV YA
- I1 A KT FT* PICULVWSS *V F MFP

361 - CTGAGTTGAATCAGCAGAAGCTCCACTCATGGAATTTTGAAGTTGTCTGGAGAAATCATC - 420
-L § * I $ R S S$ TH G I L KL 8§ G E I I
- * VE S AEAPILMEUF* S§ CULE K S 8
- E L N Q Q K L H S W NI FUEV V WRNUH P

421 - CATGTCAGCCGCAGGAAGAAGAGTCACAGTGGGCTGCTTCTTTTGTCTCTGCGGCARAGG - 480
-4V S RRKI KSHSGULILULUL S L R QR
- M S AAGRIRVTUV GCUZFUFOCLCGIKG
- C QP Q EEE S QWA AASTFV S A AIKNRA

481 - CTGAGCTTCATCAGTCTTTTTCTTTTTGTCCTTTTTAGGCTCTGTTGGTGGGAATGTTTT - 540
-L §$ F I $S$ L F L F VL FURULICWWE CF
- *A § $ VF F FL S FLGS VG GNVL
- E L #H Q $S FfF S F C?PF*ALULUVGMTFEFC

541 - GTATGCGTCAATGTGCTTGTTCAGCAGTATGACGTTGTCTTTGAATTGTGGATCTTTGTC - 600
-V C VNV LV QQYDVVFETVLWTITFUV
- YA S MCULF S SMTULSLDNUCSGS L 8
- M R QCACSAV * RCL * I VDUILCH

601 - ATCCAATTTAATGGCTCCATGATAAGTCAGCCATGTTCCCGAAGGTGTGACTTCCATGCC - 660
-1 Q F NGSMTI SOQUPCSURRZCDTFHA
- S NL MAU®P®X*X * VS HV?PEGV TS MFP
- P I * W L HDKSAMTFUPI KUV * L P CQ

661 - AATGCGTGACATTCCAAAGAATGCAGAGGCACTTGGAGCARATTGTGCAATTTGCGGCCA - 720
-N A * HS KECIRGTWS KL CWNLRP
- M R DI P KN AEA AULGA AW NTCATITCGQ
- c v T FQ RMQRUHTLEZGQTIVQF A AN

721 - ATGTTTGTAATCAGTTCCTTGTCTGATTAGGTCTTGGTCCCCGAAATTTCCTTGGGTTTG - 780
-M P VIS SL SD*V LV PETISTULGTL
- ¢ L *SsS v 9P CLTI RS WS P KV F P WV C
- v ¢ N¢Q F LV *L GL GP RNUFUL G F V

781 - TTCTGGACCACGTCTCCCAAATGCTTGAGTGACGTTGTACTGTTTTGTGGCAGTACGTTT - 840

F wTTS?PKCULSDVVL FCGS TF

S G P RLPNAOP®*UVTULYT CTFVAVRTF

L DHV SQMULE®*RCTUVLWOQY VF

-
|
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841 - TTGGCGAGGCTTTTTAGATGCCTCAGCAGCAGATTTCTTAGTGACAGTTTGGCCTTGTTG 900
-L A RL FRCULS S RFUL S DSUL AL L
- WR G FL DASARZAZAD FLVTVWZPCC
- G EAF *MPQQOQI S * * Q F GL V V

901 - TTGTTGGCCTTTACCAGAAACTTTGCTCTCAAGCTGGTTCAATCTGTCTAGCAGCAATAG ~ 960
-L L A F T RNV FALIKULWVQs vV *Qg Q *
- ¢CWwW?PULPETULULSSWFNULJSS S N S
- vV 66 L Y QKILTCSOQAGOS I CVLAATIN-A

961 - CGCGAGGGCAGTTTCACCACCTCCGCTAGCCATTCGAGCAGGRGAATTTCCCCTACTGCT - 1020
-R E G S F TT S A S H S S R RIS P T A
- A RAV S PPPILATIU RO AGTET FZ?PULULL
- R G Q FHHULR* P FEOQZEWNT FPY CC

1021 - GCCAGGAGTTGAATTTCTTGAATTACCGCGACTACGTGATGAGGAGCGAGAAGAGGCTTG - 1080
-A RS * I § * I T AT T * * G A R R G L
- P GV EVFULETULUPRILUZ RDETERETEA *
- O E L N F L NYRDY VMRS EKIRTILD

1081 - ACTGCCGCCTCTGCTTCCCTCTGCGTAGAAGCCTTTTGGCAATGTTGTTCCTTGAGGRAG - 1140
-T AA S A S L CVEA AV FWOQT CZCS L R K
- L pPLL P S A * KPFGNV VP * G §
- Cc R L CF PLRRSLLAMULUFULEEV

1141 - TTGTAGCACGGTGGCAGCATTGTTATTAGGATTGCGGGTGCCRATGTGGTCTTTGGGTGT - 1200
-L *H4 6 G §$s 1T Vv I RTIAGANUVV F G C
- €C S TV AAULILULGILU RV PMWS L GV
- vV A RWQWHCY™*DO CGZ CZQZCGULWV Y

1201 - ATTCAAGGCTCCCTCAGTTGCAACCCATACGATGCCTTCTTTGTTAGCGCCGTAGGGARAG - 1260
-1 9 G S L $ CNUPYDATFU F VS AV G K
- FP K APSVATHTM?®PS L L AP * G S
- S R L P QUL Q?PIRCLULTC?*RIRIREV

1261 - TGRAGCTTCTGGGCCAGTTCCTAGGTAATAGAAGTACCATCTGGGGCTGAGCTCTTTCAT - 1320
-* $ FWASS*V I EVPS GAETULF H
- EA S G PV PR®* * KY HULGUL S S F I
- K L L GQ FL GNURSTTIWSG™* AL S F

1321 - TTTGCCGTCACCACCACGAACTCGTCGGGTAGCTCTTCGGTAGTAGCCAATTTGGTCATC - 1380
-F AV TTTNZSS G S S S V V ADNILV I
- L P s P PRTW R RVALUZR®** P I WS §
- C R HHHEULV G* L F GS § Q F G HL

1381 - TGGACCACTATTGGTGTTGATTGGAACGCCCTGGCCTCGAGGGARTCTAAGTTCCTCCTT - 1440
-w T T 1 GV D WWNATLA ASRE S KF UL L
- 6P L L VLICGTU®PWU?PURGNILSS S L
- D HY WC* L ERU®PGTLETGTI*V P P C

1441 - GCCATGCTGAGTGAGAGCTGTGAACCAAGACGCAGTATTATTGGGTAAACCTTGGGGTCG - 1500
-A ML S E S CUEPIRIRUSTITIG®*TTIL G S
- P C * V RAV N QDA AV L L G K P W G R
- H A E * EL * T KT TOQY YWV NILGUV G

1501 - GCGCTGTTTTGGCCTTGCCCCATTGCGTCCTCCATTCTGGTTATTGTCAGTTGAATCTGT - 1560
-A L F W ?PCUPTIASSTIULUVIUVS * IC
- R CF GLAPULURU®P®PUFWILULS VE SV
- A V1L AL PHCVULHSGY COQULNILW

1561 - GGGTCCACCAAATGTAATGCGGGGGGCACTACGTTGGTTTGATTGGGGTCCATTATCAGA - 1620
-6 $ TKCWNAGGTTULV * L G S I I R
- G P P NVMUBRGALU RUWTPFDWSGU?PUL S D
- VHQM* CG GHY V 6L I GV HY QT

1621 - CATTTTAATTTGTICGTTTATTTAARARCAACAAGTACGTCTCTARATGCAGCAGTTTGGT - 1680
-H F N L F VYL KOQQVRTIL *MOQOQF G
- I L I ¢ s$ F I * NN KY VS KT CS S L V
- F »F VRL F KTTSTSL NARBAV W *
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1681 - GACCTTCATGAAGGTACCAACACCTAGCTATAAGCGCACCACCAGCTGGATCTTGACAGT - 1740
-D L HEGTNT* L * A HH QL DL D S
- T F MKV ?PT?PS Y KRTTSWIULTUV
- P S * R Y Q HLATISAUPUPA AGS * QL

1741 - TGATAGTAACATTAGGTGTGCATGTTTGAACCATAGTGTGCCATCTATGAARAGGTARAA - 1800
- % * % ¥ * VvV C M F E P * CA I Y E K V K
- D § NI RCACULNUHS VP S MIKI R * N
- I v T LGV HV * T IV CHUL * K G KT

1801 - CCTTTCCTAGAGCACAAAGCCAAGCAGTGCTATAAGTATTACCCCTAGTGTTGTACCTTA ~ 1860
-P F L EHKAIKZOGQCYI KXY Y P * CCTL
- L 8§ * s T K P S S A I S I TP SV V P Y
- F P RAQSQgQAVL *V L PL VLY LT

1861 - CAAGGATCTTCAAGCACATGAGGTTTATTAGATGCACAGCGCTGTACTACAGTGCATATG - 1920
-Q 6 $ s s T * GL L DAGQRT CTT V HM
- K DL QAHEVY *MHS AV L Q CTIC
- R I F K H MRV FIURZCTA ATLY Y S A Y A

1921 - CAACTGCATAGAGAAATACAAGTCAAAACAATGAGAAGTTTCATGTTCGTTTAGACTTTG - 1980
-Q L HRETIOQVKTMRSFMZFV * T L
- N C I E XK Y K S Ko ** EV S CSF R LW
- T A * R N T S Q NNEIKVF HV R L D F G

1981 - GTACAAGGTTCTTCTAGATCCTGGATTTCGAGTGAAAACCAAAATATAATAAGCATTATT - 2040
-V Q G S S RS W I S S ENUOQNTITISTTII
- Y K VvV L L D P G F RV KTI KTI®* * A L L
- T R F F *# I L DFE * KPK YN KH Y *

2041 - ARAACAAGGAATAGCAGAARAGGCTAAAAAGCACAAATAGAAGTCAATTAAAGTGAGCTCA - 2100
-K T R N S R KA KK H K *» K S5 1I KV § S§
- K Q 6 I A ERLIKSTWNIRSOQUL K * A H
- N K E * 0 K GG * KA QI EV DN * 5 E L I

2101 - TTCATTCTGTCTTTCTCTTAATGGTGAAGCARAGTATTAAAAATACTAGAGCAGCARCAA - 2160
- I L S F S8 * W ** S KV UL KTIULUEUOQUOQDQOQ
- § F CL SL NGZEW AI KY* K Y * S§ S NN
- H S V¥ F L LMV KOS TII KW NTIRAATM

2161 - TGAGAAARAAGTGGCGAGTAGAGCTCTTGTTGAACCTCCTCTTGTCTGATGAARAGTTTTG - 2220
-~-** E K VA S RALV EPPILV * * K V L
- E K K WRV ELULULNILULTILSDEIKF W
- R XK $ G g *Ss sc*TS S S CULMI K S F G

2221 - GTGAAACTGATCTTGCACGCAGCTGATAGGTATGTCGAGTACCGTCAGCACARAGCARAAG - 2280
-V KL I L ®HAADU RY V EZEY RQHK QK
- * N * § C T @ L I G M S S TV S T S K §
- E TDULAWRS * * V CRV P S A QO A K A

2281 - CAAAGTGTGTGCTAGTGCAAGTTAGTGCRAATTTATTGTCAGCAAGAGGGTGAARATGGTG - 2340
-0 sSs vcCc*C KUL VOQOTI Y COQOQEGEMUWV
- K vcCcaASAS *CKF FI VS KRV KW*
- K ¢ v L VQVSANILILS S ARG™* NG E

2341 - AATTGCCCTCGTATGTTCCTGATGGGCAAGGTTCTTTTAGTAGTACAGTCGTACCTCTAA - 2400
-N C PRMUPFPFLMGI KV L L VV QS YL *
- I AL VCS *WAIRUFUF* * Y S R T § N
- L P SYvVvVPDGOQGSF S STV V PLT

2401 - CACACTCCTGATAGTGATATAGCTCGCAAGATGTAAATACAATCAATGTCAGGAAGAGAA - 2460
-H T P D S DI A RKMO™*XTI QS M S G R E
- T&L L I v I * L ARZCI KUYNOQT COQTEEN
- H s * * » Y § 8 Q bDVv N TTI NV R KR RI

2461 - TAATTTTCATGTTCGTTTTATGGATAATCTAACTCCATAGGTTCTTCATCATCTAACTCC - 2520
-* F § C S F Y G * S NS I GS S S S§ N S
- NF HV R FMDNULTU®P®™* V L HHUL TP
- I F M F VL W I I *L HRFUFTITTI * L R
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2521 - GAATAATTCTTCTTAGTTAGAGGCTTAAATAATTGTCTCACTATTGAACTTATTATAACG - 2580
-E * F F L VRS GILNNTCTLTTIZETLTITIT
- NN S$ S5 * L EA * I I VSLL UNILIL*R
- I I LL S * RLK™*LSHBY * T Y YNV

2581 - TCAAGATTCCAAATAGCAATCCTGAAAGTCCTCATAATGATAATCRATATCTCTGCTATT - 2640
-5 RF QI AIUL I KVLIMITINTISAI
- Q DS K * Qs * Ks s * * * g 1 § L L L
- K I P N S NP E S P HNUDWNUOGQOQYULCYC

2641 - GTAACCTGGAAGTCAACAAGATGAAACATCTIGTTGTCACTTACTGTACTAGCAAAGCAAT - 2700
-V T W K S TR * NI CCHILILY * Q S N
- * PGS Q O0ODZETS SV VTY CT S KAI
- N L E VN K MK HULULSL TV L AIKZ®QY

2701 - ATTGTCGTTGCTACCGGCGTGGTCTGTATTTAATTTATAGTTTCCAATACGGTAGCGGTT - 2760
-I vvVaAaAaTGVVCI®*XFIVSNTUVAV
- L $ L L P AW SV FNTIL®™*F P I R * R L
- C R ¢CYRRGIL Y LTI Y S F QY G S G C

2761 - GTATGCAGCAAAACCTGAATCAGTGCCTACACGCTGCGACGCTCCTAATTTGTAATAAGA - 2820
-V ¢S KT * 11 S AY TULURI RS * F V I R
- YA AKZPESV?PTIRTCDAPNTIL®* *E
- M Q Q NL NQCULH®AHRTTULILTICNDNIK K

2821 - RAGCGTTCGTGATGTAGCCACAGTGATCTCTTTTGGCAGGTCCTTAATGTCACAGCGCCC - 2880
-K R S * ¢C S HS bL FWOQUVLNUVTA AP
- $ VRDVATV VIS F GRS L M S Q R P
- A FVM*PQ*SsS L L AG®P *CHS AL

2881 - TAGGGAGTGTCCGGCCATTCGCAAGTGACCACGAATGATCACAGCACCAATGACARAGTTC - 2940
-* GV S GH S QVTTTNDHSTWNDIKF
- R ECPATIIRIK®*?PRMTITA AZPMTS S
- G §$ VR P F A SDHE * S QH Q * Q V H

2941 - ACTTTCCATGAGCGGTCTGGTCACAATTGTCCCCCGGAGAGGCACATTGAGAAGAATGTT - 3000
-T F H ERSGHNTZCU?PUPEI RUHTIEI KNV
- L $ M S G L VT 1IV?PRIRGTU LI RI RMMTE
- F P *A VW S QL S P GEAH*TEET CTL

3001 - TGTTTCTGGGTTGAATGACCACATTGAGCGGGTACGAGCAAACAGCCTGAAGGAAGCAAC - 3060
-C FWVE®* PH* A GTS KOQ?PEG S N
- Vv §$ G L NDHTIEW RV RANSTUILI KEA AT
- F LG * M T TUL S G Y EQTA * R K QR

3061 - GAAGTAGCTAAGCCACATCAAGCCTACBATACRAGCCATTGCAATCGCAATCCCGCCAGT - 3120
-E VA K P H QA Y NT S HCNI RNUPA A S
- K * L $ H I K P TT1T QA I A I A I P PV
- S §s * AT S S L QY K PL QS Q S R Q S

3121 - CACCCAATTAATTCTGTAGACAACAGCAAGCACAARACAAGCAAGTGTTACTGGCCRCAR - 3180
-H P I NS V DNS KHI KT S K CY WP Q
- T ¢ LI L * T TASTZXK QA S V T G H K
- P N * F CRQQOQAQNIE KA QUVULILATR

3181 - GAGCCAGAGGARAACAAGCTTTATTATGTACARAAACCTGTTCCGATTAGAATAGGCAAA - 3240
-E P E EN KL Y Y VQ K P VP I R I G K
- $S QRKTSF I MY KNULT FPFRULUE* AN
- ARG KQaATLULCTE KTT CSD * NR QI

3241 - TTGTAGTAACATAATCCAGGCTAGGAATAGGARACCTATTACTAGGTTCCATTGTTCCAG - 3300
-L * * H N P G*E *E T Y Y * V P L F Q
- C $ N I I Q A RNIRIKU©PTITIRFHC S R
- vvT*S RUL GIGNUILULILGS I VPG

3301 - GAGTTGTTTAAGCTCCTCAACGGTAATAGTACCGTTGTCTGCCATGATAAGCAATGTTAA - 3360
-E L F KL L NGNS TV V CHDIKOQC *
- $¢L Ss§Ss5s 5 TvVvI1IVPL SAMTISNUVLEK
- v v * A P QR * * Y RCUL P * * A ML K
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3361 - AGTTCCAAACAGAATAATAATAATAGTTAGTTCGTTTAGACCAGAAGATCAGGAACTCCT - 3420
-5 S K QN NDNDNW NS * F V *TR®R S G TP
- VP NRIITI I VS S FRZPEUDU QTETLTL
- F Q TE * * * * L vV R L D Q K I RNS F

3421 - TCAGAAGAGTTCAGATTTTTAACACGCGAGTAGACGTAARACCGTTGGTTTTACTAAACTC - 3480
-S EE FRVFULTI RE®*T>* TV G F T KL
- Q K $ S DF * HASRURIKU®PZLUVL L NS
- R RV QI FNT RUYVDUVNIRWUEFY* T H

3481 - ACGTTAACRATATTGCAGCAGTACGCACACRATCGAAGCGCAGTAAGGATGGCTAGTGTG - 3540
-T L T I L QO Q YA HNIRSA AV RMAGSV
- R * QY CS S THTTIEA AU Q®*G WL V *
- V NNTIAAVU RTU QS XU RS KDSG* COD

3541 - ACTAGCAAGAATACCACGAAAGCAAGAAAAAGAAGTACGCTATTAACTATTAACGTACCT - 3600
-T S K N TTJ KA AR KU RSTILULTTINWVP
- L AR I PR K QEI KU EV R Y * L L T Y L
- * QE Y HE S KKK K Y aATINY * R T C

3601 - GTTTCTTCCGAAACGAATGAGTACATAAGTTCGTACTCACTTTCTTGTGCTTACAAAGGC - 3660
-vV $ S ETNZEY I S S Y SUL S CAYKG
- F L P K RMST®>*VRTHZFILVLTZKA
- F FRNEO* VHKU FUVLTUF FIULU CULOQRH

3661 - ACGCTAGTAGTCGTCGTCGGCTCATCATAAATTGGATCCATTGCTGGATTAGCAACTCCT - 3720
-T L vvyvVvVv GSsSs * I G S I AGULATP
- R * * S $ S A HHKULIDU®PULULD®* QL L
- A S S RRURULTITINWTIUHO CMWTI S N S *

3721 - GARGAGCCGTCGATTGTGTGTATTTGCACATTCGGTGGGTCTTTAACAAGCTTGTTARAG - 3780
-E E P S I V CICTT FGSGS L T S L L K
- K S RRULTCVU FAIHSUV GL *Q ATC * R
- R AV DC VY L HI RWV F NI KIULV KD

3781 - ATGAAGAATGTAGCATTTTCAATACCAGTGTCTGTAGTAATTTGTGTAGACTCAAGCTGG - 3840
-M K N VA FS5STI PV SV VI CV DS S W
- * RM * HF QY QO CUL * * F V * T Q A G
- E E C S I FNT SV CSNUILTU CRTULIEKULV

3841 - TAGTARAACTTCGGTGARATAGCCATGTACAACGACATAGTCTTTAACACCTGAGTGCCTA - 3900
-* * T $ Vv K *p CTTT®* S L T P E C L
- § K L R * NS HV QU RH S L * H L S A Y
- vV NF G EI AMYNDTIVFNT>* V P I

3901 - TCCTCAGARATAACCACCAATTTGGTAGTCTTCTTTGAGTTTTGGTGTTGAAATGCCGTCA - 3960
-8 8 E * P P I W™*S S L S F GV EMP S
- P Q NNHQPF G S L L * VL VL KT CR H
- L R I T TNULV V FFEVFWTC* N AWVT

3861 - CCTTCAGTRACGACAATTGTATCTGTGACACTGTTATATGGTATACAGTAGTCATAGTTA - 4020
-P S$SvcTTTIVSVTULILYSGTIOQ?™* S8 * L
- L ¢ *RQUL YL * HCY MV Y S S H S8 Y
- F S N DNCTICDTUVIWYT TV VI VM

4021 - TGTGTGTGCCAGCAAACAAAGTAGTTGGCATCATAAAGTAATGGGTTCITGGATTTGCAC - 4080
-C VvV C Qo T K * L A S * S NG F L DL H
- v CA S K QS S WHUHIKV M GS W I CT
- c v P AN KV YV GGI I K * W VL GG F AL

4081 - TTCCRACAARAGCCAACATCTCATAATAATTCTACATGCGTTGATGCATTGTARGARAATAT - 4140
-F Q @ $S ¢ H LI I I L HATLMUBHBTECRIKY
- S NKANTIS * * F Y MR * CTI V E NI
- P T K P T S HWNNSTOCV DAUL * K I Y

4141 - ATCAAGGCATAGAGGTACAARARATTGCGCCTCCTTACCTGCAGCGACAAGCAAAAGATGT - 4200
-I KA * R Y KNTCASLPAA AT S KU RZC
- S RHRGTI KTIA APUPYULOQIRUOW AIKTDYV
- Q G I EV Q KL RL L TCS DI KOQI KM *
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4201 - GAATAGATGGTAACAAATAGCAGCAGTAARATTGCAAATGAACTGGRAGCCCTTATAAAGG ~ 4260
-E *MV T™NS S S KL OMNW®WIEK?PIL * R
- NR W *Q 1 A AV NI CIKM™*TSGS P Y KG
- I DGNIK™*Q Q0 * I ANZEULZEA ATLTIIZKSG

4261 - GCTAGCTGCCATCTTTTATTGAGCGCAATTATTTTGGTAGCGCTCTGARARACAGCAAGA - 4320
-A S CHULLLsSs&aATI I LVAL™* KTAR
- L AAI FY *A QL FW* R S EIKOQOQE
- * L P § F I ERDNYF G S AL KN S K K

4321 - AATGCAACGCCAATAACAAGCCATCCGARAAGGGAGTGAGGCTTGTAGCGGTATCGTTGCT - 4380
-N A TPTI TS HUP K G S EATCS G I VA
- M Q RQ *Q A I R KSGVRUL VAV S L L
- C NA NNKUP S ERE* 6L * R Y R CC

4381 - GTAGCATGAACAGTACTTGCAGGAGAAGCATTGTCAATTTTTACTGGCTGTGCAGTARATT —~ 4440
-V A * TV L A G EATLSTIFTGCA VI
- * HE Q YL Q EKHCOQUFULUL AV Q * L
- S M NS T CW®RIRSIVDNTFYWILCS N *

4441 - GATCCAAGAGTAAAARATCTCATAAACAAATCCATAAGTTCGTTTATGTGTAATGTAATT - 4500
-D P RV KNUL I NIK S I S S F MCNVI
- I Q E* K I §$ * T NUP*V RILICUVM * F
- S K S K K S$ H K QI HKF VYV * CNL

4501 - TGACACCCTTGAGRACTGGCTCAGAGTCATCCTCATCAAACTTGCAGCAAGAACCACAAG - 4560
-* H P * EL A Q S HPHOQTZ CS KDNH K
- DT L ENWWI LI RV IULTII KULAARTTR
- T PLRTGSES S S S NILOQOQE P QE

4561 - AGCATGCACCCTTGAGGCAACTGCAACAACTAGTCATGCAACRAAGCAAGATTGTAACCA - 4620
-S M HP * G NCNN®*S CNI KA ARTIL*P
- ACTUL E AT ATT S HAT K Q D C N H
- H A PLURQL Q QL VM QQOQS K I VTM

4621 - TGACGATGGCAATTAGTCCAGCAATGAAGCCGAGCCAAACATACCAAGGCCATTTAATAT - 4680
-* R W Q LV QO * S RAIKUBHTI KA ATI* Y
- DB GN* S S NEAEU®PNTIUPIR®PUFNTI
- T M A I s PA MK P S QT Y Q G H L I ¥

4681 - ATTGCTCATATTTTCCCAATTCTTGAAGGTCAATGAGTGATTCATTTAAATTTTTAGCGA - 4740
-I AHI P PIVLEGQ*V I HTILNT F*R
- L L I F S QQ F L KVDNZE®*F I * I F S§ D
- c S Y Fr PN S * R S M S DS F KU FTIL AT

4741 - CCTCATTGAGGCGGTCAATTTCTTTITTGAATGTTGACGACAGAAGCGTTAATGCCTGAAA - 4800
-P H * G G Q FLFEC®*URIQIEKUZR™* CUL K
- L I EAVNZFFIULNVYVDDI RSV NA * N
- S L RR SI SF *MUL TTEA ATILMMZPTE M

4801 - TGTCGCCAAGATCAACATCTGGTGATGTATGATTTTTGAAGTACTTGTCCAGCTCTTCTT - 4860
-C R QDQHL VMY DF * §TUCPATULL
- VA KINTIW*CMIUF FZEUVLV QL FF
- S PR ST S GDV * F L KYL S8 S S S L

4861 - TGAATGAGTCAAGCTCAGGTTGCAGAGGATCATAAACTGTGTTGTTAATGATGCCAATARA - 4920
-** M S Q A Q VA EDHIKTLCTC?* * C @Q *
- BE* V XL R L QRTITINTZCVVNIDA ANN
- N E S S$S GGCRGS *TVL L MMUPTIT

4921 - CGACATCACAATTTCCTGAGACAAATGTATTGTCTGTAGTAATTATTTGTGGAGAARAGA - 4980
-R H HNFLURQ@MYC CTUL * * L F V E KR
- DI T I S * b K CI VCSNY L W R K E
- T $S Q F P ETNVL SV VI ICGE KK

4981 - AGTTCCTCTGTGTAATAAACCAAGAAGTGCCATTAAACACAAARACACCTTCACGAGGGA - 5040
-§$ §$ s v » T K K CUH * T Q K HULHE G
- VP L CNKUPIR S ATIKHKNTFTRE
- F L ¢V I N Q E V P LNTIK KT P S R G K
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5100

5041 - AGTATGCTTTGCCTTCATGACAAATTGCTGGCGCTGTGGTGAAGTTCCTCTCCTGGGATG
-$S ML CLHDI KTULTLA ALUW®W™* S S S P G M
- VCFATFMTNT CMWARTCGEV VU PILULGUW
- YA L PGS ™*Q I AGAUVVYE KT FTLSWDG
5101 - GCACATACGTGACATGTAGGAAGACAACACCATGCGGGGCTGCTTGTGGGAAGGACATAA - 5160
-A HT * HV GROQUHHAGTLTULVGURT *
- HI RDMO®*T ETDNUNTM®RG G CTULWEG H K
- T YV T CRI KTTU®PCG G B ATCGTZ KT DTIR
5161 - GGTGGTAGCCCTTTCCACAAAAGTCAACTCTTTTTGATTGTCCAAGAACACACTCAGACA - 5220
-G 6 S P FH K S QULFTLTIUVOQETHTTU QT
- VV AL ST KU VUNS ST F * L S XKNTTLTRH
- W * P F P Q K S TJLFDTG CU PR RTHS DI
5221 - TTTTAGTAGCAGCAAGATTAGCAGAAGCCCTGATTTCAGCAGCCCTGATTAGTTGTTGTG - 5280
-F * *» 0 0D * Q KP * F QOQUP*1LV VYV
- F S S S KI SR S©PUDTFSSU©PDT* L L C
- L VAARTLA ATEA ATLTISA ARaAZTLTISTCTCV
5281 - TTACATAGGTTTGAAGGCTTTGAAGTCTGCCTGTAATTAACCTGTCAATTTGTACCTCCG - 5340
-L HR FEGT FEUVCL* LTTCGQTFUVPP
- Yy I 6L KATUILI K SA ACN®*UPVDHNTILTYTLR
- T # Vv *# RL * 8L PV INUILSTITCTSA
5341 - CCTCGACTTTATCAAGTCGCGAAAGGATATCATTTAGCACACTTGAAATTGCACCAAAAT - 5400
-P RL Y OV A KGO GVYUHHLAUHTLTIEKTLIHGOQN
- L D F I X SR KDTITIO®*U HT®*MDNGCTKI
- § T L S SREU RTIST FSTIULTETIA ATPIEKITL
5401 - TAGAGCTAAGTTGTTTAACAAGTGTGTTTAATGCTTGAGCATTCTGGTTAACAACGTCTT - 5460
- % § * VYV V * 0V CLMTULETUHTSG™* QR L
- R A KLU FWNZI KT CUV * CUL S I ULV NINUVL
- L $CL TSV FNA@®*ATFWILTTS C
5461 - GCAGCTTGCCCAATGCAGTTGATGTTGTTGTAAGTGATTCTTGAATTTGACTAATCGCCT - 5520
-AACPMOTULMTLTL™*V I LETFTD™* S P
- QL AQGCS™*CCGCZE K?®* FLNTILTNRL
- s L PNAV DUV VUV SDS®* I * L I AL
5521 - TGTTAARATTGGTTGGCGATTTGTTTTTGGTTCTCATAGAGAACATTTTGGGTAACTCCAA - 5580
-C * I G WR FVF G SHTZ REUHTFEFTG™*TL Q
- VKLV GDTILTFULVUILITIZENTITLTGINSN
- L NWILATITG CTPFMWTPEFS™*RTTFWUVTUPM
5581 - TGCCATTGAACCTATATGCCATTTGCATAGCARAAGGTATTTGAAGAGCAGCGCCAGCAC - 5640
-C H * T YMZPFA AOS* QI KV FETETG QT ROQH
- A I E P I CHKUILUHSI KU RYTLI K S S A ST
- P LNUILVYATITGCTIA BATZ KTGTI™* R AA ARATPA ASTFP
5641 - CAAATGTCCATCCAGCAGTGGCAGTACCACTAACTAGAGCAGCAGTGTAGGCAGCARATCA - 5700
-0 M S I Q QWO QVYUH®*ULEZ QU OTCT RU QU OS
- K C P S 35 S G S T TN * S S SV G S N H
- NV HPAVAUV PLTH RA AR MAV*AATITI
5701 - TATCATCAGTGAGCAGAGGTGGCAACACTGTAAGTCCATTGAACTTCTGCGCACAAATGA - 5760
-Y HQ *AEVATTL * V H* TS A H K *
- 1 I S EQRWOQU HHCIX K STIETZLTLT RTNE
- § SV S RGGNTUVSPILINTFTCA AG QMR R
5761 - GATCTCTAGCATTAATATCACCTAGGCATTCGCCATATTGCTTCATGAAGCCAGCATCAG - 5820
-D L * H * Y HL G I RHTIA AT S * S Q H Q
- 1 §$ S8 I NI T * A FA I L L HEWA ATSTISS
- § L AL I S PRUHSZPYTCT FMTE KT PA ASA
5821 - CGAGTGTCACCTTATTAAAGAGCAAGTCCTCAATAAAAGACCTCTTAGTTGGCTTTAGAG - 5880
R V $ PY * RASUPOQ* KT S * L A L E
E ¢ H LI KEQQUVUILNZI KT RZPTILSTWIL * R
$ VT L L K S K S S I KDTULTLUVGTFRG
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5881 - GGTCAGGTAATATTTGTGAAAAATTAARACCACCAARATATTTCAAAGTTGGGGTTTTGT - 5940
-6 Q VI FV KN*NHOQNTIS KULGTFC
- VR * Y L * KI KTTI KTIT FOQSWSGF V
- S 6 N I CE KL KPP KY F KV G V LY

5941 - ACATTTGTTTGACTTGAGCGAACACTTCACGTGTGTTGCGATCCTGTTCAGCAGCAATAC - 6000
-T FV * L ERTTULHUV CCUDUPUVQ QO QY
- H L F DL SEHU FTCUVATIULTFSSNIT
- I ¢ L T *ANTSURVULIRSCSAATIFP

6001 - CTGAGAGTGCACGATTTAGTTGTGTGCARAAGCTACCATATTGGAGAAGCAAATTAGCAC - 6060
-L RV HDULVV CIK S Y HTI GEA ANT™*YH
- * EC T I * L C A KATTIULEIZ KQTI ST
- E S A RF S CV QKU LUPYWIRS KL AH

6061 - ATTCAGTAGAATCTCCGCAGATGTACATATTACAATCTACGGAGGTTTTAGCCATAGAAA - 6120
-1 ¢ * N L RRCT VY YNUILURIRUZFEF* P * K
- F S RI S ADV HITTIYGGF S HRN
- S VvV ES P QMY I L Q S T EV L ATET

6121 - CAGGCATTACTTCTGTAGTAATGCTAATTGAAAAGTTAGTAGGTATAGCAATGGTGTTAT - €180
-Q AL L L * *C* L KS * * VvV * Qg W C Y
- R HY F CSNA AN®*I KV S RY S NGV I
- G I T s vvMULIEI KT LUV GIAMVUYVULIL

6181 - TAGAGTARGCRATTGAACTATCAGCACCTAAAGACATAGTATAAGCCACAATAGATTITT - 6240
-** § K QL NY OQHULKT®* Y KUPQ * I F
- RVS$SN*TTI ST *RUHS I S HNIRF L
- E *A I £EL S AP K DI V* A TTIDFW

6241 - GGCTAGTACTACGTAATARAGAAACTGTATGGTAACTAGCACAAATGCCAGCTCCARATAG - 6300
-G * Y Y Vv I K KL Y GN* HKUTCOQTUL Q *
- A S TT* * R NCMUVTSTNA AS S NR
- L VL RN K E TV W * L A QM P A P I G

6301 - GAATGTCGCACTCATAAGAAGTGTCGACATGCTCAGCTCCTATAAGACAGCCTGCTTGAG - 6360
-E C R TH XK K CPRHAZQLTUL™* DS L L E
- NV AL I RSV DMILS S Y KTATCUL S
- M §$ H §$ * EV S TCCSAUPTIROQPA * V

6361 - TCTGGAATACATTGTTTCCAGTAGAATATATGCGCCAAGCTGGTGTGAGTTGATCTGCAT - 6420
-S G I #H ¢C F Q * NI CAIKULUV * V DULHEH
- L E Y I vsS S RI Y AUP S WOCETLTITCM
- W NT L F PV EY MU RQAGV S * 5§ A *

6421 - GAATTGCTGTAGAAACATCAGTGCAGTTAACATCTTGATATAGAACAGCAACTTCAGATG - 6480
-E L L *XK H ogCS * HL DIEZQQQUL QM
- N C CRWNTI S AV NTIILTI * NS N F R *
- I AV ET?TSVQL TS *Y RTATS D E

6481 - AAGCATTTGTTCCAGGTGTAATTACACTTACACCCCCAARAGRGCRAGGTGAAATGTCTA - 6540
- K H L F Q VvV *¥ L HL H P Q K S KV KZCL
- 8§ 1 ¢C S RCNWYTJYTU?®PI KU RAR®™*XNWV T~
- A F VPGV ITULTU®PU®PIZ KUZEOQGEMMSN

6541 - ATATTTCAGATGTTTTAGGATCTCGAACGGAATCAGTGAAATCAGAAACATCACGGCCAA - 6600
-1 FP OMF * DLEI RNU OQ®*NUOQI KHHGQ
- Y F R CFRTISNGISETRNTITAIK
- 1 s D vL GSRTESV K S ETS R P N

6601 - ATTGTTGAARTGGTTGAAATCTCTTTGAAGAAGGAGTTAACACACCAGTACCAGTGAGTC - 6660
-1 VEMV E I S L K KEILTHZQY Q * V
- L L K WUIL XK SUL* RRS *¥HTS T S E 8§
- c * N G * NL FEESGVNTU®PV PV S P

6661 - CATTRAAAATTAAAATTGACACACTGGTTCTTAATAAGGTCAGTGGATARTTTTGGTCCAC - 6720
-H * N *» N * 4 TGS * * G Q W I I L V H
- I K 1 K I bTJ1L VL NI K VS G * F W S T
- L KL XKL THWUFULIIRSVDNTEFEFGP Q
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6721 - AAACCGTGGCCGGTGCATTTAAAAGTTCAAAAGAAAGTACTACAACTCTGTAAGGTTGGT - 6780
-K P WPV HL KV Q K K VULQQULTZCIZEKUVG
- NR GR CI * KF KRIKY Y NSV RLYV
- T VAGAT FIKS S KESTTTUL®* G W *

6781 - AGCCAATGCCAGTAGTGGTGTAAAAACCATAATCATTTAATGGCCRATAACRATTAAGAG - 6840
-S Q ¢C Q * W C KNUHNUHILMANNN* E
- ANA S S GV KTTI I I * W&PTITTIKS
- P M PVVV * K P * S F NGQ* QL R A

6841 - CAGGTGGGGTGCAAGGTTTGCCATCAGGGGAGAAAGGCACATTAGATATGTCTCTCTCAA - 6900
-Q V66 C KV CHQGRI KA AH*TICTL S Q
- RWGARVFAIIRGERIUHEIRYV S L K
- G G VQ GL P S GEKGTULIDMMSTUL S8 K

6901 - AGGGCCTAARGCTTGCCATGTCTAAGATACCTATATTTATAATTATAATTACCAGTTGAAG - 6960
-R A *A CHV * DTVY I Y NZYNYQULK
- G P KL AMSKI®PIVF I I I I T S * S
- G L $S L pC1LURYL YL * L * L P V E V

6961 - TAGCATCAATGTTCCTAGTATTCCAAGCAAGGACACAACCCATGAARATCATCTGGCAATT - 7020
-* 1 Q9 C S *» Y § KQ GHNUP * N HUILATI
- $ I NV P S I PSKDTTHETITIWZQTF
- A S M F L V F QAURTOQUPMIKS S G N L

7021 - TATAATTATAATCAGCAATAACACCAGTTTGTCCTGGCGCTATTTGTCTTACATCATCTC - 7080
-Y N Y N Q Q * HQ F VL AL F V L HHL
- 1 I I I 8 NNT S L S WURY L S Y I I S
- *L ~ s A I T °PVCU?PGATIOCTLTS S P

7081 - CCTTGACTACAAAAGAATCTGCATAGACATTGGAGAAGCRAAGATCATTCAACTTAGTGG - 7140
-P * L, Q K NL HRHWI RS KDUH S T * W
- L DY KRTIOCTIDTIGEA AI KTITIWUGQTLS G
- L T T K E S A * TLE K QR S F N L V A

7141 - CAGAAACGCCATAGCACTTAAAGGTTGAAAAAAATGTTGAGTTGTAGAGCACAGAGTAAT -~ 7200
-Q KX R H ST * R L K KMULSITCUZ RKAZGQS S N
- R NATIA AL KSG* KK C * V V EUHRVI
- E T P * HL KV EX KNV ETL* S T E * §

7201 - CAGCRACACAATTAGAAATTTTTTTITCTCTCCCATGCATAGACAGRAGGGRATTTAGTAG - 7260
-Q Q H N * K F F F S PMUBHBIRIOQZEKSGI * *
- § N T I RNTFF S L P CTIDIRRETF S S
- AT QL E I F F L S HA * T ESGNIUL VA

7261 - CATTAARAACCTCTCCAAAAGGACRCAAGTTTGTAATATTAGGGRATCTCACAACATCTC - 7320
-KR * K P L Q KDTSUL * Y * G I S Q H L
- I K NL S KRTOQV CNTIRES HNTI S
- L K T $S P K GH K F VI L GNILTT S P

7321 ~ CTGAGGGRACAACCCTGAAATTAGAGGTCTGGTRAATTCCTTTGTCAATCTCARAGCTCT - 7380
-L R EQ P *N* RS G K FUL COQ S Q S S
- * G NNPETIIRGILVNS?FVNLI KA AL
- EGGTTUL KL E VW * I P L S I § KL L

7381 - TAACAGAGCATTTGAGTTCAGCAAGTGGATTTTGAGAACAATCAACAGCATCTGTGATTG - 7440
-*Q s I *V Q ¢ vDFEINNUOQOQHIL * L
- NR A F E F S KW I LRTTINSZSTICTDC
- T EHL S SASGUF *E QS TA SV IV

7441 - TACCATTTTCATCATACTTGAGCATAAATGTAGTTGGCTTTAAATAGCCAACAARATAGG - 7500
-Y H F H AT *A*M * L ALNS Q QNR
- T™TI F I I L EH K C S W UL * I A N K I G
- P F S S YL S I NV V GF K * P T K * A

7501 - CTGCAGCTGACGTGCCCCAAATGTCTTGAGCAGGTGAARAGGCTGTAAGAATGGCTCTAA - 7560
-L QL TC®PI K CULEZ GQVI KRTL®*EWTIL *
- ¢s *RAPNVL SR * KGCIKNG $ K
- AR DV P QM S * A GE KA AV RMATIL K
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7561 - AATTTGTAATGTTAATACCAAGAGGCAACTTAARAATAGGTTTCARAGTGTTAARACCAG - 7620
-N L * C * Y QEAT* K *V S KC * N Q
- I C NV NTI KU R©QILIE KNRT FQSVKTR
- F VM ILIU®PRSGNUNILI KTIGT FIKVILIKPE

7621 - AAGGTAGATCACGAACTACATCTATAGGTTGATAGCCCTTATAAACATAGAGARACCCAT - 7680
-K VvV D HEULHUL* V DS P Y KHIRETH
- R * I T N Y I ¥ RULIAULTIWNTIUEIZ K?PTI
- G R S R TTSTI G **P L * T * R N P §

7681 - CTTTATTTTTAAACACAAACTCTCGTAAGTGTTTAARARATTACCTGACTTTTCTGAAACAT - 7740
-L Y F *T ¢ T LV SV *NY LT FUL KH
- F I F K HKULsS * VvV FKTIT®* L F * NI
- L F L ¥ T NS R KCULI KU LU®PDTFSET S

7741 - CAAGCGARAAGGCATCAGATATGTACTCGAAAGTGCAATTAAATGCATTATCGAATATCA - 7800
-Q A KR HQICTW RI KT CNM=*MUHYRI S
- K R K GG I RY VUL ESATII KT CTITIEYH
- S E KA SDMY S KV QLN AULSNTITI

7801 - TAGTATGTGTCTGTGTACCCATGGGTTTAGAAACAGCARRGARAGGGTTGTCACACAATT - 7860
-* Y V 8§ VY P W V * K Q QR KGCHTI
- $SM CULCTUHGT FRNSIE KXEI RV VTQF
- Vv ¢V CcCVePMGYLETA ATZ KI KGTLS HNS

7861 - CAAAGTTACATGCTCGTATAACAACATTAGTAGAATTGTTAATAATAATCACCGACTGTG - 7920
-Q S Y ML V * Qg H * * NC * * *x 5 p TV
- KV TCS Y NUNISRTIVNNNHRTIL®*
- K L. H ARITTTULVEZLTZLTITITITT?DTZCD

7921 - ACTTGTTGTTCATGGTAGAACCAARAACCCAACCACGGACAACATTTGATTTCTCTGTGG - 7980
-T C C S W * N Q K P NHGQ HUL I S$ L W
- L VVHGRTI KWNZPTTDNTIT=~TFILTCG
- L L FMVEZ&PI KTOGQ?®P?PRTTTFUDTFEFS VA

7981 - CAGCAAARTAAATACCATCCTTAARAGGTATGACAGGGTTGCCAAACGTATGATTAATAG - 8040
-Q Q N K Y H P * K V * Qg G C QT Y D * *
- 8§ K I N T I L K R Y DRV A KU RMTINS
- A K * I PSL KGMTSGUL PNV * L IV

8041 - TATGAAACCCTGTAACATTAGAATAAAATGGAAGAAATAAATCCTGAGTTAAATAAAGAG - 8100
-Y E T L * H * N KMEETINU PETLNKE
- M K P CNIURTIKWIKIK®* I L S * I K S
- * NPV TLE*NGRNIKS * V K * RV

8101 - TGTCTGATCTAAARAATTTCATCAGGATAGTAAACCCCCCTCATAGATGAAGTATGTTGAG - 8160
-C L I * K F HQ D S KU©PP S *MK Y V E
- vV * § K NF I RI VNP PHIR™* S ML S
- $ DL K I Sss§SG* * T pPULTI DZEUVC*¥V

8161 - TGTAATTAGGAGCTTGAACATCATCAARAGTGGTGCACCGGTCAAGGTCACTACCACTAG - 8220
-C N * EL EHHQ KWCTGOQGH Y H *
- vV I RS L NI I K S GA PV KV TTT S
- * L. 6 A * T S S KV V HRSU RS UL P LV

8221 - TGAGAGTAAGAAATAATAAGAAAATAAACATGTTCGTTTAGTTGTTAACAAGAATATCAC - 8280
-* E * E I I R K * T C S F s C * Q E Y H
- ES K K *» * EN KH V RLV VN KNTIT
- R VR N N K K I NM FV * L L T RI S L

8281 - TTGAARACCACAACTCTGTTGTTTTCTCTAATGATAAGCCTACCTTTTTCCAGAAGAGAAT - 8340
-L K pPQULCCUPFUL * * * A Y L F P EE N
- * NH N S VYV F S NDI KU®PTUFF Q KRI
- E TTTULULF¥F $ L M I SL P F S RRE *

8341 - AAATCATATCATTGATTTGATTCTCCTTAAGAGACATTACAGCAGTTCCTCTTAATTTAA - 8400
-K S Y H *» F DS P * ETVL QQFULUL I *
- NH I I DL I VL L KURUHY S S S 8§ * F K
- I1 I S LI * F S L RDTITA AV PULNILR
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8401 - GAGGAAATTTGCTCATGTCAAAGAGTGAATAGGAAGACARCTGGATAGGATTTGTGTTCC - 8460
-E E I C S CQRVNIR RIKTTG™* DIL C S8
- R K FAHUVI KE®*I GROQLDU RTITCUVP
- G N L L M S K SE* EDNWTIGT FV F L

8461 - TCCAGARAATGTAGTTAGCATGCATGGTATAGCCATCAATTTGTTCCTTCGGCTTGCCAA - 8520
-8 R KCS * HA WY S HQF VP S A C Q
- P ENVVSMHBGTIATINILU FTULIRULAK
- Q KM *L ACMV * P S5 1ICSVFGTUL PR

8521 - GATAGTTAGCCCCAATTAAAAATGCTTCCGATGATGATGCATTTACATTTGTAACAAAAG - 8580
-D S *P QL KMULPMMMUHEILUHTIL* Q K
- I vs PN* KCUFR**CI Y TI CNIKS
- * L AP I K NASDDUIDHAZFPTU FUVTI KA

8581 - CTGTCCACCATGAGARATGGCCCATAAGCTTGTAAAGGTCAGCATTCCAAGAATGCTCTG - 8640
-L S T M RN G P * A CK G Q H S KN A L
- C PP * EMAUHIKULUV KV S TIPRMTILTC
- V HH E KWUPTI SUL * RS AF QE C S V

8641 - TTATCTTTACAGCTATAGAACCACCCAGGGCTAGTTTTTGCTTTATAAATCCACACAGAT - 8700
-L 8§ L QL *NH?PGLVFATL~* IHTD
- Y L ¥ S Y RTTOQQG * F L L Y K ST QI
- I F TAI E&PUZPRASU FCU FFTINU PHR*

8701 - AAGTGRAABACCCTTCTTTAGAGTCATTCTCTTTTGTCACATGTTTGGTCCTAGGGTCAT - 8760
-K * K TUL L * 8 H S L L S HV WS * G H
- $ E X pF F RV ILFCHMUEFGP R VI
- vV X NP S L ESF S F VTCUL VL G S Y

8761 - ACATATCGCTAATAATAAGGTCCCATTTATTAGCCGTATGTACTGTTGCACAGTCTCCAA - 8820
-T Y R * * * G P I Y * P.Y V L L H S L Q
- HI A NNJ KWV PTFISRMYCCTV SN
- I s L I I R S H L L AV CTVAQ S P I

8821 - TTARAGTAGAATCTGCGTCGGAGACGAAGTCATTAAGATCTGAATCGACAAGTAGTGTGC - 8880
-L K *NL RRRRSH*DILNU RO QV VC
- * § R I CV GGDEVIIXKTIO®*XTIDI K™* CA
- K v ES A S ETI KJSULIRSESTS S§ VP

8881 - CAGTTGGCRACCATTGTCTGAGCACAGCTGTACCTGGTGCARCTCCTTTATCAGAGCCAG - 8940
-Q L AT I V * A QL Y L V QUL L Y QO S Q
- $ WQPUL S EHSCTWCNST FTIRAS
- vV G NH CL ST AUV P GGATUPUL S E P A

8941 - CACCAAAGTGAATAACTCTCATGTTGTAGGGTACAGCTAAAGTAAGTGTATTTAAGTATT - 9000
-H ¢ $S E*L s ¢CCRV QUL K * VYL § 1
- T K VNN SHVYV GY S * S KCTI * VL
- P K *I1I TULMUL*GTAI KV SV F K Y *

9001 - GACACAGTTGAGTATACTTTGCGACATTCATCATTATTCCTTTTGGTATAACAGCATTTT - 9060
-DTVEYTU LI RUHS SLFUL LV * Q HF
- T Q L $ I L ¢C DI H HY S F WY NS I F
- HS$ *VvV Y FATU FI I I PFGTITATF S

9061 - CACCATAATTCTGAAGGTCACACTTTTCAAGAAGCATTCTTTGCATCTTGTACARAGTTAG - 9120
-H HN S EGHTT FQEA ATFT FASTCT S *
- T I I L K Vv T L F KKH S L HL V Q V R
- p »f * R S HF SRS I L CTI LY KUL G

9121 - GCATCGCAACACCTGGTTGCCACGCTTGACTTGCTTGTAGTTTTGGGTAGAAGGTTTCAA - 9180
-A §$ QB L VATULDILILV VL G R R F Q
- H R NTWIL PRULTZ CUL* F WV EG F N
- 1 A T™FPGOCHA*LACS SV FG™* KV ST

9181 - CATGTCCATCCTTACACCAAAGCATGRATGAARATTTCAGCATAGTCAATTGTAACCTITGA - 9240
-H VvV HPYTI KA A®*M KU FQH S QL * P *
- M §$ I LT P K HE* N F S I V NICNL D
- C P S L HQSMNUETISA™*SIVTTULT
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9241 - CCACTTTTGAAATCACTGACAAATCTTGTGACTTTATTATCTCGACAAAGTCATCAAGTA - 9300
-P L L K S$ L TWNULUV TULUL S R QS HQV
- H F * NH * QI L * L Y Y L DKV I K *
- T F E I TDIKSCDUT FTITISTIKS S S K
9301 - ARAGATCAATCACAGAACACACACATTTTGATGRACCTGTTTGCGCATCTGTTATGAAGT - 9360
- K D Q S Q NTHTIULMNILUPF®AWUHTULTUL * 8
- K I NHRTHTTUF * * TCULURTICYEWV
- R s I T EH T HUVF D EU®PVCAS VMK *
9361 - AATTTTTCACTGTGCTGTCCATAGGGATAARATCCTCTAATTTAAGTGGTGAATCTTGTG - 9420
- N F S L CC?P>*G*¥ NPULTI * V VNTILUV
- 1 F H CAVHRUDI KTIUL®* F KW * I L *
- F F T VL 81 GI K S S NILS G E S CE
9421 - AGCGCTTGGCTAAGCCTATCATTAAATGAAGACCGCCAAGTTGTCCATGACTGARATCTC - 9480
-§$ A WL SL SLNUEUIDW RIGQV V HUD* N L
- AL G * AYH * M KT AI KULSMTEI S
- R L A K PITI XK * R PP S CUP * L K S P
9481 - CATARACGATGTGTTCGAARGGCATAGCCCTCGAGCTTATATCGCTGTATGAATTCATCCA - 8540
-H KR CVRIRHBS3S P RAYT AV *TITHTP
- I NDV FEGTIAULEULTI S UL Y EF I H
- * T M ¢ S K A *P § S L Y RCMNS S I
9541 - TAGCGAGCTCGAGAAAGTCAGITTCCATTTGTGATCTGGGCTTARAATCCTCTAAGTCTC - 9600
-* RARESQUPF PF VI WA®*NUPTILSL
- $ EL E K VSsS FHUL *¥S GL K TI L * V §
- AS S R K S Vv s 1 CDUL GUL K S S K S L
9601 - TGCTCTGAGTAAAGTAGGTTTCAGGCAACTGTTGAATAATGCCGTCTACTTTCTTAAAGT -~ 9660
-C S E * S RFQATVE®* CIRULUL S * §
- AL $ KV GFROTLIULNNAYVYTFTILKYV
- L * VvV K *VvVSsS NC*I MUPSTF L K *
9661 - AGTTAAACTGTGTTTTITACTGATTCTCCAATTAATGTGACTCCATTGACGCTAGCTTGTG - 8720
-3 TV FLLIUL L M™*LH* R * L V
- VXL ¢C FY *F SN * CDS I DASTULC
- L N CV?FTDS?PTI NVTPLTILA ATCA
9721 - CTGGTCCCTTTGAAGGTGTTAGACCTTTGACTGRACCTTCTGTTATTAARACACCATTAC - 9780
-L VvV P L KVLI DU L®* L NTLILU LU L KUHH Y
- ws$&L*RC®*T FD* T FCY * NTTIT
- G p FE GV RPULTEU®PS VI KTUPIULR
9781 - GGGCGTTTCTAAAAAGGTCTACCTGTCCTTCCACTCTACCATCAAACAAGACAGTAAGTG - ©840
-G R F * K GL P VL P LY H QTR Q * V
- GV S K KVv Yyl SsS FHSTTIK QDS K *
- AF L K RS TOCU?PSTILUPS NI KTV S E
9841 - AAGAACAAGCACTCTCAGTAGGTTTCTTGGCAATGTCAGTCATTGTGCAGACACCTATTG - S900
- K NKH S Q * VS WQ@QOCQ S5 UL CRHULL
- R TS TUL SR PFF LGNV S HCAUDTYC
- EQAL SV GGFL AMS VI VQTUPTIV
9901 - TAGATACATGTGCTGGGGCTTCTCTTTTGTAGTCCCAGATTACAGTATTAGCAGCGATAT - 9960
-** I H Vv L 6 L L F CS P RUL QY * Q R Y
- R Y M CWGF S F VYV P DY S I S S DI
- b rc¢cAGA S L L *S QI TV L AATS
9961 - CAACACCCARATTATTGAGTATCTTAATCTCTGGCACTGGTTTAATGTTACGCTTAGCCC - 10020
-Q HPNY *VZS * S L ALV * CY A * P
- NT @ I I E Y L NL WHWUFWNWVTTIUL S P
- T P KL L 8$ I LI S$GTGUL MULRTULAQ
10021 - AAAGCTCAAATGCAACATTAACAGGAAGTGTTGTCTTATTTTCAAAGATCTCCACATCAA - 10080
K A Q M Q H *Q E VL S Y F Q R S P H Q
K L K C NI NIRI KT CTCULTIUFKDTULHTIN
s S NATULTSGSV VL F S KTI ST SI
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10081 - TACCATCTACCTTTGTGTAAACAGCATTATTAATGATGGAAACAGGTGCTTCGCCGGCGT - 10140
-Y HL PLCIKOQHY * * WIKOQUV L RZRR
- 7 I ¥L CVWNS5TITINUDSGNZ RTE CTFEFAGYV
- P ST FV * TALULMMMETT GAS P A C

10141 - GTCCATCARAGTGTCCTTTATTAACAACATTATAARGCCACATTTTCTAAACTCTGTAACC - 10200
-V H Q S VLY * Q HY KPHFULNZS VT
- 8 1 K Vv S F I NNTITITISHTIUF™*TTUL * P
- P sS K C?PL L TTUL * AT FS KUILCNL

10201 - TGGTARATGTATTCCACAGGTTATAAGTATCARATTGTTTGTAAATCCATAGGCTAAATC - 10260
-wW* MY ST G Y K Y QI VCI KSTISG* I
- G K CI1I PQUVISI KL FVNZP * A K S
- VNV FHRIL* VS NCIL®*IHIRTILNP

10261 - CAGCAGARATCATCATATTATATGCATCCAAGTACTGTCGGTACTCATTTGCATGGTGTC - 10320
-0 QK S §$YYMH$®P S TV GTHTILHGV
- $ R NHHTITIOCIOQOQUVLSVLITCMUVS
- A E I I 1 L ¥ A S KY CURY S F AW C L

10321 - TGCAAACAGCACCACCTAAATTGCATCGTGTAATACACGTAGCAGATTTGAGTGGAACAT - 10380
-C K QH AL NCTI V *Y T * QI * V E H
- ANSTT* I A S CNTI RIS RUEFEWNTI
- Q T A PP KULHU RV IHVADTILSSG T *

10381 - AATCAATATCCGACACTACTTGTTTGCCATGAGACTCACAAGGACTATCAGAATAGTARA - 10440
-N Q ¥ P TULULV CHETUHI KDY QN S K
- I NI RHY L FAMAU RILTIRTTIRTI V K
- s 1 s prTT‘T CULU®P™*DS Q GL S E * * K

10441 - AGAAAGGCAATTGCTTTAAATTAGTAAATGCACTTTTATCGAAAGCTGGAGTGTGGAATG - 10500
-R KAIALWNM*X*MHFY R KULETCGM
- ER QL L #*# I S KCTVFTIESWS V EC
- K G N ¢CF KL VNATILULS KA AGV W N A

10501 - CATGCTTATTCACATACAAACTACCACCATCACAGCCTGGTAAGTTCAAGTTTGACAAGA - 10560
-H A Y S HTNYHHHKSULV S S S L TR
- ML I # I ¢TTTTITA AW*V Qg V * Q D
- c L FTY KL PP S QP G K F K FDIKT

10561 - CTCTTGTGTCAAACCTACACACARATTGCATTGGCTGGGTAACGATCAACGTTACAATTCC - 10620
-L L ¢CQ T Y T QUL HWIUILGND QIR Y N 8
- §$ CVK?PTHNT CTIOGWUVTTINUWVTTIFP
- L VS NULHTTIALAG®™®* RS TULQ F Q

10621 - AAAACAAARCAPACACCATCAGTGAATTTATCGTGATGTGTAGCATAAGARTAGAAGAGTT - 10680
-K T N K HHQ * I Y R DV * H K NR RV
- K Q T NTTI S EF I VMCSTITRTIEE F
- N K Q T PSVNULJS * CV A * E * K S S

10681 - CCTCTATTTTGTAAGCTTTGTCACTACATGGCTGAGCATCGTAGAACTTCCATTCTACTT - 10740
-P L F C KL CHYMAEUHI RIRTSILL
- LY ¥ Vs FvVTTWULS IV EULUPUFYF
- s I L *AL S L HG™*AS * N F H S T S

10741 - CAGCCTGAGGCACACACTTGATAGCCTTTGGATTTCCAATGTCATGAAGRACTGGAAACT - 10800
-Q PEAHT * * P L DF QCH EEULET
- L RHTULDSL WI SNUVMIEKNUDWI KL
- A * G T HULTI AVF GVF PMS * R T G N L

10801 - TATCAGCAAGCAATGCAGACTTCACAACCATGTGTTGTACTTTTCTGCAAGCAGAATTAAR - 10860
-Y Q Qg AMQT S QP CVV L FCIZ K QN *
-1 s K Q CURULHNUHUV LY F S A S RTIN
- S ASNADUPFTTTMOCCTU FPULQAZETLT

10861 - CCCTCAGTTCATCTCCTATAATAGGGTATTCAACAGACCAATCARACGCGCTTAACRAAGC - 10920
-P S$ V HL L * * G I Q QTN Q R A * Q S

P Q F I S Y NRV F N RPTINA ATILINI KA

L $ s s PP I I GY S TDIOQSTRIULTKH
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10921 - ACTCATGGACTGCTAAACATCTAGTCATGATAGCATCACAACTAGCCACATGTGCATTTC - 10980
-T H G L L NI * s * * HHN* P H V H F
- L M DC* T S S HDS I TTS HMTCTI S
- S WTAKHULVMIASOQLA ATTCATFP

10981 - CATGTACCTGGCAATGTTGGTCATGGTTACTCTGAAGGTTACCCGTAAAGCCCCACTGCT - 11040
-H VP GNV GHGY S EGY P * s p TRA
- MY L AMIL VM VTLKUVTRI KA APILIL
- C T W QCW S WULUL * RUL PV KUPHC *

11041 - GAACATCAATCATAAATGGGTTATAGACATAGTCAARACCCACAGAATGATTCCAGCAGG - 11100
-E H QS *M GY R HS QNP QNDS S R
- NI N H KWV IDTIVIEKTUHIRMTIUPAGG
- T $ I I NGUL * T * S K P TUE * F Q Q A

11101 - CATARGTATCTGATGAAGTAGARAAGCAAGTTGCACGTTTGTCACACAGACAACACGTTC - 11160
-H K Y LMK * K S KL HV CHTUDWNTF
- I s 1 * * 8 RKASCTU FVTQTTRS
- * Yy §$ b EVEI KOGQUVARTILSUHRQUHRBV L

11161 - TTTCAGGTCCAATCTTGACAAAGTACTTCATTGATGTAAGCTCAAAGCCATGCGCCCAAA - 11220
-F QVQSsS$S*gsTSULM™* A Q S HA P K
- FR S NULDI K VL H*CZ KL KA AMIZ R P K
- S G P I L TK Y F I DUV S S K P CAOR

11221 - GGACGAACACGACTCTGTCTGACAATCCTTTCAGTGTATCACTGAGCATTTGTACTATCT - 11280
-G R TURULCULTTIULS VY H* ATF VL S
- DEHD SV *Q S F @ CTITEWHTULUZY YL
- T N T T L §$ DNUPF S V S L S I CT I L

11281 - TAATACGCACTACATTCCAGGGCAAGCCTTTATACATGAGTGGTATAAGATGTTTAAACT - 11340
-* Y AL HS RA S LY T * Vv Vv ¥ DV * T
- N T H Y I P G QA F I HEWYZEKMTZ FKL
- I RT TV F QG KUPULY MS G I RIZCTULNW

11341 - GGTCACCTGGTGGAGGTTTTGCATTAACTCTGGTGAATTCTGTGTTATTTTCAGTGTCAA - 11400
-G H L VEUVIL H*L W *I 1L CYFOQZCOQQ
- VT WWURFCINSGEU/FCV I F S§ VN
- s PG G GFALTTULVNSVLF SV ST

11401 - CATAACCAGTCGGTACAGCTACTAAGTTAACACCTGTAGAAAATCCTAGCTGGAGAGGTA - 11460
- NQ S VQLUL S *HL * K I LAGTEV
- I T S R Y $ Y * VvV N T CRIK S * L E R *
- % PV GG TATI KULTUPVENUPSWIRG R

11461 - GGTTAGTACCCACAGCATCTCTAGTTGCATGACAGCCCTCTACATCAAAGCCRATCCACG - 11520
-G * Y P Q HL * L HD S PULUHZQS QST
- Vs TH $I s$ s CMTAULYTI KA ANTZPR
- L v P TASL VA *Q P S TS K P I HA

11521 - CACGAACGTGACGAATAGCTTCTTCGCGGGTGATARACATATTAGGGTAARCCATTGACTT - 11580
-HERDE*L L RG * * T Y * G NH * L
- T NV T NS FFAGDI KHTIIRUVTTIDTL
- R T * R I A S SRV INIULSG™*PILTW

11581 - GGTAATTCATTTTGAAACCCATCATAGAGATGAGTCTACGGTAGGTCATGTCCTTTGGTA - 11640
-G NS F * NP S * R *V Y GRS CUPLV
- VvV I H F ETHUH RDESTV GHV L WY
- * ¥ I L K P I I EM S L R™* VM S F G M

11641 - TGCCTGGTATGTCAACACATAATCCTTCAGTCTTGAATTTTATATCAACGCTGAGGTGTG - 11700
-¢C L VvV cg@QH#HI I L QS * I L Y Q R * GV
- A WyYVDNT* S F SUL EFY I N AZEVC
- P 66 M S THWNUPS VL NPF I STULIRZCV

11701 - TAGGTGCCTGTGTAGGATGAAGACCAGTAATGATCTTACTACAGTCCTTAARARAGTCCAG - 11760
~-* VvV pV * D EDOQ * * S Y Y S P * K V Q

R ¢C L CRMEKTSNDULTTV L KK § §

G ACV G *RP VM ILILUGQSLKS P V
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11761 - TTACATTTTCTGCTTGTAATGTAGCCACATTGCGACGTGGTATTTCTAGACTTGTAAATT - 11820
-L HFLLVM* P HCDVV FLDTIL * I
- Y I F CL * C S HTIATWYF*TC K L
- T F §$ A CNUVATILRI RSGTISRILVNTC

11821 - GCAGTTTGTCATAAAGATCTCTATCAGACATTATGCACARAATGCCRATTTTTGCCCTTG - 11880
-A V CHKDUL Y QTTULTCTI KT COQT FTULPL
- Q F VI KTISTIRHYAQNA ANIZEFTCU®PTC
- s Ls *RSL SDTIMIHIKMZPTIU EFATILYV

11881 - TGATAGCCACATTGARAGCGGTITGACATTACAAGAGTGTGCTGTTTCAGTAGTTTGTGTGA - 11940
-* * P H * S G * H Y K S VL F Q * F V *
- DS HIEAUVDIT RV CCT FS S L CE
- I ATUL K RUL TULOQECA AV SV V C VN

11941 - ATATGACATAGTCATATTCAGAACCCTIGTGATGAATCAACAGTCTGCGTAGGCAATCCTA - 12000
-I * H $§$ H I Q N P VM NQ QS A * A I L
- YDI1IV1I1IFRTTL®** I NJSULIRIRZQS S *
- M T * S Y S E©PCDESTV CV G N P K

12001 - AGATTTTTGAAGCTACAGCGTTCTGTGAATTATAAGGTGAGATAARAACAGCTTTTCTCC - 12060
-R F L XKL QRS VNYE KV R®* KQUL F 8§
- DF*S Y S VL *»I I R *D KNS F S§ P
- I1 F EATAUFCETL®*GUETII KT AU FTULQ

12061 - AAGCAGGATTGCGTGTAAGAARATTCTCTTACARACGCCTATTTGAGGTCTGTTGATTGCAG - 12120
-K o DCV* EI LL QURILUFEVC * L Q
- S R I ACI K KU FS3SYNAYULR RSV DT CHR
- A G L RV RN SL TTU®PTI * G L L I A D

12121 - ATGAAACATCATGTGTAATAACACCTTTGTAGAACATTTTGAAGCATTGAGCTGACTTAT - 12180
-M K HH{V *»* H L CRTF * S8 1IETLTY
- * NI M CWNNTFV EHTFEA ATLS * L I
- E TS CvVvIiITU®PUL *NTILIKWH™*ADTIL S

12181 - CCTTGTGTGCTTTTAGCTTATTGTCATAAACTAAAGCACTCACAGTGTCAACAATTTCAG - 12240
-P C VL LAY CHIKU LI KUHSQCOQQF Q
- L vc¢c?F *L.L I VIN®* S THSVNNTF S
- L. ¢4 Ff S LL S *T KA ATLTWV S TTI S A

12241 - CAGGACAACGGCGACAAGTTCCAAGGAACATGTCTGGACCTATTGTTTTCATAAGTCTGC - 12300
-Q DN GDI KU FQGTTCULUDU LTILT FS * V C
- R T T AT S S K EHV W T Y CUFH K S A
- G Q RRQV P RWNMSSG®PTIUVVFTI S LH

12301 - ACACTGAATTAAAATATTCTGGTTCTAGTGTGCCTTTAGTCAGCARTGTGCGGGGGGCTG - 12360
-T L N * NI L VL VCTL * S A MU CG GG L
- B *I K I Fr W©F™*CAUF S Q QQCAGTGTW
- T £ L K Y S G S S VvV PLV S NV R GAG

12361 - GTAATTGAGCAGGATCGCCAATATAGACGTAGTGTTTTGCACGAAGTCTAGCATTGACAA - 12420
-v I E Q DUROQY RRS VL HEV * H * Q
- **+ 1L 8 R I A NI DV V F CTI K S S I DN
- N * A G S P I * T * CF AR S LAULTT

12421 - CACTCAAGTCATAATTAGTAGCCATAGAGATTTCATCAAAGACTACAATGTCAGCAGTTG - 12480
-H § § # N * * P * R F H Q R L Q C Q QL
- T ¢ Vv I I §8 S HRDUF¥F I KDY NV S S C
- L X §$ *» L vaA I ETI S S KT T MS S A VYV

12481 ~ TTTCTGGCAATGCATTTACAGTGCAGAARACATACTGTTCTAGTGTTGRATTCACTTTIGA - 12540
-F L AMHULOQCU RI KU HTVL VL NS L *
- FWQOCTI Y SAU ENTIULT F®*C™* I HF E
- S G NAFTUVQ KTYCS SV ETFTTULN

12541 - ATTTATCAAARCACTCTACGCGCGCACGCGCAGGTATGATTCTACTACATTTATCTATGG - 12600
-I Y Q N TLRAHAOQV * F Y Y I Y L W
- F I K TULYAURTI RURYDSTTT FTIUYSG
- L $ K H ST RARASGMIILTILUHIL S MG
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12601 - GCAAATATTTTAATGCCTTTTCACATAGGGCATCAACAGCTGCATGAGAGCATGCCGTAT - 12660
-A NI L M P F HI GHOQQUL HESMEPZY
- Q1 F *CLVFT®* GINS ST CMZ® RATCR RI
- K Y F N AF S HRASTA® AARAT*EHAUVY

12661 - ACACTATGCGAGCAGATGGGTRATAGAGAGCARGTCCGATGGCAAAATGACTCTTACCAG - 12720
-T L CE QMG NI REUDQVRWOQNDS Y Q
- H YA S RW®WUVIESIKSDGI KMTTILTS
- T M R A DG * * RA S P MAI K * L L PV

12721 - TACCAGGTGGTCCTTGGAGTGTAGAGTACTTTTGCATGCCGACCTTTTGATAATTTGCAA - 12780
-Y Q vvVv>L GV *S T FACRZPTFUDNTULDQ
- T RW S L ECR RV L L HBADTILILTITITCN
- P 6 G PW SV EY FCMEPTF * * F AT

12781 - CATTGCTAGAAAACTCATCTGAGATGTTGAGTGTTGGGTACAAGCCAGTAATTCTCACAT - 12840
-H C * K THUL R C™* VL GT S Q * F § H
- I AR XK ULI * DV EZ CWUV QA SNUS HI
- L LENSSEMTILSV GY K©PVIULT*®

12841 ~ AGTGCTCTTGTGGCACTAGAGTAGGTGCACTAAGTGGCATTACAGTGTGAGATGTCAACA ~ 12900
- AL VAL E®*VH>* VALOQCEMS ST
- VvV L L WH* S RCTIKWHY S V RCQH
- c s ¢ 6T RVGAL S GTI TV * DVNT

12901 - CAAAGTAATCACCAACATTCAACTTGTATGTCGTAGTACCTCTGTACACAACAGCATCAC - 12960
-Q S N HQH ST CMS * Y L CTQ Q H H
- KvITW NTIOQLUVCURSTS SV HNZSTIT
- K * s p T F NLYVVVPLYTTAS P

12961 - CATAGTCACCTTTTTCAAAGGTGTACTCTCCARTCTGTACTTTACTATTTTTAGTTACAC - 13020
-H S HL FQRTZ CTULOQS VLYY F * L H
- I Vv T FPFKGUV L SNULYFTTIU FS YT
- * §$ P F S XvVvys>sSpPpPpICTILILU FUL VTR

13021 - GGTAACCAGTAAAGACATAGTTTCTGTTCAATGGTGGTCTAGGTTTTCCAACCTCCCATG - 13080
-G N Q *RH S FCSMVV * V F Q P P M
- VvV T $ K DI VSV Q WW S RF S NTL P *
- *PVEKT* FLFNGGILGTFU®PT S HE

13081 - AAAGATGCAATTCTCTGTCAGAGAGTACTTCGCGTACAGTGGCAATACCATATGACAGCT - 13140
-K bAILCOQRVILI RV QWOQY HMT A
- K M ¢ F § VR EY FAY S GNTTI* QL
- R C N S L S E STSURTVATIUPY DS L

13141 - TAAATGTTTCCTCAGTGGCTTTGAGCGTTTCTGCTGCGRAAAGCTTGAGTCTCTCAGTAC - 13200
-* M F P Q WUL *AFTILULREKA™*XV S QY
- K ¢ FL $ G F EJRFCCEIZ KT LESTILST
- NV § S$ VAL SV S A AKSLSL S V Q

13201 - AAGTGTTGGCAAGTATGTAATCGCCAGCATTAGTCCAATCACATGTTGCTATCGCATTGA - 13260
-K C WQ VvV C NI RO QH*S NHMIL L § H *
- $ vV GGKYVIAS SIS ?PITZ CTCYRTIE
- v LASM®* S PAILV QS HV A I ALK

13261 - AGTCAGTGACATTGTCACTGCCTACACATGTGTTTITGTATAARACCAARAACCTGACCAT - 13320
-S Q * HCHCLUHMTCT FT CTINZ QI K?PDIH
- vs$biI1lve TAYTT CVFV *TKINTILT I
- s v TL S L PTHUV FULY KU®P KT * P L

13321 - TAGCACATAATGGAAAACTAATGGGAGGCTTATGTGACTTGCAATAATAGCTCATACCTC - 13380
-* H I M EN * W EAY V T CNNS S Y L
- $ T * W KT NGURTULM* L A I I A HT S
- AH NG KILMGSGLCDULOGQ®** L I P P

13381 - CTAGATACAGTTGTGTCACATCAGTGACATCACAACCTGGGGCATTGCAAACATAGGGAT - 13440
-L b T VvV S H¢g * HHNTULGHTCIKUHRD
- * I @ L ¢ HI1I s DITTWSGTIANTISGI
- R Y s cv TS VTS QP GALOQT * G L
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13441 - TAACAGACAACACTAATTTGTGTGATGTTGAAATGACATGGTCATAGCAGCACTTGCAAC - 13500
-*QQ T™T7T 1L I CVMULIK™* HGH S S T CN
- N R QH * F V * C * N DMV IAA-ATLAT
- T b NTNU LT CUDVEMTWS * Q H L QH

13501 - ATAGGAATGGTCTCCTARTACAGGCACCGCAARCGAARGTGAAGTCTGTGAATTGCACAATA - 13560
-1 G M VS *Y RHRNUEWV K S VNCTTI
- *E WS PNTSGTATI K™* S L * I A QY
- R N G L LI QA PQR S5 EV CETLHNT

13561 ~ CACAAGCACCTACAGCCTGCAAGACTGTATGTGGTGTGTACATAGCCTCATAAAACTCAG - 13620
-H K HL QP AIRULYUVVCT*PHI KT Q
- TS T Y S L QD CMWOCUV H S L I KTULR
- Q A PTACIKTUVCGV Y IAZS™* NS G

13621 - GTTCCCAGTACCGTGAGGTGTTATCATTAGTTAGCATTACGGAATACATGTCCAACATGT - 13680
-V P S8 TV RCYH* L AL RWNTTCU®PTC
- F PV?P*G VI I S *H Y GI HV Q HV
- S Q YR EV L S L VS ITEVYWMSNMMMW

13681 ~ GGCCAGTAAGCTCATCATGTAACTTTCTAATGTATTGTAAATACAAGTGAAAGACATCAG - 13740
-G Q * AHHV T F * C I V DNTSERHZQ
- A S K L I M * L 8NV L * I QV KD I S
- PV S5SSSCNV FILMYCIKYK™* KT S A

13741 - CATACTCCTGATTAGGATGTTTTGTAAGTGGGTAAGCATCAATAGCCAGTGACACGAACC -~ 13800
- T PD*DVL *V G KHQ * P V TRT
- 1 L L I RMFCI KWV S INJSOQ™*HEP

’ - Yy s *L G ¢ F VS G *A S I A S DTNTL

13801 - TTTCAATCATAAGTGTACCATCTGTTTTGACAATATCATCGACAAAACAGCCTGCGCCTA - 13860
-F Q $ * VvV Y HL F * Q Y HR QNS L RL
- P NH KCTTICUF¥F DNTITIDI KT ATCABA?
- s T I S v ?P S VLTI S STI KT GQ?PHA ATZPN

13861 - ATATTCTTGATGGATCTGGGTARGGCAGGTACACGTAATCATCTCCTTGTTTAACTAGCA - 13920
-I F LM DULGI KA AGTRNDNUHKTLULUV * L A
- Y S * w I WV RQV HVITISLFN *¥H
- 1 LDbG S G * G RYT* s s p CVL T S I

13921 - TTGTATGCTGTGAGCAAAATTCGTGAGGTCCTTTAGTAAGGTCAGTCTCAGTCCAACATT - 13980
-L Yy AV S X I REVL * * G Q S Q@ S NI
- C ML *A KF VRS F S KV SL S P TF
- v CCEQNS * G PL VRSV SV QHPF

13981 - TTGCCTCAGACATGAACACATTATTTTGATAARTAAAGAACTGCCTTAARGTTCTTAATGC - 14040
-L P QT * T HY FDNIKETLU®P* S S * C
- C L RHEHTIIULTITI KNIUCILI KUV L NA
- A S DMWNTTILU F* * * R TAULKF L ML

14041 - TAGCTACTAAACCTTGAGCCGCATAGTTACTGTTATAGCACACAACGGCATCATCAGAAA - 14100
-* L L NL E P H S Y CY S T QR HUH Q K
- $ Yy * TUL S R TI VTV IAUHNTGTITIRK
- A T K P * A A * L L L * H T TA A S § E R

14101 -~ GAATCATCATGGAGAAATGTTTACGCAGGTAAGCGTAARACTCATCCACGAATTCATGAT - 14160
-E S S W RNV Y A G KR KTH?PRIHD
- NB H G EMFTQV S V KLTIHETFMI
- I I M E K CLRUR™*A*NS S TN * §

14161 - CAACATCCCTATTTCTATAGAGACACTCATAGAGCCTGTGTTGTAGATTGCGGACATACT - 14220
-Q H P Y FYRDTHURATCVYV VDCGHT
- NI PI 81 ETULTIZEU®PVL*IADTIL
- T $ L FL *RHS * S L CCRILRT YL

14221 - TGTCAGCTATCTTATTACCATCAGTTGARAGAAGTGCATTTACATTGGCTGTAACAGCTT - 14280
-C QL S Y Y H QUL KU EV HLHWIL * QL
- vSsSy&L1ITT1I S * KKT C1IYIOGOCNSIL
- s A I LL P SV EZRSAPFTILAWVTA *
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14281 - GACAAATGTTAAAGACACTATTAGCATAAGCAGTTGTAGCATCACCGGATGATGTTCCAC - 14340
-D KC * R H Y * HK QUL * HHRMMTEF H
- T NV KDTTISI S S Cs 1 TG™* C s T
- O M L K T L LA* AV VA S P DDV PP

14341 - CTGGTTTAACATATAGTGAGCCGCCACACATGACCATCTCACTTAATACTTGCGCACACT ~ 14400
-L vV * HI1IVSsSRHAT* P S HL I L AHRT
- W FNTI * >* A A THDHTLT™* YL RTL
- G L T Y S EPPHMTTISILNTTCAH S

14401 - CGTTAGCTAACCTGTAGARACGGTGTGATAAGT TACAGCAAGTGTTATGTTTGCGAGCAR - 14460
-R *# L T ¢C R NG VI S Y S KTCY V CEQ
- vVv$§ * p VvV ETV *¥ * VvV TA S VM F A S5 K
- L A NL * K R CDI KU L QQQVLCULRAR

14461 - GAACAAGAGAGGCCATTATCCTAAGCATGTTAGGCATGGCTCTGTCACATTTTGGATAAT - 14520
-EQ ERPL S * A C* A WUILCHTITULDN
- N K R G HY P KHV RHGS VTV FWTII
- T R EA I I L S ML GMALSHTFG * 8

14521 - CCCRACCCATAAGGTGTGGAGTTTCTACATCACTGTAAACAGTITTTTAACATATTATGCC - 14580
-P NP * GV EFULHHCIKOQUFULTY Y A
- P T H KVWSFYTIT VNS F*HTIM?®P
- Q P I R C GV S TS L * TV F NTILCQ

14581 - AGCCACCGTAAAACTTGCTTGITCCAATTACCACAGTAGCTCCTCTAGTGGCGGCTATTG - 14640
-8 HRKTTCULVFOQL PQ *L L * W R L L
- ATV KL ACSDNYHS S S S S8 G G Y *
- PP * N L L VPETITTV A PL VA A TITD

14641 - ACTTCAATAATTTCTGATGAARCTGTCTATTTGTCATAGTACTACAGATAGAGACACCAG - 14700
-T $ I I $ DETWV Y LS * Y Y R * R HQ
- L Q * F L M KL SsSICHSTTU DA RUDT S
- F N NF ** N CILFVIVULQTIETPA

14701 - CTACGGTGCGAGCTCTATTCTTTGCACTAATGGCATACTTAAGATTCATTTGAGTTATAG - 14760
-L R CE L Y S L H * WH T * D S F E L *
- Y 6GA S S I L CTNUGTIULI KTIWUBHILS Y S
- T VR AL FFALMAYTLRUZFTI* VIV

14761 ~ TAGGGATGACATTACGCTTAGTATACGCGAARAGTGCATCTTGATCCTCATAACTCATTG - 14820
-* G * HY A * Y TRI KV HL D PHNS L
- RDDTITULSTIREI KT CTIULTIULTITH*
- G M T LRULV Y AU KSAS * S § * L I E

14821 - AGTCATAATAAAGTCTAGCCTTACCCCATTTATTAAATGGGAAACCAGCTGATTTATCCA - 14880
-S HNKV *P Y P I Y * M GDNOQUL I Y P
- v Il I K S$ s L T&©PVFTIIKWETS* F I Q
- $ * * § L A L P KHLULNGIKPAUDTIUL SR

14881 - GATTGTTAACGATTACTTGGTTGGCATTAATACAGCCACCATCGTAACAATCARAGTATT - 14940
-D C * R L L G WWH * Y S HHRNNUOQS I
- I vV N DY L V GINTA ATTIVTTI KV F
- L L T I T WILAULTIOQU®PUPS * Q S KUY L

14941 - TATCAACAACTTCAACTACGAATAGGAGTTGTCTGATATCACACATTGTTGGCAGATTAT - 15000
-¥ 0 QL QLRI GV YV * Y HTULULADY
- I N NF NYE* EL S DTITUHOCWOTII
- $ T T S T TN RS CUL I S HTI VG RIL *

15001 - AACGATAATAGTCATAATCACTGATAGCAGCGTTGCCATCCTGAGCAAAGAAGAAGTGTT - 15060
-N DN S8 H N H * * Q R CUH P EQQ R R S V
- T11vVv 11 TDJSSVATIULSIKEEVTF
- R * * § * § L I A AL P S * A K KK CF

15061 - TTAGTTCAACAGAACTTCCTTCCTTARAGARACCTTTAGACACAGCARAGTCATAAAAGT - 15120

L VvV g N F L P * RNUL* T QQ S H K S

* P NR T S F L K ETVFRHS K VI KV
S $ T EL P S L K K P L DT AI KS * K S
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15121 - CTTTATTAAAATTACCGGGTTTGACAGTTTGAAAAGCAACATTGTTTGTTAGTGCAGCTA - 15180
-L Y *N Y RV * Qg F E KOQHT CULUL V QL
- F I K I TG F D S L K S NTV C* C S Y
- L L. KX L P GL TV *KATTULUVF VS AA AT

15181 - CTGAAAAGCATGTAGTGCGTTTATCTAGCAATAAATTGCCAGAAGCTGCATGCATAGCTG - 15240
-L K $ M * CVYLATIWNZCOQI KULHA * L
- *K AC SAFI *¢@Qg * I A RS CMUHBS W
- E K H VVRUL S S N KU L PEAA AT CTIASG

15241 - GATCAGCAGCATACACTAAAAGTTCCTTGAAACTGAGACGCGAGCTATGTAAGTTTACAT - 15300
-DQ Q H TL KUV P * N *DAS YV § L H
- I 8§ 8§ I H * K F L ETETIRAM?* VY I
- S A A YT K S S$L KULURI RUETILT CI K F TS

15301 - CCTGATTATGTACGACTCCTAACTCACGAAAATGGTATCCAGTTGAAACAACAAAAGGAA - 15360
-P DY VRLULTUHENGTIOQULI KOQQ K E
- L I MYDS* L T KMV S S * NN KRN
- * L. ¢ TTVPNSIRI KWWY PV ETTZKGT

15361 - CACCATCTACAAATATTTTTCTTACTAGTGGTCCAAARCTTGTAGGTGGAAACACAGTAG - 15420
-HH L Q I F F L L V V QNTL®*V E T Q *
- T I Y KY ¥ S Y * W s KT CIRWEKH S R
- P S T NI F LT S G P KLV GG NTVE

15421 - AAAATAACACATTAAAGTTTGCACAATGAAGGATACACCTATCATCCAARACAGTTAATAC - 15480
-K I T H * S L B N E G Y T Y H PN S * Y
- K *H I KvCcTMI KU DTU®PTITIOQTVNT
- N NTL K F A Q * R I HIL S S KOQQUL I Q

15481 - AATTGGGATGGTATGTCTGGTCCCAATATTTAARATAACGGTCGARAGAGACAAAGTCTCT - 15540
-N W DGMS G P NTI * NNGZRIRDIEK VS
- 1 GMVCLV?PIF K I TV EZETIZ KS L
- L G W Y VW S QY L K * R S KR Q S L S

15541 - CTTCCGTAAAATCATATTTCAGCAARATCCCACTTAATAAGTGGTTTTGCGAGATCAGCAT - 15600
-L P *NH I $S ANUPT * * V V L RDOGQH
- F R XK I I F Q QI PL NI KW FCZETI S I
- S VvV XK $ Y FS KSHULI S GVFAIRS A S

15601 - CCATATGGGACTCAGCAGCCAATGCCCTAGTCARAGTGAGGATGGGCATCAGCAATGAGT - 15660
-P Y G T QO PMU®P * S K * G WA S A M S
- H M G L S S QC?P S QS EDSGUHOQUQ * V
- I WD S A AN ALV KV RMGTI S NE *

15661 - AATATGAATCCACAATAGGAACTCCGCAGCCTGGTGCTACTTGTACGAAATCACCGAAAT - 15720
-N MNP Q* ELRSL VL L V RNUHRN
- I *# I HNIRWNSAAWOCY L Y E I TEI
- Yy ES T I G T P Q P G ATCTE K S P K S

15721 - CGTACCAGTTCCCATTAAGATCCTGATTATCTAATGTCAGTACGCCTACAATGCCTGCAT ~ 15780
-R T 8 8 H+* D PD YL M SV RILQCULH
- v PV PIKIULTITI*COQYAYNA ATCI
- Yy Q F PLRS * L SNV S TU?PTMZPA S

15781 - CACGCATAGCATCGCAGAATTGTACAGTCTTTAATAATGATTGGCGTRCACGCTCACCTA - 15840
-H A * HRURTIVQSLTTIMTIGV HAHL
- T HS I AELYSUL * * * L A Y TUL T *
- R I A SQNTZCT TV FNNDWI RTR S P K

15841 - AGTTAGCATATACGCGTAAGATGTCAGGATTCTCTACGAAGTCATACCAATCCTTCTTAT - 15900
-8 * HI RV RCQDSL RS HTNUPS Y
- v s$ 1 YA * DV RIULYEUVTIUPTIILTLI
- L A Y TRKWMSGF ST XK S Y Q S F L L

15901 - TGAAATAATCATCATCACAGCAATTGTATGTGACGAGTATTTCTTTTAATGTATCACAAT - 15960
-* NN HHHS NCM* RV F L L MY HN
- E 1 1I 1 1I T ATITVCDEYVFVF*CTITI
- K *»S S s ¢ QL Y VvV TS5 I S F NV S QL
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15961 - TACCCTCATCAARATGACGTAGAGCATAGACTAAATCAGCCATTGTGTATTTAGTTAGAC - 16020
-Y P HQNDVEUHRILNZ QPLCTI™* L D
- T L I KM T *SsS I D* I SHTCVUF S *T
- P S S XK * RRA*TKSATIUV YL VRR

16021 - GCTGACGTGATATATGTGGTACCATGTCACCATCTACTCTAAACTTGAAARRAGTCATGGA - 16080
-A DV I Y VVPCHUHLTL®*T * K S HG
- L T *Y MW Y HVTTIY S KU LZEIKVMD
- * R DI ¢C G TM S P STULUNUILI KIE KSWT

16081 - CAGCAACCGCTGGACAATCITTAACCAAGTTATAAATAGTCTCTTCATGTTGGTAGTTAG - 16140
-Q QP LDNIL®™*UPS$S Y K*S L HV G S *
- S NRWTTTI FNJQUVIWNSILFMULVVR
- AT A GQSL T XL * I VS S CW * L D

16141 - ACATAGTATGCCTCTTAACTACAAAGTAAGAGTCTAATAAATTGCCTTCCTCATCCTTCT - 16200
-T * YA S * L 0 S K S L I NCL P H P S
- H $ M P L NY K VRV * * I A F L I L L
- 1 vcLLTTI K ®* E S NI KU LPS S S F 8

16201 - CCTGGAAGCGACAGCAATTAGTTTTTAGGAACTTTGCAAAACCAGCACTTTTTTCGTTGT - 16260
-P G S DSN>*FLGTULGQNOQOHTFTFRC
- L EATAISV F>* ELCIKT STV FUF VYV
- W K R Q @ LV F RNV FAI KU®PA ATLF S L *

16261 - AAATATCAAAAGCCCTGTAGACGACATCAGTACTAGTGCCTGTGCCGCACGGTGTAAGAC - 16320
-K Y Q0 K P CRRHOQY * CL CR TV * D
- NI K S P VDDTISTSACARAIRTCIKT
- I S K AL * T TS VL VPV P HGV R R

16321 - GGGCTGCACTTACACCGCAAACCCGTTTARARACGTTGATGCATCCGCAGACTGCATCAA - 16380
-6 L HL HRIKUPVY * KR * CTI R RILHQ
- 6 CTY T ANU®PUVFH KWNVDASA AUDTCTIHK
- A AL TU?PQT RIULI KTT LMUHEZPOQTASR

16381 - GGGTTCGCGGAGTTGGTCACAACTACAGCCATAACCTTTCCACATTCCGCAGACGGTACA - 16440
-G FAELVTTT ® ATITTFUZPHSADGSGT
- G S R S W SQULQ©P*PFHIPOQTVQ
- vV R GV G H N Y S HNULSTUFRIRI RYR

16441 - GACTGTGTTTCTAAGTGTAAAACCCACTGGGTCATTAGCACAAGTGGTAGGTATTTGGAC - 16500
-D CV S K CKT T HWUV I S TS G R Y L D
- TV F L SV K?P?PTGSULAQV YV GIWT
- L CF *V * NPLGH* H KW * V F G R

16501 - GTACTTACCTTTCAAGTCACAGRATCCTTTAGGATTTGGATGGTCAATGTGGCATCTACA - 16560
-V L T FQ VT ESVFRTIWMVUVNYVYV A ST
- Y L P F K S QNPLGFGW S MWHTL Q
- T YL s S BRBRURTIUL * DL DGIGQT CGTI Y N

16561 - ATACAGACAACATGAAGCACCACCAAAGGACTCTTGGTCCATGTTAGCTTCTGGTGTTAC - 16620
-I1 9T T * S$TTIKSGULULUV HV S FWCY
- YR QHEAUPUP KD S WS MILAS G VT
- T D NMKHHAQRTTULGU®PC™* L L VL Q

16621 - AGTAATTGCCTGTCCTGTACCAGTGTGTGTACACAACATCTTCACACAGTTGGTGATTGG - 16680
-§8 ¥NCL s CTSVCTOQHUILHTV G D W
- v I AC&PV PV CV HNITFTIOQIULWUVTISG
- * L P VL YQCVYTT TS S H S W * L V

16681 - TTGTCCTCCACTTGCTAGGTAATCCTTATATGCTTTAGCAGGGTCTACTGCARAAGCACA - 16740
-L $ s T C¢C* VIULICVFSUZ RVYCIKS ST
- ¢ P PLAR™*SULY AL AG ST AI KA ADQ
- v L L LGNU®PYMIL®* QG UL L Q K H R

16741 - GRAGGAAAGCACAGTTGAATTGGCAGGTACTTCTGTAGCATTTCCAGCCTGARGACGTAC - 16300
-E GG K HS * I GR Y F CS I S S L KTY
- K ESsSTVETILAGT SV AFPA * RRT
- R KA QL NWOQ VL L * HF Q P E D V L
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16801 - TGTAGCAGCTAAACTGCCCAGCACCATACCTCTATTTAGGTTGTTTAAGCCTTTGATGAA - 16860
-C §$ s * T A QHUHT S I * V V * A F DE
- VA A KL P S TTIUPULV FURULFZ KU PILMEK
- * 9 L NCPAU?PYULYULGTCUL S UL * * 8

16861 - GTACAAGTATTTCACTTTAGGCCCTTTTGGTGTGTCTGTAACAAACCTACAAGGTGGTTC - 16920
-V Q VF HFRPZFWOCVCNI KU®PTIRWF
- Y K'Y FTL G PVF GV SV TNUILZGQG GG S
- T $ I §$ L * AL L V CVL * QT Y KV VP

16921 - CAGTTCTGTGTARATTGTACCTGTACCATCACTCTTAGGGAATCTAGCCCATTTGAGATC - 16980
-Q FCVNTCTO CTTITULRESS P F EI
- § v *1 v V?PSLULGNTILA AUH TELRS
- v L C KL YL Y HHKS *~ G I * P I * D L

16981 - TTGGTGGTCTGATAGTAATGCCAGCACARAACCTACCTCCCTTCGAATTGTTATAGTAGGC - 17040
-L v v * * + C Q HKU®PTSTULURTIUVI VG
- W WS D SNASTNULU®PU®PZFETLTL * * A
- G G L I vVMPAOQTYULU®PSNT CYS R Q

17041 - AAGTGCATTGTCATCAGTACAAGCTGTTTGTGTGGTACCAGCCGCACAGGACATCTGICG - 17100
-K ¢CIVvVvISsST s LT CGTSU RTGHTL S
- § AL §$ 8 VQAVCVVPAAQDTITCHR
- V HCHOQY KL F VWY QQPHIRTS VYV

17101 - TAGTGCTACTGGACTCAGTTCATTATTCTGTAGTTTAACAGCTGAGTTGGCTCTTAGAGC - 17160
-* C Y w?TOQUPFIIUL * F NS * V G S * S
- $ AT OGL S SL F CSULTA AETLA ATILRA
- v 1. L DSV HY S VYV * QgL S WUL L E L

17161 - TGTAACAATARGAGGCCAAGCCAAATTTGGTGAATTGTCCATGTTAATTTCACTAAGTTIG - 17220
-C NN KRP S QI W >* I VHVNTFTIKL
- VvV T I RGQA KV FGEUL S MTULTI S L § *
- * 9 *E A K PWNILVDNTCU®PTC* F H * V E

17221 - BACAATCTTGCTATCCGCATCAACAACTTGCTGGATTTCCCAGAGTGCAGATGCATATGT - 17280
-N NL A I RINWNJILULUDT FUPETCIRTCTIOC
- T1I1I L L §8 A S TTO CWTI S QS ADAYV
- Q S ¢C Y P HQ OQLAGT FUZPI RV QMIEM®™

17281 - AAAGGTGTTACCATCACAAGTGTTCTTGTAGGTACCATAATCAGGGACARACAACCATGAG ~ 17340
- K G v T 1 TS VUL VGTTITIURUDNNIHE
- K VL P SQV FL * VP * S GGTTTMS
- R C Y HH K CS CURYHNOQOQGOQOQ P * V

17341 - TTTGGCTGCTGTAGTCAATGGTATGATGTTGAGTGGAACACAACCATCACGCGCATTGTT - 17400
-F G CC S QWY DVEWNTTTITRTIV
- L AAVVNGMMILSGT QP S RAULTL
- w L L * $S MV *C * VEHNUHUHBAUHC *

17401 - GATAATGTTGTTAAGTGCATCATTATCAAGCTTCCTAAGCATAGTGAAGAGCATTGTTTG - 17460
-D N VYV KCTITITI KU LUPKUHSEZEWUHTCL
- I ML L $AS LSS FUL SI VKZSTIUVC
- * ¢ ¢ * V HHY QQAS *An * * R AL F A

17461 - CATAGCACTAGTTACTTTTGCCCTCTTGTCCTCAGATCTTGCCTGTTTGTACATTTGGGT - 17520
-4 ST SyY F C?PUL VLIRS CULFVHTLG
- I AL VvV T FPALULSSDI LA ATCTLYTIWUV
- * 4+ L L L P S CUPGQITL PV CTT F G S

17521 - CATAGCCTGATCTGCCATCTTTTCCAACTTGCGTTGCATGGCAGCATCACGGTCARACTC - 17580
-H $ L I C HL F QL ALUHGS I TV KL
- I A * 38 A I F SNILURCM®BABASU RS N §
- * P DL P S F PTUCV AWOQHHEGQT O

17581 - AGATTTAGCCACATTCAAAGATTTCTTTAACTTTTTGAGAACGACTTCAGAATCACCATT - 17640
-R F $ HI QR FL L F EWNUDT FRTITI
- DL ATV FI KD FUFNFLRTTSE S P L
- 1 * P HS K I SL TVF*EIRULOQNUHH *
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17641 - AGCTACAGCCTGCTCATAGGCCTCCTGGGCAGTGGCATAAGCGGCATATGATGGTARAGA ~ 17700
-$ Y SLLIGILUILGSGTISGTI * W * R
- ATACS * A SWA AV AT“*AATZYTUDTGTZKE
- L QPAHRTEP?PGO QW HZE KT RIHMMY KN

17701 - ACTARATTCTGAAGCAATAGCCTGAAGAGTAGCACGGTTATCGAGCATTTCCTCGCACRA - 17760
-T K F * S NS LKXKS STV TIZEHT FEFTLAQ
- L NS EATIAS®*RVARTILTSSTIS S HN
- + I L KQ *PETZES®*HGZYU RATFT PR RTT

17761 - CCTATTAATGTCTACAGCACCCTGCATGGATAGCAAAACAGACAARAAGAGAAACCATCTT - 17820
-P I NV Y ST UL HG ™* QNZ RUO QI KT RNIHIL
- L L MSTAZPCMTDSZ KTU DI KT RETTITF
- Y * ¢ L Q HPAWTIA AEKTU OQOTTI KTET KT?PS S

17821 - CTCGAAAGCTTCAGTTGTGTCTTTTGCAAGAAGAATATCATTGTGGAGTTGTACACATTG - 17880
-L ES F S CV FCXKZ KNTITIUVETLTZYTTL
- S KA SUVVSFART RTISTILUWSTCTHTC
- R KL OQOQULOCTULTULOQETETYUHT CGUV YV HIV

17881 - TGCCCACAATTTAGAAGATGACTCTACTCTAAGTTGTTGAAGAACCGAGAGCAGTACCAC - 17940
-C P OQOFRR®* LY S KILILZEKINTZ RTET QT YH
- AHNULETDT D STTULSCS®* RTTETSSTT
- P TI * KMTTULTL*VVETETPTZRAUVTPDQ

17941 - AGATGTGCACTTTACGTCAGACATTTTAGACTGTACAGTAGCAACCTTGATACATGGTTT - 18000
-R C AL Y VRUHTFRTILYSSDNTULUDTWE
- DV HFTSDTIULDGCTVATTULTIUHSGIL
- M CT VLRI QTP F™* TV Q™* QP * Y MUV Y

18001 - ACCTCCAATACCCAACAACTTAATGTTAAGCTTGARAGCATCAATACTACTCTTAGGAGG - 18060
-7 S NTOQOTULWNUV VI XTZILESTIUNTTTILTRR
- PP I PNUNTILWMTILSTUILIE KA ASTIZILTILTILGG
- L QY &PTT* C* A * KHOQY Y S * EA

18061 - CAAAAGCCCCTGGGAGTTCATATACCTAAATTCTTGTGTAGAGACCAAGTAGTCATARAC - 18120
-0 K P L GV HIUPIEKTFTLTCRUDG QUVV I N
- K S PWETFTIJZYULNSTCVETIEK * § * T
- XK A PG S S YT®* I LV *RP S S HKH

18121 - ACCAAGAGTAAGCCTGRAGTAACGGTTGAGTAAACAGARAAGGCCAAARGTAGCAGCAGCA - 18180
-T K S K P E V T VE*TZEZEKHA ATIEKVAAA
- PRV S LK ™*RUILSI KU OTZ KT RTPTIEK™*OQOQQ
- QE *A * S NG*VUNU REKTGU QS S S SN

18181 - ACAATAGCCTAAGAAACAATAAACAAGCATGATACACTGTAAGGTGTTGCCAGTAATAAA - 18240
-7 1 A * ETTINTZ KUBHTDTTUL®* GV A S N K
- Q * P KKQ * T S MTIHCIKVYVYILZPUV IN
- N $§$ L RNDNZIEKUOA AO®*YTUVRTCTCOQ * * I

18241 - TAACAATGGGTAATACTCAACACACACAARACACTATAGCTCTAGCTAARAACATGATAGT - 18300
-* 0 WV I LNTHTIEKUHYSS S * KHTD S
- N NG * Y S THTTNTTIA ATLA ATZKNMTIUWV
- T M G N T QH T QQTTUL * L * L KT * * 8§

18301 - CGTAACGACACCAGAATAGTTAGAGGTTACAGAAATAACTARGGCCCACATGGAAATAGC - 18360
-R N DTURTIU VI RS GY YU RNIN®*GZPHTGN S
- vTTQ®PEO™*LEVTTETITT KA AHMETIARA
- +* R H QNS * RL QI K™*LRZPTWEZ K * L

18361 - TTGATCTAAAGCATTACCATAGTAGACTTTGTAAACAAGTGTAATGACATTCATCAGTIGT - 18420
-L I * $ I T I V DFV NI KT CNUDTITEHZ QSC
- * S KA L P * * T L * TS VMTT FEFTISUV
- DL K H Y HSRULCUE KO QUV * * H S S V §

18421 - CCAAACACGTCTAGCAGCATCATCATARACAGTGCGAGCTGTCATGAGAATAAGCAARAC - 18480
-P N T S S$ S I I I NS ASTCHTETNTZEKQN
- 0T RLAASST™*TUVRAVMZERTISZKT
- K HV * QHHHEE KO QT CETLS®*E™*SATZ KL
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18481 - TARAGCTGAAGCATACATAACACAATCCTTAAGCCTATAACCAGACAAGCTAGTGTCAGC - 18540
-* § * § I H N T I L K P I TR QA S V S
- KA EAY I TQ@Q SL SL* P D KL V S A
- K L K HT * HNP* A Y NOQTS * C Q P

18541 - CAATTCAAGCCATGTCATGATACGCATCACCCAGCTAGCAGGCATGTAGACCATATTARA - 18600
-Q F K P CHDTHUHUPASIRHVDUHTIHK
- NS §$ HVM I RTITIOQLASGMM™*TTITIL K
- I1 Qg A M S * Y A S P S *Q A CURP Y * S

18601 - GTRAAGCAACTGTTGCAAGAGRAGGTAACAGAARCAAGCACAAGAATGCGTGCITATGCTT - 18660
-V §$ NCCI KU RZR®*Q KQ&AQ ETCV L ML
- *A TV AREGNRNI KU HBZEKNATCTILTCTL
- K Q L L.Q E K VvT T ETS ST®RMT®BRAY A *

18661 - AARCAAGCAGCATAGCACATGCAGCAATTGCCATAATACCAAGAGTAAATGGCAAGAAAGC - 18720
-N K Q H S T C S N CHNTK S K W QE S
- T $ S I A H A AI AI I PRV NGIK KK A
- Q AR * HMOQOQUL P * Y Q E * M A R K H

18721 - ATTCTCGTAAACAARAGAAAAACAGTGACCACTGTGTACTTTGRACAAGAATCAATAGTGA - 18780
-I L vV N K E K Q * P L €CTUL NI KNZQ * *
- F § * T K K N S DH CV L * T RTINS D
- S R K Q R KTV TTVY FEQES I VM

18781 - TGTCAAGAAAGTTAAARGCATCCAATGATGAGTGCCCTTAACRATTTTCTTGAACTTACC - 18840
-C QO E S *KHPMMSALNNUEFILETLT
- VK XKV K Ss§1I1 Qg ** vV ?PpPLTTITZ FILNILTP
- S R K L KA SNUIDZETC?P* QF S * T YL

18841 - TTGGAAGGTARCACCAGAGCATTGTCTAACAACATCRAATGGTGTAAACTCATCTTCTAA - 18900
-L EG N TR AL S NNTIIKWCI KTLTI F *
- WK VvV T P E 2 HCULTT S NGV DN S S S K
- G R*HQ S I Vv >* Q0 HOMV * THL L K

18901 - AATAGTGCTACCAAGGATAGTACGACCATTCATACCATTCTGCAGCAGCTCTTTCAAAGC - 18960
-N S ATKD S TTTIUHTIULOQOQULF QS
- I v L PRI VRU®PUZFTIUPTFCZSS§ S F KA
- * ¢ Y Q G *Y DH S Y H S A AAILS KQ

18961 - AGCACACATATCTAAGACGGCAATTCCTGTTTGAGCAGAAAGAGGTCCCAATATGTCAAC - 19020
-§ T H I * D G N S CVL S R KRS Q Y VN
- A HI $S K TATIU®PV * AERGU&PNMMST
- H T YL RRQUFULV FEU QU KU EUV PTICOQH

19021 - ATGATCTTGTGTCAAAGGTTCATAGTTGTACTTCATTGCCACAAGGTTAAARGTCATTCAA - 19080
-Mm I L C QU RV F IV VL HCUHI KUV EKUVIQ
- * §$ CV K GS*L Y F I AT RILIK S F K
- DL VS KVHSCTSULZPQG * S H § K

19081 - AGTAGTGGTGAATCTATTAARGARACCACCTATCACCATTGATAACAGCAGCATACAGCCA - 19140
-$ $ G E S I KK ©PPITTIDNUS S I QP
- VvVvVv NLUILRWNUHBLS?PULTITAA AY S H
- * w * I Y * E T T Y HH * * Q@ @ H T A M

19141 - TGCCAAARCATTTAATGTTATGGITGIGTCTGTACCTGCAGCCTGTGCAGTTTGTCTGTC - 19200
-C Qg NTI *CY GCUVCTO GCSULCSUL SV
- A KT F NV MVVSV PAACAVCTL S
- P K HL MLWILOCULYULOGQUPUV Q F VCDQ

19201 - AACAAATGGACCATAGAATTTACCTTCTAAGTCAGTACCAGCGTGTACTCCTGTTGGAAG - 19260
-N K W T I EF TF *V S8 T S VY S C W K
- T N G P * NL P S K SV PACTUPV G S
- Q M DHRTIVYILILS QY QR VL L L E A

19261 - CTCCATATGATGCATATAGCAGARAGACACGCAATCATAATCAATGTTAAAACCAACACT - 19320
-L H MM HTIAEU RU HATITITINDNUVI KTNT
- $1 *C1I1 * Q KDTIQS * S MULKUPTL
- P Y DAY SR KTIRDNUHNOQGQGT C* N Q H Y
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19321 - ACCACATGATCCATTAAGGAAAGAACCTTTAATGGTATGATTAGGTCTCATGGCACACTG - 19380
-T T * § I K E R T PFWNUGMTIIRSHGTL
- P HDPULIRIKEZPLMV * L GLMAH ¥
- H M I H* G K NV L * WY D *V S WHTD

19381 - ATAAACACCAGATGGTGARCCATTGTAGCATGCTAGRACTGAAAATGTTTGACCAGGTTG - 19440
-I NTRW* T I VAC™*N*KCULTRIL
- * T PDGEUPUL *HARTENV * P G W
- K H gMVNUHCSMIULETLIKMMTFUDOQVG

19441 - GATACGGACAAATTTATACTTGGGTGTCTTAGGGTTAGAAGTATCAACTTTAAGCCTAAG - 19500
-DTDI XKV FIULGCULUZ RV VRS TINTFEFI KPK
- I R TNILYULGVUL GLEWV S TUL S L 8
- Y 6 ¢ I YT WV S * G * K Y QL * A * A

19501 - CRGACAATTTTGCATAGAATGGCCAATAACACGAAGTTGARACATTGCCAGCCTGAACAAG - 19560
-Q T I LHRMANINNT I KTILNDNTIA AS S L N K
- R QFCTIT EWZ®PTIT RS *T L P A * T R
- DN F A * NG Q * HEVEHCOQPE QE

19561 - AARAGCTATGGTTGGATTTGCGAATGAGCAGATCTTCATAGTTAGGATTAAGCATGTCTTC - 19620
- K AMYV G F ANUEWOQTIUFTIT V RTIIKHV F
- KL w L DL RMSRS S *L 6L S M S 8§
- sy w I CE*ADILUHS * D * A C L L

19621 - TGCTGTGCAAATGACATGTCTTGGACAGTATACTGTGTCATCCAACCACAATCCATTAAG - 19680
-C ¢C ANDMGS W T VY CV I Q P Q S8 I K
- AV QgMTCLGQYT TV S S NHENZPIULR
- L ¢C K * H VL DS ITULCHU©PTTTIUH * E

19681 - AGTTGTAGTTCCACAGGTTACTTGTACCATGCACCCTTCAACTTTGCCTGACGGGAATGC - 19740
-§ CSsS s TG YL Y HA?PFDNV FA* REC
- VvVVVPQVTCTWMUH®PSTILPUDGNA
- L * F H RLL V?PCTULOGQULTCUILTGM?®P

19741 - CATTTTCCTAARACCACTCTGCAGAACAGCAGAAGTGATTGATGTCTGTGGTGGTTGGTA - 13800
-H F P KT TUL QNSRS D * CUL WWILV
- 1 F L X PL CRTAEUVIUDUVCGG G W *
- F § * NH $ A E Q@ Q K L M S V V V G R

19801 - GAGAACATCAGCACCTGAGTTGCTARAGTCATTTAGAGCCTTTGCTAAGTGGCAGCAAGC - 19860
-E NI S T * VA KV I * S L C * V A A S
- R TS APEILIL K S FRATFAI KWOQ Q A
- EH QHUL S C * S HUL EU®PILUL S G S K L

19861 ~ TGCTTCACGATAGCTGGTAGTATCTAAGGCTCCACTGAAATACTTGTACTTGTTATATAG - 19920
-C FTIAGZ STIO*SOGSTUEIULUVLV I *
- AS R*L V VS KAUPULIKYULYULUL YR
- L EDSW * YL RULH*NTT CTTCYIE

19921 - AGCAAGATACCTIGTTATACTGTGTAAGTGGCAACAGTGTCTCGCTACGCAATTTTAGGTA - 19980
-$ K I PV IULCEKWOQOQCLATOQZF *V
- A RY L L Y CV S GNS VS L RNZFRY
- Q bT CyYyT TV * VvV ATVS U RYATIULSGT

19981 - CATTTCCTTGTTGAGCAAAAAGGTACACAAAGCAGCCTCCTCGAAGGTACTARATGTARC - 20040
-H F L VEQ K G T QS S L L EGTXKCN
- I 8 L L S K KV HEKAASS K VL NVT
- F P C * A KR Y TIXK QP PR RY * M * [

20041 - TCCATTARRCATGACTCTTTTCCTAAGATAGTTGTTAAAGAACCAATGGCAGTGCTTCAG - 20100
-5 I K HDSVF P KTIVV KEZPMAV L Q
- P L NMTULU FULIR®*L L KNIOQWIGQCF R
- H * T * L F $§ *D S C * RT NG S A § E

20101 - AGAAATACAGAATACATAGATTGCTGTTATCCAARAAGGCACAATAGGAGAAAACATGGC - 20160
-R N TEY I DCOCY P KU RUHNI RIRIKHG
- EEI ¢ NT * I A VI Q KOGTTIGENMHNA
- K Y RIHRULULULS K K AOQ* E KTWQ
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20161 - AAACCATTGAAGGTGAGCCAAGAATGAARACATCATTGGTGAAATAGAATGTCRAGTACAA - 20220
-K P L KV S QE* NTT1IGETIETCDQ QUV Q
- N H * R * A KNZETSUL VK * NV K Y K
- T I EG E P R M KHHW*NIRMS S T 8§

20221 - GTAARAGACTGAGTAGACTCCCGGCAGAAARGCTGTAAGCTGGTACCAGACAGAGTATAGT - 20280
-V KD * VDS RQKA AV S WY QTE Y S
- * K T E * T P GR KUL * A GTRQ S I V
- K R L S RL PAESCI KTULUV P DRV * *

20281 - GAAAGACATCARAAACAAAAGTGCATTAGCAGCAACAACATGGTTGTACTCACCAAAAAC - 20340
-E R HQ K Q K CI S S NDNMVVLTZXKN
- K DI KNK SALAATTWIULY S P KT
- K TS KT KV H * Q O0QHGCTHQKH

20341 - ACGTCTGAATTTCATAAAGTAGTAGGCAGCACAAGTCACCAATATGGCAATAATACCACC - 20400
-T $ EF H KVV G STSHQYGNNTT
- RL N F I K * * A A Q VT NMATITIUZPFP
- v *+ I § * §$ 8 R Q H K S P I W Q * Y H Q

20401 - AGCCACTACTGAAGCAGACACATCTAAAGCACCCACAGGTTGCACAAGAGGAGTARAGAT - 20460
~-S HY * S§ RHTI * S THU RULUHIZEKIRS K D
- A TTEAUDTSKAUPTGCTRGV KM
- P L L K@ T H L KHPQV A QEE * RZC

20461 - GTTAGCTATGAGATTCATCGCATCAACACCACAGRARACTCCTGATAGAGCTCTGTAATG - 20520
-V §$ Y EI HRTIWNTTENS™*¥ * 858 § V M
- L A MRUPFPTIASTU®POQOI KT®PUDIRATL * C
- * , * DS S HQHHRI KU LU LTI ET LT CNA

20521 - CTCATTATTAAGAACCCATCTACCACTGGTAGATAGGCAAATACCTACTTCTGACCTTTC - 20580
-L I I K NP STTSGIR™*ANTYF * P F
- $ L LRTHULUPULV DI RZQTIU®PTSDTIL S
- HY * E P I Y HHW * I G XK Y L L L T F R

20581 - GCATGTACCATGTCTACAGTACTCAGCATCAAAAGTTGTTACTACTCTAACAGAACCCTC - 20640
-ACTMSTVILSTIIKZ ST CYJY S NI RTL
- BV PCLQY SA S KV VTTTULTEP S
- M Y HV Y S$TQH ¢ KL LULUL * QN P P

20641 - CAGGTAAGTGTTAGGAAACTGTATGATGGAACCATCCATAAGCACATAACGAGTGTCTGG - 20700
-Q VS VREKUILYDOGTTIHI K HTITS VW
- R * VL GNCMMME®PSTIST* RV 8§ G
- G K ¢ * E TV * WNW HZP* A HNUETCTUL D

20701 - ACGRAAGCTCACTATAAGAAATAGAACCCTCTAGCAARATTAGTGTCATAACAATATGGCAC - 20760
-T K LTI RWNURTUL®* QI s Vv I TTI WH
- RS SsSL * EI EPS S KLUV S * QY G T
- E A HY KK * NPILAN®*TCHNDNINMMADQ

20761 - AGGTTTGCCCATAGCATCCTTAAAAATTGTACACTCAGCAGCARGAACGCAAGCAGAGGT - 20820
-R FAHSIUL KW NTZGCTU LSS KN AZSRG
- 6 L P I A SLKTIVHSAARTQAZEV
- v ¢ P *H P * KL YT QO QER K QR *

20821 - AGCARAATCACTATACTCAATGAGTTTGGAAGGTGTGTAGCAAATGTTGCCAACAGCACT - 20880
-$S$ XK I T 1 LN EUFGU R CVADNVANST
-~ A K S L Y SMSLEGV * QML PTAL
- Q N HY T *V W KV CS KTCCOQQ H *

20881 - AAAAACACGAGGTAGAARATGCAAGAAGTCACCATTGATTGCTCTCAGCACAGTACCCGG - 20940
~-K NT R * KM QE V TTIDUCS QH S§ TR
- K T RGURI KT CIKI K S PLIATLSTUVUPG
- K H EVENA AR SHUHE*LL S A QY PV

20941 - TARGCCAGGCACTATGARACCAATCTCTCTTGTAATGATAGCAGCTACTACAGGGCAGCT - 21000

* AR H Y ETNUL S CNDS S Y Y R A A

K p G T MK P I SL VM IAATTGOQL

S Q AL *NQ S L L * * * g L L Q G § F
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21001 - TTTGTCATTTTTGTATGAACCACCACGCTGGCTAAACCATGCGTCAARACCAGCATGTTT - 21060
-F VI F V *TTTULAIZ KU PCUVKTSMTF
- L $ F L YEPVPIRWILWNUBHBASI KU©PATCL
- C H FCMNUHHAG*TMRBRIOQNGQHUVY

21061 - ATTTGCAAAACAATCATCAGTAGAAATGATGTCACGAGTGACACCATCCTGAATGGCTTT - 21120
-1 ¢C K TITI S RNDWUVT S DTTIULNGTFEF
- FA K QS SV EMMSU RV T PS *MATL
- L Q NN HQ * K * CHE* HUHU©PEWTLC

21121 - GTAACCAATGATTTCATTTGTGTAACCATCATGGATTGACAATGTATGTACTGGCATAAC - 21180
-V T NDVFTI CVTTIMD®*QC MY WH N
- * P M I S FV * P S W I DNV CTSGTIT
- N Q * F HL CNHHGLTMYV L A * R

21181 - GATATAACAAACCAATGCAGCAAGAACGCACAATAATGTGGCCTTAAGCATRAGTTTAAA - 21240
-D I T N Q CS KNAJGQ * C G L K H K F K
- 1 *Q TN AAURTWHNNWVAILS I S L K
- Y N XK PM Q@ Q ERTIMMW®W®P* A * V * N

21241 - ACRAGTACTAACAATCTTACCACCCTTGAGTGAGATTTTAGTAGTTATGACATTGACRAC - 21300
-T S$ TNNULTTTULE * D F S$ S Y DI DN
- @ viL.cTI1IUL P PLSEILVVMTILTT
- K'Y * Q §8$ YH P * VRF * * L * H * Q P

21301 - CTGTCTAGTTGTAGCACAAGTTAGTGTARAAGGTATGTTGTTCTTCTTGGCAGCAGTACG - 21360
-L s $s ¢ s TS * C K RY VVLULG S ST
- ¢ L VvV VAQV S VKGMILUFVFULAA AV R
- v * L * H K L v * K VvV C C S S8 W Q Q Y E

21361 - AATTTGTTTACGCAGCTGTTCAGATAAAGACATGTAGTCTTTTACATTCCAGATGAGTGA - 21420
-N L F T QL F R * RHV YV FY I P DE *
- 1 ¢C L RS Cs DI KUDMO®*ST FTT F QM S E
- F VY AAV QI KT CSL L HS R * V K

21421 - AACATTGTGACTTTTTGCTACTTGGGCATTGATATGCCTTGCATTACAGTCAATACATGC - 21480
-N I VT FCY VL GIODM®POCTITUVNTC
- T L * L FATWA ATLTIUCLA ATLOGQS I HA
- H ¢CDPFVLULUL GH * Y ATLUHYS QY MR

21481 - GCCAAGATCTCTGGGCGTCATGTTTTCAARCCTTATTATAGGTGAGCATGAAATTGTTACA - 21540
-A K I §$ G RHV FWNUILTITIGEHETIUWVT
- P RSL GVMFSTULIL®*V S MIKTLTILQ
- Q DL WASTCU FOQ?PYYU R * A * NC YN

21541 - ACTGTCACCTGTCACTTCTAAGTCAGAGTGATGTGAAAGTTTGAGACATTCAATAACATC - 21600
-T VvV T C HF * VRV M * KFETT FNNDNI
- L §$ PV TS K S E * CE S UL RH S I T S
- Cc H L $LLSQ@ S DV KV *DTIOQ*HP

21601 - CTTTGTGTCAACATCGGTATCAACAACACCTTGTCGGGCAGCTGACACGAARTGTAGARAG - 21660

: -L ¢V NI GINWINTUILS G S * HE CR K

- FVSTSVSsSTTU®PCRAADTWNUVER
- L C Q HR Y Q @ H L V G QL TRM* K G

21661 - GACACCATCTAAAGCTACACCCTTTGCTAACTCGCTGTGAGCTGTAGCAACAAGTGCCTT - 21720
-DTI * S Y TUVLC* L AUV S C S NIKTCL
- T P S KA TP FANSIL™* AV ATS A L
- H HL KL HXHP L LT RZCETL™*QQ VP *

21721 - AAGTTTTTCCATAGGAACACTAAAAGTTGCTGARAAGGTGTCGACATAAGCATCAARCAT - 21780
-K F F HRNTI K ST C®* KOGV DI S I KH
- § F $ I G T UL KV AREI KWV ST * A S NI
- v F P * EH * KL L KR CURMHIKHQT S

21781 - CTTAACGGARAACTTCAGTACTATCTCCAARCGTTTGATACAAGAGCTTGGTCAAGCAACAG - 21840
-L NG N F S T I S NV * Y K S L V K Q Q
- L TETSVL S PTVFDT R AWS S NR
- *' R K L Q Y YL Q RL I Q EUL G Q ATE
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21841 - AATAGGTTGGCACATCAGCTGACTGTAGTACACAGARGCAGACTTAGAAGCAGACTCGTC - 21900
-N R L AH QUL TV UV HRSRILR RS RILYV
- I GwWwWHTI S * L *Y T EATDTLEA ADS S
- * v G T S A DCSTOQZKOQQT™* K QT R R

21901 - GCATTTGGACTTGCCATCAAAAACTATGACATTAATAGGCAGTGAACCTTTAGTGTTGIT - 21960
-A F GLATIKWNYDTINZ RDOD*TVF 5§ VYV
~- HL DL P S KTMTULTIGSEUPTILV L L
- I w T™CH Q KL » H * * A VN L * C C *

21961 - AGCTCTCAAATTGTCTAAATTGACAAARATGGGAGAGCGGATGTCTCTCATAGGTCTTTTG - 22020
-8 $s ¢ I Vv *x I D KMGEI RMZSIULTIGTULIL
- AL KL $ KL T XWUE S GCULS * V F *
- L $ N CLN®* QNG RADUV S HRS F D

22021 - ACCAGCCTTGTCARRAGTAGAGGTGAARGCGCGCCATTTTTCACAGCARACACTATCAACAAT - 22080
-T s L VvV XV EV KRATIVFHSNTTINN
- PAL S K *R *5 AP F FTATIULS T I
- Q P C Q S R GEARWUHBTFEFS QQ H Y Q Q Y

22081 - ATACGATGACTGGTCAGTAGGGTTGATTGGTCTTTTAARACTGGAGTGACARATCACGAGC - 22140
-I R * L VS R VY DW S5 F KILE* QI T S
- Y D DW SV GL I 6L L NW S DK S R A
- T ™M TGQ*G *L VF * T GV T NHE Q

‘22141 - AACTTCATCACTAATGAATGTACTACCAGTGCAAAATGTGTCACAATTGAGACAATTCCA - 22200
-N F I T N ECTT S A KOCV TTIETI P
- T $ $ L M NV L PV QNV S QL R Q F Q
- L HH * * MY Y QCIKMCHN®* DN S§ N

22201 - ATTGTGAGTCTTGCAGAAGCCACGGCCTCCATTITGCATAGACATAGAAAGATCTCTTCAT - 22260
-I1 v S L A EATA AJSTICIDTIEIRS L H
- L *»vV L Q K P RP P FA~*¥T>* KDL F M
- C E S CUR S HGL HULHURUHERI KIS S C

22261 - GCCATTAACRATAGTTGTACACTCAACGCGTGTGGCACGATTGCGCTTATAGCACATCAT - 22320
-A I NN S CTULDNACGTTIA ATILTIAHH
- P LTI VVH ST RVAIRTILIRTIL®*HTIWM
- H * Q * L ¥ T Q RV W HDCWAY S T S C

22321 - GCAAGTCGAAGAGGTGCAACCATCCATGATATGAACATAGCTCTTCCATATGTAGTAGRA - 22380
-A S R RGATTIHTDMMNTIATLU®PY V V E
- Q VvV EEVQFP S MTI*T* L F HM * * K
- K S K R ¢CNH P * Y EH S S§ S I C S R K

22381 - AGRAGCAARGARGATGTACATCCTAACCATTGCAGAAACGGGTGCCATTTGTACAATACT - 22440
-R S K E DV H?PDNHCRWNGT CHILYNT
- EAK KMY I L TTIAZETUGATIT CTTIL
- K ¢ RRCT S * P L Q KRV P F V Q Y *

22441 - AATGATAAACCACATGAGCCAAGAATTGCTGATGAAATGACTAGCAARAATAGCCAARAGAA - 22500
-N D K P HE PRI ADEMT S K I A K E
- M I N H M S QELULMI K™*TL A K * P KN
- * » T T * A K N C * * N D * Q N S Q R T

22501 - CACCTGCATTATAGCTGAARGACCTAATAAATAAAAGAATTTTGTGAACAACATATATGC - 22560
-H L H Y S * XK T * * I K EVFCEQHIC
- T CI I A EURPNJIK™®* KN FVNNTIYA
- pAL *L K DUILINI K RTIUL®*TT Y MP

22561 - CARAACCCACTCAGCGGCCAGACCTAAAATTGTCAAGTCTAGCTTGTACGATGAAATCGT - 22620
-Q NP L 5 G QT * NCOQV * L V R * N R
- KT H S AAURU©PKTIV K S S LY DETIWV
- K p T QR P DUL KUL S S5 L ACTMMI K S S

22621 - CACCTGAATGGTTTCAAGAGCTGGATAAGAATCAAGGGAGTCTAATCCACTTARACAAAT - 22680
-H L NG F K $ W I RI K GV * § T * T N
- T *M VS RA G *EJSRESNUPILIKOQWM
- P EWPFQETULDI KN QG S LTI HUL NI KC
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22681 - GCTGCAAGGAARAGAACCTTCACAGAAATCCATAGTAGTAACGTTAGACGRATTAAGATA - 22740
-A AR KRTUVFTETIUHS SNV RRTIIKI
- L Q 6 K EP S QK STIVVTULUDZETLRY
- C K E K N L HRWNU®P * * ¥ R * T N * D T

22741 - CAATTCTCTAACGCCATTACAATAAGAAGGAGCACCARAATTAGATAAGAGTACACCARA - 22800
-0 F S ¥NAITTIRIRSTI KTIWR®*ZEY T K
- NS L TPULQ®* EGAU&PKULDI K S TP K
- I L. * RH Y N KK EWBOQN*TI RV H QK

22801 - AGCAGCAGTTACACAGATTAGAGAACCTAAGCARAATACTTAARCAACAATAGCCACATAGC - 22860
- s sy T©D™*URT®*ANT* Q Q * P H S
- AAV T QI REU©PI KOQIILNNDNNGSHTIMA
- Q ¢ L HRULEWNUILISKYULTTTIA AT * R

22861 - GATTGTGRACAATTTAGAARATTTGGGTGACTTCACATAATTAATGCCGGCATCCAAACA - 22920
-DCEQFRKUPFP G * L HTITIUNAGTINZGQT
- I VNNILENULGUDU F T * L M P A S K H
- L * T 1 * K I WV TS HN* CRHUPNI

22921 - TAATTTAGCAACACTCTTAACACTATTTTTAGCRATAGTTGTAGGTAGTGAAGCTCTAAT - 22980
-* F 3§38 N TULNTTIT F SN S CUR * * § 5 N
- ¥NL A2 T7T0UL L TULUFULATIUVV G S EA AULTI
- I * 9 H 8§ * H Y F * Q * L * V V KL * F

22981 - TCTAGAATTGGTACTTTTAGTARAAGTACACAATTGGAACAATAATGTAAACACATAAGG - 23040
-§8 RI G T F S K STOQULEQ Q™*CKH IR
- L EL VL LV KV HNWNNDNWNVNT * G
- *N W Y F * * K Y T 11 GG T TI M * T H K A

23041 - CATATAATTGTTAAACACACGTTGTGCTAATCTCTTAGCGCAATTTGATGTTGTAATTGC - 23100
-4 I I v X H TLC®* SL S ATI* COCNC
- I *# L L NTURUCANILIULAOQU FDVV I A
- Y N ¢ * T 4H Vv v L. I $ * RNILMTUL * L L

23101 - TGCTTGTCCTAAGARTGGTTTGACATAAGCCAAAATTTTACTCCAAGGAACACTATTAAT - 23160
-¢C L 3 * BEWPFDIOSQNZFTU®PIRWNTTIN
- A CPEKWNGLT* A KIULUL OQGTTULTUL I
- L vV L R MV * H KPKF Y S K EUH Y * L

23161 - TGCAGCAATACCATGAGTGGCAATTGTTTTTAAACCTAAGGCTAGTGARAGCTCATTAGG - 23220
-C §$ N T M S G NTCVF * T * G * * K L I R
- A A I P *V A1V F KP KA ASES S LG
- Q 0 Y H EWOQUL FULNULURILV KA AWUBHB*YV

23221 - TTTCTTAATGGTAATGCTTGTGTTTTCCACATAAGCAGCCATAAGATCCTCATGACCTAA - 23280
-F L NGNACV FHI S SHEKTIILMT *
- F L MVMULVFST*AATIUZRSS * P N
- S * w * ¢ L ¢C F P HIKOQP* D P HUDILT

23281 - CTCTTGTGTTACTTTAACACCTTCATCTGATGGTTTAAGTATGACATTGCCTACAACTTC - 23340
-L L CY  FNTU FTI * WUF KYDTIA ATYNTF
- s ¢cvTVLTU®PS SDGL S MTULPTT S
- L v L L * HL HL MV >V * H CUL QL R

23341 - GGTAGTTTTCACGTCACACTCTATGACTTCCTTCTGTATGGTAGGATTTTCCACTACTTC - 23400
-G $ F HVTULYDVPFULL Y G R I F HYF
- VVFTSHSMTS FCMV GF S TT S
- * ¥ $ RH TUL L P S VW * DVF P L L L

23401 - TTCAGAGGTGGGTTGTTGACTTTCACAAGCAAGATTGTCCATTCCTTGTGTGTCTTCTAC - 23460
-F R G666 L L TVFTS KI VHSLCVFY
- §$ EV GGC*L $§$ QARIL ST P CV S ST
- Q RW UV V DVPFHIKOQDT C®PUFILUVCULULIL

23461 - TGCCAGAACTTCAAARTGAATTTGAAGTATCTACTGGCTTTGTACTCCAAAGACAACGTAA - 23520
-C QN F K *»I * 8§ 1 Y WL CTPKT T *
- AR TS NZEUVFEV S TGV F VL Q R QR K
- P EL QMNULIKYULULAILY S KDN VN
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23521 - ACACCAAGTGTTTGGTTTGAACGTTGTCTTGGTTGTAGCCTGGTTAARTGTGCCARACAAT - 23580
-T P S VWFEWRZ CULGCS LV NV P NN
- HQ VvV F GLNUVVLVVAWILMCOQTI
- T K ¢CLV~*TUL S WUL * P G * CA KOQOL

23581 - TGGCTTATGCAGTAATTTAGCACCTTTCTTGAAACTCGCTGAATAGTGTCTATAGTCAAT - 23640
-WLlLMQ*F S TVFLETW R™* IV S TI VN
- G L C S NLAUPU FULI KILAE* CUL * § 1
- A Y AVI * HL S * NS L NS VY S Q *

23641 - AGCCACTACATCGCCATTCAAGTCTGGGAAGRATGTGACAGATAGCTCTCGTGAAGCTGG - 23700
-8 HY I AI Q VWEETCDU R®*XTUL S * S W
- A TT S P F K S G KNV T DS S REAG
- P L H R H S S L GRM* QI AULV KTILA

23701 - CTTTGTGAAGCCTGTCATTTGATTTAAATCATCAGCAAATTTTGTGTTAGARACATGTGAG - 23760
-L CEACHLTI* I I S KTFICV RTCE
- F VK?PVI * F KS S AN FVLEHV S
- L * 8 L S F DL NHOQQTIILTC®*NM®™*V

23761 - TTTGAAATTATCAAAACTCGCATTTGGTAATGGTTGAGTTGGTACAAGGTCTATAGGCTG - 23820
-F E I I K T R I W * W L §S W Y K V Y R L
- L KL S KL AF GNG®*V T RJSTIOGC
- *N Y QO NS HL vMV ELVQGL * A A

23821 - CTCTGTATAGTAAGCATTATCCTTTTTATAATACCCATCCAATTTTGGTTCAATCTCTGT - 23880
-L ¢ 1 Vv s I1IIULVF I I PTI Q F WUFNTILC
- § Vv *» ** A L § F L *» Y P S NUFG S I SV
- L ¥ $ K H Y PF Y DNTHU®PTIILUVQ S L C

23881 - GTAAGTARACTCCATCGAGTTTATACGACACAGGCITGATGGTTGTAGTGTAAGATGTTTC - 23940
-V §$ N § I EF I RHRULDSGTCS YV RCTF
- *v TP S SLYDTGILMVVV * DV S
- K * L H R VY T T Q A * W L * C K M F P

23941 - CTTGTAGAAAACATCAGTCACTGGTCCTTTGTACTCTGACATCTTTGTAAGGTGAGCTCC - 24000
-L V ENTI S HW S F VL * HLCI KV S S
- L * XK TS vT®™ GG ?PLYSDTIF VR * A P
- Cc R X H@QSL VL CTU LTS TL * G E L R

24001 - GTCAATACGATAGAGGGTCTCCTTAGCAGTTATATGAGTGTAATGACCACACTGATAGTT - 24060
-V NT I EGLUL S S Y M S VM TTTILIV
- $ I R * RV S L AV I * vV * * p }J * * ]
- Q Y DR G S P *Q L Y ECNUDHTD S Y

24061 - ACCAGTGTACTCATTCGCACATAAGAATGTACCTTGCTGTAATTTATACTCAGCAGGTGG - 24120
-T s Vv L I RT * ECTUL UL * F I L 8 R W
- P VY S FAH KNV PCCNILYSAGG
- pQ ¢ T 38 S BRI RMY LAV I Y TOQOQVV

24121 - TGCAGACATCATAACAAAAGAAGACTCTTGTTGTACTAGATATTGTGTAGCATCACGACC - 24180
-C R HHNK R RLULULY*TI L CS I TT
- A DI I TJIKEDJ ST CTCTW RYTCVASRP
- Qg T S * Q K XK TL VYV L DIV * HHDH

24181 -~ ACACACARCATGGAATGGAARACACCTGTCTTAAGATTATCATAAGATAGAGTACCCATATA - 24240
-T H T WNGNTU CULKTITITIR®* S THI
- T H GMET®PVLRUIL S * DRV P I Y
- T H M EWKHUL S * D Y H KTIEY P Y T

24241 - CATCACAGCTTCTACACCCGTTAAGGTAGTAGTTTTCTGACCACAATGTTTACACACCAC ~ 24300
-H HS$ F Y TR * G S S§ F L T TMUEF T H H
- I T A ST?PVEKVVVF*P Qg CULIHTT
- S Q L L H P LR * * F S DUHNWV Y TP H

24301 - ATTAAGAACTCGCTTTGCAGATTCCAAATTAGCATGCTGTAGAARGATGGGTCATAGTTTC - 24360
-1 K N S L CRVF QI S MUL * KMGUH S F
- L R T RVFADS KULACTCI RI RMWV I VS
- *E L AL Q I PN * HAV EUDG S * F L
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24361 - TCTGACATCACCAAGCTCGCCAACAGTTTTATTACTGTAAGCGAGTATGAGTGCACARAA - 24420
-s D I T KULANJST FTITVSETZYETCT K
- L TS P S SPTVILLTL®*ASMMSA ATO QK
- * HH QAR QOQOTFYYCEKT RVY * VHZKS

24421 - GTTAGCAGCATCACCAGCACGGGCTCTATAATAAGCCTCTTGAAGTGCTGGTGCATTGAA - 24480
-V § 858 I T S8 TG S I I SLVL KT CTUWTCTIE
- L AA S PARA AL * A S * S A GATULN
- * 0HHOQHGULJYNZIKZ®PLTETVTLUVH®*I

24481 - TTTGACTTCAAGCTGTTGAAGTGCTAATAARACACTAGACAAATAACAATTGTTATCAGC - 24540
-F DF KLLI KT C®* * NTWRTG QTITTIUVTIS
- L T § S C * S A NJEKTTULTDTE KT* QULIL S A
- * L AV EVILTII KU H®*TNNINTGCTYOQFP

24541 - CCATTTAATTGAAGTTAAACCACCAACTTGAGGAAATTTCCATTTCTTIGTGTGGTTTAA - 24600
-P F N * S * T TNTZIL®RIEKTFTZPTFTLTCV V *
- HLIEVI XK®©PZPTS™*GNTFUHTFTFVUWTFK
- I *# L KL NUHOQTULTETETLIS STISTLTCGTL K

24601 - AGCAGACATGTACCTACCARGAAAACTCTCATCAAGAGTATGGTAGTACTCGAAAGCTTC - 24660
-$ RHV PTIEKI KTTULTIZ K SMUVVLESTF
- ADMYULPRI KTULTSSURVW* Y S KA A S
- Qg TCTJYOENJSUHOQETZYGSTH RI KTILH

24661 - ACTACGTAGTGTGTCATCACTAGGTAGTACAAAGARAGTCTTACCCTCATGATTTACATG - 24720
-T T * ¢ VI TR * Y KEJSTLTTILMTITYM
- L RSV S SLGSTI KT KVILTPS * F T *
- YV V CHUH®*V UV QRI KT SYPHDTULUHE

24721 - AGGTTTAATTTTTGTAACATCAGCACCATCCAAGTATGTTGGACCAAACTGCTGTCCATA - 24780
-R FNFCNTIJSTTIOQQVCW®WTZE XKTLTULSI
- G L I FV TS SAZPSI KTZYUVGZPNTCTCTPY
- vV * F L * HQHUHUPSMTULDUGOQTA AUVIHEM

24781 - TGTCATAGACATATCCACAAGCTGTGTGTGGAGATTAGTGTTGTCCACAGTTGTGAACAC ~ 24840
-C HRHIUHEKTILTCVETISVVHTSTCTEH
- v I DI ST SCVWIRILVUVTILSTUVVNT
- § * T Y P QAVCGD®*XTCCUDPQUL * TTL

24841 - TTTTATAGTCTTAACCTCCCGCAGGGATAAGAGACTCTTTAGTTTGTCAAGTGAAAGRAC - 24900
-F Y S L NL PQG™*ETTL * F V K * K N
- F I VL T SRU RDTI KT RTILTEFEFT STILS S ETRT
- L * s *pP PAGTIU RUDTSTILUVCOQV KTEP

24901 - CTCACCGTCAAGATGAAACTCGACGGGGCTCTCCAGAGTGTGGTACACRATTTTGTCACC - 24960
-L TV KM XKULDGA ATLTIGQSVVHNTFEFUVT
- $ PSR *NSTGULSURVWYTTITLSP
- HR QDETU RRGS SPETCGTTU QT FTCHH

24961 - ACGCTTAAGAAATTCAACACCTAACTCTGTACGCTGTCCTGAATAGGACCAATCTCTGTA - 25020
-T L K K F NT* L CTTULS * I G P I S V
- R LRNSTU©PNSV VI RTCZPE®™*TDOQS L *
- A * EI 0 HL TULJYAVTILINZ RTNTLTCK

25021 - AGAGCCAGCCAAAGAAACTGTTTCTACAAAGTGCTCCTCAGATGTCTTTGATGACGARGT - 25080
-R A S OQORNGCTPFYJZ XUVLILTULZ RTC CTL * * R S
- EPAKETUVSTZ KT CSSODVF FDTDTEUV
- 8§ QP K KULTFLUO QS SA AP QMSTLWMT K *

25081 - GAGGTATCCATTATATGTAGTAACAGCATCTGGTGATGATACTGACACTACGGCAGGAGC - 25140
-E V § I I C S N S I W * * Y * H Y G R S
- R Y PLYVVTASGDTDTUDTTA ATGA
- 6 I BHY M * *# 0 HLUVMTITZILTTULU RZ OQTEL

25141 - TTTAAGAGAACGCATACAGCGCGCAGCCTCTTCAAGATTAAAACCATGTGTCACATARCC - 25200
-F KR THTART STULTFI KTITZ KTWMMGC CHTIT
- L RERTIORAASTSU RLTIEKT PTCUVT * P
- * ENA Y S A QZPULIOQD®*NU HUV S HNQ
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25201 - AATTGGCATTGTGACAAGCGGCTCATTTAGAGAGTTCAGCTTCGTAATAATAGAAGCTAC - 25260
-N W HCD KU RTILTI * RV QLI RNNTI RS Y
- I G I VTS G SVFURETFST FUVTITIEHS AT
- L AL * QA AUHTLTESSAS * * * K 1L Q

25261 - AGGCTCTTTACTAGTATAAAAGAAGAATCGGACACCATAGTCAACGATGCCCTCTTGAAT - 25320
-R L F T S I KEZEJSTDTTIUVNUDA ATLTLN
- 6 S L L V * K KNURTU®P™=*STMZPS * I
- A L Y * Y KR RI GHUHSOORTCUPULTETF

25321 - TTTAATTCCTTTATACTTACGTTGGATGGTTGCCATTATGGCTCTAACATCCATGCATAT ~ 25380
-F N § F I L TULDGTCHY G S NTIHAY
- L I P L YL RWMUVATILIM®BZ2zTILTSMUHTI
- +*+ F L YT VYV GWULZPULWIL* H©POCTI *

25381 - AGGCATTAATTTTCTTGTCTCTTCAGCATGAGCAAGCATTTCTCTCAARATTCCAGGATAC -~ 25440
-R H * F S CLV FSMSU KU HTFSOQQTIUPG Y
- ¢ I NF LV S S A *ASTI SLEKTFUQHDT
- AL I FL SIL QHEOQOH® ATFTLSNSUZ RTIOQQ

25441 - AGTTCCTAGAATCTCTTCCTTAGCATTAGGTGCTTCTGAAGGTAGTACATAARATGCAGA - 25500
- S * N L FL S I RT CTFS®*U RT®*YTI KTCR
- VPRI SSILALTGA ASETGT ST * NAD
- P L E S L P * H * V L L KV V HEKMZ QI

25501 - TTTGCATTTCTTAAGAGCAGTCTTAGCTTCCTCAAGTGTATAACCAGCACATCCTTGTCC - 25560
-F A F L K S S UL S F UL KT CTITSTS L S
- L HFLRAUVTILASSSV *P AU HT ETCTUP
- ¢ 1 $ *E QS * L P QV Y N QHTILUVQ

25561 - AGGGTACGTGGTTATATACTCATCAACTGGCACTTTCTTCAAAGCTCTTGAGAGCATCTC - 25620
-R V R 6 Y I L I NWUHPF L1 QS S * E H L
- 6 YV VIYSSTGTT FT FI KA RTLTETSTIS
- 6 T WL Y TEHE QLA AILSSKTULTULTZ RATSQ

25621 - AGTAGTGCCACCAGCCTTTTTGGAGGGTATTACRACACAAGTGATATCACCACTAGTGAT - 25680
-5 8§ AT SLFGGVYJYNTSODTITTS D
- VV?PPATFTILESGTITTO GQVISU©PIL VI
- * C HQ&PTFW®RUYVILOQOUHI K * Y H H * * »

25681 - AACATCACCTACCATGTAAGGTGCATCCTTCTCAAGGAAAGACATATCTTCACCTCTAAG - 25740
-N I T ¥ HV R CTI L L KEURUHTITFET S K
- TS P TM * GA ST FSRIE KT DTIS S ETL S
- HEH L PCI KUV HP S O0QGI KT YL HTL * A

25741 - CATGTTCTGAGAATCATGGTAARGCTTACCATTGATATCAGCARACAAGAGTAACTTATT - 25800
-H VL RIMVEKTILTTIUDTISIKTUGQE * L I
- M F * E S W * S 1L P LI SANJIKSINTLL
- C S ENHGIE K BAYU HZ®*YOQOQOTU RV T Y W

25801 - GGTAAGAAACTTAGTTTCTTCCAGTGTTGTGGTAACCTCATCAATGCAGGCCTTAATTTT - 25860
-G K X L S FFOQCCGNTI LTINA BAGTLNTF
- VR NILUV S S SV VYV TS SMOQA AaTLTITF
- +* E T * F L P VUL WS®*UDPHOQCU RU®P* F L

25861 - TGGCTTCACATCGACAGGCTTCTGTACGACAGATTTCTCCTCAGTTTTGGAATCTTCTGT - 25920
-W L HI DRULUL YD RTPFILTVLGST FTGTIT FC
- G F T STGTZFCTTTUDT FSSVULES S V
- A S HROQASV VI ROQISPOQFWNDNTILTLTC

25921 - GTTTGGTGGCTCCTCTTGTTTAGGTGCTTCCACTCTAGGCTTCAGGTTATCARGATAATC ~ 25980
-V WWIULVLULFRTC CTPFPHSRILIOQUVTIIKTITI
- F 6 6 8 S CL GASTULGTPFU RTILSU® R * 8§
- L VA PULV *¥ VL PL™*ASGYOQDNTEP

25981 - CATGACAACCTGCTCATAAAGAGCTTTGTCATTGACTGCAATATAAACCTGTGTACGAAC - 26040
-4 DN L L I K S FVIDCWNINILTGCTN
- M T TCS* RALSTULTH ATI®*TTCUVZ RT
- * Q PAHI KETLTCHT®™*TL QYK PV Y E P
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26041 - CGTCTGCACGCACACTTGTAAAGACTGAAGTGGTTTAGCACCAAATATGCCTGCTGACAA - 26100
-R L HAHUL *RUL KWV FSTI KYU BT C * Q
- v ¢CTHTOCI XKD * S GLAUPDNMZPA ATUDN
- S ARTULV I KTEUVVY * H(QTIOCLULTT

26101 ~ CAATGGTGCAAGTAAGATGTCCTGTGAATTGAAATTTTCATATGCTGCCTTAAGARGCTG - 26160
-Q WCIK * DUVUL * I ETITFTICTCTILZEKZKL
- N G A S KM S CZEULI KT FSYAA ATLUZ RTSW
- MV Q VRCPUVNS®*NT FEFHMILUP™* EAG

26161 - GATGTCCTCACCTGCATTTAGGTTAGGTCCAACAACATGCAGACACTTCTTAGCAAGATT - 26220
-D VL T CI * V RSN NMGQGTTULTUL S§ KI
- M §$ S P AFRULGPTTTCURIUHTFTLATRL
- ¢ P HLHLG™* V Q QH2aDTS* QDY

26221 - ATGTCCAGAAAGCARACAAGACCCTCCTACTGTAAGAGGGCCATTTAGCTTAATGTAATC - 26280
-M S R K Q TRP S Y CKU RA ATI*TLNUVI
- CPE S XKOQDU©®P?PTV RG?PTFSTL M * §
- V 0 KA NI KTULTULUL* E G HULA * C N H

26281 - ATCACTCTCCTTTTGCATGGCACCATTGGTTGCCTTGTTGAGTGCACCTGCTACACCACC - 26340
-I T L L L HGT I GCULVETCTT CYTT
- §$ L S FCMAZPTULU VOALTLSU AzPA ATPFP
- H S P FAWUHUHMWLU®PC™* V HULTULUHHH

26341 - ACCATGTTTCAGGTGTATGTTAGCAGCATTTACAATCACCATAGGATTAGCACTTTGTGC - 26400
-T M P 0 V YV § 8§ I YNUHUHEHRTISTILC
- P CFRCMULARRTFTTITTIOGULATLTCA
- H VS 6 VC* QHULOSU®P* D * H F V P

26401 - CTCCTTAACGATGTCAACACATTTAATGGCAARCATTGTCAGTAAGTTTTAAATAACCAGT - 26460
-L L NDVDNTT FNGN NTIUVS KT F* I T §
- $ L T M S THTULMATTL S V S F K * PV
- P * R C QH I * WQHOCOQ * VL NN Q *

26461 - ARACTGATTAACTGGTTCTTCAGGTGTAGGTTCTGGTTCTGGCTCAATCTCTGATTGCTC ~- 26520
-K L I NWP FVFURTG CRT FWUEFPFWILNIL*®* L L
- N * L T G S S8 G V G S G S 6 8§ I 8 DC S8
- D * L VL OQV *VLVILATZ QTZSTLTIA ASQ Q

26521 - AGTAGTATCATCCAGCCAGTCTTCCTCTTCTTCTTCCTCAACTCGAACTGTTTCAGCTGA - 26580
- 8§ I I Q PV FLFFTFIULNTGSNDNTECTF S *
-V VS S 8 0 S S S S S S S TURTUV S A E
- * Y H P A SL PULILULUPOGQTLTETLTFOQTL R

26581 - GGCACCARATTCCAGAGGGAGACCTTGATAATCATCCTCTGTACCGTACTCATGTTCACA - 26640
-6 T K F QRETTULITITI UL CTVILMTFT
- A P NSRG RUP™** S S§ S5 V P Y &S C S Q
- HQ I P EGDILDNU HZPTLY RTHV HR

26641 - GGTTTCATCAATTTCTTCTTCCTCACACTCTGCATCGTCCTCTTCTTCCTCATCTGGAGG ~ 26700
-G F I NF F FL TULCTIUVULT FTFTILTITUWWR
-V S 8§ I 8 8§ S S H 8 A S S 5 8 8§ 8 G G
- F HQ F L LPHTULUHZ®RUEPTLTILUPUHTILTEG

26701 - GTARAAGGAACAATACATACGTGATGAAAAGTTTTCTTCACCAGCATCATCAAATAAGTA - 26760
-V XK 6 T I H T * * KV F F TS I I K * V
- * K E QY I RDEI KT FS S PAS SN K *
- XK R NN T VY VMK S FLHGO QU HUHTGQTI SR

26761 - GRATGTAGCTACACTCCACTCATCAAGATCAATACCCATGTTGGTAAGGAGATCAGARAC - 26820
-E C S Y T P LI KIDNTUHVGEKTETITRN
- NV ATULH S SRS I PMUL UV RIRSET
- M * L HS T HOQDOQYUPCW™* GD QKL

26821 - TGGTTGTAAAGTCTTCACAACAGCCTCTGCTACAACACATGCAAACTCAGTAACTTCGGT - 26880
-W L * $ L HNSSL CVYNTZCZ XKIULSNTF G
- 6 C KV FPFTTTTASATTHA ANZSUVT SV
- V V K S 8§ 3 Q PL L QUHMZ©OQTZQQ* L R Y
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26881 - ACCGGATTCAACAGTGTAGACAGAGCACTTTTCATTAAGCACTTTGTCAACACGTTCATC - 26940
-T G F NS VDR ATLUFTII KU HZFVNTFEFTI
- P DSTV* T EHF S L S TUL S TR S S
- R I 0 0 CRQ S TT FH*AULICUO QU HV HQ

26941 - AAGCTCAAATGTGATTCTCACATTCTTGTAACCTTGAACTTCCCAAACAGTATCTITCTCC - 27000
-K L K ¢CD S HTI UL VTULNU FUPNSTIF S
- §$s$NVILTUFL>*P * TS QT V § S P
- A QM * F S§HS CNILIETULUPI KOQYUL L Q

27001 - AAAGGTTACACCTTTAATTGGTGCACCCCCTTTTAAGCGAAAGACATTGTTTGTAGCCAG - 27060
-K 6 Y T F NWCTUPZF * A KUDTIWVC S Q
- KvT?PULLI GAPPVF KU RIEKTULF VA S
- R L H L * L V HPLL S EURUHCUL * PV

27061 - TAAACCAGGAGACAATGCGCAGTATTGTTCTTTGTCCTTAATCTCTAAGAGCATGAGGCC - 27120
-* T R RQCAV L F F VL NTL * E H E A
- K P GDNAQYCSULSUL I S KS MR RYP
- NQETMW®RSIUVLC?P®*SL RA * G H

27121 - ATTTACACAGACTGGTGTGCCGACGATAGCTCCATTTGTGAAGCTATCAACGGGCGTCTC ~ 27180
-1 Yy T DbDWCADUDS S I CEA ATINGTRTL
- FP T QTG VYV PTTIAZPTFV KU LSTG V S
- L HRLVCRUPR®*LHL * S Y Q R A S R

27181 - GAGTGCTTCGAGTTCACCGTTCTTGAGRACRACCTCCTCAGAGGTAAGTACTGTGTCATG - 27240
-E C F E F T VL ENNTI LI LU RGZ XK Y C VM
- S ASSsSsS?PF L RTTSSEV S TV S C
- vV L RV HZRS>* E Q P P QR * V L CH V

27241 - TGRATCACCTTCAAGAAAGGTTACTTCITTTGGTGCCTTRAGAGGCATGAGTAGTTGCAG - 27300
-* I T F K K G Y F F W CUL KR Hd E * L Q
- ES PSS RKUVYV TS FGALU RGMMS S C S
- N HL Q ERLULULVLV?P*EA?®*V V A A

27301 - CTGCTCCTTGCCACGTATACACTGACGGTARAGTCCCTTGCTTTGAGCGATGAAGACTTC - 27360
-L L L ATY¥YTULTV K S L AILSDEDF
- Cs$S L PRTH* R * S PLIL * A MI KT S
- A P CHVYTDGI XV P CVFEIR™* R L H

27361 - ACCTAAGTTGAGTGATCGCAACTTTGCGCCAGCGATAGTGACTTGATCAATGCACATTTC - 27420
-T * VvV E * 8§ ¢ L. C A s D s DULTINUZ AUHF
- P XKL S DRNZFPFAPATIUVT*S MHTITI S
- L §s *vI1IATULIROQR®™*D™*TLDOQO CTF R

27421 - GAGTGCCTTGTTAACAACATCAATGAAGCATTTTACACAARTCCTTGATGTTATCTGAAGC - 27480
-E C L V NNINZEWA AV FYTTITULDV I * S
- $SALLTTS SMI KU HT FTOQS L MUL S E A
- v pPC*Q HQ * S35 I L HNUP * C Y L K Q

27481 - AACCTGTATTTGACCCTTGACGATGTCAAARACACCTGTAATGAGAAATTTGAGAATCTC - 27540
-¥N L Y L T L DDV KNT CNEZ K F E N L
~ T¢I *pP L T M S KTP VMU RNTILIRTIS
- PV FDU?P*RCQI KUHIL* *¥ E I * E S P

27541 - CCAAGCATCCTTGAGAAATTCAACTCCTGCACTAAGTTTCGCCTCAATCCATTCAAAGAT - 27600
-pPp S 1 L E KFN S CTI KFURUILNPF K D
- Q ASLRNUSTUPALSU FASTIHSKI
- K H P *E I QLULH * VS P QS I QR *

27601 - AGGCCTGAGTTTTTCAACAGTAGTGCCCAAARAGATTAGACAACCACTGAGAAGTCTGTTG - 27660
-R P E F F NS S A Q K IRQUPILI RS L L
- G L s r STV VP K RULDWNUH* E V CC
- A * V F Q ¢ * C P KD * TTTEK S V V

27661 - TACAAGACCACCAGTTACATATGCCATAATAATGACACTGTTGGTGAGCAGGTCTGAAGT - 27720
-Y¥Y KT T S Y I CHNNDTV G E Q V * §
- T RPPVTYaATITIMTILILUV S R S E V
- ¢ bH QL H M P * * * H CW* A G L K Y
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27721 - ATAAACCATGGCGTCGACAAGACGTAATGACTGTTCAGAAATACCATCAAGTATGGTGAC - 27780
-I NH GV DIKT* * L FRNTTIIXKY G D
- * T M A ST RIRWNDTCSETIU®PS S MUVT
- K P WRROQDVMTVQ K Y HQ VW * Q

27781 - AGCTGCTCTTTGCAARTCAGGAATTGAGTGGTTTGCTGCATCAAGTGTGCGCGCAAAART - 27840
-$ CSsSL QI RN *VV CCTII KT CA AIRIKN
- AAL CK S GT1I EWU FAAS SV R A KI
- L L FANOQETLSGULULUHOOQV CAIOQKL

27841 - TGATCTGATAACACCAGCAGCCTGTGAGGGAARACCACACAGTGGTGTTAAAACTGATCT - 27900
-* §$ DNT S SL * G KTTZQWIC * N * S
- DL I TP AAUCEGI KUPHS GV KTDL
- I * * H 9 Q P V R E N H T V V L K L I S

27901 - CTGTTGTCCAATGTTCCAAGCACCTTTTACGGGCTTTCCCTTGGTARCTTTATAGTTACC - 27960
-L L §S NVPSTVFYGULSULGNU©F® I VT
- CCPMFQAUPFTGU FPILVTTUL* L P
- vvoQgCS XKHLILRATFUPWO™*TL Y S Y R

27961 - GCAGGACTCAACAATGGTTTTGAAAGACTIGTARATCAAGACTCTTTATAGTGTCAATARA - 28020
-A G L N NG VF ERULVIKTIULY S VNK
- ¢ bs TMVLKDUL®*SRILFTI VS IK
- R T QQWwWUF*KTCWNOQDJSTL* CQ * R

28021 - GGCACTTGTAGAAGCAGAGAAAGATGCCARAATGATGGCAACCTCTTCATTCAAATGAAA - 28080
-G T CR S REURZCOQDNDSGNTLUF I QMK
- AL VEAEI KD AIKMMMATS S§ F K * K
- H L * K QR KMZ®PI K®* W QP L HSNE N

28081 - ATCGCCAACAATGTTAATGTTAACACGTTCACGACTCAGTATCTCAAGGAGATCCTCATT - 28140
-I A NNV NV NTZFTTQQY L KETIILTI
- $ pTMULMULTI RS RILS I S RKRURS S8 F
- R ¢ Qg C * C * H V HD SV S Q G D P H 8§

28141 - CAAGGTCTCCACATTGTCACCAGTAATGCCAGTATGGCCTGAGCCAATATCAGCACTAGC - 28200
-9 G L HI VTS NASMA®*R ANTISZST S
- KvsT™0L S PVMZPVWUPEUZPTI S ATLA
- R S P H CHOQ™* COQYGUL S QY Q H * H

28201 - ACGAGGAACCCAGTAGGCACGCTTATTATAGCAGCCAACATAGGCAAACACACAGCCTCC - 28260
-T R NPV GTULTI I AANITGI KU HTAS
- R G T **A RLUL * Q P T * A NTQ P P
- E E P S RHAY Y S S Qg HURQTHS L Q

28261 - AAPACATCTAGTCCTACCTCCCTTGCGGAGTCGAGTTTCAATGTTTGAGTGGTTGTGATA - 28320
-K T s s Pp TS L AE S S FNWV *» V V VI
- K HL VL PPLI RS RV S M FEWIL * *
- N I * §$ YL P CGV EFQCUL S G CDN

28321 - ATCTGCAACACTATGCTCAGGTCCAATCTCTGGGTCTTGACAGGCAGGACATGGCATTTT - 28380
-I ¢ NTMILURSNUILWV L TG RTWH F
- $ATVLCSG?PI S GS *QAGHGTITF
- L Qg H' Y A QVQ SL GL D RODMA®ATF S

28381 - CACTACAGCATTAGTAGGTAGGTACCCACATGTAGTAGGTCCTTCAATAACTAAATTTTC - 28440
-HY $I SR *V PTOCSURSFNWN®*TITF
- T T AL V GR Y P HVV GP S I TZKF S
- L Q H * * V 6 T H M * * V L Q * L N F Q

28441 - AGTGCCACAATGTTCACAAGTGGCTTTCAGAARGTCGCACGTCTGCCATGAAACTTCATC - 28500
-§$ A TMUZFTSGVF QK VA RLP * N F I
- VP Q C S Q VA FRIKSHV CHETS S
- C H N VHK WU L S E S RTS A MKTILHR

28501 -~ GCAATGATTACATTTCATCAAGGTAGACAAGTGCATATTGTTACACTCCTGTGGAGATGC - 28560
-AMI TFHQGROQVHIVTILILWRLC
- 9 *L HFTI KUVDI KT CTIULULUHSCSGUDA
- N DY IS SUR*TSAYCYTU®PV EMDQ
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28561 - AACAGGGTACACAGAGCGTATACGCCCCATGAAACCCTCAGTCTTTTTCTTTTCAACACG - 28620
-N RV HRAY T PHETULSUL FUL FNT
- T G Y T ERIURUPMIEKUPS SV FFTFS5 TR
- ¢ GT Q SV Y AP * NP QS F S F @ HV

28621 - TGGTTGAATGACTTTGACTTTTGAGTTAAGAGGAAACACAAACTTTGGGCATTCCCCTIT - 28680
-W L NDV FDF * 9V KRIKUHI KU LWATFPF
- 6 * MM T0L TV FEUL RGNTWNT FGH S P L
- vV E * L * L L 8§ ** EETQTULGTIPUL *

28681 - GARAGTGTCAAATTTCTTGGCACTCTTARATTTCGAAGGGTGTCTGGTGCTCGTAGCTCTT - 28740
-E $ VvV K F L GTULNU FETSGTCULUV L VAL
- KV $ N F L ALULTISKSGVWCSs * L L
- K ¢ g I S WH S * F RRV S GAURS S Y

28741 - ATCAGAGCGCTCAGTGAACCAGGCAATTITCATGCTCATGGTCACGGCAGCAGTAGACACC - 28800
-I R AL S EPGWNVFMIL MV TAAWVDT
- S ER SVUNQATI SCSWSURQQ * TP
- Qg s AQ * TR QF HA HGH G S S R H L

28801 - TCTICTTCGACTCGATGTAATCAAGTTGTTCGGARAGAGTGCACATTGACTTGCCCGCGCG - 28860
-5 L RL DV I KL F G KSAH* L A RA
- L F DS M * S S CSEURV HIUDTILUZPAR
- S S T R CNJQV VI RI KU ETCTULTT CUPRYV

28861 - TGCGAGAAARATCTTTGATGCAATCAAGAGGGTACCCATCTGGGCCACAGAAATTGTTGTC - 28920
-¢C E K I FDATIX XU RV PIWATUETIWVUV
- ARK S LM QS RGY P S G P Q KL L S
- R ENL * CNQEGTHUL GHIRNICTCR

28921 - GACATAGCGAGTGACTGCACCTCCATTGAGCTCACGAGTGAGTTCACGGAGTGCACCACT - 28980
-bDI A S$SDTCTSTIETULTSET FTUET CTT
- T ** RV T AP UPUL S S RV S S RS A P L
- H $ E * L HL H* A HE * V HGV HHC

28981 - GCCATGCTTAGTGTTCCAGTTTTGTITCATAATCTTCRATGGGATCAGTGCCAAGCTCGTC - 25040
-A ML $ VP VL F I I VFNUGTISAI KTILV
- P CLV FQFCS * S S M G SV P 8 8§ 5
- H A *CS S F V HNULOQWDOQCQ AR H

29041 - ACCTAAGTCATAAGACTTTAGATCGATGCCATAGCTATGACCACCGGCTCCCTTATTACC - 29100
-T * VvV I RL * I DAIAMTTSGS L IT
- P K S *DF RS MZP* L * P P AP L L P
- L S H KT VLDURTZ CHSYDUHRUILUPY Y R

29101 - GTTCTTACGAAGAAGAACATTGCGGTATGCAATTGGGGTTTCGCCCACATGTGGCACGAG - 29160
-V L T KKNIAUVCNWOGU FAHMWH E
- F L RRRTULURYATIGV S PTZ CGT S
- S Y EEEHCGMOQULGPFFRPHV A RV

29161 - TACTCCCAGTGTTATACCGCTACGACCGTACTGAATGCCGTCCATTTCTGCAACCAGCTC - 29220
-Yy $s ¢ C Yy T2arTTUVLNA AV HFCNOGQIL
- T p S VvV I P L RPY *M P S I S AT S S
- L p VL YRY DI RTETCRUPZFULOQPAQ

29221 - AACGACCTTGTGGCCGTGATTGGTGCTTAAGGCATCAGAACGTTTARATGAACACATAGGG - 29280
-N DL VAV I GA®*GTIIRTUFNUEWUHTI G
- T T L W&P * L VL KA AJSEUZRTILMNDNT * G
- R P C G RDWOCULURHQNV * * T H R A

29281 - CTGTTCAAGCTGGGGCAGTACGCCTTTTTCCAGCTCTACTAGACCACAAGTGCCATTTTT - 29340
-L Fr KL GQYAPFPFQLY *TTSATITF
- s 8 wWw G s T &PVF S S S TR P QV P F L
- vV Q A G AV RLF PAULULDHIKCHF *

29341 - GAGGTGTITCACGTGCCTCCGATAGGGCCTCTTCCACAGAGTCCCCGAAGCCACGCACTAG - 29400

E v FTOCULWR®* GL F HURV P EA AT H *

R ¢ S RA S DU RASSTESU?PKU?PRT S

G VvV HvVPPIGPLPQSPIRSHATILRA
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29401 CACGTCTCTAACCTGAAGGACAGGCAAACTGAGTTGGACGTGTGTTTTCTCGTTGACACC ~ 29460
H VvV 8 NL K DRQTETLUDUVTCT FULUVDT
T $LT*R TG KL § W TCUVF S UL TP
R L P E G QA ADNT*V G RV F S R * H Q
29461 - AAGAACRAGGCTCTCCATCTTACCTTTCGGTCACACCCGGACGRARACCTAGGTATGCTGA -~ 29520
K NK A L H L TUFUR S HPDET * V C *
R TR L S I L P F GHT®RTIK P R Y AR D

EQ G 3 P 5 YL 8V TP GRNILGMMTL M

29521 - TGATCGACTGCRACACGGACGAAACCGTAAGCAGTCIGCAGARAGAGGGACGAGTTACTCG - 29580
-*$ T™A T RTI XKUP*2 YV CRIRGT S Y S
- DR L Q HGRU NI RI KOQSAZEZESGH RV TR
- I bCNTUDETV S S L QK RDETLTLYV

29581 - TTTCTTGTCAACGACAGTAAAATTTATTATTIGTTTATACTGCGTAGGTGCACTAGGCATG - 29640
-F L VND S EKTI Y Y CL Y CV G AL G M
- FP L S8 T TVKU FITIUWVYTA*V H* A C
- S CQ RQ*NL L L F I L RIRTCTIRH A

29641 - CAGCCGAGCGACAGCTACACAGATTTTAAAGTTCGTTTAGAGAACAGATCTACAAGAGAT - 29700
-Q P S D S Y TDVF KV RULEWNU RSTR D
- $ RATATIGQTIULKFV * R TDIL QE I
- A°E R QLUHRVF™* S§ S F REQQTI Y KR S

29701 - CGAGGTTGGTTGGCTTTTCCTGGGTAGGTARARACCTAATAT - 29742

R G WL AT F PG * V KT * ¥ X
EV G W UL FLGU R * K P N X
- R L vV ¢ 8§ WV G KNUIL I X
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N-gene primers (nucleotide position 29247-29410)
150# (5°-gactgatgaagctcaggectt-3°)
200# (5’ -cttgtgtggtcatcatgagtg-3’)

S-gene primers (nucleotide position 24751-25049)

131# (5’-cacagaggaacttctttt-3’)
132# (5°-tcccaattcttgaaggtcaatgag-3°)

FIG. 13
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ATGTCTGATAATGGACCCCAATCAAACCAACGTAGTGCCCCCCGCATTACATTTGGTGGA
CCCACAGATTCARCTGACAATAARCCAGAATGGAGGACGCAATGGGGCAAGGCCAAAACAG
CGCCGACCCCAAGGTTTACCCAATAATACTGCGTCTTGGTTCACAGCTCTCACTCAGCAT
GGCAAGGAGGAACTTAGATTCCCTCGAGGCCAGGGCGTTCCAATCAACACCAATAGTGGT
CCAGATGACCAAATTGGCTACTACCGAAGAGCTACCCGACGAGTTCGTGGTGGTGACGGC
AAAATGAAAGAGCTCAGCCCCAGATGGTACTTCTATTACCTAGGAACTGGCCCAGAAGCT
TCACTTCCCTACGGCGCTAACAAAGAARGGCATCGTATGGGTTGCAACTGAGGGAGCCTTG
AATACACCCAAAGACCACATTGGCACCCGCAATCCTAATAACAATGCTGCCACCGTGCTA
CAACTTCCTCAAGGAACAACATTGCCAAAAGGCTTCTACGCAGAGGGAAGCAGAGGCGGC
AGTCAAGCCTCTTCTCGCTCCTCATCACGTAGTCGCGGTAATTCAAGAARATTCAACTCCT
GGCAGCAGTAGGGGARATTCTCCTGCTCGAATGGCTAGCGGAGGTGGTGARACTGCCCTC
GCGCTATTGCTGCTAGACAGATTGAACCAGCTTGAGAGCARAGTTTCTGGTAAAGGCCAA
CAACAACAAGGCCAAACTGTCACTAAGAAATCTGCTGCTGAGGCATCTAAARAGCCTCGC
CAAAAACGTACTGCCACAAAACAGTACAACGTCACTCAAGCATTTGGGAGACGTGGTCCA
GAACAAACCCAAGGARATTTCGGGGACCAAGACCTAATCAGACAAGGAACTGATTACAAA
CATTGGCCGCAAATTGCACAATTTGCTCCAAGTGCCTCTGCATTCTTTGGAATGTCACGC
ATTGGCATGGAAGTCACACCTTCGGGAACATGGCTGACTTATCATGGAGCCATTAAATTG
GATGACARAGATCCACAARTTCAARAGACAACGTCATACTGCTGAARCAAGCACATTGACGCA
TACAAAACATTCCCACCAACAGAGCCTAAAAAGGACAAAAAGARAAAGACTGATGAAGCT
CAGCCTTTGCCGCAGAGACARARAGAAGCAGCCCACTGTGACTCTTCTTCCTGCGGCTGAC
ATGGATGATTTCTCCAGACAACTTCAAAATTCCATGAGTGGAGCTTCTGCTGATTCAACT
CAGGCATAA
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MSDNGPQSNQRSAPRITFGGPTDSTDNNQNGGRNGARPKQRRPQGLPNNTASWETALTQH
GKEELRFPRGQGVPINTNSGPDDQIGYYRRATRRVRGGDGKMKELSPRWYFYYLGTGPEA
SLPYGANKEGIVWVATEGALNTPKDHIGTRNPNNNAATVLQLPQGTTLPKGFYAEGSRGG
SQASSRSSSRSRGNSRNSTPGSSRGNSPARMASGGGETALALLLLDRLNQLESKVSGKGQ
QQQGQTVTKKSAREASKKPRQKRTATKQYNVTQAFGRRGPEQTQGNFGDQDLIRQGTDYK
HWPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYHGAIKLDDKDPQEFKDNVILLNKHIDA
YKTFPPTEPKKDKKKKTDEAQPLPQRQKKQPTVTLLPAADMDDFSRQLONSMSGASADST
QA

FIG. 14B
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ATGTTTATTTTCTTATTATTTCTTACTCTCACTAGTGGTAGTGACCTTGACCGGTGCACCACTTT
TGATGATGTTCAAGCTCCTAATTACACTCAARCATACTTCATCTATGAGGGGGGTTTACTATCCTG
ATGARAATTTTTAGATCAGACACTCTTTATTTAACTCAGGATTTATTTCTTCCATTTTATTCTAAT
GTTACAGGGTTTCATACTATTARATCATACGTTTGGCAACCCTGTCATACCTTTTAAGGATGGTAT
TTATTTTGCTGCCACAGAGAAATCAAATGTTGTCCGTGGTTGGGTTTTTGGTTCTACCATGAACA
ACAAGTCACAGTCGGTGATTATTATTAACAATTCTACTAATGTTGTTATACGAGCATGTAACTTT
GAATTGTGTGACAACCCTTTCTTTGCTGTTTCTAAACCCATGGGTACACAGACACATACTATGAT
ATTCGATAATGCATTTAATTGCACTTTCGAGTACATATCTGATGCCTTTTCGCTTGATGTTTCAG
AAAAGTCAGGTAATTTTAAACACTTACGAGAGTTTGTGTTTAAARATAAAGATGGGTTTCTCTAT
GTTTATAAGGGCTATCAACCTATAGATGTAGTTCGTGATCTACCTTCTGGTTTTAACACTTTGAA
ACCTATTTTTAAGTTGCCTCTTGGTATTAACATTACARATTTTAGAGCCATTCTTACAGCCTTTT
CACCTGCTCAAGACATTTGGGGCACGTCAGCTGCAGCCTATTTTGTTGGCTATTTAARAGCCAACT
ACATTTATGCTCAAGTATGATGAAAATGGTACAATCACAGATGCTGTITGATTGTTCTCAAAATCC
ACTTGCTGAACTCAAATGCTCTGTTAAGAGCTTTGAGATTGACAAAGGAATTTACCAGACCTCTA
ATTTCAGGGTTGTTCCCTCAGGAGATGTTGTGAGATTCCCTAATATTACAAACTTGTGTCCTTTT
GGAGAGGTTTTTAATGCTACTAAATTCCCTTCTGTCTATGCATGGGAGAGAAARAAAATTTCTAA
TTGTIGTTGCTGATTACTCTGTGCTCTACAACTCAACATTTTTTTCAACCTTTAAGTGCTATGGCG
TTTCTGCCACTAAGTTGAATGATCTTTGCTTCTCCAATGTCTATGCAGATTCTTTTGTAGTCAAG
GGAGATGATGTAAGACARATAGCGCCAGGACAAACTGGTGTTATTGCTGATTATAATTATAAATT
GCCAGATGATTTCATGGGTTGTGTCCTTGCTTGGAATACTAGGAACATTGATGCTACTTCAACTG
GTAATTATAATTATAAATATAGGTATCTTAGACATGGCAAGCTTAGGCCCTTTGAGAGAGACATA
TCTAATGTGCCTTTCTCCCCTGATGGCARACCTTGCACCCCACCTGCTCTTAATTGTTATTGGCC
ATTAAATGATTATGGTTTTTACACCACTACTGGCATTGGCTACCAACCTTACAGAGTTGTAGTAC
TTTCTTTTGAACTTTTAARATGCACCGGCCACGGTTTGTGGACCARAATTATCCACTGACCTTATT
AAGAACCAGTGTGTCAATTTTAATTTTAATGGACTCACTGGTACTGGTGTGTTAACTCCTTCTTC
ARAAGAGATTTCAACCATTTCAACARATTTGGCCGTGATGTTTCTGATTTCACTGATTCCGTTCGAG
ATCCTAAAACATCTGAAATATTAGACATTTCACCTIGCTCTTTTGGGGGTGTAAGTGTAATTACA
CCTGGAACAAATGCTTCATCTGAAGTTGCTGTTCTATATCARGATGTTAACTGCACTGATGTTTC
TACAGCAATTCATGCAGATCARCTCACACCAGCTTGGCGCATATATTCTACTGGARACAATGTAT
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TCCAGACTCAAGCAGGCTGTCTTATAGGAGCTGAGCATGTCGACACTTCTTATGAGTGCGACATT
CCTATTGGAGCTGGCATTTGTGCTAGTTACCATACAGTTTCTTTATTACGTAGTACTAGCCAAAA
ATCTATTGTGGCTTATACTATGTCTTTAGGTGCTGATAGTTCAATTGCTTACTCTAATAACACCA
TTGCTATACCTACTAACTTTTCAATTAGCATTACTACAGAAGTAATGCCTGTTTCTATGGCTAAA
ACCTCCGTAGATTGTAATATGTACATCTGCGGAGATTCTACTGAATGTGCTAATTTGCTTCTCCA
ATATGGTAGCTTTTGCACACAACTAAATCGTGCACTCTCAGGTATTGCTGCTGAACAGGATCGCA
ACACACGTGAAGTGTTCGCTCAAGTCARACAAATGTACAAAACCCCAACTTTGAAATATTTTGGT
GGTTTTAATTTTTCACAAATATTACCTGACCCTCTAAAGCCAACTAAGAGGTCTTTTATTGAGGA
CTTGCTCTTTAATAAGGTGACACTCGCTGATGCTGGCTTCATGAAGCAATATGGCGAATGCCTAG
GTGATATTAATGCTAGAGATCTCATTTGTGCGCAGRAGTTCAATGGACTTACAGTGTTGCCACCT
CTGCTCACTGATGATATGATTGCTGCCTACACTGCTGCTCTAGTTAGTGGTACTGCCACTGCTGG
ATGGACATTTGGTGCTGGCGCTGCTCTTCRAATACCTTTTGCTATGCAAATGGCATATAGGTTCA
ATGGCATTGGAGTTACCCAAAATGTTCTCTATGAGAACCARAAACAAATCGCCAACCAATTTAARC
AAGGCGATTAGTCAAATTCAAGAATCACTTACAACAACATCAACTGCATTGGGCAAGCTGCAAGA
CGTTGTTAACCAGAATGCTCAAGCATTAAACACACTTGTTAAACAACTTAGCTCTAATTTTGGTG
CAATTTCAAGTGTGCTARATGATATCCTTTCGCGACTTGATAAAGTCGAGGCGGAGGTACAAATT
GACAGGTTAATTACAGGCAGACTTCAAAGCCTTCAAACCTATGTAACACAACAACTAATCAGGGC
TGCTGAAATCAGGGCTTCTGCTAATCTTGCTGCTACTARAATGTCTGAGTGTGTTCTTGGACAAT
CAAARAGAGTTGACTTTTGTGGARAGGGCTACCACCTTATGTCCTTCCCACAAGCAGCCCCGCAT
GGTGTTGTCTTCCTACATGTCACGTATGTGCCATCCCAGGAGAGGAACTTCACCACAGCGCCAGC
AATTTGTCATGAAGGCAAAGCATACTTCCCTCGTGAAGGTGTTTTITGTGTTTAATGGCACTTCTT
GGTTTATTACACAGAGGAACTTCTTTTCTCCACAAATAATTACTACAGACAATACATTTGTCTCA
GGAAATTGTGATGTCGTTATTGGCATCATTAACAACACAGTTTATGATCCTCTGCAACCTGAGCT
TGACTCATTCAARGAAGAGCTGGACAAGTACTTCAAAAATCATACATCACCAGATGTTGATCTTG
GCGACATTTCAGGCATTAACGCTTCTGTCGTCAACATTCAAAAAGAAATTGACCGCCTCAATGAG
GTCGCTAARAATTTAAATGAATCACTCATTGACCTTCAAGAATTGGGAAAATATGAGCAATATAT
TARATGGCCTTGGTATGTTTGGCTCGGCTTCATTGCTGGACTAATTGCCATCGTCATGGTTACAA
TCTTGCTTTGTTGCATGACTAGTTGTTGCAGTTGCCTCAAGGGTGCATGCTCTTGTGGTTCTTGC
TGCAAGTTTGATGAGGATGACTCTGAGCCAGTTCTCAAGGGTGTCAAATTACATTACACATAA
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MFIFLLEFLTLTSGSDLDRCTTFDDVQAPNYTQHTSSMRGVYYPDEIFRSDTLYLTQDLFL
PEYSNVTGFHTINHTFGNPVIPFKDGIYFAATEKSNVVRGWVFGSTMNNKSQSVIIINNS
TNVVIRACNFELCDNPFFAVSKPMGTQTHTMIFDNAFNCTFEYISDAFSLDVSEKSGNEK
HLREFVFKNKDGFLYVYKGYQPIDVVRDLPSGENTLKPIFKLPLGINITNFRAILTAFSP
AQDIWGTSAAAYFVGYLKPTTFMLKYDENGTITDAVDCSQNPLAELKCSVKSFEIDKGIY
QTSNFRVVPSGDVVREFPNITNLCPFGEVFNATKFPSVYAWERKKISNCVADYSVLYNSTFE
FSTFKCYGVSATKLNDLCFSNVYADSFVVKGDDVRQIAPGQTGVIADYNYKLPDDFMGCV
LAWNTRNIDATSTGNYNYKYRYLRHGKLRPFERDISNVPFSPDGKPCTPPALNCYWPLND
YGFYTTTGIGYQPYRVVVLSFELLNAPATVCGPKLSTDLIKNQCVNENFNGLTGTGVLTP
SSKRFQPFQQFGRDVSDEFTDSVRDPKTSEILDISPCSFGGVSVITPGTNASSEVAVLYQD
VNCTDVSTAIHADQLT PAWRIYSTGNNVFQTQAGCLIGAEHVDTSYECDIPIGAGICASY
HTVSLLRSTSQKSIVAYTMSLGADSSIAYSNNTIAIPTNFSISITTEVMPVSMAKTSVDC
NMYICGDSTECANLLLQYGSFCTQLNRALSGIAAEQDRNTREVFAQVKQOMYKTPTLKYFG
GENFSQILPDPLKPTKRSFIEDLLENKVTLADAGFMKQYGECLGDINARDLICAQKFNGL
TVLPPLLTDDMIAAYTAALVSGTATAGWT FGAGAALQIPFAMQOMAYRFNGIGVTQNVLYE
NOQKOIANQFNKAISQIQESLTTTSTALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLN
DILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSK
RVDFCGKGYHLMSFPQAAPHGVVFLHVTYVPSQERNFTTAPAICHEGKAYFPREGVFVEN
GTSWEITORNFEFSPQIITTDNTFVSGNCDVVIGIINNTVYDPLQPELDSFKEELDKYFKN
HTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYVWL
GFIAGLIAIVMVTILLCCMTSCCSCLKGACSCGSCCKEDEDDSEPVLKGVKLHYT
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Primers for a 225-bp fragment of the region of N-gene that showed no

homology to other coronavirus:

SRS251: 5’-GCAGTCAAGCCTCTTCTCG-3’ (SEQ ID NO:2480)
SRS252: 5’-GCCTCAGCAGCAGATTTC-3’ (SEQ ID NO:2481)

Primers for 181-bp fragment of the region of 1b-gene:

coro3: 5’-TACACACCTCAGCGTTG-3’ (SEQ ID NO:3)
coro4: 5’- CACGAACGTGACGAAT-3’ (SEQ ID NO:4)

Primers for a 745-bp fragment from pig B-actin gene:

Actin-F: 5’>-TGAGACCTTCAACACGCC-3’ (SEQ ID NO:2482)
Actin-R: 5’-ATCTGCTGGAAGGTGGAC-3’(SEQ ID NO:2483)
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Probe Region SEQ ID NO Sequence
18057 — gatataaaattcaagactgaaggattatgtgttgacataccaggcataccaaaggacat
1b 18222 2484 gacctaccgtagactcatctctatgatgggtttcaaaatgaattaccaagtcaatggttac
cctaatatgtttatcacccgcgaagaagctaticgtcacgticgtg
_ catgggtacacagacacatactatgatattcgataatgcatttaattgcactttcgagtaca
S 22129 1287 2485 tatctgatgcecttttcgettgatgtttcagaaaagtcaggtaattttaaacacttac gaggtagt
ttgtgtttaaaaataaagatgggtttctctatgtttataagggctatcaacctatagatgtag
26867 — getgtgacattaaggacctgccaaaagagatcactgtggctacatcacgaacgcetttctt
M 26996 2486 attg:aaagiaggagcgtcgcagcgtgtaggcactgattcaggttttgctgcatacaacc
gctaceg
18658 — gcagtcaagcectettctcgetcctecatcacgtagtcgeggtaattcaagaaattcaacte
N 28883 2487 ctggcagcagtagggoaaattctcctgetcgaatggetageggaggtggtgaaactge

cctcgegcetattgetgetagacagattg

FIG. 25
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HIGH-THROUGHPUT DIAGNOSTIC ASSAY
FOR THE HUMAN VIRUS CAUSING SEVERE
ACUTE RESPIRATORY SYNDROME (SARS)

This application claims priority benefit to U.S, provisional
application No. 60/457,031, filed Mar. 24, 2003; U.S. provi-
sional application No. 60/457,730, filed Mar. 26, 2003; U.S.
provisional application No. 60/459,931, filed Apr. 2, 2003;
U.S. provisional application No. 60/460,357, filed Apr. 3,
2003; U.S. provisional application No. 60/461,265, filed Apr.
8, 2003; U.S. provisional application No. 60/462,805, filed
Apr. 14, 2003; U.S. provisional application No. 60/464,886
filed Apr. 23,2003, U.S. provisional application No. 60/465,
738, filed Apr. 25, 2003; and U.8. provisional application No.
60/470,935, filed May 14, 2003, each of which is incorpo-
rated herein by reference in its entirety.

The instant application contains a lengthy Sequence listing
which is being concurrently submitted via triplicate CD-R in
lieu of a printed paper copy, and is hereby inconrporated by
reference in its entirety. Said CD-R, recorded on Mar. 22,
2004, are labeled “CRE”, “Copy 1” and “Copy 2”, respec-
tively, and each contains only identical 1.6 MB file
(V9661077.APP).

1. INTRODUCTION

The present invention relates to a high-throughput diagnos-
tic assay for the virus causing Severe Acute Respiratory Syn-
drome (SARS) in humans (“hSARS virus™). In particular, the
invention relates to a high-throughput reverse transcription-
PCR diagnostic test for SARS associated cororavirus
(SARS-CoV). The present assay is a rapid, reliable assay
which may be used for diagnosis and monitoring the spread of
SARS. The present method eliminates false negative results
and provides increased sensitivity for the assay. The invention
further relates to nucleotide sequences and portions thereof,
useful for the diagnosis of SARS. The invention further
relates to nucleotide sequences and portions thereof, useful
for assessing genetic diversity of SARS. The nucleotide
sequences of the present invention comprise the (Nucleo-
capsid) N-gene and the S-gene sequences of the hRSARS virus.
The invention relates to a diagnostic kit that comprises
nucleic acid molecules for the detection of the N-gene or
S-gene of hSARS virus. The invention also relates to the
deduced amino acid sequences of the N-gene and S-gene
products of the hSARS virus. The invention further relates to
the use of the N-gene and S-gene products in diagnostic
methods. The invention further encompasses diagnostic
assays and kits comprising antibodies generated against the
N-gene or S-gene product.

2. BACKGROUND OF THE INVENTION

Recently, there has been an outbreak of atypical pneumo-
nia in Guangdong province in mainland China. Between
November 2002 and March 2003, there were 792 reported
cases with 31 fatalities (WHO. Severe Acute Respiratory
Syndrome (SARS) Weekly Epidemiol Rec. 2003; 78: 86).
Patients with SARS show various clinical symptoms, includ-
ing fever (of 38 degrees Celsius or above for over 24 hours),
malaise, chills, headache and body ache. Chest X-rays show
changes compatible with pneumonia. Other symptoms
include coughing, shortness of breath or difficulty in breath-
ing. By 3 May 2003, a cumulative total number of 1621 cases
and 179 deaths had been occurred in Hong Kong, which
contributed to 26% and 41% of the global reported cases
(6234) and deaths (435) respectively. As the disease is highly

10

15

20

25

30

35

40

45

50

55

60

65

2

contagious and spreads in daily-life activities, it is important
to develop a rapid and reliable diagnosis test to monitor and
control the disease. In response to this crisis, the Hospital
Authority in Hong Kong has increased the surveillance on
patients with severe atypical pneumonia. In the course of this
investigation, a number of clusters of health care workers
with the disease were identified. In addition, there were clus-
ters of pneumonia incidents among persons in close contact
with those infected. The disease was unusual in its severity
and its progression in spite of the antibiotic treatment typical
for the bacterial pathogens that are known to be commonly
associated with atypical pneumonia. The present inventors
were one of the groups involved in the investigation of these
patients. All tests for identifying commonly recognized
viruses and bacteria were negative in these patients. Further-
more, diagnostic tests for the detection of other genes in the
hSARS virus, such as the 1b-gene are not useful to accurately
diagnose SARS. The disease was given the acronym Severe
Acute Respiratory Syndrome (“SARS”). This virus mutates
and changes rapidly and hence the diagnostic of SARS was
extremely difficult until the isolation of particular regions of
the virus, the N-gene and S-gene, of the hNSARS virus from the
SARS patients by the present inventors as disclosed herein.
Namely, the present invention discloses a diagnostic assay
using particular regions in the genome of the virus for rapid,
accurate, reliable and specific identification of the hSARS
virus. The invention is useful in both clinical and scientific
research applications. Furthermore, the present invention
provides a high-throughput assay which can be used as a
sensitive method for diagnosis and monitoring the spread of
the SARS.

3. SUMMARY OF INVENTION

The present invention is based upon the inventors’ identi-
fication of a specific region of the hSARS virus, specifically,
the 3'region of the hRSARS viral genome, and in particular, the
(nucleocapsid) N-gene of the hSARS virus that may be used
in diagnostic assay to detecthSARS. In particular, the N-gene
is useful for the diagnosis of SARS because the N-gene has
the most abundant copy number during viral infection com-
pared to any other gene in the hSARS virus, especially when
the cells are lysed. Thus, the nucleic acid sequences of the
N-gene of the hSARS virus are particularly useful in a rapid
and reliable diagnostic assay for the hSARS virus. Further-
more, the present method eliminates false negative results and
increases the sensitivity of the assay.

The hSARS virus was isolated from patients suffering from
SARS in the recent outbreak of severe atypical pneumonia in
China. The isolated virus is an enveloped, single-stranded
RNA virus of positive polarity which belongs to the order,
Nidovirales, of the family, Coronaviridae. The hSARS virus
is a very large RNA virus consisting of approximately 29,742
nucleotides. The complete genomic sequence of the hSARS
virus was deposited in Genbank, NCBI with Accession No:
AY278491 (SEQ ID NO:15), which is incorporated by refer-
ence. The isolated hSARS virus was deposited with China
Center for Type Culture Collection (CCTCC) on Apr. 2, 2003
and accorded an accession number, CCTCC-V200303, as
described in Section 7, infra, which is incorporated by refer-
ence. Also, the entire genome sequence of the hNSARS virus,
CCTCC-V200303, and characterization thereof are disclosed
in a United States patent application with Attorney Docket
No. V9661.0069 filed concurrently herewith on Mar. 24,
2004, which is incorporated by reference in its entirety. The
virus mutates and changes rapidly and hence making the
diagnostic of SARS very difficult. The present inventors have
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designed a diagnostic assay for detecting the presence of
N-gene nucleic acid sequence or protein to rapidly, accu-
rately, and specifically identify the hSARS virus. Further-
more, the present inventors have designed a diagnostic assay
for detecting the presence of S-gene nucleic acid sequence or
protein to determine the genetic diversity ofthe hASARS virus.
Accordingly, the invention relates to methods of detecting
nucleotide sequences of the N-gene and S-gene of the hASARS
virus.

The present invention provides a rapid, reliable assay for
the detection of hSARS virus. In preferred embodiment, the
detection of hSARS virus includes the use of the nucleic acid
molecules of the present invention in a polymerase chain
reaction, Reverse transcription-Polymerase Chain Reaction
(RT-PCR), Southern analysis, Northern analysis, or other
nucleic acid hybridization for the detection of hSARS nucleic
acids. Inone embodiment, the invention provides methods for
detecting the presence, activity or expression of the hNSARS
virus of the invention in a biological material, such as cells,
nasopharyngeal aspirate, sputum, blood, saliva, urine, stool
and so forth. In preferred embodiments, the biological mate-
rial is nasopharyngeal aspirate or stool. The increased or
decreased activity or expression of the hSARS virus in a
sample relative to a control sample can be determined by
contacting the biological material with an agent which can
detect directly or indirectly the presence, activity or expres-
sionofthe hSARS virus. In a specific embodiment, the detect-
ing agents are the nucleic acid molecules of the present inven-
tion.

The present invention also relates to a method for identi-
fving a subject infected with the hSARS virus, said method
comprising obtaining total RNA from a biological sample
obtained from the subject; reverse transcribing the total RNA
to obtain cDNA; and subjecting the cDNA to PCR assay using
a set of primers derived from a nucleotide sequence of the
hSARS. In preferred embodiments, the primers are derived
from the (nucleocapid) N-gene. In most preferred embodi-
ments, the primers comprise the nucleotide sequences of SEQ
ID NOS:2475 and/or 2476 or SEQ ID NOS:2480 and/or
2481. In another preferred embodiments, the primers are
derived from the (spike) S-gene. In more preferred embodi-
ments, the primers comprise the nucleotide sequences of SEQ
ID NOS:2477 and/or 2478.

The invention further relates to the use of the sequence
information of the isolated virus for diagnostic and therapeu-
tic methods. In a specific embodiment, the invention provides
nucleic acid molecules which are suitable for use as primers
consisting of or comprising the nucleotide sequence of SEQ
IDNO:1, 11,13, 15,2471, 0r 2473, or a complement thereof,
or at least a portion of the nucleotide sequence thereof. In the
most preferred embodiment, the primers comprise the nucleic
acid sequence of SEQ ID NOS:2475 and/or 2476 or SEQ 1D
NOS:2480 and/or 2481 for the detection of N-gene. In
another most preferred embodiment, the primers comprise
the nucleic acid sequence of SEQ ID NO:2477 and/or 2478
for the detection of S-gene. In another specific embodiment,
the invention provides nucleic acid molecules which are suit-
able for hybridization to hSARS nucleic acid, including, but
not limited to, as PCR primers, Reverse Transcriptase prim-
ers, probes for Southern analysis or other nucleic acid hybrid-
ization analysis for the detection of hSARS nucleic acids,
e.g., consisting of or comprising the nucleotide sequence of
SEQ ID NO:1, 11, 13, 15, 2471, 2473, 2475, 2476, 2477,
2478, 2480 or 2481, or a complement thereof, or a portion
thereof. In a preferred embodiment, primers that amplify
fragments comprising (nucleotide position 18057 to 18222 or
portions thereof of SEQ ID NO:15) 1b gene; (nucleotide
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position 21920-22107, or portions thereof of SEQ ID NO:15)
M-gene; and (nucleotide position 28658-28883, or portions
thereof of SEQ ID NO:15) N-gene may be used for probe
synthesis for detection of hRSARS nucleic acids. In a specific
embodiment, the invention provides a diagnostic kit compris-
ing nucleic acid molecules which are suitable for use to detect
the N-gene of hSARS. In a specific embodiment, the N-gene
comprises nucleic acid sequence of SEQ ID NO:2471. In
specific embodiment, the nucleic acid molecules comprise
nucleic acid sequence of SEQ ID NOS:2475 and/or 2476 or
SEQ ID NOS:2480 and/or 2481. In preferred embodiments,
the diagnostic kit further comprises a control for amplifica-
tion of 1b gene. In specific embodiments, the primers used for
amplifying 1 b gene are SEQ ID NOS:3 and/or 4. In another
specific embodiments, the diagnostic kit further comprises an
internal control using pig p-actin gene. In specific embodi-
ments, the primers used for amplifying f-actin gene are SEQ
ID NOS:2482 and/or 2483.

In a specific embodiment, the invention provides a diag-
nostic kit comprising nucleic acid molecules which are suit-
able for use to detect the S-gene of hSARS. In a specific
embodiment, the S-gene comprises nucleic acid sequence of
SEQ ID NO:2473. In specific embodiment, the nucleic acid
molecules comprise nucleic acid sequence of SEQ ID NOS:
2477 and/or 2478. The invention further encompasses chi-
meric or recombinant viruses encoded in whole or in part by
said nucleotide sequences.

In another specific embodiment, the invention provides
nucleic acid molecules comprising a nucleotide sequence of
SEQ ID NO:1, 11, 13, 2471, and/or 2473. In a specific
embodiment, the present invention provides isolated nucleic
acid molecules comprising or, alternatively, consisting of the
nucleotide sequence of SEQ ID NO: 1, a complement thereof
or a portion thereof, preferably at least 5, 10, 15, 20, 25, 30,
35, 40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600,
or more contiguous nucleotides of the nucleotide sequence of
SEQ ID NO:1, or a complement thereof. In another specific
embodiment, the present invention provides isolated nucleic
acid molecules comprising or, alternatively, consisting of the
nucleotide sequence of SEQ IDNO:11, a complement thereof
or a portion thereof, preferably at least 5, 10, 15, 20, 25, 30,
35, 40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600,
650,700,750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 1,150,
1,200, or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:11, or a complement thereof. In yet
another specific embodiment, the present invention provides
isolated nucleic acid molecules comprising or, alternatively,
consisting of the nucleotide sequence of SEQ ID NO:13, a
complement thereof or a portion thereof, preferably at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400,
450, 500, 550, 600, 650, 700, or more contiguous nucleotides
of the nucleotide sequence of SEQ ID NO:13, or a comple-
ment thereof. In another specific embodiment, the present
invention provides isolated nucleic acid molecules compris-
ing or, alternatively, consisting of the nucleotide sequence of
SEQ ID NO:15, a complement thereof or a portion thereof,
preferably at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150,
200, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800,
850, 900, 950, 1,000, 1,050, 1,100, 1,150, 1,200, 2,000,
3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000,
11,000, 12,000, 13,000, 14,000, 15,000, 16,000, 17,000,
18,000, 19,000, 20,000, 21,000, 22,000, 23,000, 24,000,
25,000, 26,000, 27,000, 28,000, 29,000 or more contiguous
nucleotides of the nucleotide sequence of SEQ ID NO:15, or
a complement thereof. In another specific embodiment, the
present invention provides isolated nucleic acid molecules
comprising or, alternatively, consisting of the nucleotide
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sequence of SEQ ID NO:2471, a complement thereof or a
portion thereof, preferably at least 5, 10, 15, 20, 25, 30, 35, 40,
45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 650,
700, 750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 1,150,
1,200 or more contiguous nucleotides of the nucleotide
sequence of SEQ 1D NO:2471, or a complement thereof. In
another specific embodiment, the present invention provides
isolated nucleic acid molecules comprising or, alternatively,
consisting of the nucleotide sequence of SEQ ID NO:2473, a
complement thereof or a portion thereof, preferably at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, or more contiguous
nucleotides of the nucleotide sequence of SEQ 1D NO:2473,
or a complement thereof. Furthermore, in another specific
embodiment, the invention provides isolated nucleic acid
molecules which hybridize under stringent conditions, as
defined herein, to a nucleic acid molecule having the
sequence of SEQ ID NO:1, 11, 13, 15, 2471, or 2473, or a
complement thereof. In one embodiment, the invention pro-
vides an isolated nucleic acid molecule which is antisense to
the coding strand of a nucleic acid of the invention. In another
specific embodiment, the invention provides isolated
polypeptides or proteins that are encoded by a nucleic acid
molecule comprising or, alternatively consisting of a nucle-
otide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 40, 45,
100, 150, 200, 300, 350, 400, 450, 500, 550, 600, or more
contiguous nucleotides of the nucleotide sequence of SEQ ID
NO:1, or a complement thereof. In yet another specific
embodiment, the invention provides isolated polypeptides or
proteins that are encoded by a nucleic acid molecule com-
prising or, alternatively consisting of a nucleotide sequernce
thatis at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200,
300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850,
900, 950, 1,000, 1,050, 1,100, 1,150, 1,200 or more contigu-
ous nucleotides of the nucleotide sequence of SEQ IDNO: 11,
oracomplement thereof. In yet another specific embodiment,
the invention provides isolated polypeptides or proteins that
are encoded by a nucleic acid molecule comprising or, alter-
natively consisting of a nucleotide sequence that is at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400,
450, 500, 550, 600, 650, 700, or more contiguous nucleotides
of the nucleotide sequence of SEQ ID NO:13, or a comple-
ment thereof. In yet another specific embodiment, the inven-
tion provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising or, alterna-
tively consisting of a nucleotide sequence that is at least 5, 10,
15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450,
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000,
7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000,
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000,
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000,
29,000 or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:15, or a complement thereof. In yet
another specific embodiment, the invention provides isolated
polypeptides or proteins that are encoded by a nucleic acid
molecule comprising or, alternatively consisting of a nucle-
otide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 40, 45,
100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 650, 700,
750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 1,150, 1,200 or
more contiguous nucleotides of the nucleotide sequence of
SEQ ID NO:2471, or a complement thereof. In yet another
specific embodiment, the invention provides isolated
polypeptides or proteins that are encoded by a nucleic acid
molecule comprising or, alternatively consisting of a nucle-
otide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 40, 45,
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100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 650, 700,
750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 1,150, 1,200,
2,000, 3,000, or more contiguous nucleotides of the nucle-
otide sequence of SEQ ID NO:2473, or a complement
thereof. The invention further provides proteins or polypep-
tides that are isolated from the hSARS virus, including viral
proteins isolated from cells infected with the virus but not
present in comparable uninfected cells. The invention further
provides proteins or polypeptides shown in FIGS. 11 (SEQID
NOS:17-239, 241-736 and 738-1107) and 12 (SEQ ID NOS:
1109-1589, 1591-1964 and 1966-2470). The invention fur-
ther provides proteins or polypeptides having the amino acid
sequence of SEQ ID NO:2472 or 2474. The polypeptides or
the proteins of the present invention preferably have a bio-
logical activity of the protein (including antigenicity and/or
immunogenicity) encoded by the sequence of SEQ ID NO:1,
11, 13, 2471, or 2473. In other embodiments, the polypep-
tides or the proteins of the present invention have a biological
acitivity of the protein (including antigenicity and/or immu-
nogenicity) encoded by a nucleotide sequence that is at least
5,10,15, 20, 25, 30,35, 40,45, 100, 150, 200, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000,
7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000,
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000,
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000,
29,000 or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:15, or a complement thereof. In
other embodiments, the polypeptides or the proteins of the
present invention have a biological activity of the protein
(including antigenicity and/or immunogenicity) of FIGS. 11
(SEQID NOS:17-239, 241-736 and 738-1107) and 12 (SEQ
ID NOS:1109-1589, 1591-1964 and 1966-2470). The inven-
tion further provides proteins or polypeptides having a bio-
logical activity of the protein having amino acid sequence of
SEQ ID NO:2472 or 2474,

In one aspect, the invention provides a method for propa-
gating the hRSARS virus in host cells comprising infecting the
host cells with the isolated hSARS virus, culturing the host
cells to allow the virus to multiply, and harvesting the result-
ing virions. Also provide by the present invention are host
cells that are infected with the hSARS virus.

In one aspect, the invention relates to the use of the isolated
hSARS virus for diagnostic and therapeutic methods. In a
specific embodiment, the invention provides a method of
detecting in a biological sample an antibody immunospecific
for the hSARS virus using the isolated hSARS virus or any
proteins or polypeptides thereof. In another specific embodi-
ment, the invention provides a method of screening for an
antibody which immunospecifically binds and neutralizes
hSARS. Such an antibody is useful for a passive immuniza-
tion or immunotherapy of a subject infected with hSARS.

The invention further provides antibodies that specifically
bind a polypeptide of the invention encoded by the nucleotide
sequence of SEQ ID NO:1, 11, 13, 2471, or 2473, or a frag-
ment thereof, or encoded by a nucleic acid comprising a
nucleotide sequence that hybridizes under stringent condi-
tions to the nucleotide sequence of SEQ ID NO:1, 11, 13,
2471, or 2473, and/or any hSARS epitope, having one or
more biological activities of a polypeptide of the invention.
The invention further provides antibodies that specifically
bind polypeptides of the invention encoded by the nucleotide
sequence of SEQ ID NO:15, or a fragment thereof. These
polypeptides include those shown in FIGS. 11 (SEQ ID NOS:
17-239, 241-736 and 738-1107) and 12 (SEQ ID NOS:1109-
1589, 1591-1964 and 1966-2470). In another embodiment,
the polypeptide comprises amino acid sequence of SEQ ID
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NO:2472, or 2474. The invention further provides antibodies
that specifically bind polypeptides of the invention encoded
by a nucleic acid comprising a nucleotide sequence that
hybridizes under stringent conditions to the nucleotide
sequence of SEQ ID NO:15, and/or any hSARS epitope,
having one or more biological activities of a polypeptide of
the invention. Such antibodies include, but are not limited to
polyclonal, monoclonal, bi-specific, multi-specific, human,
humanized, chimeric antibodies, single chain antibodies, Fab
fragments, F(ab'), fragments, disulfide-linked Fvs, intrabod-
ies and fragments containing either aV1or VH domain oreven
a complementary determining region (CDR) that specifically
binds to a polypeptide of the invention.

In another embodiment, the invention provides vaccine
preparations, comprising the hSARS virus, including recom-
binant and chimeric forms of said virus, or protein subunits of
the virus. In a specific embodiment, the vaccine preparations
of the present invention comprise live but attenuated hSARS
virus with or without adjuvants. In another specific embodi-
ment, the vaccine preparations of the invention comprise an
inactivated or killed hSARS virus. Such attenuated or inacti-
vated viruses may be prepared by a series of passages of the
virus through the host cells or by preparing recombinant or
chimeric forms of virus. Accordingly, the present invention
further provides methods of preparing recombinant or chi-
meric forms of hSARS. In another specific invention, the
vaccine preparations of the present invention comprise a
nucleic acid or fragment of the hSARS virus, e.g., the virus
having accession no. CCTCC-V200303, or nucleic acid mol-
ecules having the sequence of SEQ IDNO. 1, 11, 13, 15, 2471
or 2473, or a fragment thereof. In another embodiment, the
invention provides vaccine preparations comprising one or
more polypeptides isolated from or produced from nucleic
acid of hSARS virus, for example, of deposit accession no.
CCTCC-V200303. In a specific embodiment, the vaccine
preparations comprise a polypeptide of the invention encoded
by the nucleotide sequence of SEQ ID NO:1, 11, 13, 2471 or
2473, or a fragment thereof. In a specific embodiment, the
vaccine preparations comprise polypeptides of the invention
as shown in FIGS. 11 (SEQ ID NOS:17-239, 241-736 and
738-1107) and 12 (SEQ ID NO:1109-1589, 1591-1964 AND
1966-2470) or encoded by the nucleotide sequence of SEQ
ID NO:15, or a fragment thereof. In a specific embodiment,
the vaccine preparations comprise polypeptides comprising
amino acid sequence of SEQ 1D NO:2472 or 2474. Further-
more, the present invention provides methods for treating,
ameliorating, managing or preventing SARS by administer-
ing the vaccine preparations or antibodies of the present
invention alone or in combination with adjuvants, or other
pharmaceutically acceptable excipients.

In another aspect, the present invention provides pharma-
ceutical compositions comprising anti-viral agents of the
present invention and a pharmaceutically acceptable carrier.
In a specific embodiment, the anti-viral agent of the invention
is an antibody that immunospecifically binds hSARS virus or
any hSARS epitope. In preferred embodiments, such antibod-
ies neutralize the hSARS virus. In a specific embodiment, the
anti-viral agent of the invention binds a fragment, variant,
homolog of N-gene or S-gene of hSARS virus. In a specific
embodiment, the anti-viral agent of the invention binds a
fragment, variant, homolog of a polypeptide comprising the
amino acid sequence of SEQ ID NO:2472 or 2474. In another
specific embodiment, the anti-viral agent is a polypeptide or
protein of the present invention or nucleic acid molecule of
the invention. The invention also provides kits containing a
pharmaceutical composition of the present invention.
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3.1 Definitions

The term “an antibody or an antibody fragment that immu-
nospecifically binds a polypeptide of the invention” as used
herein refers to an antibody or a fragment thereof that immu-
nospecifically binds to the polypeptide encoded by the nucle-
otide sequence of SEQIDNO:1, 11, 13, 15,2471 2473, or the
polypeptides shown in FIGS. 11 and 12, or a fragment
thereof, and does not non-specifically bind to other polypep-
tides. An antibody or a fragment thereof that immunospecifi-
cally binds to the polypeptide of the invention may cross-
react with other antigens. Preferably, an antibody or a
fragment thereof that immunospecifically binds to a polypep-
tide of the invention does not cross-react with other antigens.
An antibody or a fragment thereof that immunospecifically
binds to the polypeptide of the invention, can be identified by,
for example, immunoassays or other techniques known to
those skilled in the art.

An “isolated” or “purified” peptide or protein is substan-
tially free of cellular material or other contaminating proteins
from the cell or tissue source from which the protein is
derived, or substantially free of chemical precursors or other
chemicals when chemically synthesized. The language “sub-
stantially free of cellular material” includes preparations of a
polypeptide/protein in which the polypeptide/protein is sepa-
rated from cellular components of the cells from which it is
isolated or recombinantly produced. Thus, a polypeptide/
protein that is substantially free of cellular material includes
preparations of the polypeptide/protein having less than
about 30%, 20%, 10%, 5%, 2.5%, or 1%, (by dry weight) of
contaminating protein. When the polypeptide/protein is
recombinantly produced, it is also preferably substantially
free of culture medium, i.e., culture medium represents less
than about 20%, 10%, or 5% of the volume of the protein
preparation. When polypeptide/protein is produced by
chemical synthesis, it is preferably substantially free of
chemical precursors or other chemicals, i.e., it is separated
from chemical precursors or other chemicals which are
involved in the synthesis of the protein. Accordingly, such
preparations of the polypeptide/protein have less than about
30%, 20%, 10%, 5% (by dry weight) of chemical precursors
or compounds other than polypeptide/protein fragment of
interest. In a preferred embodiment of the present invention,
polypeptides/proteins are isolated or purified.

An “isolated” nucleic acid molecule is one which is sepa-
rated from other nucleic acid molecules which are present in
the natural source of the nucleic acid molecule. Moreover, an
“isolated” nucleic acid molecule, such as a cDNA molecule,
can be substantially free of other cellular material, or culture
medium when produced by recombinant techniques, or sub-
stantially free of chemical precursors or other chemicals
when chemically synthesized. [n a preferred embodiment of
the invention, nucleic acid molecules encoding polypeptides/
proteins of the invention are isolated or purified. The term
“isolated” nucleic acid molecule does not include a nucleic
acid that is a member of a library that has not been purified
away from other library clones containing other nucleic acid
molecules.

The term “portion” or “fragment” as used herein refers to a
fragment of a nucleic acid molecule containing at least about
25,30,35, 40,45, 100, 150, 200, 250, 300, 350, 400, 450, 500,
550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050,
1100, 1150, 1200, 1250, 1300, 1350, 2,000, 3,000, 4,000,
5,000, 6,000, 7,000, 8,000, 9,000, 10,000, 11,000, 12,000,
13,000, 14,000, 15,000, 16,000, 17,000, 18,000, 19,000,
20,000, 21,000, 22,000, 23,000, 24,000, 25,000, 26,000,
27,000, 28,000, 29,000, or more contiguous nucleic acids in
length of the relevant nucleic acid molecule and having at
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least one functional feature of the nucleic acid molecule (or
the encoded protein has one functional feature of the protein
encoded by the nucleic acid molecule); or a fragment of a
protein or a polypeptide containing at least 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100, 120, 140,
160, 180, 200, 220. 240, 260, 280, 300, 320, 340, 360, 400,
500, 600, 700, 800, 900, 1,000, 1,500, 2,000, 2,500, 3,000,
3,500, 4,000, 4,100, 4,200, 4,300, 4,350, 4,360, 4,370, 4,380
amino acid residues in length of the relevant protein or
polypeptide and having at least one functional feature of the
protein or polypeptide.

The term “3' region of the hSAR viral genome” refers to
from about nucleotide position 18,000 to 29742 of SEQ ID
NO:15.

The term “having a biological activity of the protein” or
“having biological activities of the polypeptides of the inven-
tion” refers to the characteristics of the polypeptides or pro-
teins having a common biological activity similar or identical
structural domain and/or having sufficient amino acid identity
to the polypeptide encoded by the nucleotide sequence of
SEQ ID NO:1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965,
2471 or 2473. Such common biological activities of the
polypeptides of the invention include antigenicity and immu-
nogenicity.

The term “under stringent condition” refers to hybridiza-
tion and washing conditions under which nucleotide
sequences having at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, or at least 95% identity to each other
remain hybridized to each other. Such hybridization condi-
tions are described in, for example but not limited to, Current
Protocols in Molecular Biology, John Wiley & Sons, N.Y.
(1989), 6.3.1-6.3.6.; Basic Methods in Molecular Biology,
Elsevier Science Publishing Co., Inc., N.Y. (1986), pp. 75-78,
and 84-87; and Molecular Cloning, Cold Spring Harbor
Laboratory, N.Y. (1982), pp. 387-389, and are well known to
those skilled in the art. A preferred, non-limiting example of
stringent hybridization conditions is hybridization in 6x
sodium chloride/sodium citrate (SSC), 0.5% SDS at about
68° C. followed by one or more washes in 2xSSC, 0.5% SDS
at room temperature. Another preferred, non-limiting
example of stringent hybridization conditions is hybridiza-
tionin 6xSSC atabout 45° C. followed by one or more washes
in 0.2xSSC, 0.1% SDS at about 50-65° C.

The term “variant” as used herein refers either to a natu-
rally occurring genetic mutant of hRSARS or a recombinantly
prepared variation of hSARS each of which contain one or
more mutations in its genome compared to the hSARS of
CCTCC-V200303. The term “variant” may also refers either
to a naturally occurring variation of a given peptide or a
recombinantly prepared variation of a given peptide or pro-
tein in which one or more amino acid residues have been
modified by amino acid substitution, addition, or deletion.

4. BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a partial DNA sequence (SEQ ID NO:1) and
its deduced amino acid sequence (SEQ ID NO:2) obtained
from the SARS virus that has 57% homology to the RNA-
dependent RNA polymerase protein of known Coronavi-
ruses.

FIG. 2 shows an electron micrograph of the novel hSARS
virus that has similar morphological characteristics of coro-
naviruses.

FIG. 3 shows an immunofluorescent staining for IgG anti-
bodies that are specifically bound to the FrHK-4 cells infected
with the novel human respiratory virus of Coronaviridae.
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FIG. 4 shows an electron micrograph of ultra-centrifuged
deposit of hRSARS virus that was grown in the cell culture and
negatively stained with 3% potassium phospho-tungstate at
pH7.0.

FIG. 5A shows a thin-section electron micrograph of lung
biopsy of a patient with SARS; and FIG. 5B shows a thin
section electron micrograph of hNSARS-infected cells.

FIG. 6 shows the result of phylogenetic analysis for the
partial protein sequence (215 amino acids; SEQ ID NO:2) of
the hSARS virus (GenBank accession number AY268070).
The phylogenetic tree is constructed by the neighbor-jointing
method. The horizontal-line distance represents the number
of sites at which the two sequences compared are different.
Bootstrap values are deducted from 500 replicates.

FIG. 7A shows an amplification plot of fluorescence inten-
sity against the PCR cycle in a real-time quantitative PCR
assay that can detect a hSARS virus in samples quantitatively.
The copy numbers of input plasmid DNA in the reactions are
indicated. The X-axis denotes the cycle number of a quanti-
tative PCR assay and the Y-axis denotes the fluorescence
intensity (FI) over the backgroud. F1G. 7B shows the result of
a melting curve analysis of PCR products from clinical
samples. Signals from positive (+ve) samples, negative (-ve)
samples and water control (water) are indicated. The X-axis
denotes the temperature (° C.) and the Y-axis denotes the
fluorescence intensity (F1) over the background.

FIG. 8 shows another partial DNA sequence (SEQ ID
NO:11) and its deduced amino acid sequence (SEQ ID
NO:12) obtained from the SARS virus.

FIG. 9 shows yet another partial DNA sequence (SEQ ID
NO:13) and its deduced amino acid sequence (SEQ ID
NO:14) obtained from the SARS virus.

FIG. 10 shows the entire genomic DNA sequence (SEQ ID
NO:15) of the SARS virus.

FIG. 11 shows the deduced amino acid sequences obtained
from SEQ ID NO:15 in three frames (see SEQ ID NOS:16,
240 and 737). An asterisk (*) indicates a stop codon which
marks the end of a peptide. The first-frame amino acid
sequences: SEQ ID NOS:17-239; the second-frame amino
acid sequences: SEQ 1D NOS:241-736; and the third-frame
amino acid sequences: SEQ ID NO:738-1107.

FIG. 12 shows the deduced amino acid sequences obtained
from the complement of SEQ ID NO:15 in three frames (see
SEQIDNOS:1108, 1590 and 1965). An asterisk (*) indicates
a stop codon which marks the end of a peptide. The first-frame
amino acid sequences: SEQ ID NOS:1109-1589; the second-
frame amino acid sequences: SEQ ID NOS:1591-1964; and
the third-frame amino acid sequences: SEQ ID NO:1966-
2470.

FIG. 13 shows the N-gene primer sequences (which ampli-
fies nucleotides at position 29247-29410 of SEQ ID
NO:2471). 150# (SEQ ID NO:2475); 2004 (SEQ ID
NO:2476); and S-gene primer sequences (which amplifies
nucleotides at position 24751 to 25049 of SEQ 1D NO:2473).
131# (SEQ ID NO:2477); 132# (SEQ ID NO:2478).

FIG. 14A shows the nucleic acid sequence of the N-gene
(SEQIDNO:2471). FIG. 14B shows the amino acid sequence
of the N-gene (SEQ 1D NO:2472).

FIG. 15A shows the nucleic acid sequence of the S-gene
(SEQIDNO:2473). FIG. 15B shows the amino acid sequence
of the S-gene (SEQ ID NO:2474).

FIG. 16 shows the genome organization and transcription
strategy of SARS-CoV HK-39. Genomic and mRNA tran-
scripts are capped (black circles), carry leader sequences
(vertical lines)at S'proximal and are polyadenylated (A').
Arrows point the position of the intergenic sequence,
5'-CTAAACGAAC-3' (SEQ ID NO:2479). After release of
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the positive-sense genomic RNA in the cytoplasm of host
cell, the viral RNA-dependent RNA polymerase, encoded
from ORF 1a and 1b, is synthesized. It carries out transcrip-
tion of a full-length complementary (negative-sense) RNA,
from which new genomic RNA, an overlapping set of subge-
nomic mRNA transcripts, and leader RNA are synthesized.
Note that all transcripts are preceded with common 5' leader
sequences and common 3' ends. ORFla and 1b—RNA-de-
pendent RNA polymerase; S—the major peplomer glycopro-
tein; M—transmembrane glycoprotein; N—nucleocapsid;
X1, X2, X3—putative proteins.

FIG. 17 shows a construct map of pPSARSCoV-ORF 1b-N.
PCR products amplified from ORF1b (1b) and N gene of
SARS-CoV were co-ligated into a cloning vector pCR2.1-
TOPO (Invitrogen). The nucleotide (nt) numbers corresponds
to the positions in the sequence of HK-39 strain SARS-CoV
(AY278491). Shadowed areas indicate the amplicons by the
primers used in diagnostic test (i.e., SEQ ID NOS:2480 and
2481).

FIG. 18 shows a photo of an agarose gel after electrophore-
sis of total RNA extracted from SARS patients using SV Total
RNA isolation system. The extracted RNA was then sub-
jected to a reverse-transcription polymerase chain reaction
(RT-PCR) assay for the detection of coronavirus in the
patients.

FIG. 19 shows the effect of potential inhibitors in Reverse
Transcription Polymerase Chain Reaction (RT-PCR). To
remove potential inhibitors, total RNA eluted from SV96
Binding Plate was precipitated with 95% ethanol and 3 M
sodium acetate and resuspend in 12 pl of nuclease-free water.
RT-PCR was performed with actin-F (SEQ ID NO:2482) and
actin-R (SEQ ID NO:2483) primers. Numbers indicated were
the number of pig kidney epithelial (PK-15) cell added in the
sample as an internal control. There was no DNA fragment
amplified with untreated RNA samples.

FIG. 20 shows the primers used for amplifving various
genes. SRS251 (SEQ ID NO:2480) and SRS252 (SEQ ID
NO:2481) amplified a 225 base pair fragment from the region
of N-gene that showed no homology to other coronavirus.
coro3 (SEQ ID NO:3) and coro4 (SEQ ID NO:4) amplified
RNA-dependent RNA polymerase (1b gene) as a control.
Actin-F (SEQ ID NO:2482) and actin-R (SEQ ID NO:2483)
amplified a 745 base pair fragment from P-actin gene as
internal control for PCR assays.

FIG. 21A shows Amplification plot of fluorescence Inten-
sity against the number of PCR cycles. Black lines show the
dynamic range of N-gene specific PCR with serially diluted
plasmid construct from 10" to 10° copies. NPA samples from
non-SARS patients, including patients suffering from aden-
ovirus (n=5), respiratory syncytial virus (n=5), human metap-
neumovirus (n=5), influenza A virus (n=5), or influenza B
virus (n=5) infection, are shown in gray lines. Lines with
triangles denotes the SARS-CoV positive NPA samples;
NTC represents no template control; X-axis indicates the
cycle number of quantitative PCR performed, while Y-axis
represents the fluorescence intensity (FAM-400) over back-
ground signal (Delta Rn). Inlet shows the melting curve
analysis of the PCR products. Signals from positive (+ve),
negative (-ve) samples and no template control are indicated.
X-axis indicates the temperature (° C.), while Y-axis repre-
sents the fluorescence intensity (Delta Rn). FIG. 21B shows
comparison of dynamic ranges of N-gene and 1b-gene spe-
cific PCRs. Dynamic ranges of both N-gene and 1b-gene PCR
were obtained with same plasmid construct in which 1:1 ratio
of corresponding amplicons were subcloned. Serially diluted
plasmid with copy number ranged from 107! to 10° copies
was used as template in both PCRs. Lines with triangles
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denotes N-gene specific PCR while the gray lines indicates
1b-gene specific PCR. Inlet shows Ct valuess#standard devia-
tion in triplicate set of experiment of both PCRs with different
copy numbers of template used. NTC represents no template
control; X-axis indicated the cycle number of quantitative
PCR performed, while Y-axis represents fluorescence inten-
sity.

FIGS. 22A and 22B show an amplification curve and a
melting curve, respectively, of real-time quantitative PCR
specific to 1b (using the primers having SEQ IDNOS:3 and 4)
and N gene (using the primers having SEQ ID NOS:2480 and
2481) of SARS CoV. FIG. 22A: Amplification plot of fluo-
rescence intensity against the number of PCR cycles. One (1)
ul of cDNA from a NPA, tracheal dispersion and lung biopsy
of patients with clinical symptoms were used as template in
each PCR. Fifty (50) cycles of PCR were performed to
achieve the saturation phase of the reaction. X-axis indicates
the cycle number of quantitative PCR performed, while
y-axis represents the fluorescence intensity (FAM-490) over
background signal. Horizontal gray line indicates the calcu-
lated threshold value by maximum curvature approach, and
the baseline cycle Ct was calculated automatically. Inlet
shows half-maximal fluorescence value (Y2 max) and Ct of
both PCR with cDNA from various tissue isolated from a key
patient (patient A indicated in New Engl. J. Med. 348:1967-76
(by Drosten et al., 2003) in three different time points.
NPA=nasopharyngeal aspirate; TW=tracheal wash;
LW=lung wash. FIG. 22B: Melting curves of PCR products.
Melting curve analysis was carried out after 10-minute fur-
ther-extension step of the reaction. The temperature was
raised from 56° C. to 94° C. by 76 increments 0of 0.5° C. each,
while each set-point temperature had been held for 7 seconds
for data collection and analysis. Melting temperature of 1b-
and N-gene specific PCR products was 80.5° C. and 85.5° C.
respectively. X-axis indicates the temperature in degree Cel-
sius while Y-axis represents the fluorescence intensity (FAM-
490) over background signal. One (1) pl of water was used as
no template control in the reaction.

FIG. 23 shows the diagnostic result of 48 clinical samples
using the primers having SEQ ID NOS:2480 and 2481,
respectively, with f-actin PCR as an internal control. Upper
bands in each row showed a 745 bp DNA fragment amplified
with actin-F and actin-R, while lower bands were the ampli-
cons by primers specific for N-gene of SARS coronavirus
(225 bp). -ve control (water) and +ve control (cDNA from
SARS coronavirus infected vero cell) of the assay were indi-
cated. Five (5) pl of PCR products of both reactions were
mixed and loaded into the sample well in a 2% agarose gel.
M=1 kb plus molecular marker (Invitrogen).

FIG. 24 shows Northern Blot analysis of SARS-CoV total
RNA. Total RNA of SARS-CoV was extracted from SARS-
CoV infected Vero E6 cell. RNA was separated in a 1%
denaturing gel containing 6.29% formaldehyde. Afterwards
RNA was transferred to positively charged nylon membrane
and hybridized with digoxigenin-labelled PCR fragments
specificto 1b, S, Mand N genes, respectively. Lane 1-1b; lane
2-S; lane 3-M; lane 4-N. Vertical bar showed the molecular
size reference. Arrows indicates the transcripts hybridized
with N probe. Signals were analyzed by chemiluminescence.

FIG. 25 shows the DNA probes used in Nothern blot analy-
sis. The probes for 1b gene (nt 18057-18222; SEQ ID
NO:2484), S gene (nt 21920-22107; SEQ ID NO:2485), M
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gene (nt 25867-26996; SEQ ID NO:2486), and N gene (nt
28658-28883; SEQ ID NO:2487) are shown.

5. DETAILED DESCRIPTION OF THE
INVENTION

The present inventors developed a rapid, high-throughput
reverse transcription-PCR diagnostic test for SARS associ-
ated coronavirus (SARS-CoV). 3' region of the hSARS virus
genome including the Nucleocapsid gene (N-gene) repre-
sents a sensitive molecular marker which can be used in
addition to 1b gene to increase the sensitivity of the test. An
internal control using PK-15 cells may be employed to ensure
the integrity of RNA during its extraction process and cDNA
synthesis, thus eliminating false negative results.

In mouse hepatitis virus (MHV), a typical member of the
genus Coronavirus, both genomic RNA and mRNA tran-
scripts are capped and with common 3' ends and common
leader sequences on their 5' ends. With this unique transcrip-
tion strategy, the copy numbers of different viral genes during
proliferation of virus in its host are different (F1G. 19). N gene
that encodes for the nucleocapsid has the most abundant copy
number during virus replication as all transcripts may carry
nucleotide sequence from N gene, although they are not all
in-frame for translation for this gene product. The present
inventors have discovered a diagnostic assay that is based on
the 3' region, including the N-gene, of the viral genome pro-
vide a more sensitive assay than the rest of the viral genome.
Accordingly, in preferred embodiments, nucleic acid mol-
ecules that may be used for a diagnostic assay comprise
nucleic acid sequence of nucleotide position 18000 to 29742
of SEQ ID NO:15, or portions thereof. The portions may
comprise 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350,
400, 450, 500, 550, 600, 650, 700, 750, 750, 800, 850, 900,
950, 1000, 1050, 1100, 1150, 1200 of nucleotides having
nucleic acid sequence from nucleotide position 18000 to
29742 of SEQ ID NO:15. In other preferred embodiments,
nucleic acid molecules that may be used for a diagnostic assay
comprising nucleic acid sequence of nuclectide position
28658 to 28883 or 29247-29410 of SEQ ID NO: 15.

Nasopharyngeal aspirate (NPA) and stool samples were
obtained from SARS suspected patients with major clinical
symptoms and significant history of close contact with
infected patients. Total RNA was extracted from the subject
samples, together with PK-15 cell as an internal control.
Samples were analyzed by the reverse-transcription-PCR
assay. Northern blot analysis was performed to show different
subgenomic transcripts of the virus. Real-time quantitative
PCR was employed to compare the sensitivity of two loci
used in this diagnostic assay. In specific embodiments, PCR
inhibitor was removed with ethanol precipitation after RNA
extraction process.

In preferred embodiments, the present invention provides a
method for detecting the presence or absence of nucleic acid
of the N-gene in a biological sample. The method involves
obtaining a biological sample from various sources and con-
tacting the sample with a compound or an agent capable of
detecting a nucleic acid (e.g., mRNA, genomic RNA) of the
N-gene of the hSARS virus such that the presence of the
N-gene is detected in the sample. In preferred embodiments,
the N-gene may be detected using a labeled nucleic acid probe
comprising of the nucleotide sequence of SEQ ID NO:2471,
complement thereof, or a portion thereof. The portion may be
10, 20, 30, 40, 50, 100, 200, 400, 500, 600, 800, 1000, 1200
nucleotides in length. In preferred embodiments, primers
comprising nucleotide sequence of SEQ ID NOS:2475 and/or
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2476 or SEQ ID NOS:2480 and/or 2481 may be used to
amplify a portion of the N-gene for detection.

A preferred agent for detecting hRSARS mRNA or genomic
RNA of the invention is a labeled nucleic acid probe capable
of hybridizing to mRNA or genomic RNA encoding a
polypeptide of the invention. The nucleic acid probe can be,
for example, a nucleic acid molecule comprising or consist-
ing of the nucleotide sequence or SEQ ID NO:1, 11, 13, 15,
2471 or 2473, complement thereof, or a portion thereof, such
as an oligonucleotide of at least 15, 20, 25, 30, 50, 100, 250,
500,750, 1,000 or more contiguous nucleotides in length and
sufficient to specifically hybridize under stringent conditions
to a hSARS mRNA or genomic RNA.

In another preferred specific embodiment, the presence of
N-gene is detected in the sample by an reverse transcription
polymerase chain reaction (RT-PCR) using the primers that
are constructed based on a partial nucleotide sequence of the
N-gene or a genomic nucleic acid sequence of SEQ ID
NO:15, or based on a nucleotide sequence of SEQ ID NO:1,
11,13, 15, 2471, or 2473. In a non-limiting specific embodi-
ment, preferred primers to be used in a RT-PCR method are:
5TACACACCTCAGC-GTTG-3' (SEQ ID NO:3) and/or
5-CACGAACGTGACG-AAT-3" (SEQ ID NO:4), in the
presence of 2.5 mM MgCl, and the thermal cycles are, for
example, but not limited to, 94° C. for 8 min followed by 40
cycles of 94° C. for 1 min, 30° C. for 1 min, 72° C. for 1 min
(also see Sections 6.7 and 6.8 infra). In preferred embodi-
ments, the primers comprise nucleic acid sequence of SEQ ID
NOS:2475 and 2476. In another preferred embodiment, the
primers comprise nucleic acid sequence of SEQ ID NOS:
2480 and 2481. In preferred embodiments, the thermal cycles
are 94° C. for 10 min followed by 40 cycles of 94° C. for 30
seconds, 56° C. for 30 seconds, 72° C. for 30 seconds, 72° C.
for 10 minutes. In another preferred embodiment, the thermal
cycles are 94° C. for 3 min followed by 40 cycles of 94° C. for
30 seconds, 56° C. for 30 seconds, 72° C. for 30 seconds, 72°
C. for 10 minutes. In more preferred specific embodiment, the
present invention provides a real-time quantitative PCR assay
to detect the presence of hSARS virus in a biological sample
by subjecting the cDNA obtained by reverse transcription of
the extracted total RNA from the sample to PCR reactions
using the specific primers, such as those having nucleotide
sequences of SEQ ID NOS:3 and 4, and a fluorescence dye,
such as SYBR® Green I, which fluoresces when bound non-
specifically to double-stranded DNA. The fluorescence sig-
nals from these reactions are captured at the end of extension
steps as PCR product is generated over a range of the thermal
cycles, thereby allowing the quantitative determination of the
viral load in the sample based on an amplification plot (see
Section 6.7, infra).

In the preferred embodiment, the present invention pro-
vides a method for detecting the presence or absence of
nucleic acid of the S-gene in a biological sample. The method
involves obtaining a biological sample from various sources
and contacting the sample with a compound or an agent
capable of detecting a nucleic acid (e.g., MRNA, genomic
RNA) of the S-gene of the hSARS virus such that the presence
of the S-gene is detected in the sample. A preferred agent for
detecting hRSARS mRNA or genomic RNA of the invention is
a labeled nucleic acid probe capable of hybridizing to mRNA
or genomic RNA encoding a polypeptide of the invention.
The nucleic acid probe can be, for example, a nucleic acid
molecule comprising or consisting of the nucleotide sequence
or SEQ ID NO:1, 11, 13, 15, 2471, or 2473, or a portion
thereof, such as an oligonucleotide of at least 15, 20, 25, 30,
50, 100,250, 500, 750, 1,000 or more contiguous nucleotides
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in length and sufficient to specifically hybridize under strin-
gent conditions to a hSARS mRNA or genomic RNA.

In another preferred specific embodiment, the presence of
S-gene is detected in the sample by an reverse transcription
polvmerase chain reaction (RT-PCR) using the primers that
are constructed based on a partial nucleotide sequence of the
S-gene (SEQ ID NO:2473).

In vitro techniques for detection of mRNA include north-
ern hybridizations, in situ hybridizations, RT-PCR, and
RNase protection. In vitro techniques for detection of
genomic RNA include nothern hybridizations, RT-PCT, and
RNase protection.

The polynucleotides encoding the N-gene may be ampli-
fied before they are detected. The term “amplified” refers to
the process of making multiple copies of the nucleic acid from
a single polynucleotide molecule. The amplification of poly-
nucleotides can be carried out in vitro by biochemical pro-
cesses known to those of skill in the art. The amplification
agent may be any compound or systemn that will function to
accomplish the synthesis of primer extension products,
including enzymes. Suitable enzymes for this purpose
include, for example, F. coli DNA polymerase I, Taq poly-
merase, Klenow fragment of E. coli DNA polymerase I, T4
DNA polymerase, other available DNA polymerases, poly-
merase muteins, reverse transcriptase, ligase, and other
enzymes, including heat-stable enzymes (i.e., those enzymes
that perform primer extension after being subjected to tem-
peratures sufficiently elevated to cause denaturation). Suit-
able enzymes will facilitate combination of the nucleotides in
the proper manner to form the primer extension products that
are complementary to each mutant nucleotide strand. Gener-
ally, the synthesis will be initiated at the 3'-end of each primer
and proceed inthe 5'-direction along the template strand, until
synthesis terminates, producing molecules of different
lengths. There may be amplification agents, however, that
initiate synthesis at the 5'-end and proceed in the other direc-
tion, using the same process as described above. In any event,
the method of the invention is not to be limited to the embodi-
ments of amplification described herein.

One method of in vitro amplification, which can be used
according to this invention, is the polymerase chain reaction
(PCR) described in U.S. Pat. Nos. 4,683,202 and 4,683,195.
The term “polymerase chain reaction” refers to a method for
amplifying a DNA base sequence using a heat-stable DNA
polymerase and two oligonucleotide primers, one comple-
mentary to the (+)-strand at one end of the sequence to be
amplified and the other complementary to the (-)-strand at the
other end. Because the newly synthesized DNA strands can
subsequently serve as additional templates for the same
primer sequences, successive rounds of primer annealing,
strand elongation, and dissociation produce rapid and highly
specific amplification of the desired sequence. The poly-
merase chain reaction is used to detect the presence of poly-
nucleotides encoding cytokines in the sample. Many poly-
merase chain methods are known to those of skill in the art
and may be used in the method of the invention. For example,
DNA can be subjected to 30 to 35 cycles of amplification in a
thermocycler as follows: 95° C. for 30 sec, 52° to 60° C. for
1 min, and 72° C. for 1 min, with a final extension step of 72°
C. for 5 min. For another example, DNA can be subjected to
35 polymerase chain reaction cycles in a thermocycler at a
denaturing temperature of 95° C. for 30 sec, followed by
varying annealing temperatures ranging from 54-58° C. for 1
min, an extension step at 70° C. for 1 min and a final extension
step at 70° C.

The primers for use in amplifying the N-gene or S-gene of
the invention may be prepared using any suitable method,
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such as conventional phosphotriester and phosphodiester
methods or automated embodiments thereof so long as the
primers are capable of hybridizing to the polynucleotides of
interest. One method for synthesizing oligonucleotides on a
modified solid support is described in U.S. Pat. No. 4,458,
066. The exact length of primer will depend on many factors,
including temperature, buffer, and nucleotide composition.
The primer must prime the synthesis of extension products in
the presence of the inducing agent for amplification.

Primers used according to the method of the invention are
complementary to each strand of nucleotide sequence to be
amplified. The term “complementary” means that the primers
must hybridize with their respective strands under conditions,
which allow the agent for polymerization to function. In other
words, the primers that are complementary to the flanking
sequences hybridize with the flanking sequences and permit
amplification of the nucleotide sequence. Preferably, the 3'
terminus of the primer that is extended has perfectly base
paired complementarity with the complementary flanking
strand. Primers and probes for polynucleotides encoding
N-gene or S-gene of the present invention can be developed
using known methods combined with the present disclosure.

Those of ordinary skill in the art will know of various
amplification methodologies that can also be utilized to
increase the copy number of target nucleic acid. The poly-
nucleotides detected in the method of the invention can be
further evaluated, detected, cloned, sequenced, and the like,
either in solution or after binding to a solid support, by any
method usually applied to the detection of a specific nucleic
acid sequence such as another polymerase chain reaction,
oligomer restriction (Saiki et al., Bio/Technology 3:1008-
1012 (1985)), allele-specific oligonucleotide (ASO) probe
analysis (Conner et al., Proc. Natl. Acad. Sci. USA 80: 278
(1983), oligonucleotide ligation assays (OLAs) (Landegren
et al., Science 241:1077 (1988)), RNAse Protection Assay
and the like. Molecular techniques for DNA analysis have
been reviewed (Landegren et al, Science 242: 229-237
(1988)). Following DNA amplification, the reaction product
may be detected by Southern blot analysis, without using
radioactive probes. In such a process, for example, a small
sample of DNA containing the polynucleotides obtained
from the tissue or subject are amplified, and analyzed via a
Southern blotting technique. The use of non-radioactive
probes or labels is facilitated by the high level of the amplified
signal. In one embodiment of the invention, one nucleoside
triphosphate is radioactively labeled, thereby allowing direct
visualization of the amplification product by autoradiogra-
phy. In another embodiment, amplification primers are fluo-
rescently labeled and run through an electrophoresis system.
Visualization of amplified products is by laser detection fol-
lowed by computer assisted graphic display, without a radio-
active signal.

The methods of the present invention can involve a real-
time quantitative PCR assay, such as a Tagmang assay (Hol-
land et al., Proc Natl Acad Sci USA, 88(16):7276 (1991); also
see U.S. patent application of U.S. application Ser. No.
10/808,187 filed Mar. 24, 2004, which is incorporated by
reference in its entirety). The assays can be performed on an
instrument designed to perform such assays, for example
those available from Applied Biosystems (Foster City,
Calif.). Primers and probes for such an assay can be designed
according to known procedures in the art.

The size of the primers used to amplify a portion of the
N-gene or S-gene is at least 10, 15, 20, 25, 30 nucleotide in
length. In particular, primers that amplify the N-gene or
S-gene is most preferred. Preferably, the GC ratio should be
above 30, 35, 40, 45, 50, 55, 60% so as to prevent hair-pin
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structure on the primer. Furthermore, the amplicon should be
sufficiently long enough to be detected by standard molecular
biology methodologies.

Preferably, the amplicon is at least 40, 60, 100, 200, 300,
400, 500, 600, 800, 1000 base pair in length.

In a specific embodiment, the methods further involve
obtaining a control sample from a control subject, contacting
the control sample with a compound or agent capable of
detecting N-gene or S-gene, such that the presence of mRNA
or genomic RNA encoding the N-gene or S-gene is detected
in the sample, and comparing the presence (or absence) of
N-gene or S-gene, or mRNA or genomic RNA encoding the
polypeptide in the control sample with the presence of
N-gene or S-gene, or mRNA or genomic DNA encoding the
polypeptide in the test sample.

The invention also encompasses kits for detecting the pres-
ence of N-gene nucleic acid in a test sample. The kit, for
example, can comprise a labeled compound or agent capable
of detecting a nucleic acid molecule encoding the polypeptide
in a test sample and, in certain embodiments, a means for
determining the amount of mRNA in the sample (an oligo-
nucleotide probe which binds to DNA or mRNA encoding the
polypeptide).

For oligonucleotide-based kits, the kit can comprise, for
example: (1) an oligonucleotide, e.g., a detectably labeled
oligonucleotide, which hybridizes to a nucleic acid sequence
encoding a polypeptide of the invention or to a sequence
within the N-gene; (2) a pair of primers useful for amplifying
anucleic acid molecule containing the N-gene sequence. The
kit can also comprise, e.g.. a buffering agent, a preservative,
or a protein stabilizing agent. The kit can also comprise com-
ponents necessary for detecting the detectable agent (e.g., an
enzyme or a substrate). The kit can also contain a control
sample or a series of control samples which can be assayed
and compared to the test sample contained. Each component
of the kit is usually enclosed within an individual container
and all of the various containers are within a single package
along with instructions for use.

The present invention relates to the isolated N-gene and
S-gene of the hSARS virus. In a specific embodiment, the
virus comprises a nucleotide sequence of SEQ ID NO:1, 11,
13, 15, 2471, and/or 2473. In a specific embodiment, the
present invention provides isolated nucleic acid molecules of
the hSARS virus, comprising, or, alternatively, consisting of
the nucleotide sequence of SEQ ID NO:1, 11, 13, 15, 2471,
and/or, 2473, a complement thereof or a portion thereof. In
another specific embodiment, the invention provides isolated
nucleic acid molecules which hybridize under stringent con-
ditions, as defined herein, to a nucleic acid molecule having
the sequence of SEQ IDNO:1, 11, 13, 15, 2471, and/or 2473,
or specific genes of known member of Coronaviridae, or a
complement thereof. In another specific embodiment, the
invention provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising a nucleotide
sequence that is at least about 5, 10, 15, 20, 25, 30, 35, 40, 45,
100, 150, 200, 300, 350, 400, 450, 500, 550, 600, or mote
contiguous nucleotides of the nucleotide sequence of SEQ ID
NO:1, or a complement thereof. In another specific embodi-
ment, the invention provides isolated polypeptides or proteins
that are encoded by a nucleic acid molecule comprising a
nucleotide sequence that is at least about 5, 10, 15, 20, 25, 30,
35, 40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600,
650, 700, 750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 1,150,
1,200, or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:11, or a complement thereof. In yet
another specific embodiment, the invention provides isolated
polypeptides or proteins that are encoded by a nucleic acid
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molecule comprising a nucleotide sequence that is at least
about5, 10, 15,20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350,
400, 450, 500, 550, 600, 650, 700, or more contiguous nucle-
otides of the nucleotide sequence of SEQ ID NO:13, or a
complement thereof. In yet another specific embodiment, the
invention provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising or, alterna-
tively consisting of a nuclectide sequence that is at least 5, 10,
15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450,
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200 or more contiguous nucleotides of
the nucleotide sequence of SEQ ID NO:2471, or a comple-
ment thereof. In yet another specific embodiment, the inven-
tion provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising or, alterna-
tively consisting of a nucleotide sequence that is at least 5, 10,
15,20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450,
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, or more contiguous
nucleotides of the nucleotide sequence of SEQ ID NO:2473,
ora complement thereof. In yet another specific embodiment,
the invention provides isolated polypeptides or proteins that
are encoded by a nucleic acid molecule comprising or, alter-
natively consisting of a nucleotide sequence that is at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000,
7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000,
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000,
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000,
29,000 or more contiguous nucleotides of the nucleotide
sequence of SEQ 1D NO:15, or a complement thereof. The
polypeptides includes those shown in FIGS. 11 (SEQ ID
NOS:17-239, 241-736 and 738-1107) and 12 (SEQ ID NOS:
1109-1589, 1591-1964 and 1966-2470) or having an amino
acidsequence of SEQ ID NO:2472 or2474. The polypeptides
or the proteins of the present invention preferably have one or
more biological activities of the proteins encoded by the
sequence of SEQ ID NO:1, 11, 13, 15, 2471 or 2473, or the
polypeptides shown in FIGS. 11 and 12, or the native viral
proteins containing the amino acid sequences encoded by the
sequence of SEQ ID NO:1, 11, 13, 15, 2471 or 2473.

The present invention also relates to a method for propa-
gating the hSARS virus in host cells.

The invention further relates to the use of the sequence
information of the isolated virus for diagnostic and therapeu-
tic methods. In a specific embodiment, the invention provides
the entire nucleotide sequence of hSARS virus, CCTCC-
V200303, SEQ ID NO:15, or fragments, or complement
thereof. Furthermore, the present invention relates to a
nucleic acid molecule that hybridizes any portion of the
genome of the hSARS virus, CCTCC-V200303, or SEQ ID
NO:15, under the stringent conditions. In a specific embodi-
ment, the invention provides nucleic acid molecules which
are suitable for use as primers consisting of or comprising the
nucleotide sequence of SEQ ID NO:1, 11, 13, 15, 2471 or
2473, or a complement thereof, or a portion thereof. In spe-
cific embodiments, the primers comprise nucleotide
sequence of SEQ ID NO:2475, 2476, 2477, 2478, 2480 or
2481. In another specific embodiment, the invention provides
nucleic acid molecules which are suitable for use as hybrid-
ization probes for the detection of nucleic acids encoding a
polypeptide of the invention, consisting of or comprising the
nucleotide sequence of SEQ ID NO:1, 11, 13, 15, 2471 or
2473, a complement thereof, or a portion thereof The inven-
tion further relates to a kit comprising primers having nucleic
acid sequence of SEQ ID NOS:2475 and 2476; and SEQ ID
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NOS:2480 and 2481, for the detection of N-gene. In another
embodiment, the invention relates to a kit comprising primers
having nucleic acid sequence of SEQ ID NOS:2477 and/or
2478 for the detection of S-gene. In a preferred embodiment,
the kit further comprises reagents for the detection of genes
not found inhSARS virus as a negative control. The invention
further encompasses chimeric or recontbinant viruses or viral
proteins encoded by said nucleotide sequences.

The invention further provides antibodies that specifically
bind a polypeptide of the invention encoded by the nucleotide
sequence of SEQ ID NO:1, 11, 13, 2471 or 2473, or a frag-
ment thereof, or any hSARS epitope. The invention further
provides antibodies that specifically bind a polypeptide hav-
ing amino acid sequence of SEQ ID NO:2472 or 2474. The
invention further provides antibodies that specifically bind
the polypeptides of the invention encoded by the nucleotide
sequence of SEQ ID NO:15, or the polypeptides shown in
FIGS. 11 and 12, or a fragment thereof, or any hSARS
epitope. Such antibodies include, but are not limited to poly-
clonal, monoclonal, bi-specific, multi-specific, human,
humanized, chimeric antibodies, single chain antibodies, Fab
fragments, F(ab'), fragments, disulfide-linked Fvs, intrabod-
ies and fragments containing either aV1or VH domain oreven
a complementary determining region (CDR) that specifically
binds to a polypeptide of the invention.

In one embodiment, the invention provides methods for
detecting the presence, activity or expression of the hSARS
virus of the invention in a biological material, such as cells,
blood, saliva, urine, sputum, nasopharyngeal aspirates, and so
forth. The presence of the hSARS virus in a sample can be
determined by contacting the biological material with an
agent which can detect directly or indirectly the presence of
the hSARS virus. In a specific embodiment, the detection
agents are the antibodies of the present invention. In another
embodiment, the detection agent is a nucleic acid of the
present invention.

In another embodiment, the invention provides vaccine
preparations comprising the hSARS virus, including recom-
binant and chimeric forms of said virus, or subunits of the
virus. In a specific embodiment, the vaccine preparations
comprise live but attenuated hSARS virus with or without
pharmaceutically acceptable excipients, including adjuvants.
In another specific embodiment, the vaccine preparations
comprise an inactivated or killed hSARS virus with or with-
out pharmaceutically acceptable excipients, including adju-
vants. The vaccine preparations of the present invention may
further comprise with adjuvants or Accordingly, the present
invention further provides methods of preparing recombinant
or chimeric forms of hSARS. In another specific invention,
the vaccine preparations of the present invention comprise
one or more nucleic acid molecules comprising or consisting
of the sequence of SEQ ID NO. 1, 11, 13, 15, 2471 and/or
2473, or a fragment thereof. In another embodiment, the
invention provides vaccine preparations comprising one or
more polypeptides of the invention encoded by a nucleotide
sequence comptrising or consisting of the nucleotide sequence
of SEQ ID NO:1, 11, 13, 2471 and/or 2473, or the polypep-
tides shown in FIGS. 11 and 12, or a fragment thereof. In
another embodiment, the invention provides vaccine prepa-
rations comprising one or more polypeptides of the invention
encoded by a nucleotide sequence comprising or consisting
of the nucleotide sequence of SEQ ID NO:15, or a fragment
thereof. Furthermore, the present invention provides methods
for treating, ameliorating, managing, or preventing SARS by
administering the vaccine preparations or antibodies of the
present invention alone or in combination with antivirals
[e.g., amantadine, rimantadine, gancyclovir, acyclovir, rib-
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avirin, penciclovir, oseltamivir, foscarnet zidovudine (AZT),
didanosine (ddI), lamivudine (3TC), zalcitabine (ddC), sta-
vudine (d4T), nevirapine, delavirdine, indinavir, ritonavir,
vidarabine, nelfinavir, saquinavir, relenza, tamiflu, plecon-
aril, interferons, etc.], steroids and corticosteroids such as
prednisone, cortisone, fluticasone and glucocorticoid, antibi-
otics, analgesics, bronchodialaters, or other treatments for
respiratory and/or viral infections.

Furthermore, the present invention provides pharmaceuti-
cal compositions comprising anti-viral agents of the present
invention and a pharmaceutically acceptable carrier. The
present invention also provides kits comprising pharmaceu-
tical compositions of the present invention.

In another aspect, the present invention provides methods
for screening anti-viral agents that inhibit the infectivity or
replication of hSARS virus or variants thereof.

5.1 Recombinant and Chimeric hSARS Viruses

The present invention encompasses recombinant or chi-
meric viruses encoded by viral vectors derived from the
genome of hSARS virus or natural variants thereof. In a
specific embodiment, a recombinant virus is one derived from
the hSARS virus of deposit accession no. CCTCC-V200303.
In a specific embodiment, the virus has a nucleotide sequence
of SEQ ID NO:15. In another specific embodiment, a recom-
binant virus is one derived from a natural variant of hRSARS
virus. A natural variant of hSARS has a sequence that is
different from the genomic sequence (SEQ ID NO:15) of the
hSARS virus, CCTCC-V200303, due to one or more natu-
rally occurred mutations, including, but not limited to, point
mutations, rearrangements, insertions, deletions etc., to the
genomic sequence that may or may not result in a phenotypic
change. In accordance with the present invention, a viral
vector which is derived from the genome of the hRSARS virus,
CCTCC-V200303, is one that contains a nucleic acid
sequence that encodes at least a part of one ORF of the
hSARS virus. In a specific embodiment, the ORF comprises
or consists of a nucleotide sequence of SEQ IDNO:1, 11, 13,
2471, 2473, or a fragment thereof. In a specific embodiment,
there are more than one ORF within the nucleotide sequence
of SEQ ID NO:15, as shown in FIGS. 11 (SEQ ID NOS:16,
240 and 737) and 12 (SEQ ID NOS:1108, 1590 and 1965), or
a fragment thereof. In another embodiment, the polypeptide
encoded by the ORF comprises or consists of an amino acid
sequence of SEQ ID NO:2, 12, 14, 2472, 2474, or a fragment
thereof, or shown in FIGS. 11 (SEQ ID NOS:17-239, 241-
736 and 738-1107) and 12 (SEQ ID NOS:1109-1589, 1591-
1964 and 1966-2470), or a fragment thereof. In accordance
with the present invention these viral vectors may or may not
include nucleic acids that are non-native to the viral genome.

In another specific embodiment, a chimeric virus of the
invention is a recombinant hSARS virus which further com-
prises a heterologous nucleotide sequence. In accordance
with the invention, a chimeric virus may be encoded by a
nucleotide sequence in which heterologous nucleotide
sequences have been added to the genome or in which endog-
enous or native nucleotide sequences have been replaced with
heterologous nucleotide sequences.

According to the present invention, the chimeric viruses
are encoded by the viral vectors of the invention which further
comprise a heterologous nucleotide sequence. In accordance
with the present invention a chimeric virus is encoded by a
viral vector that may or may not include nucleic acids that are
non-native to the viral genome. In accordance with the inven-
tion a chimeric virus is encoded by a viral vector to which
heterologous nucleotide sequences have been added, inserted
or substituted for native or non-native sequences. In accor-
dance with the present invention, the chimeric virus may be
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encoded by nucleotide sequences derived from different
strains or variants of hRSARS virus. In particular, the chimeric
virus is encoded by nucleotide sequences that encode anti-
genic polypeptides derived from different strains or variants
of hSARS virus.

A chimeric virus may be of particular use for the generation
of recombinant vaccines protecting against two or more
viruses (Tao et al., J. Virol. 72, 2955-2961; Durbin et al.,
2000, J. Virol. 74, 6821-6831; Skiadopoulos et al., 1998, J.
Virol. 72, 1762-1768 (1998); Teng et al., 2000, J. Virol. 74,
9317-9321). For example, it can be envisaged that a virus
vector derived from the hSARS virus expressing one or more
proteins of variants of hRSARS virus, or vice versa, will protect
a subject vaccinated with such vector against infections by
both the native hRSARS and the variant. Attenuated and repli-
cation-defective viruses may be of use for vaccination pur-
poses with live vaccines as has been suggested for other
viruses. (See, PCT WO 02/057302, at pp. 6 and 23, incorpo-
rated by reference herein).

In accordance with the present invention the heterologous
sequence to be incorporated into the viral vectors encoding
the recombinant or chimeric viruses of the invention include
sequences obtained or derived from different strains or vari-
ants of hNSARS.

In certain embodiments, the chimeric or recombinant
viruses of the invention are encoded by viral vectors derived
from viral genomes wherein one or more sequences, inter-
genic regions, termini sequences, or portions or entire ORF
have been substituted with a heterologous or non-native
sequence. In certain embodiments of the invention, the chi-
meric viruses of the invention are encoded by viral vectors
derived from viral genomes wherein one or more heterolo-
gous sequences have been inserted or added to the vector.

The selection of the viral vector may depend on the species
of the subject that is to be treated or protected from a viral
infection. If the subject is human, then an attenuated hNSARS
virus can be used to provide the antigenic sequences.

In accordance with the present invention, the viral vectors
can be engineered to provide antigenic sequences which con-
fer protection against infection by the hSARS and natural
variants thereof. The viral vectors may be engineered to pro-
vide one, two, three or more antigenic sequences. In accor-
dance with the present invention the antigenic sequences may
be derived from the same virus, from different strains or
variants of the same type of virus, or from different viruses.

The expression products and/or recombinant or chimeric
virions obtained in accordance with the invention may advan-
tageously be utilized in vaccine formulations. The expression
products and chimeric virions of the present invention may be
engineered to create vaccines against a broad range of patho-
gens, including viral and bacterial antigens, tumor antigens,
allergen antigens, and auto antigens involved in autoimmune
disorders. In particular, the chimeric virions of the present
invention may be engineered to create vaccines for the pro-
tection of a subject from infections with hSARS virus and
variants thereof.

In certain embodiments, the expression products and
recombinant or chimeric virions of the present invention may
be engineered to create vaccines against a broad range of
pathogens, including viral antigens, tumor antigens and
autoantigens involved in autoimmune disorders. One way to
achieve this goal involves modifying existing hSARS genes
to contain foreign sequences in their respective external
domains. Where the heterologous sequences are epitopes or
antigens of pathogens, these chimeric viruses may be used to
induce a protective immune response against the disease
agent from which these determinants are derived.
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Thus, the present invention relates to the use of viral vec-
tors and recombinant or chimeric viruses to formulate vac-
cines against a broad range of viruses and/or antigens. The
present invention also encompasses recomibinant viruses
comprising a viral vector derived from the hSARS or variants
thereof which contains sequences which result in a virus
having a phenotype more suitable for use in vaccine formu-
lations, e.g., attenuated phenotype or enhanced antigenicity.
The mutations and modifications can be in coding regions, in
intergenic regions and in the leader and trailer sequences of
the virus.

The invention provides a host cell comprising a nucleic
acid or a vector according to the invention. Plasmid or viral
vectors containing the polymerase components of hSARS
virus are generated in prokaryotic cells for the expression of
the components in relevant cell types (bacteria, insect cells,
eukaryotic cells). Plasmid or viral vectors containing full-
length or partial copies of the hSARS genome will be gener-
ated in prokaryotic cells for the expression of viral nucleic
acids in-vitro or in-vivo. The latter vectors may contain other
viral sequences for the generation of chimeric viruses or
chimeric virus proteins, may lack parts of the viral genome
for the generation of replication defective virus, and may
contain mutations, deletions or insertions for the generation
of attenuated viruses. In addition, the present invention pro-
vides a host cell infected with hSARS virus, for example, of
deposit no. CCTCC-V200303.

Infectious copies of hSARS (being wild type, attenuated,
replication-defective or chimeric) can be produced upon co-
expression of the polymerase components according to the
state-of-the-art technologies described above.

In addition, eukaryotic cells, transiently or stably express-
ing one or more full-length or partial hNSARS proteins can be
used. Such cells can be made by transfection (proteins or
nucleic acid vectors), infection (viral vectors) or transduction
(viral vectors) and may be useful for complementation of
mentioned wild type, attenuated, replication-defective or chi-
meric viruses.

The viral vectors and chimeric viruses of the present inven-
tion may be used to modulate a subject’s immune system by
stimulating a humoral immune response, a cellular immune
response or by stimulating tolerance to an antigen. As used
herein, a subject means: humans, primates, horses, cows,
sheep, pigs, goats, dogs, cats, avian species and rodents.

5.2 Formulation of Vaccines and Antivirals

In a preferred embodiment, the invention provides a pro-
teinaceous molecule or hRSARS virus specific viral protein or
functional fragment thereof encoded by a nucleic acid
according to the invention. Useful proteinaceous molecules
are for example derived from any of the genes or genomic
fragments derivable from the virus according to the invention,
including envelop protein (E protein), integral membrane
protein (M protein), spike protein (S protein), nucleocapsid
protein (N protein), hemaglutinin esterase (HE protein), and
RNA-dependent RNA polymerase. Such molecules, or anti-
genic fragments thereof, as provided herein, are for example
usefull in diagnostic methods or kits and in pharmaceutical
compositions such as subunit vaccines. Particularly useful are
polypeptides encoded by the nucleotide sequence of SEQ ID
NO:1, 11, 13,15, 2471, 2473, or as shown in FIG. 11 (SEQID
NOS:17-239, 241-736 and 738-1107) and FIG. 12 (SEQ ID
NOS:1109-1589, 1591-1964 and 1966-2470), or having the
amino acid sequence of SEQ ID NO:2472 or 2474, or anti-
genic fragments thereof for inclusion as antigen or subunit
immunogen, but inactivated whole virus can also be used.
Particularly useful are also those proteinaceous substances
that are encoded by recombinant nucleic acid fragments of
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the hSARS genome, of course preferred are those that are
within the preferred bounds and metes of ORFs, in particular,
for eliciting hSARS specific antibody or T cell responses,
whether in vivo (e.g. for protective or therapeutic purposes or
for providing diagnostic antibodies) or in vitro (e.g. by phage
display technology or another technique useful for generating
synthetic antibodies).

The invention provides vaccine formulations for the pre-
vention and treatment of infections with hSARS virus. In
certain embodiments, the vaccine of the invention comprises
recombinant and chimeric viruses of the hSARS virus. In
certain embodiments, the virus is attenuated.

In another embodiment of this aspect of the invention,
inactivated vaccine formulations may be prepared using con-
ventional techniques to “kill” the chimeric viruses. Inacti-
vated vaccines are “dead” in the sense that their infectivity has
been destroyed. Ideally, the infectivity of the virus is
destroyed without affecting its immunogenicity. In order to
prepare inactivated vaccines, the chimeric virus may be
grown in cell culture or in the allantois of the chick embryo,
purified by zonal ultracentrifugation, inactivated by formal-
dehyde or -propiolactone, and pooled. The resulting vaccine
is usually inoculated intramuscularly.

Inactivated viruses may be formulated with a suitable adju-
vant in order to enhance the immunological response. Such
adjuvants may include but are not limited to mineral gels, e.g.,
aluminum hydroxide; surface active substances such as lyso-
lecithin, pluronic polyols, polyanions; peptides; oil emul-
sions; and potentially useful human adjuvants such as BCG
and Coryrebacterium parvum.

In another aspect, the present invention also provides DNA
vaccine formulations comprising a nucleic acid or fragment
of the hSARS virus, e.g., the virus having accession no.
CCTCC-V200303, or nucleic acid molecules having the
sequence of SEQ ID NO:1, 11, 13, 15, 2471, 2473, or a
fragment thereof. In another specific embodiment, the DNA
vaccine formulations of the present invention comprises a
nucleic acid or fragment thereof encoding the antibodies
which immunospecifically binds hSARS viruses. In DNA
vaccine formulations, a vaccine DNA comprises a viral vec-
tor, such as that derived from the hSARS virus, bacterial
plasmid, or other expression vector, bearing an insert com-
prising a nucleic acid molecule of the present invention oper-
ably linked to one or more control elements, thereby allowing
expression of the vaccinating proteins encoded by said
nucleic acid molecule in a vaccinated subject. Such vectors
can be prepared by recombinant DNA technology as recom-
binant or chimeric viral vectors carrying a nucleic acid mol-
ecule of the present invention (see also Section 5.1, supra).

Various heterologous vectors are described for DNA vac-
cinations against viral infections. For example, the vectors
described in the following references may be used to express
hSARS sequences instead of the sequences of the viruses or
other pathogens described; in particular, vectors described for
hepatitis B virus (Michel, M. L. et al., 1995, DAN-mediated
immunization to the hepatitis B surface antigen in mice:
Aspects of the humoral response mimic hepatitis B viral
infection in humans, Proc. Natl. Aca. Sci. USA 92:5307-5311;
Davis, H. L. et al., 1993, DNA-based immunization induces
continuous seretion of hepatitis B surface antigen and high
levels of circulating antibody, Human Molec. Genetics
2:1847-1851), HIV virus (Wang, B. et al., 1993, Gene inocu-
lation generates immune responses against human inunode-
ficiency virus type 1, Proc. Natl. Acad. Sci. USA 90:4156-
4160; Lu, S. et al., 1996, Simian immunodeficiency virus
DNA vaccine trial in macques, J. Virol 70:3978-3991;
Letvin,N. L. etal., 1997, Potent, protective anti-HIV immune
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responses generated by bimodal HIV envelope DNA plus
protein vaccination, Proc Natl Acad Sci USA. 94(17):9378-
83), and influenza viruses (Robinson, H1etal., 1993, Protec-
tion against a lethal influenza virus challenge by immuniza-
tion with a haemagglutinin-expressing plasmid DNA,
Vaccine 11:957-960; Ulmer, J. B. et al., Heterologous protec-
tion against influenza by injection of DNA encoding a viral
protein, Science 259:1745-1749), as well as bacterial infec-
tions, such as tuberculosis (Tascon, R. E. et al., 1996, Vacci-
nation against tuberculosis by DNA injection, Nature Med.
2:888-892; Huygen, K. et al., 1996, Immunogenicity and
protective efficacy of a tuberculosis DNA vaccine, Nature
Med., 2:893-898), and parasitic infection, such as malaria
(Sedegah, M., 1994, Protection against malaria by immuni-
zation with plasmid DNA encoding circumsporozoite pro-
tein, Proc. Natl. Acad. Sci. USA 91:9866-9870; Doolan, D. L.
et al., 1996, Circumventing genetic restriction of protection
against malaria with multigene DNA immunization: CD8+ T
cell-interferon 9, and nitric oxide-dependent immunity, J.
Exper. Med., 1183:1739-1746).

Many methods may be used to introduce the vaccine for-
mulations described above. These include, but are not limited
to, oral, intradermal, intramuscular, intraperitoneal, intrave-
nous, subcutaneous, and intranasal routes. Alternatively, it
may be preferable to introduce the chimeric virus vaccine
formulation via the natural route of infection of the pathogen
for which the vaccine is designed. The DNA vaccines of the
present invention may be administered in saline solutions by
injections into muscle or skin using a syringe and needle
(Wolff J. A. et al., 1990, Direct gene transfer into mouse
muscle in vivo, Science 247:1465-1468; Raz, E., 1994, Intra-
dermal gene immunization: The possible role of DNA uptake
in the induction of cellular immunity to viruses, Proc. Natl.
Acd. Sci. USA 91:9519-9523). Another way to administer
DNA vaccines is called “gene gun” method, whereby micro-
scopic gold beads coated with the DNA molecules of interest
1s fired into the cells (Tang, D. et al, 1992, Genetic immuni-
zation is a simple method for eliciting an immune response,
Nature 356:152-154). For general reviews of the methods for
DNA vaccines, see Robinson, H. L., 1999, DNA vaccines:
basic mechanism and immune responses (Review), Int. J.
Mol. Med. 4(5):549-555; Barber, B., 1997, Introduction:
Emerging vaccine strategies, Seminars in Immunology 9(5):
269-270; and Robinson, H. L. et al., 1997, DNA vaccines,
Seminars in Immunology 9(5):271-283.

5.3 Attenuation of hSARS Virus or Variants Thereof

The hSARS virus or variants thereof of the invention can be
genetically engineered to exhibit an attenuated phenotype. In
particular, the viruses of the invention exhibit an attenuated
phenotype in a subject to which the virus is administered as a
vaccine. Attenuation can be achieved by any method known
to askilled artisan. Without being bound by theory, the attenu-
ated phenotype of the viruses of the invention can be caused,
e.g., by using a virus that naturally does not replicate well in
an intended host species, for example, by reduced replication
of the viral genome, by reduced ability of the virus to infect a
host cell, or by reduced ability of the viral proteins to
assemble to an infectious viral particle relative to the wild
type strain of the virus.

The attenuated phenotypes of hSARS virus or variants
thereof can be tested by any method known to the artisan. A
candidate virus can, for example, be tested for its ability to
infect a host or for the rate of replication in a cell culture
system. In certain embodiments, growth curves at different
temperatures are used to test the attenuated phenotype of the
virus. For example, an attenuated virus is able to grow at 35°
C., but not at 39° C. or 40° C. In certain embodiments,
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different cell lines can be used to evaluate the attenuated
phenotype of the virus. For example, an attenuated virus may
only be able to grow in monkey cell lines but not the human
cell lines, or the achievable virus titers in different cell lines
are different for the attenuated virus. In certain embodiments,
viral replication in the respiratory tract of a small animal
model, including but not limited to, hamsters, cotton rats,
mice and guinea pigs, is used to evaluate the attenuated phe-
notypes of the virus. In other embodiments, the immune
response induced by the virus, including but not limited to,
the antibody titers (e.g., assayed by plaque reduction neutral-
ization assay or ELISA) is used to evaluate the attenuated
phenotypes of the virus. In a specific embodiment, the plaque
reduction neutralization assay or ELISA is carried out at a low
dose. In certain embodiments, the ability of the hkSARS virus
to elicit pathological symptoms in an animal model can be
tested. A reduced ability of the virus to elicit pathological
symptoms in an animal model system is indicative of its
attenuated phenotype. In a specific embodiment, the candi-
date viruses are tested in a monkey model for nasal infection,
indicated by mucous production.

The viruses of the invention can be attenuated such that one
or more of the functional characteristics of the virus are
impaired. In certain embodiments, attenuation is measured in
comparison to the wild type strain of the virus from which the
attenuated virus is derived. In other embodiments, attenuation
is determined by comparing the growth of an attenuated virus
in different host systems. Thus, for a non-limiting example,
hSARS virus ora variant thereof is said to be attenuated when
grown in a human host if the growth of the hRSARS or variant
thereof in the human host is reduced compared to the non-
attenuated hSARS or variant thereof.

In certain embodiments, the attenuated virus of the inven-
tion is capable of infecting a host, is capable of replicating in
a host such that infectious viral particles are produced. In
comparison to the wild type strain, however, the attenuated
strain grows to lower titers or grows more slowly. Any tech-
nique known to the skilled artisan can be used to determine
the growth curve of the attenuated virus and compare it to the
growth curve of the wild type virus.

In certain embodiments, the attenuated virus of the inven-
tion (e.g., a recombinant or chimeric hSARS) cannot replicate
in human cells as well as the wild type virus (e.g., wild type
hSARS) does. However, the attenuated virus can replicate
well in a cell line that lack interferon functions, such as Vero
cells.

In other embodiments, the attenuated virus of the invention
is capable of infecting a host, of replicating in the host, and of
causing proteins of the virus of the invention to be inserted
into the cytoplasmic membrane, but the attenuated virus does
not cause the host to produce new infectious viral particles. In
certain embodiments, the attenuated virus infects the host,
replicates in the host, and causes viral proteins to be inserted
in the cytoplasmic membrane of the host with the same effi-
ciency as the wild type hSARS. In other embodiments, the
ability of the attenuated virus to cause viral proteins to be
inserted into the cytoplasmic membrane into the host cell is
reduced compared to the wild type virus. In certain embodi-
ments, the ability of the attenuated hSARS virus to replicate
in the host is reduced compared to the wild type virus. Any
technique known to the skilled artisan can be used to deter-
mine whether a virus is capable of infecting a mammalian
cell, of replicating within the host, and of causing viral pro-
teins to be inserted into the cytoplasmic membrane of the
host.

In certain embodiments, the attenuated virus of the inven-
tion is capable of infecting a host. In contrast to the wild type
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hSARS, however, the attenuated hSARS cannot be replicated
in the host. In a specific embodiment, the attenuated hSARS
virus can infect a host and can cause the host to insert viral
proteins in its cytoplasmic membranes, but the attenuated
virus is incapable of being replicated in the host. Any method
known to the skilled artisan can be used to test whether the
attenuated hSARS has infected the host and has caused the
host to insert viral proteins in its cytoplasmic membranes.

In certain embodiments, the ability of the attenuated virus
to infect a host is reduced compared to the ability of the wild
type virus to infect the same host. Any technique known to the
skilled artisan can be used to determine whether a virus is
capable of infecting a host.

In certain embodiments, mutations (e.g., missense muta-
tions) are introduced into the genome of the virus, for
example, into the sequence of SEQIDNO:1, 11,13, 15,2471
or 2473, or to generate a virus with an attenuated phenotype.
Mutations (e.g., missense mutations) can be introduced into
the structural genes and/or regulatory genes of the hSARS.
Mutations can be additions, substitutions, deletions, or com-
binations thereof. Such variant of hRSARS can be screened for
a predicted functionality, such as infectivity, replication abil-
ity, protein synthesis ability, assembling ability, as well as
cytopathic effect in cell cultures. In a specific embodiment,
the missense mutation is a cold-sensitive mutation. In another
embodiment, the missense mutation is a heat-sensitive muta-
tion. In another embodiment, the missense mutation prevents
a normal processing or cleavage of the viral proteins.

In other embodiments, deletions are introduced into the
genome ofthe hSARS virus, which resultin the attenuation of
the virus.

In certain embodiments, attenuation of the virus is
achieved by replacing a gene of the wild type virus with a
gene of a virus of a different species, of a different subgroup,
or of a different variant. In another aspect, attenuation of the
virus is achieved by replacing one or more specific domains
of a protein of the wild type virus with domains derived from
the corresponding protein of a virus of a different species. In
certain other embodiments, attenuation of the virus is
achieved by deleting one or more specific domains of a pro-
tein of the wild type virus.

When a live attenuated vaccine is used, its safety must also
be considered. The vaccine must not cause disease. Any tech-
niques known in the art that can make a vaccine safe may be
used in the present invention. In addition to attenuation tech-
niques, other techniques may be used. One non-limiting
example is to use a soluble heterologous gene that cannot be
incorporated into the virion membrane. For example, a single
copy of the soluble version of a viral transmembrane protein
lacking the transmembrane and cytosolic domains thereof,
can be used.

Various assays can be used to test the safety of a vaccine.
For example, sucrose gradients and neutralization assays can
be used to test the safety. A sucrose gradient assay can be used
to determine whether a heterologous protein is inserted in a
virion. If the heterologous protein is inserted in the virion, the
virion should be tested for its ability to cause symptoms in an
appropriate animal model since the virus may have acquired
new, possibly pathological, properties.

5.4 Adjuvants and Carrier Molecules

hSARS-associated antigens are administered with one or
more adjuvants. In one embodiment, the hSARS-associated
antigen is administered together with a mineral salt adjuvants
or mineral salt gel adjuvant. Such mineral salt and mineral salt
gel adjuvants include, but are not limited to, aluminum
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hydroxide (ALHYDROGEL, REHYDRAGEL), aluminum
phosphate gel, aluminum hydroxyphosphate (ADJU-PHOS),
and calcium phosphate.

In another embodiment, hSARS-associated antigen is
administered with an immunostimulatory adjuvant. Such
class of adjuvants, include, but are not limited to, cytokines
(e.g., interleukin-2, interleukin-7, interleukin-12, granulo-
cyte-macrophage colony stimulating factor (GM-CSF), inter-
fereon-y-interleukin-1f3 (IL-1f), and IL-1{ peptide or Sclavo
Peptide), cytokine-containing liposomes, triterpenoid glyco-
sides or saponins (e.g., QuilA and QS-21, also sold under the
trademark STIMULON, ISCOPREP), Muramy! Dipeptide
(MDP) derivatives, such as N-acetyl-muramyl-L-threonyl-
D-isoglutamine (Threonyl-MDP, sold under the trademark
TERMURTIDE), GMDP, N-acetyl-nor-muramyl-I.-alanyl-
D-isoglutamnine, N-acetylmuramyl-L-alanyl-D-isoglutami-
nyl-L-alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-hydroxy
phosphoryloxy)-ethylamine, muramyl tripeptide phosphati-
dylethanolamine (MTP-PE), unmethylated CpG dinucle-
otides and oligonucleotides, such as bacterial DNA and frag-
ments thereof, LPS, monophosphoryl Lipid A (3D-MLA sold
under the trademark MPL), and polyphosphazenes.

In another embodiment, the adjuvant used is a particular
adjuvant, including, but not limited to, emulsions, e.g., Fre-
und’s Complete Adjuvant, Freund’s Incomplete Adjuvant,
squalene or squalane oil-in-water adjuvant formulations,
such as SAF and MF59, e.g.. prepared with block-copoly-
mers, such as 1-121 (polyoxypropylene/polyoxyetheylene)
sold under the trademark PLURONIC [.-121, Liposomes,
Virosomes, cochleates, and immune stimulating complex,
which is sold under the trademark ISCOM.

In another embodment, a microparticular adjuvant is used.,
Microparticulare adjuvants include, but are not limited to
biodegradable and biocompatible polyesters, homo- and
copolymers of lactic acid (PLA) and glycolic acid (PGA),
poly(lactide-co-glycolides) (PLGA) microparticles, poly-
mers that self-associate into particulates (poloxamer par-
ticles), soluble polymers (polyphosphazenes), and virus-like
particles (VLPs) such as recombinant protein particulates,
e.g., hepatitis B surface antigen (HbsAg).

Yet another class of adjuvants that may be used include
mucosal adjuvants, including but not limited to heat-labile
enterotoxin from Escherichia coli (LT), cholera holotoxin
(CT) and cholera Toxin B Subunit (CTB) from FVibrio chol-
erae, mutant toxins (e.g., LTK63 and LTR72), microparticles,
and polymerized liposomes.

In other embodiments, any of the above classes of adju-
vants may be used in combination with each other or with
other adjuvants. For example. non-limiting examples of com-
bination adjuvant preparations that can be used to administer
the hNSARS-associated antigens of the invention include lipo-
somes containing immunostimulatory protein, cytokines, or
T-cell and/or B-cell peptides, or microbes with or without
entrapped 1L-2 or microparticles containing enterotoxin.
Other adjuvants known in the art are also included within the
scope of the invention (see Vaccine Design: The Subunit and
Adjuvant Approach, Chap. 7, Michael F. Powell and Mark J.
Newman (eds.), Plenum Press, New York, 1995, which is
incorporated herein in its entirety).

The effectiveness of an adjuvant may be determined by
measuring the induction of antibodies directed against an
immunogenic polypeptide containing a hSARS polypeptide
epitope, the antibodies resulting from administration of this
polypeptide in vaccines which are also comprised of the
various adjuvants.

The polypeptides may be formulated into the vaccine as
neutral or salt forms. Pharmaceutically acceptable salts
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include the acid additional salts (formed with free amino
groups of the peptide) and which are formed with inorganic
acids, such as, for example, hydrochloric or phosphoric acids,
or organic acids such as acetic, oxalic, tartaric, maleic, and the
like. Salts formed with free carboxyl groups may also be
derived from inorganic bases, such as, for example, sodium
potassium, ammonium, calcium, or ferric hydroxides, and
such organic bases as isopropylamine, trimethylamine,
2-ethylamino ethanol, histidine, procaine and the like.

The vaccines of the invention may be multivalent or uni-
valent. Multivalent vaccines are made from recombinant
viruses that direct the expression of more than one antigen.

Many methods may be used to introduce the vaccine for-
mulations of the invention; these include but are not limited to
oral, intradermal, intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal routes, and via scarification
(scratching through the top layers of skin, e.g., using a bifur-
cated needle).

The patient to which the vaccine is administered is prefer-
ably a mammal, most preferably a human, but can also be a
non-human animal including but not limited to cows, horses,
sheep, pigs, fowl (e.g., chickens), goats, cats, dogs, hamsters,
mice and rats.

5.5 Preparation of Antibodies

Antibodies which specifically recognize a polypeptide of
the invention, such as, but not limited to, polypeptides com-
prising the sequence of SEQ ID NO:2, 12, 14, 2472, 2474,
and polypeptides as shown in FIGS. 11 (SEQ ID NOS:17-
239, 241-736 and 738-1107) and 12 (SEQ ID NOS:1109-
1589, 1591-1964 and 1966-2470), or hRSARS epitope or anti-
gen-binding fragments thereof can be used for detecting,
screening, and isolating the polypeptide of the invention or
fragments thereof, or similar sequences that might encode
similar enzymes from the other organisms. For example, in
one specific embodiment, an antibody which immunospecifi-
cally bindshSARS epitope, or a fragment thereof, canbe used
forvarious in vitro detection assays, including enzyme-linked
immunosorbent assays (ELISA), radioimmunoassays, West-
ern blot, etc., for the detection of a polypeptide of the inven-
tion or, preferably, hSARS, in samples, for example, a bio-
logical material, including cells, cell culture media (e.g.,
bacterial cell culture media, mammalian cell culture media,
insect cell culture media, yeast cell culture media, etc.),
blood, plasma, serum, tissues, sputum, naseopharyngeal aspi-
rates, etc.

Antibodies specific for a polypeptide of the invention or
any epitope of hSARS may be generated by any suitable
method known in the art. Polyclonal antibodies to an antigen-
of-interest, for example, the hSARS virus from deposit no.
CCTCC-V200303, or comprises a nucleotide sequence of
SEQ ID NO:15, can be produced by various procedures well
known in the art. For example, an antigen can be administered
to various host animals including, but not limited to, rabbits,
mice, rats, etc., to induce the production of antisera contain-
ing polyclonal antibodies specific for the antigen. Various
adjuvants may be used to increase the immunological
response, depending on the host species, and include but are
not limited to, Freund’s (complete and incomplete) adjuvant,
mineral gels such as aluminum hydroxide, surface active
substances such as lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole limpet hemocyanins, dini-
trophenol, and potentially useful adjuvants for humans such
as BCG (Bacille Calmette-Guerin) and Corynebacterium
parvum. Such adjuvants are also well known in the art.

Monoclonal antibodies can be prepared using a wide vari-
ety of techniques known in the art including the use of hybri-
doma, recombinant, and phage display technologies, or a
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combination thereof. For example, monoclonal antibodies
can be produced using hybridoma techniques including those
known in the art and taught, for example, in Harlow et al.,
Antibodies: A Laboratory Manual, (Cold Spring Harbor
Laboratory Press, 2nd ed. 1988); Hammerling, et al., in:
Monoclonal Antibodies and T-Cell Hybridomas, pp. 563-681
(Elsevier, N.Y., 1981) (both of which are incorporated by
reference in their entireties). The term “monoclonal anti-
body” as used herein is not limited to antibodies produced
through hybridoma technology. The term “monoclonal anti-
body” refers to an antibody that is derived from a single clone,
including any eukaryotic, prokaryotic, or phage clone, and
not the method by which it is produced.

Methods for producing and screening for specific antibod-
ies using hybridoma technology are routine and well known
in the art. In a non-limiting example, mice can be immunized
with an antigen of interest or a cell expressing such an anti-
gen. Once an immune response is detected, e.g., antibodies
specific for the antigen are detected in the mouse serum, the
mouse spleen is harvested and splenocytes isolated. The sple-
nocytes are then fused by well known techniques to any
suitable myelorna cells. Hybridomas are selected and cloned
by limiting dilution. The hybridoma clones are then assayed
by methods known in the art for cells that secrete antibodies
capable of binding the antigen. Ascites fluid, which generally
contains high levels of antibodies, can be generated by inocu-
lating mice intraperitoneally with positive hybridoma clones.

Antibody fragments which recognize specific epitopes
may be generated by known techniques. For example, Fab
and F(ab'), fragments may be produced by proteolytic cleav-
age of immunoglobulin molecules, using enzymes such as
papain (to produce Fab fragments) or pepsin (to produce
F(ab"), fragments). F(ab'), fragments contain the complete
light chain, and the variable region, the CHI region and the
hinge region of the heavy chain.

The antibodies of the invention or fragments thereof can be
also produced by any method known in the art for the synthe-
sis of antibodies, in particular, by chemical synthesis or pref-
erably, by recombinant expression techniques.

The nucleotide sequence encoding an antibody may be
obtained from any information available to those skilled in
the art (i.e., from Genbank, the literature, or by routine clon-
ing and sequence analysis). If a clone containing a nucleic
acid encoding a particular antibody or an epitope-binding
fragment thereof is not available, but the sequence of the
antibody molecule or epitope-binding fragment thereof is
known, a nucleic acid encoding the immunoglobulin may be
chemically synthesized or obtained from a suitable source
(e.g., an antibody cDNA library, or a cDNA library generated
from, or nucleic acid, preferably poly A+ RNA, isolated from
any tissue or cells expressing the antibody, such as hybridoma
cells selected to express an antibody) by PCR amplification
using synthetic primers hybridizable to the 3' and 5' ends of
the sequence or by cloning using an oligonucleotide probe
specific for the particular gene sequence to identify, e.g., a
cDNA clone from a ¢DNA library that encodes the antibody.
Amplified nucleic acids generated by PCR may then be
cloned into replicable cloning vectors using any method well
known in the art.

Once the nucleotide sequence of the antibody is deter-
mined, the nucleotide sequence of the antibody may be
manipulated using methods well known in the art for the
manipulation of nucleotide sequences, e.g., recombinant
DNA techniques, site directed mutagenesis, PCR, etc. (see,
for example, the techniques described in Sambrook et al.,
supra; and Ausubel et al., eds., 1998, Current Protocols in
Molecular Biology, John Wiley & Sons, NY, which are both
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incorporated by reference herein in their entireties), to gen-
erate antibodies having a different amino acid sequence by,
for example, introducing amino acid substitutions, deletions,
and/or insertions into the epitope-binding domain regions of
the antibodies or any portion of antibodies which may
enhance or reduce biological activities of the antibodies.

Recombinant expression of an antibody requires construc-
tion of an expression vector containing a nucleotide sequence
that encodes the antibody. Once a nucleotide sequence encod-
ing an antibody molecule or a heavy or light chain of an
antibody, or portion thereof has been obtained, the vector for
the production of the antibody molecule may be produced by
recombinant DNA technology using techniques well known
in the art as discussed in the previous sections. Methods
which are well known to those skilled in the art can be used to
construct expression vectors containing antibody coding
sequences and appropriate transcriptional and translational
control signals. These methods include, for example, in vitro
recombinant DNA techniques, synthetic techniques, and in
vivo genetic recombination. The nuclectide sequence encod-
ing the heavy-chain variable region, light-chain variable
region, both the heavy-chain and light-chain variable regions,
an epitope-binding fragment of the heavy- and/or light-chain
variable region, or one or more complementarity determining
regions (CDRs) of an antibody may be cloned into such a
vector for expression. Thus-prepared expression vector can
be then introduced into appropriate host cells for the expres-
sion of the antibody. Accordingly, the invention includes host
cells containing a polynucleotide encoding an antibody spe-
cific for the polypeptides of the invention or fragments
thereof.

The host cell may be co-transfected with two expression
vectors of the invention, the first vector encoding a heavy
chain derived polypeptide and the second vector encoding a
light chain derived polypeptide. The two vectors may contain
identical selectable markers which enable equal expression of
heavy and light chain polypeptides or different selectable
markers to ensure maintenance of both plasmids. Alterna-
tively, a single vector may be used which encodes, and is
capable of expressing, both heavy and light chain polypep-
tides. In such situations, the light chain should be placed
before the heavy chain to avoid an excess of toxic free heavy
chain (Proudfoot, Nature, 322:52, 1986; and Kohler, Proc.
Natl Acad. Sci. US4, 77:2 197, 1980). The coding sequences
for the heavy and light chains may comprise ¢cDNA or
genomic DNA.

In another embodiment, antibodies can also be generated
using various phage display methods known in the art. In
phage display methods, functional antibody domains are dis-
played on the surface of phage particles which carry the
polynucleotide sequences encoding them. In a particular
embodiment, such phage can be utilized to display antigen
binding domains, such as Fab and Fv or disulfide-bond sta-
bilized Fv, expressed from a repertoire or combinatorial anti-
body library (e.g., human or murine). Phage expressing an
antigen binding domain that binds the antigen of interest can
be selected or identified with antigen, e.g., using labeled
antigen or antigen bound or captured to a solid surface or
bead. Phage used in these methods are typically filamentous
phage, including fd and M13. The antigen binding domains
are expressed as a recombinantly fused protein to either the
phage gene III or gene VIII protein. Examples of phage dis-
play methods that can be used to make the immunoglobulins,
or fragments thereof, of the present invention include those
disclosed in Brinkman et al., J. Immunol. Methods, 182:41-
50, 1995; Ames et al., J. Immunol. Methods, 184:177-186,
1995; Kettleborough et al., Eur. J. Immunol., 24:952-958,
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1994; Persic et al., Gene, 187:9-18, 1997; Burton et al.,
Advances in Immunology, 57:191-280, 1994, PCT applica-
tion No. PCT/GB91/01134; PCT publications WO 90/02809;
WO 91/10737; WO 92/01047, WO 92/18619; WO 93/11236;
WO 95/15982; WO 95/20401; and U.S. Pat. Nos. 5,698,426;
5,223,409; 5,403,484; 5,580,717; 5,427,908; 5,750,753
5,821,047, 5,571,698; 5,427,908; 5,516,637, 5,780,225,
5,658,727, 5,733,743 and 5,969,108; each of which is incor-
porated herein by reference in its entirety.

As described in the above references, after phage selection,
the antibody coding regions from the phage can be isolated
and used to generate whole antibodies, including human anti-
bodies, or any other desired fragments, and expressed in any
desired host, including mammalian cells, insect cells, plant
cells, yeast, and bacteria, e.g., as described in detail below.
For example, techniques to recombinantly produce Fab, Fab'
and F(ab), fragments can also be employed using methods
known in the art such as those disclosed in PCT publication
WO 92/22324; Mullinax et al., BioTechniques, 12(6):864-
869, 1992; and Sawai et al., AJRI, 34:26-34, 1995: and Better
et al., Science, 240:1041-1043, 1988 (each of which is incor-
porated by reference in its entirety). Examples of techniques
which can be used to produce single-chain Fvs and antibodies
include those described in U.S. Pat. Nos. 4,946,778 and
5,258,498; Huston et al., Methods in Enzymology, 203:46-
88, 1991; Shu et al., PNAS, 90:7995-7999, 1993; and Skerra
et al., Science, 240:1038-1040, 1988.

Once an antibody molecule of the invention has been pro-
duced by any methods described above, it may then be puri-
fied by any method known in the art for purification of an
immunoglobulin molecule, for example, by chromatography
(e.g., ion exchange, affinity, particularly by affinity for the
specific antigen after Protein A or Protein G purification, and
sizing column chromatography), centrifugation, differential
solubility, or by any other standard techniques for the purifi-
cation of proteins. Further, the antibodies of the present
invention or fragments thereof may be fused to heterologous
polypeptide sequences described herein or otherwise known
in the art to facilitate purification.

For some uses, including in vivo use of antibodies in
humans and in vitro detection assays, it may be preferable to
use chimeric, humanized, or human antibodies. A chimeric
antibody is a molecule in which different portions of the
antibody are derived from different animal species, such as
antibodies having a variable region derived from a murine
monoclonal antibody and a constant region derived from a
human immunoglobulin. Methods for preducing chimeric
antibodies are known in the art. See e.g., Morrison, Science,
229:1202, 1985; Oi et al., Bio Techniques, 4:214 1986; Gillies
et al., J. Immunol. Methods, 125:191-202, 1989; U.S. Pat.
Nos. 5,807,715; 4,816,567; and 4,816,397, which are incor-
porated herein by reference in their entireties. Humanized
antibodies are antibody molecules from non-human species
that bind the desired antigen having one or more complemen-
tarity determining regions (CDRs) from the non-human spe-
cies and framework regions from a human immunoglobulin
molecule. Often, framework residues in the human frame-
work regions will be substituted with the corresponding resi-
due from the CDR donor antibody to alter, preferably
improve, antigen binding. These framework substitutions are
identified by methods well known in the art, e.g., by modeling
of the interactions of the CDR and framework residues to
identify framework residues important for antigen binding
and sequence comparison to identify unusual framework resi-
dues at particular positions. See, e.g., Queen et al., U.S. Pat.
No. 5,585,089; Riechmann et al., Nature, 332:323, 1988,
which are incorporated herein by reference in their entireties.
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Antibodies can be humanized using a variety of techniques
known in the art including, for example, CDR-grafting (EP
239,400; PCT publication WO 91/09967; U.S. Pat. Nos.
5,225,539; 5,530,101 and 5,585,089), veneering or resurfac-
ing (EP 592,106; EP 519,596; Padlan, Molecular Immunol-
ogy, 28(4/5):489-498, 1991; Studnicka et al., Protein Engi-
neering, 7(6):805-814, 1994; Roguska et al., Proc Natl. Acad.
Sci. USA, 91:969-973, 1994), and chain shuffling (U.S. Pat.
No. 5,565,332), all of which are hereby incorporated by ref-
erence in their entireties.

Completely human antibodies are particularly desirable for
therapeutic treatment of human patients. Human antibodies
can be made by a variety of methods known in the art includ-
ing phage display methods described above using antibody
libraries derived from human immunoglobulin sequences.
See U.S. Pat. Nos. 4,444,887 and 4,716,111; and PCT publi-
cations WO 98/46645; WO 98/50433; WO 98/24893; WO
98/16654; WO 96/34096; WO 96/33735; and WO 91/10741,
each of which is incorporated herein by reference in its
entirety.

Human antibodies can also be produced using transgenic
mice which are incapable of expressing functional endog-
enous immunoglobulins, but which can express human
immunoglobulin genes. For an overview of this technology
forproducing human antibodies, see Lonberg and Huszar, Int.
Rev. Immunol., 13:65-93, 1995. For a detailed discussion of
this technology for producing human antibodies and human
monoclonal antibodies and protocols for producing such anti-
bodies, see, e.g., PCT publications WO 98/24893; WO
92/01047; WO 96/34096; WO 96/33735; European Patent
No. 0 598 877; U.S. Pat. Nos. 5,413,923; 5,625,126; 5,633,
425; 5,569,825, 5,661,016; 5,545,806; 5,814,318; 5,885,793
5,916,771; and 5,939,598, which are incorporated by refer-
ence herein in their entireties. In addition, companies such as
Abgenix, Inc. (Fremont, Calif.), Medarex (NJ) and Genp-
harm (San Jose, Calif.) can be engaged to provide human
antibodies directed against a selected antigen using technol-
ogy similar to that described above.

Completely human antibodies which recognize a selected
epitope can be generated using a technique referred to as
“guided selection.” In this approach a selected non-human
monoclonal antibody, e.g., a mouse antibody, is used to guide
the selection of a completely human antibody recognizing the
same epitope. (Jespers et al., Bio/technology, 12:899-903,
1988).

Antibodies fused or conjugated to heterologous polypep-
tides may be used in in vitro immunoassays and in purifica-
tion methods (e.g., affinity chromatography) well known in
the art. See e.g., PCT publication Number WO 93/21232; EP
439,095; Naramura et al., Immunol. Lett., 39:91-99, 1994;
U.S. Pat. No. 5,474,981, Gillies et al., PNAS, 89:1428-1432,
1992; and Fell et al., J. Immunol., 146:2446-2452, 1991,
which are incorporated herein by reference in their entireties.

Antibodies may also be attached to solid supports, which
are particularly useful for immunoassays or purification of
the polypeptides of the invention or fragments, derivatives,
analogs, or variants thereof, or similar molecules having the
similar enzymatic activities as the polypeptide of the inven-
tion. Such solid supports include, but are not limited to, glass,
cellulose, polyacrylamide, nylon, polystyrene, polyvinyl
chloride or polypropylene.

5.6 Pharmaceutical Compositions and Kits

The present invention encompasses pharmaceutical com-
positions comprising anti-viral agents of the present inven-
tion. In a specific embodiment, the anti-viral agent is an
antibody which immunospecifically binds and neutralize the
hSARS virus or variants thereof, or any proteins derived
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therefrom. In another specific embodiment, the anti-viral
agent is a polypeptide or nucleic acid molecule of the inven-
tion. The pharmaceutical compositions have utility as an anti-
viral prophylactic agent and may be administered to a subject
where the subject has been exposed or is expected to be
exposed to a virus.

Various delivery systems are known and can be used to
administer the pharmaceutical composition of the invention,
e.g., encapsulation in liposomes, microparticles, microcap-
sules, recombinant cells capable of expressing the mutant
viruses, receptor mediated endocytosis (see, e.g., Wuand W,
1987, J. Biol. Chem. 262:4429 4432). Methods of introduc-
tion include but are not limited to intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, intranasal, epidu-
ral, and oral routes. The compounds may be administered by
any convenient route, for example by infusion or bolus injec-
tion, by absorption through epithelial or mucocutaneous lin-
ings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and
may be administered together with other biologically active
agents. Administration can be systemic or local. In a preferred
embodiment, it may be desirable to introduce the pharmaceu-
tical compositions of the invention into the lungs by any
suitable route. Pulmonary administration can also be
employed, e.g., by use of an inhaler or nebulizer, and formu-
lation with an aerosolizing agent.

In a specific embodiment, it may be desirable to administer
the pharmaceutical compositions of the invention locally to
the area in need of treatment; this may be achieved by, for
example, and not by way of limitation, local infusion during
surgery, topical application, e.g., in conjunction with a wound
dressing after surgery, by injection, by means of a catheter, by
means of a suppository, or by means of an implant, said
implant being of a porous, non porous, or gelatinous material,
including membranes, such as sialastic membranes, or fibers.
In one embodiment, administration can be by direct injection
at the site (or former site) infected tissues.

In another embodiment, the pharmaceutical composition
can be delivered in a vesicle, in particular a liposome (see
Langer, 1990, Science 249:1527-1533; Treat et al., in Lipo-
somes in the Therapy of Infectious Disease and Cancer,
Lopez Berestein and Fidler (eds.), Liss, New York, pp. 353-
365 (1989); Lopez-Berestein, ibid., pp. 317-327; see gener-
ally ibid.).

In yet another embodiment, the pharmaceutical composi-
tion can be delivered in a controlled release system. In one
embodiment, a pump may be used (see Langer, supra; Sefton,
1987, CRC Crit. Ref. Biomed. Eng. 14:201; Buchwald et
al., 1980, Surgery 88:507; and Saudek et al., 1989, N. Engl. J.
Med. 321:574). In another embodiment, polymeric materials
can be used (see Medical Applications of Controlled Release,
Langer and Wise (eds.), CRC Pres., Boca Raton, Fla. (1974);
Controlled Drug Bioavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, N.Y. (1984);
Ranger and Peppas, J. Macromol. Sci. Rev. Macromol.
Chem. 23:61 (1983); see also Levy et al.,, 1985, Science
228:190; During et al., 1989, Ann. Neurol. 25:351; Howard et
al., 1989, J. Neurosurg. 71:105). In yet another embodiment,
a controlled release system can be placed in proximity of the
composition’s target, i.e., the lung, thus requiring only a
fraction of the systemic dose (see, e.g., Goodson, in Medical
Applications of Controlled Release, supra, vol. 2, pp. 115-
138 (1984)).

Other controlled release systems are discussed in the
review by Langer (Science 249:1527-1533 (1990)).

The pharmaceutical compositions of the present invention
comprise a therapeutically effective amount of an live attenu-
ated, inactivated or killed hRSARS virus, or recombinant or
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chimeric hSARS virus, and a pharmaceutically acceptable
carrier. In a specific embodiment, the term “pharmaceutically
acceptable” means approved by a regulatory agency of the
Federal or a state government or listed in the U.S. Pharma-
copeia or other generally recognized pharmacopeia for use in
animals, and more particularly in humans. The term “carrier”
refers to a diluent, adjuvant, excipient, or vehicle with which
the pharmaceutical composition is administered. Such phar-
maceutical carriers can be sterile liquids, such as water and
oils, including those of petroleum, animal, vegetable or syn-
thetic origin, such as peanut oil, soybean oil, mineral oil,
sesame o1l and the like. Water is a preferred carrier when the
pharmaceutical composition is administered intravenously.
Saline solutions and aqueous dextrose and glycerol solutions
can also be employed as liquid carriers, particularly for inject-
able solutions. Suitable pharmaceutical excipients include
starch, glucose, lactose, sucrose, gelatin, malt, rice, flour,
chalk, silica gel, sodium stearate, glycerol monostearate, talc,
sodium chloride, dried skim milk, glycerol, propylene, gly-
col, water, ethanol and the like. The composition, if desired,
can also contain minor amounts of wetting or emulsifying
agents, or pH buffering agents. These compositions can take
the form of solutions, suspensions, emulsion, tablets, pills,
capsules, powders, sustained release formulations and the
like. The composition can be formulated as a suppository,
with traditional binders and carriers such as triglycerides.
Oral formulation can include standard carriers such as phar-
maceutical grades of mannitol, lactose, starch, magnesium
stearate, sodium saccharine, cellulose, magnesium carbon-
ate, etc. Examples of suitable pharmaceutical carriers are
described in “Remington’s Pharmaceutical Sciences” by E.
W. Martin. The formulation should suit the mode of admin-
istration.

In a preferred embodiment, the composition is formulated
in accordance with routine procedures as a pharmaceutical
composition adapted for intravenous administration to
human beings. Typically, compositions for intravenous
administration are solutions in sterile isotonic aqueous buffer.
Where necessary, the composition may also include a solu-
bilizing agent and a local anesthetic such as lignocaine to ease
pain at the site of the injection. Generally, the ingredients are
supplied either separately or mixed together in unit dosage
form, for example, as a dry lyophilized powder or water free
concentrate in a hermetically sealed container such as an
ampoule or sachette indicating the quantity of active agent.
Where the composition is to be administered by infusion, it
can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the composition
1s administered by injection, an ampoule of sterile water for
injection or saline can be provided so that the ingredients may
be mixed prior to administration.

The pharmaceutical compositions of the invention can be
formulated as neutral or salt forms. Pharmaceutically accept-
able salts include those formed with free amino groups such
as those derived from hydrochloric, phosphoric, acetic,
oxalic, tartaric acids, etc., and those formed with free car-
boxyl groups such as those derived from sodium, potassium,
ammonium, calcium, ferric hydroxides, isopropylamine, tri-
ethylamine, 2 ethylamino ethanol, histidine, procaine, etc.

The amount of the pharmaceutical composition of the
invention which will be effective in the treatment of a par-
ticular disorder or condition will depend on the nature of the
disorder or condition, and can be determined by standard
clinical techniques. In addition, in vitro assays may option-
ally be employed to help identify optimal dosage ranges. The
precise dose to be employed in the formulation will also
depend on the route of administration, and the seriousness of
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the disease or disorder, and should be decided according to
the judgment of the practitioner and each patient’s circum-
stances. However, suitable dosage ranges for intravenous
administration are generally about 20 500 micrograms of
active compound per kilogram body weight. Suitable dosage
ranges for intranasal administration are generally about 0.01
pe/kg body weight to 1 mg/kg body weight. Effective doses
may be extrapolated from dose response curves derived from
in vitro or animal model test systems.

Suppositories generally contain active ingredient in the
range of 0.5% to 10% by weight; oral formulations preferably
contain 10% to 95% active ingredient.

The invention also provides a pharmaceutical pack or kit
comprising one or more containers filled with one or more of
the ingredients of the pharmaceutical compositions of the
invention. Optionally associated with such container(s) can
be a notice in the form prescribed by a governmental agency
regulating the manufacture, use or sale of pharmaceuticals or
biological products, which notice reflects approval by the
agency of manufacture, use or sale for human administration.
Inapreferred embodiment, the kit contains an anti-viral agent
of the invention, e.g., an antibody specific for the polypep-
tides encoded by a nucleotide sequence of SEQIDNO:1, 11,
13, 15, 2471 or 2473, or as shown in FIGS. 11 (SEQ ID
NOS:17-239, 241-736 and 738-1107) and 12 (SEQ ID NOS:
1109-1589, 1591-1964 and 1966-2470), or any hSARS
epitope, or a polypeptide or protein of the present invention,
or a nucleic acid molecule of the invention, alone or in com-
bination with adjuvants, antivirals, antibiotics, analgesic,
bronchodialaters, or other pharmaceutically acceptable
excipients.

The present invention further encompasses kits coniprising
a container containing a pharmaceutical composition of the
present invention and instructions to for use.

5.7 Detection Assays

The present invention provides a method for detecting an
antibody, which immunospecifically binds to the hSARS
virus, in a biological sample, for example blood, serum,
plasma, saliva, urine, etc., from a patient suffering from
SARS. In a specific embodiment, the method comprising
contacting the sample with the hSARS virus, for example, of
deposit no. CCTCC-V200303, or having a genomic nucleic
acid sequence of SEQ ID NO:15, directly immobilized on a
substrate and detecting the virus-bound antibody directly or
indirectly by a labeled heterologous anti-isotype antibody. In
another specific embodiment, the sample is contacted with a
host cell which is infected by the hSARS virus, for example,
of deposit no. CCTCC-V200303, or having a genomic
nucleic acid sequence of SEQ ID NO:15, and the bound
antibody can be detected by immunofluorescent assay as
described in Section 6.5, infra.

An exemplary method for detecting the presence or
absence of a polypeptide or nucleic acid of the invention in a
biological sample involves obtaining a biological sample
from various sources and contacting the sample with a com-
pound or an agent capable of detecting an epitope or nucleic
acid (e.g., mRNA, genomic RNA) of the hSARS virus such
that the presence of the hSARS virus is detected in the
sample. A preferred agent for detecting hSARS mRNA or
genomic RNA of the invention is a labeled nucleic acid probe
capable of hybridizing to mRNA or genomic RNA encoding
a polypeptide of the invention. The nucleic acid probe can be,
for example, a nucleic acid molecule comprising or consist-
ing of the nucleotide sequence or SEQ ID NO:1, 11, 13, 15,
2471, 0r 2473, or aportion thereof, such as an oligonucleotide
ofatleast 15, 20, 25, 30, 50, 100, 250, 500, 750, 1,000 or more
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contiguous nucleotides in length and sufficient to specifically
hybridize under stringent conditions to a hSARS mRNA or
genomic RNA.

In another preferred specific embodiment, the presence of
hSARS virus is detected in the sample by anreverse transcrip-
tion polymerase chain reaction (RT-PCR) using the primers
that are constructed based on a partial nucleotide sequence of
the genome of hSARS virus, for example, that of deposit
accession no. CCTCC-V200303, or having a genomic
nucleic acid sequence of SEQ ID NO:15, or based on a
nucleotide sequence of SEQ ID NO:1, 11, 13, 2471 or 2473.
In a non-limiting specific embodiment, preferred primers to
be used in a RT-PCR method are: 5'-TACACACCTCAGC-
GTTG-3' (SEQ ID NO:3) and 5'-CACGAACGTGACG-
AAT-3'(SEQIDNO:4),in the presence of 2.5 mM MgCl, and
the thermal cycles are, for example, but not limited to, 94° C.
for 8 min followed by 40 cycles 0f 94° C. for 1 min, 50° C. for
1 min, 72° C. for 1 min (also see Sections 6.7 and 6.8 infra).
In preferred embodiments, the primers comprise nucleic acid
sequence of SEQ 1D NOS:2475 and 2476, or SEQ ID NOS:
2480 and 2481. In preferred embodiments, the thermal cycles
are 94° C. for 10 min followed by 40 cycles of 94° C. for 30
seconds, 56° C. for 30 seconds, 72° C. for 30 seconds, 72° C.
for 10 minutes. In preferred embodiments, the primers com-
prise nucleic acid sequence of SEQ ID NOS:2477 and 2478.
In more preferred specific embodiment, the present invention
provides a real-time quantitative PCR assay to detect the
presence of hSARS virus in a biological sample by subjecting
the cDNA obtained by reverse transcription of the extracted
total RNA from the sample to PCR reactions using the spe-
cific primers, such as those having nucleotide sequences of
SEQ ID NOS:3 and 4, and a fluorescence dye, such as
SYBR® Green 1, which fluoresces when bound non-specifi-
cally to double-stranded DNA. The fluorescence signals from
these reactions are captured at the end of extension steps as
PCR product is generated over a range of the thermal cycles,
thereby allowing the quantitative determination of the viral
load in the sample based on an amplification plot (see Section
6.7, infra).

A preferred agent for detecting hSARS is an antibody that
specifically binds a polypeptide of the invention or any
hSARS epitope, preferably an antibody with a detectable
label. Antibodies can be polyclonal, or more preferably,
monoclonal. An intact antibody, or a fragment thereof (e.g.,
Fab or F(ab'),) can be used.

The term “labeled”, with regard to the probe or antibody, is
intended to encompass direct labeling of the probe or anti-
body by coupling (i.e., physically linking) a detectable sub-
stance to the probe or antibody, as well as indirect labeling of
the probe or antibody by reactivity with another reagent that
is directly labeled. Examples of indirect labeling include
detection of a primary antibody using a fluorescently labeled
secondary antibody and end-labeling of a DNA probe with
biotin such that it can be detected with fluorescently labeled
streptavidin. The detection method of the invention can be
used to detect mRNA, protein (or any epitope), or genomic
RNA in a sample in vitro as well as in vivo. For example, in
vitro techniques for detection of mRNA include northern
hybridizations, in situ hybridizations, RT-PCR, and RNase
protection. In vitro techniques for detection of an epitope of
hSARS include enzyme linked immunosorbent assays (ELI-
SAs), Western blots, immunoprecipitations and immunofluo-
rescence. In vitro techniques for detection of genomic RNA
include nothern hybridizations, RT-PCT, and RNase protec-
tion. Furthermore, in vivo techniques for detection of hRSARS
include introducing into a subject organism a labeled anti-
body directed against the polypeptide. For example, the anti-
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body can be labeled with a radioactive marker whose pres-
ence and location in the subject organism can be detected by
standard imaging techniques, including autoradiography.

In a specific embodiment, the methods further involve
obtaining a control sample from a control subject, contacting
the control sample with a compound or agent capable of
detecting hSARS, e.g., a polypeptide of the invention or
mRNA or genomic RNA encoding a polypeptide of the inven-
tion, such that the presence of hSARS or the polypeptide or
mRNA or genomic RNA encoding the polypeptide is
detected in the sample, and comparing the presence of
hSARS or the polypeptide or mRNA or genomic RNA encod-
ing the polypeptide in the control sample with the presence of
hSARS, or the polypeptide or mRNA or genomic DNA
encoding the polypeptide in the test sample.

The invention also encompasses kits for detecting the pres-
ence of hSARS or a polypeptide or nucleic acid of the inven-
tion in a test sample. The kit, for example, can comprise a
labeled compound or agent capable of detecting hSARS or
the polypeptide or a nucleic acid molecule encoding the
polypeptide in a test sample and, in certain embodiments, a
means for determining the amount of the polypeptide or
mRNA in the sample (e.g., an antibody which binds the
polypeptide or an oligonucleotide probe which binds to DNA
or mRNA encoding the polypeptide). Kits can also include
instructions for use.

For antibody-based kits, the kit can comprise, for example:
(1) a first antibody (e.g., attached to a solid support) which
binds to a polypeptide of the invention or hSARS epitope;
and, optionally, (2) a second, different antibody which binds
to either the polypeptide or the first antibody and is conju-
gated to a detectable agent.

For oligonucleotide-based kits, the kit can comprise, for
example: (1) an oligonucleotide, e.g.. a detectably labeled
oligonucleotide, which hybridizes to a nucleic acid sequence
encoding a polypeptide of the invention or to a sequence
within the hNSARS genome or (2) a pair of primers useful for
amplifying a nucleic acid molecule containing an hSARS
sequence. Thekit can also comprise, e.g., a buffering agent, a
preservative, or a protein stabilizing agent. The kit can also
comprise compeonents necessary for detecting the detectable
agent (e.g., an enzyme or a substrate). The kit can also contain
a control sample or a series of control samples which can be
assayed and compared to the test sample contained. Each
component of the kit is usually enclosed within an individual
container and all of the various containers are within a single
package along with instructions for use.

5.8 Screening Assays to Identify Anti-Viral Agents

The invention provides methods for the identification of a
compound that inhibits the ability of hSARS virus to infect a
host or a host cell. In certain embodiments, the invention
provides methods for the identification of a compound that
reduces the ability of hRSARS virus to replicate in a host or a
host cell. Any technique well-known to the skilled artisan can
beused to screen foracompound that would abolish or reduce
the ability of hSARS virus to infect a host and/or to replicate
in a host or a host cell.

In certain embodiments, the invention provides methods
for the identification of a compound that inhibits the ability of
hSARS virus to replicate in a mammal or a mammalian cell.
More specifically, the invention provides methods for the
identification of a compound that inhibits the ability of
hSARS virus to infect a mammal or a mammalian cell. In
certain embodiments, the invention provides methods for the
identification of a compound that inhibits the ability of
hSARS virus to replicate in a mammalian cell. In a specific
embodiment, the mammalian cell is a human cell.
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In another embodiment, a cell is contacted with a test
compound and infected with the hSARS virus. In certain
embodiments, a control culture is infected with the hSARS
virus in the absence of a test compound. The cell can be
contacted with a test compound before, concurrently with, or
subsequent to the infection with the hSARS virus. In a spe-
cific embodiment, the cell is a mammalian cell. In an even
more specific embodiment, the cell is a human cell. In certain
embodiments, the cell is incubated with the test compound for
atleast 1 minute, at least 5 minutes at least 15 minutes, at least
30 minutes, at least 1 hour, at least 2 hours, at least 5 hours, at
least 12 hours, or at least 1 day. The titer of the virus can be
measured at any time during the assay. In certain embodi-
ments, a time course of viral growth in the culture is deter-
mined. If the viral growth is inhibited or reduced in the pres-
ence of the test compound, the test compound is identified as
being effective in inhibiting or reducing the growth or infec-
tion of the hSARS virus. In a specific embodiment, the com-
pound that inhibits or reduces the growth of the hRSARS virus
is tested for its ability to inhibit or reduce the growth rate of
other viruses to test its specificity for the hSARS virus.

In one embodiment, a test compound is administered to a
model animal and the model animal is infected with the
hSARS virus. In certain embodiments, a control model ani-
mal is infected with the hSARS virus without the administra-
tion of a test compound. The test compound can be adminis-
tered before, concurrently with, or subsequent to the infection
with the hSARS virus. In a specific embodiment, the model
animal is a mammal. In an even more specific embodiment,
the model animal can be, but is not limited to, a cotton rat, a
mouse, or amonkey. The titer of the virus in the model animal
can be measured at any time during the assay. In certain
embodiments, a time course of viral growth in the culture is
determined. If the viral growth is inhibited or reduced in the
presence of the test compound, the test compound is identi-
fied as being effective in inhibiting or reducing the growth or
infection of the hSARS virus. In a specific embodiment, the
compound that inhibits or reduces the growth of the hRSARS in
the model animal is tested for its ability to inhibit or reduce
the growth rate of other viruses to test its specificity for the
hSARS virus.

6. EXAMPLES

The following examples illustrate the isolation and identi-
fication of the novel hSARS virus. These examples should not
be construed as limiting.

Methods and Results

As a general reference, Wiedbrauk D I & Johnston S L G.
(Manual of Clinical Virology, Raven Press, New York, 1993)
was used.

6.1 Clinical Subjects

The study included all 50 patients who fitted a modified
World Health Organization (WHO) definition of SARS and
were admitted to 2 acute regional hospitals in Hong Kong
Special Administrative Region (HKSAR) between Feb. 26 to
Mar. 26, 2003 (WHO. Severe acute respiratory syndrome
(SARS) Weekly Epidemiol Rec. 2003; 78: 81-83). A lung
biopsy from an additional patient, who had typical SARS and
was admitted to a third hospital, was also included in the
study. Briefly, the case definition for SARS was: (1) fever of
38° C. or more; (ii) cough or shortness of breath; (ii1) new
pulmonary infiltrates on chest radiograph; and (iv) either a
history of exposure to a patient with SARS or absence of
response to empirical antimicrobial coverage for typical and
atypical pneumonia (beta-lactams and macrolides, fluoroqui-
nolones or tetracyclines).
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Nasopharyngeal aspirates and serum samples were col-
lected from all patients. Paired acute and convalescent sera
and feces were available from some patients. Lung biopsy
tissue from one patient was processed for a viral culture,
RT-PCR, routine histopathological examination, and electron
microscopy. Nasopharyngeal aspirates, feces and sera sub-
mitted for microbiological investigation of other diseases
were included in the study under blinding and served as
controls.

The medical records were reviewed retrospectively by the
attending physicians and clinical microbiologists. Routine
hematological, biochemical and microbiological examina-
tions, including bacterial culture of blood and sputum, sero-
logical study and collection of nasopharyngeal aspirates for
virological tests, were carried out.

6.2 Cell Line

FRhK-4 (fetal rhesus monkey kidney) cells were main-
tained in minimal essential medium (MEM) with 1% fetal
calf serum, 1% streptomycin and penicillin, 0.2% nystatin
and 0.05% garamycin.

6.3 Viral Infection

Two-hundred pl of clinical (nasopharyngeal aspirates)
samples, from two patients (see the Result section, infra), in
virus transport medium were used to infect FRhk-4 cells. The
inoculated cells were incubated at 37° C. for 1 hour. One ml
of MEM containing 1 pg trypsin was then added to the culture
and the infected cells were incubated in a 37° C. incubator
supplied with 5% carbon dioxide. Cytopathic effects were
observed in the infected cells after 2 to 4 days of incubation.
The infected cells were passaged into new FRhK-4 cells and
cytopathic effects were observed within 1 day after the inocu-
lation. The infected cells were tested by an immunofluores-
cent assay for influenza A., influenza B, respiratory syncytial
virus, parainfluenza types 1, 2 and 3, adenovirus and human
metapneumovirus (hMPV) and negative results were
obtained for all cases. The infected cells were also tested by
RT-PCR for influenza A and human metapneumovirus with
negative results.

6.4 Virus Morphology

The infected cells prepared as described above were har-
vested, pelleted by centrifugation and the cell pellets were
processed for thin-section transmitted electron microscopic
visualization. Viral particles were identified in the cells
infected with both clinical specimens, but not in control cells
which were not infected with the virus. Virions isolated from
the infected cells were about 70-100 nanometers (FIG. 2).
Viral capsids were found predominantly within the vesicles
of the golgi and endoplasmic reticulum and were not free in
the cytoplasm. Virus particles were also found at the cell
membrane.

One virus isolate was ultracentrifuged and the cell pellet
was negatively stained using phosphotugstic acid. Virus par-
ticles characteristic of Coronaviridae were thus visualized.
Since the human Coronaviruses hitherto recognized are not
known to cause a similar disease, the present inventors pos-
tulated that the virus isolates represent a novel virus that
infects humans.

6.5 Antibody Response to the Isolated Virus

To further confirm that this novel virus is responsible for
causing SARS in the infected patients, blood serum samples
from the patients who were suffering from SARS were
obtained and a neutralization test was performed. Typically
diluted serum (x50, x200, x800 and x1600) was incubated
with acetone-fixed FRhK -4 cells infected with hRSARS at 37°
C. for 45 minutes. The incubated cells were then washed with
phosphate-buffered saline and stained with anti-human IgG-
FITC conjugated antibody. The cells were then washed and
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examined under a fluorescent microscope. In these experi-
ments, positive signals were found in 8 patients who had
SARS (FIG. 3), indicating that these patients had an 1gG
antibody response to this novel human respiratory virus of
Coronaviridae. By contrast, no signal was detected in 4 nega-
tive-control paired sera. The serum titers of anti-hSARS anti-
bodies of the tested patients are shown in Table 1.

TABLE 1
Name Date Lab No. Anti-SARS
Patient A 25 Feb. 2003 §2728 <50
6 Mar. 2003 S2728 1600
Patient B 26 Feb. 2003 $2441 50
3 Mar. 2003 $2441 200
Patient C 4 Mar. 2003 $3279 200
14 Mar. 2003 $3279 1600
Patient D 6 Mar. 2003 M41045 <50
11 Mar. 2003 MB943703 800
Patient E 4 Mar. 2003 M38953 <50
18 Mar 2003 KWHO03/3601 800
Control F 13 Feb. 2003 M27124 <50
1 Mar. 2003 MB942968 <50
Patient G 3 Mar. 2003 M38685 <50
7 Mar. 2003 KWH03/2900 Equivocal
Blinded samples:
la* Acute <50
1b Convalescent 1600
Da* Acute 50
2b Convalescent >1600
3a* Acute 50
3b Convalescent >1600
4a % Acute <50
4b Convalescent <50
Sa* Acute <50
5b Convaelscent <50
6a* Acute <50
6b Convalescent <50

NB: * patients with SARS
These results indicated that this novel member of Coronaviridae is a key
pathogen in SARS.

6.6 Sequences of the hSARS Virus

Total RNA from infected or uninfected FrHK-4 cells was
harvested two days post-infection. One-hundred ng of puri-
fied RNA was reverse transcribed using Superscript I 10
reverse transcriptase (Invitrogen) in a 20 pl reaction mixture
containing 10 pg of a degenerated primer (5'-GCCG-
GAGCTCTGCAGAATTCNNNNNNN-3', N=A, T, G or C:
SEQ ID NO:5) as recommended by the manufacturer.
Reverse transcribed products were then purified by a
QIAquick PCR purification kit as instructed by the manufac-
turer and eluted in 30 pl of 10 mM Tris-HCI, pH 8.0. Three ul
of purified cDNA products were add in a 25 pl reaction
mixture containing 2.5 pl of 10xPCR buffer, 4 ul of 25 mM
MgCl,, 0.5 il of 10 mM dNTP, 0.25 pl of AmpliTag Gold®
DNA polymerase (Applied Biosystems), 2.5 uCi of [a-*?P]
CTP (Amersham), 2 pl of 10 pM primer (5'-GCCG-
GAGCTCTGCAGAATT-C-3" SEQ ID NO:6). Reactions
were thermal cycled through the following profile: 94° C. for
8 min followed by 2 cycles of 94° C. for 1 min, 40° C. for 1
min, 72° C. for 2 min. This temperature profile was followed
by 35 cycles of 94° C. for 1 min, 60° C. for 1 min, 72° C. for
1 min. 6 ul of the PCR products were analyzed in a 5%
denaturing polyacrylamide gel electrophoresis. Gel was
exposed to X-ray film and the film was developed after an
over-night exposure. Unique PCR products which were only
identified in infected cell samples were isolated from the gel
and eluted in a 50 pl of 1xTE buffer. Eluted PCR products
were then re-amplified in 25 pl of reaction mixture containing
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2.5 ul of 10xPCR buffer, 4 pl of 25 mM MgCl,, 0.5 pl ru 10
mM dNTP, 0.25 pl of AmpliTag Gold® DNA polymerase
(Applied Biosystems), 1 ul of 10 uM primer (5'-GCCG-
GAGCTCTGCAGAATTC-3"SEQ ID NO:6). Reaction mix-
tures were thermal cycled through the following profile: 94°
C. for 8 min followed by 35 cycles 0f 94° C. for 1 min, 60° C.
for 1 min, 72° C. for 1 min. PCR products were cloned using
a TOPO TA cloning kit (Invitrogen) and ligated plasmids
were transformed into TOP10 E. coli competent cells (Invit-
rogen). PCR inserts were sequenced by a BigDye cycle
sequencing kit as recommended by the manufacturer (Ap-
plied Biosystems) and sequencing products were analyzed by
an automatic sequencer (Applied Biosystems, model number
3770). The obtained sequence (SEQ ID NO:1) is shown in
FIG. 1. The deducted amino acid sequence (SEQ ID NO:2)
from the obtained DNA sequence showed 57% homology to
the polymerase protein of identified coronaviruses.

Similarly, two other partial sequences (SEQ ID NOS:11
and 13) and deduced amino acid sequences (SEQ ID NOS:12
and 14, respectively) were obtained from the hSARS virus
and are shown in FIGS. 8 (SEQ ID NOS:11 and 12) and 9
(SEQ ID NOS:13 and 14).

The entire genomic sequence of hSARS virus is shown in
FIG.10 (SEQ IDNO:15). The deduced amino acid sequences
of SEQIDNO: 15 in all three frames (SEQIDNO:16,240and
737) are shown in FIG. 11 (SEQ ID NOS:17-239, 241-736
and 738-1107). The deduced amino acid sequences of the
complement of SEQ ID NO:15 in all three frames (SEQ 1D
NOS:1108, 1590 and 1965) are shown in FIG. 12 (SEQ ID
NOS:1109-1589. 1591-1964 and 1966-2470).

6.7 Detection of hSARS Virus in Nasopharyngeal Aspi-
rates

First, the nasopharyngeal aspirates (NPA) were examined
by rapid immunoflourescent antigen detection for influenza A
and B, parainfluenza types 1, 2 and 3, respiratory syncytial
virus and adenovirus (Chan K H, Maldeis N, Pope W, Yup A,
Ozinskas A. Gill ], Seto W H, Shortridge K F, Peiris ] S M.
Evaluation of Directigen Fly A+B test for rapid diagnosis of
influenza A and B virus infections. J Clin Microbiol. 2002;
40: 1675-1680) and were cultured for conventional respira-
tory pathogens on Mardin Darby Canine Kidney, LLC-Mk2,
RDE, Hep-2 and MRC-5 cells (Wiedbrauk D L, Johnston S L
G. Manual of clinical virology. Raven Press, New York.
1993). Subsequently, fetal rhesus kidney (FRhk-4) and A-549
cells were added to the panel of cell lines used. Reverse
transcription polymerase chain reaction (RT-PCR) was per-
formed directly on the clinical specimen for influenza A
(Fouchier R A, Bestebroer T M, Herfst S, Van Der Kemp L,
Rimmelzwan G F, Osterhaus A D. Detection of influenza A
virus from different species by PCR amplification of con-
served sequences in the matrix gene. J Clin Microbiol. 2000,
38: 4096-101) and human metapneumovirus (HMPV). The
primers used for HMPV were: for first round, 5'-AARGT-
SAATGCATCAGC-3' (SEQ ID NO. 7) and 5'-CAKATTYT-
GCTTATGCTTTC-3' (SEQ ID NO:8); and nested primers:
5'-ACACCTGTTACAATACCAGC-3' (SEQ ID NO:9) and
5-GACTTGAGTCCCAGCTCCA-3' (SEQ ID NO:10). The
size of the nested PCR product was 201 bp. An ELISA for
mycoplasma was used to screen cell cultures (Roche Diag-
nostics GmbH, Roche, Indianapolis, USA).

RT-PCR Assay

Subsequent to culturing and genetic sequencing of the
hSARS virus from two patients (see Section 6.6, supra), an
RT-PCR was developed to detect the hSARS virus sequence
from NPA samples. Total RNA from clinical samples was
reverse transcribed using random hexamers and cDNA was
amplified using primers 5'-TACACACCTCAGC-GTTG-3'
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(SEQ ID NO:3) and 5-CACGAACGTGACGAAT-3' (SEQ
ID NO:4), which are constructed based on the in the presence
of 2.5 mM MgCl, (94° C. for 8 min followed by 40 cycles of
94¢ C. for 1 min, 50° C. for 1 min, 72° C. for | min).

The summary of a typical RT-PCR protocol is as follows:

1. RNA Extraction

RNA from 140 pl of NPA samples is extracted by
QIAquick viral RNA extraction kit and is eluted 1n 50 pl of
elution buffer.

RNA 115 pl

0.1 MDTT 2 ul

Sx buffer 4 ul

10 mM dNTP 1ul

Superscript 1T, 200 U/ul (Invitrogen) 1l

Random hexamers, 0.3 pg/ul 0.5 ul

Reaction condition 42° C., 50 min

94° C., 3 min

4° C.

3.PCR
cDNA generated by random primers is amplified in a 50 pl
reaction as follows:

¢DNA 2 ul
10 mM dNTP 0.5 ul
10x buffer 5l
25 mM MgCl, 5l
25 uM Forward primer 0.5 ul
25 uM Reverse primer 0.5 ul
AmpliTaq Gold polymerase, 5 U/pl 0.25 pl
(Applied Biosystems)

Water 36.25 ul

Thermal-cycle condition: 95° C., 10 min, followed by 40
cycles 0of 95° C., 1 min; 50° C. 1 min; 72° C., 1 min.

4. Primer Sequences

Primers were designed based on the RNA-dependent RNA
polymerase encoding sequence (SEQ ID NO:1) of the
hSARS virus.

Forward primer:

5' TACACACCTCAGCGTIG 3' (SEQ ID NO:3}
Reverse primer:
5' CACGAACGTGACGAAT 3' (SEQ ID NO:4}

Product size: 182 bps

Real-Time Ouantitative PCR Assay

Total RNA from 140 pl of nasopharyngeal aspirate (NPA)
was extracted by QIAamp® virus RNA mini kit (Qiagen) as
instructed by the manufacturer. Ten pl of eluted RNA samples
were reverse transcribed by 200 U of Superscript II® reverse
transcriptase (Invitrogen) in a 20 pl reaction mixture contain-
ing 0.15 pg of random hexamers, 10 mmol/l DTT, and 0.5
mmol/l ANTP, as instructed. Complementary DNA was then
amplified in a SYBR® Green I fluorescence reaction (Roche)
mixtures. Briefly, 20 pl reaction mixtures containing 2 pl of
¢DNA, 3.5 mmol/l MgCl,, 0.25 umol/l of forward primer
(5"-TACACACCTCAGCGTTG-3"; SEQ ID NO:3) and 0.25
pmol/l reverse primer (5-CACGAACGTGACGAAT-3,
SEQ ID NO:4) were thermal-cycled by a Light-Cycler
(Roche) with the PCR program, [95° C., 10 min followed by
50 cycles of 95° C., 10 min; 57° C., 5 sec; 72° C. 9 sec].
Plasmids containing the target sequence were used as positive
controls. Fluorescence signals from these reactions were cap-
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tured at the end of extension step in each cycle. To determine
the specificity of the assay, PCR products (184 base pairs)
were subjected to a melting curve analysis at the end of the
assay (65° C.10 95° C,, 0.1° C. per second).

6.8 Detection of N-Gene of hSARS Virus in Patients

6.8.1 RT-PCR Diagnosis Protocol for Coronavirus in
SARS Patients

FEquipment required (for 96 samples):

1xSV Total RNA Isolation system

2xMega titer plate

3x96-well PCR plate

1x0.5-10 pl multi-channel pipette

1x10-100 pl multi-channel pipette

1%20-200 pl multi-channel pipette

1xvacuum pump

1xswing-bucket rotor with microtest plate buckets

2xPCR machine (96-well plate compatible)

1xGel electrophoresis apparatus

Station 1*—Clinical Samples Handling (1 Medical Officer/
Clinical Technician)

Aliquot 500 ul sample in viral transport medium (contain-
ing, per liter, 2 g of sodium bicarbonate, 5 g of bovine
serum albumin, 200 pg of vancomycin, 18 ug of amika-
cin, and 160 U of nystatin in Earle’s balanced salt solu-
tion) from each individual vial into a well of 96-well
mega titer plate containing 500 ul lysis buffer (1x) con-
taining 100 pl PK-15 cell (ATCC CCL-33;5.0x10° cell/
ml) in complete minimum essential medium with Ear-

le’s salt (EMEM, Invirtogen) as internal control. **

*Station 1 should be carried out inside Class IIIbiological safety cabinet.
** At least two negative samples should be included in a 96-well plat-

form as a negative control.
Mix the lysate by pipetting up-and-down 3 times
Proceed to Station 2.

Station 2—Total RNA Extraction (1 Laboratory Technician)

Set up the Vacuum Manifold unit. Place the binding plate
onto the Manifold Base.

Transfer the lysate from mega titer plate to each well of the
SV 96 Binding Plate (binding plate).

Apply vacuum until the lysate passes through the binding
plate. Release vacuum.

Add 500 pl of SV RNA Wash Solution (wash solution) to
each well of binding plate.

Apply vacuum until the wash solution passes through bind-
ing plate. Release vacuum.

Prepare DNase incubation mix for an entire 96-well plate

as below:
Yellow Core Buffer 2 ml
0.09 M MnCl, 250 pl
DNase [ 250 pl

Apply 25 pl freshly prepared DNase incubation mix
directly to the membrane of the binding plate.

Incubate at 20-25° C. for 10 minutes.

Add 200 ul of SV DNase Stop Solution to each well of the
binding plate.

Apply vacuum until the SV DNase Stop Solution passes
through the binding plate. Release vacuum.

Add 500 pl wash solution to each well of the binding plate.

Apply vacuum until wash solution passes through the bind-
ing plate. Turn off vacuum.

Spin the binding plate at 3000xg for 30 seconds to remove
residue wash solution.

Transfer the binding plate on top of a 96-well RT plate.
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Add 50 pl nuclease-free water into each well of the binding
plate to elute RNA.

Incubate at room temperature for 1 minute.

Spin the binding plate at 3000xg, 4° C. for 1 minute.

Collect eluted RNA in the 96-well RT plate.

Add 5 pl of 3 M sodium acetate and 200 pl of 95% ethanol
into each well of the plate.

Place the RT plate on ice and incubate for 15 minutes.

Spin the plate at 3000xg, 4° C., 15 minutes.

Discard supernatant by inverting the plate and blotting on a
clean paper towel.

Wash the pellet with 200 ul of 70% ethanol.

Spin the plate at 3000xg, 4° C., 10 minutes.

Discard supernatant by inverting the plate and blotting on a
clean paper towel.

Air-dry the pellet for 5 minutes.

Add 12 ul of nuclease-free water into each well.

Vortex the plate briefly to dissolve the pellet (for an
example result, see F1G. 18).

Proceed to Station 3.

Station 3—Reverse Transcription (1 Laboratory Technician)

Prepare RT master mix for an entire 96-well plate in a
1.5-ml tube as below (100 reactions):

Per Reaction %100
Random hexamers, 3 pg/pl 0.05 ul Sul
DNTPs, 10 mM Tul 100 pl
First-strand buffer, 5x 4ul 400 ul
DTT, 0.1 M 2ul 200 pl
Superscript II, 200 U/l Tul 100 pl
Total 8.05 ul 805 ul

Aliquot 100 ul RT mix into 8 wells of a clean 96-well
master mix plate.

From this plate, transfer 8.05 ul RT mix to each well of RT
plate containing 12 ul RNA, mix by pipetting up-and-
down for 3 times with a multi channel pipette.
REPLACE TIP AFTER EACH TRANSFER.

Incubate the samples at 42° C. for 50 minutes followed by
70° C. for 15 minutes.

Proceed to Station 4.

Station 4—N-Gene Specific PCR (1 Laboratory Technician)

Prepare PCR master mix for an entire 96-well plate in two
2059 culture tubes as below (100 reactions):

N-specific PCR. Control PCR

Per 25 pl Per 25 1l

Reaction x100 Reaction x100
mQH,0 18.65 pl 1865 pl 1765l 1765 pl
10x PCR buffer 2.5 u 250 ul 2.5 ul 250 pl
25 mM MgCl2 15l 150l 25 250l
10 mM dNTPs 0.25 pl 25l 025l 25 ul
Forward primer 05 ul 50 pl 0.5 ul 50 pl
10 pM
Reverse primer 0.5 50 pl 05 ul 50 pl
10 pM
AmpliTaq Gold ® 0.1 pl 10 ul 0.1 pl 10 pl
300U
Template DNA Loyl — T —
Total 25 ul 2400 pl 25 pl 2400 pl
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N-gene specific PCR and control PCR are performed in
two individual PCR plates.

Aliquot 290 pl PCR master mix into the first column of a
96-well PCR plate.

From the first column, aliquot 24 pl of master mix into each
well of PCR plate.

Transfer 1 ul of cDNA template (from station 4) into each
well of PCR plate.

Mix by pipetting up-and-down for 3 times with a multi-
channel pipette. REPLACE TIP AFTER EACH
TRANSFER.

Seal the plate with sealing tape.

Perform the following reaction in two 96-well PCR
machines:

N-gene specific PCR Control PCR

94° C. 10 minutes
94° C. 30 seconds
56° C. 30 seconds

72° C. 30 seconds
72° C. 10 minutes

94¢ C. 10 minutes
94 C. 30 seconds
55¢ C. 30 seconds

72¢ C. 45 seconds
72¢ C. 10 minutes

} 40 cycles } 35 cycles

Station 5—Gel Electrophoresis (1 Laboratory Technician)

Mix 5 ul of N-gene specific PCR product and 5 pl control

PCR product with 1 pl bromophenol blue loading dye
Load the samples into the wells of a 2% agarose gel.
Electrophoresize the PCR products at 140V, 250 mA for 30
minutes.

Stain the gel with ethidium bromide.

Visualize the products with UV and record the result.

6.8.2 Using Primers of SEQ ID NOS:2480 and 2481

RT-PCR diagnostic protocol was performed as described in
Section 6.8.1 with some modifications.

RNA Isolation from Clinical Samples

Clinical samples including nasopharyngeal aspirates
(NPA) and stool specimens were provided by the Department
of Microbiology, The University of Hong Kong. In addition,
tracheal dispersion and lung biopsy from an index patient A
described in New Engl. J Med. 348:1967-76 (by Drosten C.
S.,etal., 2003) at three time points was also collected. Sample
collection was conducted from Apr. 1 to Apr. 28,2003 inlocal
hospitals. Method of sample collection was described in the
previous section (also see, Poon et al., 2003, Clinical Chem-
istry 49:953-955). Total RNA extraction from clinical
samples was carried out with SV96 Total RNA Isolation
System (Promega, Wis., USA), with following modifications
from manufacturer’s protocol. Five-hundred (500) ul of NPA/
stool sample in viral transport medium (containing, per liter,
2 g of sodium bicarbonate, 5 g of bovine serum albumin, 200
ug of vancomycin, 18 pg of amikacin, and 160 U of nystatin
in Barle’s balanced salt solution) was mixed with equal vol-
ume of SV RNA Lysis Buffer containing 100 ul of pig kidney
epithelial (PK-15) cell (ATCC CCL-33; 5.0x10° cells/ml) in
complete minimum essential medium with FEarle’s salt
(EMEM, Invitrogen) as internal control. The mixture was
transferred to the wells of the SV 96 Binding Plate. After
washing with 500 pl of SV RNA Wash Solution prior to
elution step, the plate was spun at 3000xg for 30 seconds to
remove residue wash solution. RNA was then eluted with 50
u of nuclease-free water, and was collected in a clean 96-well
PCR plate by spinning the plate at 3000xg for 1 minute.
Eluted RNA was then concentrated by incubating on ice for
15 minutes, in the presence of 5 ul of 3 M sodium acetate and
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200 pl of 95% ethanol. After centrifugation at 3000xg, 4° C.
for 15 minutes, RNA pellet was washed with 200 pl of 75%
ethanol and dissolved with 12 pl of nuclease-free water.
Extracted RNA was immediately reverse-transcribed to first-
strand ¢cDNA.

First-Strand cDNA Synthesis

Reverse-transcription was performed with 200 U of Super-
script® II reverse transcriptase (Invitrogen, USA) in a 20 pl
reaction containing 0.15 pg of random hexamers, RT buffer
(1x), 10 mM dithiothreitol (DTT) and 0.5 mM deoxynucle-
otide triphosphates (ANTPs). Reaction was carried out in
Peltier Thermal Cycler (M] Research) with the following
conditions: 50 minutes at 42° C. followed by 15 minutes at
70° C.

Polymerase Chain Reaction (PCR)

Primers were designed according to complete SARS CoV
genomic sequence of a local specimen HK-39 announced
previously (accession no. AY278491). Forward primer
(SRS251: 5'-GCAGTCAAGCCTCTTCTCG-3'; SEQ ID
NO:2480, corresponding to nt 28658-28676 of HK-39 SARS
genome, i.e., CCTCC200303) and reverse primer (SRS252:
5-GCCTCAGCAGCAGATTTC-3', SEQ ID NO:2481; cor-
responding to nt 28866-28883 of HK-39 SARS genome)
amplified a 225 bp fragment from the region of N-gene that
showed no homology to other coronavirus. Primers amplify-
ing RNA-dependent RNA polymerase (1b gene) were used as
parallel control (coro3: 5'-TACACACCTCAGCGTTG-3'
(SEQ ID NO:3), corresponding to nt 18041-18057; and
corod: 5-CACGAACGTGACGAAT-3' (SEQ ID NO:4), cor-
responding to nt 18207-18222, Department of Microbiology,
the University of Hong Kong). Both amplicons were cloned
into same pCR2.1 cloning vector (FIG. 17). Serially diluted
plasmid was then used to determine the dynamic range and
optimal condition of the PCRs (FIGS. 21A and 21B). Another
set of primer that amplifying a 745 bp fragment from pig
f-actin gene was employed as an internal control for the
diagnostic PCR assay (actin-F: S-TGAGACCTTCAA-
CACGCC-3'(SEQ ID NO:2482); and actin-R: 5'-ATCT-
GCTGGAAGGTGGAC-3' (SEQ ID NO:2483)).

Conventional PCR and gel electrophoresis was carried out
as preliminary experiment. Briefly, 1 pul of cDNA from clini-
cal samples was amplified with 0.5 U Taq DNA polymerase
recombinant (Invitrogen Life Technologies) in a 25-ul reac-
tion containing PCR buffer (1x), 1.5 mM MgCl,, 0.1 mM
dNTPs and 0.5 pmol of each forward and reverse primers.
Reaction was performed in Peltier Thermal Cycler (MJ
Research) with the following conditions: 3 minutes at 94° C.,
followed by 50 cycles of 94° C. for 10 seconds, 56° C. for 10
seconds, 72° C. for 10 seconds, and a 10-minute final exten-
sion step at 72° C. Amplicons were analyzed with 2% agarose
gel electrophoresis (FIG. 23). Quantitative real-time PCR
using SYBR® SYBR® green fluorophore was performed in
diagnosis of clinical samples. In a 25 pl reaction, 1 pl cDNA
template was mixed with 12.5 pl (2x) Green PCR Master Mix
(Applied Biosystems) and 0.5 pmol of each forward and
reverse primer. Volume of the reaction was adjusted to 25 ul
with distilled water. Reactions were performed in the iCycler
iQ Real-Time PCR Detection System (Bio-Rad) under the
same condition as the conventional PCR. Fluorescence sig-
nals (FAM, excitation=490 nm, emission=530 nm) were col-
lected at the end of each extension step during the PCR cycles
(FIG. 22A). Threshold cycle (Ct) of each sample was deter-
mined using maximum curvature approach. Melting curve
analysis was performed after 10 minutes final extension (FIG.
22B). cDNA from non-SARS patients, including patients
suffering from adenovirus (n=5), repiratory syncytial virus
(n=5), human metapneumovirus (n=5), influenza A virus
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(n=5), or influenza B virus (n=5) infection, were used as
negative controls for the assay.

Northern Blot Analysis

SARS-CoV HK-39 strain infected Vero cell was provided
by Department of Microbiology, the University of Hong
Kong. Total RNA was extracted from the cell with TRIzo1°
reagent (Invitrogen Life Technologies) according to the
manufacturer’s protocol. Eight (8) ug of total RNA was sepa-
rated by electrophoresis on a 1% agarose gel containing 3.7%
formaldehyde. RNA was transferred to a positively charged
nylon membrane Roche Diagnostic Corporation) by capillary
blotting and fixed by UV cross-linking. cDNA synthesized
with the same RNA sample was used as template for probe
synthesis. Four pairs of primers amplifying fragments from
1b (nt 18057-18222; SEQ ID NO:2484), S (nt 21920-22107;
SEQ ID NO:2485), M (nt 26867-26996; SEQ ID NO:2486)
and N (nt 28658-28883; SEQ ID N:2487) gene were used in
probe synthesis. DIG-labeling of probes, hybridization and
detection of bands were performed with the digoxigenin sys-
tem according to the manufacturer’s procedures (Roche
Molecular Biochemcials). Signals were then analysed with
chemiluminescence (FIG. 24).

Results and Discussion

A large-scale RT-PCR assay provides a rapid means in
monitoring and screening of SARS suspects. The result can
be used to complement clinical diagnostic evaluation. In
order to achieve a diagnostic purpose, the assay should be
reliable and its accuracy should be assured so as to prevent
occurrence of both false negative and false positive results.
However, accuracy of the test may be influenced by several
factors. A common technical problem with PCR is a failure of
amplification due to the presence of PCR inhibitors (see FIG.
21).

These PCR inhibitors included heme compounds found in
blood, aqueous and vitreous humors, heparin, EDTA, urine
and polyamines (Fredricks et al., 1998, J. Clin. Micro.
36:2810-16). Currently, NPA or stool samples were collected
into transport medium to maintain the viability of the viral
particles. RT-PCR was inhibited when total RNA extracted
was used directly for first-strand cDNA synthesis without any
treatment (25 out of 27 samples) in preliminary experiment.
However, after a simple ethanol precipitation step, the ampli-
fication of DNA could be retained (FIG. 19). Same result was
obtained by either using SV or SV96 total RNA I[solation
System (data not shown). It demonstrated that some compo-
nents either in the medium or NPA/stool samples would affect
the downstream processes of the diagnosis test.

In addition, current sample collection procedure dilutes the
virus titer in the samples, especially during early stage of
infection, in which the virus titer is low in nasal and throat
swab specimens (Drosten et al., 2003, New England Journal
of Medicine, on-line at http://content.nejm.org/cgi/reprint/
NEIMoa030747v2). It was suggested that the sensitivity of
PCR tests for SARS depended on the quality of the specimen
and the time of testing during the course of the illness. In order
to increase sensitivity of the test, total RNA isolated from
clinical samples was concentrated prior to 1st strand cDNA
synthesis.

Inorder to avoid false negative PCR results due to failure in
the process of RNA isolation and 1st strand cDNA synthesis,
total RNA was extracted from clinical samples in parallel
with PK-15 mammalian cells. FIG. 23 showed the RT-PCR
screening result on 48 clinical samples, including both NPA
and stool samples. Diagnostic PCR was performed in parallel
with p-actin PCR. All samples were positive in [3-actin PCR.
The result indicated that RNA and cDNA could be extracted
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and synthesized successfully from the samples in a single-
step protocol as disclosed herein. With this internal control,
total RNA isolation and cDNA synthesis from the samples
were ensured, which eliminated false negative that resulted
from failure in either one of the above processes. Moreover,
96-well assay format currently developed can be adopted into
a high-throughput screening protocol, with which we are able
to obtain diagnostic result of more than 90 clinical samples in
3 hours with 1 clinical personnel, while the current existing
protocol, in which samples are proceeded in individual tubes,
can only handle about 30-50 samples a day per technician.

Real-time quantitative PCR assay is more sensitive than
conventional agarose gel-electrophoresis-associated PCR
assay (Poon et al., J. Clin. Virol. 28:233-8) and therefore
employed for SARS-CoV diagnosis purpose. Positive signals
were detected in 38 0f 136 randomly selected clinical samples
in both N-gene and 1b-gene specific PCR. Among these 38
positives, 3 were stool samples (2.2%) and 35 were NPA
samples (25.7%). Detection rate of the assay employing
N-gene specific RT-PCR at different time points was shown in
Table 2.

TABLE 2

Date of onset No. of sample  No. of positive ~ Detection rate (%)

1-2 15 2 133
3-4 17 4 235
5-6 15 4 26.7
7-8 13 5 385
9-10 9 4 444
Negative control 19 All negative —

Affirmative of these 38 positive cases was confirmed by
melting curve analysis of PCR products. Specific melting
temperature of N gene and 1b gene PCR products (85.5° C.
and 80.5° C., respectively) indicated that the target framg-
ments were amplified in the reaction. Specificity of the assay
was also validated with non-SARS patients samples, includ-
ing patients suffering from adenovirus (n=>5), repiratory syn-
cytial virus (n=5), human metapneumovirus (n=5), influenza
A virus (n=5) and influenza B virus (n=5). The result shows
that all of these samples were negative in the assay (F1G. ??).
These results indicate that the N-gene specific RT-PCR assay
is specific for SARS-CoV diagnosis.

Furthermore, we also demonstrated that the N-gene spe-
cific PCR was more sensitive than that of PCR amplifying 1b
RNA polymerase gene. Amplification conditions for both
PCR assays were optimized (see F1G. 22) first with the plas-
mid construct containing 1:1 ratio of 1b- and N-gene frag-
ment (see FIG. 20). Dynamic range of N-gene specific PCR
was obtained (FIG. ??) and it was found to be with lower Ct
values than that of Ib-specific PCR. This revealed that
N-gene specific PCR could achieve higher amplification effi-
ciency than 1b-gene specific PCR when using same copy
number of template. PCR with cDNA from clinical samples
or virus infected Vero cells were then performed. FIG. 22A
shows the Ct and half-maximal values of the fluorescent
signal of N gene and 1b gene specific PCR generated from
NPA, tracheal dispersion and lung biopsy from patient A. The
results indicated that fluorescent signals given in N gene
specific PCR are higher (26.0% in average, ranged from 6.3-
60%) than that of 1b specific PCR in all positive samples.
Furthermore, Ct values of N gene specific PCR are lower
(0.1-4.6 cycles) than that of 1b specific PCR among most of
the SARS-CoV positive samples (Table 3).
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TABLE 3
SN N b ¢t SN N b 2Ct SN N b ¢t S/N N b Ct
56851 27.1 278 0.6 34862 319 332 13 67429 353 35.6 03 68796 324 345 21
55751 27.6 277 0.1 43971 43.6 482 4.6 67438 284 275 -09 68798 28.8 284 -04
62290 419 432 13 43972 43.6 465 29 68116 300 335 3.5 68300 34.6 383 7
55531 41.0 431 21 45973 421 432 1.1 68118 367 37.7 1.0 68801 31.9 328 09
55963 417 423 0.6 69145 272 27.7 05 68134 324 332 0.8 70562 402 433 3.1
65733 43.6 449 13 5638 328 338 1.0 68184 306 324 1.8 70589 355 382 i
34862 335 337 0.2 55527 373 394 21 68185 275 301 2.6 70591 36.0 382 22
32814 38.6 408 2.2 56851 239 261 2.2 68187 403 415 1.2 70059 414 43.1 i
33935 353 365 1.2 69073 243 261 1.3 68788 355 37.6 2.1
34861 314 317 03 67423 287 294 0.7 68791 348 353 0S5

ACt=1.492+047,
95% confidence intervals = 0.74 to 2.23 (F-test)

Statistic analysis indicates that Ct of N-gene PCR assay is
significantly lower than that of ab-gene assay (95% confi-
dence interval=0.74 to 2.23, F-test). Stronger fluorescence
signals and lower Ct values of N gene specific PCR provide a
more sensitive diagnostic result and much target for the assay.

Using ¢cDNA from SARS-CoV infected Vero cells, ampli-
fication curves shown in FIG. 21B show the differences
between N gene and 1b gene specific PCR. Ct of the N gene
and 1b gene specific PCR was 35.3 and 37.8, respectively.
This phenomenon had two main causes: (1) Expression level
of N gene was higher than that of 1b gene; and; (2) Copy
number of N gene was much larger than that of 1b gene
because each transcript preceded a copy of N gene, in SARS-
CoV infected cells. Northern blot analysis supported this
hypothesis (FIG. 24). When N-gene specific PCR product
was used as a probe, at least five transcripts from the virus
were hybridized and gave positive signals (FIG. 24). This
result agreed with the findings in which five subgenomic
mRNAs were detected by Northern hybridization of RNA
from SARS-CoV infected cells using a probe derived from
the 3' untranslated region (Rota et al., 2003, Science 300:
1394-99). On the other hand, when 1b PCR product was used
as a probe, only 2 transcripts with high molecular size were
hybridized, demonstrating that the copy number of N gene
was much higher than that of 1b gene, during transcription
and gene expression in the host cells. The Northern hybrid-
ization result strongly supports the conclusion that PCR
amplifying regions in N gene of the SARS-CoV are more
sensitive than other regions as a target for diagnostic screen-
ing. It is possible that amplification of more than one genome
region may increase the specificity of the test (Yam W. C., et
al., 2003, J. Clin. Microbiol. 41:4521-24).

In conclusion, we have developed a new generation of
RT-PCR diagnosis test which is more sensitive than conven-
tional diagnostic test for the detection of the coronavirus
associated with SARS. The assay provides a high throughput,
highly sensitive screening platform, which enables us to scale
up to test hundreds of thousands of suspected SARS cases
each day in a single working line. Incorporation of PK-15 cell
as an internal control in the assay and use of N gene as a
diagnosis locus in addition to 1b gene can enhance the sen-
sitivity and accuracy of the test. We are adapting the protocol
to 96-well real-time quantitative PCR and sequencing format
to shorten the time required for the test and to obtain infor-
mation on genotypic variation of the virus.

Clinical Results

Clinical Findings:

All 50 patients with SARS were ethnic Chinese. They
represented 5 different epidemiologically linked clusters as
well as additional sporadic cases fitting the case definition.

40

They were hospitalized at a mean of 5 days after the onset of
symptoms. The median age was 42 years (range of 23 to 74)
and the female to male ratio was 1.3. Fourteen (28%) were
health care workers and five (10%) had a history of visit to a
hospital experiencing a major outbreak of SARS. Thirteen
(26%) patients had household contacts and 12 (24%) others
had social contacts with patients with SARS. Four (8%) had
a history of recent travel to mainland China.

The major complaints from most patients were fever (90%)
and shortness of breath. Cough and myalgia were present in
more than half the patients (Table 4). Upper respiratory tract
symptoms such as rhinorrhea (24%) and sore throat (20%)
were present in a minority of patients. Diarrhea (10%) and
anorexia (10%) were also reported. At initial examination,
auscultatory findings, such as crepitations and decreased air
entry, were present in only 38% of patients. Dry cough was
reported by 62% of patients. All patients had radiological
evidence of consolidation, at the time of admission, involving
1 zone (in 36), 2 zones (13) and 3 zones (1).

TABLE 4

Clinical symptoms Number (percentage)

Fever 50 (100%)
Chill or rigors 37 (74%)
Cough 31 (62%)
Myalgia 27 (54%)
Malaise 25 (50%)
Running nose 12 (24%)
Sore throat 10 (20%)
Shortness of breath 10 (20%)
Anorexia 10 (20%)
Diarrhea 5 (10%)
Headache 10 (20%)
Dizziness 6 (12%)

* Truncal maculopapular rash was noted in 1 patient.

In spite of the high fever, most patients (98%) had no
evidence of a leukocytosis. Lymphopenia (68%), leucopenia
(26%), thrombocytopenia (40%) and anemia (18%) were
present in peripheral blood examination (Table 5). Parenchy-
mal liver enzyme, alanine aminotransferase (ALT) and
muscle enzyme, creatinine kinase (CPK) were elevated in
34% and 26% respectively.

TABLE 5
Laboratory Percentage
parameter Mean (range)  of abnormal  Normal range
Haemoglobin 12.9 (8.9-15.9) 11.5-16.5 g/dl
Anaemia 9 (18%)
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TABLE 5-continued
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TABLE 6-continued

Laboratory Percentage

parameter Mean (range) of abnormal ~ Normal range
White cell count 3.17 (1.1-11.4) 411 x 1091
Leucopenia 13 (26%)

Lymphocyte count 0.78 (0.3-1.5) 1.5-40 x 1091
Significant 34 (68%)

lymphopenia

(<1.0x 10°/L)

Platelet count 174 (88-351) 150-400 x 10°/L
Thrombocytopenia 20 (40%)

Alanine amino- 63 (11-350) 6-53 UL
transaminase (ALT)

Elevated ALT 17 (34%)

Albumin 37 (26-50) 42-54 g/L
Low albumin 34 (68%)

Globulin 33 (21-42) 2436 gL
Elevated globulin 10 (20%)

Creatinine kinase 244 (31-1379) 34-138 U/L
Elevated creat- 13 (26%)

inine kinase

Routine microbiological investigations for known viruses
and bacteria by culture, antigen detection, and PCR were
negative in most cases. Blood culture was positive for
Escherichia coli in a 74-year-old male patient, who was
admitted to intensive care unit, and was attributed to hospital
acquired urinary tract infection. Klebsiella preumoniae and
Hemophilus influenzae were isolated from the sputum speci-
mens of 2 other patients on admission.

Oral levofloxacin 500 mg q24 h was given in 9 patients and
intravenous (1.2 g q8 h)/oral (375 mg tid) amoxicillin-clavu-
lanate and intravenous/oral clarithromycin 500 mg ql2 h
were given in another 40 patients. Four patients were given
oral oseltamivir 75 mg bid. In one patient, intravenous ceftri-
axone 2 gm q24 h, oral azithromycin 500 mg q24 h, and oral
amantadine 100 mg bid were given for empirical coverage of
typical and atypical pneumonia.

Nineteen patients progressed to severe disease with oxygen
desaturation and were required intensive care and ventilatory
support. The mean number of days of deterioration from the
onset of symptoms was 8.3 days. Intravenous ribavirin 8
mg/kg q8 h and steroid was given in 49 patients at a mean day
of 6.7 after onset of symptoms.

The risk factors associated with severe complicated disease
requiring intensive care and ventilatory support were older
age, lymphopenia, impaired ALT, and delayed initiation of
ribavirinand steroid (Table 6). All the complicated cases were
treated with ribavirin and steroid after admission to the inten-
sive care unit whereas all the uncomplicated cases were
started on ribavirin and steroid in the general ward. As
expected, 31 uncomplicated cases recovered or improved
whereas 8 complicated cases deteriorated with one death at
the time of writing. All 50 patients were monitored fora mean
of 12 days at the time of writing.

TABLE 6
Complicated Uncomplicated
case case

(n=19) (n=31) P value
Mean (SD) age (range) 495 +12.7 39.0+£10.7 P<0.01
Male/Female ratio 8/11 14/17 N.S.
Underlying illness st 1t P <005
Mode of contact
Travel to China 1 3 N.S.
Health care worker 3 9 N.S.
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Complicated Uncomplicated
case case

(n=19) (n=31) P value
Hospital visit 1 4 N.S.
Household contact 8 5 P<0.05
Social contact 4 10 N.S.
Mean (SD) duration of 5220 47+25 NS
symptoms to admission
(days)
Mean (SD) admission 38.8x0.9 38708 NS
temperature (° C.)
Mean (SD) initial total 5.1x24 5218 NS
peripheral WBC count
(x10%7L)
Mean (SD) initial lympho- 0.66+0.3 0.85£03 P<0.05
cyte count (x10%L)
Presence of thrombo- 8 12 N.S.
cytopenia
(<150 x 10°/L)
Impaired liver function 11 6 P<0.01
test
CXR changes (number of 14 1.2 N.S.
zone affected)
Mean (SD) day of deteri- 8.3+2.6  Notapplicable
oration from the onset
of symptoms §
Mean (SD) day of initia- 7729 5726 P<0.05
tion of Ribavirin &
steroid from the onset
of symptoms
Initiation of ribavirin 12 0 P <0.001
& steroid after deteri-
oration
Response to ribavirin 11 28 P<0.05
& steroid Outcome
Improved or recovered 10 31 P<0.01
Not improving || 8 0 P<0.01

* Multi-varlant analysis is not performed due to low number of cases;
T 2 patients had diabetic mellitus, 1 had hypertrophic ostructive cardiomy-

opathy, 1 had chronic active hepatitis B, and 1 had brain tumour;
1 patient had essential hypertension;

§ desaturation requiring intensive care support;
|1 died.

Two virus isolates, subsequently identified as a member of
Coronaviridae (see below), were isolated from two patients.
One was from an open lung biopsy tissue of a 53-year-old
Hong Kong Chinese resident and the other from a nasopha-
ryngeal aspirate of a 42 year-old female with good previous
health. The 53-year old male had a history of 10-hour house-
hold contact with a Chinese visitor who came from Guang-
zhou and later died from SARS. Two days after this exposure,
he presented with fever, malaise, myalgia, and headache.
Crepitations were present over the right lower zone and there
was a corresponding alevolar shadow on the chest radiograph.
Hematological investigation revealed Iymphopenia of 0.7x
10°/1 with normal total white cell and platelet counts. Both
ALT (41 U/L) and CPK (405 U/L) were impaired. Despite a
combination of oral azithromycin, amantadine, and intrave-
nous ceftriaxone, there was increasing bilateral pulmonary
infiltrates and progressive oxygen desaturation. Therefore, an
open lung biopsy was performed 9 days after admission.
Histopathological examination showed a mild interstitial
inflammation with scattered alveolar pneumocytes showing
cytomegaly, granular amphophilic cytoplasm and enlarged
nuclei with prominent nucleoli. No cells showed inclusions
typical of herpesvirus or adenovirus infection. The patient
required ventilation and intensive care after the operative
procedure. Empirical intravenous ribavirin and hydrocorti-
sone were given. He succumbed 20 days after admission. In
retrospect, coronavirus-like RNA was detected in his
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nasopharyngeal aspirate, lung biopsy and post-mortem lung.
He had a significant rise in titer of antibodies against his own
hSARS isolate from 1/200 to 1/1600.

The second patient from whom a hSARS virus was iso-
lated, was a 42-year-old female with good past health. She
had a history of travel to Guangzhou in mainland China for 2
days. She presented with fever and diarrhea 5 days after her
return to Hong Kong. Physical examination showed crepita-
tion over the right lower zone which had a corresponding
alveolar shadow on the chest radiograph. Investigation
revealed leucopenia (2.7x10°/L), lymphopenia (0.6x10%/1,),
and thrombocytopenia (104x10°/L). Despite the empirical
antimicrobial coverage with amoxicillin-clavulanate,
clarithromycin, and oseltamivir, she deteriorated 5 days after
admission and required mechanical ventilation and intensive
care for 5 days. She gradually improved without receiving
treatment with ribavirin or steroid. Her nasopharyngeal aspi-
rate was positive for the virus in the RT-PCR and she was
seroconverted from antibody titre <1/50to 1/1600 against the
hSARS isolate.

Virological Findings:

Viruses were isolated on FRhk-4 cells from the lung biopsy
and nasopharyngeal aspirate respectively, of two patients
described above. The initial cytopathic effect appeared
between 2 and 4 days after inoculation, but on subsequent
passage, cytopathic effect appeared in 24 hours. Both virus
isolates did not react with the routine panel of reagents used to
identify virus isolates including those for influenza A, B
parainfluenza types 1,2,3, adenovirus and respiratory syncy-
tial virus (DAKO, Glostrup, Denmark). They also failed to
react in RT-PCR assays for influenza A and HMPV or in PCR
assays for mycoplasma. The virus was ether sensitive, indi-
cating that it was an enveloped virus. Electron microscopy of
negatively stained (2% potassium phospho-tungstate, pH 7.0)
cell culture extracts obtained by ultracentrifugation showed
the presence of pleomorphic enveloped viral particles, of
about 80-90 nm (ranging 70-130 nm) in diameter, whose
surface morphology appeared comparable to members of
Coronaviridae (FIG. 5a). Thin section electron microscopy of
infected cells revealed virus particles of 55-90 nm diameter
within the smooth-walled vesicles in the cytoplasm (FIG. 55).
Virus particles were also seen at the cell surface. The overall
findings were compatible with infections in the cells caused
by viruses of Coronaviridae.

A thin section electron micrograph of the lung biopsy of the
53 year old male contained 60-90-nm viral particles in the
cytoplasm of desquamated cells. These viral particles were
similar in size and morphology to those observed in the cell-
cultured virus isolate from both patients (FIG. 4).

The RT-PCR products generated in a random primer RT-
PCR assay were analyzed and unique bands found in the virus
infected specimen was cloned and sequenced. Of 30 clones
examined, a clone containing 646 base pairs (SEQ ID NO:1)
of unknown origin was identified. Sequence analysis of this
DNA fragment suggested this sequence had a weak homol-
ogy to viruses of the family of Coronaviridae (data not
shown). Deducted amino acid sequence (215 amino acids:
SEQ ID NO:2) from this unknown sequence, however, had
the highest homology (57%) to the RNA polymerase of
bovine coronavirus and murine hepatitis virus, confirming
that this virus belongs to the family of Coronaviridae. Phylo-
genetic analysis of the protein sequences showed that this
virus, though most closely related to the group II coronavi-
ruses, was a distinct virus (FIGS. 5a and 5b).

Based on the 646 bp sequence of the isolate, specific prim-
ers for detecting the new virus was designed for RT-PCR
detection of this hSARS virus genome in clinical specimens.
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Of the 44 nasopharyngeal specimens available from the 50
SARS patients, 22 had evidence of hSARS RNA. Viral RNA
was detectable in 10 of 18 fecal samples tested. The specific-
ity of the RT-PCR reaction was confirmed by sequencing
selected positive RT-PCR amplified products. None of 40
nasophararyngeal and fecal specimens from patients with
unrelated diseases were reactive in the RT-PCR assay.

To determine the dynamic range of real-time quantitative
PCR, serial dilutions of plasmid DNA containing the target
sequence were made and subjected to the real-time quantita-
tive PCR assay. As shown in FIG. 7A, the assay was able to
detect as little as 10 copies of the target sequence. By contrast,
no signal was observed in the water control (FIG. 7A). Posi-
tive signals were observed in 23 out of 29 serologically con-
firmed SARS patients. In all of these positive cases, a unique
PCR product (T,,=82° C.) corresponds to the signal from the
positive control was observed (FIG. 7B, and data not shown).
These results indicated this assay is highly specific to the
target. The copy numbers of the target sequence in these
reactions range from 4539 to less than 10. Thus, as high as
6.48x10° copies of this viral sequence could be found in 1 ml
of NPA sample. In 5 of the above positive cases, it was
possible to collect NPA samples before seroconvertion. Viral
RNA was detected in 3 of these samples, indicating that this
assay can detect the virus even at the early onset of infection.

To further validate the specificity of this assay, NPA
samples from healthy individuals (n=11) and patients suf-
fered from adenovirus (nll), respiratory syncytial virus
(n=11), human metapneumovirus (n=11), influenza A virus
(n=13) or influenza B virus (n=1) infection were recruited as
negative controls. All of these samples, except one, were
negative in the assay. The false positive case was negative in
a subsequence test. Taken together, including the initial false
positive case, the real-time quantitative PCR assay has sen-
sitivity of 79% and specificity of 98%.

Epidemiological data suggest that droplet transmission is
one of the major route of transmission of this virus. The
detection of live virus and the detection of high copies of viral
sequence from NPA samples in the current study clearly
support that cough and sneeze droplets from SARS patients
might be the major source of this infectious agent. Interest-
ingly, 2 out of 4 available stool samples form the SARA
patients in this study were positive in the assay (data not
shown). The detection of the virus in feces suggests that there
might be other routes of transmission. It is relevant to note
that a number of animal coronaviruses are spread via the
fecal-oral route (MclIntosh K., 1974, Coronaviruses: a com-
parative review. Current Top Microbiol Immunol. 63:
85-112). However, further studies are required to test whether
the virus in feces is infectious or not.

Currently, apart form this hSARS virus, there are two
known serogroups of human coronaviruses (229E and OC43)
(Hruskova J. et al., 1990, Antibodies to human coronaviruses
229E and OC43 in the population of C. R., Acta Virol. 34:346-
52). The primer set used in the present assay does not have
homology to the strain 229E. Due to the lack of available
corresponding OC43 sequence in the Genebank, it is not
known whether these primers would cross-react with this
strain. However, sequence analyses of available sequences in
other regions of OC43 polymerase gene indicate that the
novel human virus associated with SARS is genetically dis-
tinct from OC43. Furthermore, the primers used in this study
do not have homology to any of sequences from known coro-
naviruses. Thus, it is very unlikely that these primers would
cross-react with the strain OC43.

Apart from the novel pathogen, metapneumovirus was
reported to be identified in some of SARS patients (Center for
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Disease Control and Prevention, 2003, Morbidity and Mor-
tality Weekly Report 52: 269-272). No evidence of metapneu-
movirus infection was detected in any of the patients in this
study (data not shown), suggesting that the novel hSARS
virus of the invention is the key player in the pathogenesis of
SARS.

Immunofluorescent Antibody Detection:

Thirty-five of the 50 most recent serum samples from
patients with SARS had evidence of antibodies to the h\SARS
(see FIG. 3). Of 27 patients from whom paired acute and
convalescent sera were available, all were seroconverted or
had >4 fold increase in antibody titer to the virus. Five other
pairs of sera from additional SARS patients from clusters
outside this study group were also tested to provide a wider
sampling of SARS patients in the community and all of them
were seroconverted. None of 80 sera from patients with res-
piratory or other diseases as well as none of 200 normal blood
donors had detectable antibody.

When either seropositivity to HP-CV in a single serum or
viral RNA detection in the NPA or stool are considered evi-
dence of infection with the hSARS, 45 of the 50 patients had
evidence of infection. Of the 5 patients without any virologi-
cal evidence of Coronaviridae viral infection, only one of
these patients had their sera tested >14 days after onset of
clinical disease.

Discussion

The outbreak of SARS is unusual in a number of aspects, in
particular, in the appearance of clusters of patients with pneu-
monia in health care workers and family contacts. In this
series of patients with SARS, investigations for conventional
pathogens of atypical pneumonia proved negative. However,
a virus that belongs to the family Coronaviridae was isolated
from the lung biopsy and nasopharyngeal aspirate obtained
from two SARS patients, respectively. Phylogenetically, the
virus was not closely related to any known human or animal
coronavirus or torovirus. The present analysis is based on a
646 bp fragment (SEQ ID NO:1) of the polymerase gene,
which indicates that the virus relates to antigenic group 2 of
the coronaviruses along with murine hepatitis virus and
bovine coronavirus. However, viruses of the Coronaviridae
can undergo heterologous recombination within the virus
family and genetic analysis of other parts of the genome needs
to be carried out before the nature of this new virus is more
conclusively defined (Holmes K V. Coronaviruses. Eds Knipe
D M, Howley P M Fields Virology, 4th Edition, Lippincott
Williams & Wilkins, Philadelphia, 1187-1203). The biologi-
cal, genetic and clinical data, taken together, indicate that the
new virus is not one of the two known human coronaviruses.

The majority (90%) of patients with clinically defined
SARS had either serological or RT-PCR evidence of infection
by this virus. In contrast, neither antibody nor viral RNA was
detectable in healthy controls. All 27 patients from whom
acute and convalescent sera were available demonstrated ris-
ing antibody titers to hSARS virus, strengthening the conten-
tion that a recent infection with this virus is a necessary factor
in the evolution of SARS. In addition, all five pairs of acute
and convalescent sera tested from patients from other hospi-
tals in Hong Kong also showed seroconversion to the virus.
The five patients who has not shown serological or virological
evidence of hSARS virus infection, need to have later conva-
lescent sera tested to define if they are also seroconverted.
However, the concordance of the hSARS virus with the clini-
cal definition of SARS appears remarkable, given that clinical
case definitions are never perfect.

No evidence of HMPV infection, either by RT-PCR or
rising antibody titer against HMPV, was detected in any of
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these patients. No other pathogen was consistently detected in
our group of patients with SARS. It is therefore highly likely
that that this hSARS virus is either the cause of SARS or a
necessary pre-requisite for disease progression. Whether or
not other microbial or other co-factors play a role in progres-
sion of the disease remains to be investigated.

The family Coronaviridae includes the genus Coronavirus
and Torovirus. They are enveloped RNA viruses which cause
disease in humans and animals. The previously known human
coronaviruses, types 229F and OC43 are the major causes of
the common cold (Holmes K V. Coronaviruses. Eds Knipe D
M, Howley P M Fields Virology, 4th Edition, Lippincott
Williams & Wilkins, Philadelphia, pp. 1187-1203). But,
while they can occasionally cause pneumonia in older adults,
neonates or immunocompromised patient (E 1-Sahly H M,
Atmar R [, Glezen W P, Greenberg S B. Spectrum of clinical
illness in hospitalizied patients with “common cold” virus
infections. Clin Infect Dis. 2000; 31: 96-100; and Foltz E J,
Elkordy M A. Coronavirus pneumonia following autologous
bone marrow transplantation for breast cancer. Chest 1999,
115: 901-905), Coronaviruses have been reported to be an
important cause of pneumonia in military recruits, account-
ing for up to 30% of cases in some studies (Wenzel R P,
Hendley J O, Davies J A, Gwaltney ] M, Coronavirus infec-
tions in military recruits: Three-year study with coronavirus
strains OC43 and 229E. 4m Rev Respir Dis. 1974;109: 621-
624). Human coronaviruses can infect neurons and viral RNA
has been detected in the brain of patients with multiple scle-
rosis (Talbot P J, Cote G, Arbour N. Human coronavirus
0C43 and 229E persistence in neural cell cultures and human
brains. Adv Exp Med Biol.—in press). On the other hand, a
number of animal coronaviruses (eg. Porcine Transmissible
Gastroenteritis Virus, Murine Hepatitis Virus, Avian Infec-
tious Bronchititis Virus) cause respiratory, gastrointestinal,
neurological or hepatic disease in their respective hosts
(Mclntosh K. Coronaviruses: a comparative review. Current
Top Microbiol Immunol. 1974; 63: 85-112).

We describe for the first time the clinical presentation and
complications of SARS. Less than 25% of patients with coro-
naviral pneumonia had upper respiratory tract symptoms. As
expected in atypical pneumonia, both respiratory symptoms
and positive auscultatory findings were very disproportional
to the chest radiographic findings. Gastrointestinal symptoms
were present in 10%. It is relevant that the virus RNA is
detected in faeces of some patients and that coronaviruses
have been associated with diarrhoea in animals and humans
(Caul E O, Egglestone S 1. Further studies on human enteric
coronaviruses Arch Virol. 1977; 54: 107-17). The high inci-
dence of deranged liver function test, leucopenia, significant
lymphopenia, thrombocytopenia and subsequent evolution
into adult respiratory distress syndrome suggests a severe
systemic inflammatory damage induced by this hRSARS virus.
Thus immuno-modulation by steroid may be important to
complement the antiviral therapy by ribavirin. In this regard,
it 1s pertinent that severe human disease associated with the
avian influenza subtype HSN1, another virus that recently
crossed from animals to humans, has also been postulated to
have an immuno-pathological component (Cheung CY, Poon
LLM,LauASY etal. Induction of proinflammatory cytok-
ines in human macrophages by influenza A (HSN1) viruses: a
mechanism for the unusual severity of human disease. Lancet
2002; 360: 1831-1837). In common with H5N1 disease,
patients with severe SARS are adults, are significantly more
lymphopenic and have parameters of organ dysfunction
beyond the respiratory tract (Table 4) (Yuen K'Y, ChanPK S,
Peiris J S M, et al. Clinical features and rapid viral diagnosis
of human disease associated with avian influenza A H5N1
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virus. Lancet 1998;351: 467-471). It is important to note that
a window of opportunity of around 8 days exists from the
onset of symptoms to respiratory failure. Severe complicated
cases are strongly associated with both underlying disease
and delayed use of ribavirin and steroid therapy. Following
our clinical experience in the initial cases, this combination
therapy was started very early in subsequent cases which
were largely uncomplicated cases at the time of admission.
The overall mortality at the time of writing is only 2% with
this treatment regimen. There were still 8 out of 19 compli-
cated cases who had not shown significant response. It is not
possible to a detail analysis of the therapeutic response to this
combination regimen due to the heterogeneous dosing and
time of initiation of therapy.

Other factors associated with severe disease is acquisition
ofthe disease through household contact which may be attrib-
uted to a higher dose or duration of viral exposure and the
presence of underlying diseases.

The clinical description reported here pertains largely to
the more severe cases admitted to hospital. We presently have
no data on the full clinical spectrum of the emerging Coro-
naviridae infection in the community or in an out-patient-
setting. The availability of diagnostic tests as described here
will help address these questions. In addition, it will allow
questions pertaining to the period of virus shedding (and
communicability) during convalescence, the presence of
virus in other body fluids and excreta and the presence of
virus shedding during the incubation period, to be addressed.

The epidemiological data at present appears to indicate that
the virus is spread by droplets or by direct and indirect contact
although airborne spread cannot be ruled out in some
instances. The finding of infectious virus in the respiratory
tract supports this contention. Preliminary evidence also sug-
gests that the virus may be shed in the feces. However, it is
important to note that detection of viral RNA does not prove
that the virus is viable or transmissible. If viable virus is
detectable in the feces, this would be a potentially additional
route of transmission that needs to be considered. It is relevant
to note that a number of animal coronaviruses are spread via
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7. Deposit

A sample of isolated hSARS virus was deposited with
China Center for Type Culture Collection (CCTCC) at
Wuhan University, Wuhan 430072 in China on Apr. 2,2003 in
accordance with the Budapest Treaty on the Deposit of
Microorganisms, and accorded accession No. CCTCC-
V200303, which is incorporated herein by reference in its
entirety.

8. Market Potential

The hSARS virus can now be grown on a large scale, which
allows the development of various diagnostic tests as
described hereinabove as well as the development of vaccines
and antiviral agents that are effective in preventing, amelio-
rating or treating SARS. Given the severity of the disease and
its rapid global spread, it is highly likely that significant
demands for diagnostic tests, therapies and vaccines to battle
against the disease, will arise on a global scale. In addition,
this virus contains genetic information which is extremely
important and valuable for clinical and scientific research
applications.

9. Equivalents

Those skilled in the art will recognize, or be able to ascer-
tain many equivalents to the specific embodiments of the
invention described herein using no more than routine experi-
mentation. Such equivalents are intended to be encompassed
by the following claims.

All publications, patents and patent applications men-
tioned in this specification are herein incorporated by refer-
ence into the specification to the same extent as if each indi-
vidual publication, patent or patent application was
specifically and individually indicated to be incorporated
herein by reference.

the fecal-oral route (McIntosh K. Coronaviruses: a compara- 40  Citation or discussion of a reference herein shall not be
tive review. Current Top Microbiol Immunol 1974; 63: construed as an admission that such is prior art to the present
85-112). invention,

SEQUENCE LISTING

The patent contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US07547512B2).
An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the

fee set forth in 37 CFR 1.19(b)(3).

What is claimed:
1. A method for detecting the presence of a N-gene of the
hSARS virus in a biological sample, said method comprising:

(a) contacting the sample with a nucleic acid molecule
consisting essentially of the nucleotide sequence of SEQ
1D NO:2475, 2476, 2480 and/or 2481; and

(b) detecting whether the nucleic acid molecule binds to
said N-gene in the sample.

2. A method for identifying a subject infected with the
hSARS virus, said method comprising:
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(a) obtaining total RNA from a biological sample obtained
from the subject

(b)reverse transcribing the total RNA to obtain cDNA; and

(c) subjecting the cDNA to real-time PCR assay using a set
of primers consisting essentially of the nucleotide
sequences of SEQ ID NOS:2475 and 2476, respectively.

3. A method for identifying a subiect infected with the

hSARS virus, said method comprising:

(a) obtaining total RNA from a biological sample obtained
from the subject

(b) reverse transcribing the total RNA to obtain cDNA; and
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(c) subjecting the cDNA to real-time PCR assay using a set 5. A kit comprising in one or more containers one or more
of primers, consisting essentially of the nucleotide isolated nucleic acid molecules consisting essentially of the
sequences of SEQ ID NOS:2480 and 2481, respectively. nucleotide sequence of SEQ ID NO:2480 and/or SEQ ID

4. A kit comprising in one or more containers one or more NO:2481.

isolated nucleic acid molecules consisting essentially of the 5
nucleotide sequence of SEQ 1D NO:2475 and/or SEQ ID
NO:2476. ¥ o & k%
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