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57) ABSTRACT

The present invention relates to a diagnostic assay for the
virus causing Severe Acute Respiratory Syndrome (SARS)
in humans (“hSARS virus”). In particular, the invention
relates to a real-time quantitative PCR assay for the detec-
tion of hSARS virus using reverse transcription and poly-
merase chain reaction. Specifically, the quantitative assay is
a TagMan® assay using the primers and probes constructed
based on the genome of the hSARS virus. The invention
further relates to a diagnostic kit that comprises nucleic acid
molecules for the detection of the hSARS virus.
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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 97
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 get atc 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 cgc 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 80 95
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 cgc 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 gecg 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 gct 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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FIG. 2
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FIG.3
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FIG. 4

FIG. 5B

FIG. SA
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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 87
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
Asn Ala Leu Pro Glu Thr Thr Ala Asp Ile Val Val Phe Asp Glu Ile
35 40 45

tct atg gct act aat tat gac ttg agt gtt gtc aat get aga ctt cgt 193
Ser Met Ala Thr Asn Tyr Asp Leu Ser Val Val Asn Ala Arg Leu Arg
50 55 60

gca aaa cac tac gtc tat att ggc gat cct gct caa tta cca gcc cec 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 S0 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 gct gaa att gtt gac act gtg agt gct 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 gect 577
Ala Trp Arg 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 1009
Asp Met Thr Tyr Brg 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

tct 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 gct 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 Ty:
85 90 85

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 tet gat gat gcc gtt gtg tgc tat aac 433
His Phe Ser Met Met Ile Leu Ser Asp Asp Ala Val Val Cys Tyr Bsn
130 135 140

agt aac tat gcg gct caa ggt tta gta gct agc 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 577
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 Ala 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 Val His Leu
225 230

att gat gc¢ 729

FIG.9
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atattaggtt
ctctaaacga
gcagtataaa
tctgcagact
gtcecgggtgt
cacgtccaac
gactctgtgg
ctagtagagc
cgttctgaty
gacggcattc
gaaaccccaa
ggtcatagct
cccattgaag
ctcactcgtyg
ccagatgggt
tgcactcttt
gaccatgagc
acacccttcg
tttgtgttte
actgagggtt
aacaatatgc
acgtgcgact
ggacctacta
tgtcaagacc
attgaaactc
tatgttggct
tcaggccata
atactgagtc
gttgccatca
agtcttgatt
aagggaaagc
ctgtgtggtt
gatgcagcaa
atttctgaac
aacagtgtca
ttgtctaatc
gcgaaactta
attacaggtg
gattgtgtaa
gtcactatcg
agcaagggac
cttaaggcac
tctgaggagg
ttcacaaatg
attaaggaca
tttcgettaa
gaagttcaag
gtgcttaatg
gcatgtgttg
aacatgggta
ggtgaagaaa
gaggacgatg
acagaggatg
gttgaggaag
ccagaaccag
actgacaatg

tttacctacc
actttaaaat
caataataaa
gcttacggtt
gaccgaaagg
tcagtttgcc
aagaggccct
tggaaaaagg
ccttaagcac
agtacggtcg
ttgcataccg
atggcatcga
attatgaaca
agctcaatgg
accctettga
ccgaacaact
atgaaattgc
aaattaagag
ctcttaactc
tcatggggcg
acttgtctac
ttctgaaagc
catgtgggta
cagagattgg
gactccgcaa
gctataataa
ctggcattac
gtgaacgtgt
ttttggcatce
acaagtettt
ccgtaaaagg
ttcccteaca
accactcaat
agtcattacg
ttattatggc
ttttgggcac
gtgcaggagt
tttttgacat
aatgcttcat
ctggcgcaaa
tttaccgtca
caaaagaagt
ttgttctecaa
gagctatecgt
aagaacaata
aagggggtgce
gttacaagaa
aaaagtgctc
tagcagaggc
ttgatcttga
acttttcatc
cagagtgtga
attatcaagyg
aagaagagga
aacctacacc
ttgccattaa

caggaaaagc
ctgtgtagct
ttttactgtc
tcgteegtgt
taagatggag
tgtccttcag
atcggaggca
cgtactgccce
caatcacggc
tagcggtata
caatgttctt
tctaaagtct
aaactggaac
aggtgcagtc
ttgcatcaaa
tgattacate
ctggttcact
tgccaagaaa
aaaagtcaaa
tatacgctct
cttgatgaaa
cacttgtgaa
cctacctact
acctgagcat
g9g9aggtagyg
gcgtgectac
tggtgacaat
taacattaac
tttctetget
caaaaccatt
tgcttggaac
ggctgetggt
tcctgatttg
tcttgtcgac
atatgtaact
tactgttgaa
tgaatttctc
cgtcaagggt
tgatgttgtt
gttgcgatca
gtgtatacgt
aacctttectt
gaacggtgaa
cggcacacca
ctgcgcattg
accaattaaa
tgtgagaatc
tgtctacact
tgttgtgaag
tgagtggagt
acgtatgtat
ggaagaagaa
tctecctetg
agactggctg
tgaagaacca
atgtgttgac

FIG.10

caaccaacct
gtcgectegge
gttgacaaga
tgcagtcgat
agccttgttce
gttagagacg
cgtgaacacc
cagcttgaac
cacaaggtcg
acactgggag
cttcgtaaga
tatgacttag
actaagcatg
actcgctatg
gattttcteg
gagtcgaaga
gagcgctetg
tttgacactt
gtcattcaac
gtgtaccctg
tgtaatcatt
cattgtggca
aatgctgtag
agtgttgcag
actagatgtt
tgggttcctce
gtggagacct
attgttggcg
tctacaagtg
gttgagtcect
attggacaac
gttatcagat
Caaagagcag
gccatggttt
ggtggtcttg
aaactcaggc
aaggatgctt
caaatacagg
aacaaggcac
ctcaacttag
ggcaaggagce
gaaggtgatt
ctcgaagcac
gtctgtgtaa
tctcetggtt
ggtgtaacct
acatttgage
gttgaatccg
actttacaac
gtagctacat
tgttcettte
attgatgaaa
gaatttggtg
gatgatacta
gttaatcagt
atcgttaagg

cgatctcttg
tgcatgccta
aacgagtaac
catcagcata
ttggtgtcaa
tgctagtgcg
tcaaaaatgg
agccctatgt
ttgagctggt
tactegtgece
acggtaataa
gtgacgagct
gcagtggtgce
tcgacaacaa
cacgegeggg
gaggtgtcta
ataagagcta
tcaaagggga
cacgtgttga
ttgcatctce
gcgatgaagt
ctgaaaattt
tgaaaatgcc
attatcacaa
ttggaggctg
gtgctagtgce
tgaatgagga
attttcattt
cctttattga
gcggtaacta
agagatcagt
caatttttge
ctgtcaccat
atacttcaga
tacaacagac
ctatctttga
gggagattct
ttgcttcaga
tcgaaatgtg
gtgaagtctt
agctgcaact
cacatgacac
tcgagacgcee
atggcctcat
tactggctac
ttggagaaga
ttgatgaacg
gtaccgaagt
cagtttctga
tctacttatt
accctccaga
cctgtgaaca
cctcagctga
c¢tgagcaatc
ttactggtta
aggcacaaag
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tagatctgtt
gtgcacctac
tcgtcectcet
cctaggtttc
cgagaaaaca
tggettcggg
cacttgtggt
gttcattaaa
tgcagaaatg
acatgtgggc
gggagccggt
tggcactgat
actccgtgaa
tttetgtgge
caagtcaatg
ctgetgecgt
cgagcaccag
atgcccaaag
aaagaaaaag
acaggagtgt
ttcatggcag
agttattgaa
atgtcctgcec
ccactcaaac
tgtgtttgcce
tgatattggce
tctecttgag
gaatgaagag
cactataaag
taaagttacc
tttaacacca
gcgcacactt
acttgatggt
cctgetcace
ttctecagtgg
atggattgag
caaatttctc
taacatcaag
cattgatcaa
catcgctcaa
actcatgcct
agtacttacc
cgttgatagce
gctcttagag
aaacaatgtc
tactgtttgg
tgttgacaaa
tactgagttt
tctecttace
tgatgatgct
tgaggaagaa
tgagtacggt
aacagttcga
agagattgag
tttaaaactt
tgctaatect
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atggtgattg
ctcaacaagg
ggccctctta
ctgcatgttg
tatgaaaatt
ggtgctaaac
attgcagtca
aagcctagag
gaggagaaat
gatgaggtta
gctgatatca
tctttecttg
acttgtgttg
ttgaagaaag
tatacacttg
ccttcagaag
gaaatgcttg
gccataatgg
gactatggtg
aagctgaact
tttaatcttg
gtatcatcac
tctgaggagc
tcaggacagc
cacactctgg
ctaaagagtc
aacactaatc
ccaacatact
aagactttct
catactcttg
tggaaatttc
ttgtctagtg
caagaggctt
gcttacagta
ctacagcatg
ggtcagaaaa
tatgataatc
tatctagtac
ttacagcaag
tacactcata
atgtcagagt
accatcaagc
ttggatgggt
ccaactcaac
aaatttgctg
tctgtcacat
tcagcgagtt
caggctacaa
acaaagccag
atggacaatc
accatacaga
atacttaaac
atggctgctt
gccttaggtt
agtaaaattt
tgcgctaaga

taaatgctgc
caaccaatgg
cagtaggagg
ttggacctaa
tcaattcaca
cacttcagtc
atgacaaagc
tggaagcacc
ctgtcgtaca
ccacaacact
atggtaagct
agaaggatgc
taataccctc
tgccagttga
aggaagctaa
cacctaatgc
ctcatgctga
caaccatcca
tccgattctt
ctctaaatga
aagaggctgc
cagatgctgt
actttgtaga
gtacagagtt
agagccccgt
tcttatccct
tccacacaca
tggatggtgce
ttgtactacc
atgagagttt
ctcaagttgg
ttttattage
attatagagc
ataaaactgt
ctaatttgga
ctactacctt
ttaagacagg
aacaagagtce
gtacattctt
taactgctaa
acaaaggacc
ctgtgtegta
attataaaaa
cattaccaaa
atgatttaaa
tcttecccaga
tcaagaaagg
ccaagacaac
tagatacttc
ttgcttgtga
aggaagtcat
catcagatga
atgtggaaaa
taaaaacaat
tggcttatgt
gattagcaca

taacatacac
tgccatgcaa
gtcttgtttg
cctaaatgca
ggacatctta
tttacaagtg
tctttatgag
taaacaagag
gaagcctgtce
ggaagaaact
ttaccatgat
accttacatg
caaaaaggct
tgagtatata
gactgctctt
taaggaagag
agagacaaga
acgtaagtat
cttttatact
gcegettgtce
gcgctgtatg
tactacatat
aacagtttct
aggtgttgaa
cgagtttcat
gcgggaggtt
gcttgtggat
tgatgttaca
tagtgatgac
tcttggtagg
tggtttaact
acttcaacag
ccgtgetggt
tggcgagett
atctgcaaag
aacgggtgta
tgtttccatt
ttecttttgtt
atgtgcgaat
ggagacccte
agtgactgat
taaactcgat
ggataatgct
tgcgagtttt
tcaaatgaca
cttgaatggc
tgctaaatta
gttcaaacca
aaattcattt
aagtcaacaa
agagtgtgac
aggtgttaaa
cacaagcatt
tgccactcat
caaaccattc
acgtgtgttt

ctgaaacatg
aaggagagtg
ctttectggac
ggtgaggaca
cttgcaccat
tgcgtgcaga
caggttgtca
gagccaccaa
gatgtgaagc
aagtttctta
tctcagaaca
gtaggtgatg
ggtggcacta
accacgtacc
aagaaatgca
attctaggaa
aaattaatgc
aaaggaatta
agtaaagagc
acaatgccaa
cgttctctta
aatggatacc
ttggctggcet
tttcttaagc
cttgacggtg
aagactataa
atgtctatga
aaaattaaac
acactacgta
tacatgtctg
tcaattaaat
cttgaagtca
gatgctgcta
ggtgatgtca
cgagttctta
gaagctgtga
ccatgtgtgt
atgatgtcetg
gagtacactg
tatcgtattg
gttttectaca
ggagttactt
tactatacag
gataatttca
ggcttcacaa
gatgtagtgg
ctgcataagc
aacacttggt
gaagttctgg
cccacctcetg
gtgaaaacta
gtaacacaag
accattaaga
ggtattgctg
ttaggacaag
aacaattata

FIG. 10 Con’t

gtggtggtgt
atgattacat
ataatcttgc
tccagcttet
tgttgtcagc
cggttcgtac
tggattatct
acacagdaaga
caaaaattaa
ccaataagtt
tgcttagagg
ttatcactag
ctgagatgct
ctggacaagg
aatctgcatt
ctgtatcctg
ctatatgcat
aaattcaaga
ctgtagcttc
ttggttatgt
aagctcctgc
tcacttcegtce
cttacagaga
gtggtgacaa
aggttctttc
aagtgttcac
catatggaca
Ctcatgtaaa
gtgaagcttt
ctttaaacca
gggctgataa
aattcaatgc
acttttgtgce
gagaaactat
atgtggtgtg
tgtatatggg
gtggtegtga
caccacctgce
gtaactatca
acggagctca
aggaaacatce
acacagagat
agcagcctat
aactcacatg
agccagcettce
ctattgacta
caattgtttg
gtttacgttg
cagtagaaga
aagaagtagt
ccgaagttgt
agttaggtca
aacctaatga
caattaatag
cagcaattac
tgccttatgt
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agcaggtgca
taagctaaat
taagaagtgt
taaggcagca
aggcatattt
acaggtttat
tgataacctg
ttccaaaact
ggcctgeatt
actcttgttet
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
cccgtttctg
agctatgttc
aatcgtgcca
gtctatgcaa
gacacatttt
cagtttaaaa
gtgaaaaatg
catccgectct
ctgcctatta
tctgcettetg
cttgtatcaa
gacacctttt
gctcacagceg
gctgcecgac
aaactttcac
acctataata
gcaaggcata
aaagactaca
aacaacatac
actaaaatct
gccacattat
ttgtcaatcc
gtcactcgtg
gcatggttta
gctatcatta
gcaatcaatg
tgctacacac
gctgctgagt
actaatttgc
cttatggatg
gtaacaactt
atttgcctat
ggagttttct
caacctgtgg
ttggtgactt
catgttgttg
ccagcttaca
ttcaccaatg
gtgcecttttt
ttctttaaca
gaggaggctg
gagacactgt
tatttcagtg
aaggctctaa
tcaatcactt

gttgaagggt

tgtgtacttt
ctaaaaatag
agtcacccaa
gcttaggttc
ctccttctta
tggatttctg
attcttatcc
caattttagg
atttattagg
tcagcaattc
caatggttag
atatcatgga
cacgcgttga
atggaggcceg
gcactggtag
gaccaatcaa
gcgegcettca
cccattttgt
atgtcatagt
tgtactacag
acgttggaga
cagcaacttt
agttagcaaa
aaggtgttgt
atcactctga
aggttgaaaa
tcaatgccca
tgtctttatc
cttttacact
cactcaaggg
tgtgcgttct
atgatggtta
acatcatttc
gccagegtgg
caagagagat
gtgacttctt
cttccaaact
gtacaatttt
tagagggttc
gttccatcat
ttgatgctga
ctaccagtgg
gtggtgttga
gtgctttaga
gtgctgccta
ctgctaatgc
gctttetgee
atgtttcatt
ggataacagc
actatcttag
ctttgtgtac
tgccacttac
gagccttaga
atgactttag
ctgctgttet
gcatggtaca

tactaaaagt
tgttaagagt
attttctaaa
tctaatctgt
ttgtaatggc
tgaaggttct
agctcttgaa
tctggccget
tctttcagcet
ttggctcatg
gatgtacatc
tggttgcacc
gtgtacaact
tggcttctge
tacattcatt
ccctactgac
cctctacttt
caatttagac
ttttgatggce
tcagctgatg
tagtactgaa
tagtgttcct
gggtgtagct
tgataccgat
cttagaagtg
catgacgccc
agtagcaaaa
tgaacagctg
aacttgtgct
tggtaagatt
tgctgcattg
cacaaatgaa
tactgatgat
tggttcatac
tggtttcata
gcattttcta
cattgagtat
taaggatgct
tatttcttat
acagtttcct
gtactgtaga
tagatgggtt
tgcgatgaat
tgtgtctgcet
ctactttatg
acttttgttt
gggagtctac
cttggctcac
aatctatgta
gaaaagagtc
ctttttgcte
acagtataac
tactaccagc
caactecaggt
gcagagtggt
agtaacctgt

Sheet 12 of 94

accaattcta
gttgctaaat
ttgttcacaa
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cagtcatcgt
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aatttgagag
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tgccaaccta
gtttccgtta
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agagatcttg
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acaactagac
gttagtactt
gtttgttata
atcattggtt
tgttttgcaa
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gtgcctgget
cctegtgttt
agtgattttg
atgggcaaac
agtgagcttc
aacacttacc
catggtacat
cttaataatg
ctcatagcta
tcagtagtgg
aaattcagac
ttgatgtctt
tcagtctttt
cttcaatggt
ttctgtattt
atgtttaatg
aacaaggaaa
aggtatcttg
tatcgtgaag
gctgatgtte
tttaggaaaa
ggaactacaa

FIG. 10 Con’t

gaattagagc
tatgtttgga
tcgectatgtg
cttttggtgt
tgtatcttaa
gcatttgttt
tgacgatttc
tggcatatat
tgttctttgg
ttagtattgt
ctttctacta
gcatgatgtg
gcatgaagag
attggaattg
ttgctcgtga
atattgttga
gtcaaaagac
ctaacaacac
gcgacgagtce
ttctgttget
agatgtttga
ttaaggcact
tcetttetac
aggatgttat
gttgtaacaa
gcgcatgtat
tttcactcat
ttcgtactge
aggttgtcaa
gttttaaact
tcgttatgee
acaaagccat
ataaacatgc
aaagctgccce
taccgggtac
ttagtgcetgt
ctacctctge
ctgtgccata
gtccagacac
tggagggtte
gcgaaaggtc
agcattacag
acatctttac
ctggtggtat
gtgtttttgg
tcactatact
acttgtactt
ttgccatgtt
ctctgaagca
gagttacatt
tgtacctaaa
ctctatataa
cagcttgcetg
tctaccaacce
tggcattccce
ctcttaatgg
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ttcactacct
tgccggcecatt
gctattgttg
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ttcgtctaac
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atctttctat
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ctatgagaga
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tgcttctaag
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tgcttatgtc
tgttgctaca
attcgtgtca
tgaatgtctc
tttcatgctc
tgactgtaat
ctggaatgta
tgccaagaag
tgtcataact
tatgcttaag
agtacataca
tcaggatggt
tggttttgac
tgtagtagct
tgtgctgaga
tggcaacatt
ttgcgttctt
ttgttatgac
tcgttatgtg
tgttagagta
agaagtaggt
agctctatca
tectcttgtg
tattgccata
tgagtacaac
ctgtctggta
gacattctat
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caagtacaag
ccacttagca
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gtcaggcaaa
attgtggttg
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gatgacacag
aactatgaag
gttcaacttce
acttctaacc
tcagttctag
aatcatacca
gattatgatt
gctggtactg
gctgcaggta
atcaatggtg
gtggcaatga
ctttctgcte
cagaatggta
ccatttgatg
gttaagggca
caaagtacac
cttggtatta
ttgtgcttgt
cctgetaget
ggttataggc
acagctcgca
acacttgttt
ttagttattt
agagctatag
ttacagtgta
cttttetgtt
tctacacaag
gatgctttceca
gctactgtac
cttcaacaac
aatgatattc
tctgttttgc
gataaccgtg
gcttatgecca
gttctcaaaa
gccatgcaac
gcaagatctg
atgcttagga
tgtgttccac
gattatggta
tgggaaatcc
atggacaatt
gctgttaaac
gctggtacca
aagggaggta
ttccctaaga
gttacagaca
aacctaaata
aatgctacag
cctgctaaag
aagatgttgt
atggaccaag
catccaaatc
tgtgctaatg
tggaaaggtt
gcatcaacgt

tatactgtcc
atctgctcat
gtgttattgg
ctaagacacc
catgctacaa
ttaaaggttc
gcgtgtcttt
acttagaagyg
cagacacaac
ataggtggtt
agtacaacta
aaacaggaat
tgaatggtcg
ttgttagaca
ctcatcattg
agtggtcact
tggcaattgc
ttctgttace
gggtgatgeg
ttaaggattg
ctgtttatga
acaaagtcta
ctgtaacctc
tgtttgtgtg
tcatgettgt
tactcaaccg
aatttaggta
agcttaacat
agtctaaaat
ttagagtaga
ttcttgcaaa
tatccatgca
ctactcttca
ctgcccagga
agttaaagaa
gcaagttgga
aggacaagag
agcttgataa
tcaacatcat
cctacaagaa
agcaagttgt
caccaaattt
tacagaataa
cacaaacagc
ggtttgtgct
gtgatggtac
caccaaaagg
gaggtatggt
aagtacctgce
catataagga
gtacacacac
agtcctttgg
ctaaaggatt
acccagtggg
atggctgtag
ttttaaacgg

aagacatgtc
tcgecaaatcec
ccattctatg
caagtataaa
tggttcacca
ttteccttaat
ctgctatatg
taaattctat
cataacatta
tcttaataga
tgaacctttg
tgccgtctta
tactatcctt
atgctctggt
gatgctttta
gtttttettt
tgcatgtgct
ttctecttgea
tatcatgaca
tgttatgtat
tgatgctgcet
ctatggtaat
taactattct
tgttgagtat
ttattgtttce
ttacttcagg
tatgaactcc
taagttgttg
gtctgacgta
gtcatcttct
agacacaact
gggtgctgta
ggctattgct
ggcctatgag
atctttgaat
aaagatggca
ggcaaaagta
tgatgcactt
accattgact
cacttgtgat
tgatgcggat
ggcttggect
tgaactgagt
ttgtactgat
ggcattacta
aggtacaatt
gcctaaagtyg
gctgggeagt
caattcaact
ttacctagca
tggtacagga
tggtgcttca
ctgtgacttg
ttttacactt
ttgtgaccaa

gtttgcggtg
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atttgcacag
aaccatagct
caaaattgtc
tttgtccgta
tctggtgttt
ggatcatgtg
catcatatgg
ggtccatttg
aatgttttgg
ttcaccacta
acacaagatc
gatatgtgtg
ggtagcacta
gttaccttcc
actttcttga
gtttacgaga
atgctgcttg
acagttgcett
tggcttgaat
gcttcagcectt
agacgtgttt
gctttagatc
ggtgtcgtta
tacccattgt
ttaggctatt
cttactcttg
caggggcttt
ggtattggag
aagtgcacat
aaattgtggg
gaagctttcg
gacattaata
tcagaattta
caggctgtag
gtggctaaat
gatcaggcta
actagtgcta
aacaacatta
acagcagcca
ggtaacacct
agcaagattg
cttattgtta
ccagtagcac
gacaatgcac
tcagaccacc
tacacagaac
aaatacttgt
ttagctgcta
gtgctttect
agtggaggac
caggcaatta
tgttgtctgt
aaaggtaagt
agaaacacag
ctccgcgaac
taagtgcagc

FIG. 10 Con’t

cagaagacat
ttcttgttca
tgcttaggcet
tccaacctgg
atcagtgtgc
gtagtgttgg
agcttccaac
ttgacagaca
catggctgta
ctttgaatga
atgttgacat
ctgctttgaa
ttttagaaga
aaggtaagtt
catcactatt
atgctttctt
ttaagcataa
actttaatat
tggctgacac
tagttttget
ggacactgat
aagctatttc
cgactatcat
tatttattac
gttgctgctyg
gtgtttatga
tgcectectaa
gtaaaccatg
ctgtggtact
cacaatgtgt
agaagatggt
ggttgtgcga
gttctttacc
ctaatggtga
ctgagtttga
tgacccaaat
tgcaaacaat
tcaacaatgc
aactcatggt
ttacatatgc
ttcaacttag
cagctctaag
tacgacagat
ttgectacta
aagatctcaa
tggaaccacc
acttcatcaa
cagtacgtct
tctgtgcttt
aaccaatcac
ctgtaacacc
attgtagatg
acgtccaaat
tctgtaccgt
ccttgatgcea
ccgtcttaca
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gcttaatect
ggctggcaat
taaagttgat
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catgagacct
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tggcaacacc
ctactttgge
ctacttggtc
gagtagtatt
tatcaaggtt
gctctcggtt
acaactccac
ttctettttg
ggaaatgctc
atcatatgcc
ttctgaagtc
ccgtgatgcet
gtacaaacag
gctcttcact
gcgtgatggt
tgttgtccct
atctgcactc
tgaaattaac
agccaactca
gtcectgtgeg
taacaattcg
atgggctaga
ttgtaggttt
aggcttaaac
tcaggctgga
tgcagtagac
caactgtgtg
agaagctaac
ccacattgac
acctaccact
ctgcggaatg
gtctgcggat
ccgtgceggea
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caggcactag
gttttgcaaa
atttattaga
agactattta
ttagagtaga
tggctgattt
aaatactcgt
acttcgtaga
aatcattatt
tactgacatt
aagtagcacc
tcctecacttt
cacttattaa
accgttattt
ataggtgtat
caagttttgg
ctggatacca
cgcgtetcag
ctggcaattt
atgttgcttt
tgtctaaagg
aggatggcaa
gtgatatcag
atggtggctg
tceccatttaa
aagatgcact
ttaagtatgc
gtactatgac
gagctactgt
ctgtttacag
gagccatgcece
cttgctgtaa
gtgagatggt
atgctacaac
taaatgcact
aacacaggct
agttttacgc
tgtgctataa
cagttcttta
accttactaa
atgattacgt
tcgatgatat
ttgatgctta
atttacaata
ccgtaatget
tgtacacacc
cttcacttcg
accatgtcat
ccccaggttg
gcaagtcaca
tatacaaaaa
gtgattggac
ttttcgeage
ccactgtacg
ctagaccacc
aagtacagat

tactgatgtc
gttcctaaaa
ctcttacttt
taacttggtt
tggtgacatg
agtctatgct
cacatacaat
gaatcctgac
aaagactgta
agataatcag
aggctgcgga
gactagggca
gtgggatttg
taaatattgg
ccttecattgt
accactagta
ttteegtgag
tttcaaggaa
attgctagat
tcaaactgtc
tttctttaag
cgctgctatc
acaactccta
tattaatgcc
taaatggggt
tttcgcgtat
cattagtgca
aaatagacag
ggtaattgga
tgatgtagaa
taacatgcett
cttatcacac
catgtgtggc
tgcttatgct
tctttcaact
ctatgagtgt
ttacctgecgt
cagtaactat
ttatcaaaat
aggacctcac
gtacctgcect
tgtcaaaaca
cccacttaca
cattagaaag
aactaatgat
acatacagtc
ttgcggtgcec
ttcaacatca
tgatgtcact
taagcctccc
cacatgtgta
taatgctggce
agaaacgctc
cgaagtactc
attgaacaga
tggagagtac

gtctacaggg
actaattgct
gtagttaaga
aaagattgtce
gtaccacata
ctacgtcatt
tgctgtgatg
atcttacgcg
caattctgcg
gatcttaatg
gttcctattg
ttggctgctyg
ctgaaatatg
gaccagacat
gcaaacttta
agaaaaatat
ttaggagteg
cttttagtgt
aaacgcacta
aaacccggta
gaaggaagtt
agtgattatg
ttcgtagttg
aaccaagtaa
aaggctagac
actaagcgta
aagaatagag
tttcatcaga
acaagcaagt
actccacacce
aggataatgg
cgtttctaca
ggctcactat
aatagtgtct
gatggtaata
ctctatagaa
aaacatttct
gcggctcaag
aatgtgttca
gaattttgct
tacccagatc
gatggtacac
aaacatccta
ttacatgatg
aacacctcac
ttgcaggctg
tgtattagga
cacaaattag
gatgtgacac
attagttttc
ggcagtgaca
gattacatac
aaagccactg
tctgacagag
aactatgtct
acctttgaaa
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FIG. 10 Con’t
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gaggtactac
taatgccact
tgtacccaac
tcggcatgca
ccatcggact
cagctgttga
gaatcatacc
tagaacagta
tctttgatga
gtgcaaaaca
tgactaaagg
taggtccaga
tgagtgcttt
tcaaaatgtt
aaataggcgt
tctcacctta
ctgttgattc
cagcacactc
ttttgtgcat
taccacgtcg
gtagtaagat
taaaattcaa
accgtagact
atatgtttat
tagagggctg
tttctacagg
cagaattcac
cactcatgta
gtgatacact
agcttacate
acaaacgtge
tgggttttga
gtaaccttca
gttgtgatge
attggtctgt
aagtacaaca
acattggaaa
acgatgctca
ctacacatca
gttacccagce
taccaggctg
tcgataaaag
cttgtgagtc
ctacgtgtat
accgacagta
acaaacaatt
atgtggctta
ttteccatcat
aaaataagac
aaccagtgcc
taatctggga
tgactgacat
atggtagagt
cagaaggttc
gagtcacatt
gcattattca

gacatacaag
tagtgcacct
actcaacatc
aaagtactct
tgctctctat
tgccctatgt
tgcgegtgceg
tgttttetge
aatctctatg
ctacgtctat
cacactagaa
catgttcectt
agtttatgac
ctacaaaggt
tgtaagagaa
taattcacag
atcacagggt
ttgtaatgtc
aatgtctgat
caatgtggct
cattactggt
gactgaagga
catctctatg
caceccgcgaa
tcatgcaact
tgttaactta
cagagttaat
taaaggcttg
gaaaggattg
aatgaagtac
aacttgcttt
ctatgtctat
gagtaaccat
tatcatgact
tgaatacccect
catggttgtg
tccaaaggct
gccatgtagt
cgataaattc
caatgcaatt
tgatggtagt
tgcatttact
tcatggcaaa
tacacgatgc
cttggatgca
tgatacttat
taatgttgtt
taataatgct
aacacttcct
agagattaag
ctacaaaaga
tgccaagaaa
ggaaggacag
agtcaaaggt
aattggagaa
acagttgect

ttgaatgttg
actctagtgce
tcagatgagt
acactccaag
tacccatctg
gaaaaggcat
cgcgtagagt
actgtaaatg
gctactaatt
attggcgatc
ccagaatatt
ggaacttgtce
aataagctaa
gttattacac
tttcttacac
aacgctgtag
tctgaatatg
aaccgcttca
agagatcttt
acattacaag
cttcatccta
ttatgtgttyg
atgggtttca
gaagctattc
agagatgctg
gtagctgtac
gcaaaacctc
ccctggaatg
tcagacagag
tttgtcaaga
tctacttcat
aacccattta
gaccaacatt
agatgtttag
attataggag
aagtctgcecat
atcaagtgtg
gacaaagctt
actgatggtg
gtgtgtaggt
agtttgtatg
aatttaaagc
caagtagtgt
aatttaggtg
tataatatga
aacctgtgga
aataaaggac
gtttacacaa
gttaatgttg
atactcaata
gaagccccag
cctactgaga
gtagaccttt
ctaacacctt
tcagtaaaaa
gaaacctact

gtgattactt
cacaagagca
tttctagcaa
gaccacctgg
ctcgecatagt
taaaatattt
gttttgataa
cattgccaga
atgacttgag
ctgctcaatt
ttaattcagt
geccgttgtcee
aagcacacaa
atgatgtttc
gcaatcctgce
cttcaaaaat
actatgtcat
atgtggctat
atgacaaact
cagaaaatgt
cacaggeace
acataccagg
aaatgaatta
gtcacgtteg
tgggtactaa
cgactggtta
caccaggtga
tagtgcgtat
tcgtgttegt
ttggacctga
cagatactta
tgattgatgt
gccaggtaca
cagtccatga
atgaactgag
tgcttgctga
tgcectcaggce
acaaaataga
tctgtttgtt
ttgacacaag
tgaataagca
aattgccttt
cggatattga
gtgctgtttg
tgatttctge
atacatttac
actttgatgg
aggtagatgg
catttgagct
atttgggtgt
cacatgtatc
gtgcttgtec
ttagaaacgc
caaagggacc
cacagtttaa
ttactcagag
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tgtgttgaca
ctatgtgaga
tgttgcaaat
tactggtaag
gtatacggca
gcccatagat
attcaaagtg
aacaactget
tgttgtcaat
accagcececece
gtgcagactt
tgctgaaatt
ggataagtca
atctgcaatc
ttggagaaaa
cttaggattg
attcacacaa
cacaagggca
gcaatttaca
aactggactt
tacacaccte
cataccaaag
ccaagtcaat
tgcgtggatt
cctacctcte
tgttgacact
ccagtttaaa
taagatagta
cctttgggeg
aagaacgtgt
tgcctgetgg
tcagcagtgg
tggaaatgca
gtgctttgtt
ggttaattcet
taagtttcca
tgaagtagaa
ggaactcttc
ttggaattgt
agtcttgtca
tgcattccac
cttttactat
ttatgttcca
cagacaccat
tggatttagc
caggttacag
acacgecggce
tattgatgtg
ttgggctaag
tgatatcgcect
tacaataggt
ttcacttact
ccgtaatggt
agcacaagct
ctactttaag
cagagactta
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tctcacactg
attactggct
tatcaaaagg
agtcattttg
tgctectecatg
aaatgtagta
aattcaacac
gacattgtag
gctagacttce
cgcacattgce
atgaaaacaa
gttgacactg
gctcaatgct
aacagacctc
gctgttttta
cctacgcaga
actactgaaa
aaaattggca
agtctagaaa
tttaaggact
agcgttgata
gacatgaccet
ggttacccta
ggctttgatg
cagctaggat
gaaaataaca
catcttatac
caaatgctca
catggctttg
tgtctgtgtg
aatcattctg
ggctttacgg
catgtggcta
aagcgcegttg
gcttgcagaa
gttcttcatg
tggaagttct
tattcttatg
aacgttgatc
aacttgaact
actccagcett
tctgatagtce
ctcaaatctg
gcaaatgagt
ctatggattt
agtttagaaa
gaagcacctyg
gagatctttg
cgtaacatta
gctaatactg
gtctgcacaa
gtcttgtttg
gttttaataa
agcgtcaatg
aaagtagacg
gaggatttta
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agcccagatce
gatataagct
aacttggcgg
aattagagga
aaacaggttc
agataataaa
atgctgaaat
aactacaagc
aaagaatgct
aaggaataat
ctttagetgt
ttgcaccagg
cagatcttaa
tacatacggc
atgtgacaaa
agcaaaaact
ctgaccttta
atgcatcatc
aaattgatgg
agttgtcttc
ctgtaatgtc
gtaggcttat
actaaacgaa
accggtgcac
tgaggggggt
atttatttcet
gcaaccctgt
ttgtcecgtgg
ttaacaattc
tetttgcectgt
ttaattgcac
gtaattttaa
ataagggcta
aacctatttt
cctttteacce
taaageccaac
attgttctca
aaggaattta
ctaatattac
tctatgcatg
actcaacatt
tttgcttctce
tagcgccagg
tgggttgtgt
attataaata
atgtgccttt
cattaaatga
tagtactttce
ctgaccttat
tgttaactce
atttcactga
cttttggggg
tatatcaaga
cagcttggcg
taggagctga
gtgctagtta

acaaatggaa
cgagggctat
tcttecattta
ttttatccct
atcaaaatgt
gtcacaagat
ttcattcatg
aagtcaagcg
tcttgaaaag
gatgaatgtc
accctacaac
tacagctgtg
tgacttecgtc
taataaatgg
agagaatgac
agccctgggt
caagcttatg
atcggaagca
ctataccatg
ctattcactc
tcttaaggag
cattagagaa
catgtttatt
cacttttgat
ttactatcct
tccattttat
catacctttt
ttgggttttt
tactaatgtt
ttctaaaccc
tttcgagtac
acacttacga
tcaacctata
taagttgccet
tgctcaagac
tacatttatg
aaatccactt
ccagacctcet
aaacttgtgt
ggagagaaaa
tttttcaacc
caatgtctat
acaaactggt
ccttgecttgg
taggtatctt
ctccectgat
ttatggtttt
ttttgaactt
taagaaccag
ttcttcaaag
ttccgttega
tgtaagtgta
tgttaactgc
catatattct
gcatgtcgac
ccatacagtt

FIG.

actgactttc
gccttcgaac
atgataggct
atggacagca
gtgtgttctg
ttgtcagtga
ctttggtgta
tggcaaccag
tgtgaccttc
gcaaagtata
atgagagtta
ctcagacaat
tccgacgecag
gaccttatta
tctaaagaag
ggttctatag
ggccatttct
tttttaattg
catgctaact
tttgacatga
aatcaaatca
aacaacagag
ttcttattat
gatgttcaag
gatgaaattt
tctaatgtta
aaggatggta
ggttctacca
gttatacgag
atgggtacac
atatctgatg
gagtttgtgt
gatgtagttc
cttggtatta
atttggggca
ctcaagtatg
gctgaactca
aatttcaggg
ccttttggag
aaaatttcta
tttaagtgct
gcagattctt
gttattgctg
aatactagga
agacatggca
ggcaaacctt
tacaccacta
ttaaatgcac
tgtgtcaatt
agatttcaac
gatcctaaaa
attacacctg
actgatgttt
actggaaaca
acttcttatg
tctttattac
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tcgagcetcge
acatcgttta
tagccaagcg
cagtgaaaaa
tgattgatct
tttcaaaagt
aggatggaca
gtgttgcgat
agaattatgg
ctcaactgtg
ttcactttgg
ggttgccaac
attctacttt
ttagcgatat
ggtttttcac
ctgtaaagat
catggtggac
gggctaacta
acattttctg
gcaaatttcc
atgatatgat
ttgtggtttce
ttcttactct
ctcctaatta
ttagatcaga
cagggtttca
tttattttgce
tgaacaacaa
catgtaactt
agacacatac
cectttteget
ttaaaaataa
gtgatctace
acattacaaa
cgtcagcetge
atgaaaatgg
aatgctctgt
ttgttcecte
aggtttttaa
attgtgttgce
atggcegtttce
ttgtagtcaa
attataatta
acattgatgc
agcttaggcce
gcaccccacc
ctggcattgg
cggccacggt
ttaattttaa
catttcaaca
catctgaaat
gaacaaatgc
ctacagcaat
atgtattcca
agtgcgacat
gtagtactag
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tatggatgaa
tggagatttc
ctcacaagat
ttacttcata
tttacttgat
ggtcaaggtt
tgttgaaacc
gcctaacttg
tgaaaatgct
tcaatactta
tgctggcetct
tggcacacta
aattggagac
gtatgaccct
ttatctgtgt
aacagagcat
agcttetgte
tcttggcaag
gaggaacaca
tcttaaatta
ttattctctt
aagtgatatt
cactagtggt
cactcaacat
cactctttat
tactattaat
tgccacagag
gtcacagtcg
tgaattgtgt
tatgatattc
tgatgtttca
agatgggttt
ttctggtete
ttttagagcec
agcctatttt
tacaatcaca
taagagcttt
aggagatgtt
tgctactaaa
tgattactcet
tgccactaag
gggagatgat
taaattgcca
tacttcaact
ctttgagaga
tgctcttaat
ctaccaacct
ttgtggacca
tggactcact
atttggccgt
attagacatt
ttcatctgaa
tcatgcagat
gactcaagca
tcctattgga
ccaaaaatct
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ttcatacagc
agtcatggac
tcaccactta
acagatgcgc
gactttgtcg
acaattgact
ttctacccaa
tacaagatgc
gttataccaa
aatacactta
gataaaggag
cttgtcgatt
tgtgcaacag
aggaccaaac
ggatttataa
tcttggaatg
acaaatgtaa
ccgaaggaac
aatcctatcece
agaggaactg
ctggaaaaag
cttgttaaca
agtgaccttg
acttcatcta
ttaactcagg
catacgtttg
aaatcaaatg
gtgattatta
gacaaccctt
gataatgcat
gaaaagtcag
ctctatgttt
aacactttga
attcttacag
gttggctatt
gatgctgttg
gagattgaca
gtgagattcc
ttcececttetg
gtgectctaca
ttgaatgatc
gtaagacaaa
gatgatttca
ggtaattata
gacatatcta
tgttattggc
tacagagttg
aaattatcca
ggtactggtg
gatgtttctg
tcaccttgct
gttgctgttc
caactcacac
ggctgtctta
gctggcattt
attgtggctt
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atactatgtc
ctactaactt
ccgtagattg
aatatggtag
atcgcaacac
aatattttgg
ggtcttttat
agcaatatgg
tcaatggact
ctgctctagt
aaataccttt
ttctctatga
aagaatcact
atgctcaagc
gtgtgctaaa
ggttaattac
ctgctgaaat
gacaatcaaa
cagcecccgea
tcaccacagc
ttgtgtttaa
ttactacaga
acacagttta
acttcaaaaa
ctgtcgtcaa
aatcactcat
atgtttggcet
gttgcatgac
agtttgatga
cgaacttatg
aaaaattgac
agcctcactce
cgctaccaaa
gttcatttgc
tgcaggtaag
caacgcatgt
attactttat
accatataac
aaaactcaaa
agactatgtc
aattactaca
agacccaccg
aatggatcca
aagtgagtac
tagcgtactt
tgcgcttcga
ggtttacgtc
ggtctaaacg
gcagacaacg
gtaataggtt
aacaggtttt
gcttgttttyg
gcaatggctt
tttgctcgta
cctcteceggg
gtgatcattc

tttaggtgct
ttcaattagc
taatatgtac
cttttgcaca
acgtgaagtyg
tggttttaat
tgaggacttg
cgaatgccta
tacagtgttg
tagtggtact
tgctatgcaa
gaaccaaaaa
tacaacaaca
attaaacaca
tgatatcctt
aggcagactt
cagggcttct
aagagttgac
tggtgttgte
gccagcaatt
tggcacttct
caatacattt
tgatcctctg
tcatacatca
cattcaaaaa
tgaccttcaa
cggcttcatt
tagttgttge
ggatgactct
gatttgttta
aatgcttcetce
ccttteggat
ataattgcgce
aatttactge
gaggcgcaat
agaattatta
gatgccaact
agtgtcacag
gaagactacc
gttgtacatg
gacactggta
aatgtgcaaa
atttatgatg
gaacttatgt
ctttttettg
ttgtgtgcegt
tactcgcgtg
aactaactat
gtactattac
tcctattecct
tgtacataat
tgcttgctgt
gtattgtagg
ccecgetcaat
ggacaattgt
gtggtcactt

gatagttcaa
attactacag
atctgcggag
caactaaatc
ttcgctcaag
ttttcacaaa
ctctttaata
ggtgatatta
ccacctctge
gccactgctg
atggcatata
caaatcgcca
tcaactgcat
cttgttaaac
tcgcgacttg
caaagccttc
gctaatcttg
ttttgtggaa
ttcctacatg
tgtcatgaag
tggtttatta
gtctcaggaa
caacctgagc
ccagatgttg
gaaattgacc
gaattgggaa
gctggactaa
agttgcctca
gagccagtte
tgagattectt
ctgcaagtac
ggcttgttat
tcaataaaag
tgctatttgt
ttttgtacct
tgagatgttg
actttgtttg
atacaattgt
aaattggtgg
gctatttecac
ttgaaaatgce
tacacacaat
agccgacgac
actcattegt
ctttcgtggt
actgctgcaa
ttaaaaatct
tattattatt
cgttgaggag
agcctggatt
aaagcttgtt
tgtctacaga
cttgatgtgg
gtggtcattc
gaccagaccg
gcgaatggcec
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ttgcttacte
aagtaatgcc
attctactga
gtgcactctc
tcaaacaaat
tattacctga
aggtgacact
atgctagaga
tcactgatga
gatggacatt
ggttcaatgg
accaatttaa
tgggcaagct
aacttagctc
ataaagtcga
aaacctatgt
ctgctactaa
agggctacca
tcacgtatgt
gcaaagcata
cacagaggaa
attgtgatgt
ttgactcatt
atcttggcga
gcctcaatga
aatatgagca
ttgccatcgt
agggtgcatg
tcaagggtgt
tactcttgga
tgttcatgct
tggcgttgea
atggcagcta
taccatctat
ctatgccttg
gctttgttgg
ctggcacaca
cgttactgaa
ttattctgag
cgaagtttac
tacattctte
cgacggctct
gactactagc
ttcggaagaa
attcttgcta
tattgttaac
gaactcttct
ctgtttggaa
cttaaacaac
atgttactac
ttcetetgge
attaattggg
cttagctact
aacccagaaa
ctcatggaaa
ggacactccc

FIG. 10 Con’t

taataacacc
tgtttctatg
atgtgctaat
aggtattgct
gtacaaaacc
ccetctaaag
cgctgatget
tctcatttgt
tatgattgct
tggtgctgge
cattggagtt
caaggcgatt
gcaagacgtt
taattttggt
ggcggaggta
aacacaacaa
aatgtctgag
ccttatgtee
gccatceeag
cttcectegt
cttcttttct
cgttattggc
caaagaagag
catttcaggc
ggtcgctaaa
atatattaaa
catggttaca
ctcttgtggt
caaattacat
tcaattactg
acagcaacga
tttcttgetyg
gccctttata
tcacatcttt
atatattttc
aagtgcaaat
cataactatg
ggtgacggca
gataggcact
taccagcttg
atctttaaca
tcaggagttyg
gtgcetttgt
acaggtacgt
gtcacactag
gtgagtttag
gaaggagttec
ctttaacatt
tcctggaaca
aatttgccta
tecttgtggec
tgactggcgg
tcgttgettce
caaacattcet
gtgaacttgt
tagggcgcetg
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attgctatac
gctaaaacct
ttgcttctcc
gctgaacagg
ccaactttga
ccaactaaga
ggcttcatga
gcgcagaagt
gcctacactg
gctgctcettce
acccaaaatg
agtcaaattc
gttaaccaga
gcaatttcaa
caaattgaca
ctaatcaggg
tgtgttcttg
ttceccacaag
gagaggaact
gaaggtgttt
ccacaaataa
atcattaaca
ctggacaagt
attaacgctt
aatttaaatg
tggeccttggt
atcttgcttt
tcttgetgea
tacacataaa
cacagccagt
taccgctaca
tttttcagag
agggcttcca
tgcttgtcge
tacaatgcat
ccaagaaccce
actactgtat
tttcaacacc
caggtgttaa
agtctacaca
agcttgttaa
¢taatccagce
aagcacaaga
taatagttaa
ccatccttac
taaaaccaac
ctgatcttct
gcttatcatg
atggaaccta
ttctaatcgg
agtaacactt
gattgcgatt
cttcaggcectg
tctcaatgtyg
cattggtgct
tgacattaag
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gacctgccaa
gcgtcgcecage
aactataaat
taagtgacaa
tatcattatg
agtgagacaa
acctatggag
ttgtatttac
tactaaaaga
ctgacaataa
gtactcgaca
aagaggaggt
ttttaatact
cttctatttg
ttggttttca
gaaacttctc
gcgctgtgcea
gtaatactta
ggcacactat
gtggtgcgct
gagacgtact
tcaaaccaac
aaccagaatg
aataatactg
cctcgaggcece
taccgaagag
agatggtact
aaagaaggca
ggcacccgca
ttgccaaaag
tcatcacgta
cctgectcgaa
ttgaaccagc
actaagaaat
cagtacaacg

ggggaccaag
tttgctccaa

tcgggaacat

aaagacaacg
gagcctaaaa
aagaagcagc
cttcaaaatt
accacacaag
tactcttgtg
atctcacata
cattttcatc
ctgcctatat
attttaatag

aagagatcac
gtgtaggcac
taaatacaga
cagatgtttc
aggactttca
ttatttaagc
ttagattatc
atcttgcgag
accttgcccea
atttgcacta
tacctatcag
tcaacaagag
ttgcttcace
tgctttttag
ctcgaaatcec
attgttttga
tctaataaac
tagcactgct
ggttcaaaca
tatagctagg
tgttgtttta
gtagtgcccc
gaggacgcaa
cgtcttggtt
agggcgttcc
ctacccgacg
tctattacct
tcgtatgggt
atcctaataa
gcttctacgc
gtcgcggtaa
tggctagegg
ttgagagcaa
ctgectgcetga
tcactcaagc
acctaatcag
gtgcctctge
ggctgactta
tcatactgct
aggacaaaaa
ccactgtgac
ccatgagtgg
gcagatgggce
cagaatgaat
gcaatcttta
gaggccacgce
ggaagagccc
cttcttagga

tgtggctaca
tgattcaggt
ccacgccggt
atcttgttga
ggattgctat
ctctaactaa
cataaaacga
ctatatcact
tcaggaacat
acttgcacta
ctgcgtgcaa
ctctactcgce
attaagagaa
cctttetget
aggatctaga
cttgtatttc
ctcatgtget
tggctttgtg
tgcacaccta
tgttggtacc
aataaacgaa
ccgcattaca
tggggcaagg
cacagctctce
aatcaacacc
agttcgtggt
aggaactggc
tgcaactgag
caatgctgcc
agagggaagc
ttcaagaaat
aggtggtgaa
agtttctggt
ggcatctaaa
atttgggaga
acaaggaact
attctttgga
tcatggagcece
gaacaagcac
gaaaaagact
tettcttect
agcttctgcet
tatgtaaacg
tctegtaact
atcaatgtgt
ggagtacgat
taatgtgtaa
gaatgacaaa
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tcacgaacgce
tttgctgecat
agcaacgaca
cttccaggtt
ttggaatctt
gaagaattat
acatgaaaat
atcaggagtg
acgagggcaa
gcacacactt
gatcagttte
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60

ATATTAGGTTTTTACCTACCCAGGAAAAGCCAACCAACCTCGATCTCTTGTAGATCTGTT
-I L 6 F YL P RIKSZPT SIS CUR S V
- Y * vV FTY P G KA ANOQPURS UL V DULF
- I R F L P TOGQE K P TNILDILTL>* I C S
61 - CTCTAAACGAACTTTAAAATCTGTGTAGCTGTCGCTCGGCTGCATGCCTAGTGCACCTAC - 120
-L ~ TN F K I CV AV A RULHA®*CTY
- 8 KR TUL K SV >*»L s L GCMP S A PT
- L N E L * NL ¢S CR S A A CUL V HUL R
121 - GCAGTATAAACAATAATAAATTTTACTGTCGTTGACAAGAAACGAGTAACTCGTCCCTICT - 180
-A vV *» T I I N F TV VDK K RV TR P 8§
- ¢ ¥Y K Qg * *» I L L 8L TZRWNE * L V P L
- §$ I NN NI KUVF Y CR * Q ET S NS S§ L F
181 - TCTGCAGACTGCTTACGGTITTCGTCCGTGTTGCAGTCGATCATCAGCATACCTAGGTTTC - 240
-8 ADCLURUPFRPCCSI RS S8 A Y L G F
- L T AY GV FVRVAUVDHQHT * V 8§
- ¢c R L L TV S S VL1 Q S8 TI I S I P R F R
241 - GTCCGGGTGTGACCGAAAGGTAAGATGGAGAGCCTTGTTCTTGGTGTCAACGAGAARACA - 300
-V RV *P KGKMESUL VUL GV NEIKT
- 8 G DRI KV RWIRALU FULV S TR KH
- P ¢ v T ER * D GE P C S WCOQIRENT
301 - CACGTCCAACTCAGTTTGCCTGTCCTTCAGGTTAGAGACGTGCTAGTGCCTGGCTTCGGG -~ 360
-H VvV QL S L P VL Q V RDV L VR G F G
- T SsS NS V CL S FRULETUZGC®™* CV A S G
- R P T Q F A CUP S G * RRA S A W L R G
361 - GACTCTGTGGAAGAGGCCCTATCGGAGGCACGTGAACACCTCAAAAATGGCACTTGTGGT - 420
-D S V E E AL S E A REHULKDNGT C G
- T L W KRPY R RHVNTS KMATLV V
- L ¢CGGR GPIGGT* TP Q K WHL W S
421 - CTAGTAGAGCTGGAAAAAGGCGTACTIGCCCCAGCTTGAACAGCCCTATGTGTTCATTAAA - 480
-L v EL E K GVL P QL EQ P Y V F I K
- * * § W K KAYCPSL NS PMCS L N
- S R A G KRRTAP®AT*TATULTCVH * T
481 - CGTTCTGATGCCTTAAGCACCAATCACGGCCACAAGGTCGTTGAGCTGGTTGCAGAAATG - 540
-R S DAL S TNUHGHI KV YV EL V A E M
- vVL M P *» A P I TATU R SUL S WUIL Q KW
- F »CL KHQS RP QGR * A G CUR NG
541 - GACGGCATTCAGTACGGTCGTAGCGGTATAACACTGGGAGTACTCGTGCCACATGTGGGC - 600
’ -bD G I Q ¥ G R S I TULGGV L V P HV G
- T A F § TV VAV *HWE Y S CHMUW A
- R H S VvV RS * R Y NTG S TR AT C G R
601 - GRAACCCCAATTGCATACCGCAATGTTCTTCTTCGTAAGAACGGTAATAAGGGAGCCGGT - 660
-E T P I A Y R NV L L R KNGN K G A G
- K P QL H T AWMV FVFVFVRTUVTIRE P V
- N P N CI PQOCS S S * ER * * G S§ R W
661 - GGTCATAGCTATGGCATCGATCTAAAGTCTTATGACTTAGGTGACGAGCTTGGCACTGAT - 720
-G H S Y G I DL K S Y DULGDETLTGTD
- v I A MAS I ** S L MT~*V TS L ATLTI
- S *» L # H R S KV L *» L R * R A W H * 8
721 - CCCATTGAAGATTATGAACAAAACTGGAACACTAAGCATGGCAGTGGTGCACTCCGTGRA - 780
-P I EE DY E Q N WNTI KHG S G A L R E
- P L X I MNIKTUGTULSMAUV V H S V N
- H * R L * T KL EH * A WQWCT P * T
781 - CTCACTCGTGAGCTCAATGGAGGTGCAGTCACTCGCTATGTCGACAACARATTTCTGTGGC - 840
-L T R ELNGGA AV TR Y VDNNVF CG
- 8 L vs sS MEVQSLAMSTTTIS V A
- H S *» AQ W R C S H SLCRGQQF L WP

[
'

FIG. 11
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CCAGATGGGTACCCTCTTGATTGCATCAAAGATTTTCTCGCACGCGCGGGCAAGTCAATG
P DGY P LD CTI KDV FILA AR AGIK S8 M
Q M 6 T L L I A S8 K I F S HAURA AS Q C
R WV P S *» L HQRPFSRTURUGIOQV NV
TGCACTCTTTCCGAACAACTTGATTACATCGAGTCGAAGAGAGGTGTCTACTGCTGCCGT
¢ T L S EQ L DY IES KU RUGUWVYCCR
AL F P NNUILTITS S S RREV S5 TAA AV
H S FRTT* L HRV EEURTCULULL P *
GACCATGAGCATGAAATTGCCTGGTTCACTGAGCGCTCTGATAAGAGCTACGAGCACCAG
D HEHETIA AWV FTEURZ SDI K S Y E H Q
T M §s M KL P G SL 8§ AL IR ATSTR
P * A * NCL VH* AL * * EL R A P D
ACACCCTTCGAAATTAAGAGTGCCAAGAAATTTGACACTTTCAAAGGGGAARTGCCCARAG
T P F E I K s A K K F DT VF K G E C P K
H P S K L RV PRUNILTILS KGNAOQ S
T L RN * E C Q E I * HF QR G M P K V
TTTGIGTTTCCTCTTAACTCAARAGTCARAGTCATTCAACCACGTGTTGAAAAGAAAAAG
F v F P L NS KV K VI QPU RV E K K K
L ¢ L L TQ K S§ K S FNUHV L KR KR
c v s s * L K S @ s HsTT T C®* KE KD
ACTGAGGGTTTCATGGGGCGTATACGCTCTGTGTACCCTGTTGCATCTCCACAGGAGTGT
T E G FMGURTIURZS VY PV A S P QE C
L RV S§ WGV Y AL CTULULHULUHIRGSYV
* G FH G6GAYTULTCVUPCCTI ST GV *
AACAATATGCACTTGTCTACCTTGATGAAATGTAATCATTGCGATGAAGTTTCATGGCAG
N NMHUL 8 TULMIKCNUHTCDEV S W Q
T I ¢ T CUL P * *» NV ITIAMIKFUHGR
Q ¥ A L VY LD EM®* S L R * & F MATD
ACGTGCGACTTTCTCGAAAGCCACTTGTGAACATTGTGGCACTGAAAATTTAGTTATTGAA
T ¢ D FL K AT CEUHTCGTENTULV I E
R ATV F * K P L VNI VAL KTI™*TDL UL K
vV R L § E S HL *TUL WH * K F S§ Y * R
GGACCTACTACATGTGGGTACCTACCTACTAATGCTGTAGTGARAATGCCATGTCCTGCC
G pTTOCGYL P TN AUV YV KM P C P A
D L L HVGGTYILILMTIL®* *» K CHV L P
T Y Y M w Vv P TY *» CUCS S EUNA AMSTCTL
TGTCAAGACCCAGAGATTGGACCTGAGCATAGTGTTGCAGATTATCACAACCACTCAAAC
¢ ¢ D P E I G P EHS V ADYHNUHSN
V K T QR L DL $ I VL Q I I T TTOQT
S R P R DWT * A * C CRL S Q P L K H
ATTGARACTCGACTCCGCAAGGGAGGTAGGACTAGATGTTTTGGAGGCTGTGTGTTTGCC
I ETRULRIKGGRTURCTF GG CV F A
L K LD S AREVGLDVILEA AWVCTL P
* N §$S T P Q GR * D * M F WRUL C V CL
TATGTTGGCTGCTATAATAAGCGTGCCTACTGGGTTCCTCGTGCTAGTGCTGATATTGGC
Y v 6 ¢ Y N K RAY WV P RASADTISG
M L AAI I SV PTGV FULUVL VL I L A
¢ Ww&LvLlkL * * A CLUL G S S C* C * Y W L
TCAGGCCATACTGGCATTACTGGTGACAATGTGGAGACCTTGAATGAGGATCTCCTTGAG
S GH T G I T GD NV ETULNTEUDTULULE
Q A I LALULVTMWU®RU®PO™*MR I S L R
R P Y WHY W * Q ¢C G DL E * G S P * D
ATACTGAGTCGTGAACGTGTTAACATTAACATTGTTGGCGATTTTCATTTGAATGAAGAG
I L $S R ERVNINTIUVGDV FHTULNEE
Y *» v v ~NV51TULTULULATIU FTI * M KR
T E S * T ¢C » H * H C W R F 8 F E * R G
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GTTGCCATCATTTTGGCATCTTTCTCTGCTTCTACAAGTGCCTTTATTGACACTATAAAG
vV A I I L A S F S A S T S A F I DT I K
L P 8 FWHUL S UL UL L QV PUL L T UL * R
¢ HHF G I FL CF Y KCUL Y * HY K E
AGTCTTGATTACAAGTCTTTCARAACCATTGTTGAGTCCTGCGGTAACTATARAGTTACC
S L DY K S F KTTI VESCGI NYI K VT
v L I T s L 8 K ppLL S P AV T I KL P
s *» L Q vV F Qg N HC * V L R * L * S Y Q
BAAGGGAAAGCCCGTAAAAGGTGCTTGGAACATTGGACAACAGAGATCAGTTTTAACACCA
K G K PV K GAWNDNIGOQOQOIR S VL TP
R BE 8 p * K V L G T L b N RUDOGQ F * H H
G K A RKUZ RTCLEUHWTTETI S FNTT
CTGTGTIGGTTTTCCCTCACAGGCTGCTGGTGTTATCAGATCAARTTTTTGCGCGCACACTT
L ¢C GF P S§ Q A A GV I R S I F A RT L
¢ vV VvV F PHRUILIULUVUL SDOQ F L RAUHL
vV W F 5§ L T G C W C Y Q I N F C A H T *
GATGCAGCAAACCACTCAATTCCTGATTTGCAAAGAGCAGCTGTCACCATACTTGATGGT
DA RNUHSTIUPTUDULO QU RAAVTTTIIULTDG
M ¢ Q T T Q F L 1 ¢ K E QL S P Y L M V
¢ 8 K P L NS *» F A K S S C HHT * W Y
ATTTCTGAACAGTCATTACGTCTTGTCGACGCCATGGTTTATACTTCAGACCTGCTCACT
I1 S EQ S L RL VYV DAMVYVY Y T S DILULT
F L NS HY v L 8 T P W F I L Q T C S P
F ~ T v I T §8 C R R H G L Y F R P A H Q
AACAGTGTCATTATTATGGCATATGTAACTGGTGGTCTTGTACAACAGACTTCTCAGTGG
N 8§ v I I MAY V TG GULV Q QT S5 0 W
T v § L L W  H M * L VvV V L Y N R L L 5§ G
Q CH Y Y 6 I CN WWSCTTUDTF S VYV
TTGTCTAATCTTTTGGGCACTACTGTTGAAAAACTCAGGCCTATCTTTGAATGGATTGAG
L $ N L L 6T TV E KLU RU©PTI F E W I E
¢ L I F W AL ULL KNS GL S L NGUL R
vV *» § F G H Y ¢ » K T™ QQ A Y L » M D * G
GCGAAACTTAGTGCAGGAGTTGAATTTCTCAAGGATGCTTGGGAGATTCTCARATTTCTC
A K L 8§ A GV EF L KDAWETIULI KT FL
R N L v 9 EL NF S R ML G R F 8 N F 8§
E T * C R S * I 8§ Q G ¢CL 6D S Q1 s H
ATTACAGGTGTTTTTGACATCGTCAAGGGTCAAATACAGGTTGCTTCAGATAACATCAAG
I T G vV ¥F DI V K G QI Q V A 8 D NI K
L Q VFLTS SRV KY RILULGQTI TS R
Y R CF * H R Q G 58 NT G CUVF R * H Q G
GATTGTGTAARATGCTTCATTGATGTTGTTAACAAGGCACTCGARATGTGCATTGATCAA
D ¢V K ¢CF I DV YV NI KWAULEMTCTIT DDOQ
I v * N A S L M L L T RUH S K C AL I K
L ¢C K M L H * ¢ C * Q G T RNV H * S §
GTCACTATCGCTGGCGCAAAGTTGCGATCACTCAACTTAGGTGAAGTCTTCATCGCTCAA
v T I A G A KL R S L NL G E V F I A Q
S L S L A Q S CDHST™* V K S S S L K
H Y R W R KV A I T OQQULUR * S L HR S§ K
AGCAAGGGACTTTACCGTCAGTGTATACGTGGCAAGGAGCAGCTGCAACTACTCATGCCT
S K 6 L ¥ R Q C I R G KUEOGQULGQULLMTP
A R DF TV S§ V Y V A RS S CUNY S C L
Q G T L P 8 V Y T W Q G A A A T TH A S
CTTAAGGCACCAAAARGAAGTAACCTTTCTTGAAGGTGATTCACATGACACAGTACTTACC
L XK AP K EVTPFULEGDSHDTUVL T
L R H Q K K * P F L K VI H M T Q Y L P
* @ T K R § NL 8 » R *» F T * H S T ¥ L
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TCTGAGGAGGTTGTTCTCAAGAACGGTGAACTCGAAGCACTCGAGACGCCCGTTGATAGC
S EEV VL K NGEULEA ATLET?P V D S
L RRLFSURTU VNS KIHESURT RUPULTIA
* 6 6 ¢C S Q ER * TR S TIRUDAR * * L
TTCACAAATGGAGCTATCGTCGGCACACCAGTCTGTGTAAATGGCCTCATGCTCTTAGAG
F T N G A I V GGTU©PV CVNGILMTLUL E
S M EL S S A HOQSV*MAS C S * R
H K W S Y RRHTS L CX K WP HAULRD
ATTAAGGACAAAGAACAATACTGCGCATTGTCTCCTGGTTTACTGGCTACARACAATGTC
I K D X EQ Y ¢ AL S?PGILILA ATNNUV
L R T K NN TAHUCULTULV Y WUL OQTMS
* G @ R TIUL PRI VS WFTG Y KOQTCTL
TTTCGCTTAAAAGGGGGTGCACCAATTARAGGTGTAACCTTTGGAGAAGATACTGTTTGG
F R L XK G GA PI K GV TVPF G EDTV W
F A * K GV HQUL KV * P L EKTITULF G
S L KR GCTNT®*RCNILWI® RIZ RYCUL G
GAAGTTCAAGGTTACAAGAATGTGAGAATCACATTTGAGCTTGATGAARCGTGTTGACAAA
E V. Q G Y K NV RITU FETULUDEI RV DK
K F X vV T RM* ES HL S L MUNV L T K
S$s S R L @ ECENUHTI *¥ A * *x T C * Q §
GTGCTTAATGAAAAGTGCTCTGTCTACACTGTTGAATCCGGTACCGAAGTTACTGAGTTT
vVL.LNEI K CSVYTVESGTEVTE F
¢ LMK SAIL STULULNUZPUV P KTILULS L
A *» *» K VL ¢ L HC* I R Y R S Y * VvV C
GCATGTGTTGTAGCAGAGGCTGTTGTGAAGACTTTACAACCAGTTTCTGATCTCCTTACC
A CV VA EAV YV KTULOGQ?P VS DILULT
H Vv DL * Q@ RULTUL * RL Y NOQFULTIS L P
M ¢ ¢ s R GCCEDVFTTSF * S P Y Q
AACATGGGTATTGATCTTGATGAGTGGAGTGTAGCTACATTCTACTTATTTGATGATGCT
N M G I DL DEWSVATF FY L F DDA
T w v L I L M GV * L HS TY UL MMIL
H G Y * s * *» V E CS§S§ Y I L L I *» * C W
GGTGAAGAAARACTTTTCATCACGTATGTATTGTTCCTTTTACCCTCCAGATGAGGAAGAA
G EENVF S S RMY CS F Y P P DE E E
vV K XK T FHHV CI V?PFTULOMMTZ R KK
*R XK L F I T Y V L F L L P § R * G R R
GAGGACGATGCAGAGTGTGAGGAAGAAGARATTGATGARACCTGTGAARCATGAGTACGGT
E DDA AETCEEEETIUDETT CEUHEY G
R T M Q S VR KK KL M K P VN M S TV
G R CRV ®*» GR RN *» N L * T * V R Y
BCAGAGGATGATTATCAAGGTCTCCCTCTGGAATTTGGTGCCTCAGCTGARACAGTTCGA
T EDD Y Q G L P L EVF G A S AZETV R
g R M I I KV §L WNULV P QL K OQ F E
R G *L 8§ R S P S G I W CUL S * N S S S
GTTGAGGAAGAARGAAGAGGAARGACTGGCTGGATGATACTACTGAGCAATCAGAGATTGAG
vV E E E E E E D W L DPDD T TE Q S E I E
L R K K KR KTOGWMTIUL L 8§ N Q R L 8§
* G R RRGRULAG®* Y Y *» A I R D * A
CCAGAACCAGAACCTACACCTGAAGAACCAGTTAATCAGTTTACTGGTTATTTAAAACTT
P E P E P T P EE PV NQVFTG Y L K L
Q N Q NL HL KNOQUL I S L L V I * N L
R TR TJY T * R T S * S VY WL F K T Y
ACTGACAATGTTGCCATTAAATGTGTTGACATCGTTAAGGAGGCACAAAGTGCTAATCCT
T DNV A I K CV DIV K EA AUGQSA ANUZP
L T ML PL N VL TS LRIRMHI KV L I L
*Q ¢ C H * M C * HR * G G T KC * 5 Y
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ATGGTGATTGTAAATGCTGCTAACATACACCTGAAACATGGTGGTGGTGTAGCAGGTGCA
M v I VN A ANTITUHULIKHGG GGV A G A
W=+~ 5L * M L L T YT * NMV V V * Q V H
G D CK CC=®* HTU?PETWWWCS R CT
CTCAACAAGGCAACCAATGGTGCCATGCAARAGGAGAGTGATGATTACATTAAGCTAAAT
L N K ATWNSGAMZ QI KE S DD Y I KL N
S T R’'Q PM V P C KRRV MITILS * M
Q 0 G N Q WCHAIKGE * * L H * A KW
GGCCCTCTTACAGTAGGAGGGTCTTGTTTGCTTTCTGGACATAATCTTGCTAAGAAGTGT
G P L T VGG S CL L 8 G HNULAIEKKZC
AL L Q * EGLV CPFPLDTITIULIULUZ RSV
P SY SRRV L FAVFWTT®=* S C * E V S
CTGCATGTTGTTGGACCTAACCTARATGCAGGTGAGGACATCCAGCTTCTTAAGGCAGCA
L HV VvV G P NILNA AGEUDTIOQLTUL K A A
¢c ML L DL T *MQVRT S S F L R Q H
A C CWwWT* P KCR * GH P A S * G S I
TATGAAAATTTCAATTCACAGGACATCTTACTTGCACCATTGTTGTCAGCAGGCATATTT
Y ENF NS QD I L L APULUL S AGTITF
M K I 8 I HR TS Y L HHZ CUGCOGQQAY L
* X F Q F T GHULTCTTI VYV S RHTIMW
GGTGCTARACCACTTCAGTCTTTACAAGTGTGCGTGCAGACGGTTCGTACACAGGTTTAT
G A K PL Q S L QV CVQ TV RTOQV Y
vV LN HF 8§ L Y K CATCRU RUFUV HRFI
¢c *~TT SV F TS VR ADUGS Y TG UL Y
ATTGCAGTCAATGACAAAGCTCTTTATGAGCAGGTTGTCATGGATTATCTTGATAACCTG
I AV N D K AUL Y E Q V V M D Y L D N L
L Q S MTKLFMSRUL SW I I L I T *
c s ¢ »»Q s S L *»*AGCHUGULS * * P E
AAGCCTAGAGTGGAAGCACCTAAACAAGAGGAGCCACCAAACACAGAAGATTCCAAAACT
K PR Y EA P K OQEEU®PPNTET DS KT
S L EW K HULDNI K R S HQTOQ K I P K L
A * 8 G S T * T R G AT KHIRU RF Q N *
GAGGAGAAATCTGTCGTACAGAAGCCTGTCGATGTGAAGCCAAAAATTAAGGCCTGCATT
E E K s VvV VvV Q K P VDV KUP K I KA AT CTI
R R NL §$ YR SL S M * 8 Q KL R P A L
G E I ¢C R TE ACRTCEA AI KN * G L H *
GATGAGGTTACCACAACACTCGGAAGAAACTAAGTTTCTTACCAATAAGTTACTCTTGTTT
D EVTTTULEETIKVFLTNI KULULULF
M R L P Q H W K KL S F L P I 8 Y 8§ C L
*G Y H NT G RN * V § Y Q *» V T L V C
GCTGATATCAATGGTAAGCTTTACCATGATTCTCAGAACATGCTTAGAGGTGAAGATATG
A DI NG K L Y HD S Q N ML R GE DM
L I s Mm Vs F TMTIUILRTU GCILEVKTIC
* Y Q W * A L P * F § E HA * R * R Y V
TCTTTCCTTGAGAAGGATGCACCTTACATGGTAGGTGATGTTATCACTAGTGGTGATATC
S F LE XK DAU?PYMV GDVITS G DI
L s LRRMHLTW™* VML $§ L V V I §
F P *E GG CTULHGIR* CY H * W *» Y H
ACTTGTGTTGTAATACCCTCCAAAAAGGCTGGTGGCACTACTGAGATGCTCTCAAGAGCT
T C v vV I P S KKAGGTTEMMTUL S R A
L v L * Y PP KRULV AULULIRTU GCSQ E L
L ¢CCNTUL Q K G W WH Y * DAL K S§ F
TTGAAGARAGTGCCAGTTGATGAGTATATAACCACGTACCCTGGACAAGGATGTGCTGGT
L K X vpVDEYITTYUPGOQOGC A G
* R K ¢ QL M S I * P RTULUDI KUDVULYV
E E S A S * *» V Y NHV P W T RMUCW L
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TATACACTTGAGGAAGCTAAGACTGCTCTTAAGAAATGCAAATCTGCATTTTATGTACTA
¥y T L E E A KT AULI K KCIKS AU FY VL
I H L R KL RULUILUILURUDNANILUHUPFMYY
Y T * GG s * D C S * EMQTICTIULCTT
CCTTCAGAAGCACCTAATGCTAAGGAAGAGATTCTAGGAACTGTATCCTGGAATTTGAGA
P S E A PNAIKEETIULGTV S WNL R
L ¢ X H 1L MLRIKI RV F™*ETILYUPGTI * E
F RS T ¥ ¢ * 6 RD S RNIGCTIULUETFER
GARATGCTTGCTCATGCTGAAGAGACAAGAAAATTAATGCCTATATGCATGGATGTTAGA
EMLAUHAEETURI KU LMUZPTIOCMDV R
K ¢L LML KU RUGQEN* CLYAWMTL E
N A CSsSs C * R DK K I NAYMHGTC * 8
GCCATAATGGCAACCATCCAACGTAAGTATAAAGGAATTAAAATTCAAGAGGGCATCGTT
A I MATTI QR KY K GTII KTIOETGTIUV
P * W QP S NV S I KEUL K F KRA S L
H NGNH.PT * V * R N * NS R G H R *
GACTATGGTGTCCGATTCTTCTTTTATACTAGTARAGAGCCTGTAGCTTCTATTATTACG
D Y VRV FUFVFYTS KE?PV A S I TIT
T M v s b s § F I L VvV X s L * L L L L R
L wc¢?PTI LLUL Y * * R A CSF Y Y Y E
AAGCTGAACTCTCTAAATGAGCCGCTTGTCACAATGCCAATTGGTTATGTGACACATGGT
K L N S8 L NEPL V TMUP I G Y V T H G
s *TL *M § RL 8§ Q C 0 L VM * HMV
A EL § K *A A CHNWANWULT CDTWF
TTTAATCTTGAAGAGGCTGCGCGCTGTATGCGTTCTCTTAAAGCTCCTGCCGTAGTGTCA
F NL EEAARCMZPERSTLI KA AUZPA AWV V S
L I L KU RULIRAV CV L L KULULUP * C Q
* § *» R 6 ¢ AL Y A F § * 8§ 8 C R S V S
GTATCATCACCAGATGCTGTTACTACATATAATGGATACCTCACTTCGTCATCAAAGACA
v s SsS$P?PDAVTTTYNUGYULTS S S KT
Y HH Qo M L L L HIMUDTSULRUHEQRH
I T T R CCY Y I * W I P HF V I KTDI
TCTGAGGAGCACTTTGTAGAAACAGTTTCTTTGGCTGGCTCTTACAGAGATTIGGTCCTAT
S EEHF V ETV S L A G S Y RD W s Y
L RS TUL * KQ F L WULATULTETITGU?©PTI
* 6 AL CRDNSF F G WL L Q R L VL F
TCAGGACAGCGTACAGAGTTAGGTGTTGAATTTCTTAAGCGTGGTGACAAAATTGTGTAC
s G Q R TEULGV EFUL KU RGDI KI VY
Q b s v.Qs * VL N F L 8V VT KXKULCT
R TA Y R VU RC~* I S§ ** A W * Q N C V P
CACACTCTGGAGAGCCCCGTCGAGTTTCATCTTGACGGTGAGGTTCTTTCACTTGACAAA
H T L E S P V EF HL DG E V L 8 L D K
T L WURAUP S S F I L TV RV FVFHTULTN
H S$S GEPI R RVS S * R * G S F T * QT
CTAAAGAGTCTCTTATCCCTGCGGGAGGTTAAGACTATARAAGTGTTCACAACTGTGGAC
L K S L L §L REV KTTII KUV FTTV D
* R vV 8 Y P CGRULURUL®* KC S QL W T
K E s L I P A GG * D Y K S V HNDNCG Q
AACACTAATCTCCACACACAGCTTGTGGATATGTCTATGACATATGGACAGCAGTTTGGT
N T NL HTOQOL VDMSMTY G Q Q F G
T L I § T H S L W I CUL * HMD S S L V
H * s P HTA A CGY V Y DI WTA AV W S
CCAACATACTTGGATGGTGCTGATGTTACAAAAATTAAACCTCATGTARATCATGAGGGT
P T YLD G AUDV T X I K P HV N HTEG
Q H T WMV LMULOQI XU L NILM* IMUZ RV
N I L G W C* CY KN =* T S C K § * G *
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AAGACTTTCTTTGTACTACCTAGTGATGACACACTACGTAGTGAAGCTTTCGAGTACTAC
kK T Fr F VL P S DDTTULURSEATFEVYY
R L §$ L ¥ YL VM THYV YV KL S S TT
b FL CTT* * *» HTT * * g F RV L P
CATACTCTTGATGAGAGTTTTCTTGGTAGGTACATGTCTGCTTTAAACCACACAAAGARA
H TUL D E S F L 6GR Y M S AL NUHT K K
I LLMURV PF LV GTT CULUL=* TTOGQRN
Yy s » » E F 8§ W * V HV C F K P HIKE M
TGGAAATTTCCTCAAGTTGGTGGTTTAACTTCAATTARATGGGCTGATAACAATTGTTAT
WK FPQV G GGL TS I KWAUDIDNNTCY
G N F L KL VYV * L QL NGUILITTIUVTI
E I § S S WWUVFNU FNZ*MSG™* * Q L L F
TTGTCTAGTGTTTTATTAGCACTTCAACAGCTTGAAGTCAAATTCAATGCACCAGCACTT
L §$ s vL L AL Q OQULEV KFNAWUPA AL
c L v F Y *HF N S L K SN S MHOQHTF
v * ¢ F I s TS TA A™* S QI Q ¢ T S T 8
CAAGAGGCTTATTATAGAGCCCGTGCTGGTGATGCTGCTAACTTTTGTGCACTCATACTC
Q E A Y Y RAURAGDA AA ANV FOCH® ATLTIL
K R L I T E P VL V MILULTF V HS Y S8
R GL L * § P CW * CC* L L CTHTR
GCTTACAGTAATAARACTGTTGGCGAGCTTGGTGATGTCAGAGAAACTATGACCCATCTT
A Y §$ N K TV G E L GDV R ETMMTUHUL
L Tv I KLLASTILUVMSEI KTUL=* P I F
L Q * *» N C WRAW * C QRN Y D P S 8
CTACAGCATGCTAATTTGGARATCTGCAAAGCGAGTTCTTAATGTGGTGTGTAAACATTGT
L Q HANUILESAI KU RV VILNUV VUV CIKHC
Yy S M L I W N L Q 8 E F L M W C VNIV
T AC * F G I C KA S S * C G V * T L W
GGTCAGARAACTACTACCTTAACGGGTGTAGAAGCTGTGATGTATATGGGTACTCTATCT
G o K TTTULTGV EAVMYMGTTUL S
vV R KL L P * RV * KL * CI W VUL Y L
S EN Y YL NGUCR S CDUVY G Y S I L

'TATGATAATCTTAAGACAGGTGTTTCCATTCCATGTGTGTETGGTCGTGATGCTACACAA

Y D NL KTGV S§ I P CVCGIRUDA AT Q
M I I L R Q V F P FH V C V V V ML HN
* » § * DR CFHSMCV WS * CY TI
TATCTAGTACAACAAGAGTCTTCTTTTGTTATGATCGTCTGCACCACCTGCTGAGTATARA
Yy L VvV.Q Q E S S F VMMSAUP P ATZEY K
I *» Y N X $ L L L L * CLHHTULTULS I N
§ § T TRV F F CYDVCTTTZ C®* V * 1
TTACAGCAAGGTACATTCTTATGTGCGAATGAGTACACTGGTAACTATCAGTGTGGTCAT
L g 906G TPLICANUEUYTGUNY (O C G H
Y S K VH S Y VRM S TLVTTI SV VI
T AR Y I L M CE * V HW * L 8§ V W S L
TACACTCATATAACTGCTAAGGAGACCCTCTATCGTATTGACGGAGCTCACCTTACAAAG
Y T H I T A KE TUL Y R I DG A HTULTK
T L I * L L R R P S I VL TUETLTTULQR
H s$ Yy NC ¥ GD P L S Y * R S5 S P Y K D
ATGTCAGAGTACAAAGGACCAGTGACTGATGTTTTCTACAAGGAAACATCTTACACTACA
M 8 EY K GG P V TDVF Y KET S Y TT
¢c Qs T XKD * L MF S TRKHILTTTUL Q
vV RV Q R T S D * € F L Q G N I L HY N
ACCATCAAGCCTGTGTCGTATAAACTCGATGGAGTTACTTACACAGAGATTGAACCAAAA
T I X P V 8 Y KL DGV TYTTETIE P K
P § S L ¢CR I NSMETULULTGQRILNUGQN
H OQOACVV * TRW S Y L HRD * T K I
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TTGGATGGGTATTATAAAAAGGATAATGCTTACTATACAGAGCAGCCTATAGACCTTGTA
L DG Y Y K K DNAYYTEUGQU®PTIDIULV
WM G I I KR IMULTTIQS S L *= T L Y
G WVUL* KG* C L L YRAAYURU©PZCT
CCAACTCAACCATTACCAAATGCGAGTTTTGATAATTTCAAACTCACATGTTCTAACACA
P T Q P L P NASVFUDNU FI KULTTCSNT
Q L NH ¥ Q M RV L I I S NS HUV L T Q
N § T I TIX X CEUF * +* F Q T HMMTF * H K
AAATTTGCTGATGATTTAAATCAAATGACAGGCTTCACAAAGCCAGCTTCACGAGAGCTA
XK F A DDILWNOMT G F T KPA S R E L
N L L M I * I K * Q A S Q S Q L HE S Y
I ¢~ * F K S§ N D RULHI KA ASFTIRAI
TCTGTCACATTCTTCCCAGACTTGAATGGCCGATGTAGTGGCTATTGACTATAGACACTAT
s vT F F P DLNGDVV AIUDYRUHY
L S Es sSoQoT>*MAM®™®* WL L TTIDTTI
Cc H I L PRULEWI RTUGCSG Y *= L * T L F
TCAGCGAGTTTCAAGAAAGGTGCTAAATTACTGCATAARGCCAARTTGTTTGGCACATTAAC
S A S F K K GAKUIL UL HIKUP I V WHTIN
Q RV 8 R KV L NY ¢CI S QUL F G TULT
S EF Q ERC* I TA * A N CUL A H * P
CAGGCTACAACCAAGACAACGTTCAAACCAAACACTTGGTGTTTACGTTGTCTTTGGAGT
¢ A T T K T T PF K P NTWCUL ROCTIL W S
R 'L Q PROQRSUNOQOTULGV Y V V F G V
G Y NQ DNV QTXHUL VFTUL S L E Y
ACAAAGCCAGTAGATACTTCAAATTCATTTGAAGTTCTGGCAGTAGAAGACACACAAGGA
T K P VDTSN S F E VL AV EUDT Q G
0 s ¢ *» I L Q I HL KVF W Q * KTH K E
XK A S R Y F K F I * S S G S RURUHTRN
ATGGACAATCTTGCTTIGTGAAAGTCAACAACCCACCTCTGAAGAAGTAGTGGAAAATCCT
M D NL A CE S Q Q P T S EE V V E N P
w T I L L VvV K VvV NN P PUL K K * W K I L
G ¢ §$s ¢ L » K S TTHTUL * R S S8 G K s ¥
ACCATACAGAAGGAAGTCATAGAGTGTGACGTGAAAACTACCGAAGTTGTAGGCAATGTC
T I Q K E v I E C D V KT T E V V G N V
P Y R RK S **rS VT * KL P KL * A M §
H T EG § H RV *RENY RS C R Q C H
ATACTTARACCATCAGATGAAGGTGTTAAAGTAACACAAGAGTTAGGTCATGAGGATCTT
I L K P S DEGV KV T QETULGHETDL
Y LN H QMK VL K *H K S * VMR RTIIL
T » T I R * R C * S N T R V R S8 * G S8 Y
ATGGCTGCTTATGTGGAAAACACAAGCATTACCATTAAGAAACCTAATGAGCTTTCACTA
M A A Y V ENTS I TTI KK PNETUL S§ L
W L LMW XK TOQATULUPTILU RNILMMSF H *
G ¢ L CG6G KHKHYH* ET * *» A F T 8§
GCCTTAGGTTTAAAAACAATTGCCACTCATGGTATTGCTGCAATTAATAGTGTTCCTTGG
A L G L XK TTI ATMHUGTIA A ATINUSV P W
p *»Vv *» X QL PL MV LUL QUL IV F L G
L R F KN NCH S WY CCN®=* x C S L E
AGTAAAATTTTGGCTTATGTCAAACCATTCTTAGGACAAGCAGCAATTACAACATCAAAT
s K I LAY V KPF L G QAA ATITTSN
V K F WLMSNHS * D K Q QL Q H Q I
* NF 66 L C Q9 TTIULRT S S N Y N I K L
TGCGCTAAGAGATTAGCACAACGTGTGTTTAACAATTATATGCCTTATGTGTTTACATTA
C A XK RLAUOQI RV FNWNYMZPYVFTL
A 'L RD * HNV CLTTITICULMOCTILHY
R * E I s T T CV * QL Y A L CV Y I I
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TTGTTCCAATTGTGTACTTTTACTAAAAGTACCAATTCTAGAATTAGAGCTTCACTACCT
L F QgL CTUVFTI KSTNSRTI®RASTLP
c S N CVL L L KV PTIULETLETLUHYL
v P I VY F Y * K Y Q F * N * S F T T Y
ACAACTATTGCTAAAAATAGTGTTAAGAGTGTTGCTAAATTATGTTTGGATGCCGGCATT
T T I A K N § V K 8§ V A KL €C L D A G I
Q L L L K I VUL RUVILULNYVWMMUPA AL
N Y C*» K *» C*» E CC* I MF G CUR H *
AATTATGTGAAGTCACCCAAATTTTCTAAATTGTTCACAATCGCTATGTGGCTATTGTTG
N Y Vv K § P K F S KL F TTIAMUWWIUILIL L
I M * s HPNFULUNCS Qs L CG Y CC
L ¢ EVTQQTIVF * I VHUNIZ RYV A I VYV
TTAAGTATTTGCTTAGGTTCTCTAATCTGTGTAACTGCTGCTTTTGGTGTACTCTTATCT
L s 1 CL GSULICVTAA ATFSGUV L L S
* VvV F A # VL # 8 VvV * L L L LV Y S§ Y L
K Yy LL RPFSNULTCNZCCU FWOCTTLTI *
AATTTTGGTGCTCCTTCTIATTGTAATGGCGTTAGAGAATTGTATCTTAATTCGTCTAAC
N F GA P S Y CNGVU RETULYTILWNS SN
I LvL L LI VMATLEUNTGCTITULTIRTIULT
FwWOCSVFLUL * W R * R I VS * F V * R
GTTACTACTATGGATTTCTGTGAAGGTTCTTTTCCTTGCAGCATTTGTTTAAGTGGATTA
v T T M D F C E G S F P C S I CL S G L
L L L WISV KVL FULAHA AUFV * V D *
Yy Y ¥ G F L »*»RF F S L Q HL F KW IR
GACTCCCTTGATTCTTATCCAGCTCTTGAAACCATTCAGGTGACGATTTCATCGTACRAG
D s L DS Y P AL ETTIQVTTI S S Y K
T P L I L I Q L L K P F R * R F HURT 8
L P * F L 88 8 * NH S GDUDU F I V QA
CTAGACTTGACAATTTTAGGTCTGGCCGCTGAGTGGGTTTTGGCATATATGTTGTTCACA
L DL TTIULOGULAA AEWVLAYMILTF FT
* T * Q F * V W P L S8 G F W HTICUGCSOQ
R L D NF RS GR *V G F G I Y V V HK
AAATTCTTTTATTTATTAGGTCTTTCAGCTATAATGCAGGTGTTCTTTGGCTATTTTGCT
XK F F YL L 6L 8 AIMOGQVV FF G Y F A
N 8 F I Y *» V F Q L * C¢C R C S L A I L L
I L L FI RS PF S YN AGV L WIULVF C *
AGTCATTTCATCAGCAATTCTTGGCTCATGTGETTTATCATTAGTATTGTACAAATGGCA
S HF I 8 NS WL MWV FTITISTI UV QMNA
v I s s A1 LGS CGUL S L VL Y K WH
S FHQQF L A HV VY H* Y CTNGT
CCCGTTTCTGCAATGGTTAGGATGTACATCTTCTTTGCTTCTTTCTACTACATATGGAAG
PV S8 A MV RMY I FFA S FY Y I WK
P F L QWL GOCT S S L LUL STT Y G R
R F CNOG®* DV HULULTUZCT FVFULULHMEE
AGCTATGTTCATATCATGGATGGTTGCACCTCTTCGACTTGCATGATGTGCTATAAGCGC
S Yy vVHIMDGO CTSSTO CMMO~ CYKR
A MFTI SWMUVAUPULU RTILM A®*XTCA ATI S A
L ¢ §$ YHGWULHULFDULHUDV L *# A Q
AATCGTGCCACACGCGTTGAGTGTACAACTATTGTTAATGGCATGAAGAGATCTTTCTAT
N RATUZRVETCTTTIVDNGMMIKZ®RSF Y
I vV PHAL S V QL L L MA* RDTIL 8§ M
S ¢ H TR ™* V Y N Y C * WHEETIUFULC
GTCTATGCAAATGGAGGCCGTGGCTTCTGCAAGACTCACAATTGCGAATTGTCTCAATTGT
VY A NG GRGV FCI KTUHWNUWNT G CTLNZC
s M ¢ M E AV A S ARILTTIGTIUV S IV
L ¢ K W RPWUILL QDS QL ETUL S Q L *
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GACACATTTTGCACTGGTAGTACATTCATTAGTGATGAAGTTGCTCGTGATTTGTCACTC
D T FCTSG S TV FTI S DEVAIRUDTILSL
T H F AL V V HSL VM KU LULV I CH S
H I L HW Y I H * * * § C S * F V T P
CAGTTTAAAAGACCAATCAACCCTACTGACCAGTCATCGTATATTGTTGATAGTGTTGCT
Q F KR P I NP TD QS S Y I VDS VA
S L XK D Qs TUVLULTSHURTIILIULTIUVILL
v # XK T N Q P Y * P V I V Y C * *x C C C
GTGAAAAATGGCGCGCTTCACCTCTACTTTGACAAGGCTGGTCAAAAGACCTATGAGAGA
V X NG A L HL Y F D KAaAGQ K T Y E R
* KX M AR F TS TL TQRUL V KR P MR D
E K WRASPILUL *# Q GW S KDUL * ET
CATCCGCTCTCCCATTTTGTCAATTTAGACAATTTGAGAGCTAACAACACTARAGGTTCA
H P L § HF VNLDINILIRANINTIKG 8
I R € p I L § 1 * T T1I * E L T TL K V H
s AL P F CQF RQF E S * Q H* R F T
CTGCCTATTAATGTCATAGTTTTTGATGGCAAGTCCAAATGCGACGAGTCTGCTTCTAAG
L p I N VI VF D GIX S K CDE S A 8 K
¢c L. L. MS§S*»F LM AS PN ATS L L L S
A Y * C H S F * W QVQMZRIRYVY CF * V
TCTGCTTCTGTGTACTACAGTCAGCTGATGTGCCAACCTATTCTGTTGCTTGACCAAGCT
s A 8§ VY Y § QL M CQ P I L L L D Q A
L LLC¢cTTVS * CAUNUILVFTCCLTI KL
c r CVL OQOSADV PTY S V A * P 8§ 8
CTTGTATCAAACGTTGGAGATAGTACTGAAGTTTCCGTTAAGATGTTTGATGCTTATGTC
L v S NV GGDSTEV S V KMTF DAYV
L YyorTULE ETIVL KU F?PU LRI CLMUILMS
c I K R WUR * Y * s F R * DV * C L CR
GACACCTTTTCAGCAACTTTTAGTGTTCCTATGGAAAAACTTAAGGCACTTGTTGCTACA
bp T F §$S A TUPFSVPMEI KILI KA ATILV AT
T P F Q Q L L v F L W KN L R HTUIUL L Q
H L F S NVF * CS Y G K T * G T CC Y 3
GCTCACAGCGAGTTAGCAAAGGGTGTAGCTTTAGATGGTGTCCTTTCTACATTCGTGTCA
A H S EL AKGVALDGUV L S TF V S
L T AS * Q RV * L MV S F L HS C Q
S Q RV S K G CS F RWOCPVF Y IRV S
GCTGCCCGACAAGGTGTTGTTGATACCGATGTTGACACAAAGGATGTTATTGAATGTCTC
A A RQ GV YV DTDVDTIKDV I E CL
L P DK VL LI PMULT QI RMTULTILNV S
¢ P TROCC™* Y R C* HKGOC Y * M S Q
AAACTTTCACATCACTCTGACTTAGAAGTGACAGGTGACAGTTGTAACAATTTCATGCTC
K L S HH S DL EV TGD S CNINVFMIL
N F H I TULT* K *x Q Vv TVV TTI S§ C S
T F T S L * L R § DR * QL * Q F H A H
ACCTATAATAAGGTTGAAARACATGACGCCCAGAGATCTTGGCGCATGTATTGACTGTAAT
T ¥ N K vV E N M T P R DL G A C I D C N
p I I R L K T R P E I L AHUV L T VM
L »» G * K HDAOQIRS WU RMY *~ L * C
GCAAGGCATATCAATGCCCAAGTAGCAAARAGTCACAATGTTTCACTCATCTGGAATGTA
A R HIDNA AWAOQVAIKXKSHNWV S L I WN V
Q G I s M P K * Q KV TMUFHS S G M *
K A Y Q ¢ P § S K K S§ Q CF T HTULE C K
AAAGACTACATGTCTTTATCTGAACAGCTGCGTARACARATTCGTACTGCTGCCAAGAAG
K DY M S L 8§ E QL R KOQTIUZRTAATE KK
K T T ¢ L Y L N 8 C V N K F VL L P R R
R L HYV F I * T A A A™* TN S Y C C Q E E
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AACAACATACCTTTTACACTAACTTGTGCTACARCTAGACAGGTTGTCAATGTCATAACT
N NI P F TVLTOCA ATTUZRIGQV VNV I T
T T Y L L H * L VvV L Q L DRIL 5 M S * L
Q H TP F Y T NULCVYNT*¥T G C Q CHN Y
ACTAAAATCTCACTCAAGGGTGGTAAGATTGTTAGTACTTGTTTTAAACTTATGCTTAAG
T K I 8§ L K G G K I v 8§ T CVF KL M L K
L K S H S R VVRULUL VL VL NLCTULR
* NL T Q G W * D C * Y L F * T Y A * G
GCCACATTATTGTGCGTTCTTGCTGCATTGGTTTGTTATATCGTTATGCCAGTACATACA
A T L L ¢C VL A AL V C Y I VMUPVHT
P H Y CA F L L EWPF VI SUL C QY I H
H I 1 v R S CCTIGULUL Y RUY A STUYTI
TTGTCAATCCATGATGGTTACACAAATGARATCATTGGTTACAAAGCCATTCAGGATGGT
L §$ I H DG Y TN ETITIOGY KOBATI QDG
¢ ¢ 8§ M MV T QMK S L VT K P F EREMV
vV NP * WL HZKXK * NUHWIUL Q S H S G W C
GTCACTCGTGACATCATTTCTACTGATGATTGTTTTGCAAATAAACATGCTGGTTTTGAC
vV T R D I I 8 T D D C F A N K HAG F D
s L vT S F L L M I VL Q I NML V L T
H § * H H F Y * * L F C K * T C W F * R
GCATGGTTTAGCCAGCGTGGTGGTTCATACAAAAATGACAAAAGC TGCCCTGTAGTAGET
A W F S Q R G G 8 Y K N D K S C P V V A
H G L A S V VvV V HTIKMTI KA A ATL * * L
M V. * P A W W F I Q K * Q K L P C S8 s ¢
GCTATCATTACAAGAGAGATTGGTTTCATAGTGCCTGGCTTACCGGGTACTGTGCTGACA
A I I ™R E I G F I VP ¢GL P G T VUL R
L S L Q E R L V S * ¢ L A Y RV L C * E
Y H ¥ K R D W F H S AWILTG Y CAE 8
GCAATCAATGGTGACTTCTTGCATTTTCTACCTCGTGTTTTTAGTGCTGTTGGCAACATT
A I N G D F L HFUL P RV F S A V G N I
Q s M v T s ¢ 1 F Y L V F L VL L A T F
N Q W # L L A F 8 T S CF * C C W Q H L
TGCTACACACCTTCCAAACTCATTGAGTATAGTGATTTTGCTACCTCTGCTTGCGTTCTT
c Yy T P S KL I E Y S DVF AT S A C V L
A T H L P N S L 8§ 1 VI L L P L L A F L
L HTVF QT H * V *  F C YL CL R S C
GCTGCTGAGTGTACAATTTTTAAGGATGCTATGGGCAAACCTGTGCCATATTGTTATGAC
A A E CT I F KDAMGI K P V P Y C Y D
L L s V¢ F L RMULWANUILTUGCIHTIUVMT T
¢ *v Y NF * ¢ €CY G Q T CATI LUL * H
ACTAATTTGCTAGAGGGTTCTATTTCTTATAGTGAGCTTCGTCCAGACACTCGTTATGTG
T N L L E G 8§ I 8 ¥ 8 EL R P D TR Y V
L I ¢ * R VL FL I VS PF V QTUL VMOC
* F AR G F Y FL * * A 8§ S R H S L C A
CTTATGGATGGTTCCATCATACAGTTTCCTAACACTTACCTGGAGGGTTCTGTTAGAGTA
LMD G S I I Q F P NTVYULEGS VR V
L WMV P S Y S F L TLTWI RV L L E =*
Y G W F HH TV S * HL P G G F C * 858 8§
GTAACAACTTTTGATGCTGAGTACTGTAGACATGGTACATGCGARAGGTCAGAAGTAGGT
v T T F D A EY CURHGTTCEUZR S E V G
* QL LM L 8§ TV DMV HA K G Q K * Vy
N N F * C * V L * T W Y M R K V R S8 R Y
ATTTGCCTATCTACCAGTGGTAGATGGGTTCTTAATAATGAGCATTACAGAGCTCTATCA
I ¢ L § T $ G R W V L NNEUHYURAUL 8
F A YL PV YV DG F L I M 8 I TETL Y Q
L P I Y Q W * M G S * * *»x A L, Q § S5 I R
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GGAGTTTTCTGTGGTGTTCGATGCGATGAATCTCATAGCTAACATCTTTACTCCTCTTGTG
G VvV F ¢ G V. D AMNUILTIOANTIU FPTUP LV
E F § v v.L MPRT* I 8§ *+ L T S L L L L C
S F L W »* CDESH S * HL Y S S C A
CAACCTGTGGGTGCTTTAGATGTGTCTGCTTCAGTAGTGGCTGGTGGTATTATTGCCATA
Q P V G A L D V S5 A SV VA G G I I &A1
N L W VL * M CULL QO * W L V VL L P Y
T ¢ G C F R CVCVF S S G W W Y Y CHTI
TTGGTGACTTGTGCTGCCTACTACTTTATGAAATTCAGACGTGTTTTTGGTGAGTACAAC
L v T CAAY Y F M K FRPRV F G EYN
W * L VvV L P TTUL * NS DUV F L VS TT
G DL ¢CCL L LY EI QT CU FW * VvV Q P
CATGTTGTTGCTGCTAATGCACTTTTGTTTTTGATGTCTTTCACTATACTCTGTCTGGTA
K v vV A ADNATLLVFULMSPFTIULCULV
M L L. L L M HF CUVF * CL 8§ L Y S V W Y
c ¢c ¢cc¢c * C TV F V F DV FHY TUL S G T
CCAGCTTACAGCTTTCTGCCGGGAGTCTACTCAGTCTTTTACTTGTACTTGACATTCTAT
P A Y S F L P GV Y S V F YL YL T VF Y
Q L T A F C R E & T Q & F T C T * H 8 I
s L Q L §$ A G S L L 8L L L VvV L D I L F
TTCACCAATGATGTTTCATTCTTGGCTCACCTTCAATGGTTTGCCATGTTTTCTCCTATT
F T N DV S F L A HL Q W?PF A MU F S P I
s P M M FH S WL TP FUNGILU©POCU FILULL
HQ * ¢CF I L G 8§ P S MV CHV F 8 Y C
GTIGCCTTTTTGGATAACAGCAATCTATGTATTCTGTATTTCTCTGAAGCACTGCCATTGG
v P F W I T A I Y V F CI S L K H CH W
¢ L FP G * Q Q S MY § V F L * 8§ T A I G
A F L DN S NILTCTIILYF S EATULUP L V
TTCTTTARACAACTATCTTAGGAAAAGAGTCATGTTTAATGGAGTTACATTTAGTACCTTC
F F N NY L R KU RV MV FNGV T F 8§ T F
s L. T TI1UL G K E S CL M EUL H UL V P 8§
L *»Q L §$S * E K § H vV *» W s Y I * Y L R
GAGGAGGCTGCTTTGTGTACCTTTTTGCTCAACAAGGAAATGETACCTAARATTECCTAGC
E E A AL CTVF L L NKIEMYTUL KL R 8
R R L L CV P F C S T RI KU CTT™* NCV A
G 6 ¢C FV YL F A Q Q GN UV P K I A * R
GAGACACTGTTGCCACTTACACAGTATAACAGGTATCTTGCTCTATATAACAAGTACAAG
ETL L P L T Q YN R Y L A L Y N K Y K
R H CCHULH S I TG I UL L Y I T S T 8§
b T VAT YTV * Q VvV S C S I * Q V Q V
TATTTCAGTGGAGCCTTAGATACTACCAGCTATCGTGAAGCAGCTTGCTGCCACTTAGCA
Y F 8§ G AL DTTS S YREH AWOHBAWTCUCHTUL A
I s v E P * I L P A I V K QL A A T * Q
F Q w s L RY Y QL 8 * S 8§ L L P L 8§ K
AAGGCTCTAAATGACTTTAGCAACTCAGGTGCTGATGTTCTCTACCAACCACCACAGACA
K AL ND F S NS G AD VUL Y QP P QT
R'L *M TULATQ V L M F S TUNUHHURH
G §s K * L * Q L RC * C S L P TTTTDI
TCAATCACTTCTGCTGTTCTGCAGAGTGGTTTTAGGAADATGGCATTCCCGTCAGGCAAA
s I T $S A V L Q S G F R KM AU FU P S G K
Q $ L L L F C R V VL G KWH S R Q A K
N HF CCS A EWT F *E NG I P V R Q 8
GTTGAAGGGTGCATGGTACAAGTAACCTGTGGAACTACAACTCTTAATGGATTGTGGTTG
v EGG C MV QVTCGTT TTTULNGTUL W L
L K G A WY K * P V EL QL L M DU CTGC W
* R V H G T 88 N L W DN Y NS * W I V V G
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10081 - GATGACACAGTATACTGTCCAAGACATGTCATTTGCACAGCAGAAGACATGCTTAATCCT - 10140
-D DTV YCPRUEVYVICTA ATETDWMMTILTN?P
- M T QY TV ¢DMST FA AGOQOQTZ KT CTLTITL
- ¥ H S8 I L S K TOCUHULUHST RRUHA* 5 *

10141 - AACTATGAAGATCTGCTCATTCGCAAATCCAACCATAGCTTTCTTGTTCAGGCTGGCAAT - 10200
-N Y EDLTLTIRIEKGSUNU HST FTILVQAGN
- T M K I ¢S F ANV PTTIA ATFTULTFTI RTULAM
- L * R S AHSOQIGQPU*¥TILSCSGUWSGQOC

10201 - GTTCAACTTCGTGTTATTGGCCATTCTATGCAAAATTGTCTGCTTAGGCTTAAAGTTGAT - 10260
-V Q L RV IGHSMG® VN CTLTULTZ RTLIKUVD
- FNF VLLAaATIULOCIKTIVC CLGTLZXTLI
- 8§ T S$ C Y W?PFVYAZ KTILTSA AT™*A A * § * Y

10261 - ACTTCTAACCCTAAGACACCCAAGTATAAATTTGTCCGTATCCAACCTGGTCARACATTIT - 10320
-T § N P XK TDPEK Y KFUVZRTIOQ?PGOQTTF
- L L TLZRUEHPZSTINILSVSWNTILUVI KTHF
- F * P * DT QUV * I CP Y PTTW S NTIF

10321 - TCAGTTCTAGCATGCTACAATGGTTCACCATCTGGTGTTTATCAGTGTGCCATGAGACCT - 10380
-8 V L A CY NG SPS GV Y Q CA AMTER P
- Q F * HA T MV HHLUVF I SV P * DL
- § S S ML QWU FPTTIWOCILSVCHTET *

10381 - AATCATACCATTAAAGGTTCTTTCCTTAATGGATCATGTGGTAGTGTTGGTITTAACATT - 10440
-N HT I K G S F L NGSC®GSVGTF FNTI
- I I PLKVULSTILMDUEHYVYVYVYVILVLTL
- S Y H * R F F P * WIMMW®*OCWTF F * H *

10441 - GATTATGATTGCGTGTCTTTCTGCTATATGCATCATATGGAGCTTCCAACAGGAGTACAC - 10500
-DYDCVS FCUYMUHHEMETLT PTGV H
- I M I A C¢CL SATIOCTITIUW®WST FOQU QTETYT
- L * L RV FLLJYASUYGAZSUNUZ RTGSTR

10501 - GCTGGTACTGACTTAGAAGGTAAATTCTATGGTCCATTTGTTGACAGACAAACTGCACAG - 10560
-A G TDULEGE KT FJYGPFVDU RTGQTAQ
- L VLT * KV NS SMVUHLTLTUDI KL H R
- WY * L RR * I L WS I OC* QTUNIUG CTOQG

10561 - GCTGCAGGTACAGACACAACCATAACATTAAATGTTTTGGCATGGCTGTATGCTGCTGTT - 10620
-AAGTDTTTITTULUNVTULA AUWILTYAHA AUV
- L QVQTOQP*H * MV FWHGT CMTLTL L
- CR YRUHUNUHNTIIZ KTCTFGMAVYVCCOCY

10621 - ATCAATGGTGATAGGTGGTTTCTTAATAGATTCACCACTACTTTGAATGACTTTAACCTT - 10680
-1 ¥ @ DRWVPFTILUNZ RTPFTTTTLNTDTFNL
- §MVIGGT FILIDSU©PLL *MTTLT L
- QW * * VvV vV § * * I HH Y FE * L * p C

10681 - GTGGCAATGAAGTACARCTATGAACCTTTGACACAAGATCATGTTGACATATTCGGACCT - 10740
-V AMK Y NJYEPILTOQDU HVDTITLTG?P
- WQ * 8§ TTMNTULO™*HU KTIMLTTYWODL
- @ N EV QUL * TFDTU RSGC CT™*HTIGT S

10741 - CTTTCTGCTCAAACAGGAATTGCCGTCTTAGATATGTGTGCTGCTTIGAAAGAGCTGCTG - 10800
-L $ A QTGIAVILDMTCARAZTLTEKTETLTL
- F L L XQEULUPSO*IOCVULTIL®*ZXSTCUC
- F CS NI RNTGCRILRYUVCCTFETRIA AA LA

10801 - CAGAATGGTATGAATGGTCGTACTATCCTTGGTAGCACTATTTTAGAAGATGAGTTTACA - 10860
-Q NGCGMNGRTTITULGSTTITULTETDTEFT
- RMV * M VVILISILVALTF* KMS L H
- E WY EWSYJYUPWO®*HUYTFT RT R ™*V YT

10861 - CCATTTGATGTTGTTAGACAATGCTCTGGTGTTACCTTCCAAGGTAAGTTCAAGAARATT - 10920
-P FDVVUERQOCSGVTTFOQOGTZ KT FIKZK I
- H1 ML LDUNA AWATILUVTILTPSIK KV S S RIKL
- I * C¢CC * TMTULWCYTULUPURT®* UV Q ENC
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11641
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GTTAAGGGCACTCATCATTGGATGCTTTTAACTTTCTTGACATCACTATTGATTCTTGTT
V K6 THHWMLILTT FILTSILIL I LV
L RALII GCPF *L S *HHY * F L F
* G H S S L DAVFNV FULDTITTIDSTCS
CAAAGTACACAGTGGTCACTGTTTTTCTTTGTTTACGAGAATGCTTTCTTGCCATTTACT
Q $ T Q W S L FF F VY ENA AT FTULU®PTFT
K VH S GHCFSLFTRMTLSCCHTLTL
K Y TVV TV FULT CLT RETGCTFTULA ATIYS
CTTGGTATTATGGCAATTGCTGCATGTGCTATGCTGCTTGTTAAGCATAAGCACGCATTC
L 6 I MAIAACAMTUILTULVY I KHI KUHATF
L VL W ¢ L L HV L CCULULSTI S TH S
W Y Y @GN CCMCY A AGCT™* A * A RTIL
TTGTGCTTGTTTCTGTTACCTTCTCTTGCAACAGTTGCTTACTTTAATATGGTCTACATG
L ¢L FLL P SLATUVAYT FNMUYVYHM
¢ ACFCYULLLQQLULTULTIWSTC
VL VS VTV F S$CN S CL UL * Y ¢ L H &
CCTGCTAGCTGGGTGATECGTATCATGACATGCCTTGAATTGGCTGACACTAGCTTGTCT
P A S W VMU RTIMTWILETLA ATDTSTUL S
L L AG * ¢CV S * HGULNWWUILTTULA ATCTL
¢ * L GDAY HDMA®* I G * H * L V W
GGTTATAGGCTTAAGCATTGTGTTATGTATGCTTCAGCTTTAGT TTTGCTTATTCTCATG
G Y RL KD CUVMYASA ALV ILILTITLM
Vv I G L RIVLCMULOGQULT®*TFCLTF S *
L * A * GL CY V CT FSF S FAY S HTD
ACAGCTCGCACTGTTTATGATGATGCTGCTAGACGTGTTTGGACACTGATGAATCTCATT
T ARTV Y DDA AA ARTU RVYWTTILMNDNUV I
Q L AL FMMMULIULUDUVUF G H * * M § L
S S H CL * * ¢ C * T CULUDTUDTETCHY
ACACTTGTTTACAAAGTCTACTATGCTAATGCTTTAGATCAAGCTATTTCCATGTGGGCC
T L VY K V Y ¥ G N ALUDUG QA ATISMUW A
H L F T X S TMVMIL* I KIULTFUPOCGUP
T CL Q S L L W * CFU RS S Y F HV G L
TTAGTTATTTCTGTAACCTCTAACTATTCTGGTGTCGTTACGACTATCATGTTTTTAGCT
L VIS VTS SUNVY S GV VY TTTIMTFEFTL A
* L F L #*# P L T I L V S L ZRTIL S C F * L
S YFPF CNUL * L F WCURUYDVYHV F § *
AGAGCTATAGTGTTTGTGTGTCTTGAGTATTACCCATTGTTATTTATTACTGGCARCACC
R AI VP F VCVEYY®?P?PULULTFTITTGNT
E L * ¢L CVULSTITHCYULULTULA AT P
S Yysvcvecec VL PI VI Y Y W QHL
TTACAGTGTATCATGCTIGTTTATTGTTTCTTAGGCTATTGTTGCTGCTGCTACTTTGGC
LQCIMULVYYOCTFULGYT CTCT CTCYTF G
Y s vsc¢cL F I VS * A I VAU AATTLA
T VY HACULTULPF L RVLULTULTLTULTULTUL WP
CTTTTCTGTTTACTCAACCGTTACTTCAGGCTTACTCTTGATGTTTATGACTACTTGGTC
L F L LNU RYFRLTTLG GV YDVYTLV
F S VY S TVTSSGUL L LV FMTTUWS
F L FTQPULULOQAYSWOCL *L L G L
TCTACACAAGAATTTAGGTATATGAACTCCCAGGGGCTTTTGCCTCC TAAGAGTAGTATT
S T Q E F R Y M VN S Q G L L P P K S S I
L HKDNULGTIO®*TUPURGT FTC CLTULUZ RV VL
Y TR I * VY EL P G A F A S * E * Y *
GATGCTTTCAAGCTTAACATTAAGTTGTTGGGTATTGGAGGTAAACCATGTATCAAGGTT
D AF KLUNIIKUILTULGTITGTGI K PTCTII KV
M L §$ S L TUL S C WV L EVDNUHUV SR L
CF QA AM®*H* V VG Y WU RO®*TMYOQGC
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11881
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12001

12061

12121
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12241
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12421

12481

12541

GCTACTGTACAGTCTAARATGTCTGACGTAAAGTGCACATCTGTGGTACTGCTCTCGGTT
A TV Q S KM SDJVZ KT CTSUVVILTLS SV
L L YSL K OCULT* S5 AHTULTWTVYTCS ST RF
Y ¢ TV * NV *RKUVUHTIT CGTA ATLTG S
CTTCAACAACTTAGAGTAGAGTCATCTTCTAAATTGTGGGCACAATGTGTACAACTCCAC
L Q QLRVESTSSZ KTLTUWA AT QT CVOQTLE
F N N L E * S HLLUNTG CGUHUNU VJYHDNS ST
§ TT * S RV ITF * I VETMGCTTTPQ
AATGATATTCTTCTTGCAAAAGACACAACTGAAGCTTTCGAGAAGATGGTTTCTCTTTTG
N DI LULAZEKT DTTTET BTEFTEZE KMV VS STLL
M I F FLQK KT G QTULJZEKTELST RTRTUWTFTILTFC
* Yy s 8 CKRHN S FRETDTGTFST F V
TCTGTTTTGCTATCCATGCAGGGTGCTGTAGACATTAATAGGETTGTCCGAGGAAATGCTC
S V. L SMOQOGA AUVTDTIUNZ RTLTC CTETEHMHL
L FCYPCRUVEILSM®*TTZILTIGT CA ATZRIEKTCS
C FAIHAGT CT CR R HT*= >V VRO GTNA AR
GATAACCGTGCTACTCTTCAGGCTATTGCTTCAGAATTTAGTTC TTTACCATCATATGCC
D N RATUL @Q A I A 8§ E F § 5§ L P & Y A
I TVULJLZPFRTIULULTULUONTILU VTILUVYHTEHMTP
* P C Y S S GYCPFRTIOMXNTPFPTTITICR
GCTTATGCCACTGCCCAGGAGGCCTATGAGCAGCCTCTACCTAATCCTGATTCTGAAGTC
A YA TAOQTEA ATYTETO OQOA AV VA ANTGT DT STEV
LM PLPRTURTPMSZ RTILT*TLMV VTITELTZEKS
L ¢CHCPGOGUL A GO CS * W * F * § R
GTTCTCARAAAGTTAAAGAAATCTTTGAATGTGRCTARATCTGAGTTTGACCGTGATGCT
V L K KL K XK 8 LNV ATZ KTGSTETFTDT RTD A
F S K5 * RN L *MWILNUDLSTULTUVML
S Q KV KE I FETG CGT™* I * V = p * C C
GCCATGCAACGCAAGTTGGAAAAGATCGCACATCAGGCTATGACCCARATGTACARACAG
A M QR KTULET KMADTO QA AMTOQMVY K O
P C N A S WI XU RWOTIU RTIL®*TUJPIXOCTNR
HATO QU VG KUDGRTSGYTDZPNTVOGQT G
GCAAGATCTGAGGACAAGAGGGCAARAGTAACTAGTGCTATGCAAACAATGCTCTTCACT
A R S ED KRR AZKTYVTSA AMOTMTLTF T
Q DLRTZ RGO QJZ KT*LVTILGCTZE KT QT CST ESZSS L
K I * 6G 0 EG K SN * ¢ Y ADNGSNA ATILH Y
ATGCTTAGGAAGCTTGATAATGATGCACTTAACAACATTATCAACAATGCGCGTGATGGT
M L R KL DUNTUDA ATLTNUNTITITNTINA AT RTD G
¢ L & Ss5LIMMEBHETLTTTULTSTWMMT® RUVMZV
A * E A * * %» C T * 0 HY Q QCOA * W L
TGTGTTCCACTCAACATCATACCATTGACTACAGCAGCCAAACTCATGCTTGTTGTCCCT
¢ VPLNTITIPULTTA AGAIEKTLMMYU VU YFP
V FHSTS S5 YH=*TLOQOQZPUNSTWILTLS L
C ST QHHTTIDJYS S QTTEGT CGCEP *
GATTATGGTACCTACAAGAACACTTGTGATGGTAACACCTTTACATATGCATCTGCACTC
D Y GTYEKUNTOCDGUNTT FEFTTVYG ATSU ATL
I MVPTRTTULVMVYVYTT P?TLUHMTETLH S
L WYL QEUHTUL*W* HUL VY TIOCTIGC CTTL
TGGGAAATCCAGCAACTTGTTGATGCGGATAGCAAGATTGTTCAACTTAGTGAAATTAAC
WETI QQV VDA ADTST KTIUVOQLSTETIHN
G K S S8 KL LMQRTIARTLTEUNTLTVIEKTLT
G N P A SC™* CG* QDG CST * *» N * H
ATGGACAATTCACCAAATTTGGCTTGGCCTCTTATTGTTACAGCTCTARGAGCCAACTCA
M DN S P NULAWZPTULTIVTA ATLTRIATINS
W TTIHQIWILOGULULILTILGETL™* E P T Q
G Q FT XK F GLAGSTZYGC CVYSS S KSOQOTUL §
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12841

12901

12961
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13141

13201

13261
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13381

GCTGTTAAACTACAGAATAATGAACTGAGTCCAGTAGCACTACGACAGATGTCCTGTGCG
AV XL Q NNEL S P VALI RIOQMS S C A
L L NY RIMN®=*VQ* HY DU RCUP VR
¢ T T E * +*+ T E S 'S S TTTD V L CG
GCTGGTACCACACAARACAGCTTGTACTGATGACAATGCACTTGCCTACTATAACAATTCG
A G T T QTACTUDUDNA ATLWAY Y N N S
L v PH K QL Vv L M TMHULUPTTITTIR
W Y H T NS L Y * * @ C T CUL L * Q F E
AAGCGAGGTAGGTTTGTGCTGGCATTACTATCAGACCACCAAGATCTCARATGGGCTAGA
XK ¢ G RF VL ALUL SUDUHOQUDTU LI KW® AR
R EV ¢GL CWHY Y QTTI KIS NGULD
G R *» VCAGITTIRU©PPR S QMG * I
TTCCCTAAGAGTGATGGTACAGGTACAATTTACACAGAACTGGAACCACCTTGTAGGTTT
F P X $ D GGTOGTI Y T ETLEUP P CRF
S LRVMUV QVQF TQDNWNUHILV G L
P * E * W Y R Y NL HRTGTTL * V C
GTTACAGACACACCAAAAGGGCCTAAAGTGAAATACTTGTACTTCATCARAGGCTTAAAC
v T DTU?P X GP K V K YL Y F I K G UL N
L Q THQ KL K> NTICT S S5 KA *» T
Y R H T K RA A * § E I L V L HQ R L K Q
AACCTAAATAGAGGTATGGTGCTGGGCAGTTTAGCTGCTACAGTACGTCTTCAGGCTGGA
N L NRGMUVL GGSLAA ATV RUL QA AG
T » I E V W C w A V *» L L Q Y V F R L E
P K * R Y G A G Q F s C Y S T S5 8 G W K
AATGCTACAGAAGTACCTGCCAATTCAACTGTGCTTTCCTTCTCTGCTTTTGCAGTAGAC
N AT EV PANS TV L S F CAF A VD
M L ¢ K YL PIOQULUCVPF?PS VL L Q * T
¢c Yy R S T CQVFDNCAVFULULTCUVFCSUR P
CCTGCTAAAGCATATAAGGATTACCTAGCAAGTGGAGGACAACCAATCACCAACTGTGTG
P A KA Y KDY L A S G GQ P I TWNTCV
L L X HIRTIT®*OQV ETUDWNGQS P T V =
¢c » s I * ¢ L P S KW RTTNUHUGQIULCE
AAGATGTTGTGTACACACACTGGTACAGGACAGGCAATTACTGTAACACCAGAAGCTAAC
K ML ¢CTHTS GTGOQATI TV TUPE AN
R ¢CCV HTULV QDURQQLUIL * H Q KL T
DV VvV Y THWYRT G N Y CNTR S * H
ATGGACCAAGAGTCCTTTGGTGGTGCTTCATGTTGTCTGTATTGTAGATGCCACATTGAC
M D QE S F G GA S CTCLYCRTUCHTITD
W T XK S P L VVL HV YV CTIVDATTLT
G PR VL WWCFMULS VL * M P H * P
CATCCAAATCCTAAAGGATTCTGTGACTTGAAAGGTAAGTACGTCCAAATACCTACCACT
H P NP K G F CDULIKGI K Y V QI PTT
I ¢ I L KD S Vv T* KV S TS K YL P L
s K s R I L *L ER™* V R P NTY H L
TGTGCTAATGACCCAGTGGGTTTTACACTTAGAAACACAGTCTGTACCGTCTGCGGAATG
¢Cc AND PV G F TLURNTUVCTV C G M
vV L MTQW VL HL ETQQ S V P S A E C
¢ * *» p S G F Y T * KH S L Y R L RNV
TGGARAGGTTATGGCTGTAGTTGTGACCAACTCCGCGAACCCTTGATGCAGTCTGCGGAT
WK GGY G s ¢CDQLUREZPTILMOQSATD
G K vM AV V VT NS ANUP * C S L R M
ERLWUL * L * PTPRTULUDA AUVCGC
GCATCAACGTTTTTAAACGGGTTTGCGGTGTAAGTGCAGCCCGTCTTACACCGTGCGGCA
A S T F L NG VF AV *» VvV Q P V L HR A A
H QR F *» T GL R CIK C S P S Y T V R H
I N VF K RYVY C GV S A ARULTUPTZGCGT
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14221

CAGGCACTAGTACTGATGTCGTCTACAGGGCTTTTGATATTTACAACGAARAAAGTGCTG
¢ AL VL MS s T GUL UL I FTTIEKI K VL
R H *Y *» ¢CRL QGF * YL QRKIKCW
G T S TDVV Y RATFDTIUVYNDNZEI K S A G
GTTTTGCAAAGTTCCTAAAAACTAATTGCTGTCGCTTCCAGGAGAAGGATGAGGAAGGCA
vV L ¢ §s § * KL I AV A S RURU RMT ERIKA
F CK VP KN * L L §L P G EG * G R Q
F A K F L K TN NCCU RV F Q E KDEE G N
ATTTATTAGACTCTTACTTTGTAGTTAAGAGGCATACTATGTCTAACTACCAACATGAAG
I vy *»TLTUL * L R GIULCULTTNMK
F I R L L L C S » E A Y Y V * L P T * R
L L DS Y F VV KR.HTMSDNY Q HE E
AGACTATTTATAACTTGGTTAAAGATTGTCCAGCGGTTGCTGTCCATGACTTTTTCAAGT
R L F I T WL K I VQRULUL S$ MTTF s S
D Yy L #» L 6 *RL S S8 GOCCUP* L F Q V
T I ¥y N L v. Xx D C P AV AV HUDVF F K F
TTAGAGTAGATGGTGACATGGTACCACATATATCACGTCAGCGTCTAACTARATACACAA
L E*MVTWJY HTIVYHV SV * L NT Q
*8 R W *H G T T Y I TS A S N * I HN
R v D G DMV P HTI S RQURULTI KYTM
TGGCTGATTTAGTCTATGCTCTACGTCATTTTGATGAGGGTAATTGTGATACATTAAAAG
WL I * S ML Y VI L MRV IV I H * K
G * F S L..C S T s F * * G * L * Y I K R
A DLV Y ALURMHVFDEGIDNTCTUDTTUL K E
AAATACTCGTCACATACAATTGCTGTGATGATGATTATTTCAATAAGAAGGATTGGTATG
K ¥ § S8 HTIAVMMTITIS STIIRIRTIG M
N TRHTI QUL L * * *« I, F Q * E G L V *
I L vTYNZCOCDUDUDYV FNZ K KDWY D
ACTTCGTAGAGAATCCTGACATCTTACGCGTATATGCTAACTTAGGTGAGCGTGTACGCC
T § *» R I L. T S Y A Y MUL T * VvV S V Y A
L RRES * HL TH®RTITCO™* L R * A CT P
F VvV EN P DI L RV Y A NUL G EUR V R Q
AATCATTATTAAAGACTGTACAATTCTGCGATGCTATGCGTGATGCAGGCATTGTAGGCE
N H Y * R L YN S AMILTUCV M QAL * A
I T I KD CTTI UL RCY A * CRHUCRZ RR
S LL KTV QF CDA AMUZ ERIDA AGTIVG YV
TACTGACATTAGATAATCAGGATCTTAATGGGAACTGGTACGATTTCGGTGATTTCGTAC
Yy *H * I I R ILMGTUGTI S V I 8§ Y
T D I R * S G § * WEULUVU R FUR * FRTT
L T L DN QDU LNDNGNWYDVF GUDF V Q
AAGTAGCACCAGGCTGCGGAGTTCCTATTGTGGATTCATATTACTCATTGCTGATGCCCA
K *H Q A A EFLULWIHTITEHTC®*CP
$ $ TRUILURS S Y CGF I UL L I ADAH
vV APGCGV PI VDS Y Y S L L M P I
TCCTCACTTTGACTAGGGCATTGGCTGCTGAGTCCCATATGGATGCTGATCTCGCAARAC
$ §sS L *L GHWILUL S PTIWMIULTISOQQN
P HFD* GIGOC* V PY G C * S RIKT
L T L TRALAAESHMTDA ADTLA A K P
CACTTATTAAGTGGGATTTGCTGAAATATGATTTTACGGAAGAGAGACTTTGTCTCTTCG
HL LS GGICC+* NMTITULRI KU RUDUFUV S§ 8
T Y » Vv ¢ FAETI * F Y GRETIULS L R
L I KWDULUL X YDV FTEEIZRIULTCTULTFD
ACCGTTATTTTARATATTGGGACCAGACATACCATCCCAATTGTATTARCTGTTTGGATG
T v I L NI G TR H T I P I VL T V W M
pP L F * I L G P DI P S QL Y * L F G *
R Y F K ¥ WD QTYHU®PWNUCTIWDNT GCTULDTD
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ATAGGTGTATCCTTCATTGTGCAAACTTTAATCTGTTATTTTCTACTGTGTTTCCACCTA
I1 6 VS F I VQTLMGCYT FILLCTFHTL
* Vv Y P SL CKUL=*CVIFZYTCVSTY
R C I L HCANTPFNUVILTF STV F PP T
CAAGTTTTGGACCACTAGTAAGAAAAATATTTGTAGATGGTGTTCCTTTTGTTGTTTCAA
Q VI DH* * EKYL *MVT FTILTILTILTF Q
K F WTT S XK KNI CRUW®WOCS ST FTCTCTFN
S FG6GPL VU RIE KTITFVDGVZPT FUVV ST
CTGGATACCATTTTCGTGAGTTAGGAGTCGTACATAARTCAGGATGTAAACTTACATAGCT
L DT I F VS * ES Y I I RM®* TJY I A
W I P F 8 * VR SRT* S G CEKTILT * L
G Y HFREULGV VUV HNIOQDVNTULUHS 8
CGCGTCTCAGTTTCAAGGAACTTTTAGTGTATGCTGCTGATCCAGCTATGCATGCAGCTT
R VvV 8 V8 RNF ** CMTILTZILTIZGQTLTZG ¢CMZO QL
A S Q F QGTTF F SV CC* S S YACSF
R L S F KE L LV YAATDTUPA AMEHA AHBA S
CTGGCAATTTATTGCTAGATARACGCACTACATGCTTTTCAGTAGCTGCACTAACARACA
L AI Y C* I NATLEHATFUGQ™*TLUH * QT
W Q F I AR * T HVYMTULTF S S CTN K Q
G N L LLDI KT RTTTC CT FZ SV VAAMAZTLTNN
ATGTTGCTTTTCAAACTGTCAAACCCGGTAATTTTAATAAAGACTTTTATGACTTTGCTG
M L L F XKL S$NU©PVITULTIZEKTTFMTTULL
C CF S NCOQTH R®*TF * * RL L * L C C
VAFQTVI KT PG GNTFUNTZ KT DTFTYTDTFA AV
TGTCTAAAGGTTTCTTTAAGGAAGGAACTTCTGTTGAACTAAAACACTTCTTCTTTGCTC
C L KV 8L RKEJVTILULUNS*NTS S L L
V *» R FL *G6GRI KTFTC®*TJZ XKTTULTULTLTCGC S
S K6 F F KEGS SV ETLTZ KU HT EFT FTFODAOQ
AGGATGGCAACGCTGCTATCAGTGATTATGACTATTATCGTTATAATCTGCCAACAATGT
R MATULTULG S8V IMTTITIU VTITIGC CSO QT GQSQC
G W QR CYQ * L * L L S L * S ANN V
D GNAATI SDYDYTYRYUNTLZP?PTMOC
GTGATATCAGACAACTCCTATTCGTAGTTCAAGTTGTTGATAAATACTTTGATTGTTACG
VI §DNGSY S * L KL LTINTTILTIU VT
* Y Q T TPTIU RS * 8§ C * * I L * L L R
D I RQULULPFVVEVVDI KTYTFDTCYD
ATGGTGGCTGTATTAATGCCAACCAAGTAATCGTTAACAATCTGGATAAATCAGCTGGTT
M VAV LMZPTI KS®*SILTTIMW®WING QTLV
W WL Y * ¢ QP S NI R™* Q0 S G * I S W F
6 6 C I NANJUQUVTIVUNUNTLTDIKTSAGTF
TCCCATTTAATAAATGGGGTAAGGCTAGACTTTATTATGACTCAATGAGTTATGAGGATC
$ HL I NGV RTILUDTFTIMTZ® Q®* V MU R I
P I * * M G * G * TULUL * L NETL * G 8
P F N KW ¢ XKARILTYYDSMSYETDDQOQ
ARGATGCACTTTTCGCGTATACTAARGCGTAATGTCATCCCTACTATAACTCAAATGAATC
KM HF R I L SVMSSUL L * L K * I
R CTF RV Y * A * CHUPJY Y NS NE §
D ALFAYTI KT RNVYTIUPTTITUGQMNZ>NL
TTAAGTATGCCATTAGTGCAAAGAATAGAGCTCGCACCGTAGCTGGTGTCTCTATCTGTA
L $MPLV QRTIETLA ATPTZ®*TLVSTLS V
* V. CH * C KE * S§ S HR S WOCL VYL *
K Y2 I S A KUNJZ RARTUVAGU VS I C 8
GTACTATGACAAATAGACAGTTTCATCAGARATTATTGAAGTCAATAGCCGCCACTAGAG
VL * Q I DS FTIRNJYS™* S Q * P P L E
Y YD X * TV S S ETITIETVNST RIEH* R
T M T N R Q F HQ KL L K STIAUALATT RGC
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GAGCTACTGTGGTAATTGGAACAAGCAAGTTTTACGGTGCCTGGCATAATATGTTAAAAA
EL L w* L E Q A S F TV A G I I € * K
S Y ¢ G N W NI KOQVLIRWIULA* Y V KN
A T Vv v I GTS KPF Y G GWHWNMMMTLKT
CTGTTTACAGTGATGTAGAAACTCCACACCTTATGGGTTGGGATTATCCAAAATGTGACA
L ¥r T VM * KL HTULWV G ITIOQNUVT
¢c L@ * CRDNSTUPYGULGUL S KM* Q
vV Y s DV ETUPHILMUGWD Y P K C D R
GAGCCATGCCTAACATGCTTAGGATAATGGCCTCTCTTGTTCTTGCTCGCAAACATAACA
E P CL TOCLG™* W PULUL F L L A NTIT
S HA * HA * DNGT L S CS C S QT * H
A M P NMLRTIMAS ST LV L ARI KU HNT
CTTGCTGTAACTTATCACACCGTTTCTACAGGTTAGCTAACGAGTGTGCCCAAGTATTAA
L AV TYHTVS TG * L T S V R K Y =«
L L »L I T P F L QV S * RV CA S I K
Cc ¢C N L S HRVPF Y RULANETCWM AQUV L S
GTGAGATGGTCATGTGTGGCGGCTCACTATATGTTARACCAGGTGGAACATCATCCGGTG
VRW S CV AAHYMTULNUQVEHUHUZPUV
* D GHV W RUL TTIOC®™* TR WNI I R *
EMVMCGG S LY VKZP GG T S 8§ G D
ATGCTACAACTGCTTATGCTAATAGTGTCTTTAACATTTGTCAAGCTGTTACAGCCAATG
M L 0L LML I VS LT?FV KULULOQUPM
¢cC Yy N CL C=* *» CL * HL S S§ C Y S Q C
AT T A Y A NS V F NTICOQA AVTANUV
TAAATGCACTTCTTTCAACTGATGGTAATAAGATAGCTGACAAGTATGTCCGCAATCTAC
*M HF FQ L M VIR R®*L TS SMSATIY
K ¢ T S F N * W * * D g * O V C P Q S T
N AL L S TUDGDNI KTIA ATDI K Y V RNILOQ
AACACAGGCTCTATGAGTGTCTCTATAGAAATAGGGATGTTGATCATGAATTCGTGGATG
N T GG S M s VvV 5 1 ETIGMULTIMNDNSWM
T Q AL * V § L * K * 66 C * 8§ * I R G *
HRL Y ECL Y RWNIRDVDHETF V D E
AGTTTTACGCTTACCTGCGTAAACATTTCTCCATGATGATTCTTTCTGATGATGCCGTTG
s F T L TOCVUNTI S P * * F F L MMMTZPL
VL RL PA * T FUL HUDU DS F * * CUR C
F Y ayYy L R KUHVF S MMTIULS DDAV YV
TGTGCTATAACAGTAACTATGCGGCTCAAGCGTTTAGTAGCTAGCATTAAGAACTTTAAGG
¢ A I TVTMRILI KXV * = L AL RTTUL R
v L *Q ** L C G S R F S S * H *x E L * G
¢cC Y NS NYAAQGILVASTI KNV FIKN-A
CAGTTCTTTATTATCARAATAATGTGTTCATGTCTGAGGCAARATGTTGGACTGAGACTG
Q F F I I K I M CSCLU RUGQNUVGTLTZ RIL
$ S L L § K * CVHUV * @ KMTULD * D *
VL Y Y QN NV FMZGSEW BDI KT G CWTETTD
ACCTTACTARAGGACCTCACGRATTTTGCTCACAGCATACAATGCTAGTTAAACAAGGAG
T L L K DL TNV FAUH S I Q C * L N K E
pY * R T S R I L L T A Y N A S * T R R
L T K G P HEF C S Q HTMUL VYV K Q G D
ATGATTACGTGTACCTGCCTTACCCAGATCCATCAAGAATATTAGGCGCAGGCTCTTTTS
M I T C€CTOCULTQTIHOQEY * A Q A V L
* LRV P AL PIRSTIKNIU RI RR RILTFC
b YyvY L PY PDUP S RIULGA ATGT CT FV
TCGATGATATTGTCAAARCAGATGGTACACTTATGATTGAAAGGTTCGTGTCACTGGCTA
S M I L § K QM V HEHL * ILL K @S CHWL
R Y ¢C Q NR W Y T YD * KV RV TG Y
b DIV K TDSGTI LMMTIET R FV S L A I
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TTGATGCTTACCCACTTACAAAACATCCTAATCAGGAGTATGCTGATGTCTTTCACTTGT
L M L T HL Q NI L I R S ML M S F TC
* ¢ L P TY KT S * s GV C * CL S LV
DAY PVLT I KHUPNOQEYAUDVV FHTULY
ATTTACAATACATTAGAAAGTTACATGATGAGCTTACTGGCCACATGTTGGACATGTATT
I Y NTULESYMMSUL L ATUTCWTOC I
F TIH * KV T * *» A Y W PHV G H V F
L ¢ Y I R KDL HDETVLTGHMTILDMY 8
CCGTAATGCTAACTAATGATAACACCTCACGGTACTGGGAACCTGAGTTTTATGAGGCTA
P * C *» L M I TPEKGTGUNTILSF MU RL
R NA N *» *» HL T VUL G T * VL * G Y
v M L T N DN T S R Y W EUPZEF Y E A M
TGTACACACCACATACAGTCTTGCAGGCTGTAGGTGCTTGTGTATTGTGCAATTCACAGA
¢ T RBR H I Q $ C R L * V L VY CA I HR
vV H TTY S L AGCURTCLCTIUVQFTTD
Y TP HTV L QAV GACV UL CNIZSOQT
CTTCACTTCGTTGCGGTGCCTGTATTAGGAGACCATTCCTATGTTGCAAGTGCTGCTATG
L HF VAV P VL GDHS Y VA S A AM
F T S LR CUL Y * ETTIPMULOQV L L *
s LR CGACTIURZ ERZPTFTILUGCT CI KT CTCYD
ACCATGTCATTTCAACATCACACAAATTAGTGTTGTCTGTTAATCCCTATGTTTGCAATG
T M S F Q HHTN* CCULUILTIPMT FAM
P CHPFNTI TOQI S8V V C * 8§ L CL QC
H Vv I §$ T 8 H KL VL 8 V N P Y V CN A
CCCCAGGTTGTGATGTCACTGATGTGACACAACTGTATCTAGGAGGTATGAGCTATTATT
P Q VVMSL M * HNCTI*EUV * a I I
P R L *» CH * CDTTT TV S RUPRYETULTULL
P G CDVTDUVTOQVLYULGGMSY Y C
GCARGTCACATAAGCCTCCCATTAGTTTTCCATTATGTGCTAATGGTCAGGTTTTTGGTT
A 8§ HI § L PLV F HYVLMVURTFULYV
Q v T * AS H * F § I M C * WS G F W F
K s H X p P I SF PLCANGU QUVT FG L
TATACAAAAACACATGTGTAGGCAGTGACRATGTCACTGACTTCAATGCGATAGCAACAT
Y T K T HV * AV TMSTLT S MR * Q H
I Q KHEMCROQ®™* Q CH* L Q CD S NM
Y K N T CV G S$S$DNUVTDVFUNATIW ATC
GTGATTGGACTAATGCTGGCGATTACATACTTGCCARACACTTGTACTGAGAGACTCAAGC
v i 66 L MLAITYULUPTU LV L RUDS S
*L D *» ¢C W R L HTCOQHULY * ET Q A
b W TWNA AGD Y I L ANTU CTET RTULIKUL
TTTTCGCAGCAGAAACGCTCAAAGCCACTGAGGAARACATTTAAGCTGTCATATGGTATTG
F 8§ Q 0 KR S K P L RKUHLS CHMUV L
F R 8 R NAQ S H * G NTI * AV I WY C
F A A ETULI KA ATEETU PFZ KL S Y G I A
CCACTGTACGCGAAGTACTCTCTGACAGAGAATTGCATCTTTCATGGGAGGTTGGAAAAC
P L Y A K Y S L TEWNTGCTIU FHGT RTULEN
H CTWRSTUL * Q RIASVFMOGGUWWI KT
T VvV R E VL S DRETULHTU LS WEV G K P
CTAGACCACCATTGAACAGAAACTATGTCTTTACTGGTTACCGTGTAACTAARAAATAGTA
L DHH>* T ETMZ S L L VTV * L K I V
* T T TI E Q KL CL Y WUL P C N * K * *
R P P L NRNYVFTGYUR VT KNS K
ARGTACAGATTGGAGAGTACACCTTTGAAAAAGGTGACTATGGTGATGCTGTTGTGTACA
K ¥y R L E S T UPUL K KV TMUVMIULULUCUCT
S T D W RV HUL *» KR * L W * C CCV Q
v QI G E Y T F E K GDY G DAV V YR
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16801
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17581

GAGGTACTACGACATACAAGTTGAATGTTGGTGATTACTTTGTGTTGACATCTCACACTG
E VLRHT S * M L VI TULC* HTUL T L
R Y Y DI OV ET CWMZ*XUL UL CV DI S HTC
G T TTY KL NV GD Y F VL T S HTV
TAATGCCACTTAGTGCACCTACTCTAGTGCCACAAGAGCACTATGTGAGAATTACTGGCT
* C HL VvV HL L * ¢CH K S8 TM * E L L A
N AT * C T Y 8 8§ A TIRAIULUCENY WL
M P L § A P TUL VP OQEUHYV RITGTL
TGTACCCAACACTCAACATCTCAGATGAGTTTTCTAGCAATGTTGCAAATTATCAAAAGG
¢c T QH S TS QM S F L AMTULOGQTITIIKR
v P N T Q H L R * V F *» 0 C C K VL S8 K G
Yy P T L N I S DEF S S NV A NY Q K V
TCGGCATGCAAAAGTACTCTACACTCCRAGGACCACCTGGTACTGGTAAGAGTCATTTIG
S AC K S TULHS KDUHUL VL V RV I L
R HA K VLY T®PRTTWY W * E S F C
G M Q@ K'Y § TL Q G?P P GTG K S HTF A
CCATCGGACTTGCTCTCTATTACCCATCTGCTCGCATAGTGTATACGGCATGCTCTCATG
P S DL L S I THULULA®* CTIRUHA ATLM
H R TOCSLUL P ICSHKS VY G MUL S C
I G L AL Y Y P S A RTI VY TA AT UCSUHNA
CAGCTGTTGATGCCCTATGTGAARAAGGCATTAAAATATTTGCCCATAGATAAATGTAGTA
0 L L M P Y V KRH* NI CUP * I NV V
s ¢~ CPM* K GGI KTI F AHUR * M * *
AV DAL CE KA ALI KYULPTIDIKTC S R
GAATCATACCTGCGCGTGCGCGCGTAGAGTGTTTTGATARATTCAAAGTGAATTCAACAC
ES YL RV RA* S VL I NJSI K * I QH
N H TCACARI RV F * * I Q S E F NT
I I P A RARV ECVFD K FK VN S TL
TAGAACAGTATGTTTTCTGCACTGTAAATGCATTGCCAGAAACAACTGCTGACATTGTAG
* N S M F S AL *M HCOQ K QL L T L *
R T v C F L HCKCTIARNDNUNTC™®*HC S8
E Q YV FCTVNALU®PZ ETTA ATDTIUVUV
TCTTTGATGARATCTCTATGGCTACTAATTATGACTTGAGTGTTGTCAATGCTAGACTTC
s LM XK 8§ L wLLTIMT* VL S ML D F
L * *» NL Y G Y * L * L E C C QO C * T 8
F D EI S M A TN Y DUL S V VN AIRTULR
GTGCAAAACACTACGTCTATATTGGCGATCCTGCTCAATTACCAGCCCCCCGCACATTGC
vV QN T TS I L A I L L NY QP P A HC
¢ K TUL RUL Y WR S C S I TSP P HTI A
A K HY VY I GDPAQULPAUPI RTULL
TGACTAAAGGCACACTAGAACCAGAATATTTTAATTCAGTGTGCAGACTTATGAARACAA
* L KA H* NQNTITUL I Q CAUDTUL * K Q
D *» R HTRTURTIUF* F S V QT Y ENN
T K ¢ T L E P E Y F NSV CPRILMIZEKTTI
TAGGTCCAGACATGTTCCTTGGAACTTGTCGCCCTTGTCCTGCTGAAATTGTTGACACTG
* V¢ T C S L EL VAV VLULKULIULTUL
R S RHVPWNUILSUPULSC=* N C * H C
G PDMPFLGTT CTRURTCPA ATETIUVDTUV
TGAGTGCTTTAGTTTATGACAATAAGCTARAAGCACACAAGGATAAGTCAGCTCAATGCT
* v L ~ FMTTI S * KHT ®RTIS QL N A
E CF S L * Q0 * A K S T QG * VS 8§ M L
S AL VY DN KUL KA AMHIKDI K S A Q C F
TCAAAATGTTCTACAAAGGTGTTATTACACATGATGTTTCATCTGCAATCAACAGACCTC
S K ¢ 8 T K VL L HMMU FHULIGQS TUDL
Q N VL QRCY YT+ CF I CNIGQU QT S
K M F Y K GV I THUDV S S A I NI R P Q
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AAATAGGCGTTGTAAGAGAATTTCTTACACGCAATCCTGCTTGGAGAAAAGCTGTTTTTA
K A L * ENFULHA ATIULIULUGEI KTLTFL
N RRCI K RIS Y TOQSCULUEI K S CVFY
I G v vRrREV FILTIRWNUPAMWRI KAV F I
TCTCACCTTATAATTCACAGAACGCTGTAGCTTCAAAAATCTTAGGATTGCCTACGCAGA
s HLIIHIRTUL®*TLOQQK S * D CUL R R
L TL *F T EW RT CS SV F KNILUZ RTIA AYATD
s P Y NS QNAVA S KIUL GL P TOQT
CTGTTGATTCATCACAGGGTTCTGAATATGACTATGTCATATTCACACAAACTACTGARA
L L I H HRVLNMTMZ S Y S HKTUL L K
c *» F I TG PF * I *» L CH I HTN Y * N
v D 8§ §s Q G s E Y DYVIVFTOQTTET
CAGCACACTCTTGTAATGTCAACCGCTTCAATGTGGCTATCACAAGGGCAAAAATTGGCA
Q HTL VM S T AISMWIL S Q G Q KL A
S T L L *» ¢ Q PL QCGY HIKGKNMWH
A H S C NV NIRVFNVAITIRA AI KTISG!I
TTTTGTGCATAATGTCTGATAGAGATCTTTATGACAAACTGCAATTTACAAGTCTAGAAA
F CA > CLTIETIFMTNUCNTILGQV * K
F VHNV * * RS L * 0T ATI Y K S RN
L ¢ I M S DURUDULYDIKULQUPF TS UL E I
TACCACGTCGCAATGTGGCTACATTACAAGCAGRAAATGTAACTGGACTTTTTAAGGACT
Y H VvV AMW UL HY XK Q KM * L DF L R T
T T § Q ¢ G ¥ I T s R KCNW T F * G L
P R RNV ATUL QAEWUNUVTGUL F KD C
GTAGTAAGATCATTACTGGTCTTCATCCTACACAGGCACCTACACACCTCAGCGTTGATA
v v RS L LV F I L HRUHLUHTSATLTI
** DHY WS S S Y TGT Y TP Q R * Y
$ K I I T GG L HPTQAUPTHTIL S V DTI
TAAAATTCAAGACTGAAGGATTATGTGTTGACATACCAGGCATACCAAAGGACATGACCT
* NS RL KDY VL TY QA Y Q R T * P
K I @ bp»R I M C* HT®RHKTIKGHTUDL
X F KX TEGULCVDTIUPGTIU®PI KT DMMTY
ACCGTAGACTCATCTCTATGATGGGTTTCAAAATGAATTACCAAGTCAATGGTTACCCTA
T v D s s L * WV S K * I TK K S MV TL
p * THL Y D G F QN EL P S Q W L P *
R R L I S M M GF KMNY Q VN G Y P N
ATATGTTTATCACCCGCGAAGAAGCTATTCGTCACGTTCGTGCGTGGATTGGCTTTGATG
I ¢ L 8 PA K KULVF VTV FVRGULATLM
Yy vV Y H P RRS Y S SRS CVDWIUL * C
M F I T R EE A I RHVYV RAWTIGF DV
TAGAGGGCTGTCATGCAACTAGAGATGCTGTGGCTACTAACCTACCTCTCCAGCTAGGAT
*R A VM QL EMULMWVLTY L S S * D
R 6G6GL s CN*RCOCGY * P T S P AR RI
E GCHA AT RUDA AV G TNULZPULQULGTF
TTTCTACAGGTGTTAACTTAGTAGCTGTACCGACTGGTTATGTTGACACTGARAARTAACA
F L VL T * * L YRULVMIULTULI KTIT
F Y R C* L 8§ 8§ ¢CTDWIULC * H * K *» H
s T ¢ vV NL VAV PTG Y VDTENNT
CAGAATTCACCAGAGTTAATGCAAAACCTCCACCAGGTGACCAGTTTAAACATCTTATAC
Q N 8§ P ELMOQNI LU HIOQVTS L NTITULY
R I H QS * ¢ KT S TIR * PV *» T S8 Y T
EF TRV NAI KUPUZPUPGDGQT FIKUHULTIP
CACTCATGTATAAAGGCTTGCCCTGGAATGTAGTGCGTATTAAGATAGTACAAATGCTCA
H § ¢C I KA CPGMO®*OCVULR * Y K C 8
T H Vv * R L AL ECS AY * DS TIN-AQ
L MY K GGL P WNV V RTIIKTIUVQMTL 5
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GTGATACACTGAAAGGATTGTCAGACAGAGTCGTGTTCGTCCTTTGGGCGCATGGCTTTC
v I H * KD CQTESOCS S F GRMABAL
*Y T E R I V R Q S RV R P L G AR W L =
D T L K GUL S DURV YV F VL WAUHTGTF E
AGCTTACATCAATGAAGTACTTTGTCAAGATTGGACCTGAAAGAACGTGTTGTCTGTGTG
S L.HQ * S T UL S RULDULIKET RV V CV
A 'Y I N E VL COQDWT* KNV L § V *
L T § MK Y F V K I GP EURTTCTCTULCD
ACAAACGTGCAACTTGCTTTTCTACTTCATCAGATACTTATGCCTGCTGGAATCATTCIG
T N VvV Q L A F L L HQ I L M P A G I I L
Q T ¢CNULULFY P IRYULCILULUESF C
K R ATOCUVF S TS SDTVYATCTWNUH S V
TGGGTTTTGACTATGTCTATAACCCATTTATGATTGATGTTCAGCAGTGGGGCTTTACGG
w v L T M S I THUL * L M F S S G A L R
G F *L CL * P I Y DO®* C S AV G L Y G
G F DY VYNUPT FMTIUDUVQ QWG F TG
GTAACCTTCAGAGTAACCATGACCAACATTGCCAGGTACATGGAAATGCACATGTGGCTA
v TF RV TMTNTIARYMEMMHEMMUW®WL
*P § E * P * P TL P GTWI KT CTTC G =«
N L Q S NHD Q HCIQV HGNM AHV A S
GTTGTGATGCTATCATGACTAGATGTTTAGCAGTCCATGAGTGCTTTGTTAAGCGCGTTS
v vHMIUL S >* L DV * Qg S M S 2L L S A L
L *»CY HD * MV F S S P * VL C * A R *
¢c baAI MTRTUCLAVHETCTF FV KU R VD
ATTGGTCTGTTGAATACCCTATTATAGGAGATGAACTGAGGGTTAATTCTGCTTGCAGAA
I 6L LNTULUL * EMN®*XGU L I L L A E
L v C~»* I PY Y R®R®™®*TUEGOI* F CUL Q K
W s VvV E Y P I I GDETLU RUVNSAUCTE K
AAGTACAACACATGGTTGTGRAGTCTGCATTGCTTGCTGATAAGTTTCCAGTTCTTCATG
K'Y NTTWUL * S L HCLULTI S F QF F M
s T T H G C E V ¢ I A C * * V¥V 5§ § 8§ 5§ *
Vo H MV V K S AL L ADI KT FUP UV L HTD
ACATTGGAAATCCAAAGGCTATCAAGTGTGTGCCTCAGGCTGAAGTAGEATGGAAGTTCT
T L E I Q R L 8 8.V C L RL K * N G s §
HWKS XK GY QV CAS G * S RMEV L
I ¢ ¥ P KA I KCV P QAEUVEUWE KT F Y
ACGATGCTCAGCCATGTAGTGACAAAGCTTACAAAATAGAGGAACTCTTCTATTCTTATG
T M L § HV VT KU LTI X * RN S S I L M
R C S A M* * 9 S L QNI RUGTULILTF L C
D AQ P CSDI KA AYIKTIE ETZETLTFUY S Y &
CTACACATCACGATAAATTCACTGATGGTGTTTGTTTGTTTTGGAATTGTAACGTTGATC
L I TINSL MV F V CF G I VTULTI
Yy T S R * I H * W CUL F VL E L * R * §
T H H D K F TD GV CULF WNTCNUV DR
GTTACCCAGCCAATGCAATTGTGTGTAGGTTTGACACAAGAGTCTTGTCAAACTTGAACT
vV T Q PM QL CVGLTIGQESTCOQT * T
L P S Q C N CV * V * H K S UL V KTULTEL
Y PANAI V CRV FDT RUYVIL S UNTILNL
TACCAGGCTGTGATGGTGGTAGTTTGTATGTGAATARGCATGCATTCCACACTCCAGCTT
Y Q A VM VYV V CM* I §MHSTUL QL
T R L * W W * F V CE * A CTIUPIHS S F
P G CD GG S L Y V N KUHA ATFHTUPATF
TCGATAAAAGTGCATTTACTAATTTARAGCAATTGCCTTTCTTTTACTATTCTGATAGTC
$ I K VvV H L LI * S NCUL S PFTTIUL I V
R *» K ¢TI Y * F KA I AVFULTILTLTF * * g
DK SAFTWNULI KA QLUPTFT F Y Y S D S P
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20101

CTTGTGAGTCTCATGGCAAACAAGTAGTGTCGGATATTGATTATGTTCCACTCAAATCTG
L v s LM AN K>* CRIVL IMT FHSNUNIL
L *V 8§ W QTS SV GY * L C S T QTIC
c ES HGKQ VYV s DTIDYV PL K S A
CTACGTGTATTACACGATGCAATTTAGGTGGTGCTGTTTGCAGACACCATGCAAATGAGT
L R VL HDATIO®* YV VL FADTMM~OQMS
Y v Y Yy TMQF&RWOCCL QTUPCIK * V
T ¢ I T R CNULGGA AV CRHHANEY
ACCGACAGTACTTGGATGCATATAATATGATGATTTCTGCTGGATTTAGCCTATGGATTT
T b s T WMHITI * * F L L DL A Y G F
P T VL G CTI * Y DDV FCWTI * P MUDL
R QYL DAY NMMTI S A G F S L W I Y
ACAAACAATTTGATACTTATAACCTGTGGAATACATTTACCAGGTTACAGAGTTTAGAAA
T N NL I L I T COG I EL P G Y R V * K
Q T I * ¥ L * P V E Y I ¥ Q V T E F R K
K Q F D TYUNILWNTU FTIRIULIOQSTUILEN
ATGTGGCTTATAATGTTGTTAATARAGGACACTTTGATGGACACGCCGGCBAAGCACCTG
M W L I ML L I KD TULMUDTP A K HL
c 6L *»CCC=* = R TUL* WTI R RU RS TC
vV A Y NV VN K GHF D GHA AUGE A P V
TTTCCATCATTAATAATGCTGTTTACACAAAGGTAGATCGTATTGATGTGGAGATCTITG
F P S L I ML FTOQIR* MUV L MWIR S§ L
F HH * * C C L HKGIRWY * C G D L =*
§ I I NN AV Y T K VD GTIDVE I F E
ARAATAAGACAACACTTCCTGTTAATGTTGCATTTGAGCTTTGGGCTAAGCGTAACATTA
XK I RQHPF L LMULHL S FGUL S V TL
K » DNT s C * C CI * A L G * A * H *
N K TTUL P V NV A F EUL WA AI KT RN I K
AACCAGTGCCAGAGATTAAGATACTCAATAATTTGGGTGTTGATATCGCTGCTAATACTC
N Q CQ R LR Y S I I WUV LIS UL UL IL
T S A RD * D T Q * F G C * Y R C * Y C
PV P EI K ILNNDNUILGVDTIA AWA ANTV
TAATCTGGGACTACAAAAGAGAAGCCCCAGCACATGTATCTACAATAGGTGTCTGCACAA
* S 6 T T XK E K P Q HM Y L Q * V S A Q
N L GL Q KRS P STCTIVYNIZRTCILHN
I W DY K REAUPAHV S TTI GV C T M
TGACTGACATTGCCAAGRAACCTACTGAGAGTGCTTGTTCTTCACTTACTGTCTTGTTTG
* L T L P R NLLZRVVL VL HULULS C L
b **HCQ ETY* ECULT FT FTYCUL V *
T b I A KXKXKPTESACSSLTVULFD
ATGGTAGAGTGGAAGGACAGGTAGACCTTTTTAGAAACGCCCGTAATGGTGTTTTAATAA
M VvV EW KD R * T F UL ETUPVMV F * =*
W = 8§ G R TGURUPVF * KRUP* W CVFNN
G RV EGQVDULFRNARIDNGUVIL IT
CAGAAGGTTCAGTCAAAGGTCTAACACCTTCAAAGGGACCAGCACAAGCTAGCGTCAATG
Q K v ¢ s K Vv »HL Q RDQHIKULASM
R R F S QR S NTUF FIKOGT S T S * R Q W
E G s VvV KL TP S KGPAOQAIS VN G
GAGTCACATTAARTTGGAGAATCAGTAAARAACACAGTTTAACTACTTTAAGARAGTAGACG
E S H *L ENOQ* KHSLTTTILIR R K * T
S H I N W R I S KNTV * L L * E S R R
vVTDLIGESV KT QTFNUYVF KK KV DG
GCATTATTCAACAGTTGCCTGAAACCTACTTTACTCAGAGCAGAGACTTAGAGGATTTTA
AL F N S CL K PTULULRAET * R I L
HY § T Vv A * NL LY S E Q R L R G F =
I IT Q@ L P ETYFTOQS R DULETUDF K
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AGCCCAGATCACAAATGGAAACTGACTTTCTCGAGCTCGCTATGGATGAATTCATACAGC
S P DHKWKULTVF S S S L WMNS Y 8
A Q I T NGWN * L 8 R AR Y G * I HT A
P R S QMETUDVFULEULA AMTDETFTI QR
GATATAAGCTCGAGGGCTATGCCTTCGAACACATCGTTTATGGAGATTTCAGTCATGGAC
D I s S RAMUPSNTSFMETISVMD
I *+ AR GLCUL®RTUHIRILWIRFQ S8 W T
Y X L E G Y A F EH I VY G D VF S H G Q
AACTTGGCGGTCTTCATTTAATGATAGGCTTAGCCAAGCGCTCACAAGATTCACCACTTA
N L AV F I *» » * apA * P § A H K I HUH L
T W R 5§ S F NDRUL S Q AL TR F T T *
L 66 G LHL M I GULAI KU RSQD S P L K
AATTAGAGGATTTTATCCCTATGGACAGCACAGTGARAAATTACTTCATAACAGATGCGC
N » R I L § L W TAIJGQ * K I TS * Q MR
I R G F Y P Y G Q H S E KL L HDNURC A
L EDF I PMD S TV KNYF I TTUDAQ
AAACAGGTTCATCAAAATGTGTGTGCTTCTGTGATTGATCTTTTACTTGATGACTTTGTCG
K @ vH Q NV C VL * L I F YL M TUL S
N R F T X M CVF CD* S F T * * L C R
T 6§ 8 K ¢Cv C&S§VI1IDULULIULUDUDF V E
AGATAATARAGTCACAAGATTTGTCAGTGATTTCAAARAGTGGTCAAGGTTACAATTGACT
R » *» § H K I € Q * F Q KW S RL QL T
D NKV T RUPFV SDF K S G QG Y N * L
I T XK s ¢ bL S VIS KV YV KV TTIUDY
ATGCTGAAATTTCATTCATGCTTTGGTGTAAGGATGGACATGTTGAAACCTTCTACCCAA
ML XK FHSCPFGV RMUDMULI KPS T Q
¢c * N F I HA LV * G W TTOC* N L UL P K
A EI 8 FMLWUCI KU DGHV ETVF Y P K
AACTACAAGCAAGTCAAGCGTGGCAACCAGGTGTTGCGATGCCTAACTTGTACAAGATGC
N Y K Q V XRGNQVLROCLTT CTTRC
T T § K 8§ s VA TR CC DA * L V Q D A
L QA S Q A WOQUPGVAMUZPNTLYZKMZQ
AAAGAATGCTTCTTGAAAAGTGTGACCTTCAGAATTATGGTGAAAATGCTGTTATACCAA
K ECF L K S$ VT F®RTIMVYVKMTLIUL Y Q
K NA S * KV * P S EL W * K COCY T K
R M L L E K CDUL Q N Y G ENA AV I P K
AAGGAATAATGATGAATGTCGCAAAGTATACTCAACTGTGTCAATACTTAAATACACTTA
K E * *» * M 8 ¢ § I L N C V N T * I H L
R NN D ECRIK VY S TV S5 I L K Y T Y
G I M M N VA KY TOQLT CQYTULWNTTLT
CTTTAGCTGTACCCTACAACATGAGAGTTATTCACTTTGGTGCTGGCTCTGATRAAGGAG
L * L ¥y P TT* EUL F TUL V L ATLT K E
F § ¢ T L Q HE S Y S L WOCWUL * * R 8§
L AV PY NMURVYV IHVFGAGSUDIKGV
TTGCACCAGGTACAGCTGTGCTCAGACAATGGTTGCCAACTGGCACACTACTTGTCGATT
L HQ V2L CSDUNGCCOQLAUHUYTUL S TI
¢ T R Y S CAQTMUVANWHTTCRF
A P G T AV L R QWL P TGTUL L V D S8
CAGATCTTAATGACTTCGTCTCCGACGCAGATTCTACTTTAATTGGAGACTGTGCAACAG
9 I L. M T s 8 P T @ I L L ~ L E T V Q Q
R 8§ * *» L R L R R RVF Y F NWU®RTULCN S
D L NDVF VS DADSTULTIGDU GCH ATV
TACATACGGCTAATAAATGGGACCTTATTATTAGCGATATGTATGACCCTAGGACCARAC
Yy I R L T NGTULILULATIOCMTILG P N
T Y 6 * *M G P Y Y * RY V * P * D QT
H T AN KW DUL I I S DMY D P RT K H
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ATGTGACAAAAGAGAATGACTCTAAAGAAGGGTTTTTCACTTATCTGTGTGGATTTATAA
M * Q K R M TUL K K G F S L I €C V D L *
¢ b K RE * L *RRV FHL SV W I Y K
vV T K END S K EGF F T YL C G F I K
AGCAAAAACTAGCCCTGGGTGGTTCTATAGCTGTAAAGATAACAGAGCATTCTTGGAATG
E§ K N * P W V VL » L * R * Q 8§ I L G M
A K T 8 P G W F Y 8 C K D NRAVFULE C
Q K L AL GG S I AV K I TEUHS S WNA
CTGACCTTTACAAGCTTATGGGCCATTTCTCATGGTGGACAGCTTTTGTTACAAATGTAA
L T F T S L WA I S HG G Q L L L Q M *
* P L Q A Y G P F L M VDS F CY K C K
DL Y K L M G HUVF S W W TAUVFV TUN VN
ATGCATCATCATCGGAAGCATTTTTARATTGGGGCTAARCTATCTTGGCAAGCCGAAGGAAC
M HHHIRI KHUF F * L GL TTIULASI RT ERN
¢ I I 1 6 8 I F N w 66 » L 8 W Q A E G T
A 8§ § 8 EA F L I G A NYUL G K P K E Q
ARATTGATGGCTATACCATGCATGCTAACTACATTTTCTGGAGGAACACAAATCCTATCC
K L. M Aa I P CMULTTU F S G G T Q I L 8§
N * WL Y HA C * L HF L EEHI K S Y P
I D G Y T M HANY I F WZRNTWUNU PETIQ
AGTTGTCTTCCTATTCACTCTTTCACATCGAGCAAATTTCCTC TTAAATTAAGAGGAACTG
s ¢ L P I HS L T * A N F L L N * EE L
v v F L F TL * HE Q I S S * I K RN C
L s §$§ Y s L F DM 8§ K F P L K L R G T A
CTGTAATGTCTCTTAAGGAGAATCAAATCAATGATATGATTTATTCTCTTCTGGAAARAG
L * ¢ L L R R I K S M1 * F I L F W K K
¢c NV S * GE S N Q * ¥ DUL F S 8§ G K R
vV M §$ L K ENQ I N DMTI Y S L L E K G
GTAGGCTTATCATTAGAGAAAACAACAGAGTTGTGGTTTCAAGTGATATTCTTGTTAACA
vV 6L § L E K TTEULWT FOQV I F L L T
*A ' Y H * R K Q Q $ C G F K * Y 8§ C * @
R L I I R ENWDNWU RWVV YV S S D I L VNN
ACTAAACGAACATGTTTATTTTCTTATTATTTCTTACTCTCACTAGTGGTAGTGACCTTG
T XK R T C L ¥F § Y Y F L L 8 L v vV vV T L
L N EHV Y F L I I 8§ ¥ S H * W * *x p =*
*T N M F I F L L F L TULTS G S DL D
ACCGGTGCACCACTTTTGATGATGTTCAAGCTCCTAATTACACTCAACATACTTCATCTA
T G A P L L MMV FIKULULTITIULNIIULUHL
P VH HF *» » C 8§ S § * L H S T Y F I Y
R ¢C T T FDD V Q A PN Y T Q HT S S8 M
TGAGGGGGGTTTACTATCCTGATGAAATTTTTAGATCAGACACTCTTTATTTAACTCAGG
* 6 G FTIL M KU FULDGQQTUL F I * L R
E GG G L L 8 * * N F * I R H S L F N 8§ ¢
R G VY Y P D E I F R SDTUL Y L T QD
ATTTATTTCTTCCATTTTATTCTAATGTTACAGGGTTTCATACTATTAATCATACGTTTG
I1 Y F FHF I L MUL QG F I L L I I R L
F I s s I L F * C Y R V 8 Y Y * 8 Y V W
L F L P F Y S NV TG PF HTTINUHTUF G
GCAACCCTGTCATACCTTTTAAGGATGGTATTTATTTTGCTGCCACAGAGAAATCAAATG
A T L § ¥ L L R MV F I L L P Q RN Q M
Q P CHTV F * G WYL F CCUHI RIETIIKSZC
N PV I PF KD GI Y F A A TUEIK SNV
TTGTCCGTGGTTGGCTTTTTGGTTCTACCATGAACAACAAGTCACAGTCGSTGATTATTA
L § vV G F L VL P * TTTSH S R * L L
¢ P WL GF W F Y HE OOV TV G D Y Y
V R G WV F G S TMNIDNI K S Q0 s v I I 1
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22561
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TTAACAATTCTACTAATGTTGTTATACGAGCATGTAACTTTGAATTGTGTGACAACCCTT
L T ILUL ML L Y EHV TULNUG GV TTL
*Q F Y *CCYTTSMT™=*TL * I V * Q P F
N N 8 T NV VI RACNVFETULCUDNUPF
TCTTTGCTGTTTCTAAACCCATGGGTACACAGACACATACTATGATATTCGATAATGCAT
S L L FP LN P WVHRMUHTIIUL™®*Y Y S IMHEH
L CcCcCF * THGYTODTYYDTIUR *¥ C I
F AV S KPMGTQTHTMTIF DN A F
TTAATTGCACTTTCGAGTACATATCTGATGCCTTTTCGCTTGATGTTTCAGAAAAGTCAG
L I AL SsTyYULMZPVFZRTILMTFQIK S Q
* L HF RV HTI * CL F A * CF R K VR
N C TV F E Y I S DAVFS LDV S E K S G
GTAATTTTAAACACTTACGAGAGTTTGTGTTTAAAAATAAAGATGGGTTTCTCTATGTTT
v I L. N T Y E S L CUL K TI KM G F S M F
* F *» T L T R V C VvV * K * R W V § L C L
N F KHLUREVFVF KUNI KDGU FUL Y VY
ATAAGGGCTATCAACCTATAGATGTAGTTCGTGATCTACCTTCTGGTTTTAACACTTTGA
I R A I NL * M * F VI Y L L V L T L *
*G6 L §s T YR CS s * S TV FWF * HTF E
K 6 y ¢ p I DV V RDULUZPS G FUNTTIL K
AACCTATTTTTAAGTTGCCTCTTGGTATTAACATTACAAATTTTAGAGCCATTCTTACAG
N L F L 8§88 CL L VL TULOGQTIULEU?®PTFULQ
T Y F » V A 8 W Y * H Y K F * S H § Y 8§
P I F K L P L G I NI TNV FUZRATIULTA
CCTTTTCACCTGCTCAAGACATTTGGGGCACCTCAGCTGCAGCCTATTTTGTTGGCTATT
P F HL L KTVPFGARUGOQLGQU?PIUL L A I
L F T CSRHLGHV S CSLF C WL F
F § P A QDI WGTSAAA AY PF V G Y L
TAAAGCCAACTACATTTATGCTCAAGTATGATGARAATGGTACAATCACAGATGCTGTTG
* S Q LHL ¢S S MM KMV QS Q ML L
K AN Y I ¥ A Q V *» *x K WY NUHIZ RTZCC *
K p T T FMUL K Y DEWNGTI TUDA AV D
ATTGTTCTCAAAATCCACTTGCTGAACTCAAATGCTCTGTTAAGAGCTTTGAGATTGACA
I vL K I HL LWNSNWAWAILUILU R ATLURIULT
L F S K S TC* T QMILC* EL * D * Q
c §s ¢ NP L AEULI KU CS SV K SV FETITDK
AAGGAATTTACCAGACCTCTAATTTCAGGGTTGTTCCCTCAGGAGATGTTGTGAGATTCC
K EF TR PULI S GL F P Q E ML * D S8
R NL PDUL * F QG CSLURUPRTZGCTCETIP
G I ¥ QT s NV FRVV P S GDV V RTF P
CTAATATTACAAACTTGTGTCCTTTTGGAGAGGTTTTTAATGCTACTARATTCCCTTCTG
L I L QT CV L LEZ RT FUILMTILTULNS L L
*Y Y KL vs F WU RGVPF * CY * I P F C
N I T NLC P F G EV FNATI K/ F P SV
TCTATGCATGGGAGAGAAAAARAATTTCTAATTGTGTTGCTGATTACTCTGTGCTCTACA
S M H G R E KK F L I VL VL I TULTCS ST
L ¢ MGE K KN?F * L CC* L L CATULQ
¥ AW EWURI K KTISNUCV ADY S VL Y N
ACTCAACATTTTTTTCAACCTTTAAGTGCTATGGCGTTTCTGCCACTAAGTTGAATGATC
T Q H F F Q PL S A MAVPFULUPULS * M I
L NI F F NUL * VL WRVFCH * V E * 8
s T F F § TV F K C Y GV S AT KULNDL
TTTGCTTCTCCAATGTCTATGCAGATTCTTTTGTAGTCAAGGGAGATGATGTAAGACAAA
F A S PMSMOQIULTLT™*SREMM?®?* D K
L L.L g CL CRUPFVFCSQGU R * CKTN
¢ F s N VY AD SV F VYV K GDUDUVU ROQTI

FIG. 11 Con’t

US 2005/0009009 A1

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680



Patent Application Publication Jan. 13,2005 Sheet 46 of 94

22681

22741

22801

22861

22921

22981

23041

23101

23161

23221

23281

23341

23401

23461

TAGCGCCAGGACARACTGGTGTTATTGCTGATTATAATTATAAATTGCCAGATGATTTCA
* R Q D K L v L L L I I I I N COQ M I S
S A RTWNWOCY C * L = L * I A R * F H
A P G Q T G VI A DY N Y KL P DD F M
TGGGTTGTGTCCTTGCTTGGAATACTAGGAACATTGATGCTACTTCAACTGGTAATTATA
W VvV s L L GGI L GGTILMUL L QL V I I
G L ¢ P CUL EY * EH * C Y F N W * L *
6 ¢ VL A WNTIRNTIDA AT S TGDN ¥ N
ATTATAAATATAGGTATCTTAGACATGGCAAGCTTAGGCCCTTTGAGAGAGACATATCTA
I 1 N I 6 I L D M A SUL G VP L RET Y L
L » I * v 8§ *» T W Q A * A L * E R H I *
Y K YR Y L R HGIKULU RUZPVFUEU RUDTI S N
ATGTGCCTTTCTCCCCTGATGGCAAACCTTGCACCCCACCTGCTCTTAATTGTTATTGGC
M ¢ L 5§ P L M A NLAUPHULULIULTIUV I G
c A F L P *W QTULHU©PTU CS S * L L L A
v P F S P DG K P CTU?PUPAILWDNT GCY W P
CATTAARATGATTATGGTTTTTACACCACTACTGGCATTGGCTACCARACCTTACAGAGTTG
H * M I M VF T PL L AL A TN NULTE L
I K * L W F L HHEYWUHWULPTUL Q S8 C
L ND Y G F Y TTTGTIG Y Q P Y R V V
TAGTACTTTCTTTTGAACTTTTAAATGCACCGGCCACGGTTTGTGGACCAAAATTATCCA
* Y F L L N F *» M HR PR VF VD OQOUN Y P
s T F F *» T F K C T G H G L W T K I I H
v L $ F EL L N APATV C G P KL ST
CTGACCTTATTAAGAACCAGTGTGTCAATTTTAATTTTAATGGACTCACTGGTACTGGTG
L T LLL R TS V S I L I L M D S L V L vV
* P ¥ * E PV CQF * F * W THWYW C
D LI KN CVNUPFPNUV FWNGILTUGTGV
TGTTAACTCCTTCTTCAAAGAGATTTCAACCATTTCAACAATTTGGCCGTGATGTTTCTG
¢c * L L L Q R DF NHVF NINUILW AVMTFL
v N 8 F F K E I 8§ T 1 € T I W &P *x C F =*
L T P § S XK R F Q P F Q Q F G RD V 8 D
ATTTCACTGATTCCGTTCGAGATCCTAAAACATCTGARATATTAGACATTTCACCTTGCT
I $ L I P F E I L K HL K Y *~ T VF H L A
F H * FP R 8 R 8§ * N I » N I R H F T L L
F T b S v R D P KT S EI L DI & P C S
CTTTTGGGGGTGTAAGTGTAATTACACCTGGAACAAATGCTTCATCTGAAGTTCCTGTTC
L LGV * VvV » L, H L EQ ML HULKULUL F
F W GG C K CN Y TWWNIKCUPF I * 8 CC s
F ¢ G v.s vI1I TP G TDNA AS S E V A V L
TATATCAAGATGTTAACTGCACTGATGTTTCTACAGCAATTCATGCAGATCAACTCACAC
Yy I X M L T A LM F L Q Q F M QQ I N S H
I s R C * L H * C F Y 8 N 8 C R S§ T HT
Yy Q bp v N~  CTU DUVS TATIUHATDIUGQTULTUP
CAGCTTGGCGCATATATTCTACTGGAAACAATGTATTCCAGACTCAAGCAGGCTGTCTTA
Q L. G AYILULETMMY S RUIL K QA AUV L
S L. A H I F Y WK Q CI PD S S RUL S Y
A W R I Y S T G NDNUV F QT QAGTCTUL I
TAGGAGCTGAGCATGTCGACACTTCTTATGAGTGCGACATTCCTATTGGAGC TGGCATTT
* EL $ M $§TULLMSATU FIULTUL ETLA ATF
R § * A CRHVPF L * VR H S Y W S W UH L
G A EH VDT S Y ECDTIUPIGAGTI C
GTGCTAGTTACCATACAGTTTCTTTATTACGTAGTACTAGCCAAAAATCTATTGTGGCTT
v L v T I Q F L Y Y V VLA KU NIULUL W L
¢ » L P Y S F F I T * Y * P K I Y C G L
A S Y H TV S L L R ST S Q K S I V A Y
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23521 - ATACTATGTCTTTAGGTGCTGATAGTTCAATTGCTTACTCTAATAACACCATTGCTATAC - 23580
-I L CL *VLIVOQLZLTTLTZITZ&PILTLY
- YY V FRC * * F NCULTUL®* * HHOCYT
- T M S L GADGS S TIAYSNUNTTIA ATIST®P

23581 - CTACTAACTTTTCAATTAGCATTACTACAGAAGTAATGCCTGTTTCTATGGCTAARACCT - 23640
-L L TFOQOLA ALTLTUG QU X * CLTFTULUWTULTZKP
- Y * L FN *HY YRSNAGCTFUYG * N L
- TN F 85 I S I TTTETVHMTPUVSMATZKT S

23641 - CCGTAGATTGTAATATGTACATCTGCGGAGATTCTACTCAATGTGCTAATTTGCTTCTCC - 23700
-p * I VI CT S a&ETITLTULIUNUVTILTIT CTFE S
- RRL *Y VHULTZ RRTFEFUY * MC* F A S P
- VD CNMYTIOCGDSTET CA ATPNTELTLTLOQ

23701 - AATATGGTAGCTTTTGCACACAACTARATCGTGCACTCTCAGGTATTGCTGCTGAACAGE - 23760
-N M V A F AHN* I VHSGOUVTZILTILTULTUNR
- I W * L L HTTU XS CTTULTZ RYTCGC C*T G
- Y G S FCTOQLUPNZ RALTGSGTIA AR ATETZ QTD

23761 - ATCGCAACACACGTGAAGTGTTCGCTCAAGTCAAACAAATGTACAAAACCCCAACTTTCA - 23820
-I AT H UV KCSUL K S SDNJIZ KU CTTIE KTZDPOQTL *
- S QHT* 8 VRS SQTN NV VGQGNT P?TNTF E
- R NTREVV FAQVI KOQMYUE XTU&PTTL K

23821 - AATATTTTGGTGGTTTTAATTTTTCACAAATATTACCTGACCCTCTAAAGCCAACTAAGA - 23880
-N I LV VLITFHIEKTYJ YTZLTTLS* S Q0 L R
- I FWWEPF* FFTNTIT®* P S KA ATIN * E
- Y F GG F NV F S QITLPDU PTULIE KT PTTZEKR

23881 - GGTCTTTTATTGAGGACTTGCTCTTTAATAAGGTGACACTCGCTGATGCTGGCTTCATGA - 23940
-6 L L LRTO CSTULTIU RSM™*HTSTILMTLA § *
- VFY *&¢LATLS®* * G DTU R*CWTULHE
- 8§ F I EDLLFUNU KUVTULA ATDUT ATGTFM K

23941 - AGCAATATGGCGAATGCCTAGGTGATATTAATGCTAGAGATCTCATTTGTGCGCAGAAGT - 24000
-8 NMANA AW®* V I LMTLTETITST FETVT RT RS
- A I WRMPR RS* Y * C * R SHTLTG CU ATEYVY
- QY GECLGDTINA ARTUDTILTITCA ATG QTEKTF

24001 - TCAATGGACTTACAGTGTTGCCACCTCTGCTCACTGATGATATCATTGCTGCCTACACTG - 24060
-S M DLQCCHLTG CSTLMTIO®*ILILZPTL
- QW T Y SVATSAHRT®* ** Y DCOCTLEHC
- NGL TV L P PLULTTDTDMMTIA AZ ATZYTR2

24061 - CTGCTCTAGTTAGTGGTACTGCCACTGCTGGATGGACATTTGGTGCTGGCGCTACTCTTC - 24120
-L L * L VVLPULILDGUHTLVTZILA ATELTLF
- C S 8 * WY CHZCWMDTIWTCECTMWTZ RTEGC S §
- ALV SGTATA AGT WTTFGA AGA ATA ATLQ

24121 - AAATACCTTTTGCTATGCAAATGGCATATAGGTTCAATGGCATTGCAGTTACCCAAAATG - 24180
-K Y L L L C K WHTIG GG SMATLTETLTPTEKM
- NTF CY ANGTIO®* V QWHUWSUYZPEIKC
- I PFAMOQOQMAYTZ RTPFNTGTIG GV YVTU QTNYV

24181 - TTCTCTATGAGAACCAAAAACAAATCGCCAACCAATTTAACAAGGCGATTAGTCAAATTC - 24240
-F S M RTXKUNIK S PTUNTULTTU RT ERTLTVYZEKF
- S L * EP KTWNU RO QTPTIT*OOGTD * § N §
- L YENUOQZ KO QTIA AN OTFNTEKATILITSTUGQTIQ

24241 - AAGARATCACTTACAACAACATCAACTGCATTGGGCAAGCTGCAAGACGTTGTTAACCAGA - 24300
-K N HL Q Q HQULUBHTWASTZ CIE KTTILTLTR
- R I T Y DNUNTIWNTGCTIGT OA AR AT RTERTC™* P E
- ESLTTTSTALTGTI KTILI QDU VU VNG QN

24301 - ATGCTCAAGCATTAAACACACTTGTTAAACAACTTAGCTCTAATTTTGGTGCAATTTCAR - 24360
-M L K H* THLTULNUNTULATLTITLVOQF Q
- C$ S I KHTG C®*TT * L * FWOCUNF K
- A QALUNTTULUVI KOQLTSSUNTFGH ATIS §
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GTGTGCTAAATGATATCCTTTCGCGACTTGATAAAGTCGAGGCGGAGGTACARATTGACA
v ¢ * M I S8 FRDULIKXKXSU RIRURYIKULT
C A K * Y P F AT * S R G G G TN * Q
vV L N D I L S RUL DKV EAZEV QI DR
GGTTAATTACAGGCAGACTTCAAAGCCTTCAAACCTATGTAACACAACAACTAATCAGGG
G * L QA DVF KAUPF KPMM™*HNDN * 35 G
vV NY R QTS K P S§NULUCWNTTTN Q G
L I T G R L Q 8§ L Q T Y V T QQ Q L I R A
CTGCTGAAATCAGGGCTTCTGCTAATCTTGCTGCTACTAAAATGTCTGAGTGTGTTCTTG
L L K S GGL L L I L L L UL K OCCUL s V F L
c *NQ GF C * S C C Y * NV * V C S W
A EI R A S ANILMAATI KMSET CV L G
GACAATCAAAAAGAGTTGACTTTTGTGGAAAGGGCTACCACCTTATGTCCTTCCCACAAG
DNQ K EL TV FV ERA ATTULTCUP S8 HK
T I K K 8 * L L ¥ X G L P P Y V L P T S
Q $ KX R VDV FCGI KGYHTULMMS SV F P Q A
CAGCCCCGCATGGTGTTGTCTTCCTACATGTCACGTATGTGCCATCCCAGGAGAGGAACT
g PR M VL 8§ 5§ Y M S RMOCHU®PRIRGT
s P A WCCLUPTUCHV CATIU?PGTETEL
A P H GV V F L HVTYV P S Q E RN F
TCACCACAGCGCCAGCAATTTGTCATGAAGGCAAAGCATACTTCCCTCGTGAAGGTGTTT
S P Q RQQF VM KA AI KHTS UL V KV F
H H S A SN NULS * R Q § I L P S * R C F
T T A P A1 CHEGI KW AYF PREGUVF
TTGTGTTTAATGGCACTTCTTGGTTTATTACACAGAGGAACTTCTTTTCTCCACAAATAA
L ¢C L MALULGTLTULUHRTGTS F L H K =*
¢ v * WHPFL VY YTEZEULULTFSTNN
v FNGT S WF I T QRN FF S P Q I I
TTACTACAGACAATACATTTGTCTCAGGAARATTCTGATGTCGTTATTGGCATCATTAACA
L Lo TIHIL S Q EI VM S L L ASTIL T
Yy Y R Q9 ¥ I C L R KUL * C R Y W HH * Q
T T D N TP F V S G NCDV VI G I I NN
ACACAGTTTATGATCCTCTGCAACCTGAGCTTGACTCATTCAAAGAAGAGCTGGACAAGT
T ¢ FMIULCNUILJ ST LTHS X K S W T S
K s$S L S s A T®*A * L I Q RRAGO QV
T vy DPUL QP ELD S F KEZETULD K Y
ACTTCAAARATCATACATCACCAGATGTTGATCTTGGCGACATTTCAGGCATTAACGCTT
T S X I I §E H 9 ML IULA AT FOQATLTL
L ¢ K § Y I TURTGCT™* S WRUHT FU RUH * R F
F X NH TS P D VDULGDTI S G I N A S
CTGTCGTCAACATTCARAAAGARATTGACCGCCTCAATGAGGTCGCTAAARATTTAAATG
L §$s s TF XK K KL T AS MU RS L K I » M
C R QHS KRN T®* P P Q * G R * K F K *
vV VNI QK E I DIRTULNUNEUVAI KNI NTILNE
ARTCACTCATTGACCTTCAAGAATTGGGAAAATATGAGCAATATATTAAATGGCCTTGGT
N H S L T F KNWENMMSNDNTIILNGTL G
I T H * P S R I G K I *A I Y * M AL V
§$ L I DL QEVL G K YEOQUY I K WP W Y
ATGTTTGGCTCGGCTTCATTGCTGGACTAATTGCCATCGTCATGGTTACAATCTTGCTTT
M F G 8§ A S L LD * L P S S§ WL Q S C F
¢C L A R-L HCWTDNUGCH R RUHGYNTILA AL
VWL GGFIAGILTIA ATIVMV T IULULC
GTTGCATGACTAGTTGTTGCAGTTGCCTCAAGGGTGCATGCTCTTGTGGTTCTTGCTGCA
vV A *L VvVVAVASIRVHALV VL A A
L HD * L L QL P Q G CMULIULWF UL L Q
c M TS COCS CUL KGA AT CS CG S CCK
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25501
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25801

25861

25921

25981

AGTTTGATGAGGATGACTCTGAGCCAGTTCTCAAGGGTGTCAAATTACATTACACATAAA
S LM R MTTUL S Q F § RV S NUYITH K
v *» *» g * L * A S § Q GG C Q I T L HTIN
F D EDUDSEUP VL K GV KL HY T * T
CGAACTTATGGATTTGTTTATGAGATTTTTTACTCTTGGATCAATTACTGCACAGCCAGT
R T Y G F VY EI F Y S W I N Y CTRAR S
ELMDIUL FMRPRYFVFTULGS IT AUOQUPV
N L W I CL * D F L L L DQUL L H S Q *
AAAAATTGACAATGCTTCTCCTGCAAGTACTGTTCATGCTACAGCAACGATACCGCTACA
K N * 0 CF S CK Y CSsS CY S NIDTA AT
K I D NASPASTV HATA ATTIUPTILQ
K L. T ™M L L L Q@ VL FMUL Q Q R Y R Y K
AGCCTCACTCCCTTTCGGATGGCTTGTTATTGGCGTTGCATTTCTTGCTGTTTTTCAGAG
$ L. T P FRMMAOCGCY WU R CTI S COCTF S§ E
A S L P F GW L V I 66 V A F L AV F Q S
P H S L SDGLLLAULUHU FULULT FT FTRA
CGCTACCAAAATAATTGCGCTCAATAAARGATGGCAGCTAGCCCTTTATAAGGGCTTCCA
R Y g N NCAOQ* KMAA ASUPUL * G L P
A T K I I AL N KU RWOQULA ALY KOG F Q
L P K * L R S I KD G S * P F I R A S8 S
GTTCATTTGCAATTTACTGCTGCTATTTCTTACCATCTATTCACATCTTTTGCTTGTCGC
VHL QQF T AATIUCGCYHULT FTST FATCLCHR
F I ¢ NL UL L L F VTIJY S HTUL UL L V A
s FP A I ¥ CCYULUL P S I HTIU FTCUL S L
TGCAGGTAAGGAGGCGCAATTTTTGTACCTCTATGCCTTGATATATTTTCTACAATGCAT
¢c R *¥* GG ATI FV?PLCLUDTIT FSTMH
A G K EAQ F L YL Y ATLTIYUV FULSGQTZ CTI
Q VR RRNVPF CT SMUP* Y I F Y N A S
CAACGCATGTAGAATTATTATGAGATGTTGGCTTTGTTGGAAGTGCARATCCAAGAACCC
Q R M * N Y Y EMUL AULULUEV QI Q E P
N A CRTITIMU®BRTCMWIUILUCWIKTCI K S KNP
T HV E L L * DV G F VG S ANDPBRTH
ATTACTTTATGATGCCAACTACTTTGTTTGCTGGCACACACATAACTATGACTACTGTAT
r T .o »*»CQULUL CLULAUHT* L * L L Y
L L ¥DANYV FV CWHTHNDNYDYCTI
Yy FMMPTTUL FAGTHTITWMTTUVY
ACCATATARACAGTGTCACAGATACAATTGTCGTTACTGAAGGTCACCGGCATTTCAACACC
T I ~Q CH R Y N CUR Y * R * R HPF NT
P Y NS VTDTTIVVTETGDGTIS TP
H I TV S Q@ I QL $ L L KV T ATFQH Q
AARAACTCARAGAAGACTACCARATTGGTGGTTATTCTGAGGATAGGCACTCAGGTGTTAA
K T Q R RULPNWWILF * 6 * A L R ¢ =*
KL X ED Y QI G GG Y S EDI RUHS GG V K
N s K XK TTI KULVVITULIRTIGTOGQUV L K
AGACTATGTCGTTGTACATGGCTATTTCACCGAAGTTTACTACCAGCTTGAGTCTACACA
R L ¢CRCTMWULFHWRSILUL P A * V Y T
by vvVv VHGYFTZEUVY Y QUL E S TQ
T M S L ¥ M AI S P KV FTTS L 8L H K
AATTACTACAGACACTGGTATTGAAAATGCTACATICTTCATCTTTAACAAGCTTGTTAA
N Y ¥ R HW Y * K CY I L HUL *'Q A C *
I T T D T G I ENATUF FUF FI F NI KIUL VK
L L.Q TUL VL KMULUHS S S8 L T S L L K
AGACCCACCGAATGTGCARATACACACAATCGACGGCTCTTCAGGAGTIGCTAATCCAGC
R P TECANTHUDNU RI RILTFIRS C * 8 8§
D PPNV QI HTTIDGS S GV A NP A
T HRMCI K Y TQ ST AULQETULTULTIOQAQQ
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AATGGATCCAATTTATGATGAGCCGACGACGACTACTAGCGTGCCTTTGTAAGCACAAGA
N G S NL * * A DUDUDY * RAF V S TR
M DPTI Y DEPTTTTS V P L * A Q E
wW I QQ FMMSU RIRUPRILIULM ATZGCTULTCIEXKH K K
AAGTGAGTACGAACTTATGTACTCATTCGTTTCGGAAGAAACAGGTACGTTAATAGTTAA
XK * VvV R T Y V L I R F G RUNIR Y V N § =«
S EY EL MY S F VS EETU GTTLTI V N
v 8§ T N L CTH S F RKKQ VR * * L I
TAGCGTACTTCTTTTTCTTGCTTTCGTGGTATTCTTGCTAGTCACACTAGCCATCCTTAC
*R T 8§ F s ¢ F R G I LASUHTSHUP Y
$ vL L F L AVF UV V F L L VTILATIILT
A°'Y F F FLL SWyY S C~* S H* P S L L
TGCGCTTCGATTGTGTGCGTACTGCTGCAATATTGTTAACGTGAGTTTAGTAARACCAAC
¢c A s I vVvVvC_CVL L QY C* REF 8§ K TN
A L RL CAY CCUNTI VNV S L V KUZPT
R F D CVZRTAA AIULULT * V » x N Q R
GGTTTACGTCTACTCGCGTGTTAAAAATCTGAACTCTTCTGAARGGAGTTCCTGATCTICT
G L R L L AC=* K S ELF * R S S * 8§ 8
vV Yy vY S RV KNULNS S E GV PDILL
F T S TR VL K I * T L L KEVFUL I F W
GGTCTAAACGAACTAACTATTATTATTATTCTGTTTGGAACTTTAACATTGCTTATCATG
G L NEL TTI I I I L F G TULTTULULTI M
v » T N *L L L L F L EUL * HCUL § W
S K R TUN Y ¥ Y Y 8 V WNTF NI A Y H G
GCAGACAACGGTACTATTACCGTTGAGGAGCTTAAACAACTCCTGGAACAATGGAACCTA
A'DNGTTI TV EETULKOQULULET GQWNL
Q T T VL L P L R S L N NS WNNG T *
R Q RYY YR * GA* TTU?PGTMME P S
GTAATAGGTTTCCTATTCCTAGCCTGCATTATGTTACTACAATTTGCCTATTCTAATCGG
v I 6 F L FL AW IMILULOQT FA AY S NR
* *» v § ¥ § * P GL CY Y NTULUPTIULTI G
N R F PI P S LDY V TTTITCULTF * § E
AACAGGTTTTTGTACATAATAAAGCTTGTTTTCCTCTGGCTCTTGTGGCCAGTAACACTT
N R FUL Y I I KLV FL WILUIL WPV T L
T G F C T * * 8 L F S8 5 G 5 ¢CG Q * HL
Q v F VH NKACTF?PULALVASNTOC
GCTTGTTTTGTGCTTGCTGTTGTCTACAGAATTAATTGGGTGACTGGCGGGATTGCGATT
A CF VL AV VYR RTINDNWUVTGSGTIATI
L v L CLLUL STZETLTISG* L A G L R L
L F CACCOCLIOQNT®*ULGDWU RUDT CTDC
GCAATGGCTTGTATTGTAGGCTTGATGTGGCTTAGCTACTTCGTTGCTTCCTTCAGGCTG
A M A CTIVGEL MWILS Y F V A ST FRIL
Q WL VUL * A * CGLATS STULULUPS G C
N 6 L Y CRULDUVA* L L RTCT FIUL QA V
TTTGCTCGTACCCGCTCAATGTGGTCATTCAARCCCAGAAACAAACATTCTTCTCAATGTG
F ARTURSMWS F NUPETNU NTIULTULNUNUV
L L VP AQCGHSTOQZ XK QT FTFSMC
¢ 8§ Y PL NV VI QPR RUDNI KU HS S Q C A
CCTCTCCGGGGGACAATTGTGACCAGACCGCTCATGGAAAGTGAACTTGTCATTGGTGCT
P L RGTI VTR RUPILMESZETLUVTIGA
L §$ 66 G QL * P DR S WKV DNILSTULUVL
S P 6D NCDIOQTA AU HGI K * T CHWOCOC
GTGATCATTCGTGCTCACTTGCGAATGGCCGGACACTCCCTAGGGCGC TGTGACATTAAG
v I I RGHULIRMAGEH STILGRTZCUDTI K
* 8§ F v v T CEW®WU©PDTU®PT* G AV T L R
D HS WS L ANUGRTTULU PR AL * H * G
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26881

26941
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27361

27421
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27541

27601
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GACCTGCCAAAAGAGATCACTGTGGCTACATCACGAACGCTTTCTTATTACAAATTAGGA
b L P K EI TV AT SU®RTIULS Y Y KUL G
T ¢ Q K R S L WUIL HUHERZ RV FTULTITN * E
P A KRUDHTCGY I TNA ATV FTULULOQTIR S
GCGTCGCAGCGTGTAGGCACTGATTCAGGTTTTGCTGCATACAACCGCTACCGTATTGGA
A S Q RV G TD S G VFAAYDNUZRYRTIG
R RS Vv *» A L I Q VLULHTTA ATV L E
VAACRHT*TFRT FOCCIQUPUL P Y WK
AACTATAAATTAAATACAGACCACGCCGGTAGCAACGACAATATTGCTTTGCTAGTACAG
N ¥y KL NTDHAG SN NDNTIA ATLTULV Q
T I N * I Q T T P V A T T I L L C * Y 8§
L » T K Y R P RUR * Q R QY CF A S T V
TAAGTGACARACAGATGTTTCATCTTGTTGACTTCCAGGTTACAATAGCAGAGATATTGAT
*v T™7T D VS s C * L P G Y NS R DTID
K *Q Q M F HL VDUPFQVTTIAZETITLTI
S DNURCPF I L L TS RUL QQ * Q R Y * [
TATCATTATGAGGACTTTCAGGATTGCTATTTGGAATCTTGACGTTATAATAAGTTCAAT
Y H Y EDVF QD CYULES * R Y N KFN
I I M R TPF R I ATI WDNILDUV I I § 5 I
S L * 6L SGULULF G TIUL TUL * *x v Q *
AGTGAGACAATTATTTAAGCCTCTAACTAAGAAGAATTATTCGGAGTTAGATGATGAAGA
S ET I I * A S N * E E L F G V R * * R
VRQULFKPILT I XK KNY § E UL DD E E
* D N YL 8§ L * L RRTITIU RS * MMI KN
ACCTATGGAGTITAGATTATCCATAARACGAACATGAAAATTATTCTCTTCCTGACATTGA
T Y GGV RUL S I KRTT* KL F S S§ * H *
P M EL DY P * N EHENY S L P D I D
L ws* I I H K TWNMZEKTITIULT FULTTULTI
TTGTATTTACATCTTGCGAGCTATATCACTATCAGGAGTGTGTTAGAGGTACGACTGTAC
L YLHLAS Y TITTIU RSV L EVRULY
¢ I vy I LRATISLSGVC * RYDOCT
v F TS CEUL Y HY QECVURGTTV L
TACTAAAAGAACCTTGCCCATCAGGAACATACGAGGGCAATTCACCATTTCACCCTCTTG
Y * K NL AR HQ EHTURATIU HUHTFTUL L
T K R TL P IRDNTIU RGOV FTTI S P S C
L K E P CP S GT Y E GN S P F HP L A
CTGACAATAAATTTGCACTAACTTGCACTAGCACACACTTTGCTTTTGCTTGTGCTGACG
L T I N LH * L AL AHTULULILL V L T
*Q * 1 C T NULH * HTULCV FOCUL C * R
bD N K FALTZ CTSTHT FA ATFA ATCA AMATDG
GTACTCGACATACCTATCAGCTGCGTGCAAGATCAGTTTCACCAAAACTTTTCATCAGAC
v L DI PI S CV QD QT FHIGQNT F S s D
Yy s T Y L s A A C K I S F T KTV FIE KU QT
T R H T Y Q L R A R S V S P XK VL F I R Q
AAGAGGAGGTTCAACAAGAGCTCTACTCGCCACTTTTTCTCATTGTTGCTGCTCTAGTAT
K RRFNIKJS ST RHVFU F S L L L L * Y
R GG S TRALULA AT F S HCOC CTC S s 1
EEEV QQ EL Y S PULF L I VA ALV F
TTTTAATACTTTGCTTCACCATTAAGAGAAAGACAGAATGAATGAGCTCACTTTAATTGA
F » Y F A S PVLIREUZRI QUNTET™*AHT FN *
FNTLULUHUHO* E KD RMNETLTTUL I D
L T L. ¢CFTTI KU RI KTE™*MS S UL * L T
CTTCTATTTGTGCTTTTTAGCCTTTCTGCTATTCCTTGTTTTAATAATGCTTATTATATT
L L F VL FSL S$ATIPCVFNWDINW AY Y I
F YL CFULAV FULTULU FUL VL IMULTIIF
s I ¢ AF * P F CY SLF * * CL L Y F
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TTGEGTTTTCACTCGAAATCCAGGATCTAGAAGAACCTTGTACCAAAGTCTAAACGAACAT
L vV F T RNUPSGSURIPRTULY QS L NE H
W F S L E I Q DL EEUPTCTIXKV * TNM
G F HS K s R I * KNUILV P K S5 KR T *
GAAACTTCTCATTGTTTTGACTTGTATTTCTCTATGCAGTTGCATATGCACTGTAGTACA
E TS H CVF D LY F S M QL HMUHTCS T
K L L I v.L TO CTISULUCSOCTIUC CTV V Q
N F § L F * L VF L YAV A Y AL * Y §
GCGCTGTGCATCTAATAAACCTCATGTGCTTGAAGATCCTTGTAAGGTACAACACTAGGS
AL ¢ I * *x T § C A * R S L * G TTTUL G
R C A S N K P H VL EUDU®PT CIKV QH * G
AV HL I NL M CL KTI L VRYNTRG
GTAATACTTATAGCACTGCTTGGCTTTGTGCTCTAGGAAAGGTTTTACCTTTTCATAGAT
v I LI AL L G F VL * ERVF Y L F I D
* Y L »HCLAULTGCSU RI KUGUPFTVF S * M
N T Y § T AWULTCALGI KV L P F HRW
GGCACACTATGGTTCAAACATGCACACCTAATGTTACTATCRACTGTCAAGATCCAGCTG
G T L W F KHAHULMULULS TV K I QL
A H Y G §S NMHT * CcCY ¥ Q L S R S S W
H TMV QT CTUPNUVTINTGCOQDU?PO-ASG
GTGGTGCGCTTATAGCTAGGTGTTGGTACCTTCATGAAGGTCACCAARCTGCTGCATTTA
v vRDL *L 6V GGTFMI KV T KULUL HL
w ¢ AayYys * VL VPSS * R S P NCOCTI *
G AL I A RCWUYULHETGUHU QT AU BATF R
GAGACGTACTTGTTGTTTTAAATAAACGAACAAATTAAAATGTCTGATAATGGACCCCAA
E T Y L L F * I N E Q I KM S DN G P Q
R R TOCOCV FK * T NI KULI K CTLTIMUDUPN
b vL..vvVvV LNI KU RTNM®*NUV * * W TUP I
TCAAACCAACGTAGTGCCCCCCGCATTACATTTGGTGGACCCACAGATTCAACTGACAAT
S NQ R S A PRTITT FOGOG?PTDS TDN
Q T N V VP PALUHTLVDPQTI QUL TTI
K p T » C P PHY I WWTHZ RV FN * Q «*
AACCAGAATGGAGGACGCAATGGGGCAAGGCCAARACAGCGCCGACCCCAAGGTTTACCE
N Q NG G R NG ARUPIKGQIRI RUPGQGTL P
T R M EDAM G QG QNS A DUPI KV Y P
P EWURTOQWG KA AI XTA AUPTUZPU RT FTQ
AATAARTACTGCGTCTTGGTTCACAGCTCTCACTCAGCATGGCARGGAGGAACTTAGATTC
N NT A S W FTAULTQH G KETETULT RTF
I I LRL G S QL SL SMAIRI RNTULTD S8
* Y ¢ VL VH S 8 HS AW QGG T * I P
CCTCGAGGCCAGGGCGTTCCAATCAACACCAATAGTGGTCCAGATGACCAAATTGGCTAC
P R G Q GV P I NTNJSGUPUDUDUOGQTIGY
L EARAPFQST TP I VYV QM TI KTLA AT
S R P G R 8N QHBOQ*W S R * P N WUL L
TACCGAAGAGCTACCCGACGAGTTCCTGGTGGTGACGGCAAAATGAAAGAGCTCAGCCCC
Y R R A TWR®RVRGGDGI KM KETL S P
T EEL P DEF V V V TAI K * K S 8§ A P
P K 8 Y P T S 8 W W * R QDNZEU R AUGQUP Q
AGATGGTACTTCTATTACCTAGGAACTGGCCCAGAAGCTTCACTTCCCTACGGCGCTAAC
R WY F Y Y L G TG UPEH ASULUP Y G A XN
b 66 TS I T * EL A Q KL HVPF P T ATLT
M v L. LL P RNWPU RSP F TS L RUR * Q
AAAGAAGGCATCGTATGGGTTGCAACTGAGGGAGCCTTGAATACACCCAAAGACCACATT
K E G I VWV ATEGA ATLNDNTUPI KTUDIUHTI
K KA S Y 6L QL REUP®*TIHUPIKTTL
R R HRMGU OCNT™* G S L E Y T QR P H W
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29281

29341

GGCACCCGCAATCCTAATAACAATGCTGCCACCGTGCTACAACTTCCTCAAGGAACAACA
G T RNUPINWNWDNAATUVIL QL P QG TT
A PAILITMULUPUPOCYNT FIULIEXKTEUOQH
H P QS * * 0 CCH RATTS S RNIN NI
TTGCCAAARGGCTTCTACGCAGAGGGAAGCAGAGGCGGCAGTCAAGCCTCTTCTCGCTCC
L P KGF Y AEGS SR GG G S QA S S R S
¢ Q KA S TOQREW ATEA AHDBAVI KUPTILTULA AP
A K RLL RURGI KQURUIRIGQS S IL F S L L
TCATCACGTAGTCGCGGTAATTCAAGAAATTCAACTCCTGGCAGCAGTAGGGGAAATTCT
S S RSRGDNSURNUSTU PGS S R 6 N §
H HV VAV I QETIOQTLILA AAVGTETIHTL
I T » S R * F K K F N S W Q Q * G K F 8§
CCTGCTCGAATGGCTAGCGGAGGTGGTGAAACTGCCCTCGCGCTATTGCTGCTAGACAGA
P ARMAS G GGETA ALA ATLTULTLTLTDR
L' L EWILAEVV KT LUPS R Y CC * T D
¢c s NG * RRW®* NCPU R ATIW AAROQTI
TTGAACCAGCTTGAGAGCAAAGTTTCTGGTAAAGGCCAACAACAACAAGGCCARACTGTC
L NQ L E S KV S G K G Q Q Q0 GG o T vV
*T § L R A K F L V XK A N N N KA KL 8
E P A * E QS F W *PRUPTTTU RUPNTCH
ACTAAGARATCTGCTGCTGAGGCATCTAAAAAGCCTCGCCAARAACGTACTGCCACAAAA
T K K S A A E A S K KPR QKR TTAT K
L RNULTU LTV LRHTLIEKSILAIE KNUVILUPQ N
*E I C C * G I * KA S P KT Y CHI KT
CAGTACAACGTCACTCAAGCATTTGGGAGACGTGGTCCAGARCARACCCAAGGAAATTTC
Q ¥ N VT QATF GRU RGPETGTUOQTGNF
§ T TS L KHEULGGD UV V QNI KU PZE KTETS
VQ R HS § T W ETW SR TDNUPUR RIEKTFR R
GGGGACCAAGACCTAATCAGACAAGGAACTGATTACAAACATTGGCCGCARATTGCACAA
G DQDUILTIM®RIQOGTUDVY KU HUWZPOQTIA Q
G T X T * S DKEULTITUNTIGT RIEKTLTHN
G P RPUNQTR RN®* 1L QTTULU AANTGCTT
TTTGCTCCAAGTGCCTCTGCATTCTTTGGAATGTCACGCATTGGCATGGAAGTCACACCT
F AP S A SAPFFGMSURIGMMETVTTP
L LQV?PLHSULETCHH ATLA AWTE KSH L
¢ S K C¢CL CTIULWDNUWVTUHUWUHTGT ST HTTF
TCGGGAACATGGCTGACTTATCATGGAGCCATTAAATTGGATGACAAAGATCCACAATTC
§$ G T WL T Y HGA ATIIZ KTULTDTUDTIEKTD P Q F
R EH G *L I M EPULUNUWMTI KTITHTN S
G NMADUL S W S H * I G * QRS TI Q
ARAGACAACGTCATACTGCTGAACAAGCACATTGACGCATACAAAACATTCCCACCAACA
K DNV IULULNI KU HTITUDA AYI KTT FU®PUPT
K TT S Y C * TS TULTHTIZ KU HSH Q Q
R Q R EHTAZEU QA AHT™*RTIUOQNTIUDPTNDNR
GAGCCTAAAAAGGACAAAAAGAAAAAGACTGATGAAGCTCAGCCTTTGCCGCAGAGACAA
E P K KDIXKI K KU KTUDTEU AGOQZPTLTPOQR Q
S L K RTZXZRI K RILMZE KTILSULTCTZRTUERTUD K
A * K GQKEI KD®™* » 8 S A FAA ATET K
AARGRAGCAGCCCACTGTGACTCTTCTTCCTGCGGCTGACATGGATGATTTCTCCAGACAA
K K QP TV TILUIL P AU ADIMTDTDTF S R Q
R 8§ s PL *L FFULU RILTWMMTISTZ PTDN
EAAHCDSS S CG™* HG*FULOQTT
CTTCAAAATTCCATGAGTGGAGCTTCTGCTGATTCAAC TCAGGCATAAACACTCATGATG
L QNS M S G A S ADSTO QA AT*TTIL MM
F K I P *V EULULTULTIUGQTULUZ RUHTIEKTUHS S * =*
S K F HEWSV FOC~®* F NS GTIINTIHTUDD
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29401

29461

29521

29581

29641

29701

ACCACACAAGGCAGATGGGCTATGTAAACGTTTTCGCAATTCCGTTTACGATACATAGTC
T T Q G R WAM * T F 8§ Q F R L R Y I V
P HXADGTL LT CI KR RTPFRNS SV Y DT * 8
H T RQ@EMG Y VNV FAaATIUPVFTTIUHSIL
TACTCTTGTGCAGAATGAATTCTCGTAACTAAACAGCACAAGTAGGTTTAGTTAACTTTA
Y s ¢ A E * I L VT K QHK * VvV * L T L
T L VvV Q N E F 8§ * L N S5 T S R F s * L =
L LCRMDNSIRNT*YTAZGQV G L VN FN
ATCTCACATAGCAATCTTTAATCAATGTGTAACATTAGGCAGGACTTGAAAGAGCCACCA
I S HS NL * S8 M CNTIUZ REITDTULIKTEPP
S HI A I FNQCUVTULGT RT * K S HH
L T *Q $ L I NV * H* G G L E R AT T
CATTTTCATCGAGGCCACGCGGAGTACGATCGAGGGTACAGTGAATARTGCTAGGGAGAG
H F HR GHAEUYTDU RGY S E * C * G E
I F I EAT R STTIETGTVNIUNU AT RE S8
F S S R PRG VR SRV Q * I ML G R A
CTGCCTATATGGAAGAGCCCTAATGTGTAAAATTAATTTTAGTAGTGCTATCCCCATGTS
L P I W K S P NV * N * F * % C Y P H V
¢ LY GRAILMTCI KTINDNT FS S ATIUPM*
A Y MEEUZP * CV KL I L V VL S P C D
ATTTTAATAGCTTCTTAGGAGAATGACAAAAAAAAARAAAAR - 29742
I LI A S * E N D K K K K K X
F * » L L R.R M T K K XK K X
F N § F L 6 E * Q K K K K X
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1 - TTTTTTTTTTTTTTTGTCATTCTCCTAAGAAGCTATTAAAATCACATGGGGATAGCACTA - 60
-F FFP FFVILUILRS Y * NHMGTIA AIWL
- FP FF FL S F S * EATIKTITWG * H Y
- F F F F ¢ H S P K KILUL K S HGD S TT
61 - CTAAAATTAATTTTACACATTAGGGCTCTTCCATATAGGCAGCTCTCCCTAGCATTATTC - 120

-L KL I L HIURATLUPVYROQUL S L A L F
- * N * F Y TULGULVFHTIGS S5 8 P * H Y 8§
- K I N F TH* G S S I * A AL P S I I H

121 - ACTGTACCCTCGATCGTACTCCGCGTGGCCTCGATGAAAATGTGGTGGCTCTTTCAAGTC - 180
-T v P § I VL RV A S MKMW W L F Q V
- L Y PR S Y § A WUPWURT®* KCG G S F K 8
- ¢c T L DURTU®PURGULUDEITNUVV AL S S P

181 - CTCCCTAATGTTACACATTGATTAARAGATTGCTATGTGAGATTAAAGTTAACTAAACCTA - 240
-L P NV TH * L K I AM* D * § * L N L
- § LML HTIWDOS* RULULOCETII KU VNDN®* T Y
- p * CY TUL I KD CYVRUL I KULTI KU©PT

241 - CTTGTGCTGTTTAGTTACGAGAATTCATTCTGCACAAGAGTAGACTATGTATCGTAAACG - 300
-L VL F § YENS8F CTU RVD YV S8 * T
- L ¢CCLV TRTIUHESA AUQ QE™* TMYR K R
- ¢c AV * L REFTIULHI K SI RILTCTIUVNG

301 - GAATTGCGAAAACGTTTACATAGCCCATCTGCCTTGTGTGGTCATCATGAGTGTTTATGC - 360
-E L R KR L HS P S AL CGUHUHET CTULC
- N CENV Y I AHULUPTCVV IMZSV Y A
- I AKX T F T * P I CL VW S S * V F M P

361 - CTGAGTTGAATCAGCAGAAGCTCCACTCATGGAATTTTGAAGTTGTCTGGAGAAATCATC - 420
-L § *I 8 R S8 S THG I L KL S G E I I
- *V ES A EAPTULMETF* 8 CL E K S S
- E L NQ Q KL H S WNUF FE V YV WRNUH P

421 - CATGTCAGCCGCAGGAAGAAGAGTCACAGTGGGCTGCTTCTTTTGTCTCTGCGGCARAGE - 480
-H VS RR KK S HS GG L L LUL S L R QR
- M S AAGRIRUVTV G CVFUPCLCG K G
- C QP QEEE S QWA AASV FV S A A K A

481 - CTGAGCTITCATCAGTCTTTTITCTTTTIGTCCTTTTTAGGCTCTGTTGGTGGGAATGTTTT - 540
-L 8 F I § L FL F VL FRULTG CMWWTETCTFEF
- *A 8 8 VF F FL S F LGS V G G N V L
- EL HQ S F S F CPV F * A LILVGMTF C

541 - GTATGCGTCAATGIGCTTGTTCAGCAGTATGACGTTGTCTTTGAATTGTGGATCTTTGTC - 600
-V C¢CV NV L V Q QY DV V F F EULWTITF V
- Y A S M CLF § 8 M TUL S VL DNTCGS L 8
- M R QO CACS AV * RCL * I VDULCH

601 - ATCCAATTTAATGGCTCCATGATAAGTCAGCCATGTTCCCGAAGGTGTGACTTCCATGCC - 660
-I1 QF N GS M IS QPO CZSURT®RTCDTFHRA
- S NL M AP * * V S HV PEG GUVTSM?P
- P I * W UL HDIKSAMT FUPI KUV * L P C Q

661 - AATGCGTGACATTCCAAAGAATGCAGAGGCACTTGGAGCARATTGTGCAATTTGCGGCCA - 720
-N A * HS K ECRUGTW S K ULCNTULTU RSP
- MR DI P K DN AEA ATILGA AIDNT GCATITCGOQ
- Cc vVTFQRMUO QRUHLEUG QQTIUVQTF A AN

721 - ATGTTTGTAATCAGTTCCTTGTCTGATTAGGTCTTGGTCCCCGARATTTCCTTGGGTTTG - 780
-M F V I § S§ L §SD * VL VPETISTUL G L
- ¢L * S VP CULTIU RS SWS P KT FUPUWUVC
- v ¢ NQF L V * L GULGZPRNT FTULGT F V

781 - TTCTGGACCACGTCTCCCAAATGCTTGAGTGACGTTGTACTGTTTTGTCGCAGTACGTTT - B840
-F W TTS P K CUL DV VL FCOGSTTF
- 8§ G PRULPUNA AWMUV TULYCFVAVRTF
- L D HV S ¢ MULET™*RCTUVUL WOQVY V F

FIG. 12
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841 - TTGGCGAGGCTTTTTAGATGCCTCAGCAGCAGATTTCTTAGTGACAGTTTGGCCTTGTTG - 900
-L ARLVFRCLS SRV FL 8D SL AL L
- WRGPFLDASAADV FULVTVWUPCC
- G EAPF *MP QQQTI S * * Q F G L V V

901 - TTGTTGGCCTTTACCAGAAACTTTGCTCTCAAGCTGGTTCAATCTGTCTAGCAGCAATAG - 960
-L L AF TRDNV FALI KTULUV QS V * Q @Q *
- CW?PUL PETTULTULS S8 W F NUL S S S N S
- VL Y Q KL C S QAGSTICULAA ATINA A

961 - CGCGAGGGCAGTTTCACCACCTCCGCTAGCCATTCGAGCAGGAGAATTTCCCCTACTGCT - 1020
-R E G S F TTSASHS S RURTI S PTA
- A RAV S PP PLAII RA AGETFU®PILILTL
- R GQ FHHLUZR®XPPFEU QENT FUPVYCOC

1021 - GCCAGGAGTTGAATTTCTTGAATTACCGCGACTACGTGATGAGGAGCGAGAAGAGGCTTG - 1080
-A R S * I §8 * I TATT* * G AR RURGL
- PGV EFL ELPURULURUDTETETZ RTETE A *
- Q EL N FL NYURUDYVMU RSETZ KT RTLD

1081 - ACTGCCGCCTCTGCTTCCCTCTGCGTAGAAGCCTTTTGGCAATGTTGTTCCTTGAGGAAG - 1140
-T A A S A S L CV EATFWOQOCCSULURK
- L PPL L P S8 A * KPF G NV V P * G §
- Cc RLCPFPILI R RSILILAMTILT FTULTEE V

1141 - TTGTAGCACGGTGGCAGCATTGTTATTAGGATTGCGGGTGCCAATGTGGTCTTTGGGTGT - 1200
-L * HG G s I VIRTIAGANUVUVF FGOC
- ¢S TV AALULULGT LU RV PMWS L GV
- VARWOQQHTCY *DCOGOCOQOCGTL WV Y

1201 - ATTCAAGGCTCCCTCAGTTGCAACCCATACGATGCCTTCTTTGTTAGCGCCGTAGGGAAG - 1260
-1 ¢ 6 s L § CNUP Y DATFF VS5 A YV G K
- F K AP S VATHTMMZPSTILULAUZ®P * G S
- S R L PQUL QP IR CLTULTCS™*U RU RTERTEUV

1261 - TGAAGCTTCTGGGCCAGTTCCTAGGTAATAGAAGTACCATCTGCGGCTGAGCTCTTITCAT - 1320
-* S FWASS§ *V I EV P S G AZETULTF H
- EA S G PV PR * * K Y HUL GL 8 S F I
- KL LGQ FL GNURSTTIWG* AL S F

1321 - TTTGCCGTCACCACCACGRACTCGTCGGGTAGCTCTTCGGTAGTAGCCAATTTGGTCATC - 1380
~-F AV TTTNS S G S S S V V ANULUV I
- L PSP PRTIRIRVATLIZ R®* * P I WS S
- C REHHEULVSG*LF G S S QF G H L

1381 - TGGACCACTATTGGTGTTGATTGGAACGCCCTGGCCTCGAGGGAATCTAAGTTCCTCCTT - 1440
-W T T I G V D W N ALU ASURES I K VP PUL L
- 6GPLLVLTIOGTU PWUPURUGNUNIULSS S L
- DHY WO C* L EU®RUPGTLTETGTI * vV P P C

1441 - GCCATGCTGAGTGAGAGCTGTGAACCAAGACGCAGTATTATTGGGTAAACCTTGGGGTCG - 1500
-A ML S ESCEZ&PRR RSTITIGT®=* TTUL G 8
- P C* VRAVNOQDH AVILTILUGI KU PWGR
- HAE* EL * T KTQY Y WUV NTULTG GV G

1501 - GCGCTGTTTTGGCCTTGCCCCATTGCGTCCTCCATTCTGGTTATTGTCAGTTGAATCTGT - 1560
-A L FWUPOCUPTIASSTI ULV I VS * I C
- RCF GLAUPULU RZPUPTF FWIULUL S V E S V
- AV LALPUHTCUVLHESGY COQQULINTULW

1561 - GGGTCCACCAAATGTAATGCGGGGGGCACTACGITGGTTTGATTGGGGTCCATTATCAGA - 1620
-G $ TKCWNAGGTTILUV * L G S I I R
- GPPNVMRGALU RWTFDWOGPIL S D
- VHQM* CGGHY V GL I GV HYOQT

1621 - CATTTTAATTTGTTCGTTTATTTAAAACAACAAGTACGTCTCTAAATGCAGCAGTTTGGT - 1680
-H F NL F V YL KOQQQVU RUL *MOQOQT F G
- I L 1 ¢ s F I * N NIK VY V $§ K C S S L V
- F * F VRLF KTTS TS L NI A AUV W *

FIG. 12 Con't
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GACCTTCATGAAGGTACCAACACCTAGCTATAAGCGCACCACCAGCTGGATCTTGACAGT
b L HEGTWNT®* L * A HHOQULUDTILTD S
T FM XV PTUPSY KRTTSWIULTV
P 8§ * RY Q HLATISAUPUP AG S * 0 L
TGATAGTAACATTAGGTGTGCATGTTTGAACCATAGTGTGCCATCTATGAAAAGGTAAAR
* *+ * H *» ¥V CM F E P * C A I Y E K V K
b s NTIU R CACLNUHSV P S M KU R * N
I VvV TL GGV HV * T 1V CHTUL* K OGI KT
CCTTTCCTAGAGCACAAAGCCAAGCAGTGCTATAAGTATTACCCCTAGTGTTGTACCTTA
P F L EHIKAI KU QO CYI K Y Y P * CCT UL
L § *S T K?P S S AI S I TUP SV VP Y
F PRAQS QAVL * VL PULVILYTULT
CAAGGATCTTCAAGCACATGAGGTTTATTAGATGCACAGCGCTGTACTACAGTGCATATG
Q 6§ 8 58 T * G L L DA Q RCTTV HM
K DL QAHEUV Y * M HS A VL QC I C
R I F XK HMPRV FTIU RO CTA ALY Y 8 A Y 2
CARCTGCATAGAGAAATACAAGTCAAAACAATGAGAAGTTTCATGTTCGTTTAGACTTTG
Q LEHERETIOQV KTMZ®RST FMTFUV * T L
N €¢I E XK Y K S KO *EV S C S F RUL W
T A * R NT S Q NNEI KT FH VI RULIDF G
GTACAAGGTTCTTCTAGATCCTGGATTTCGAGTGAAAACCAAAATATAATARGCATTATT
vVQG S S R S WIS SENIGQNTITIU STITI
Y K v L L D P GF RV KTI KTI* * ap L L
T R F F * I L DF E * K P K Y N K H Y =+
AAAACAAGGAATAGCAGAAAGGCTAAAAAGCACARATAGAAGTCAATTAAAGTGAGCTCA
K TR NS R KAU KIKUHIK* K S I KV 8 s
K Q G I A ERULIXSTWNU RS QL K * A H
N K E * Q K G * KA QI EV N * s E L I
TTCATTCTGTCTTTCTCTTAATGGTGARGCARAGTATTAAAAATACTAGAGCACGCAACAA
F I L 8 F 8§ * W * 8 K VUL XK I L EQ Q Q
8 F C L S LN GEW BABAIZEKTY™* X Y * 8§ S NN
H S VvV F L L MV K QS I KNTU RA AABATM
TGAGAAAAAGTGGCGAGTAGAGCTCTTGTTGAACCTCCTCTTGTCTGATGAAAAGTTTTG
*E K VA SRALUVET PZPTILUV * ¥ K V L
E KX WRV ETLTZ LULUNULTILTULSTUDTETZ KT F W
R X 8 GE * S S C * T s S CLMTEKTS ST FaQG
GTGAAACTGATCTTGCACGCAGCTGATAGGTATGTCCAGTACCGTCAGCACAAGCAAARG
VXKLTITULHZAATDTR RYV VETYT RGO QEHTE KOQK
*N * 8 CTQUL I G M S S TV ST S K 8
E T DILA AR S * * V CRV P S A Q A K A
CARAGTGTGTGCTAGTGCAAGTTAGTGCAAATTTATTGTCAGCAAGAGCGTCAAATGGTG
Q S VC* CKUL V QI Y COQO QETGTEMUV
K v ¢cas ASsS * C K F I VS KU RV KW *
K ¢V LV QV S AUNILTILGSU ARG T* NG E
AARTTGCCCTCGTATGTTCCTGATGGGCAAGGTTCTTTTAGTAGTACAGTCGTACCTCTAR
N CPRMPFILMGT KU VL L VUV Q S Y L *
I AL VCS * WAU RTFTF* Y 8 R TS N
L PSYVPDGOQGS S F S STV UV PIUL T
CACACTCCTGATAGTGATATAGCTCGCAAGATGTARATACAATCAATGTCAGGAACAGAR
HTPODSDTIARIKMT®*TIOQO S M S G R E
T LL I VI *L ARTGC CI KT YNZ QT COQTETEN
H S » * » ¥ 8§ 8§ Q DVNTTIUNUVZ RIEKTE ETI
TAATTTTCATGTTCGTTTTATGGATAATCTAACTCCATAGGTTCTTCATCATCTAACTCC
*F 8 ¢ 8 F Y G * S N S I G 88 S S 8 N S
N FHVERFMDNILTU®PO®* V L EEHETILT P
I FMF VLW I I * L HRTU FTFTITI * L R
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GAATAATTCTTCTTAGTTAGAGGCTTAAATAATTGTCTCACTATTGAACTTATTATAACG
E *» F F L VRGLNIDNU CLTTIUET LTITIT
N N §S § * L EA * I I VS 5L L NULUL * R
I I LL s * RL K * L §S HY * T Y YNV
TCAAGATTCCAAATAGCAATCCTGAAAGTCCTCATAATGATAATCAATATCTCTGCTATT
S R F Q I A I L K VL I MTITIUNTISATI
Q bs K *Q s *» K§ s * *» + g I § L L L
K I PN S NP E S P HNUDI NIOQY L CVYC
GTAACCTGGAAGTCAACAAGATGAAACATCTGTTGTCACTTACTGTACTAGCAAAGCAAT
vV TW K S TR * NI COCHTU LTULY™* Q 8N
*P G § Q Q D ETS VVTYOCTS KA AI
N L E VN XM KHLULS L T VL A KOQ Y
ATTGTCGTTGCTACCGGCGTGGTCTGTATTTAATTTATAGTTTCCAATACGGTAGCGGETT
I v vaATOGVV CTIO®*TF IV S DNTUV AV
L s L L P AW SV F NUL®* F P IR * R L
CcC R ¢CY¥Y RRGUL Y L I Y S F Q Y G 8 G C
GTATGCAGCAAAACCTGAATCAGTGCCTACACGCTGCGACGCTCCTAATTTGTAATAAGA
v ¢cSs KT * I §A Y TULRI RS * F V I R
Y AA K P E S VPTIRICD ADPNTIL®* * E
M Q Q NL N Q CLUHAATULIULTICNZK K
AAGCGTTCGTGATGTAGCCACAGTGATCTCTTTTGGCAGGTCCTTAATGTCACAGCGCCC
K RS * C S8 HSDILV FWOQVLNVTADP
S VRDYV ATV IS F GRS L M S Q R P
A F VM * P Q * S L L AGUZP* CH S AL
TAGGGAGTGTCCGGCCATTCGCAAGTGACCACGAATGATCACAGCACCAATGACAAGTTC
* G VS GHS QVTTNDUHSTNUD K F
R ECPATI RIEKMXXPIRMTITA AT PMT S8 8
G 8§ VRPFASDUHE®* S Q HQ * Q V H
ACTTTCCATGAGCGGTCTGGTCACAATTGTCCCCCGGAGAGGCACATTGAGAAGAATGTT
T F HER S5 GUHNU CUPZPETZ RUHTITETZ KNV
L s Ms GLVTTIUVU®PU RIRUGTTU LT RUZ RMTF
F P *A V W S QL S P GEAUHOS*EETCTL
TGTTTCTGGGTTGAATGACCACATTGAGCGGGTACGAGCAARCAGCCTGAAGGAAGCAAC
¢ FWVE®* PH * A GT S XK QPETGS N
V8§ G L NDHTIEURV®RAINIZSTLIEKTETS AT
F L 6* M TTULS G Y EOQTA AT™* R K QO R
GAAGTAGCTAAGCCACATCAAGCCTACAATACAAGCCATTGCAATCCCAATCCCGCCAGT
E VA KUPHOQAYUNTS HCNU RINUPA §
K *L 8§ HI K PTTIOQATIATIOATI PPV
S 8 * AT S § L Q Y XK P L Q S Q S R Q 8
CACCCAATTAATTCTGTAGACAACAGCAAGCACAARAACAAGCARGTGTTACTGGCCACAA
H P I NS VDU NS KU HZ KT S KT CYWEPQ
T ¢ L I L * TTA AZSTI K QW AS VT G H K
PN * F CRQOQOOQA AQNIZ KU QU VL LATR
GAGCCAGAGGAAAACAAGCTTTATTATGTACAAAAACCTGTTCCGATTAGAATAGGCAAA
E P EEWNIKTLY YV QK PV P IRTIGHK
§$ QR KT S5 F I MY KNULTFRTULTE * A N
ARG KQALTILTCTI KTT CSUD * NUROQ I
TTGTAGTAACATAATCCAGGCTAGGAATAGGAAACCTATTACTAGGTTCCATTGTTCCAG
L * *» H NP G * E * ETJVY Y * V P L F Q
¢ 8 NI I QA RUNU RIZEKUPTITR RT FIEHT CS SR
v v T»* 8 RLGIGNULULILTGS STIV?P G
GAGTTGTTTAAGCTCCTCAACGGTAATAGTACCGTTGTCTGCCATGATAAGCAATGTTAA
EL F KILULUNGNZSTUV YV CHUDIEKOQTC *
s ¢ L § 8§ TV IVPUL SAMTISNUVK
v v * AP QR * * Y R CULUP * * A M L K
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AGTTCCARACAGAATAATAATAATAGTTAGTTCGTTTAGACCAGAAGATCAGGAACTCCT
S 8 KQ NN NNS * FP V * T RU R S G T P
VPNURTITITITIUVSSTFURU®PETDUGQTETLTL
F Q TE* * x * L VRL DQ K I URNS F
TCAGAAGAGTTCAGATTTTTAACACGCGAGTAGACGTAAACCGTTGGTTTTACTARACTC
S EEFRVFLTRE™*XT * TV G FTZ KL
Q K S S DVF * HA SRUREKUPULUVLULN S
R RV QI FNT RUVDVNU RUWTFY * TH
ACGTTAACAATATTGCAGCAGTACGCACACAATCGAAGCGCAGTAAGGATGGCTAGTCTG
T L T I L ¢ Q YA HNU RS AV R MU A S V
R * QY C¢C $ s T HTTIEH AU GQ™* G W L VvV *
vV NNI A AV RTOQ S KR S KD G * C D
ACTAGCAAGAATACCACGAAAGCAAGAAAAAGAAGTACGCTATTAACTATTAACGTACCT
T §$ K NTTKA AR KU RS TULULTTINUV P
L ARIPURI KU QEIZKEUVIR RY * L L T VY L
*Q E Y HE S K K KK VY A INZY * RTC
GTTTCTTCCGAAACGAATGAGTACATAAGTTCGTACTCACTTTCTTGTGCTTACARAGGC
vs S ETNZEYTI S S Y S L S CAY K G
F L PKRMJST®* VvV RTHU FILVUL T K A
F FRNEOS®* YV HIE KU FUVL TV FULT CTULOQTRH
ACGCTAGTAGTCGTCGTCGGCTCATCATAAAT TGGATCCATTGCTGGATTAGCAACTCCT
T L V. V.V V 6 § 8§ * I 65 I A GL AT P
R * *» § § S AHHIKULDUPULTLUD * Q L L
A°S S RRRILTITINUWTIUHTGCMWI S N § *
GAAGAGCCGTCGATTGTGTGTATTTGCACATTCGGTGGGTCTTTRAACAAGCTTGTTARAG
EEPS IV CICTU PGS GS LTS STIL L K
X S RRLCVFAHSUVGL * QAT C * R
R AV DCUV YL HTIU RMWVPFNI KILUVZ XD
ATGAAGAARTGTAGCATTTTCAATACCAGTGTCTGTAGTAATTTGTGTAGACTCAAGCTGE
M KNV AF S5 I PV SV VI CVUDS S S W
*R M * HF QY Q C L * * F V * T Q A G
EECS I FNTS SV CSUNTILTUC CIR RTUILIKTULUV
TAGTAAACTTCGGTGARATAGCCATGTACAACGACATACTCTTTAACACCTGAGTGCCTA
* *»T 8§ VX * P CTTT®* S L T PE C L
§ K L R * N S HV QR RUHS L * HL S A Y
VNFGETI AMYNUDTIV VT FNT=* VP I
TCCTCAGAATAACCACCAATTTGGTAGTCTTCT TTGAGTTTTGGTGTTGARATGCCGTCA
S 8 E*P P I W* S § L S F GV EMTP 8
P QN NHOQTFG S L L * VL VUL KT CTZ RH
LRI TTWNULVVFF FETFUWTC®*INIZ BDIUVT
CCTTCAGTAACGACAATTGTATCTGTGACACTGT TATATGGTATACAGTAGTCATAGTTA
P SsS YV TTTIVS VvV TULIULYGTI QO * 8§ * 1,
L Q*R QL YL * HCVYMVYS S HS Y
F§NDWNOCIOCDTUVIWYTUV VUV I VM
TGTGTGTGCCAGCARACAAAGTAGTTGGCATCATAAAGTAATGGGTTCTTGGATTTGCAC
CVCcCQQTIK™*L AS * § NGV FTULUDTLH
VCAS X 0 S 8 W HUHI KVMGT S WIOCT
C vV PAUNI KV VGITIE K®*WVLIL GEFATL
TTCCAACAAAGCCAACATCTCATAATAATTCTACATGCGTTGATGCATTGTAGARAATAT
F Q QS QHULTITITIUL HATLMMEHETGCT RI K.Y
§ N K ANTI S * * F Y MR * C I VENT
P T XK P T S HNMNSTOCUV DATL * K I Y
ATCAAGGCATAGAGGTACAAAAATTGCGCCTCCTTACCTGCAGCGACAAGCAARAGATCT
I KA * R Y KNCAGSULUPA ARMTS KTZ RSTCEC
5 RHRGTZXKIAPUPVYLQRUG QA AIEKT DV
Q 6 I EV Q KLURULULTTCSTUDIKTGQGTE K M *
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4201 - GAATAGATGGTAACAAATAGCAGCAGTAAATTGCAAATGAACTGGAAGCCCTTATABAGG - 4260
-E *M VTN S S5 S KL Q M N W K P L * R
- NR W * 0 I A AV NUTCI K ®* TG S P Y K G
- I D GN K * Q 0 * I A NEULEW ATLTI K G

4261 - GCTAGCTGCCATCTTTTATTGAGCGCAATTATTTTGGTAGCGCTCTGAAAAACAGCAAGA - 4320
-A S CHLLUL $A2AT1I1IL VAULT™®*I KTA AR
- L AA I F Y * A QUL F W * R S E K Q Q0 E
- *L P S F I ERNYF G S AL KN S K K

4321 - AATGCAACGCCAATAACAAGCCATCCGARAGGGAGTGAGGCTTGTAGCGGTATCGTTGCT - 4380
-NATUPI TS HP K G S EAC S G I V A
- M QR Q * 0AIUZRI KU GV VU RILUVAUV S L L
- ¢ ¥ ANN KPS ERET™*GUL * RYZRCC

4381 - GTAGCATGAACAGTACTTGCAGGAGAAGCATTGTCAATTTTTACTGGCTGTGCAGTAATT - 4440
-V A * TV L A GEAULS IV FTGGT CHA AUV I
- *H E Q YL Q E K HOCOQVF L L AV Q * L
- S M NS T CRU RS I VDNV FYWILC S N *

4441 - GATCCAAGAGTAAAAAATCTCATAAACAAATCCATAAGTTCCTTITATGTGTAATGTAATT - 4500
-D PRV KNULTIWNIKZ SIS S FMOCNUVTI
- I QE * K I 8§ * T NP * VR L CVM * F
- S K S K K §$ HK QI HKVF FV Y V *# ¢UN L

4501 - TGACACCCTTGAGAACTGGCTCAGAGTCATCCTCATCAAACTTGCAGCAAGAACCACAAG - 4560
-* H P * EL A QS HUPUHOQTTO CS KINEHEK
- bDTULENWULW RV YV IULII KTILA AA®ATRTTR
- TPLZRTS G SE S S S S NUILOQUOQETZPOQTE

4561 - AGCATGCACCCTTGAGGCAACTGCAACAACTAGTCATGCAACAAAGCAAGATTGTAACCA - 4620
-§ M HP * G N CNDN * S CNJI KU BTE RTIL * P
- ACTULEA ATA ATT S HATUI KOQTZDT CTNH
- HAPULRIQLQ@QL VMQOQ S K I VTM

4621 - TGACGATGGCAATTAGTCCAGCAATGAAGCCGAGCCAAACATACCAAGGCCATTTAATAT - 4680
-* R W QL V Q Q * S R A KHTIE KA AT * Y
- DDGN* S 8 NEWAEUDPDNTIUZPU RTU PTFUNI
- T M ATI S PAMEKZPS QTYOQOGHT LTI Y

4681 - ATTGCTCATATTTTCCCAATTCTTGAAGGTCAATGAGTGATTCATTTAAATTTTTAGCGA - 4740
-I AH I F P I LEGTU Q™* V I HL N TF * R
- L LIVF S QFL KVUNZEH®*TFTI *~ I F S D
- C s Y FPNS * R S M S DSV FIEKT FTL A T

4741 - CCTCATTGAGGCGGTCAATTTCTTTTTGAATGTTGACGACAGAAGCGTTAATGCCTGAAA - 4800
-P H* GG Q F L FEU C®*RUOQI KT R™*C L K
- L I EAYVNVFFULNVDDT RSV NI A * N
- S LRR S5 TI 8 F *MLTTTET RZTLMTPTEM

4801 - TGTCGCCAAGATCAACATCTGGTGATGTATGATT TTTGAAGTACTTGTCCAGCTCTTCTT - 4860
-C R QDQHULVMYUDTF * S T C P A L L
- VA K I NI W * CMTIV FETUVTLV Q L F F
- S PR ST S DV * FL K VYL S S § § L

4861 - TGAATGAGTCAAGCTCAGGTTGCAGAGGATCATAAACTGTGTTGTTAATGATGCCAATAA - 4920
-* M S Q AQ V AEDUHI KTLT GCTOGC * x ¢ Q
- E * VXKL RLQRTITINTZ CUVV VINUD DU ATNN
- N ES S G CRGS *TVLULMMTZPTIT

4921 - CGACATCACAATTTCCTGAGACAAATGTATTGTCTGTAGTAATTATTTGTGGAGAAAAGA - 4980
-RHHNVFLRIOQMYCTL * * L F V E XK R
- DI TIS S * D XK C1IVCSUNUVYTULWTZ R K E
- T s Q F P ETWNUVULSVVITIT CSGTE KK

4981 - AGTTCCTCTGTGTAATAAACCAAGAAGTGCCATTAAACACAAAAACACCTTCACGAGGGA - 5040
-§ 8§ 5 VvV * *» T K KO CH * T Q KHTULEHE G
- VPLCUNXUPRSAII KU HIEKINTT FTTR RE
- F L CVINAGQEVZ PTLINTIEKTTZ PSTZ R G K

FIG. 12 Con't
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AGTATGCTTTGCCTTCATGACAAATTGCTGGCGCTGTGGTGAAGTTCCTCTCCTGGGATG
S M L C L HD KULULATULW* 8§ S 8 P G M
v ¢ FAFMTUDNU GCGWR RTCGEVUPIULIULGW
Yy AL P S * QI AGAUVY KT FULSWUDG
GCACATACGTGACATGTAGGAAGACAACACCATGCCCCCCTGCTTGTGGGAAGGACATAA
A°HET * HV GRQHUHAGTULTULV GUR T *
H I RDM * EDNTMU RGT CTULUWEGH K
T Yy v T ¢ R KTTUPOCGA AA ATCGTI EKUDTIR
GGTGGTAGCCCTTTCCACAAAAGTCAACTCTTTTTGATTGTCCAAGAACACACTCAGACA
G G S P FHK S QUL F LTIV QEUHTOQT
VV AL S$§TXK VNS F * L 8 KNTTULTZ RH
W =* P F P Q KS TULVF DO CUPURTUHSTD I
TTTTAGTAGCAGCAAGATTAGCAGAAGCCCTGATTTCAGCAGCCCTGATTAGTTGTTGTG
F * *» 0 QD * Q KP * F Q Q P * L V V V
F S 8 8§ K I S R S PDVF S S PD* L L C
LVAARTLAEA BARTLTISAALTISTCTCUV
TTACATAGGTTTGAAGGCTTTGAAGTCTGCCTGTAATTAACCTGTCAATTTGTACCTCCE
L R F EGF EV CL * L T CO QT FV P P
Y I G L KAL K S ACNUT®*XTUTPVNTLTVY UL R
T * VvV * R L * 8 L P VI NTULJUSTITCT S A
CCTCGACTTTATCARGTCGCGAAAGGATATCATTTAGCACACTTGAAATTGCACCAAAAT
P R L Y Q VA KGYHT LA AHTLI KT LUHOQHN
L DFIKSRIKDTITIO™*HT*NUO CT K I
S TLS SRETRTISZST FSTTULETIA ATPIZK L
TAGAGCTAAGTTGTTTAACAAGTGTGTTTAATGCT TGAGCATTCTGGTTAACAACGTOTT
*§ * VV * Q VCLMTLETEHETS ST GT* QR L
R A KL FUNIKU CV * CL STIUL VNJUNUVL
EL S CLTSV F NAO®*DATFUWILTTS C
GCAGCTTGCCCAATGCAGTTGATGTTGTTGTAAGTGATTCTTGAAT TTGACTAATCGCCT
A ACPMOQLMULTUL* VvV ILETFTDS* 8§ p
Q LAQCS *CCCIEKO®*  FLUNTULTUDNT RL
§$ L PN AV DV V VS DS * I * L I A L
TGTTAAATTGGTTGGCGATTTGTTTTTGGTTCTCATAGAGAACATTTTGGGTAACTCCAA
C * I GW RUFVF F G S HRTETEHT FG * L Q
VKLV GDU LT FULVILTITENTITLGTNS SN
L N WL AICTFWT FS *RTTFWVTZP M
TGCCATTGAACCTATATGCCATTTGCATAGCAAAAGGTATTTGAAGAGCAGCGCCAGCAC
C H*TYMUPUFAM®*Q KV F E E R Q H
A'I EPI CHTUILUHS KRVYULZ K S S AST
PLNUILYATIOGCTIA ATZKTG GTI™* R AU DTEP U AP
CAAATGTCCATCCAGCAGTGGCAGTACCACTAACTAGAGCAGCAGTGTAGGCAGCAATCA
QM S I Q QW Q Y H * L E Q Q C R Q Q s
K CP S S5 5 G S TTN* S § 8§ V ¢ S N H
N VHPAVAVPTILTHI RA AR BATY* A AT I
TATCATCAGTGAGCAGAGGTGGCAACACTGTAAGTCCATTGAACTTCTGCGCACAAATGA
Y HQ * A EVATTUL * V H* T § A H K *
I I 8 E QR WOQUHT CIK STITZETLTLT RTN E
S S VY S RGGNTUV S PULUNTFCA Q M R
GATCTCTAGCATTAATATCACCTAGGCATTCGCCATATTGCTTCATGAAGCCAGCATCAG
DL *H * YHTUILGTIU® RUHTIA AS * § Q H Q
I 885 I NTIT* AV FATITULTULTHTETG BTZSTIS
§ L AL I $PRHSDPVYCTFMTEKTU©PA S A
CGAGTGTCACCTTATTAAAGAGCAAGTCCTCAATAAAAGACCTCTTAGTTGGCTTTAGAG
R VS PY * RASUPOQ* KT S * L A L E
ECHULTIKEQVLDNZE KT ERTPTILSTWTIL * R
§ VTLULIKSIKSS5T1IT KUDUILTULTVYSGTF R G

FIG. 12 Con't

US 2005/0009009 A1

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5680



Patent Application Publication Jan. 13,2005 Sheet 62 of 94

5881

5941
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GGTCAGGTAATATTTGTGAAARAATTAAAACCACCAARATATTTCAAAGTTGGGGTTTTGT
G Q VI F V KNOM®*UNUHTUOQINTISGSI KTLTGTFC
VR *YL * KIKTTUIKTITFEFTGQSWSGTF V
S 6 NI CE KL KUPUPI KVYTFI KVGV L Y
ACATTTGTTTGACTTGAGCGAACACTTCACGTGTCTIGCGATCCTGTTCAGCAGCAATAC
T FV * L ERTULEHVCTCDTZ PV QOQOQ Y
HL FDULSEHTFTTCUV®ATITLTFEFSSNT
I ¢L T * A NTS ST® RUVIULZRTSTCSA-ATITP
CTGAGAGTGCACGATTTAGTTGTGTGCAAAAGCTACCATATTGGAGAAGCAAATTAGCAC
L RV HDILVVCIE KT STYUHTIGOGEH AN* H
*E CTTI * L CA KA ATTIULETZ KT G GQTITST
E S ARVF S CV Q KLPYWZ RS KTLAH
ATTCAGTAGAATCTCCGCAGATGTACATATTACAATCTACGGAGGTTTTAGCCATAGAAA
I ¢ *NLRRCTZ YYUNTULTZ RZ RTFEF * p * K
F S R I SADUV HTITTIVYGG GT FSHT RN
S VESPOQMYTIULQSTTZEVTELA ATITET
CAGGCATTACTTCTGTAGTAATGCTAATTGAAAAGT TAGTAGGTATAGCAATGGTGTTAT
Q AL L L * * C * L K § * * v * Qg W C Y
R HY FCSDNA AWAUN®* KV SR Y S VNGV I
6 I T S VYV MULTIZETZ KTELUVGTIAMUVTLL
TAGAGTAAGCAATTGAACTATCAGCACCTAAAGACATAGTATAAGCCACAATAGATTTTT
*S K OLNY 0 HTULI KT ™* Y KPOQ * I F
RV 8N * T I ST+ RUHSTISUHTNTERTEFL
E * A I EL S API KUDTIUV*ATTITDTF W
GGCTAGTACTACGTAATAAAGAAACTGTATGGTAACTAGCACAAATGCCAGCTCCAATAG
G * Y Y VI KZ KTULTYGN®*HTZEKTCOQTELQ *
AR STT®* * RNCMVTSTUNG ASTSSTNR
L VL RN KETV VW * L AQMTPA ATEPTI G
GAATGTCGCACTCATAAGAAGTGTCGACATGCTCAGCTCCTATARGACAGCCTGOTTGAG
E CRTHUI KU KT CRIEAQTLTIELT®*TDSTIL L E
N vValLIRSVDMTILSSVYU XTU AT CTL S
M § HS * EV S TOCSAZPTIT RGQTEPA Y
TCTGGAATACATTGTTTCCAGTAGAATATATGCGCCAAGCTEETGTGAGTTGATCTGCAT
$ G I HCPFQ * NI CATZ KTULVY* YV DTLH
L EY I VS S RTIVYAUPSUWC CTETLTITCGCM
WNTULF PV EVYM®ROQA ATGV S * § B =
GAATTGCTGTAGAARCATCAGTGCAGTTAACATCTTGATATAGAACAGCAACTTCAGATG
ELL * KHOQOCS* HLODTIET G QGO QTLGOQM
N ¢ CRNTIS AV DNTITLTIT*UNTGSNTEF R *
I AV ETS SV QLTS *YRTU ATS D E
AAGCATTTGTTCCAGGTGTAATTACACTTACACCCCCARRAGAGCARGGTCAAATGTCTA
K HLF QV * L HLUHZ PO QT KTSTE EKUVZE KT CTL
§ I ¢ S R CN VYTV YTZPUXKTZ RA AT R * N V *
AF VPGV ITTULTZ PGPZEKTETZGGGEGTEHMMSN
ATATTTCAGATGTTTTAGGATCTCGAACGGAATCAGTGARATCAGAAACATCACGGCCAA
I FQMF *DULETRTSNT G QT®*NOQTEKTHTEGEGQ
Y FRCFRTISNGTISETIT RTUNTIT A K
I1 8DVLGSRTETSVIXS5ETSTZ RU PN
ATTGTTGAAATGGTTGAAATCTC TTTGARGAAGGAGT TAACACACCAGTACCAGTGAGTC
I VEMV ETISULIKZ KZELTUHGYO QQ* v
L L KWULKSUL* RRGS * HTGS STSE 8
¢ *» NG * NL FETEGUVNTT PVZ PV § p
CATTAAAATTAAAATTGACACACTGGTTCTTAATAAGGTCAGTGGATAATTTTGGTCCAC
H* N * N * HT GG S * * 6 QW TITITULJV H
I X I KIDTULUVUILUNIEKTUVYSGE* F ¥ g T
L KLKLTHWTFULTIRSVDNTFTGT?POQ
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7441
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AAACCGTGGCCGGTGCATTTAAAAGTTCARAAGARAGTACTACAACTCTGTAAGGTTGGT
K P WPV HL KV Q K K VL QL CIZ K VG
N RGUROCTI * KF KRXKXKYYUNS VU RUL V
T VA GAV F K S S KESTTTTUL * G W *
AGCCAATGCCAGTAGTGGTGTAARAACCATAATCATTTAATGGCCAATAACAATTARGAG
$ ¢ ¢ Q * W CKNUHNDNU HVLMMANINNDN * E
A N A S S GV KTTITITI * WP I TTI K S
P M PV VYV * X P * § F N G Q * Q L R 2
CAGGTGGGGTGCAAGGTTTGCCATCAGGGGAGAARGGCACATTAGATATGTCTCTCTCAA
Q VG C KV CHQ GRI KA AHT*TIOCL S Q
R W GA RV FAIRGERUHETIURTY VS LK
G GV Q6L P S G EKGTTILTUDMSL 8§ K
AGGGCCTAAGCTTGCCATGTCTAAGATACCTATATTTATAATTATAATTACCAGTTGAAG
R A *A CHUV * DT VY I Y N YNUVY QUL K
G P KL AMSKTIU®PTIV FTITITITIT S * 8§
G L 8 L P CVLIRYULYTZL* L * L PV E V
TAGCATCAATGTTCCTAGTATTCCAAGCAAGGACACAACCCATGAAATCATCTGGCAATT
*H Q C S * ¥ 8§ K Q GHNUP * N HUL A I
S I N VPSS IUPSKDTTUHTETITIWOTF
A S M F LV F QA RTUGQTZPMMIE KT S S GNL
TATAATTATAATCAGCAATAACACCAGTTTGTCCTGGCGCTATTTGTCTTACATCATCTC
Yy NY NQ Q * H Q F V L AL F V L H H L
I T I I 8 N DNTSUL S WIRYULS VY I I 8
*L »8§ A I T PV CP GATI CTULT S 8 P
CCTTGACTACAAAAGAATCTGCATAGACATTGGAGAAGCAAAGATCATTCAACTTACTGE
P * L Q KN L HRUHWI RSI KUDIUHS ST * W
L DY KRTITCTIUDTIUGEH BDIEKTITI Q L 5 G
L TTKXKESA AM=*TTULETZ XK QT RST FNTILTUV A
CAGAAACGCCATAGCACTTAAAGCTTGAAAAAAATGTTGAGTTCTAGACCACAGAGTAAT
@ KR HS T * RL KKMULSCRIEBATIOSN
RN A TITAUL KOG * KKTC®* YV V ETZHT RV I
E TP * HL KV EI KU NV VETLS®* S TTE * §
CAGCAACACAATTAGAAATTTTTTTTCTCTCCCATGCATAGACAGAAGGGAATTTAGTAG
Q QO H N * KF F F S PMHIRUOTI KTGTI * =+
§$ NT I RNTFF S L P CIUDTZ RTG RTETFS §
A TQULETIVFTFUL S HAT@®*TETGTUNTILV A
CATTAAAAACCTCTCCAAAAGGACACAAGTTTGTAATATTAGGGAATCTCACAACATCTC
H* X PLQKDTSIUL * Y * ¢ I 8 Q H L
I K NL § KRTQV CUNTITZ RETSTEHTNTI S
LKTS 8P XKGHE KT FV ILGINTILTTTS P
CTGAGGGAACAACCCTGAAATTAGAGGTCTGGTARATTCCTTTGTCAATCTCARAGCTCT
LREQP™* N *R S G K F VL C Q S @ s 8
*G N NP EIRGILUVUNJSF FVDNTLTEKAL
E GTTUL KULEV W * I PL S I S K 1L L
TAACAGAGCATTTGAGTTCAGCAAGTGGATTTTGAGAACAATCAACAGCATCTGTGATTE
*Q § I » V Q Q VDV FENUSNZG QO QU HTIL * L
N RAFET F S KWIULURTTINIGTITGCTDC
TEHTULS §A S GF * E QS TAGSUV IV
TACCATTTTCATCATACTTGAGCATARATGTAGT TGGCTTTAAATAGCCAACAAAATAGG
Y H F HHT * A * M * L A L N 8§ Q Q N R
T I F I I UL EUHTZ KT CSWUL * I ANZIEKTIG
P F S sS YL S8 IUNUVV GFIK* P TI K * a
CTGCAGCTGACGTGCCCCARATGTCTTGAGCAGGTGAAAAGGCTGTAAGAATGGCTCTAA
L QL TCPKTCULEU QUV KT RTUL®*EWTL *
¢ s *RAPDNUVILSI RT™*KGC CI KTDNTGS K
A A DV P QM S * A GEZ KA AVI RMMABATL K
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AATTTGTAATGTTAATACCAAGAGGCAACTTARAAATAGGTTTCAAAGTGTTAAAACCAG
N L * C * Y Q EAT * K * V S K C * N Q
I ¢ NVNTI KU RU QLI KU NIZ RTFUOQSVKTR
F vMILTIUPRUGNILIEKTIGT FI KUV VULIKTZPE
AAGGTAGATCACGAACTACATCTATAGGTTGATAGCCCTTATAAACATAGAGAAACCCAT
K vV DHETULHUL * VD S P Y K HURTETH
R * I T N Y I Y RULTIATUL I NI EK P I
G R SRTTS S I G * =* PVL * T * RN P §
CTTTATTTTTARACACAAACTCTCGTAAGTGTTTAAAATTACCTGACTTTTCTGARACAT
LY F *» T QTTU LV S V * N YL T TFTUL K H
F I F XKH X VL § * v P K I T * L F * N I
L FLNTUNJ SURI KT CLIE XTUILUPDTFSET S
CAAGCGAAAAGGCATCAGATATGTACTCGAAAGTGCAATTAAATGCATTATCGAATATCA
Q AKRHOQOTI CTR RIE KT CNDNT*MHTYTZ RTI S
K RKGIURY VL ESU ATIIZ KT GCTITITETVYH
S E KA S DMY S KV QL NZAUL S NI I
TAGTATGTGTCTGTGTACCCATGGGTTTAGAAACAGCAAAGARAGGGTTGTCACACAATT
*Y Vs VY P WV * K Q QR K G CHTIT I
§ M CLCTUHGTF RNSZSI KTET RUVYVVTOQTF
v ¢c¢cv ¢V PMGL ETAZ K K GTL S HN S
CAAAGTTACATGCTCGTATARCAACATTAGTAGAATTGTTAATAATAATCACCGACTGTG
Q 8 Y MLV * QH * *» N C * * * g p T Vy
KV TOCS8 Y NNTISU RTIVNNDNIDNIUHERTIL *
KL HARTITTULVETLTZLTITITITTDTCTD
ACTTGTTGTTCATGGTAGAACCAAAAACCCAACCACCGCACAACATTTGATTTCTCTGTGG
T ¢ CcC 8 W * NQ K PN HGOQHTULTISTIL W
L V.V HGRTI KWNUPTTUDI NI * F L C G
L L FMVEZPI KTUGQE®PRTTTFT DTFS V A
CAGCAAAATAAATACCATCCTTAAAAGGTATGACAGGGTTGCCAAACGTATGATTAATAC
Q N KY HP * KV * Q G C QT VY D * »
8§ K I NTTI VL KR Y DU RVAZ KT ERMTITN S
A K *I P SLKGMMTGTLU PDNUV * L I V
TATGARACCCTGTAACATTAGAATAARATGGARGAAATAAATCCTGAGTTAAATARAGAG
Y ETUL * H * N KMETETIUNUZPETLTUNZKE
M XK P CVN I RTIKW®WI KIEK®* I L S * I K §
*N PV TLE™* N CRNIK S * V K * R V
TGTCTGATCTAAAAATTTCATCAGGATAGTAAACCCCCCTCATAGATGAAGTATGTTGAG
€L I * KF HQD S KU PZPS * M K Y V E
V * 8 KN F I RI V NDP?PPHU R™* S ML §
S DL KIS S G * * T PUIL I DEV C * v
TGTAATTAGGAGCTTGAACATCATCAAAAGTGGTGCACCGGTCAAGGTCACTACCACTAG
C N * ELEHUHIOQI KWOCTG GO G H Y H *
VI RS LNTITII KSGA ATPVE KUVTTTS
*L G A * T S S KV YV HRSTZ RSTULUPTIL V
TGAGAGTAAGAAATAATAAGAAAATAAACATGTTCGTTTAGTTGTTAACAAGAATATCAC
*E * E I I R K * T C S8 F 8. ¢C = Q BE Y H
E S KK * » ENKHVRTUILV VVNI KU NTIT
R VRDNUNIKI KTINMTPFUV*LLTZ RTIS L
TTGAAACCACAACTCTGTTGTTTTCTCTAATGATAAGCCTACCTTTTTCCAGAAGAGAAT
LXPQLCCTFIL* * * A Y L F P E E N
*N H NS V VF S NDIKU©PTTF F Q K R I
ETTTULULT FSLMTISTILUZPTF S§ RU RE *
AAATCATATCATTGATTTGATTCTCCTTAAGAGACATTACAGCAGTTCCTCTTAATTTAA
K 8 YH * FDSP * ETTULGQU QT FTILTIL I *
N HITIDULTIULULIE KT RIETYS S S S * F K
I T L I * F S$LRDTITA AVUZ PTILINULR R

FIG. 12 Con't

US 2005/0009009 A1

7620

7680

7740

7800

7860

7920

7980

8040

8100

B160

8220

8280

8340

8400



Patent Application Publication Jan. 13,2005 Sheet 65 of 94

8401

8461

8521

8581

8641

8701

8761

8821

8881

8941

2001

9061

9121

9181

GAGGAAATTTGCTCATGTCARAAGAGTGAATAGGAAGACAACTGGATAGGATTTGTGTTCC
E EI ¢ s COQURVNIR RIKTTG* DL C S
R K FAHV KEH?*TI GROQULDIZ RTITCUVTP
G NL LM S KS E * EDNWIGT FV F L
TCCAGAAAATGTAGTTAGCATGCATGGTATAGCCATCAATTTGTTCCTTCGGCTTGCCAA
S R K C S * HA WY S HOQF V P S A C Q
P ENVV S MHGTIATINILT FULUZ RTILATK
Q K M * L ACMV>* P S I CSF GGL PR
GATAGTTAGCCCCAATTAAAAATGCTTCCGATGATGATGCATTTACATTTGTARCAAAAG
b s * PQ L KMULUPMMMUBHTLUHEHTL™* Q K
I v 8 PN *# K CF R * * € I ¥ I C N K §
*L AP I K NA S DDUDA ATFTT FV TIK 2
CTGTCCACCATGAGAAATGGCCCATAAGCTTGTAAAGGTCAGCATTCCAAGAATGCTCTG
LS TMURNUGZP™* A CI KGO QEHS I KNA AL
¢ p P * EMAZHIKTILV VKV S I PZRMTLC
V HHEI KW PTISIL *R S AT FOQEC S V
TTATCTTTACAGCTATAGAACCACCCAGGGCTAGTTTITTGCTTTATAAATCCACACAGAT
L s L. L *» NHPGULV F AL * I HT D
Y L Y §8 Y RTTOQG * FL L Y K S TOQ I
I F TATIEUPUPIRAST FCTFTINUPHTR *
AAGTGAAAAACCCTTCTTTAGAGTCATTCTCTT TTGTCACATGTTTGGTCCTAGGGETCAT
K *» K TULL * 8 HS L L S HV W S * G H
S E XK P F FRVILFCHMTFGUPUZ RV I
VXN P S LESF S F VT CL VLGS Y
ACATATCGCTAATAATAAGGTCCCATTTATTAGCCGTATCTACTGTTGCACAGTCTCCAA
T Y R *» » *» g P I Y * P Y V L L H S L Q
H I ANWNIKWV?PFTISUREKRMYTCTCTUV S N
I 8L I I R SHULULA AV CTUVAIOQSUZPI
TTAAAGTAGAATCTGCGTCGGAGACGAAGTCATTAAGATCTGAATCGACAAGTAGTGTGC
L K *NL R RRU RS SH®*DTILINIZ RUGQUVVC
* 8 R I CV GDEUV I KTI * I DI K * C A
K VE SA S ETIKSULUZ RSET ST S S V P
CAGTTGGCAACCATTGTCTGAGCACAGCTGTACCTGGTGCAACTCCTTTATCAGAGCCAG
Q LATTIUV®*aAQUL YLV QLTUILVYOQS Q
S W QPL S EHSCTWOCNST FTIURAS
VGNUHCL ST AV P GATU PTLSE P A
CACCAAAGTGAATAACTCTCATGTTGTAGGGTACAGCTARAGTAAGTGTATTTAAGTATT
H Q S E * L § ¢ C RV QUL K * V Y L § I
T K VN NS HV V G Y S * § K C I * v L
P XK * I TLMULO®* GGTA AU KUV S V F K Y =«
GACACAGTTGAGTATACTTTGCGACATTCATCATTATTCCTTTTGGTATAACAGCATTTT
b TVEYTULRUHSSILTFTILTULV * Q H F
T ¢ L 5§ I L CDTIUHUHY S F W UYNISTIF
H S * VY FATT FTITITIZ PZFGTITA ATF §
CACCATAATTCTGAAGGTCACACTTTTCAAGAAGCATTCTTTGCATCTTGTACAAGTTAG
HHN S EGHTV F QE AT FFA ATSTCT 8§ *
T I I L XKV TULVFI KI KU HSTILUHTLVQ V R
P * F *R SHUVF SRS I ULCTITUL VY KTULG
GCATCGCAACACCTGGTTGCCACGCTTGACTTCCTTGTAGTTTTGGGTAGAAGGTTTCAR
A°S QHL VATULUDULIULVVILGTZRTI RTF FQ
HRNTWULPRTULTTCUL* F WV ETGTFN
I A TP OGCHA AO™*TLACST FG* KV S T
CATGTCCATCCTTACACCAAAGCATGAATGAAATTTCAGCATAGTCAATTGTAACCTTGA
HV HPYTI KA A* M KTF Q H S QL * p =
M 8 I L TP KHE * NTF S I VNI CINTULD
¢ P S L HQ S MDNUETIUSAT™* S I VTTIL T
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CCACTTTTGAAATCACTGACARATCTTGTGACTTTATTATCTCGACARAGTCATCAAGTA
PLL XK S L TNULUVTULIULSUZRQS HOQV
H F * NH * 0 I L * L Y Y L D K V I K *
T F EI T D K S CDVF I I 5T K S S S K
ARAGATCAATCACAGAACACACACATTTTGATGAACCTGTTTGCGCATCTGTTATGAAGT
K D Q $ QN THTITULMN©NULTFARUHTLTL * S
K I NHRTH TV F * * T CL R I C Y E V
R 8 I TE HTHU FDEU®PUVCAS VM K *
AATTTTTCACTGTGCTGTCCATAGGGATAAAATCCTCTAATTTAAGTGGTGAATCTTGTG
N F L €CCP * G * NP L I * V V NTILYV
I FHCAVHRDIEKTITUL®*TFIE KW * I L =*
F FTVUL S I G I X S5 S5 NULSGES CE
AGCGCTTGGCTAAGCCTATCATTARATGAAGACCGCCAAGTTGTCCATGACTGAAATCTC
S AW UL S L S L NZEUDTU RUGQV V HD * N L
AL G*A YH*M KT AU KULSMTTETI S
R L A K P I I K * R PP S CUP * L K S P
CATAAACGATGTGTTCGAAGGCATAGCCCTCGAGCTTATATCGCTGTATGAATTCATCCA
H XK R CVRPRUHSPRAYTIA AUV * I H P
I NDVF E G I ALTETLTISTLYETFTIH
*T M ¢ S§ KA *» P 8 8 L YRG CMUN S S I
TAGCGAGCTCGAGAAAGTCAGTTTCCATTTGTCATCTGGGCTTAAAATCCTCTAAGTCTC
*R AR ES QF P F V I WA * N PUL S L
S EL E KV S F HUL * $ G L K I L * VvV §
A S 8§ R K SV S I CDILGTLIE K S S K 5 L
TGCTCTGAGTARAGTAGGTTTCAGGCAACTCTTGAATAATGCCGTCTACTTTCTTARAGT
cC S E * 8§ RV F QATVEO®* CRTILTULS * §
AL S KV GGFPRQLTILUNNA AYVYT FTLZ KUV
L * VvV K * VS GNUZC®*TIMZPSTT FTUL K *
AGTTAAACTGTGTTTTTACTGATTCTCCAATTAATGTGACTCCATTGACGCTAGCTTGTG
S * T VF L L I L QLM * L H * R * I V
VXULCFY * F SN * CDSTIUDUASZSTL.UZC
L NCVFTDSUPINTVTZ PULTTILUSZ AGTC A
CTGGTCCCTTTGAAGGTGTTAGACCTTTGACTGAACCTTCTGTTATTAAAACACCATTAC
L vpPLXVULDILO* L NTULIUILTILILKTUHTHY
WS&8 5L * R C* T FD * TFOCY * NTTI T
G PFEGVRUPIULTTET PSUVTII KTTZ PTILR
GGGCGTTTCTAAAAAGGTCTACCTGTCCTTCCACTCTACCATCARACARGACAGTAAGTG
G RF * KGL P VUL PILVYEHOQTR Q * Vv
G VS K KV Y L S F HS T I K Q D 5 K =*
A'F L XRSTTCUPSTTILT PG SN NI KTV § E
AAGAACAAGCACTCTCAGTAGGTTTCTTGGCAATGTCAGTCATTGTGCAGACACCTATTG
KN X HS Q *V S W ¢CQ SLCRUETLL
R TS TULSRVFULGNUVSHCATDTY c
EQAL SV G FLAMSVIVQTO®PTIV
TAGATACATGTGCTGGGGCTTCTCTTTTGTAGTCCCAGATTACAGTATTAGCAGCGATAT
* I H VL GL L F C S PURTUILGQ Y * Q R Y
R YMCWOGF S FVVPDY SIS S TDI
b TCAGASTULIUL* S QTITVULAG ADTI S
CAACACCCAAATTATTGAGTATCTTAATCTCTGGCACTGGTTTAATGTTACGCTTAGCCE
Q HP N Y * V § * 5 L ALV * C Y A * p
NTQ I I E Y1 NTULWUHWTFNIUVTTULS P
TP XK L L S8 I L I $G TG UL MTULTZ RTUL A Q
ARAGCTCAAATGCAACATTAACAGGAAGTGTTGTCTTATTTTCAAAGATCTCCACATCAA
KAQMOQHT™* QEV L S YT F QU RS UPH Q
KL K ¢CNTIUNU RIKTCOCLTITFIU KT DTILTHTITSN
§$ S NATULTGSV VUL F S KTIGSTS S I
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TACCATCTACCTTTGTGTAAACAGCATTATTAATGATGGAAACAGGTGCTTCGCCGGCGT
Y HL P L C K QUH Y * * WKOQUVTILT RTE RTR R
T I ¥ L CVDNOSTITIDNUDTGNZ RTGCTEA BATGEGUV
P STFV * TALTLMMETTG GA ATZST PHA ALC
GTCCATCARAGTGTCCTTTATTAACAACATTATAAGCCACATTTTCTAAACTCTGTAACC
VHQS VLY * QHYJZ KU PHTFTELINTSUVT
S I KV s F I NNTITISUHTITF * TTIL * P
P S KCPULULTTTULT®*A ATTFSI KTULT CNTL
TGGTAAATCTATTCCACAGGTTATAAGTATCAAATTGTTTGTAAATCCATAGGCTARATC
W * M Y 8 TG Y K Y QI VCZ KT STIG=* I
€ K CIPQUVISTIZ KTULTFVNTZ P®*SATZKS
VNV FHRTLT®*V SN CUL* I HRTILN?P
CAGCAGAAATCATCATATTATATGCATCCAAGTACTGTCGGTACTCATTTGCATGGTGTC
Q Q K 8§ 8 Y Y M HP S TV GTHTILTHGV
S RN EHTI I CTIOQUV LS VLTICMT VS
A E I I I L YAS KUY CRYST FA ATWT CTL
TGCARACAGCACCACCTARATTGCATCGTGTAATACACGTAGCAGATTTGAGTGGAACAT
C K QHHLUNCTIUV* Y T * QI * V EH
A NS TT* I ASCNTHR RT ST® RTFETUWNTI
Q TAP P KTULEHERVYVIHEVADTLZSSGT *
ARTCAATATCCGACACTACTTGTTTGCCATGAGACTCACARGGACTATCAGAATAGTAAA
N Q YPTLTULVCHTETEHTEKTDTYOQUNS K
I NI RHYULFAMPBRTLTU RTTIZ RTIV K
$ I §$DTTTCTLUZP*DSOQGTUL S E * * X
AGARAGGCAATTGCTTTAAATTAGTAAATGCACTTTTATCGAAAGCTGGAGTGTGCAATG
R KA I ALWN* * MHTFVYUZRIEKTELTETCGHM
ERQLUL* I S KOCTT FTITESTW®WSVEC
K G N CF KL VDN ATLTULSTZ KA ATGT VYVTWDN A
CATGCTTATTCACATACARACTACCACCATCACAGCCTGGTAAGTTCAAGTTTGACAAGA
HAY S HTUNVYUHUHUHESTLV VS S S L TR
M L I HI QT TTTITA AW *V Q V * 0 D
C L FTJYXTULUPZPSOQUPGI KTFTZ KTFTDTZ KT
CTCTTGTGTCAAACCTACACACAATTGCATTGGCTGGGTAACGATCAACGTTACAATTCC
L L CQTJYTOQTULUHTWTLGNTUDUOTZ RUYNS
S CVEKPTHNZ CTIG®WUVYVTTINUVTTITDP
L VS XNULHTTIALA AGT®*T RS STTLOQTF Q
ARAACAAACARACACCATCAGTGAATTTATCGTGATGTGTAGCATAAGAATAGAAGAGTT
K TN KHHOQ* I Y RUDV* HTZ KINT RT RV
K Q TN TI S ETFTIVMGC CSTIZ RTITETETF
N K QT PS8 VNTLS * CVA*E * K S §
CCTCTATTTTGTAAGCTTTGTCACTACATGGCTGAGCATCGTAGAACTTCCATTCTACTT
P L FCZXULCHUYMAETHT RT RTSTITLTL
LYFVSFVTTUWULSTIVETLTP?TFTYF
S I L * AL S L HOG * A S * NTFTUHUSTS
CAGCCTGAGGCACACACT TGATAGCCTTTGGATTTCCAATGTCATGAAGAACTGGAAACT
Q P EAEHT * * P LDTFOQGC CUHTETETLTET
S L RHTULDSUL WISNVMIEKTENUWK L
A * 6 THLTIATFGTFU PMS* RTGNL
TATCAGCAAGCAATGCAGACTTCACAACCATGTGTTGTACTTTTCTGCAAGCAGAATTAR
Y Q QA M QTS QPCVVILTFTCGCTZEXKTOQNDN *
I 8 KQ CRULUHUNUEHUGYVTILTYTFPFSAS ST RTIN
§$ AS NADTFTTMO< CGC CTT FTULU QA ATETLT
CCCTCAGTTCATCTCCTATAATAGGGTATTCAACAGACCAATCAACGCGCTTARCARAGC
P S VHLTL®* *» ¢ I Q QTU NG QT RI A™*Q S
P Q F I 5 YDNUJRVF FUNZ RTPTINA ATLIN KA
L Ss S PITIGYSTDOQES STT RTILTZKH
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ACTCATGGACTGCTAAACATCTAGTCATGATAGCATCACAACTAGCCACATGTGCATTTC
T HG L L N I *# § * * H HN * P H V H F
L M DC=* T S S HD S ITTSHMTECECTI 8
S W TAJKHUL VM IAS QLA ATTCA ATFUP
CATGTACCTGGCAATGTTGCTCATGCTTACTCTCAAGGTTACCCGTARAGCCCCACTGCT
H VP GNUV G HGY S EGYP * S P T A
M Y L AMLVYVWMVTTILIE KU VTU RIEKIA AZPTILL
C T W QCW S WILUL * RL PV KPHC *
GAACATCAATCATAAATGGGTTATAGACATAGTCAAARCCCACAGAATGATTCCAGCAGE
E HQ S * M G Y RH S QNP Q N D S§ S5 R
N I N H KW VvV I DIV KTUHI RMMTIUPAG
T S I I ¥ G L * T * 8 K P T E * F Q Q A
CATAAGTATCTGATGAAGTAGAAAAGCAAGTTGCACGTTIGTCACACAGACAACACGTTC
H K ¥ L M K * KS KL HUV CHTUDINTF
I1 s 1 * * S R KA ASCTT FV T QTTTR S
* V 8§ D EV EZ XKOQQVARTULSUHUROUEHV L
TTTCAGGTCCAATCTTGACAAAGTACTTCATTGATGTAAGCTCARAGCCATGCGCCCARAA
F Q VQ $ * Q §$ TS L M * A Q 8§ H A P K
F R SNULDI KUV L H®* CJ XUL K AMTZ RTUP K
$ G P I L TKJYT FTIDUV S S KU PTC CR AAUGQTR
GGACGAACACGACTCTGTCTGACAATCCTTTCAGTGTATCACTGAGCATTTGTACTATCT
G RTRULOCLTTITUL S8 V Y H * A F VL 8
D EHD SV * QS F Q C I TZEUHTILTUY YL
T NTTUL S DNUPVF SV SL S ICTTIL
TAATACGCACTACATTCCAGGGCAAGCCTTTATACATGAGTGGTATAAGATGTTTARACT
*' Y AL HS RAS UL Y T * VvV V * DV * T
N T H Y I PG QAT FTIHEWTYI KMTFTZ KL
I R T TVF QG KUPUILJVYMSOGTIU RT CTLUNUW
GGTCACCTGGTGGAGGTTTTGCATTAACTCTGGTGAATTCTGTGTTATTTTCAGTGTCAR
G H L VEVUL H*TLW<* I L CVYFQTCOQ
vV T W W R F C I N S G EVF CV I F 8 V N
S P66 GGG FALTILVINJZSUVULTF FS SV S T
CATAACCAGTCGGTACAGCTACTAAGTTAACACCTGTAGAAAATCCTAGCTGGAGAGGTA
HN Q SV QLL S * HL * XK I L AGTEV
I TSR Y S Y * YV NT CRIKS S * L EUR *
* PV 6 TATUI KTULTUPVETNT PSZSWTZ RGR
GGTTAGTACCCACAGCATCTCTAGTTGCATGACAGCCCTCTACATCAARGCCAATCCACG
G * Y P Q HL * L HD S PLUHOQS QS T
V S TH S I $ §$CMTA ATLTY I KA AUDNTDPR
L VPTASILV VA ASM®*TOQQPSTS X P I HA
CACGAACGTGACGAATAGCTTCTTCCCCCGTGATAAACATATTAGGGTAACCATTGACTT
HERUDTE* L L R G * * T Y * @ N H * L
T N V T N §$ F FAGDJIEXKU HTIT® RVTTITUDTL
R T * R I A § S RV I NTI VL G * P L T W
GGTAATTCATTTTGARACCCATCATAGAGATGAGTCTACGGTAGGTCATGTCCTTTGGTA
G N S F * NP S * R * VYGRS CUPUL V
vV I HF ETHHU RDTES STV G H VL W Y
* F I L K P I I EM S LR ™* VM S F G M
TGCCTGGTATGTCAACACATAATCCTTCAGTCTIGAATTTTATATCAACGCTCAGETCTG
L VCcCQHI I L QS * I L ¥ QR * G V
A WY VNT®* S5 F §L EFYTINUA ATEVC
P GM S THNUPS UV LNTFTISTTULTU RTCUV
TAGGTGCCTGTGTAGGATGAAGACCAGTAATCATCTTACTACAGTCCTTAAAAAGTCCAG
* V P V * D E D Q * * § Y ¥ § P * K V Q
R ¢CL CEREMI KT SNDTULTTUVTLTIZ KTZKS 8
G ACV G * R PV MTITILTILGOT STUL K SUPV
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11761 - TTACATTITCTGCTTGTAATGTAGCCACATTGCGACGTGGTATTTCTAGACTTGTARATT - 11820
-L HF L L VM * P HCDV V FLUDTL * I
- Y I F CL * ¢ S HIATWYF * TOCI KL
- T F 8 A CNUVA ATTULUZ RZ RGTIU ST RULVNYNSTC

11821 - GCAGTITGTCATAAAGATCTCTATCAGACATTATGCACAAAATGCCAATTTTTGCCCTTG - 11880
-A V CHZKDULY QTULTGCTUZXTCQFTIULUPL
- 0 F VI XIS IURUHVYAO QN RZNTFTGCUDPOC
- $§$ L §$ *R S L SDIMUEHETIEKMMEPTIT FA ATLUV

11881 - TGATAGCCACATTGAAGCGGTTGACATTACAAGAGTGCTGCTGTTTCAGTAGTTTGTGTGA - 11940
-* *» P H * 8 G * H Y K S V L F Q * F v =
- DS HIEAUVDITZ RV CCTF S S L C E
- I A TUL KIRULTULGQETCA AV S VUV CVN

11941 - ATATGACATAGTCATATTCAGAACCCTGTGATGAATCAACAGTCTGCGTAGGCAATCCTA - 12000
-I * H S HI Q NP VMUNOQO QS AT®*OSDATITL
- ¥YDTIVTITFRTILO®* * I NS ULURTE RTIGQ S *
- M T *» §$ Y S E P CUDESTUVCVEGNTPK

12001 - AGATTTTTGRAGCTACAGCGTTCTGTGAATTATAAGGTGAGATAAAAACAGCTTTTCTCC - 12060
-R F L KL QRS UV NZYI KV RT™*KOQTUL F §
- DF * § Y S VUL * I I R * DI KU NZST F S P
- I FEATATFCETULSZ®*OGETITZ KTA ATFTLQ

12061 - AAGCAGGATTGCGTGTAAGAAATTCTCTTACAACGCCTATTTGAGGTCTGTTGATTGCAG - 12120
-KQDCV*ETITULTULUG QT RTLTFTEUVTC CS* L Q
- $ R I ACUEKI KT FS YN AYTULUZRSUVDTCR R
- AGLZRVUERNUZSULTTZ®PTI * ¢ 1L L I A D

12121 - ATGAAACATCATGTGTAATAACACCTTTGTAGAACATTTTGAAGCATTGAGCTGACTTAT - 12180
-M XKHHV * »HL CRTTV F* S I ETLT Y
- * NI M CVNDNTTFV EUHT FTEIA BWATLS S * L I
- ET S CV I TPUL* N I L KU HT®*ATUDTL S

12181 - CCTTGTGTGCTTTTAGCTTATTGTCATAAACTAAAGCACTCACAGTGTCAACAATTTCAG - 12240
-P C VL LAYOCHIZ KTILTE KU HSUOQTCOQTU QTFOQ
- LV C¢CF * L I VINU®* S TUHSVUNINTF §
- L CAF $L L S§ * T KA ATULTUV S TTI S A

12241 - CAGGACAACGGCGACAAGTTCCAAGGAACATGTCTGGACCTATTGTTTTCATAAGTCTGC - 12300
-@Q D NGDI KU FQGTU CULUDULTLVF 8§ * V C
- RTT AT S S KEUHUVWT Y CF HZ K S A
- G QR RQV PRNMSGEGE?PTIUVZ FTISTULH

12301 - ACACTGAATTAAAATATTCTGGTTCTAGTGTGCCTTTAGTCAGCAATGTGCGCCGGGACTS - 12360
-T L N * N I L VLV CUL * S A MU CG G Z G L
- H* I K I F WP F * CATF S Q QCAGCGC W
- T EUL K Y S G S 8 VPLV S NUVU RTGH A G

12361 - GTAATTGAGCAGGATCGCCAATATAGACGTAGTGTTTTGCACGAAGTCTAGCATTGACAA - 12420
-V I EQDROQYRRSVLHEUV * H * Q
- * L S R I ANTIUDVVFOCTIEKTZSSTITUDN
- N * A G S P I * T * CF AR SULATLTT

12421 - CACTCAAGTCATAATTAGTAGCCATAGAGATTTCATCAAAGACTACAATGTCAGCAGTTG - 12480
-H S 8§ HN *» » P * R FHQRTILGQT CU QG QL
- T Q Vv I I 8 S HRUDT FTII KDYDNVS S CC
- L K S8 *L VA I ETI S S K TTMSA AUV V

12481 - TTTCTGGCAATGCATTTACAGTGCAGAAAACATACTGTTCTAGTGTTGAATTCACTTTGA - 12540
-F L AMUHLQCRI X HTUVILUVULUNSGSTL *
- F W QCTI Y S AZEUNTITULTF* ¢ * I H F E
- § GNAFTVQ KTJYTCSSVETFTTLN

12541 - ATTTATCAAAACACTCTACGCGCGCACGCGCAGGTATGATTCTACTACATTTATCTATGG - 12600
-I ¥ Q NT L R AUHAGQUV * F Y Y I Y L W
- F I K TVLYARTU RU RYUDSTTGZ FTIUYG
- L 8§ KH S TRAZRWU ABGMTITLTLUHTLTGSMOG
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GCAAATATTTTAATGCCTTTTCACATAGGGCATCAACAGCTGCATGAGAGCATGCCGTAT
AN I L M P F HIGHUOQOU QTULU HTESMZP Y
¢ I F *» ¢ L F T * 6 I NS CMUZ RA AT CTR RI
K Y F NAF S HRASTA A AT™*T EUHA AUV Y
ACACTATGCGAGCAGATGGGTAATAGAGAGCAAGTCCGATGGCARAATGACTCTTACCAG
T L C E Q M GNURTEUGQV VI RWONUDS Y O
H YA SR WUV I E S K SDGI KMTTL T S
T M R A DG ™* * R A S PMATZ K T™* L L P V
TACCAGGTGGTCCTTGGACTGTAGAGTACTTTTGCATGCCGACCTTTTGATAATTTGCAA
Y Q VVL GV * S TFATCRU PTFTDINTILDQ
T R W S L ECRV L LHATDTILTULTITITC CN
P GG P W SV EYFCMZPTTF * * F A T
CATTGCTAGAARACTCATCTGAGATGTTGAGTGTTGGGTACAAGCCAGTAATTCTCACAT
H ¢ * KTHILU RTGC®*UV UL GTSQ * F S H
I AR K UL I * DV ET CWV Y QA ASIN S H I
L L ENGSSE EMTLSV G YEXKU®PUV I L T *
AGTGCTCTTGTGGCACTAGAGTAGGTGCACTARGTGGCATTACAGTGTGAGATGTCARCA
S AL VALGES®* V H* V AULOQTG CEMST
V L L W H * 8 R CTUI KUWUHYS VU RTUCGCOQH
C §$s ¢CGTURUVGAULSGTITUV * DUVNT
CAAAGTAATCACCAACATTCAACTTCTATGTCCTAGTACCTCTGTACACAACAGCATCAC
Q S NHQH ST CMS S * Y L CTOOQUHH
K v I TNTIQULVCURST SV HNTSTIT
K * 8 PTVFNILYVV YV PULYTTA AS P
CATAGTCACCTTTTTCAAAGGTGTACTCTCCAATCTGTACTTTACTATTTTTAGTTACAC
H S HL F QRO CTULO QS VL Y Y F * L H
I VT FF K G VL SNTUILYT FTTITF S VYT
* S P F S KV Y S?PTIOCTTULTULTFTULUVTR
GGTAACCAGTAARGACATAGTTTCTGTTCAATGGTGGTCTAGGTTTTCCAACCTCCCATC
G N Q *RH S F CSMV UV *YVY F QPP M
VT S KD I V SV QWWS SRV FSNTILP *
* PV XK T * F L FNGG GTILTGTFTU PT S H E
AAAGATGCAATTCTCTGTCAGAGAGTACTTCGCGTACAGTGGCAATACCATATGACAGCT
K DA I LCOQRUVUILIZERVY QWOQVYUHMMT A
K M 0 F S VR EY FAY S GENTTI* QL
R CN S L S ESTSU RTUVATIZPJYTDS L
TAAATGTTTCCTCAGTGGCTTTGAGCGTTTCTGCTGCGAAAAGCTTGAGTCTCTCAGTAC
* M F P Q WL * A F L L R KA AT®* UV S8 Q Y
K ¢C FL S GFERT FTCG CETZ KT LTET STELS ST
N VS S VAL SV S A AI K STILSTLS V Q
AAGTGTTGGCAAGTATGTAATCGCCAGCATTAGTCCAATCACATGTTGCTATCGCATTGA
K CWQ V C¢CNU RIQEH®* S NHMTULTULS H *
§ V66 K YV I A STI SUPITGCTC CYTZ RTIE
VLASMO®* S PALUV QS HV ATIATL K
AGTCAGTGACATTGTCACTGCCTACACATGTGTTTTTGTATAAACCAAAARCCTGACCAT
S Q *HCHECULHEMT CT FUC CTINZGIE KT PTDH
VS§DIUVTA AYTTZ CVF FUYV * T XKUNTILTI
S VT L S L PTHUVT FTULVYIEXKUZPI KT * P L
TAGCACATAATGGARAACTAATCGGACGCTTATGTGACTTGCAATAATAGCTCATACCTC
* H 1 M EN * WEH AVYV VT CUNIJNZSGS Y L
S T * W K TNGU RTULMO®* L A I I A HT S
A HNGI KIULMGG GTULOCDTULUG Q®* *» L I P P
CTAGATACAGTTGTGTCACATCAGTGACATCACAACCTGGGGCATTGCAAACATAGGGAT
L DT VYV $ HOQ * HHUNULTGHTCI KT HTZ RTD
* I QL CHI SDTITTWGTIA ANTIGTI
R ¥ S CVT TS VTS QPG ATLTUG QT * G L
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14221

TAACAGACAACACTAATTTGTGTGATGTTCAAATGACATGGTCATAGCAGCACTTGCAAC
* 0 T TL I ¢V M LK ™* HGUH S S TCN
N R Q H * F V * C * NDMUV I A ATULA AT
T D NTNLCDVEMTWS * Q HL OQOH
ATAGGAATGGTCTCCTAATACAGGCACCGCAACGAAGTGAAGTCTGTGAATTGCACAATA
I G MV § * YR HRNDNTEVEK SV NT CTI
* EW S P NTGTA ATIK * S L * I A Q Y
R NG L L I QAPOQTZ RTGSTEVT CTETLUHNT
CACAAGCACCTACAGCCTGCAAGACTGTATGTGGTGTGTACATAGCCTCATAAAACTCAG
H K HL Q PARTULTYV V CT * P HU XTQ
T § T Y S L QD CMUW®WOCVHSTILTIIKTILR
g A P T A C K TV C GV Y I A 8§ * N 8§ G
GTTCCCAGTACCGTGAGGTGTTATCAT TAGT TAGCATTACGGAATACATGTCCAACATGT
V PSTUV RU CYUHSH=*LALIZ RUNTTCZPTOC
F PV P * G VvV I I S * HY G I HUV QH V
S Q YR E VL SL VS ITETZYMSNMMW
GGCCAGTAAGCTCATCATGTAACTTTCTAATGTATTGTAAATACAAGTGAAAGACATCAG
G Q * A HHVTU F* CI VNTZSETZRIHQ
A S KL I M * L §NUV L * I QV KU DTI S
P VS S S CNTFILMYT CI KTYZEK®* KT S A
CATACTCCTGATTAGGATGTTTTGTAAGTGGGTAAGCATCAATAGCCAGTGACACGAACC
HT P?»PD * DV L * V G KHQ* P V TURT
I L L I R MPF CK WUV S I NSO ™*HTEP
Y § * L ¢ C FV S G * A S8 I A SUDTNL
TTTCAATCATAAGTGTACCATCTGTTTTGACAATATCATCGACARAACAGCCTGCGCCTA
F QS * VvV ¥ HL F * QY HROQN S L R L
F NHXKCTTIOCTFDUINTITIDIEXKTH ATCRB A *
S I I 8§ V P S VLTI S8 S TUXOQUPA AT PN
ATATTCTTGATGGATCTGGGTAAGGCAGGTACACGTAATCATCTCCTTGTTTAACTAGCA
I FLMDULGI KA AGTU RNUBHTULTILUYV * L A
Y §$ * W I W VR OOV HV Y I I S L F DN * H
I LD G S G * G R YT * S S P CULTS I
TTGTATGCTGTGAGCAAAATTCGTGAGGTCCTTTAGTAAGGTCAGTCTCAGTCCAACATT
L YAV S KIIREUVTILT™*X * G QS Q S N I
C ML *A KV F VRS F S KV S LS PTTF
vV ¢ ¢CE QN S * G P L VRSV S V QUHF
TTGCCTCAGBRCATGAACACATTAT TTTGATAATAAAGAACTGCCTTAAAGTTCTTAATGC
L P QT * T H YTV FIDINIEKTETLTZ PO®*XTS S *» ¢
¢ L RHEUHTITIULTITIXKUNTGCTLIKUVTILNA
A S DMVNTTULT F * * *» R TAULKFUIL ML
TAGCTACTAAACCTTGAGCCGCATAGTTACTGTTATAGCACACAACGGCATCATCAGARA
* , L NL E P H S Y CY 858 T QU RUHUHOQK
S Y* TL S R I VTV I aAHNGTITIT RK
AT K P * A A * L L L * HTTA ATS S S ER
GAATCATCATGGAGAAATGTTTACGCAGGTAAGCGTAAAACTCATCCACGAATTCATGAT
E §$ S W RNV Y A G KR KTHUPU RTIUHTD
N HHGEMTFTOGQV S V KULTIUHTETFMTI
I I M E K ¢C L R R * A * N S S T N S * §
CAACATCCCTATTTCTATAGAGACACTCATAGAGCCTGTGTTGTAGATTGCGGACATACT
Q HP Y F Y RDTUHT R ACVY VDO CGHT
N I P I 8 I ETTULIEZ&PUVUL * I ADTIL
T S L FL *RHS * S L COCRTILIZ RTVY L
TGTCAGCTATCTTATTACCATCAGTTGARAGAAGTGCATTTACATTGGCTGTAACAGCTT
C 0L 8§ Y Y H QUL KEUVHTULUHUWIL®* QL
vV § YL I T I S * KKOCTIUYTIGTC CNSES L
S A I L L P SV EIRSATFTTULA AVTRA *
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GACAAATGTTARAGACACTATTAGCATAAGCAGTTGTAGCATCACCGGATGATGTTCCAC
b K C* R HY * HK OUL *HHRMMTFH
T ¥ v X DT 1 s 1 § 8 C 8 I T G * C s T
Q ML K TULULAO®* AV V A S P DDV P P
CTGGTTTAACATATAGTGAGCCGCCACACATGACCATCTCACTTAATACTTGCGCACACT
L v+ HI VS RHT®* P S HULIULAUHT
W F N I * * A A T HDHUL T * Y L R T L
G L T Y S E P P HM TI S LNTCMAH S
CGTTAGCTAACCTGTAGAAACGGTGTGATAAGTTACAGCAAGTGTTATGTTTGCGAGCAA
R * L T CURWNGV I S Y S K CY V CE Q
v 8 * p V E TV * *~ vV T A 8§ V M F A § K
L A NL * KR CDKILQQ V L CL R AR
GAACAAGAGAGGCCATTATCCTAAGCATGTTAGGCATGGCTCTGTCACATTTTGGATAAT
EQ ERPVL S *A C* AWILCIETITULTUDN
N K R GH Y P KHV RHGS VT F W I I
T R EA I I L S M L GM AL S HVF G * §
CCCAACCCATAAGGTGTGGAGTTTCTACATCACTGTAAACAGTTTTTAACATATTATGCC
P NP * GV EVFLHUHTUCI KGQT FULTY Y A
P T H KV W S F Y I T VNS F * H I MP
Q P I R CGV ST S L * TV F NI L CQ
AGCCACCGTAAAACTTGCTTGTTCCAATTACCACAGTAGCTCCTCTAGTGGCGGCTATTG
S HR KT CUL F QL P Q * L L * W R L L
AT vV K L A C S N Y H S 8§ 8 8§ 8 G G Y =«
PP * NL LV PITTTVAZPULV A ATID
ACTTCAATAATTTCTGATGAAACTGTCTATTTGTCATAGTACTACAGATAGAGACACCAG
T s 1 1 8 D E T V Y L S * Y Y R * R H Q
L Q~*F LM KUL S I CHS TTUDI RTUDT S
F NNUJF * * N CL F VI VL QI E TP A
CTACGGTGCGAGCTCTATTCTTTGCACTAATGGCATACTTAAGATTCATTTGAGTTATAG
L R CEUL Y S L H * WHT * D S F E L *
Yy G A S S I L CTNUGTIULIXTIHTUL S Y S
T vVRALVF FALMAYTLW R FTI=* V I V
TAGGGATGACATTACGCTTAGTATACGCGAAAAGTGCATCTTGATCCTCATAACTCATTG
* G * H Y A * Y TR KV HLDUPHN S L
R DDI TVL S I REKOCTI UL IUL I T H ¢+
G M TULRU L VY A KSAS * S8 § * L I E
AGTCATAATAAAGTCTAGCCTTACCCCATTTATTAAATGGGARACCAGCTGATTTATCCA
S HN KV * P Y P I Y * M G N QUL I Y P
v I I K s 8L TP VF I KWE TS * F I Q
s ** s L AL P HULULDNGIKUPA ADTL S R
GATTGTTAACGATTACTTGGTTGGCATTAATACAGCCACCATCGTAACAATCAAAGTATT
D ¢ * R L L G WUH * Y & HHIRNIDNGQ § I
I vV NDYLVGINTATTIWUVTTIIZ KVTF
L L T I T W UL A L I Q P P S * @ S K Y L
TATCAACAACTTCAACTACGAATAGGAGTTGTCTGATATCACACATTGTTGGCAGATTAT
¥y Q QL Q L R I GV V * Y HTUL L A D Y
I N NF N Y E * EL S DI THT CWOQ I I
s T TsTTWNWU RSO CTULTI S HTIVGZRUL *
BAACGATAATAGTCATAATCACTGATAGCAGCGTTGCCATCCTGAGCAAAGAAGAAGTGTT
N D NS HNH* * Q R CHUPEO QR RSV
T I I v 1 I T D S S V A I L S KEE V F
R * *+ 5§ *# 5 L I A AL P S * A K K K CF
TTAGTTCAACAGAACTTCCTTCCTTAAAGAAACCTTTAGACACAGCAAAGTCATAAAAGT
L V. Q Q N F L P * RNTILT®* T Q Q 8 H K S
*F NRT S F L KETT FRHS KV I K V
§ § T E L P 8§ L K K P L D TA A K S * K §
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CTTTATTAAAATTACCGGGTTTGACAGTTTGAAAAGCAACATTGTTTGTTAGTGCAGCTA
L Y * NY RV * Q F E K Q HCULUL V QL
F I K I TG VFD S L K SN I VC* C S Y
L L X L P 6L TV * KATULVFV S A AT
CTGAAAAGCATGTAGTGCGTTTATCTAGCAATAAATTGCCAGAAGCTGCATGCATAGCTG
L K $s M * ¢C VYLATINUZGCSO QI KT LUHA* L
* KX A C S A F I * @ * I A RS CMUH S W
E K HV YV RULS SV NXKXU1L P EAAIUCTIAG
GATCAGCAGCATACACTARAAGTTCCTTGAAACTGAGACGCGAGCTATGTAAGTTTACAT
D Q QHTULIKWV?P*N *¥DA AJS Y V S L H
I 8§ s T H * K F L ETET R AM®*V Y I
S A2 A Y T K S 8 L KL RREULTCIKF FT S
CCTGATTATGTACGACTCCTAACTCACGAAAATGGTATCCAGTTGAAACAACAAAAGGAA
P DY VRLLTUHENGTIUGQTULIZ KOQQOQIKE
L I M Y DS * L T KMV S S * N N KIRN
* L ¢ T T PN S RKWY P V ETTIKGT
CACCATCTACAAATATTTTTCTTACTAGTGGTCCARAACTTGTAGGTGGARACACAGTAG
HHL QI F F L L VVQNTIL?®*V ETQ *
T I ¥ K Y F S8 Y * W S KT CU®RWIKH S§ R
P S TN I F L T S G P KL VG G NTV E
AAAATAACACATTAAAGTTTGCACAATGAAGGATACACCTATCATCCAAACAGTTAATAC
K I TH * 8 L HNUEGY T Y HUPN § * Y
K *H I K v ¢ TMI KUDTU®PTITIOQTVNT
N N TLI KUV FAOQ*R I HL S S K QL I Q
AATTGGGATGGTATGTCTGGTCCCAATATTTAAAATAACGCTCGAAGAGACAAAGTCTCT
N WD GM S G P NI * NNGURU RUDIK V 8
I G MV CL V P I F K I TUVETETIKSL
L GW Y VW S QY L K * R S KRQ S5 L s
CTTCCGTAAAATCATATTTCAGCAAATCCCACTTAATAAGTGGTTTTGCGAGATCAGCAT
L p *NHTI S ANUPT®* * V VL RUDOQH
F R K I IV F Q QI PL NI KWT FTCETISTI
S V X 8 Y F 8 K S HULTI S CGCF AR S A 8
CCATATGGGACTCAGCAGCCAATGCCCTAGTCAAAGTGAGGATGGGCATCAGCAATGAGT
P Y G T Q Q PMUP * § K * G WA S A M 8
HM GL S S Q CP S Q S EDGHIGQIOQ * Vv
I W b S AANA ALV KV VRMGTI S NE ~*
AATATGAATCCACAATAGGAACTCCGCAGCCTGGTGCTACTIGTACGARATCACCGARAT
NMNUPOQ* ELURSL VL L V RNUHT RN
I * I H N R N S A AWUCYULYETITTETI
Yy E § T I G TP Q P GA T CTIK 8 P K 8
CGTACCAGTTCCCATTAAGATCCTGATTATCTAATGTCAGTACGCCTACAATGCCTGCAT
R TS S H * D P DY L M SV RUL Q C L H
v PV P I KTI UL I I * CQ Y A YN AT CI
Y Q F P L RS * L 8§ NV S TPTMUZPA A S
CACGCATAGCATCGCAGAATTGTACAGTCTTTAATAATCATTGGCGTACACGCTCACCTA
H A *HRIRTIUVQSTLT IMTIGV HA AU BL
T HS 1 A EL Y S L * * * LLb A Y T L T *
R I A S8 QN CTV F NNUDWU RTIR S P K
AGTTAGCATATACGCGTAAGATGTCAGGATTCTCTACGAAGTCATACCAATCCTTCTTAT
S * H I RV RC QD SLURS HTNUPS Y
v s I YA *» D VR RTIULY EUV I P I UL L I
LAY TRIKMSGT F ST XK S Y Q S F L L
TGARAATAATCATCATCACAGCAATTGTATGTGACGAGTATTTCTTTTAATGTATCACAAT
* N NHHHS NCMO™* RV F L L MY HN
E I I I I T A I Vv ¢CDEYF F * C I T1I
K + § s 8§ 0 Q L Y VTSI S F NV S QL
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TACCCTCATCARRATGACGTAGAGCATAGACTAAATCAGCCATTGTGTATTTAGTTAGAC
Y P H QND YV EHRULNAOQZPULTCTI * L D
T L I X M T * s I D * I 8§ H C V F § * T
P S S K * R RA * T K S A I VY L V RR
GCTGACGTGATATATGTGGTACCATGTCACCATCTACTCTAAACTTGAAAAAGTCATGGA
A D VI Y VYV P CHUHIULTLT®*T * K S H G
L T * YMW Y HV TTI Y S KULEI KVMD
* R D I ¢ G TM S P S TULDNULI KX S W T
CAGCAACCGCTGGACAATCTTTAACCAAGTTATAAATAGTCTCTTCATGTTGGTAGTTAG
Q QP L DNUL™* P S Y K * 8 L HV G s =
S NR W TTTI F N Q VINSTILFMULV V R
AT A G Q § L T KUL * I V8§ 8 C W * L D
ACATAGTATGCCTCTTAACTACAAAGTAAGAGTCTAATAAATTGCCTTCCTCATCCTTCT
T * ¥y A S * L Q $ K 8 L I N C L P H P §
H S M P L NY KV RV * * I A F L I L L
1 vCcLLTTI K >* E S N KULP S S S F 8
CCTGGAAGCGACAGCAATTAGTTTTTAGGAACTTTGCAAAACCAGCACTTTTTTCGTTGT
P G 8 D SN * FL G TUL QDN OQHT FFURC
L EA TATI S F * EL CK TS TV F F V V
W KR Q QL VF RNVFAI KU®P-ATLTF S L *
AAATATCAAAAGCCCTGTAGACGACATCAGTACTAGTGCCTGTGCCGCACGGTGTAAGAC
K'Y ¢ K P CRRUHQY * ¢CL CURTV * D
N I XK 8 PV DDTI ST S A CDAA AU RTZCIKT
I S X AL *TTJ S VL VPV PHUGVURR
GGGCTGCACTTACACCGCARACCCGTTTAAAAACGTTGATGCATCCGCAGACTGCATCAA
G L HL HRKUPV * KR * CI RURTULHDZQ
G ¢CTYTANUPFKXKDNUVDASAUDT CTIK
A AL TP QT RULI KTTULMHEZPQTA A S R
GGGTTCGCGGAGTTGGTCACAACTACAGCCATAACCTTTCCACATTCCGCAGACGGTACA
G FAELUVTTTH ATITU FUPUHS ADIGT
G S R S W S QL Q P * P F HI P Q TV Q
VRGV G HUNY S HNUILS TV FURI RI RTYR
GACTGTGTTTCTAAGTGTAAAACCCACTGGGTCATTAGCACAAGTGGTAGGTATTTGGAC
D ¢V s K C¢C K THWV I S TSGR Y L D
T v P L §8V KPTGESULAOQUV V G I W T
L ¢ F »V * NP L GH * HKW * V F G R
GTACTTACCTTTCAAGTCACAGAATCCTTTAGGATTTGGATGGTCAATGTGGCATCTACA
VL TV FQVTES SV FIRTIWMVYVUNUYVYAST
Y L P F KS QN PL GV FGW S M W HTILQ
T YL S s HR I L * DULDGQCG I Y N
ATACAGACAACATGAAGCACCACCAAAGGACTCTTGGTCCATGTTAGCTTCTGGTGTTAC
I ¢ TT»®* S TTI K GULTULVHVYV S F WC Y
Y R O HEAUPUPIKDSWSMULASGUVT
T D NM XK HHQRTTULGU?PC®*L L VL Q
AGTAATTGCCTGTCCTGTACCAGTGTGTGTACACAACATCTTCACACAGTTGGTGATTGG
S N CL S8 CT SV CTOQHULHTV G D W
v i acC?PpP VPV CVHUNITFTOGQTILUVTIOGC
*L P VL ¥ Q C VY TT S S H S W *# L V
TTGTCCTCCACTTGCTAGGTAATCCTTATATGCTTTAGCAGGGTCTACTGCAAAAGCACA
L s s TOCC* VvV ILICUFS RV Y CIK ST
¢ P PL AR * SLY AL AGS ST ARI KA ADOQ
VL HLULGUN P Y MUL * QG L L Q K H R
GAAGGAAAGCACAGTTGAATTGGCAGGTACTTCTGTAGCATTTCCAGCCTGAAGACATAL
E G KH S ** I GR Y F CS I S S L KT Y
K E 8 TV EL A G T SV AF P A * R R T
R KA QL NWOQV L L * HF QP ETDUV L
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16801 - TGTAGCAGCTAAACTGCCCAGCACCATACCTCTATTTAGGTTGTTTAAGCCTITGATGAR - 16860
-¢C 8 8§ * T A QHUHETS STI * VUV * A FTDE
- VA2 KLPSTTIUPLTFRTILTFEFI KT PTLMEK
- * QL NCPAZPVYTUILVYUIL G CIL S L * » §

16861 - GTACAAGTATTTCACTTTAGGCCCTTTTGGTGIGTCTGTAACAAACCTACAAGGTGGTTC - 16920
-V Q VF HFRPTFWOCVCDNI KU PTT RUWF
- Y XK Y FTULGT®PTFGUV S VTUNTULTIOTG GG G §
- TSI 8L * AL DLV CUL * QTVYKUV VP

16921 - CAGTTCTGTGTAAATTGTACCTGTACCATCACTCTTAGGGAATCTAGCCCATTTGAGATC - 16580
-Q F CVNO CTTCTTITULR RTETSSU?PTFTEI
- 88 v * I V?PV?PSULULGUNTULA AIHTLTZ RS
- VL C XKL Y¥YLYHUHSO®*OGTI * P I * D L

16981 - TTGGTGGTCTGATAGTAATGCCAGCACARACCTACCTCCCTTCGAATTGTTATAGTAGGC - 17040
-L VV * * *x ¢ QHKZPTS S SUILURTIUVTITVSG
- W W S8 D S NASTNTULZ P PP PETULTL * * Bp
- 66 L I VMPAGOQTTYTULTZP?2SDNTU CYSTZ RDOQ

17041 - AAGTGCATTGTCATCAGTACAAGCTGTTTGTGTGGTACCAGCCGCACAGGACATCTGTCG - 17100
-K ¢ I VISTSCLCGTS ST RTGHTL S
- S A L S S8V QAV CVVPAAR AQO OTDTITCR
- VH CHQVY KLV FV WY OQUPUHZ RTGSUVYV

17101 - TAGTGCTACTGGACTCAGTTCATTATTCTIGTAGTTTAACAGCTGAGTTGGCTCTTAGAGC - 17160
-* C Y W T QP F I I L * F NJS * V G S * §
- 8§ ATGUL S S L FCSLTH AETLA ATLTE RA
- VL LD SV HY S VUV +* QL S WILTULETL

17161 - TGTAACAATAAGAGGCCAAGCCAAATTTGGTGAATTCTCCATGTTAATTTCACTAAGTTG - 17220
-C NN KR P S QI W * IV HVNTFTIKL
- VTIRGOQA aAIKTFGETLSMTLTISTL 8§ =
- *# Q * EA K P NTL V N CPC * F H * V E

17221 - RAACAATCTTGCTATCCGCATCAACAACTTGCTGGATTTCCCAGAGTCCACATGCATATGT - 17280
-N NL A I R I NUVNUILTILUDTFUPETGCRTCTISC
- T I L L S AGSTTTCWTISOQSA ATDIR ATYV
- Q § ¢C Y P HQQLAGTFU PRV OQMUH M *

17281 - AAAGGTGTTACCATCACAAGTGTTCTTGTAGGTACCATAATCAGGGACAACAACCATGAG - 17340
-K 6V T I TS VULV GTTITIUZ RTUDINUDNIHE
- K VLP S QV FUL * VP *S G TTTMS
- R C Y HHZ KU CS S CRYUHNUGQGTU QO QU©P * Vv

17341 - TTTGGCTGCTGTAGTCAATGGTATGATGTTGAGTGGAACACAACCATCACGCGCATTGTT - 17400
-F 6 C C 8 QWY DV EUWINTTTITT RTIUV
- L AAV VDNGMMILSGTOQUPSRATLL
- WL L * S MV * C* YV EHTNTHTUHG BAIHC *

17401 - GATAATGTTGTTAAGTGCATCATTATCAAGCTTCCTAAGCATACTGAAGAGCATTGTTTE - 17460
-D NV V KCTTITII KTILUPIE KU HTSTETETEHT CTL
- I ML L $ A S L S S FULSTIUVI KT GSTIUVC
- * CC* VHHYO QA AS* A * * R AL F A

17461 - CATAGCACTAGTTACTTTTGCCCTCTTGTCCTCAGATCTTGCCTGTTTGTACATTICGGT - 17520
-H S T S Y P CPULV VLRSS CTLTFUVUHTLG
- I AL VTP FATLUZ LSS STDTILA ATCTLUYTIWYV
- *H * L L L P S CPQTIULFPVCTTFTG S

17521 - CATAGCCTGATCTGCCATCTITTCCAACTTGCGTTGCATGGCAGCATCACGGTCARACTC - 17580
-H § L I ¢ HL F QL ATLTEHTGT STITV VI KL
- I A * 8§ A I F S NUILTU RTCMAA ATGST RTGSNS
- * P DL PSS F PTOCVAUWOQUHEHGI GO OQTOQ

17581 - AGATTTAGCCACATTCAAAGATTTCTTTAACTTTTTGAGAACGACTTCAGAATCACCATT - 17640
-R F S HIQRV FTULS*TLPFEUN DTFEFT RTITI
- DLATT PIEKTDTFT FNT FULTZRTTTSTET ST PTL
- I * PH S K I SULTTF * ERLGQNDNTHH =

FIG.12 Con't
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17641
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17821
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17941
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18301
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18421

AGCTACAGCCTGCTCATAGGCCTCCTGGGCAGTGGCATAAGCGGCATATGATGGTAAAGA
$ ¥ S L LI GULILGSGTI S G I * W * R
A T A C S * A 8§ WA VA *A A Y D G K E
L Q PA HRUZPZPGOQWHI K RHEHMMMUV KN
ACTAAATTCTGAAGCAATAGCCTGAAGAGTAGCACGGTTATCGAGCATTTCCTCGCACAA
T K F *» § N S L K S 8§ T V I EHF L A Q
L N §$ EA I A * RV ARTULS S I S S HN
*»I1 L. KX Q * P EE * HG Y RAU F P RTT
CCTATTAATGTCTACAGCACCCTGCATGGATAGCAAAACAGACAARAGAGAAACCATCTT
P I NV Y S TULHSG* Q N R Q KRNH L
L LM S TAUPO CMZ DS XTUDI KU RETTITF
Y *» ¢ L Q H P AW IAIZ KU GQTIKTEI KPS §
CTCGAAAGCTTCAGTTGTGTCTTTTGCAAGAAGAATATCATTGTGGAGTTGTACACATTG
L ESF S CVF CZ X XWNTIIUVETLYTHL
S KA SV VS3S FARUZ RTIZ STILWSCTHTC
R KL QL CL L QEEYHTCSGVVHTIUV
TGCCCACAATTTAGAAGATGACTCTACTCTAAGTTGTTGAAGAACCGAGAGCAGTACCAC
c P Q FRR* L Y S KL L KNIZ RYEUGQ Y H
A HNULEDUDSTUL S C * RTES S TT
P T TI * KM TULUL * V V EEUPTZ RA AUV P Q
AGATGTGCACTTTACGTCAGACATTTTAGACTGTACAGTAGCAACCTTGATACATGGTTT
R ¢CAL Y VRHTFIRLJYS$S S NULUDTMWTF
b VHPFTSDIULDCTV ATULTIUEHKTGIL
M ¢ TLRQTF * TV Q * Q P * Y M V Y
ACCTCCAATACCCAACAACTTAATGTTARGCTTGARAGCATCAATACTACTCTTAGGAGE
T S NTQ QL NV KU LESZSTINTTTULTRR
pP P I PNNUILMILSTLIT KA AS I LIL L G G
L QY P TT* C * A * KH QY Y 8§ * E A
CAAAAGCCCCTGGGAGTTCATATACCTAAATTC TTGTGTAGAGACCAAGTAGTCATARAC
g K P L GV HTIU®PI KT FULUC CRDUOGQOQUV VI N
K 8 P W EVFI Y L NS CVETIK * g8 * 7T
K A PGS sSs Y T=* I L V * R P S S H K H
ACCAAGAGTAAGCCTGAAGTAACGGTTGAGTAAACAGAAAAGGCCAARGTAGCAGCAGCA
T K 8 K P EV T VE * TEZ KA AZI KUV A A A
P RV S LIK™* RUL S KOQZ KU RUPI K * 0 Q Q
Q E *A * § N G * VN RIEKGO QS S 8 8§ N
ACAATAGCCTRAGAAACAATARACAAGCATGATACACTGTAAGGTGTTGCCAGTAATAAA
T I A * ETTI N KU HUDTTIUL * G V A S N K
Q * P X K Q * T SMTIUHTUCIKUVUL PV IN
N S L R NNIXKIGQA AM*XY TV R CC Q * * I
TAACAATGGGTAATACTCARCACACACAAACACTATAGCTCTAGCTAAAAACATGATAGT
*Q WV I L NTUHI KHY S S S * K H D 8
N NG *Y 8 THTNTTIA ATLA ATZ KU NMTIUWV
T M ¢ NTQ HTOQTUL®*L * L KT * * §
CGTAACGACACCAGAATAGTTAGAGGTTACAGAAATAACTAAGGCCCACATGGARATAGC
R NDTH RTIUVZ RGYU RUNUNO®*GC P HGN S
vTTU?PE®* L EV TETITIXAUHMETI A
*R HQ NS * R L Q K * L R P T WK * L
TTGATCTAAAGCATTACCATAGTAGACTTTGTAAACAAGTGTAATGACATTCATCAGTGT
L I 58 I TTIVDTFUVDNI KTCECUNU DTIUHGZ GQSC
* S K AL P * * T L *» T S§ V MTT F I § V
DL XKHYHSRIULTECI KU QUV * * H S 8§ V §
CCAAACACGTCTAGCAGCATCATCATAAACAGTGCGAGCTGTCATGAGAATAAGCAARAC
P NTS S s I I I NS ASCHENDNI KOQN
Q TR LA ASS * TV RAVMZ RTIIGSIT KT
K HV * 0 HHHIE KXKQCEULS * E *» A K L
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TARAGCTGAAGCATACATAACACAATCCTTAAGCCTATAACCAGACAAGCTAGTGTCAGC
* 8§ * S I HN T I L KUPTITU RIOQUA ATSV 8§
K A EAY I TOQSUL SUL * P D KULV S A
K L XK HT * HNUP * A Y NOQTS * C Q P
CAATTCAAGCCATGTCATCATACGCATCACCCAGCTAGCAGGCATGTAGACCATATTAAA
Q F K P CHDTHHU P AST RUHUVDUHTIK
N § S HvwmM IRTIT OQTLA AGMS®*TTITL K
I Q AMS * YA S P S * 0 ACU RUPY * 8
GTAAGCAACTGTTGCAAGAGAAGGTAACAGAAACAAGCACAAGAATGCGTGCTTATGCTT
V S N CCKURU R * QK QBAOQETCVULMIL
*AT V AREGUNU RNIZ KU HIEKIUNATCTLT GCTL
K 0L L QEKUVTETS STU RMZ BRZATY A *
AACAAGCAGCATAGCACATGCAGCAATTGCCATAATACCAAGAGTAAATGGCAAGARAGT
N K Q H S T C S N CHUNTI K S KTWOQE S
T $ S I A HAATIA ATITIU PZ RUVINUGTI KK A
Q A A * HM Q QL P * Y QE * M A R K H
ATTCTCGTAAACAARGAAAAACAGTGACCACTGTGTACTTTGAACAAGAATCAATAGTGA
I L VN KEUI KU Q* P L CTTILUNIEKNQ * =
F S * T K KN S DHOCUVTIL * TJ RTINSTD
S R K Q R KTV T TTUVYT FTETZGQTETSTIUVHM
TGTCAAGAAAGTTAAARGCATCCAATGATGAGTGCCCTTAACAATTTTCTTGAACTTACC
C Q ES * KHPMMSALININTFTILTETLT
V K KV X § T ¢ * * vV P L T TI FULINTULP
S R KL KASNDET CT PO®* QF & * T Y L
TTGGAAGGTAACACCAGAGCATTGTCTAACAACATCAAATGGTCTAAACTCATCTTCTAA
L EGN TRAULSNIDNTIIZ KTWOCOCI KTIL I F *
W XK V TPEUHCLTTSUNGUVUNS S S K
G R *H Q 8 I V * QHQMUV * T EHETILTIL K
AATAGTGCTACCAAGGATAGTACGACCATTCATACCATTCTGCAGCAGCTCTTTCAAAGE
N S AT KD S TTTIUHTTITLGQT OQTULTFOQ §
I VL PRIV RUPZFTIU®PTFTU CSZSES T FZXK &
* C Y QG *Y DH S Y ES AAATLS K Q
AGCACACATATCTAAGACGGCAATTCCTGTTTGAGCAGAAAGAGGTCCCAATATETCAAC
S THI * DGNSCULSURIE KU RS SOQOVY VN
A HI S KT ATIUPV * A ETRTGT PUNMS ST
HTYLRRUOQTFULTFETUGQZ KTEV V®PTIOC COQH
ATGATCTTGIGTCAAAGGTTCATAGTTCTACTTCATTGCCACAAGGTTAAAGTCATTCAR
M I L CQRT FIUV VL HCEHETE KTV YVI KTV VTIDQ
* § ¢CVKOGS * L Y FIATTU RLILIEKTSTF K
D L VS K VHSCTSULZPOQG* S5 H S K
AGTAGTGGTGAATCTATTAAGAAACCACCTATCACCATTGATAACAGCAGCATACAGCCA
S S GE S I KX PP ITTIDNIZGSSTIOQTP
VVVNILTILI RNIEHEKILSZPTLTITA AIA ATYSTH
* W * I Y * ETT VY HH * * Q Q HTA A M
TGCCAAAACATTTAATGTTATGGTTGTGTCTGTACCTGCAGCCTGTGCAGTTTGTCTGTC
C QNI * CY G CVCTOCSTULOCSTUL SV
A XK TF DN VMVV SV P AZLATCAVTVTCTL S
P XKXHLMULWILCILYTILOGQQUPVQTFVCOQ
AACAARATGGACCATAGAATTTACCTTCTAAGTCAGTACCAGCGTETACTCCTATTAGAAG
N K W TTIET FTT F * VS T S V Y S C W K
T NG P * N L P S K SV PACTUPUV G S
Q M DHRIJVYULUL S QY QR VUL LULE A
CTCCATATGATGCATATAGCAGAAAGACACGCAATCATAATCAATGTTAAAACCARCACT
L HM M HI A ERUHATITITIWNUV VI XKTHNT
S I » Cc I * Q KD T QS * S ML K DPTL
P YDAYSRK KT RNUBHIDNGOT C* N QH Y
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ACCACATGATCCATTAAGGAAAGAACCTTTAATGGTATGATTAGGTCTCATGGCACACTG
T T * S I K E R T F N G M I R S H G T L
P HDPLRIKEUPLMUV*L GL M AUH *
H M IH* G KDNUL * W YD * V S WH TD
ATAAACACCAGATGGTGAACCATTGTAGCATGCTAGAACTGAAAATGTTTGACCAGGTTG
I N T R W * T I VA C * N * K CUL TTZRL
* T P D GEPL * HARTENUV * P G W
K H QM VN HCSMULETLI KMT FUDOQUV G
GATACGGACAAATTTATACTTGGGTGTCTTAGGGTTAGAAGTATCAACTTTAAGCCTAAG
D TD KV F IUL GCULRVR RS INTFZKPK
I RTNULVYL GVY L GLEV S TUL S L §
Y 6 9 I ¥ T WV § * G * K Y Q L * A * A
CAGACAATTTTGCATAGAATGGCCAATAACACGAAGTTGAACATTGCCAGCCTCGAACAAG
Q T I L HERMANNTI KU LWNTI AS L N K
R Q F CI EWUPITU®RS™*TUL PA * T R
D NF A * NG Q * HEV EUHTCUOQUZPTE Q E
AAAGCTATGGTTGGATTTGCGAATGAGCAGATCTTCATAGTTAGGATTAAGCATGTCTTC
K A MV GG FANZEUGQTITF FTIUVUZ RTII KU HUVTF
K L WL DU LU RM S RS S * L 6L S M 8 8
S Y GW I CE*ADTULUHS * D * A C L L
TGCTGTGCAAATGACATGTCTTGGACAGTATACTGTGTCATCCARCCACAATCCATTAAG
c A NDM S WTV Y CVI QP Q 5 I K
AV QMTOCL G Q YTV S S N HNPTULR R
L ¢ K * HV L DS I L CHUPTTTIH * E
AGTTGTAGTTCCACAGGTTACTTGTACCATGCACCCTTCAACTTTGCCTGACGGGAATGC
s ¢ 8 8 T G YL Y HAZ PV FDNTFATX* REC
v vv?PQVTCTMHUZPSTULPDGNA
L *# F HRULULV?PCTULOQULCLTGMS?®P
CATTTTCCTAAAACCACTCTGCAGAACAGCAGAAGTGATTGATGTCTGTGGTGGTTGGTA
H F P K TTUL QNS R S D * C L WW UL V
I F L, XPL CRTH AEUVIUDUVCGOG W *
F S *NH S A EQ Q K * LM S V VYV G R
GAGAACATCAGCACCTGAGTTGCTAAAGTCATTTAGAGCCTTTGCTAAGTGGCAGCAAGT
ENTI ST * VA KV I * S L C * V A A S
R T S A P ELUL XK S FRATFAI KMUWOQOOQ A
EHQHL SsS C~* S HLEZPULIULSG S K L
TGCTTCACGATAGCTGGTAGTATCTAAGGCTCCACTGAAATACTTGTACTTCTTATATAG
¢ FTIAGS I * G S TZETITULUVTILUVTI =«
A S R * L VV S KAPULI KT YT L YL L Y R
L DS W * YL RULUHO*NTTCTT CVY I E
AGCAAGATACCTGTTATACTGTGTAAGTGGCAACAGTGTCTCGCTACGCAATTTTAGGTA
S K I P VI L CXWQQCULATUGQT F * V
A RYLLYCV S GN SV S LZRINTFTR RY
Q DT CY TV * VATV S RYATIULGT
CATTTCCTTGTTGAGCAAAAAGGTACACAAAGCAGCCTCCTCGAAGCTACTARATGTAAC
HFLVEJQUZ XGTO QS SL L EGTI KT CN
I s L LS KKV HKADBAS S KV L NUVT
F P C* A KRYTIXK QP PRI RY * M *» ]
TCCATTAAACATGACTCTTTTCCTAAGATAGTTGTTAARGAACCAATGGCAGTGCTTCAG
$ I K HD S F P K I VYV KEU PMA®BAUVILQ
P L NMTULV FTLU R* L L KNOQWOQQC F R
H T L F § * D S C * R TNG S A S E
AGAAATACAGAATACATAGATTGCTGTTATCCAAAAAGGCACAATAGGAGAAAACATGGC
R NTE Y I DOCCYUPI KU RUHNIU RU RIKIHGC
E'I Q NT * I AV I Q KGTTI G ENMA
K ¥ R I HR L L L $§ K KA Q * E KT W Q
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AAACCATTCAAGGTGAGCCAAGAATGAAACATCATTGGTGAAATAGAATCTCAAGTACAA
K P L XKV S Q E * NI I GETIETCUQUVOQ
N H * R * A K N E T S8 L V K * N V K Y X
T I EGE P RMI KHHWT™* NRM S S T s
GTAAAAGACTGAGTAGACTCCCGGCAGAAAGCTGTAAGCTGGTACCAGACAGAGTATAGT
V KD * VD S R Q KAV S W Y Q TE EY S
* K T E * T P G R KL * A ¢ TURIOQ S5 I V
K R L 8SRL P AE S CI KULV P DU RV * x
GAAAGACATCAAAAACAAAAGTGCATTAGCAGCAACAACATGGTTGTACTCACCARAAAC
E R HQ KQ K CI S S NI NMMV VLTI KN
K D I K N K 8 AL AATTWIUL Y & P KT
K TS KT KV H* Q Q QH GCTUHQ K H
ACGTCTGAATTTCATARAGTAGTAGGCAGCACAAGTCACCARTATCGCAATAATACCACC
T S E FHKXKVV G S TSHOQYGNIDNTT
R L N F I K * * A A Q V TNMZ BATITIUP TP
vV * I 858 * 5 8§ R Q H K S P I W Q * Y H Q
AGCCACTACTGAAGCAGACACATCTAAAGCACCCACAGGTTCGCACAAGAGGAGTAAAGAT
S HY *» S R H I * S THU RTULUHIE KU RS KD
A T TEADT S KA PTG CTU RG V K M
P L L K QTHUL X HUP QV A QETE * R C
GTTAGCTATGAGATTCATCGCATCAACACCACAGAAARACTCCTGATAGAGCTCTGTAATG
V § YEIH RTINDNTTENIZS™* * 8 8 V M
L A MRV FI A STUPOQKTDPDI RA AL * C
* L * D S S HQHHRIEKTILIULTITETLT CNDNA
CTCATTATTAAGAACCCATCTACCACTGGTAGATAGGCAAATACCTACTTCTGACCTTTC
L I I K NP S TTUGU R * ANTY F * P F
S L L R THULPULVDU RO QTIU®PTSDTIL 8
HE Y * E P I Y HW * I 6@ K Y L L L T T FR
GCATGTACCATGTCTACAGTACTCAGCATCAARAGTTGTTACTACTCTAACAGAACCCTC
A CTMS TV UL ST KJSCY Y S NI RTUL
HV ?PCL Q Y $A S KV VTTTLTTETP S
M Y HV Y S T QHOQ XKL L L L * Q N P P
CAGGTAAGTGTTAGGAAACTGTATGATGGAACCATCCATAAGCACATAACGAGTGTCTGE
Q VS VR KLY D G TTTIUHI KU HTITS V W
R * VLGN CMMEZ®PSTI ST * R V S G
G XK ¢ * ET V * WNH P * A HNTETCTUL D
ACGAAGCTCACTATAAGAAATAGAACCCTCTAGCAAATTAGTATCATAACAATATGGCAC
T XL T I RNU RTUL * Q I 8§ V I T I WH
R 8 S L * EI E P S S KL V S * Q Y G T
E A HY KX * NP LAN*CHNUNMDEBaADQ
AGGTTTGCCCATAGCATCCTTAAAAATTGTACACTCAGCAGCAAGAACGCAAGCAGAGGT
R F AHS I L KUNU CTULS S KN AU ST ROQG
G L P I A SULIKTI VHSAARTUOQA ATEV
vV .cCP *H P * KL Y T Q Q QEU RIZKTOQT R *
AGCAAAATCACTATACTCAATGAGTTTGGAAGGTGTGTAGCAAATGTTGCCAACAGCACT
S K I T I L N EF G R CV A NVD AN ST
A K S L Y S M SLEG GV * 0MTUL P T DA L
Q N H Y T Q * V WKV C S K CUCOQ QO H *
AARAACACGAGGTAGAARATGCAAGAAGTCACCATTGATTGCTCTCAGCACAGTACCCGE
K NTR * KM Q E V TIDT C SO QQUHSTHR
K T R GRKOCK K S P LI AL STV P G
K HE VEDNA RAZMRGSHEHE* L L S AQY PV
TAAGCCAGGCACTATGAAACCAATCTCTCTTGTAATGATAGCAGCTACTACAGGGCAGCT
*A R HY ETWNUL S CDNUD S S Y Y R A A
K P GTM KU PTISULVMTIARATTGOQL
S ¢ AL * N Q S L L * * *» QL L Q G S F
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TTTGTCATTTTTGTATGAACCACCACGCTGGCTAAACCATGCGTCAAARCCAGCATGTTT
FVIVFUV*TTTTULA ATZXKT P CVYVZ KTTSMF
L S F L YEPZPRTUWILWNIEHASTEKTPHATCTL
¢ HF CMMNUHHAGT®*TMEROQTUNQHV Y
ATTTGCAARACAATCATCAGTAGAAATGATGTCACGAGTGACACCATCCTGAATGGCTTT
I1 CKTTIISRNDU VTSTDTTITLUNTGF
F A KOQTZ SSVEMUMSESET RV YTZ®PS * MATL
L QN NHGQT™* K * CHE®*HHTEPETUWILLC
GTAACCAATGATTTCATTIGTGTAACCATCATGGATTGACAATGTATGTACTGGCATAAC
VT NDPTIOCVTTIMD®*QCMTYWHN
* P M I S F UV * P S WIDNVCTGTIT
¥ Q * FHLCDNUHHGTILTMYVTILA * R
GATATAACAAACCAATGCAGCAAGAACGCACAATAATGTGGCCTTAAGCATAAGTTTARA
D I TN QCS KU NA AU QS=*C G UL KUHTZEKTF K
I * Q TNAARTTENUENU VA ATLSTISTL K
Y NKP M Q Q ERTTIMUWP * A * vV * N
ACAAGTACTAACAATCTTACCACCCTTGAGTGAGATTTTAGTAGTTATCACATTGACAAL
T S TN DNTILTTTULE*DTFS S Y DTITDN
Q VL TILZP®PPLSETITLVYVVMTTILTT
K Y * 0 S YHDP * VRTF * * L * H * Q p
CTGTCTAGTTGTAGCACAAGTTAGTGTAAAAGETATGTTGTTCTTCTTGGCAGCAGTACE
LSS CSTS=*CX KU RJYUVVILLGTSTS ST
C L VVAQVS SV KGMTLTFTFTLAATUVR
V *L *HKULV™* KUYV CCSSWOQOQ Y E
AATTTGTTTACGCAGCTGTTCAGATAAAGACATGTAGTCTTTTACATTCCAGATGAGTGA
N L FTQULTFR®RT®*TZ RUEVYVTFTVYTITPTDE *
I CL R S CSDJZKTUDMT®*GSTFTTFOMS E
F VYAAVQTIIK KT T CSTUILTULHSTZ R * V X
ARCATTGTGACTTTTIGCTACTTGGGCATTGATATGCCTTGCATTACAGTCAATACATGC
N I VTFPFOCYULGTIDMTPT CTITUTVUNTC
T L * L FATU WA ATLTITG CLATLTG OTSTIHA
HCDFILTLTLGEUH™* Y A LUHTYSOQTYMR R
GCCAAGATCTCTGGGCGTCATGTTTTCAACCTTATTATAGGTGAGCATGAAATTGTTACA
A K I $ GRHEV FDNTZLTITIGTETHTETTUVT
PR SLGVMZPSTTLTULT*V SMEKTLTLOQ
Q DL WATZSTCTFU QTPYJVYURO®*SATO*UNTZ CVYN
ACTGTCACCTGTCACTTCTAAGTCAGAGTGATGTGAAAGTTTGAGACATTCAATAACATC
TV TCHTF* VRVMO™*KTFTETTFEDNTN I
LS PV TS KSET®*CET STILTE RIUHESTITS
€ HL $ L L S Q 8 DV KV * DI Q * H P
CTTTGTGTCAACATCGGTATCAACAACACCTTGTCGGGCAGCTGACACCAATGTACAAAG
L CVDNTIGTINUSNTTLTSGS * HETC CTZ RK
F VST SV STTZPCRABAADTNTUVER
L CQ HR Y QQHLVGQLTZ RM®* K G
GACACCATCTAAAGCTACACCCTTTGCTAACTCGCTGTGAGCTGTAGCAACAACTGCCTT
DTI * S Y TTULOCS®*TILA AV VST CSUNTZ KT E CTL
TP S KAT®PTFANTSTLT®*AUVATS A L
HEL XKL HZPTULTILTTU RTCTETLT®*QOQ V D *
AAGTTTTTCCATAGGAACACTAAAAGTTGCTGARAAGGTGTCGACATAAGCATCAAACAT
K F FHRUNTIKSTC* KGUVDTISTIZ KH
S F S 1 GTTULJZXKVAETZ KTV VST * A S NI
VF P * EH* KLULJZXKTZ RTCR RIHETEKTEHTGOT S
CTTAACGGARACTTCAGTACTATCTCCAACGTTTGATACAAGAGCTTGGTCAAGCAACAG
L NGNTF STTISNUVS®* Y KSTILVZEKTGQOQ
L TETT S VLS PTTFTDTTZ RABATMWTESN R
* R KL Q ¥ YL OQRTILTIUGOQETLTG G QA ATE
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AATAGGTTGGCACATCAGCTGACTGTAGTACACAGAARGCAGACTTAGAAGCAGACTCGTC
N R L AH QUL TV V HR S RULU RSU RTULV
I G WHTI S * L * Y TEW AUDULEWH BADTD S S
* v G T S A DCSTIGQI XK QT * K QTR R
GCATTTGGACTTGCCATCAAAAACTATGACATTAATAGGCAGTGAACCTTTAGTGTTGTT
A F G L A I K NYDIUNU RUOQ®*TTF S V V
H L DULUPS XK TMTULIGSEUZPTULV L L
I wTCHQ KTUL * H * * a3 Vv N L *» C C *
AGCTCTCAAATTGTCTAAATTGACAAAATCCCAGAGCGGATGTCTCTCATAGGTCTTTTS
s s ¢ 1 Vv * T DKM GEUZ RMMSTULTIGTLL
AL K L 8§ KL T KW E S G CUL § * V F =«*
L §s$ N CLN * Q NG RADV S HR S F D
ACCAGCCTTGTCAAAGTAGAGGTGAAGCGCGCCATTTTTCACAGCAACACTATCARCAAT
T 8 L VvV KV EV KRATIUPFPHS VN TTINN
P AL 8 K *R * S A PF F TATUL S TTI
Q P C Q 8 R GEARHT F S Q QH Y Q Q0 Y
ATACGATGACTGGTCAGTAGGGTTGATTGGTCTTTTAAACTGGAGTGACAAATCACGAGC
I R *L V 8 R V DW S F KL E * Q I T S8
Yy D bDW SV GGLTIGILULNUWSDI K S R A
T M T G Q * G *+ L V F *# T 6 V T N HE Q
AACTTCATCACTAATGAATGTACTACCAGTGCAAAATGTGTCACAATTGAGACAATTCCA
N F I T NECTTSAKOCVTTIUETTI P
T S S LM N VL PV Q NV S Q L R QF Q
L HH * *M Y Y Q C KM CHN * DN S N
ATTGTGAGTCTTGCAGAAGCCACGGCCTCCATTTGCATAGACATAGAAAGATCTCTTCAT
I vs L A EATH AU S I CTIDTITET RSTLH
L *V L Q KPRPUPFA* T * KDILTF M
¢ ES CR S HGTLHILUHZ RIUHRIKTISSC
GCCATTAACAATAGTTGTACACTCAACGCGTGTGGCACGATTGCGCTTATAGCACATCAT
A 'l NN S CT LN AU CGTTIATLTIAUHH
P L TTIUVV HSTU®RUVARTILI RTLT*HTIM
H *Q * L ¥ T Q R VWHUDTCA AYS TS C
GCAAGTCGAARGAGGTGCAACCATCCATGATATGAACATAGCTCTTCCATATGTAGTAGAA
A 8§ R R GATTIHUDMNIA ATLU®PY V V E
Q VEEVY QP S MTI * T * L F HM * x K
K 8 KR CNUHUP * Y EH S S S I C S R K
AGAAGCAAAGAAGATGTACATCCTAACCATTGCAGAAACGGGTGCCATTTGTACAATACT
R 8§ K E DV HUPDNUHUCRNUGT CHTULYNT
EA K KM Y ITILTTI AETUGA ATIT CTTIL
K Q RRCTS S * P L Q KR VP F V Q Y =*
AATGATAAACCACATGAGCCAAGAATTGCTGATGAAATGACTAGCAAAATAGCCAAAGAA
N D XK PHEUPU RTI ADEMMTS K I A K E
M I N HM S Q EL L MI K * L A K * P K N
* » T T »~ A KN C * * N D * QN S Q R T
CACCTGCATTATAGCTGAAAGACCTAATAAATARAAGAATTTTGTGAACAACATATATGC
H L HY S * KT * * I KETFCETU QU HTIOC
T ¢ I I A E R PNK ™* KNV F V NNTI Y 2
PAL * L K DULTIUNI KU RTIULO®*TTT Y M P
CAARACCCACTCAGCGGCCAGACCTAAAATTGTCAAGTCTAGCTTGTACCATGARATCGT
Q N P L $ G QT NCOQUV * L VR * N R
K T H S AARUPIKTI VK S S L YDETIV
K P T QR PDUL KL 8 S L ACTMTEK S S8
CACCTGAATGGTTTCAAGAGCTGGATAAGAATCAAGGGAGTCTAATCCACTTAAACAAAT
H L NG F K S W IRTIIKUGV * § T * TN
T *M VS R A G * E S RESNUDPTILIKOQM
P EWF Q E L DKW NOQGGS LI HTLWNTEKSUZC
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GCTGCAAGGAAAAGARCCTTCACAGRAATCCATAGTAGTAACGTTAGACGAATTAAGATA
A ARKIRTV FTUETIUHS SNV RUZ RTIIKTI
L 0 G KEUP S QK S5 I VVTULUDETLTZRY
C KX E K NL HRDN P *# * * R *« T N * D T
CAATTCTCTAACGCCATTACAATAAGAAGGAGCACCAAAATTAGATAAGAGTACACCAAA
Q F s NATITTIU RT®RISTI EKTIU R®*EUYT K
N §$ L T PULOQ * E GA P KUILDIKS TP K
I L * R HY N K KE EHO QN * I R YV HOQ K
AGCAGCAGTTACACAGATTAGAGAACCTAAGCAAATACTTAACAACAATAGCCACATAGC
$ $ $ Y TD* R T * A NT* Q Q * P H §
A AV T QI REU®PI KU QTITILNDNUNNSHTIA
Q QL HRLENULSI K YU LTTTIA AT * R
GATTGTGAACAATTTAGAARATTTGGGTCGACTTCACATAATTAATGCCGGCATCCARACA
b CEQF R KF G *L HITIDNA AGTIOQT
I VN NL ENTULGDVFT * L M P A S K H
L »T™71I * K I WV TS HN * CRHUPN NI
TAATTTAGCAACACTCTTAACACTATTTTTAGCAATAGT TGTAGGTAGTGAAGCTCTAAT
* FP S NT L NTI F SN S CUR * *# 8 8 N
N L ATULULTULV FULA ATIUVVGGS EATULTI
I »»Q H 8 *HY F * Q * L * V V K L * F
TCTAGAATTGGTACTTTTAGTAARAGTACACAATTGGAACAATAATGTAAACACATAAGG
S R I 66TV F S K ST QL E Q * C KH I R
L EL VLUL UV KV HDNWNUNNDNUVNT * G
* NW Y F *» *» K Y T I 66 T I M * T H K A
CATATAATTGTTAAACACACGTTGTGCTAATCTCTTAGCGCAATTTGATGTTGTAATTGC
H I I Vv KHETULC™* S L S AT1I * CCDNC
I * L L NTURCANULTULA AGQT FUDV V I A
Yy NC * TH V VLIS * RINULMMTIL * L L
TGCTTGTCCTAAGARTGGTTTGACATAAGCCAAAATTTTACTCCAAGGAACACTATTAAT
c L s * EWU FDTISOQQDNUT FTU PR RNTTIN
A CPKWNGILT*AIKTIULTILUGQQGTTUL L I
L VL R M V * HKPIXF Y S KEH Y * L
TGCAGCAATACCATGAGTGGCAATTGTTTTTAAACCTAAGGCTAGTGAAAGCTCATTAGG
¢C 8 N TM S8 G NCTF * T * g * * K I I R
A°A I P * V A IV F KPI KA RASZSESSTILQG
Q Q YHEWQULFLNTUILU®RTILVIEKA ATH* V
TTTCTTAATGGTAATGCTTGTGTTTTCCACATAAGCAGCCATAAGATCCTCATGACCTAA
F L NGNAOCUV F HTI S S HU KTITLMT *
F L MVMULVYVF S T *A ATII RIS S * P N
§ * W * ¢CL CFPHZKOQP™*DUPUHTUDTULT
CTCTTGTGTTACTTTAACACCTTCATCTGATGGTTTAAGTATGACATTGCCTACAACTTC
L LCYFWNTUV FTI * W F KVYUDTIATYTNTF
s ¢vTLTU®PSSDGUL SMTTLUZPTT 8
L V1L L * HL HL MV * V * HC L Q L R
GGTAGTTTICACGTCACACTCTATGACTTCCTTCTGTATGGTAGGATTTTCCACTACTTC
G §S$ FHVTUL YDV FTULTULYGRTITFTUH Y F
VvV FTS SHSMT S FCMVGEGTF ST T S
*F S RHTUL*LP S VW * DU FPIL UL L
TTCAGAGGTGGGTTGTTGACTTTCACAAGCAAGATTGTCCATTCCTTGTGTGTCTTCTAC
FRGGL LTV FTSIKTIVHS STLTC CVTF Y
S EV 66C * L S QARULSTIPCV S S T
Q RWV VDV FHI KOQDOCE?PTFTULVCTL L L
TGCCAGAACTTCAAATGAATTTGAAGTATCTACTGGCTTTGTACTCCAAAGACAACGTAA
C QNP F K * I * 8 I Y WILOCT® PRI KT T ¢*
A RT S NETFEV S TGV F V L Q R Q R K
P EL QOMNILIKYULTLATLY S KDNVN
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23521 - ACACCAAGTGTTTGGTTTGAACGTTIGTCTTGGTTGTAGCCTGGTTAATGTGCCAAACAAT - 23580
-T P 8 VW F ERCLGCSUL VNV P NN
- HQ V F GL NV VL VVAWILMMTCOQTTI
- T K CL V *» TL S WL * P G * CA K QL

23581 - TGGCTTATGCAGTAATTTAGCACCTTTCTTGAAACTCGCTGAATAGTGTCTATAGTCBAT - 23640
-W L MQ*F 8 TF L ETUR* I V S I VN
- G L CSsS NULOAPVFULI KULAE * CL * 8§ I
- A Y AV I *# HL §8 * NS§ L N S V Y 8§ @ =~

23641 - AGCCACTACATCGCCATTCAAGTCTGGGAAGAATGTGACAGATAGCTCTCGTGARGCTGGE - 23700
-8 HY I A I Q V WEETCDI R®™*UL S * S W
- A T T S P F K 8§ 6 KNV TD S S R E A G
- P L HRHS SL GRM™* QI AL V KL A

23701 - CTTTGTGAAGCCTGTCATTTGATTTAAATCATCAGCARATTTTGTGTTAGAACATGTGAG - 23760
-L ¢ EACHULTI* I I S KU F CVRTCE
- F VX P VI * F KS S ANV F VL EUHUV S
- L * S L $ FDLNUBHGCOTIULT GC®*DNM* V

23761 - TTTGAAATTATCAAAACTCGCATTTGGTAATGGTTGAGTTGGTACAAGGTCTATAGGCTG - 23820
-F E I I K TR I W * WL S WY K V Y R L
- L KL S KL AF GNUGT™®* VG TU RS I G C
- * N Y Q N S HL VMUV ETLUV QL * A A

23821 - CTCTGTATAGTAAGCATTATCCTTTTTATAATACCCATCCAATTTTGGTTCAATCTCTGT - 23880
-L ¢ I v s I I L F I I P I Q F WP FUNILOC
- 8§ Vv *x * AL 8§ FPL * Y P S NV F G S5 I §V
- L' YS KHY PP F Y NTHUPTIULUVQ S L C

23881 - GTAAGTAACTCCATCGAGTTTATACGACACAGGCTTGATGGTTGTAGTGTAAGATGTTTC - 23940
-V § N S§ I EF I RHRULDGTCS VU RTCTF
- *VvV TP S§ S L ¥YDTGUL MV V V * D V 8§
- K *LHRVY TTQA®* WIL * CKMTF P

23941 - CTTGTAGARAACATCAGTCACTGGTCCTTTGTACTCTGACATCTTTGTARGGTGAGCTCC - 24000
-L VE NI S HW S F VL * HLC XK V 8§ 8
- L » K TS VTGP UL Y S DI F V R * A P
- C R XHQ SL VL CTULTS STUL™* GETUL R

24001 - GTCAATACGATAGAGGGTCTCCTTAGCAGTTATATGAGTGTAATGACCACACTGATAGTT - 24060
-V N TTITE GG L L 8§ S Y M S VM TTTULTIV
- § I R *# RV 8 L A V I * VvV * % p H *» x T
- Q Y DRGS P * QL Y ECNUDUHTTUDS Y

24061 - ACCAGTGTACTCATTCGCACATAAGAATGTACCTTGCTGTAATTTATACTCAGCAGGIGE - 24120
-T S8 VL I RT * E CTULUL * F I L 8 R W
- P VY S F AHIKNUVUPCCNILY S A G G
- Q ¢CTHK S H IR RMYULAVY I Y TOQOQUVYVY

24121 - TGCAGACATCATAACAAAAGAAGACTCTTGTTGTACTAGATATTGTGTAGCATCACGACC - 24180
-C RHHNI KR RTLTILULY * I L CS I TT
- ADITIT I KEUDS ST CT CTR RYU CVAST RTDP
- Q T s * Q K K TDL V VL DI V * HH D H

24181 - ACACACACATGGAATGGAAACACCTGTCTTAAGATTATCATAAGATAGAGTACCCATATA - 24240
-T HTWNGNTOCULEKTITITIU R * 8§ TUH I
- HTH GGMET?P VL RLS * DRV P I Y
- T H M BE W K HUL S * DY HXTIETYU?P YT

24241 - CATCACAGCTTCTACACCCGTTAAGGTAGTAGTTTTCTGACCACAATGTTTACACACCAC - 24300
-H HSF Y TR®* G S8 S F L TTMT FTHH
- I T A S TUZPV KV VVF * P Q CULUHTT
- S ¢ L L HPLR™* * F S DHINUV Y T UPH

24301 - ATTAAGAACTCGCTTTGCAGATTCCAAATTAGCATGCTGTAGAAGATGGGTCATAGTTIC - 24360
-I K N 8 L CRF QI 8 ML * KMGUH S F
- L R TRVFADS KULAUCUCR RIRWMWUVI V S
- * EL AL Q I PN * HAV EDG S * F L

FIG. 12 Con't
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24361

24421

24481

24541

24601

24661

24721

24781

24841

24901

24961

25021

25081

25141

TCTGACATCACCAAGCTCGCCAACAGTTTTATTACTGTAAGCGAGTATGAGTGCACAAAR
$ D I T KL A NS FITUV S EYET GCT K
L TS8P S S8 P TVLLUL * A § M S A Q K
*H H QAR QQF Y Y C KU RV * V HK S5
GTTAGCAGCATCACCAGCACGGGCTCTATAATAAGCCTCTTGAAGTGCTGGTGCATTGAA
v s s8I TS TG S8 I I 8L L K CWC I E
L A A S PARA AL * * A § * 5 A G A L N
*Q HH Q HGL YN KUPULEUV L VH * I
TTTGACTTCAAGCTGTTGAAGTGCTAATAARRACACTAGACAAATAACAATTGTTATCAGC
F DFKULULIKUZ C®** NTI RIGQITTIVTI S
L T s s C* S5 A NXKTTULUDI K * Q L L S A
*L Q AV E VLI KUHE~* TNINNTC CY QP
CCATTTAATTGAAGTTAAACCACCAACTTGAGGAAATTTCCATTTCTTTGTGTGGTTTAR
P F N *$S * TTUNULURI KT FPFUL CV V *
H L T EV K P PT™* G NTFHT FTF VW F K
I * L KL NH QL E E I S8 I 8L C G L K
AGCAGACATGTACCTACCAAGAAAACTCTCATCAAGAGTATGGTAGTACTCGARAGCTTC
S R HV P T KK TULTI K S MV VL E S§ F
A D MY L PRI KU LS SRV W * Y S K A §
Q T C T Y Q EN S HQE Y G S TURIK L H
ACTACGTAGTGTGTCATCACTAGGTAGTACAAAGAAAGTCTTACCCTCATGATTTACATG
T T ¢V I TR * Y K E S L TTUL M I Y M
L R § Vv5 § L G § T XK K V L P 8 * F T *
Yy v vCcHHE~>* VYV QRI K S Y P HTDULHE
AGGTTTAATTTTTGTAACATCAGCACCATCCAAGTATGTTGGACCAAACTGCTGTCCATA
R F N F CNTIT S TTIOQVCWT TI KTIULTLSTI
G L I FV TS S8 AUPSI KYVGEGPNTCTCUP Y
v F L *HQHHPSMULUDQTA AUVHM
TGTCATAGACATATCCACAAGCTGTGTGTGGAGATTAGTGTTGTCCACAGTTGTGAACAC
C HR HIHZKULOCVETISV V HS CEH
vIipDpD1IJSTSOCV WU RILUVILSTUVVNT
s * T Y P Q AV CGD * CCU&P QUL * T L
TTTTATAGTCTTAACCTCCCGCAGGGATARGAGACTCTTTAGTTTGTCAAGTGAAAGAAC
F Y sS$SL NL P QG * ETUL * F V K * K N
F I vL TS SURI RDI KU RILT PFSUL S S ETZ RT
L *s *P P A G IRUDSTU LV CQVEKTETDPDP
CTCACCGTCAAGATGAAACTCGACGGGGCTCTCCAGAGTGTGGTACACAATTTTGTCACC
L TV KM KKULD G ATLU QS V V HNTFVT
S§$ PSR * NS TOGUL SRV WY TTIUL S P
H R QDETH® R RUGSU?PET CGTOQTFCHH
ACGCTTAAGAAATTCAACACCTAACTCTGTACGCTGTCCTGAATAGGACCAATCTCTGTA
T L K K FNT* L CTUL S * I G P I s V
R L RN S TUPWNS VR CPE * D Q S L =*
A * EI OHULTULYAUVULNUZ RTNTULCK
AGAGCCAGCCAAAGAAACTGTTTCTACAAAGTGCTCCTCAGATGTCTTTGATGACGAAGT
R A 8§ QRNUCVF Y XK VL LRTZ CUL * * R §
E PA KXKETV 8T K C S S DV F DUDE V
S QP K KL FL QS8 2AUPQMSULMT K *
GAGGTATCCATTATATGTAGTAACAGCATCTGGTGATGATACTGACACTACCGCAGCAGC
EVv S I 11 C S N S I W * * Y *x H Y G R S
R ¥ P L Y V V TASGDUDTUDTTATG A
¢G I H Y M * * 90 HL VMTITULTTULU RGQEL
TTTAAGAGAACGCATACAGCGCGCAGCCTCTTCAAGATTAAAACCATGTGTCACATAACC
F K R THTA ARSLF K I KTWMMU CHTIT
LR ERIQRAASSRILI KUPCUVT* p
*ENA Y S A Q P L QD * NHV S HN Q
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25201

25261

25321

25381

25441

25501

25561

25621

25681

25741

25801

25861

25921

25981

AATTGGCATTGTGACAAGCGGCTCATTTAGAGAGTTCAGCTTCGTAATAATAGAAGCTAC
N W HCDI KU RULTIO®* RV QLIRNNR RS Y
I 6 I vT S G S F REVF S F VI I EH- AT
L AL *Q A AHULES S A S *» *» *x K L Q
AGGCTCTTTACTAGTATARAAGAAGAATCGGACACCATAGTCAACGATGCCCTCTTGAAT
R L F T $ I K EE S$ D TI V NDAULTULN
G s L L v * K KNURTU®P* S TMUP S * I
A L Y * Y KR PRI GHHS QURCUPULEF
TTTAATTCCTTTATACTTACGTTGGATGGTTGCCATTATGGCTCTAACATCCATGCATAT
F N S8 F I L T L D G CH Y G S N I HA Y
L T P L ¥ L R WMV ATIMA ALTSMUHTI
* F L YTY V GW UL P L WUIL * H P C I +*
AGGCATTAATTTTCTTGTCTCTTCAGCATGAGCAAGCATTTCTCTCAAATTCCAGGATAC
R H* F S CLF SMS KHT FS QI PG Y
G I N F L VS S A * A S I 8L K F QDT
AL I FL S L Q HEGQQAVFTILSDNSURTIZQU
AGTTCCTAGAATCTCTTCCTTAGCATTAGGTGCTTCTGAAGCTAGTACATAAAATGCAGA
s §$ * NL FL $S$I RCTF * R * Y I K CR
vV PRI S S L ALGASEG ST * N A D
F L E S L P * H * VL L KV V HKMOQI
TTTGCATTTCTTAAGAGCAGTCTTAGCTTCCTCAAGTGTATAACCAGCACATCCTTGTCC
F A FL K S S UL S F L K CTI TS STS L 8
L H F L RAVLAS S S5V * P A HUPCP
¢ I s *E QS *L P QV Y NQUH I L V D
AGGGTACGTGGTTATATACTCATCAACTGGCACTTTCTTCAAAGCTCTTGAGAGCATCTS
R vV R GY I L I NWHT FULGQS S * EH L
G Yy vV I Y 8 S TGTT FV F KA ATLTESTI S
G T WUL Y THQULAULS S KL L RAZ S D
AGTAGTGCCACCAGCCTTTTTGGAGGGTATTACAACACAAGTGATATCACCACTAGTGAT
s § ATSUL F GGGY Y NTSD I TTT S D
v v e PPATFULETZGTITTAGQVISPUL VI
*C H QP F W RV L Q H K * Y HH * * «
AACATCACCTACCATGTAAGGTGCATCCTTCTCAAGGARAGACATATCTTCACCTCTAAG
N I T Y HV U RCTIULULKEUZRUHTIUFT S8 X
T s P T M * GA S F SR KDTI S S P UL 8
H HL P CZ XKV HPS QG KT JVYUL HTUL * A
CATGTTCTGAGAATCATGGTAAAGCTTACCATTGATATCAGCAAACAAGAGTAACTTATT
H VL ZRTIMUVE KL LTTIUDTI S K QE * L I
M F *» E 8 W * 8§ L P L I S A NI KSNTULL
C 8 ENHGI KA AYH * Y Q QT RVTY W
GGTAAGAAACTTAGTTTCTTCCAGTGTTGTGGTAACCTCATCAATGCAGGCCTTAATTTT
G K KL 8 F F Q CCGWNILTIUNA AGTILTINTF
VRNILVS S S VV VTS S M QATLTITF
* E T *» F L P VL W * P HQ CUR P * F L
TGGCTTCACATCGACAGGCTTCTGTACGACAGATTTCTCCTCAGTTTTGGAATCTTCTGTY
WL HIWDUZ RILULYD R FULULSF F G I F C
G F TSTOGT FCTTUDT F S S VL E S S V
A S HROQAS VR QI S P QF WINULTULC
GTTTGGTGGCTCCTCTTGTTTAGGTGCTTCCACTCTAGGCTTCAGGTTATCAAGATAATC
VW WL L L FRCTFH S RULOQUV I K I I
F G 66 s 5 CL GASTULGT FU RTL S8R * §
L vAPLV * VLPUL * A S G Y QDN P
CATGACAACCTGCTCATAAAGAGCTTTGTCATTGACTGCAATATAAACCTGTGTACGAAC
H DNILULI K S F VIDOCNTINILTGCTN
M T TOCS8 * R AL S VLT ATIO®*YTTCV R T
* Q P AHKEULU CH™* L QY K P V Y E P
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26041

26101

26161

26221

26281

26341

26401

26461

26521

26581

26641

26701

26761

26821

86/94

CGTCTGCACGCACACTTGTAAAGACTGAAGTGGTTTAGCACCAAATATGCCTGCTGACAA
R L HA HL * RL K WF ST K Y A C * Q
v ¢cTHTZ CI KUD™* S GLAUPNM MPA ATDN
§$ AR TUL V K TEV V *H QI CULULTT
CAATGGTGCAAGTAAGATGTCCTGTGAATTGAAATTTTCATATGCTGCCTTAAGAAGCTG
Q w ¢ X *» D VL * I EI F I ¢CUL K KL
N G A S KMS CETLKF S Y A AL R S W
M vVv.Q VRCP VDN * N F HMUL P * E A G
GATGTCCTCACCTGCATTTAGGTTAGGTCCAACAACATGCAGACACTTCTTAGCAAGATT
b veyLpTO ¢CI™®* VRSN NIDNMGQTTILTUL S K I
M 8 § PA FRULGPTTUCRUHT FULA AR RIL
¢ P HL HL G * V Q Q HADTS S * Q DY
ATGTCCAGAAAGCAAACAAGACCCTCCTACTGTAAGAGGGCCATTTAGCTTAATGTAATC
M § R K Q TRP S Y C KR ATI™* LNV I
¢c PE S KQDU©PUPTVRGUPF S L M * g
vV ¢ KA NKTUL L L * E G H L A * C N H
ATCACTCTCCTTTTGCATGGCACCATTGGTTGCCTTGTTGAGTGCACCTGCTACACCACC
I TLULVLHGTIGCCLVETCTT CYTT
S L s FCMAPTULVAULULSA AZPA AT P P
H S P FAWHUHWILUPOC* V HULLUHTHH
ACCATGTTTCAGGTGTATGTTAGCAGCATTTACAATCACCATAGGATTAGCACTTTGTGC
T M F Q vY VS 5§ I Y NHUHU RIS TTULUC
P CFRCMULAATFTTITTIGTILA ATULTCA A
H VvV sS GV C +* Q HL Q $ P *» D * HF V P
CTCCTTAACGATGTCAACACATTTAATGGCAACATTGTCAGTAAGTTTTAAATAACCAGT
L L NDVUNTU FUNGIU NTIUVS KT F* I T S
S L T M S THTULMATIULS VYV S F XK * p Vv
P * R CQ HTI * W QHTU COQ™* V L NN Q =*
AAACTGATTAACTGGTTCTTCAGGTGTAGGTTCTGGTTCTGGCTCAATCTCTGATTGCTC
KL I NWU FUPFRUCRTFWT FWIULUNIL * L L
N * L TGS 8§ GV G 5 G 5 6 8 I 8 DU C S8
T D * L VL Q V * vV L VL A QQ S L I aA 0Q
AGTAGTATCATCCAGCCAGTCTTCCTCTTCTTCTTCCTCAACTCGAACTGTTTCAGCTGA
S $ 1 I QP V F LV FFFILNZSINTCTF 5 *
vV Vs S $ Q5 S S 8 8 S s TURTV S A E
*YHPASLPLLULUPOQTLETLTFUGQTULR
GGCACCRAATTCCAGAGGGAGACCTTGATAATCATCCTCTGTACCGTACTCATGTTCACA
G T K F QRETTULTITIIULCTUVULMT FT
A P NS RGRUPT™* * 8§ 5 8 VP Y § C S5 Q
H Q I P EGDULTUDUNU HUPULY RTUHVYHR
GGTTTCATCAATTTCTTCTTCCTCACACTCTGCATCGTCCTCTTCTTCCTCATCTGGAGS
G F I NVFFVFULTULU CTIUVILTFTFTLTITUWR
vV § 8 I §$ S S S H S A S 8§ S 8 S 8 8 ¢ ¢
FHQ FLLUPHTULHZ RUPIULTILUPUHTILE G
GTAAAAGGAACAATACATACGTGATGARAAGTTTTCTTCACCAGCATCATCAAATAAGTA
vVKGTTIUHT* * KV F F T S I I K * V
*K E Q Y I R DEKF S S P A S S N K *
K RNNT Y VM K S F L HQHTEHGQGTI SR
GAATGTAGCTACACTCCACTCATCAAGATCAATACCCATGTTGGTAAGGAGATCAGARAC
ECS Y TUPULIKTINTHUYVOGECZ KT ETITZ RN
N VA TULHS SR S I PMULVU RI RESET
M * L H S THOQD QY P CW * GD OQ K L
TGGTTGTAAAGTCTTCACAACAGCCTCTGCTACAACACATGCAAACTCAGTAACTTCGGT
WL * S L HNSULCVYNTUGCI EKTULSDNTF G
G ¢C KV FTTA ASZSA ATTHA ANSGSUVTS V
vV V K S S QQ P L L QHMOGQTGQ * L R Y
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26881

26941

27001

27061

27121

27181

27241

27301

27361

27421

27481

27541

27601

27661

ACCGGATTCARCAGTGTAGACAGAGCACTTTTCATTAAGCACTTTGTCAACACGTTCATC
T G F N S V DR ALV FTI KHT FUVNTTFTI
P DSTV* TEUHT FSLSTULSTU R 8§ S8
R I Q Q CR QS TP FHT™* AULOCO QU HUVHDOQ
AAGCTCAAATGTGATTCTCACATTCTTGTAACCTTGAACTTCCCAAACAGTATCTTCTCC
K L K ¢D S H I ULV TULDNV FUPNSTIF S
§$ s NV ILTU FUL®* P * T S QT V S S P
A QM * F S HS CNUILEULUPI KU GQYULLQ
AAAGGTTACACCTTTAATTGGTGCACCCCCTTTTAAGCGARAGACATTGTTTGTAGCCAG
K G Y T FDNWCTUPTF F * A KDTI V C S Q
K v TPULTI GAPUPF KUZRIKTTULTFV A 8§
R L HL * L VKEPVLUIL S ERUHTCTL * P V
TAAACCAGGAGACAATGCGCAGTATTGTTCTTTGTCCTTAATC TCTAAGAGCATGAGGCC
* T RRQCAV L FUPFPVLUNTIL* EHE A
K P GDNAQ QY CS L S LI S K S MU RSP
N Q ETMU®RS I VL CP * S L R A * G H
ATTTACACAGACTGCTGTGCCGACGATAGCTCCATTTGTGAAGCTATCAACGGGCCTCTC
I Yy T DwWOCADU DS SSTIOCEU BATINSGT RL
F T ooTSGV P TTI AZPVFV KILZSTGUV 8
LHRULVCRURD™*UL HUL * S Y Q R A S R
GAGTGCTTCGAGTTCACCGTTCTTGAGAACAACCTCCTCAGAGGTAAGTACTGTGTCATG
E CF EF TV L EVNUNU LULUZ RGI KTYTC VM
S AS$S S s P FLRTTS S S8 EV S TV S ¢
VL RV HRS * EQ P P QR * V L C H V
TGAATCACCTTCAAGAAAGGTTACTTCTTTTGGTGCCTTAAGAGGCATGAGTAGTTGCAG
*'I1 T F KK G Y F F W CUL KU RUHE * L @
E S P SR KUV TSV FGATLTR RTGM SSC S
N B L QERULULULTULVU®P * EA * V V A A
CTGCTCCTTGCCACGTATACACTGACGGTAAAGTCCCTTGCTTTGAGCGATGAACACTTC
L LLATYTULTV VI XSTULALTST DTETDF
¢ s L PRIUH®*RT™*¥ S P L L * A MTEKTT 8
AP CHV Y TDGI KV VP CTFTETZ RT™*TJ RTILH
ACCTAAGTTGAGTGATCGCAACTTTGCGCCACGCGATAGTGACTTCATCAATGCACATTTC
T * V E * 8§ Q L CA SDSDTULTINIA BATEHTF
pP K L 5§ DRWNV F AP ATIUVT* S M HTI S
L s * VvV I ATTU LRI QR®™*O™* L DOQGT CTTF R
GAGTGCCTTIGTTAACAACATCAATGARGCATTTTACACAATCCTTGATGTTATCTGAAGC
ECL VNUNTIWNEA ATPFYTTIULTUDTUV I * §
S AL L TTJ SMI KU HTFTOQSTILMTUL S E A
v P C*QHOQ™* S I LHNUDP®*C CYTUL K Q
AACCTGTATTTGACCCTTGACGATGTCARAAACACCTGTARTGAGAAATTTGAGAATCTC
N L YL TULUDUDUVEKUNTTCNTETZKTFTENTL
T ¢TI *»PLTMS S KTUPVMU RINTILTERTI S
P V FDP * RCOQI KU HTULT®* * E I » E § P
CCAAGCATCCTTGAGAAATTCAACTCCTGCACTAAGTTTCGCCTCAATCCATTCARAGAT
P S I L EKPF NS CTUI KT FU RTULINTUZPTFIKTD
Q AS L RVYNSTUPALTST FA AZSTIZE HSKI
KH P *EI QL LH®*YV S P Q8§ I Q R *
AGGCCTGAGTTTTTCAACAGTAGTGCCCAAAAGATTAGACAACCACTCAGAAGTCTGTTS
R P EF F NS S 20 KTIUZRO QZPTULZ RSETLL
G L S F S TV VP KR RTUILDIUNU H®*TZEUVTCC
A * V F Q Q0 * ¢ P KD O* TTTTETZKS SV V
TACAAGACCACCAGTTACATATGCCATAATAATCACACTGTTGGTGAGCAGGTCTGAAGT
Y KT T S Y I CHNNIDTVGET GQUV * §
T R P PV TYATITIMTULTULVSURSE V
Q DH QL HEMUP* *» * HCW * A G L K Y
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27721 - ATAAACCATGGCGTCGACAAGACGTAATGACTGTTCAGAAATACCATCRAGTATGGTGAC - 27780
-I NH GV D K T * * L FRNTTIIK Y GD
- * T M AS T RURNDUZ CSETIU®PS SMUV T
- K P W R ERQDV M TV Q K Y HOQ V W * Q

27781 - AGCTGCTCTTTGCAAATCAGGAATTGAGTGGTTTGCTGCATCAAGTGTGCGCGCAAAAAT - 27840
-5 €5 L Q I RN * V V C CI K CCAURIKN
- A AL C K S GIE EWTFADAS S5 VR OAIKTI
- L L FANZOQETULJSUGILULHUGQUVCAZQTZ KL

27841 - TGATCTGATAACACCAGCAGCCTGTGAGGGAAAACCACACAGTGGTGTTAAAACTGATCT - 27900
-** 8 D NTS SUL * G KTTTOQWC * N * §
- DL I TUPA AU CESGI KUPHS GV K TUDL
- I »* HQ Q P VI RENU HTUV VL KL I &

27901 - CTGTTGTCCAATGTTCCAAGCACCTTTTACGGGCTTTCCCTTGGTAACTTTATAGTTACC - 27960
-L L § NV P S§TTF FYGUL 8L GNTFTTI VT
- ¢ ¢ PMF QAP F TGV F PL V TUL * L P
- v v g CS XK HULULU RATFUPWS*L Y § YR

27961 - GCAGGACTCAACAATGGTTTTGAAAGACTTGTAATCAAGACTCTTTATAGTGTCAATAAA - 28020
-AGLNNGT FEIRTILVYVY I KTUL Y S V N K
- @ bsS T™M VL KDTIL * S RULF I Vs I X
- R T QQ W F * KT OCNQD S L * ¢ @ * R

28021 - GGCACTTGTAGAAGCAGAGAAAGATGCCAAAATGATGGCAACCTCTTCATTCAAATGARA - 28080
-G T CR SR EURUC COQNDGNULT FTIOQQMEK
- A L VEAE KD AIKMMAT S S F K * K
- HL * KQRXKXKMUZPI K * W Q PL H S NE N

28081 - ATCGCCAACAATGTTAATGTTAACACGTTCACGACTCAGTATCTCAAGGAGATCOTCATT - 28140
-I A NNV NV NTV FTTOGQYUL KZETITULTI
- § P TMULMULTR® R SURIL S I SRR S S F
- R Qg QC* ¢ * HV HD SV S Q GDUPUH 8

28141 - CAAGGTCTCCACATTGTCACCAGTAATGCCAGTATGGCCTGAGCCAATATCAGCACTAGC - 28200
-Q 6L HI VTS NASMZBZaZzM®* ANTIST S
- K v s TUL S PVMUPVWUPEUZPTI S ATL A
- R 8 P HCHOQ™* C QY GL 8 Q Y Q H * H

28201 - ACGAGGAACCCAGTAGGCACGCTTATTATAGCAGCCAACATAGGCAAACACACAGCCTCC - 28260
-T R N P V G TUL I I 282 ANTI G KUHT A S
- R GTQ * ARLUL * Q P T * A NT Q P P
- EEPSRHAMY Y S S QHR QTUHSTUL Q

28261 - AAAACATCTAGTCCTACCTCCCTTGCGGAGTCGAGTTTCAATCTTTGAGTGGTTGTGATA - 28320
-K T S 8 P T L A E S S F NV * VvV Vv V I
- KHL VL PUPULRSU RV S M F EWTUL * =«
- N I * s YL P CGV ETVFOQUCL S G C DN

28321 - ATCTGCAACACTATGCTCAGGTCCAATCTCTGGGTCTTGACAGGCAGGACATGGCATTITT - 28380
-I ¢ N TMU LIRS NTILW VLT G®RTWUHF
- A TULCSGPI S G S * QA G HGTITF
- L QHE Y AQV QS LGULUDU RGO QT DMA®ATF S

28381 - CACTACAGCATTAGTAGGTAGGTACCCACATGTAGTAGGTCCTTCAATAACTARATTTTC - 28440
-H ¥ 8 I §$ R * VvV PTC S R S8 F NN * I P
- TTAUL V GRY P HVV GP S I TIK K F §
- LQH * * V GTHM®*X * VL Q * L N F Q

28441 - AGTGCCACAATGTTCACAAGTGGCTTTCAGAAAGTCGCACGTCTGCCATGAAACTTCATC - 28500
-5 A TMVPFTSGF Q KV ARTULUP* N F I
- VP QC S QVAFRIKSHVCHTETS S
- C HN VHI KWUL S E S RTSAMIE KTLHR

28501 - GCAATGATTACATTTCATCAAGGTAGACAAGTGCATATTGTTACACTCCTGTGGAGATGC - 28560
-A M I TFHOQGU RQVHTIVTILILWUZ R C
- Q *LHFTIT K VDI KTCTIULTILUHS ST CGT DA
- NDY IS SR *TSAYT CYTU PV VEMDQ

FIG. 12 Con't
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29221

29281

29341

AACAGGGTACACAGAGCGTATACGCCCCATGAAACCCTCAGTCTTTTTCTTTTCAACACG
N R VHURAYTTPHETUL S L F L F N T
T G ¥ TEIRTIU RUPMIE KU PSVVFPFUF S TR
Q G T Q S VY A P * NP QS F S F Q HV
TGGTTGAATGACTTTGACTTTTGAGTTAAGAGGARACACAAACTTTGGGCATTCCCCTTT
WL NDF DF * V KR KXKHIKULWATFPTF
G *M TLTT FETULRUGNTNTFGUHS P L
VvV E*L * L L §8 * EETQ T UL G I P L *
GAAAGTGTCAAATTTCTTGGCACTCTTAATTTCGAAGGGTGTCTGGTGCTCGTAGCTCTT
E S Vv K F L GTULNV FESGT CILUVUL VAL
K vs N F L AL LI S K GV WCS * L L
K ¢ Q I 8 WH S * F R RV S G A R S S Y
ATCAGAGCGCTCAGTGAACCAGGCAATTTCATGCTCATGGTCACGGCAGCAGTAGACACT
I RAL 5 EPGN FMLMVTA AAUVDT
S ER S V N QA TI S C S W S R QQ * T P
Q s A Q * TR QF HAUHGUHG S S R HL
TCTCTTCGACTCGATGTAATCAAGTTGTTCGGARAGAGTGCACATTGACTTGCCCGCGRE
S LR L DV IXKXKULVFGI KSAH* L A R A
L FDSMT* S S CSEZRUVUHTIUDTILUPA AR
§$ 8§ TR CNOQV VRI KETCTTULTTZCU®PZRV
TGCGAGAAAATCTTTGATGCAATCAAGAGGGTACCCATCTGGGCCACAGAAATTGTTGTC
¢c E XK I FDATII K RV ?PIWATTETIUVV
A R K S L M Q S R G Y P S G P Q KL L 8§
R ENL * CN Q EGTUHTULGUHI RNTZCTCR
GACATAGCGAGTGACTGCACCTCCATTGAGCTCACGAGTGAGTTCACGGAGTGCACCACT
b I AsSDCTSTIZELTSETFTTET CTT
T * RV TAUPUPU LS SRV S S R S A P L
H S E* LHLUH™*AUHTE®™*V HG VYV HH C
GCCATGCTTAGTGTTCCAGTTTTGTTCATAATCTTCAATGGGATCAGTGCCAAGCTCGTC
A ML'sSs VPVUL F I I FDNGTISAI KTLV
P CLVF QF CS * S S M G S VP S § 8
H A * C S5 S F V HUNULIGQUWDOQOCOQATRH
ACCTAARGTCATAAGACTTTAGATCGATGCCATAGCTATGACCACCGGCTCCCTTATTACC
T VvV I RL * I DATIAMTT G S UL I T
P K S *DFRSMUP* L * P PAPTILTUL P
L 8 HK TU LD RTUCHSYDUHU RTILUPY Y R
GTTCTTACGAAGAAGAACATTGCGGTATGCAATTGGGGTTTCGCCCACATGTGGCACGAG
VLTI XX NI AV CNWGTFA AU HMUWEH E
F L RRRTULIRYA ATIGV S PTT CGT S
S Y EEEHT CGMOQLG FIRUPUHV AT RV
TACTCCCAGTGTTATACCGCTACGACCGTACTGAATGCCGTCCATTTCTGCAACCAGCTC
Yy S Q ¢ Y TATTV L N AUV HTFOCNOQ L
T PsS VI PLRUPY * M P S I S AT S S
L PVLYRYDRTTETGCIRTPTFTULUGQTZPAQ
AACGACCTTGTGGCCGTGATTCGGTGCTTAAGGCATCAGAACGTTTAATGAACACATAGGEG
N DL VAV IGA®*GTIUZRTT FNTEUHTISG G
T T L WP * L VL KA S EURTILMNDNT * G
R P CGRUDWOCTUL RHOQNUV * *» T H R A
CTGTTCAAGCTGGGGCAGTACGCCTTTTTCCAGCTCTACTAGACCACAAGTGCCATTTTT
L F XL GQ Y AFF QLY * TTSATITF
C &§ 8 WG S8STUPTF S S S TURUPOQUV PV F L
VQAGAV RLTFUPA ALULTUDUHI KT CHTF #*
GAGGTGTTCACGTGCCTCCGATAGGGCCTCTTCCACAGAGTCCCCGAAGCCACGCACTAG
E VFTOCLU R®* G L F HR UV PEA ATTH *
R CS RAS DR RASSTETSUDPI KU PR RT S
G VHVY?PPIGUPULUPQS8 PR S HATULOA
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29401 - CACGTCTCTAACCTGAAGGACAGGCAAACTGAGTTGGACGTGTGTTTTCTCGTTGACACC - 29460
-H VvV 8 NL KDURQTEULUDVCTFUL VDT
- T 8L T * R TG KUL S W TCV F S L T P
- R L * P E G Q AN * V GR YV F S R * H Q
29461 - AAGAACAAGGCTCTCCATCTTACCTTTCGGTCACACCCGGACGAAACCTAGGTATGCTGA - 25520
-K N K AL HULTT FRSHPDET * V C *
- R TURUL S8 I L P F G HTIRTIE KPR Y A D
- EQ G S P S YL SV TPGRUNILGMTL M
29521 - TGATCGACTGCAACACGGACGAAACCGTAAGCAGTCTGCAGAAGAGGGACGAGTTACTCG - 29580
-* S T A TIRTIEKUP * A V CRI®RGT S Y S
- DR L Q HGRDNUZ RIKIOQS S AETEG GU RV TR
- I D CNTUDETV S S L Q KRUDETLTLV
29581 - TTTCTTGTCAACGACAGTAAAATTTATTATTGTTTATACTGCGTAGGTGCACTAGGCATG - 29640
-F L VN D S K I Y Y €L Y CV GAULGM
- F L §s T TV K PF I I VY TA * V H * A ¢
- s ¢ Q R Q * NLLUL F I L RPRTUCTIU RUH A
29641 - CAGCCGAGCGACAGCTACACAGATTTTAAAGTTCGTTTAGAGAACAGATCTACAAGAGAT - 29700
-Q P § D S Y TDVF K VR RULENIZ RS TR RD
- § RATATOQI L XK F V * RTUDULGQEI
- AERQLHRT F* S5 S F RE QI Y K R S
29701 - CGAGGTTGGTTGGCTTTTCCTGGGTAGGTAAAAACCTAATAT - 29742
-R G WL A F P G * V KT * Y X
- BV G W UL FL GR * K P N X
- R L V 6 F §8 WV G KUNIL I X

FIG. 12 Con't
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Forward Primer:

Reverse primer:

Probe:

Forward Primer:

Reverse primer:

Probe:

PRIMER AND PROBE SEQUENCES

5’-CAGAACGCTGTAGCTTCAAAAATCT -3’ (SEQ ID NO:2471)
5’-TCAGAACCCTGTGATGAATCAACAG -3’ (SEQ ID NO:2472)
S’-TCTGCGTAGGCAATCC-3’ (SEQ ID NO:2473) (5’ labeled with
FAM; 3’ labeled with NFQ-MGB)

5’-ACCAGAATGGAGGACGCAATG-3’ (SEQ ID NO:2474)
5’-GCTGTGAACCAAGACGCAGTATTAT -3’ (SEQ ID NO:2475)
5°-ACCCCAAGGTTTACCC-3’ (SEQ ID NO:2476) (5° labeled with
FAM,; 3’ labeled with NFQ-MGB)

FIG. 13
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DIAGNOSTIC ASSAY FOR THE HUMAN VIRUS
CAUSING SEVERE ACUTE RESPIRATORY
SYNDROME (SARS)

[0001] This application claims priority benefit to U.S.
provisional application No. 60/457,031, filed Mar. 24, 2003;
U.S. provisional 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 appli-
cation No. 60/468,139, filed May 5, 2003; and U.S. provi-
sional application No. 60/471,200, filed May 16, 2003, each
of which is incorporated herein by reference in its entirety.

[0002] 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
incorporated by reference in its entirety. Said CD-R,
recorded on Mar. 22, 2004, are labeled “CRF”, “Copy 17 and
“Copy 27, respectively, and each contains only one identical
1.58 MB file (V9661078.APP).

FIELD OF THE INVENTION

[0003] The present invention relates to a diagnostic assay
for the virus causing Severe Acute Respiratory Syndrome
(SARS) in humans (“hSARS virus”). In particular, the
invention relates to a quantitative assay for the detection of
the hSARS virus, natural or artificial variants, analogs, or
derivatives thereof, using reverse transcription and poly-
merase chain reaction (RT-PCR). Specifically, the quantita-
tive assay is a TagMan® assay. The invention further relates
to a diagnostic kit that comprises nucleic acid molecules for
the detection of the hSARS virus.

BACKGROUND

[0004] Recently, there has been an outbreak of atypical
poneumonia in Guangdong province in mainland China.
Between November 2002 and March 2003, there were 792
reported cases with 31 fatalities (WHO. Severe Acute Res-
piratory Syndrome (SARS) Weekly Epidemiol Rec. 2003,
78: 86). 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 investiga-
tion, a number of clusters of health care workers with the
disease were identified. In addition, there were clusters 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 asso-
ciated 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. The
disease was given the acronym Severe Acute Respiratory
Syndrome (“SARS”). The etiologic agent responsible for
this disease was not known until the isolation of hSARS
virus from the SARS patients by the present inventors. The
present invention provides a rapid and specific real-time
quantitative PCR assay as disclosed herein. The invention is
useful in both clinical and scientific research applications.

SUMMARY OF THE INVENTION

[0005] The invention relates to the use of the sequence
information of isolated hSARS virus for diagnostic methods.
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In a preferred embodiment, the isolated hSARS virus was
deposited in Genbank, NCBI with Accession No: AY278491
(SEQID NO:15), which is incorporated herein by reference.
The isolated hSARS virus was deposited with the 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
reference.

[0006] In a specific embodiment, the invention provides a
diagnostic assay for the hSARS virus, natural or artificial
variants, analogs, or derivatives thereof. In particular, the
invention relates to a quantitative assay for the detection of
nucleic acid molecules of hSARS virus using reverse tran-
scription and polymerase chain reaction (RT-PCR). Specifi-
cally, the quantitative assay is a TagMan® assay. Also
provided in the present invention are nucleic acid molecules
that are suitable for hybridization to hSARS nucleic acids
such as, including, but not limited to, PCR primers, Reverse
Transcriptase primers, probes for Southern analysis or other
nucleic acid hybridization analysis for the detection of
hSARS nucleic acids. Said hSARS nucleic acids consist of
or comprise the nucleic acid sequence of SEQ ID NO:11, 13,
15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474,
2475 or 2476, or a complement, analog, derivative, or
fragment thereof, or a portion thereof. In a preferred
embodiment, the primers comprise the nucleic acid
sequence of SEQ ID NOS:2471 and/or 2472. In a preferred
embodiment, the primers comprise the nucleic acid
sequence of SEQ ID NOS:2474 and/or 2475. In a most
preferred embodiment, the nucleic acid molecule comprises
the nucleic acid sequence of SEQ ID NO:2473, or a portion
thereof, and may be used for the detection of the hSARS
virus in a RT-PCR assay using nucleic acid molecules
comprising the nucleic acid sequences of SEQ ID NOS:2471
and/or 2472 as primers. In another most preferred embodi-
ment, the nucleic acid molecule comprises the nucleic acid
sequence of SEQ ID NO:2476, or a portion thereof, and may
be used for the detection of the hSARS virus in a RI-PCR
assay using nucleic acid molecules comprising the nucleic
acid sequences of SEQ ID NOS:2474 and/or 2475 as prim-
ers. In yet another most preferred embodiment, the assay is
a TagMan® quantitative assay.

[0007] 1In one embodiment, the invention provides meth-
ods for detecting the presence or expression of the hSARS
virus, natural or artificial variants, analogs, or derivatives
thereof, in a biological material, such as cells, blood, serum,
plasma, saliva, urine, stool, sputum, nasopharyngeal aspi-
rates, and so forth. 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 biologi-
cal material with an agent which can detect directly or
indirectly the presence or expression of the hSARS virus. In
a specific embodiment, the detecting agents are nucleic acid
molecules of the present invention. In another specific
embodiment, the detecting nucleic acid molecules are
immobilized on a DNA microarray chip.

[0008] In a specific embodiment, the invention provides a
diagnostic kit comprising nucleic acid molecules which are
suitable for use to detect the hSARS virus, natural or
artificial variants, analogs, or derivatives thereof. In a spe-
cific embodiment, the nucleic acid molecules have the
nucleic acid sequence of SEQ ID NOS:2471 and/or 2472. In
specific embodiments, the nucleic acid molecule has the
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nucleic acid sequence of SEQ ID NO:2473. In another
specific embodiment, the nucleic acid molecules have the
nucleic acid sequence of SEQ ID NOS:2474 and/or 2475. In
specific embodiments, the nucleic acid molecule has the
nucleic acid sequence of SEQ ID NO:2476.

[0009] Inone aspect, the invention relates to the use of the
isolated hSARS virus for diagnostic methods. In a specific
embodiment, the invention provides a method of detecting
mRNA or genomic RNA of the hSARS virus of the inven-
tion in a biological material, such as cells, blood, serum,
plasma, saliva, urine, stool, sputum, nasopharyngeal aspi-
rates, and so forth. The increased or decreased level of
mRNA or genomic RNA 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 mRNA or genomic RNA of the
hSARS virus. In a specific embodiment, the detecting agents
are the nucleic acid molecules of the present invention. In
another specific embodiment, the detecting nucleic acid
molecules are immobilized on a DNA microarray chip.

[0010] In another aspect, the invention relates to the use of
the isolated hSARS virus for diagnostic methods, such as
detecting an antibody, which immunospecifically binds to
the hSARS virus, in a biological sample. In a specific
embodiment, the detecting agents are a hSARS virus, for
example, of deposit no. CCTCC-V200303, or having a
genomic nucleic acid sequence of SEQ ID NO:15, or
polypeptides encoded by the nucleic acid sequence of SEQ
ID NO:1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471,
2472, 2473, 2474, 2475 or 2476.

[0011] TIn yet another aspect, the invention provides anti-
bodies or antigen-binding fragments thereof which immu-
nospecifically bind a polypeptide of the invention encoded
by the nucleotide sequence of SEQ ID NO:1, 11, 13, 15, 16,
240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475
or 2476, or encoded by a nucleic acid comprising a nucle-
otide sequence that hybridizes under stringent conditions to
the nucleotide sequence of SEQ ID NO:1, 11, 13, 15, 16,
240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475
or 2476, 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, mono-
clonal, bi-specific, multi-specific, human, humanized, chi-
meric antibodies, single chain antibodies, Fab fragments,
F(ab'), fragements, disulfide-linked Fvs, intrabodies and
fragments containing either a VL or VH domain or even a
complementary determining region (CDR) that specifically
binds to a polypeptide of the invention.

[0012] The present invention also relates to a method of
identifying a subject infected with the hRSARS virus, natural
or artificial variants, analogs, or derivatives thereof. In a
specific embodiment, the method comprises 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 virus.

[0013] The present invention further relates to a diagnostic
kit comprising primers and a nucleic acid probe for the
detection of mRNA or genomic RNA of hSARS virus.

[0014] 3.1. Definitions

[0015] As used herein, the term “variant” refers either to
a naturally occurring genetic mutant of the hSARS virus or
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a recombinantly prepared variation of the hSARS virus,
each of which contain one or more mutations in its genome
compared to the hSARS virus of CCTCC-V200303. The
term “variant” may also refer to either a naturally occurring
variation of a given peptide or a recombinantly prepared
variation of a given peptide or protein in which one or more
amino acid residues have been modified by amino acid
substitution, addition, or deletion.

[0016] As used herein, the term “analogue” in the context
of a non-proteinaceous analog refers to a second organic or
inorganic molecule which possess a similar or identical
function as a first organic or inorganic molecule and is
structurally similar to the first organic or inorganic molecule.

[0017] As used herein, the term “derivative” in the context
of a non-proteinaceous derivative refers to a second organic
or inorganic molecule that is formed based upon the struc-
ture of a first organic or inorganic molecule. A derivative of
an organic molecule includes, but is not limited to, a
molecule modified, e.g., by the addition or deletion of a
hydroxyl, methyl, ethyl, carboxyl or amine group. An
organic molecule may also be esterified, alkylated and/or
phosphorylated.

[0018] As used herein, the term “mutant” refers to the
presence of mutations in the nucleotide sequence of an
organism as compared to a wild-type organism.

[0019] As used herein, the terms “antibody” and “anti-
bodies” refer to monoclonal antibodies, bispecific antibod-
ies, multispecific antibodies, human antibodies, humanized
antibodies, chimeric antibodies, camelised antibodies, single
domain antibodies, single-chain Fvs (scFv), single chain
antibodies, Fab fragments, F(ab') fragments, disulfide-linked
Fvs (sdFv), and anti-idiotypic (anti-Id) antibodies (includ-
ing, e.g., anti-Id antibodies to antibodies of the invention),
and epitope-binding fragments of any of the above. In
particular, antibodies include immunoglobulin molecules
and immunologically active fragments of immunoglobulin
molecules, i.e., molecules that contain an antigen binding
site. Immunoglobulin molecules can be of any type (e.g.,
IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgG1, IgG2,
IgG3, [gG4, IgAl and IgA2), or subclass.

[0020] As used herein, the term “antibody fragment”
refers to a fragment of an antibody that immunospecifically
binds to an hSARS virus or any epitope of the hSARS virus.
Antibody fragments may be generated by any technique
known to one of skill in the art. For example, Fab and F(ab'),
fragments may be produced by proteolytic cleavage 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 CH 1 region and the hinge
region of the heavy chain. Antibody fragments can be also
produced by recombinant DNA technologies. Antibody frag-
ments may be one or more complementarity determining
regions (CDRs) of antibodies.

[0021] As used herein, the term “an antibody or an anti-
body fragment that immunospecifically binds a polypeptide
of the invention” refers to an antibody or a fragment thereof
that immunospecifically binds to the polypeptide encoded
by the nucleic acid sequence of SEQ ID NO:1, 11, 13, 15,
16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474,
2475 or 2476, or a complement, analog, derivative, or
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fragment thereof, or a portion thereof, or that immunospe-
cifically binds to the polypeptide having the amino acid
sequence of SEQ ID NO:2, 12, 14, 17-239, 241-736, 738-
1107, 1109-1589, 1591-1964 or 1966-2470, or a variant,
analog, derivative, or fragment thereof, and does not non-
specifically bind to other polypeptides. An antibody or a
fragment thereof that immunospecifically 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 polypeptide 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.

[0022] As used herein, the term “epitope” refers to a
fragment of an hSARS virus, polypeptide or protein having
antigenic or immunogenic activity in an animal, preferably
a mammal, and most preferably in a human. An epitope
having immunogenic activity is a fragment of a polypeptide
that elicits an antibody response in an animal. An epitope
having antigenic activity is a fragment of a polypeptide or
protein to which an antibody immunospecifically binds as
determined by any method well known in the art, for
example, by the immunoassays described herein. Antigenic
epitopes need not necessarily be immunogenic.

[0023] Asused herein, the term “antigenicity” refers to the
ability of a substance (e.g., foreign objects, microorganisms,
drugs, antigens, proteins, peptides, polypeptides, nucleic
acids, DNA, RNA, etc.) to trigger an immune response in a
particular organism, tissue, and/or cell. Sometimes, the term
“antigenic” is synonymous with the term “immunogenic”.

[0024] As used herein, the term “immunogenicity” refers
to the property of a substance (e.g., foreign objects, micro-
organisms, drugs, antigens, proteins, peptides, polypeptides,
nucleic acids, DNA, RNA, etc.) being able to evoke an
immune response within an organism. Immunogenicity
depends partly upon the size of the substance in question and
partly upon how unlike the host molecules is the substance.
Highly conserved proteins tend to have rather low immu-
nogenicity.

[0025] An “isolated” nucleic acid molecule is one which is
separated 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 substantially free of chemical precursors or
other chemicals when chemically synthesized. In a preferred
embodiment of the invention, nucleic acid molecules encod-
ing 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.

[0026] As used herein, the term “hybridizes under strin-
gent conditions” describes conditions for hybridization and
washing under which nucleotide sequences having at least
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 10%, 75%,
80%, 85%, 90%, or 95% identity to each other typically
remain hybridized to each other. Such hybridization condi-
tions are described in, for example but not limited to,
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Current Protocols in Molecular Biology, John Wiley & Sons,
N'Y. (1989), 6.3.1-6.3.6.; Basic Methods in Molecular Biol-
ogy, 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 hybridiza-
tion 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
hybridization in 6xSSC at about 45° C. followed by one or
more washes in 0.2xSSC, 0.1% SDS at about 50° C. to 65°
C.

[0027] An “isolated” or “purified” peptide or protein is
substantially free of cellular material or other contaminating
proteins from the cell or tissue source from which the protein
is derived, or is substantially free of chemical precursors or
other chemicals when chemically synthesized. The language
“substantially free of cellular material” includes prepara-
tions of a polypeptide/protein in which the polypeptide/
protein is separated 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/pro-
tein 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 chemi-
cals 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 the polypep-
tide/protein fragment of interest. In a preferred embodiment
of the present invention, the polypeptides/proteins are iso-
lated or purified.

[0028] As used herein, the term “isolated” virus is one
which is separated from other organisms which are present
in the natural source of the virus, e.g., biological material
such as cells, blood, serum, plasma, saliva, urine, stool,
sputum, nasopharyngeal aspirates, and so forth. The isolated
virus can be used to infect a subject.

[0029] As used herein, the term “having a biological
activity of the polypeptides of the invention” refers to the
characteristics of the polypeptides or proteins 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,
2472, 2473, 2474, 2475 or 2476, or a complement, analog,
derivative, or fragment thereof, or a portion thereof, or the
polypeptide having the amino acid sequence of SEQ ID
NO:2,12,14,17-239, 241-736, 738-1107, 1109-1589, 1591-
1964 or 1966-2470, or a variant, analog, derivative, or
fragment thereof. Such common biological activities of the
polypeptides of the invention include antigenicity and
immunogenicity.
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[0030] As used herein, the term “portion” or “fragment”
refers to a fragment of a nucleic acid molecule containing at
least about 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150,
200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750,
800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 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 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, 380, 400, 500, 600, 800, 1,000, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 9,500 or more
amino acid residues in length of the relevant protein or
polypeptide and having at least one functional feature of the
protein or polypeptide.

[0031] As used herein, the term “analogue” in the context
of proteinaceous agent (e.g., proteins, polypeptides, pep-
tides, and antibodies) refers to a proteinaceous agent that
possesses a similar or identical function as a second pro-
teinaceous agent but does not necessarily comprise a similar
or identical amino acid sequence of the second proteina-
ceous agent, or possess a similar or identical structure of the
second proteinaceous agent. In a specific embodiment, anti-
body analogues immunospecifically bind to the same
epitope as the original antibodies from which the analogues
were derived. In an alternative embodiment, antibody ana-
logues immunospecifically bind to different epitopes than
the original antibodies from which the analogues were
derived. A proteinaceous agent that has a similar amino acid
sequence refers to a second proteinaceous agent that satisfies
at least one of the following: (a) a proteinaceous agent
having an amino acid sequence that is at least 30%, at least
35%, at least 40%, at least 45%, at least 50%, at least 55%,
at least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95% or at least 99%
identical to the amino acid sequence of a second proteina-
ceous agent; (b) a proteinaceous agent encoded by a nucle-
otide sequence that hybridizes under stringent conditions to
a nucleotide sequence encoding a second proteinaceous
agent of at least 5 contiguous amino acid residues, at least
10 contiguous amino acid residues, at least 15 contiguous
amino acid residues, at least 20 contiguous amino acid
residues, at least 25 contiguous amino acid residues, at least
40 contiguous amino acid residues, at least 50 contiguous
amino acid residues, at least 60 contiguous amino residues,
at least 70 contiguous amino acid residues, at least 80
contiguous amino acid residues, at least 90 contiguous
amino acid residues, at least 100 contiguous amino acid
residues, at least 125 contiguous amino acid residues, or at
least 150 contiguous amino acid residues; and (c) a pro-
teinaceous agent encoded by a nucleotide sequence that is at
least 30%, at least 35%, at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least
95% or at least 99% identical to the nucleotide sequence
encoding a second proteinaceous agent. A proteinaceous
agent with similar structure to a second proteinaceous agent
refers to a proteinaceous agent that has a similar secondary,
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tertiary or quaternary structure to the second proteinaceous
agent. The structure of a proteinaceous agent can be deter-
mined by methods known to those skilled in the art, includ-
ing but not limited to, peptide sequencing, X ray crystal-
lography, nuclear magnetic resonance, circular dichroism,
and crystallographic electron microscopy.

[0032] To determine the percent identity of two amino
acid sequences or of two nucleic acid sequences, the
sequences are aligned for optimal comparison purposes
(e.g., gaps can be introduced in the sequence of a first amino
acid or nucleic acid sequence for optimal alignment with a
second amino acid or nucleic acid sequence). The amino
acid residues or nucleotides at corresponding amino acid
positions or nucleotide positions are then compared. When
a position in the first sequence is occupied by the same
amino acid residue or nucleotide as the corresponding
position in the second sequence, then the molecules are
identical at that position. The percent identity between the
two sequences is a function of the number of identical
positions shared by the sequences (i.e., % identity=number
of identical overlapping positions/total number of positions
x100%). In one embodiment, the two sequences are the
same length.

[0033] The determination of percent identity between two
sequences can also be accomplished using a mathematical
algorithm. A preferred, non limiting example of a math-
ematical algorithm utilized for the comparison of two
sequences is the algorithm of Karlin and Altschul, 1990,
Proc. Natl. Acad. Sci. US.A. 87:2264 2268, modified as in
Karlin and Altschul, 1993, Proc. Natl. Acad. Sci. U.S.A.
90:5873 5877. Such an algorithm is incorporated into the
NBLAST and XBLAST programs of Altschul et al., 1990, J.
Mol. Biol. 215:403. BLAST nucleotide searches can be
performed with the NBLAST nucleotide program param-
eters set, e.g., for score=100, wordlength=12 to obtain
nucleotide sequences homologous to a nucleic acid mol-
ecules of the present invention. BLAST protein searches can
be performed with the XBLAST program parameters set,
€.g., to score 50, wordlength=3 to obtain amino acid
sequences homologous to a protein molecule of the present
invention. To obtain gapped alignments for comparison
purposes, Gapped BLAST can be utilized as described in
Altschul et al., 1997, Nucleic Acids Res. 25:3389 3402.
Alternatively, PST BLAST can be used to perform an iterated
search which detects distant relationships between mol-
ecules (Id.). When utilizing BLAST, Gapped BLAST, and
PSI Blast programs, the default parameters of the respective
programs (e.g., of XBLAST and NBLAST) can be used (see,
¢.g., the NCBI website). Another preferred, non limiting
example of a mathematical algorithm utilized for the com-
parison of sequences is the algorithm of Myers and Miller,
1988, CABIOS 4:11 17. Such an algorithm is incorporated
in the ALIGN program (version 2.0) which is part of the
GCG sequence alignment software package. When utilizing
the ALIGN program for comparing amino acid sequences, a
PAM120 weight residue table, a gap length penalty of 12,
and a gap penalty of 4 can be used.

[0034] The percent identity between two sequences can be
determined using techniques similar to those described
above, with or without allowing gaps. In calculating percent
identity, typically only exact matches are counted.

[0035] As used herein, the term “derivative” in the context
of proteinaceous agent (e.g., proteins, polypeptides, pep-
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tides, and antibodies) refers to a proteinaceous agent that
comprises an amino acid sequence which has been altered
by the introduction of amino acid residue substitutions,
deletions, and/or additions. The term “derivative” as used
herein also refers to a proteinaceous agent which has been
modified, i.e., by the covalent attachment of any type of
molecule to the proteinaceous agent. For example, but not
by way of limitation, an antibody may be modified, ¢.g., by
glycosylation, acetylation, pegylation, phosphorylation,
amidation, derivatization by known protecting-blocking
groups, proteolytic cleavage, linkage to a cellular ligand or
other protein, etc. A derivative of a proteinaceous agent may
be produced by chemical modifications using techniques
known to those of skill in the art, including, but not limited
to specific chemical cleavage, acetylation, formylation,
metabolic synthesis of tunicamycin, etc. Further, a deriva-
tive of a proteinaceous agent may contain one or more
non-classical amino acids. A derivative of a proteinaceous
agent possesses a similar or identical function as the pro-
teinaceous agent from which it was derived.

[0036] As used herein, the terms “subject” and “patient”
are used interchangeably. As used herein, the terms “sub-
ject” and “subjects” refer to an animal, preferably a mammal
including a non-primate (e.g., cows, pigs, horses, goats,
sheep, cats, dogs, avian species and rodents) and a non-
primate (e.g., monkeys such as a cynomolgous monkey and
humans), and more preferably a human.

DESCRIPTIONS OF THE FIGURES

[0037] 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 Coro-
naviruses.

[0038] FIG. 2 shows an electron micrograph of the novel
hSARS virus that has similar morphological characteristics
of coronaviruses.

[0039] FIG. 3 shows an immunofluorescent staining for
[gG antibodies that are bound to the FrHK-4 cells infected
with the novel human respiratory virus of Coronaviridae.

[0040] FIG. 4 shows an electron micrograph of ultra-
centrifuged deposit of hSARS virus that was grown in the
cell culture and negatively stained with 3% potassium
phospho-tungstate at pH 7.0.

[0041] FIG. 5A shows a thin-section electron micrograph
of lung biopsy of a patient with SARS; FIG. 5B shows a thin
section electron micrograph of hSARS virus-infected cells.

[0042] 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
AY?268070). The phylogenetic tree is constructed by the
neighbor-jointing method. The horizontal-line distance rep-
resents the number of sites at which the two sequences
compared are different. Bootstrap values are deducted from
500 replicates.

[0043] FIG. 7A shows an amplification plot of fluores-
cence intensity against the PCR cycle in a real-time quan-
titative PCR assay that can detect an hSARS virus in
samples quantitatively. The copy numbers of input plasmid
DNA in the reactions are indicated. The X-axis denotes the
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cycle number of a quantitative PCR assay and the Y-axis
denotes the fluorescence intensity (F1) over the background.
FIG. 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.

[0044] FIG. 8 shows another partial DNA sequence (SEQ
ID NO:11) and its deduced amino acid sequence (SEQ ID
NO:12) obtained from the hSARS virus.

[0045] FIG. 9 shows yet another partial DNA sequence
(SEQID NO:13) and its deduced amino acid sequence (SEQ
ID NO:14) obtained from the hSARS virus.

[0046] FIG. 10 shows the entire genomic DNA sequence
(SEQ ID NO:15) of the hSARS virus.

[0047] 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 ID NOS:241-736; and the
third-frame amino acid sequences: SEQ ID NO:738-1107.

[0048] FIG. 12 shows the deduced amino acid sequences
obtained from the complement of SEQ ID NO:15 in three
frames (see SEQ ID NOS: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 N0:1966-2470.

[0049] FIG. 13 shows the nucleic acid sequence of the
forward primers (SEQ ID NOS:2471 and 2474), reverse
primers (SEQ ID NOS:2472 and 2475), and hybridization
probes (SEQ ID NOS:2473 and 2476) for the quantitative
TagMan® assay for hSARS virus detection.

[0050] FIG. 14 shows the standard curve for the real-time
quantitative RT-PCR assay for SARS-CoV. 0The threshold
cycle (Ct) is the number of PCR cycles required for the
fluorescent intensity of the reaction to reach a predefined
threshold. The Ct is inversely proportional to the logarithm
of the starting concentration of plasmid DNA. The correla-
tion coefficient are indicated. Ct was calculated based on the
calculated threshold value in the standard amplification plot
by maximum curvature approach for different starting copy
numbers. X-axis denotes log copy number of the standard
and Y-axis denotes Ct.

[0051] FIG. 15 shows a representative amplification plot
of fluorescence intensity against the number of PCR cycles
for the NPA specimens isolated from the SARS patients,
using the modified RT-PCR detection method of the present
invention. With the modified RNA extraction protocol, 40
out of 50 NPA samples were positive in the real-time assay.
Of those samples that were negative in the first generation
RT-PCR assay, all were found to contain very low amounts
of viral RNA by the detection method of the present inven-
tion. X-axis denotes the number of PCR cycles and Y-axis
indicates the fluorescence intensity over background signal
(ARn).
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[0052] FIG. 16 is a graph showing the viral load of
SARS-CoV in the clinical specimens in relation to the days
of onset. The result indicates that the viral load increases as
the disease progresses. Some of the samples that were
positive in the first generation assay were found to contain
very high amounts of viral RNA. X-axis denotes the days of
onset and Y-axis denotes the copy numbers per reaction in
the samples.

DETAILED DESCRIPTION OF THE
INVENTION

[0053] The present invention relates to the use of the
sequence information of the isolated hSARS virus for diag-
nostic methods. In particular, the present invention provides
a method for detecting the presence or absence of nucleic
acid molecules of the hSARS virus, natural or artificial
variants, analogs, or derivatives thereof, 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
(¢.g., mRNA, genomic DNA) of the hSARS virus, natural or
artificial variants, analogs, or derivatives thereof, such that
the presence of the hSARS virus, natural or artificial vari-
ants, analogs, or derivatives thereof, is detected in the
sample. A preferred agent for detecting hSARS mRNA or
genomic RNA is a labeled nucleic acid probe capable of
hybridizing to mRNA or genomic RNA. In a preferred
embodiment, the nucleic acid probe is a nucleic acid mol-
ecule comprising or consisting of the nucleic acid sequence
of SEQ ID NO:2473 or 2476, or a portion thereof, which
sufficiently specifically hybridizes under stringent condi-
tions to an hSARS mRNA or genomic RNA. In a preferred
specific embodiment, the presence of the hSARS virus,
natural or artificial variants, analogs, or derivatives thereof,
is detected in the sample by a reverse transcription poly-
merase chain reaction (RT-PCR) using the primers that are
constructed based on a partial nucleotide sequence of the
hSARS virus. In a non-limiting specific embodiment, pre-
ferred primers to be used in a RT-PCR method are: 5'-CA-
GAACGCTGTAGCTTCAAAAATCT-3' (SEQ D
NO:2471) and 5-TCAGAACCCTGTGATGAATCAA-
CAG-3' (SEQ ID NO:2472), in the presence of MgCl, and
the thermal cycles are, for example, but not limited to, 50°
C. for 2 min, 95° C. for 10 minutes, and followed by 45
cycles of 95° C. for 15 seconds, 60° C. for 1 min (also see
Sections 6.7, 6.8, 6.9 infra). In preferred embodiments, the
primers comprise the nucleic acid sequence of SEQ ID
NOS:2471 and 2472. In another non-limiting specific
embodiment, preferred primers to be used in a RT-PCR
method are: 5'-ACCAGAATGGAGGACGCAATG-3' (SEQ
ID NO:2474) and 5'-GCTGTGAACCAAGACGCAGTAT-
TAT-3' (SEQ ID NO:2475), in the presence of MgCl, and the
thermal cycles are, for example, but not limited to, 50° C. for
2 min, 95° C. for 10 minutes, and followed by 45 cycles of
95° C. for 15 seconds, 60° C. for 1 min (also see Sections
6.7, 6.8, 6.9 infra). In preferred embodiments, the primers
comprise the nucleic acid sequence of SEQ ID NOS:2474
and 2475,

[0054] The methods of the present invention can involve
a real-time quantitative PCR assay. In a preferred embodi-
ment, the quantitative PCR used in the present invention is
TagMan® assay (Holland et al., Proc Natl Acad Sci USA
88(16):7276 (1991)). The assays can be performed on an
instrument designed to perform such assays, for example
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those available from Applied Biosystems (Foster City,
Calif.). In more preferred specific embodiments, the present
invention provides a real-time quantitative PCR assay to
detect the presence of the hSARS virus, natural or artificial
variants, analogs, or derivatives thereof, in a biological
sample by subjecting the cDNA obtained by reverse tran-
scription of the extracted total RNA from the sample to PCR
reactions using specific primers, and detecting the amplified
product using a probe. In preferred embodiments, the probe
is a TagMan® probe which consists of an oligonucleotide
with a 5'-reporter dye and a 3'-quencher dye. In a preferred
embodiment, the probe has a nucleotide sequence of 5'-TCT-
GCGTAGGCAATCC-3' (SEQ ID NO:2473). In another
preferred embodiment, the probe has a nucleotide sequence
of 5-ACCCCAAGGTTTACCC-3' (SEQ ID NO:2476). A
fluorescent reporter dye, such as FAM® dye, is covalently
linked to the 5' end of the oligonucleotide probe. Other dye
such as TET® dye or VIC® may be used as reporter dyes.
Each of the reporters is quenched by a TAMRA® dye at the
3" end or non-fluorescent quencher. In a preferred embodi-
ment, the 3' end is labeled with NFQ-MGB. The fluores-
cence 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 deter-
mination of the viral load in the sample based on an
amplification plot.

[0055] Other techniques for detection of RNA may be
used. For example, in vitro techniques for detection of
mRNA include northern hybridizations, in situ hybridiza-
tions, RT-PCR, and RNase protection. In vitro techniques for
detection of genomic RNA include northern hybridizations,
RT-PCT, and RNase protection.

[0056] As discussed above, in a preferred embodiment, the
polynucleotides of the hSARS virus may be amplified 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 polynucle-
otides can be carried out in vitro by biochemical processes
known to those of skill in the art. The amplification agent
may be any compound or system that will function to
accomplish the synthesis of primer extension products,
including enzymes. Suitable enzymes for this purpose
include, for example, E. coli DNA polymerase 1, Taq poly-
merase, Klenow fragment of F. coli DNA polymerase 1, T4
DNA polymerase, other available DNA polymerases, poly-
merase muteins, reverse transcriptase, ligase, and other
enzymes, including heat-stable enzymes (i.c., those enzymes
that perform primer extension after being subjected to
temperatures sufficiently elevated to cause denaturation).
Suitable enzymes will facilitate combination of the nucle-
otides in the proper manner to form the primer extension
products that are complementary to each mutant nucleotide
strand. In a preferred embodiment, the enzyme is AmpliTaq
Gold® DNA Polymerase from Applied Biosystems. Gener-
ally, the synthesis will be initiated at the 3'-end of each
primer and proceed in the 5'-direction along the template
strand, until synthesis terminates, producing molecules of
different lengths. There may be amplification agents, how-
ever, that initiate synthesis at the 5'-end and proceed in the
other direction, using the same process as described above.
In any event, the method of the invention is not to be limited
to the embodiments of amplification described herein.
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[0057] 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 complementary 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 polymerase chain reaction is used to detect the presence
of polynucleotides encoding cytokines in the sample. Many
polymerase 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° C. to 58° C. for 1 min, an extension step
at 70° C. for 1 min, with a final extension step at 70° C. for
5 min.

[0058] The primers for use in amplifying the mRNA or
genomic RNA of the hSARS virus may be prepared using
any suitable method, 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 synthe-
sis of extension products in the presence of the inducing
agent for amplification.

[0059] Primers used according to the method of the inven-
tion 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 comple-
mentary to the flanking sequences hybridize with the flank-
ing 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 of the hSARS virus, can be developed using
known methods combined with the present disclosure. In
preferred embodiments, the primers are designed according
to the TagMan® primers protocol (Applied Biosystems).
The primers can be designed using Primer Express software
as described in the Primer Express User Bulletin (Applied
Biosystems). Briefly, when designing primers, it should be
chosen after the probe. The primers are preferred to be as
close as possible to the probe without overlapping the probe.
The G-C content of the primers should be in the 20% to 80%
range. It is preferred to avoid runs of an identical nucleotide.
This is especially true for guanine, where runs of four or
more Gs is preferred to be avoided. The melting temperature
of each primer is preferred to be 58° C. to 60° C. The five
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nucleotides at the 3' end of each primer is preferred not to
have more than two G and/or C bases.

[0060] Probes can be designed using Primer Express soft-
ware as described in the Primer Express User Bulletin (P/N
4317594) (Applied Biosystems). Briefly, it is preferred to
keep the G-C content in the 20% to 80% range. It is
preferred to avoid runs of an identical nucleotide. This is
especially true for guanine, where runs of four or more Gs
should be avoided. It is preferred not to put a G base on the
5'end. It is preferred to select the strand that gives the probe
more Cs than Gs. It is preferred that both probes be on the
same strand. For single-probe assays, the melting tempera-
ture is preferred to be 68° C. to 70° C.

[0061] 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
polynucleotides 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 (OLASs)
(Landegren et al., Scierice 241:1077 (1988)), RNase Protec-
tion 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 polynucle-
otides obtained from the tissue or subject is 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 ampli-
fication product by autoradiography. In another embodi-
ment, amplification primers are fluorescently labeled and
run through an electrophoresis system. Visualization of
amplified products is by laser detection followed by com-
puter assisted graphic display, without a radioactive signal.

[0062] The size of the primers used to amplify a portion of
the mRNA or genomic RNA of the hSARS virus is at least
10, 15, 20, 25, or 30 nucleotide in length. Preferably, the GC
ratio should be above 30%, 35%, 40%, 45%, 50%, 55%, or
60% so as to prevent hair-pin structure on the primer.
Furthermore, the amplicon should be sufficiently long
enough to be detected by standard molecular biology meth-
odologies. Preferably, the amplicon is at least 20, 30, 40, 50,
60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 175, 200, 250,
300, 350, 400, 450, 500, 550, 600, 700, 800, or 1000 base
pair in length.

[0063] 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 the presence of mRNA or genomic
RNA in the sample, and comparing the presence of mRNA
or genomic RNA in the control sample with the presence of
mRNA or genomic DNA in the test sample.

[0064] The invention also encompasses kits for detecting
the presence of hSARS viral nucleic acids in a test sample.
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The kit, for example, can comprise a labeled compound or
agent capable of detecting a nucleic acid molecule in a test
sample and, in certain embodiments, a means for determin-
ing the amount of mRNA in the sample (an oligonucleotide
probe which binds to DNA or mRNA).

[0065] For oligonucleotide-based Kits, the kit can com-
prise, for example: (1) an oligonucleotide, ¢.g., a detectably
labeled oligonucleotide, which hybridizes to a nucleic acid
sequence of the hSARS virus and/or (2) a pair of primers
useful for amplifying a nucleic acid molecule containing the
hSARS viral sequence. The kit can also comprise, e.g., a
buffering agent, a preservative, or a protein stabilizing agent.
The kit can also comprise components necessary for detect-
ing 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 usually enclosed within a single
package along with instructions for use.

[0066] 5.1. Nucleic Acid Sequences of hSARS Viruses

[0067] The invention relates to the use of the sequence
information of the isolated virus for diagnostic and thera-
peutic methods. The entire genome sequence of the hSARS
virus, CCTCC-V200303 is 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. In a specific
embodiment, the invention provides the entire nucleotide
sequence of the hSARS virus, CCTCC-V200303, SEQ ID
NO:15, or a complement, analog, derivative, or fragment
thereof, or a portion thereof. Furthermore, the present inven-
tion relates to a nucleic acid molecule that hybridizes to any
portion of the genome of the hSARS virus, CCTCC-
V200303, SEQ ID NO:15, under the stringent conditions. In
a specific embodiment, the invention provides nucleic acid
molecules which are suitable for use as primers consisting of
or comprising the nucleic acid sequence of SEQ ID NO:1,
3, 4, 11 or 13, or a complement, analog, derivative, or
fragment thereof, or a portion thereof. In preferred specific
embodiments, the primers comprise the nucleic acid
sequence of SEQ ID NO:2471, 2472, 2474 or 2475. In
another specific embodiment, the invention provides nucleic
acid molecules which are suitable for use as hybridization
probes for the detection of nucleic acids encoding a polypep-
tide of the invention, consisting of or comprising the nucleic
acid sequence of SEQ ID 1, 11, 13, 15, 16, 240, 737, 1108,
1590, 1965, 2471, 2472, 2473, 2474, 2475, or 2476 or a
complement, analog, derivative, or fragment thereof, or a
portion thereof. In another embodiment, the invention
relates to a kit comprising primers having the nucleic acid
sequence of SEQ ID NOS:2471 and/or 2472 for the detec-
tion of the hSARS virus, natural or artificial variants,
analogs, or derivatives thereof. In a preferred embodiment,
the kit further contains a probe having the nucleic acid
sequence of SEQ ID NO:2473. In another embodiment, the
invention relates to a kit comprising primers having the
nucleic acid sequence of SEQ ID NOS:2474 and/or 2475 for
the detection of the hSARS virus, natural or artificial vari-
ants, analogs, or derivatives thereof. In a preferred embodi-
ment, the kit further contains a probe having the nucleic acid
sequence of SEQ ID NO:2476. In another preferred embodi-
ment, the kit further comprises reagents for the detection of

Jan. 13, 2005

genes not found in the hSARS virus as a negative control.
The invention further encompasses chimeric or recombinant
viruses or viral proteins encoded by said nucleotide
sequences.

[0068] The present invention also relates to the isolated
nucleic acid molecules of the hSARS virus, comprising, or,
alternatively, consisting of the nucleic acid sequence of SEQ
ID NO:1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471,
2472, 2473, 2474, 2475 or 2476, or a complement, analog,
derivative, or fragment thereof, or a portion thereof. In
another specific embodiment, the invention provides iso-
lated nucleic acid molecules which hybridize under stringent
conditions, as defined herein, to a nucleic acid molecule
having the nucleic acid sequence of SEQ ID NOS:1, 11, 15,
13, 16, 240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474,
2475 or 2476, or specific genes of known member of
Coronaviridae, or a complement, analog, derivative, or
fragment thereof, or a portion thereof. In another specific
embodiment, the invention provides isolated polypeptides or
proteins that are encoded by a nucleic acid molecule com-
prising 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 more contiguous nucleotides of the nucleic
acid sequence of SEQ ID NO:1, or a complement, analog,
derivative, or fragment thereof. In another specific embodi-
ment, the invention provides isolated polypeptides or pro-
teins 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 nucleic
acid sequence of SEQ ID NO:11, or a complement, analog,
derivative, or fragment thereof. In yet another specific
embodiment, the invention provides isolated polypeptides or
proteins that are encoded by a nucleic acid molecule com-
prising a nucleotide sequence that is at least about 5, 10, 15,
20, 25, 30, 33, 40, 45, 100, 150, 200, 300, 350, 400, 450,
500, 550, 600, 650, 700, or more contiguous nucleotides of
the nucleic acid sequence of SEQ ID NO:13, or a comple-
ment, analog, derivative, or fragment 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, 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 nucleic acid sequence of
SEQ ID NO:15, or a complement, analog, derivative, or
fragment thereof. The 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). The polypeptides or the proteins of the present
invention preferably have one or more biological activities
of the proteins encoded by the nucleic acid sequence of SEQ
ID NO:1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471,
2472, 2473, 2474, 2475 or 2476, or the native viral proteins
containing the amino acid sequences encoded by the nucleic
acid sequence of SEQ ID NO:1, 11, 13, 15, 16, 240, 737,
1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475 or 2476.
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[0069] The invention further provides antibodies that spe-
cifically bind a polypeptide of the invention encoded by the
nucleic acid sequence of SEQ ID NO:1, 11, 13, 16, 240, 737,
1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475 or 2476, or
a fragment thereof, or any hSARS epitope. The invention
further provides antibodies that specifically bind the
polypeptides of the invention encoded by the nucleic acid
sequence of SEQ ID NO:15, or a fragment thereof, or any
hSARS epitope. Such antibodies include, but are not limited
to polyclonal, monoclonal, bi-specific, multi-specific,
human, humanized, chimeric antibodies, single chain anti-
bodies, Fab fragments, F(ab'), fragments, disulfide-linked
Fvs, intrabodies and fragments containing either a VL or VH
domain or even a complementary determining region (CDR)
that specifically binds to a polypeptide of the invention.

[0070] In another embodiment, the invention provides
vaccine preparations comprising the hSARS virus, natural or
artificial variants, analogs, or derivatives thereof. In yet
another embodiment, the invention provides vaccine prepa-
rations comprising recombinant and chimeric forms of the
hSARS virus, or subunits of the virus. In a specific embodi-
ment, the vaccine preparations comprise live but attenuated
hSARS virus with or without pharmaceutically acceptable
excipients, including adjuvants. In another specific embodi-
ment, the vaccine preparations comprise an inactivated or
killed hSARS virus with or without pharmaceutically
acceptable excipients, including adjuvants. The vaccine
preparations of the present invention may further comprise
adjuvants. Accordingly, the present invention further pro-
vides methods of preparing recombinant or chimeric forms
of the hSARS virus. In another specific invention, the
vaccine preparations of the present invention comprise one
or more nucleic acid molecules comprising or consisting of
the nucleic acid sequence of SEQ ID NO:1, 11, 13, 15, 16,
240, 737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475
or 2476, 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 comprising or consisting of the nucleic acid
sequence of SEQ ID NO:1, 11, 13, 16, 240, 737, 1108, 1590,
1965, 2471, 2472, 2473, 2474, 2475 or 2476, 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 compris-
ing or consisting of the nucleic acid sequence of SEQ ID
NO:15, or a fragment thereof. Further, 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 combina-
tion with antivirals (e.g., amantadine, rimantadine, gancy-
clovir, acyclovir, ribavirin, penciclovir, oseltamivir, foscar-
net zidovudine (AZT), didanosine (ddI), lamivudine (3TC),
zalcitabine (ddC), stavudine (d4T), nevirapine, delavirdine,
indinavir, ritonavir, vidarabine, nelfinavir, saquinavir,
relenza, tamiflu, pleconaril, interferons, etc.), steroids and
corticosteroids such as prednisone, cortisone, fluticasone
and glucocorticoid, antibiotics, analgesics, bronchodialaters,
or other treatments for respiratory and/or viral infections.

[0071] Furthermore, the present invention provides phar-
maceutical compositions comprising anti-viral agents of the
present invention and a pharmaceutically acceptable carrier.
The present invention also provides Kits comprising phar-
maceutical compositions of the present invention.
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[0072] 1In another aspect, the present invention provides
methods for screening anti-viral agents that inhibit the
infectivity or replication of the hSARS virus, natural or
artificial variants, analogs, or derivatives thereof.

[0073] In one embodiment, the invention provides meth-
ods for detecting the presence, activity or expression of the
hSARS virus, natural or artificial variants, analogs, or
derivatives thereof, of the invention in a biological material,
such as cells, blood, serum, plasma, saliva, urine, stool,
sputum, nasopharyngeal aspirates, and so forth. The pres-
ence of the hSARS virus, natural or artificial variants,
analogs, or derivatives thereof, in a sample can be deter-
mined by contacting the biological material with an agent
which can detect directly or indirectly the presence of the
hSARS virus, natural or artificial variants, analogs, or
derivatives thereof. 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.

[0074] 5.2. hSARS Viruses
[0075] 5.2.1. Natural variants of hSARS viruses

[0076] The present invention is based upon the inventor’s
isolation and identification of a novel virus from subjects
suffering from SARS. The isolated hSARS virus is that
which was deposited with the China Center for Type Culture
Collection (CCTCC) on Apr. 2, 2003 and accorded an
accession number, CCTCC-V200303. The invention also
relates to natural variants of the hSARS virus of deposit
accession no. CCTCC-V200303.

[0077] A natural variant of hSARS virus has a sequence
that is different from the genomic sequence of the hSARS
virus due to one or more naturally occurred mutations,
including, but not limited to, point mutations, rearrange-
ments, insertions, deletions, etc., to the genomic sequence
that may or may not result in a phenotypic change. Prefer-
ably, the variants include less than 25, 20, 15, 10, 5, 4, 3, or
2 amino acid substitutions, rearrangements, insertions, and/
or deletions relative to the hSARS virus.

[0078] Either conservative or non-conservative amino
acid substitutions can be made at one or more amino acid
residues. In preferred embodiments, the variants have con-
servative amino acid substitutions that are made at one or
more predicted non-essential amino acid residues (ie.,
amino acid residues which are not critical for the expression
of the biological activities of the virus, e.g., infectivity,
replication ability, protein synthesis ability, assembling abil-
ity, and cytotoxic effect). In other embodiments, the variants
have non-conservative amino acid substitutions that are
made at one or more predicted non-essential amino acid
residues (i.e., amino acid residues which are not critical for
the expression of the biological activities of the virus, e.g.,
infectivity, replication ability, protein synthesis ability,
assembling ability, and cytotoxic effect).

[0079] A “conservative amino acid substitution” is one in
which the amino acid residue is replaced with an amino acid
residue having a side chain with a similar charge. A “non-
conservative amino acid substitution” is one in which the
amino acid residue is replaced with an amino acid residue
having a side chain with an opposite charge. Families of
amino acid residues having side chains with similar charges
have been defined in the art. Genetically encoded amino



US 2005/0009009 Al

acids are can be divided into four families: (1) acidic
=aspartate, glutamate; (2) basic =lysine, arginine, histidine;
(3) nonpolar =alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan; and (4) uncharged
polar =glycine, asparagine, glutamine, cysteine, serine,
threonine, tyrosine. In similar fashion, the amino acid rep-
ertoire can be grouped as (1) acidic =aspartate, glutamate;
(2) basic =lysine, arginine histidine, (3) aliphatic =glycine,
alanine, valine, leucine, isoleucine, serine, threonine, with
serine and threonine optionally be grouped separately as
aliphatic-hydroxyl; (4) aromatic =phenylalanine, tyrosine,
tryptophan; (5) amide =asparagine, glutamine; and (6) sul-
fur-containing =cysteine and methionine. (See, for example,
Biochemistry, 4th ed., Ed. by L. Stryer, WH Freeman and
Co.: 1995).

[0080] The invention further relates to mutant hSARS
virus. In one embodiment, mutations can be introduced
randomly along all or part of the coding sequence of the
hSARS virus or variants thereof, such as by saturation
mutagenesis, and the resultant mutants can be screened for
biological activity to identify mutants that retain activity.
Techniques for mutagenesis known in the art can also be
used, including but not limited to, point-directed mutagen-
esis, chemical mutagenesis, in vitro site-directed mutagen-
esis, using, for example, the QuikChange Site-Directed
Mutagenesis Kit (Stratagene), etc. Non-limiting examples of
such modifications include substitutions of amino acids to
cysteines toward the formation of disulfide bonds; substitu-
tion of amino acids to tyrosine and subsequent chemical
treatment of the polypeptide toward the formation of dity-
rosine bonds, as disclosed in detail herein; one or more
amino acid substitutions and/or biological or chemical modi-
fication toward generating a binding pocket for a small
molecule (substrate or inhibitor), and/or the introduction of
side-chain specific tags (e.g., to characterize molecular inter-
actions or to capture protein-protein interaction partners). In
a specific embodiment, the biological modification com-
prises alkylation, phosphorylation, sulfation, oxidation or
reduction, ADP-ribosylation, hydroxylation, glycosylation,
glucosylphosphatidylinositol addition, ubiquitination. In
another specific embodiment, the chemical modification
comprises altering the charge of the recombinant virus. In
yet another embodiment, a positive or negative charge is
chemically added to an amino acid residue where a charged
amino acid residue is modified to an uncharged residue.

[0081] 5.2.2. Recombinant and Chimeric hSARS Viruses

[0082] The present invention also encompasses recombi-
nant or chimeric 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 nucleic
acid sequence of SEQ ID NO:15. In another specific
embodiment, a recombinant virus is one derived from a
natural variant of hSARS virus. A natural variant of hSARS
virus 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 naturally occurred mutations,
including, but not limited to, point mutations, rearrange-
ments, insertions, deletions, substitution, etc., to the
genomic sequence that may or may not result in a pheno-
typic change. In accordance with the present invention, a
viral vector which is derived from the genome of the hSARS
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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 the nucleic acid sequence of SEQ ID NO: 1,
11, or 13, or a fragment thereof. In a specific embodiment,
there are more than one ORF within the nucleic acid
sequence of SEQ ID NO:15, as shown in FIGS. 11 (see SEQ
ID NOS:16, 240 and 737) and 12 (see SEQ ID NOS:1108,
1590 and 1965), or a fragment thereof. In another embodi-
ment, the polypeptide encoded by the ORF comprises or
consists of the amino acid sequence of SEQ ID NO:2, 12 or
14 or a fragment thereof, or shown in FIGS. 11 (SEQ ID
NO:17-239, 241-736 or 738-1107) and 12 (SEQ ID
NO:1109-1589, 1591-1064 or 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.

[0083] In another specific embodiment, a chimeric virus of
the invention is a recombinant hSARS virus which further
comprises a heterologous nucleotide sequence. In accor-
dance 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
endogenous or native nucleotide sequences have been
replaced with heterologous nucleotide sequences.

[0084] 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 invention 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 accordance with the present invention,
the chimeric virus may be encoded by nucleotide sequences
derived from different strains or variants of hSARS virus. In
particular, the chimeric virus is encoded by nucleotide
sequences that encode antigenic polypeptides derived from
different strains or variants of hSARS virus.

[0085] 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; 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 hSARS virus, or vice versa, will
protect a subject vaccinated with such vector against infec-
tions by both the native hSARS virus and the variant.
Attenuated and replication-defective viruses may be of use
for vaccination purposes with live vaccines as has been
suggested for other viruses. (See PCT WO 02/057302, at
pp-6 and 23, incorporated by reference herein).

[0086] 1In accordance with the present invention the het-
erologous sequence to be incorporated into the viral vectors
encoding the recombinant or chimeric viruses of the inven-
tion include sequences obtained or derived from different
strains or variants of the hSARS virus.

[0087] In certain embodiments, the chimeric or recombi-
nant viruses of the invention are encoded by viral vectors
derived from viral genomes wherein one or more sequences,
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intergenic 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 chimeric viruses of the invention are encoded by viral
vectors derived from viral genomes wherein one or more
heterologous sequences have been inserted or added to the
Veclor.

[0088] 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
hSARS virus can be used to provide the antigenic sequences.

[0089] In accordance with the present invention, the viral
vectors can be engineered to provide antigenic sequences
which confer protection against infection by the hSARS
virus, natural or artificial variants, analogs, or derivatives
thereof. The viral vectors may be engineered to provide one,
two, three or more antigenic sequences. In accordance 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.

[0090] The expression products and/or recombinant or
chimeric virions obtained in accordance with the invention
may advantageously 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 pathogens, including viral and bacterial
antigens, tumor antigens, allergen antigens, and auto anti-
gens involved in autoimmune disorders. In particular, the
chimeric virions of the present invention may be engineered
to create vaccines for the protection of a subject from
infections with the hSARS virus, natural or artificial vari-
ants, analogs, or derivatives thereof.

[0091] 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
auto antigens 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.

[0092] Thus, the present invention relates to the use of
viral vectors and recombinant or chimeric viruses to formu-
late vaccines against a broad range of viruses and/or anti-
gens. The present invention also encompasses recombinant
viruses comprising a viral vector derived from the hSARS
virus, natural or artificial variants, analogs, or derivatives
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.

[0093] 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
the hSARS virus are generated in prokaryotic cells for the
expression of the components in relevant cell types (bacte-
ria, insect cells, eukaryotic cells). Plasmid or viral vectors
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containing full-length or partial copies of the hSARS
genome will be generated in prokaryotic cells for the expres-
sion 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, sub-
stitutions, or insertions for the generation of attenuated
viruses.

[0094] The present invention also provides a host cell
comprising a nucleic acid molecule of the present invention.
In addition, the present invention provides a host cell
infected with the hSARS virus, for example, of deposit no.
CCTCC-V200303, or the natural or artificial variants, ana-
logs, or derivatives thereof. In a specific embodiment, the
invention encompasses a continuous cell line infected with
the hSARS virus. Preferably, the cell line is a primate cell
line. These cell lines may be cultured and maintained using
known cell culture techniques such as described in Celis,
Julio, ed., 1994, Cell Biology Laboratory Handbook, Aca-
demic Press, N.Y. Various culturing conditions for these
cells, including media formulations with regard to specific
nutrients, oxygen, tension, carbon dioxide and reduced
serum levels, can be selected and optimized by one of skill
in the art.

[0095] The preferred cell line of the present invention is a
eukaryotic cell line, preferably a primate cell line, more
preferably a monkey cell line, most preferably a fetal rhesus
monkey kidney cell line (e.g., FRhK-4), transiently or stably
expressing one or more full-length or partial hSARS pro-
teins. Such cells can be made by transfection (proteins or
nucleic acid vectors), infection (viral vectors) or transduc-
tion (viral vectors) and may be useful for complementation
of mentioned wild-type, attenuated, replication-defective or
chimeric viruses. The cell lines for use in the present
invention can be cloned using known cell culture techniques
familiar to one skilled in the art. The cells can be cultured
and expanded from a single cell using commercially avail-
able culture media under known conditions suitable for
propagating cells.

[0096] For example, the cell lines of the present invention
kept frozen until use, can be warmed at a temperature of
about 37° C. and then added to a suitable growth medium
such as DMEM/F-12 (Life Technologies, Inc.) containing
3% fetal bovine serum (FBS). The cells can be incubated at
a temperature of about 37° C. in a humidified incubator with
about 5% CO, until confluent. In order to passage the cells,
the growth medium can be removed 0.05% trypsin and 0.53
mM EDTA added to the cells. The cells will detach and the
cell suspension can be collected into centrifuge tubes and
centrifuged into cell pellets. The trypsin solution can be
removed and the cell pellet resuspended into new growth
medium. The cells can then be further propagated in addi-
tional growth vessels to a desired density.

[0097] In accordance with the present invention, a con-
tinuous cell line encompasses immortalized cells which can
be maintained in-vitro for at least 5, 10, 15, 20, 25, or 50
passages.

[0098] Infectious copies of hSARS virus (being wild type,
attenuated, replication-defective or chimeric) can be pro-
duced upon co-expression of the polymerase components
according to the state-of-the-art technologies described
above.
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[0099] In addition, eukaryotic cells, transiently or stably
expressing one or more full-length or partial hSARS pro-
teins 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 comple-
mentation of mentioned wild type, attenuated, replication-
defective or chimeric viruses.

[0100] The viral vectors and chimeric viruses of the
present invention 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.

[0101]

[0102] In a preferred embodiment, the invention provides
a proteinaceous molecule or hSARS virus specific viral
protein or functional fragment thereof encoded by a nucleic
acid according to the invention. Useful proteinaceous mol-
ecules 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 mol-
ecules, or antigenic fragments thereof, as provided herein,
are for example useful in diagnostic methods or kits and in
pharmaceutical compositions such as subunit vaccines. Par-
ticularly useful are polypeptides encoded by the nucleic acid
sequence of SEQ ID NO:1, 11, 13, 15, 2471, 2472, 2473,
2474, 2475 or 2476, or as shown in FIGS. 11 (SEQ ID
NO:17-239, 241-736 or 738-1107) and 12 (SEQ ID
NO:1109-1589, 1591-1964, 1966-2470), or antigenic frag-
ments thereof for inclusion as antigen or subunit immuno-
gen, but inactivated whole virus can also be used. Particu-
larly useful are also those proteinaceous substances that are
encoded by recombinant nucleic acid fragments of the
hSARS genome, more 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).

[0103] 5.3.1. Attenuation of hSARS Viruses and Variants
Thereof

[0104] The hSARS virus or variants thereof of the inven-
tion 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 a skilled artisan. Without being bound
by theory, the attenuated 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.

5.3. Vaccines and Antivirals

[0105] In one embodiment, the infectivity of the virus is
reduced by 10,000-fold, 9,000-fold, 8,000-fold, 7,000-fold,
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6,000-fold, 5,000-fold, 4,000-fold, 3,000-fold, 2,500-fold,
2,000-fold, 1,500-fold, 1,250-fold, 1,000-fold, 900-fold,
800-fold, 700-fold, 600-fold, 500-fold, 400-fold, 300-fold,
200-fold, 100-fold, 50-fold, 25-fold, 10-fold, 5-fold, 1-fold,
or 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, or 10%. As
used herein, the term “infectivity” refers to the ability of the
virus to enter, survive, and multiply in a susceptible host. In
a specific embodiment, the infectivity of the hSARS virus is
said to be attenuated or reduced when grown in a human host
if the growth of the hSARS virus or variant thereof in the
human host is reduced compared to the non-attenuated
hSARS virus or variant thereof. The infectivity of the virus
can be measured using a variety of methods such as, but not
limited to, Western blot (proteins), Southern blot (RNA),
Northern blot (DNA), plaque formation assay, calorimetric,
microscopically, and chemiluminescence techniques. The
infectivity of the virus can be measured in an animal cell,
preferably a primate cell, more preferably a monkey cell,
most preferably a human cell.

[0106] In another embodiment, the replication ability of
the virus is reduced by 10,000-fold, 9,000-fold, 8,000-fold,
7,000-fold, 6,000-fold, 5,000-fold, 4,000-fold, 3,000-fold,
2,500-fold, 2,000-fold, 1,500-fold, 1,250-fold, 1,000-fold,
900-fold, 800-fold, 700-fold, 600-fold, 500-fold, 400-fold,
300-fold, 200-fold, 100-fold, 50-fold, 25-fold, 10-fold,
5-fold, 1-fold, or 90%, 80%, 70%, 60%, 50%, 40%, 30%,
20%, or 10%. As used herein, the term “replication ability”
refers to the ability of the virus to duplicate, multiply, and/or
reproduce. The replication ability can be determined using
the doubling time, the rate of replication, the growth rate,
and/or the half-life of the virus. In a specific embodiment,
the replication ability of the hSARS virus is said to be
attenuated or reduced when grown in a human host if the
growth of the hSARS virus or variant thereof in the human
host is reduced compared to the non-attenuated hSARS virus
or variant thereof. The replication ability of the virus can be
measured using a variety of methods such as, but not limited
to, Western blot (proteins), Southern blot (RNA), Northern
blot (DNA), plaque formation assay, calorimetric, micro-
scopically, and chemiluminescence techniques. In some
cases, replication and transcription may be synonymous.
The replication ability of the virus can be measured in an
animal cell, preferably a primate cell, more preferably a
monkey cell, most preferably a human cell.

[0107] In another embodiment, the protein synthesis abil-
ity of the virus is reduced by 10,000-fold, 9,000-fold,
8,000-fold, 7,000-fold, 6,000-fold, 5,000-fold, 4,000-fold,
3,000-fold, 2,500-fold, 2,000-fold, 1,500-fold, 1,250-fold,
1,000-fold, 900-fold, 800-fold, 700-fold, 600-fold, 500-fold,
400-fold, 300-fold, 200-fold, 100-fold, 50-fold, 25-fold,
10-fold, 5-fold, 1-fold, or 90%, 80%, 70%, 60%, 50%, 40%,
30%, 20%, or 10%. As used herein, the term “protein
synthesis ability” refers to the ability of the virus to synthe-
size proteins such as, but not limited to, envelope protein (E
protein), integral membrane protein (M protein), spike pro-
tein (S protein), nucleocapsid protein (N protein), hemaglu-
tinin esterase (HE protein), and RNA-dependent RNA poly-
merase. The protein synthesis ability can be determined by
the rate of protein synthesis (e.g., transcription level, trans-
lation level), and the types and amount of protein synthe-
sized by the virus. In a specific embodiment, the protein
synthesis ability of the hSARS virus is said to be attenuated
or reduced when grown in a human host if the growth of the
hSARS virus or variant thereof in the human host is reduced
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compared to the non-attenuated hSARS virus or variant
thereof. The protein synthesis ability of the virus can be
measured using a variety of methods such as, but not limited
to, Western blot (proteins), Southern blot (RNA), Northern
blot (DNA), plaque formation assay, calorimetric, micro-
scopically, and chemiluminescence techniques. The protein
synthesis ability of the virus can be measured in an animal
cell, preferably a primate cell, more preferably a monkey
cell, most preferably a human cell.

[0108] In another embodiment, the assembling ability of
the virus is reduced by 10,000-fold, 9,000-fold, 8,000-fold,
7,000-fold, 6,000-fold, 5,000-fold, 4,000-fold, 3,000-fold,
2,500-fold, 2,000-fold, 1,500-fold, 1,250-fold, 1,000-fold,
900-fold, 800-fold, 700-fold, 600-fold, 500-fold, 400-fold,
300-fold, 200-fold, 100-fold, 50-fold, 25-fold, 10-fold,
5-fold, 1-fold, or 90%, 80%, 70%, 60%, 50%, 40%, 30%,
20%, or 10%. As used herein, the term “assembling ability”
refers to the ability of the virus to assemble the necessary
proteins or protein components into a viral particle. In a
specific embodiment, the assembling ability of the hNSARS
virus is said to be attenuated or reduced when grown in a
human host if the growth of the hSARS virus or variant
thereof in the human host is reduced compared to the
non-attenuated hSARS virus or variant thereof. The assem-
bling ability of the virus can be measured using a variety of
methods such as, but not limited to, Western blot (proteins),
Southern blot (RNA), Northern blot (DNA), plaque forma-
tion assay, colorimetric, microscopically, and chemilumi-
nescence techniques. The assembling ability of the virus can
be measured in an animal cell, preferably a primate cell,
more preferably a monkey cell, most preferably a human
cell.

[0109] In another embodiment, the cytopathic effect of the
virus is reduced by 10,000-fold, 9,000-fold, 8,000-fold,
7,000-fold, 6,000-fold, 5,000-fold, 4,000-fold, 3,000-fold,
2,500-fold, 2,000-fold, 1,500-fold, 1,250-fold, 1,000-fold,
900-fold, 800-fold, 700-fold, 600-fold, 500-fold, 400-fold,
300-fold, 200-fold, 100-fold, 50-fold, 25-fold, 10-fold,
5-fold, 1-fold, or 90%, 80%, 70%, 60%, 50%, 40%, 30%,
20%, or 10%. As used herein, the term “cytopathic effect”
refers to damages to infected host cells caused by the
infecting virus. Viral infection can lead to cell abnormalities
(biochemical and morphological) and/or cell death (e.g.,
lysis). In a specific embodiment, the cytopathic effect of the
hSARS virus is said to be attenuated or reduced when grown
in a human host if the growth of the hSARS virus or variant
thereof in the human host is reduced compared to the
non-attenuated hSARS virus or variant thereof. The cyto-
pathic effect of the virus can be measured using a variety of
methods such as, but not limited to, Western blot (proteins),
Southern blot (RNA), Northern blot (DNA), plaque forma-
tion assay, calorimetric, microscopically, and chemilumines-
cence techniques. The cytopathic effect of the virus can be
measured in an animal cell, preferably a primate cell, more
preferably a monkey cell, most preferably a human cell.

[0110] The viruses of the invention can be attenuated such
that one or more of the functional characteristics of the virus
are impaired. 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 phe-
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notype 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, different cell lines can be used to evaluate the
attenuated phenotype of the virus. For example, an attenu-
ated 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 phenotypes 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 neutralization 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 hSARS 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 candidate viruses
are tested in a monkey model for nasal infection, indicated
by mucous production.

[0111] In certain other embodiments, attenuation is mea-
sured 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, the hSARS virus or a variant thereof is
said to be attenuated when grown in a human host if the
growth of the hSARS or variant thereof in the human host
is reduced compared to the non-attenuated hSARS or variant
thereof.

[0112] In certain embodiments, the attenuated virus of the
invention is capable of infecting a host, or 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 technique 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.

[0113] In certain embodiments, the attenuated virus of the
invention cannot replicate in human cells as well as the
wild-type virus does. However, the attenuated virus can
replicate well in a cell line that lack interferon functions,
such as Vero cells.

[0114] 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 attenu-
ated 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 efficiency as the wild-type hSARS virus.
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 embodiments, the ability of the
attenuated hSARS virus to replicate in the host is reduced
compared to the wild-type virus. Any technique known to
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the skilled artisan can be used to determine whether a virus
is capable of infecting a mammalian cell, of replicating
within the host, and of causing viral proteins to be inserted
into the cytoplasmic membrane of the host.

[0115] In certain embodiments, the attenuated virus of the
invention is capable of infecting a host. In contrast to the
wild-type hSARS virus, however, the attenuated hSARS
virus cannot be replicated in the host. In a specific embodi-
ment, 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
virus has infected the host and has caused the host to insert
viral proteins in its cytoplasmic membranes.

[0116] In certain embodiments, the ability of the attenu-
ated 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.

[0117] In certain embodiments, mutations (e.g., missense
mutations) are introduced into the genome of the virus, for
example, into the nucleic acid sequence of SEQ ID NO:1,
11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471, 2472,
2473, 2474, 2475 or 2476, 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 virus. Mutations can be additions,
substitutions, deletions, or combinations thereof. Such vari-
ant of hSARS virus can be screened for a predicted func-
tionality, such as infectivity, replication ability, protein syn-
thesis 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 embodi-
ment, the missense mutation is a heat-sensitive mutation. In
another embodiment, the missense mutation prevents a
normal processing or cleavage of the viral proteins.

[0118] Inother embodiments, deletions are introduced into
the genome of the hSARS virus, which result in the attenu-
ation of the virus.

[0119] 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 protein of the wild-type virus.

[0120] When a live attenuated vaccine is used, its safety
must also be considered. The vaccine must not cause dis-
ease. Any techniques known in the art that can make a
vaccine safe may be used in the present invention. In
addition to attenuation techniques, other techniques may be
used. One non-limiting example is to use a soluble heter-
ologous 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.

[0121] Various assays can be used to test the safety of a
vaccine. For example, sucrose gradients and neutralization
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assays can be used to test the safety. Asucrose 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.

[0122] 5.3.2. Formulation of Vaccines

[0123] The invention provides vaccine formulations for
the prevention and treatment of infections with hSARS
virus. In certain embodiments, the vaccine of the invention
comprises recombinant and chimeric viruses of the hRSARS
virus. In certain embodiments, the virus is attenuated, inac-
tivated, or killed.

[0124] In another embodiment of this aspect of the inven-
tion, inactivated vaccine formulations may be prepared
using conventional techniques to “kill” the chimeric viruses.
Inactivated 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
formaldehyde or -propiolactone, and pooled. The resulting
vaccine is usually inoculated intramuscularly.

[0125] Inactivated viruses may be formulated with a suit-
able adjuvant in order to enhance the immunological
response. Such adjuvants may include but are not limited to
mineral gels, e.g., aluminum hydroxide; surface active sub-
stances such as lysolecithin, pluronic polyols, polyanions;
peptides; oil emulsions; and potentially useful human adju-
vants such as BCG and Corynebacterium parvum.

[0126] The vaccines of the invention may be multivalent
or univalent. Multivalent vaccines are made from recombi-
nant viruses that direct the expression of more than one
antigen.

[0127] In another aspect, the present invention also pro-
vides 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, 16, 240,
737, 1108, 1590, 1965, 2471, 2472, 2473, 2474, 2475 or
2476, or a complement, analog, derivative, or fragment
thereof, or a portion thereof. In another specific embodi-
ment, the DNA vaccine formulations of the present inven-
tion 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 vector, such as that derived from the
hSARS virus, bacterial plasmid, or other expression vector,
bearing an insert comprising a nucleic acid molecule of the
present invention operably linked to one or more control
elements, thereby allowing expression of the vaccinating
proteins encoded by said nucleic acid molecule in a vacci-
nated subject. Such vectors can be prepared by recombinant
DNA technology as recombinant or chimeric viral vectors
carrying a nucleic acid molecule of the present invention
(see also Section 5.1, supra).

[0128] Various heterologous vectors are described for
DNA vaccinations 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



US 2005/0009009 Al

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 inoculation generates immune responses
against human immunodeficiency 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. et al., 1997, Potent,
protective anti-HIV immune responses generated by bimo-
dal HIV envelope DNA plus protein vaccination, Proc Natl
Acad Sci USA. 94(17):9378-83), and influenza viruses (Rob-
inson, HL et al., 1993, Protection against a lethal influenza
virus challenge by immunization with a haemagglutinin-
expressing plasmid DNA, Vaccine 11:957-960; Ulmer, J. B.
et al., Heterologous protection against influenza by injection
of DNA encoding a viral protein, Science 259:1745-1749),
as well as bacterial infections, such as tuberculosis (Tascon,
R. E. et al., 1996, Vaccination 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 infec-
tion, such as malaria (Sedegah, M., 1994, Protection against
malaria by immunization with plasmid DNA encoding cir-
cumsporozoite protein, 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 o, and nitric
oxide-dependent immunity, J Fxper Med., 1183:1739-
1746).

[0129] Many methods may be used to introduce the vac-
cine formulations described above. These include, but are
not limited to, oral, intradermal, intramuscular, intraperito-
neal, intravenous, subcutaneous, intranasal routes, and via
scarification (scratching through the top layers of skin, ¢.g.,
using a bifurcated needle).

[0130] 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 admin-
istered 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, Intradermal 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 microscopic gold beads coated
with the DNA molecules of interest is fired into the cells
(Tang, D. et al,, 1992, Genetic immunization 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 strat-
egies, Seminars in Immunology 9(5):269-270; and Robin-
son, H. L. et al., 1997, DNA vaccines, Seminars in
Immunology 9(5):271-283.
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[0131] The patient to which the vaccine is administered is
preferably 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.

[0132] 5.3.3. Adjuvants and Carriers Molecules

[0133] In certain embodiments, hSARS-associated anti-
gens are administered with one or more adjuvants. In one
embodiment, the hNSARS-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 hydroxide (ALHY-
DROGEL, REHYDRAGEL), aluminum phosphate gel, alu-
minum hydroxyphosphate (ADJU-PHOS), and calcium
phosphate.

[0134] Inanother embodiment, hNSARS-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),
interfereon-y interleukin-13 (IL-1p), and IL-1f peptide or
Sclavo Peptide), cytokine-containing liposomes, triterpe-
noid glycosides or saponins (e.g., QuilA and QS-21, also
sold under the trademark STIMULON, ISCOPREP),
Muramyl Dipeptide (MDP) derivatives, such as N-acetyl-
muramyl-L-threonyl-D-isoglutamine (Threonyl-MDP, sold
under the trademark TERMURTIDE), GMDP, N-acetyl-nor-
muramyl-L-alanyl-D-isoglutamine, ~ N-acetylmuramyl-L-
alanyl-D-isoglutaminyl-L-alanine-2-(1'-2"-dipalmitoyl-sn-
glycero-3-hydroxy phosphoryloxy)-ethylamine, muramyl
tripeptide phosphatidylethanolamine (MTP-PE), unmethy-
lated CpG dinucleotides and oligonucleotides, such as bac-
terial DNA and fragments thereof, LPS, monophosphoryl
Lipid A (3D-MLA sold under the trademark MPL), and
polyphosphazenes.

[0135] In another embodiment, the adjuvant used is a
particular adjuvant, including, but not limited to, emulsions,
¢.g., Freund’s Complete Adjuvant, Freund’s Incomplete
Adjuvant, squalene or squalane oil-in-water adjuvant for-
mulations, such as SAF and MF59, e.g., prepared with
block-copolymers, such as L-121 (polyoxypropylene/poly-
oxyetheylene) sold under the trademark PLURONIC L-121,
Liposomes, Virosomes, cochleates, and immune stimulating
complex, which is sold under the trademark ISCOM.

[0136] In another embodiment, 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) micropar-
ticles, polymers that self-associate into particulates (polox-
amer particles), soluble polymers (polyphosphazenes), and
virus-like particles (VLPs) such as recombinant protein
particulates, e.g., hepatitis B surface antigen (HbsAg).

[0137] 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
Vibrio cholerae, mutant toxins (e.g., LTK63 and LTR72),
microparticles, and polymerized liposomes.

[0138] In other embodiments, any of the above classes of
adjuvants may be used in combination with each other or
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with other adjuvants. For example, non-limiting examples of
combination adjuvant preparations that can be used to
administer the hSARS-associated antigens of the invention
include liposomes containing immunostimulatory protein,
cytokines, or T-cell and/or B-cell peptides, or microbes with
or without entrapped IL-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 by
reference in its entirety).

[0139] The effectiveness of an adjuvant may be deter-
mined by measuring the induction of antibodies directed
against an immunogenic polypeptide containing an hSARS
polypeptide epitope, the antibodies resulting from adminis-
tration of this polypeptide in vaccines which are also com-
prised of the various adjuvants.

[0140] The polypeptides may be formulated into the vac-
cine as neutral or salt forms. Pharmaceutically acceptable
salts 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 phos-
phoric 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.

[0141] 5.4. Preparation of Antibodies

[0142] Aatibodies can be isolated from the serum of a
subject infected with SARS. Antibodies which specifically
recognize a polypeptide of the invention, such as, but not
limited to, polypeptides comprising the sequence of SEQ ID
NO:2, 12 or 14, or 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 hSARS
epitope or antigen-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
immunospecifically binds hSARS epitope, or a fragment
thereof, can be used for various in vitro detection assays,
including enzyme-linked immunosorbent assays (ELISA),
radioimmunoassays, Western blot, etc., for the detection of
a polypeptide of the invention or, preferably, polypeptides of
the hSARS virus, in samples, for example, a biological
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, serum,
plasma, saliva, urine, stool, tissues, sputum, nasopharyngeal
aspirates, etc.

[0143] Antibodies specific for a polypeptide of the inven-
tion or any epitope of hRSARS virus 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 which comprises a nucleic
acid 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 includ-
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ing, but not limited to, rabbits, mice, rats, etc., to induce the
production of antisera containing polyclonal antibodies spe-
cific 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 (com-
plete and incomplete) adjuvant, mineral gels such as alumi-
num hydroxide, surface active substances such as lysoleci-
thin, pluronic polyols, polyanions, peptides, oil emulsions,
keyhole limpet hemocyanins, dinitrophenol, and potentially
useful adjuvants for humans such as BCG (Bacille Calmette-
Guerin) and Corynebacterium parvum. Such adjuvants are
also well known in the art.

[0144] Monoclonal antibodies can be prepared using a
wide variety of techniques known in the art including the use
of hybridoma, recombinant, and phage display technologies,
or a combination thereof. For example, monoclonal anti-
bodies can be produced using hybridoma techniques includ-
ing 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); Hammer-
ling et al., in: Monoclonal Antibodies and T-Cell Hybrido-
mas, pp.563-681 (Elsevier, N.Y., 1981) (both of which are
incorporated herein by reference in their entireties). The
term “monoclonal antibody” as used herein is not limited to
antibodies produced through hybridoma technology. The
term “monoclonal antibody” 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.

[0145] Methods for producing and screening for specific
antibodies 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 antigen. 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 iso-
lated. The splenocytes are then fused by well known tech-
niques to any suitable myeloma 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 anti-
bodies, can be generated by inoculating mice intraperito-
neally with positive hybridoma clones.

[0146] Antibody fragments which recognize specific
epitopes may be generated by known techniques. For
example, Fab and F(ab'), fragments may be produced by
proteolytic cleavage 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
CH1 region and the hinge region of the heavy chain.

[0147] The antibodies of the invention or fragments
thereof can be also produced by any method known in the art
for the synthesis of antibodies, in particular, by chemical
synthesis or preferably, by recombinant expression tech-
niques.

[0148] 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 cloning and sequence analysis). If a clone containing
a nucleic acid encoding a particular antibody or an epitope-
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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 immunoglo-
bulin 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 cDNA 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.

[0149] Once the nucleotide sequence of the antibody is
determined, 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
incorporated by reference herein in their entireties), to
generate antibodies having a different amino acid sequence
by, for example, introducing amino acid substitutions, dele-
tions, 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 antibod-
ies.

[0150] Recombinant expression of an antibody requires
construction of an expression vector containing a nucleotide
sequence that encodes the antibody. Once a nucleotide
sequence encoding 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 tech-
niques 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 contain-
ing antibody coding sequences and appropriate transcrip-
tional and translational control signals. These methods
include, for example, in vitro recombinant DNA techniques,
synthetic techniques, and in vivo genetic recombination. The
nucleotide sequence encoding 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 anti-
body may be cloned into such a vector for expression.
Thus-prepared expression vector can be then introduced into
appropriate host cells for the expression of the antibody.
Accordingly, the invention includes host cells containing a
polynucleotide encoding an antibody specific for the
polypeptides of the invention or fragments thereof.

[0151] 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.
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Alternatively, a single vector may be used which encodes,
and is capable of expressing, both heavy and light chain
polypeptides. In such situations, the light chain should be
placed before the heavy chain to avoid an excess of toxic
free heavy chain (Proudfoot, 1986, Nature 322:52; and
Kohler, 1980, Proc. Natl. Acad. Sci. U.S.A. 77:2 197). The
coding sequences for the heavy and light chains may com-
prise cDNA or genomic DNA.

[0152] 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 displayed 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
stabilized Fv, expressed from a repertoire or combinatorial
antibody 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
display methods that can be used to make the immunoglo-
bulins, or fragments thereof, of the present invention include
those disclosed in Brinkman et al, 1995, J. Immunol.
Methods 182:41-50; Ames et al., 1995, J. Immunol. Methods
184:177-186; Kettleborough et al., 1994, Fur. J. Immunol.
24:952-958; Persic et al., 1997, Gene 187:9-18; Burton et
al., 1994, Advances in Immunology 57:191-280; PCT appli-
cation 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 incorporated herein by reference in its entirety.

[0153] 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 antibodies, or any other desired fragments, and
expressed in any desired host, including mammalian cells,
insect cells, plant cells, yeast, and bacteria, ¢.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.,
1992, BioTechniques, 12(6):864-869; and Sawai et al., AJRI,
34:26-34, 1995; and Better et al., 1988, Science 240:1041-
1043 (each of which is incorporated herein 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., 1991, Methods in Enzymology 203:46-88; Shu et al.,
1993, PNAS 90:7995-7999; and Skerra et al., 1988, Science,
240:1038-1040.

[0154] Once an antibody molecule of the invention has
been produced by any methods described above, it may then
be purified by any method known in the art for purification
of an immunoglobulin molecule, for example, by chroma-
tography (e.g., ion exchange, affinity, particularly by affinity
for the specific antigen after Protein A or Protein G purifi-
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cation, and sizing column chromatography), centrifugation,
differential solubility, or by any other standard techniques
for the purification 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.

[0155] 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 chi-
meric 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 producing chimeric
antibodies are known in the art. See e.g., Morrison, 1985,
Science, 229:1202; Oi et al.,, 1986, Biolechniques 4:214,
Gillies et al., 1989, J. Immunol. Methods 125:191-202; U S.
Pat. Nos. 5,807,715, 4,816,567, and 4,816,397, which are
incorporated herein by reference in their entireties. Human-
ized antibodies are antibody molecules from non-human
species that bind the desired antigen having one or more
complementarity determining regions (CDRs) from the non-
human species and framework regions from a human immu-
noglobulin molecule. Often, framework residues in the
human framework regions will be substituted with the
corresponding residue 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 impor-
tant for antigen binding and sequence comparison to identify
unusual framework residues at particular positions. See, e.g.,
Queen et al.,, US. Pat. No. 5,585,089; Riechmann et al.,
1988, Nature 332:323, which are incorporated herein by
reference in their entireties. 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 resurfacing (EP 592,106; EP 519,596;
Padlan, 1991, Molecular Inmunology 28(4/5):489-498;
Studnicka et al., 1994, Protein Engineering 7(6):805-814;
Roguska et al., 1994, Proc Natl. Acad. Sci. U.S.A. 91:969-
973), and chain shuffling (U.S. Pat. No. 5,565,332), all of
which are hereby incorporated by reference in their entire-
ties.

[0156] 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 including phage display methods described
above using antibody libraries derived from human immu-
noglobulin sequences. See U.S. Pat. Nos. 4,444,887 and
4,716,111, and PCT publications 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 incor-
porated herein by reference in its entirety.

[0157] Human antibodies can also be produced using
transgenic mice which are incapable of expressing func-
tional endogenous immunoglobulins, but which can express
human immunoglobulin genes. For an overview of this
technology for producing human antibodies, see Lonberg
and Huszar, 1995, Int. Rev. Immunol 13:65-93. For a
detailed discussion of this technology for producing human
antibodies and human monoclonal antibodies and protocols
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for producing such antibodies, see, ¢.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 reference herein in their entire-
ties. In addition, companies such as Abgenix, Inc. (Fremont,
Calif.), Medarex (NJ) and Genpharm (San Jose, Calif.) can
be engaged to provide human antibodies directed against a
selected antigen using technology similar to that described
above.

[0158] 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., 1988, Bio/
technology 12:899-903).

[0159] Aatibodies fused or conjugated to heterologous
polypeptides may be used in in vitro immunoassays and in
purification 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., 1994, Immunol.
Lett. 39:91-99; U.S. Pat. No. 5,474,981; Gillies et al., 1992,
PNAS 89:1428-1432; and Fell et al., 1991, J. Immunol.
146:2446-2452, which are incorporated herein by reference
in their entireties.

[0160] Antibodies may also be attached to solid supports,
which are particularly useful for immunoassays or purifica-
tion of the polypeptides of the invention or fragments,
derivatives, analogs, or variants thereof, or similar mol-
ecules having the similar enzymatic activities as the
polypeptide of the invention. Such solid supports include,
but are not limited to, glass, cellulose, polyacrylamide,
nylon, polystyrene, polyvinyl chloride or polypropylene.

[0161] 5.5. Pharmaceutical Compositions and Kits

[0162] The present invention encompasses pharmaceuti-
cal compositions comprising anti-viral agents of the present
invention. In a specific embodiment, the anti-viral agent is
an antibody which immunospecifically binds and neutralize
the hSARS virus, natural or artificial variants, analogs, or
derivatives thereof, or any proteins derived therefrom. The
virus neutralizing antibody neutralizes the infectivity of the
virus and protects an animal against disease when wild-type
virus is subsequently administered to the animal.

[0163] In another specific embodiment, the anti-viral
agent is a polypeptide or nucleic acid molecule of the
invention. 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.

[0164] Various delivery systems are known and can be
used to administer the pharmaceutical composition of the
invention, e.g., encapsulation in liposomes, microparticles,
microcapsules, recombinant cells capable of expressing the
mutant viruses, receptor mediated endocytosis (see, e.g., Wu
and Wu, 1987, J. Biol. Chem. 262:4429 4432). Methods of
introduction include but are not limited to intradermal,
intramuscular, intraperitoneal, intravenous, subcutaneous,
intranasal, epidural, scarification, and oral routes. The com-
pounds may be administered by any convenient route, for
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example by infusion or bolus injection, by absorption
through epithelial or mucocutancous linings (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 pharma-
ceutical 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
formulation with an aerosolizing agent.

[0165] 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.

[0166] In another embodiment, the pharmaceutical com-
position can be delivered in a vesicle, in particular a lipo-
some (see Langer, 1990, Science 249:1527-1533; Treat et
al., in Liposomes 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
generally ibid.).

[0167] In yet another embodiment, the pharmaceutical
composition can be delivered in a controlled release system.
[n one embodiment, a pump may be used (see Langer, supra;
Sefton, 1987, CRC Crit. Ref Biomed. Eng. 14:201; Buch-
wald 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 Con-
trolled Release, Langer and Wise (eds.), CRC Pres., Boca
Raton, Fla. (1974); Controlled Drug Bioavailability, Drug
Product Design and Performance, Smolen and Ball (eds.),
Wiley, New York (1984); Ranger and Peppas, 1983, J
Macromol. Sci. Rev. Macromol. Chem. 23:61; 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)).

[0168] Other controlled release systems are discussed in
the review by Langer (1990, sScience 249:1527-1533).

[0169] The pharmaceutical compositions of the present
invention comprise a therapeutically effective amount of a
live attenuated, inactivated or killed hRSARS virus, or recom-
binant or chimeric hSARS virus, and a pharmaceutically
acceptable carrier. In a specific embodiment, the term “phar-
maceutically acceptable” means approved by a regulatory
agency of the Federal or a state government or listed in the
U.S. Pharmacopeia or other generally recognized pharma-
copeia 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 pharmaceutical carriers can be sterile
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liquids, such as water and oils, including those of petroleum,
animal, vegetable or synthetic origin, such as peanut oil,
soybean oil, mineral oil, sesame oil 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 injectable 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, glycol, 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 pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium sac-
charine, cellulose, magnesium carbonate, etc. Examples of
suitable pharmaceutical carriers are described in “Reming-
ton’s Pharmaceutical Sciences” by E. W. Martin. The for-
mulation should suit the mode of administration.

[0170] In a preferred embodiment, the composition is
formulated in accordance with routine procedures as a
pharmaceutical composition adapted for intravenous admin-
istration to human beings. Typically, compositions for intra-
venous administration are solutions in sterile isotonic aque-
ous buffer. Where necessary, the composition may also
include a solubilizing 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 lyo-
philized 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 is administered by injec-
tion, an ampoule of sterile water for injection or saline can
be provided so that the ingredients may be mixed prior to
administration.

[0171] The pharmaceutical compositions of the invention
can be formulated as neutral or salt forms. Pharmaceutically
acceptable 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
carboxyl groups such as those derived from sodium, potas-
sium, ammonium, calcium, ferric hydroxides, isopropy-
lamine, triethylamine, 2 ethylamino ethanol, histidine,
procaine, etc.

[0172] The amount of the pharmaceutical composition of
the invention which will be effective in the treatment of a
particular 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
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
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administration are generally about 20 to 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.

[0173] Suppositories generally contain active ingredient in
the range of 0.5% to 10% by weight; oral formulations
preferably contain 10% to 95% active ingredient.

[0174] 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 contain-
er(s) can be a notice in the form prescribed by a govern-
mental 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. In a preferred embodiment, the kit
contains an anti-viral agent of the invention, e.g., an anti-
body specific for the polypeptides encoded by a nucleic acid
sequence of SEQ ID NO:1, 11, 13, 15, 2471, 2472, 2473,
2474, 2475 or 2476, or as shown in FIGS. 11 (SEQ ID
NO:17-239, 241-736 or 738-1107) and 12 (SEQ ID
NO:1109-1589, 1591-1964 or 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
combination with adjuvants, antivirals, antibiotics, analge-
sic, bronchodialaters, or other pharmaceutically acceptable
excipients.

[0175] The present invention further encompasses Kits
comprising a container containing a pharmaceutical compo-
sition of the present invention and instructions for use.

[0176]

[0177] The present invention provides a method for
detecting an antibody, which immunospecifically binds to
the hSARS virus, in a biological sample, for example, cells,
blood, serum, plasma, saliva, urine, stool, sputum, nasopha-
ryngeal aspirates, and so forth, from a patient suffering from
SARS. In a specific embodiment, the method comprising
contacting the sample with the hNSARS 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.

[0178] Anexemplary 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
compound 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 hNSARS 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
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probe can be, for example, a nucleic acid molecule com-
prising or consisting of the nucleic acid sequence of SEQ ID
NO:1, 11, 13, 15, 16, 240, 737, 1108, 1590, 1965, 2471,
2472, 2473, 2474, 2475 or 2476, or a complement, analog,
derivative, or fragment 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 con-
ditions to an hSARS mRNA or genomic RNA.

[0179] In another preferred specific embodiment, the pres-
ence of hSARS virus 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 genome of hSARS virus, for example, that
of deposit accession no. CCTCC-V200303, or based on a
nucleic acid sequence of SEQ ID NO:1, 11, 13, 15, 16, 240,
737, 1108, 1590 or 1965. In a non-limiting specific embodi-
ment, preferred primers to be used in a RT-PCR method are:
5-TACACACCTCAGC-GTTG-3' (SEQ ID NO:3) and
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, 50° C. for 1 min, 72° C. for 1 min
(also see Section 6.7, infra). 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 nucleic acid 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. In yet another preferred specific
embodiment, the real-time quantitative PCR used in the
present invention is a TagMan® assay (see Section 3, supra).
Specifically, the preferred primers to be used in a real-time
quantitative PCR assay to detect the presence of hSARS
virus in a biological sample, are those having nucleic acid
sequences of SEQ ID NOS:2471 and 2472. In this case, the
amplified product is detected by a TagMan® probe, prefer-
ably having a nucleotide sequence of SEQ ID NO:2473.
Another preferred primers to be used in a TagMan® assay
are those having nucleic acid sequences of SEQ ID
NOS:2474 and 2475 and a preferred TagMan® probe has a
nucleotide sequence of SEQ ID NO:2476. 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 deter-
mination of the viral load in the sample based on an
amplification plot (see Sections 6.7 and 6.8, infra).

[0180] In another preferred specific embodiment, the pres-
ence of hSARS virus is detected in the sample using
fluorescent cDNA microarray technology. An inventory of
cDNA probes derived from the hSARS virus, for example,
of deposit no. CCTCC-V200303, or having a genomic
nucleic acid sequence of SEQ ID NO:15, is prepared by
reverse transcription and amplification using appropriate
primers that are constructed based on, for example, a partial
nucleotide sequence of the genome of said hSARS virus, or
based on a nucleic acid sequence of SEQ ID NOS:1, 11, 13,
15, 16, 240, 737, 1108, 1590 or 1965. Thus-amplified
products are then purified and immobilized onto a chip, for
example, a poly-L-lysine coated glass plate as a cDNA
microarray. A total RNA is extracted from a biological
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sample and subjected to reverse transcription in the presence
of fluorescence-labeled nucleotides. The labeled cDNA rep-
resenting the mRNA in the sample is then contacted with the
immobilized cDNA probes on the microarray and the fluo-
rescence signals of the bound cDNA are detected and
quantified. A variety of DNA microaary methods have been
described, for example, in Nucleic Acids Res. 28(22):4552-7
(by Kane, M. D. et al, 2000); Science 2000 Sep.
8;289(5485): 1757-60 (by Taton, T. A. et al., 2000); and
Nature, 405(6788):827-836 (by Lockhart, D. J. et al., 2000).

[0181] Another preferred agent for detecting hSARS virus
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 frag-
ment thereof (e.g., Fab or F(ab'),) can be used.

[0182] The term “labeled”, with regard to the probe or
antibody, is intended to encompass direct labeling of the
probe or antibody by coupling (i.e., physically linking) a
detectable substance 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 hybridiza-
tions, RT-PCR, and RNase protection. In vitro techniques for
detection of an epitope of hSARS virus include enzyme
linked immunosorbent assays (ELISAs), Western blots,
immunoprecipitations and immunofluorescence. In vitro
techniques for detection of genomic RNA include nothern
hybridizations, RT-PCT, and RNase protection. Further-
more, in vivo techniques for detection of hSARS virus
include introducing into a subject organism a labeled anti-
body directed against the polypeptide. For example, the
antibody can be labeled with a radioactive marker whose
presence and location in the subject organism can be
detected by standard imaging techniques, including autora-
diography.

[0183] 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 virus, €.g., a polypeptide of the
invention or mRNA or genomic RNA encoding a polypep-
tide of the invention, such that the presence of hSARS virus
or the polypeptide or mRNA or genomic RNA encoding the
polypeptide is detected in the sample, and comparing the
presence of hSARS virus or the polypeptide or mRNA or
genomic RNA encoding the polypeptide in the control
sample with the presence of hRSARS virus, or the polypeptide
or mRNA or genomic DNA encoding the polypeptide in the
test sample.

[0184] In a specific embodiment, the invention provides a
diagnostic kit comprising nucleic acid molecules which are
suitable for use to detect the hSARS virus, natural or
artificial variants, analogs, or derivatives thereof. In a spe-
cific embodiment, the nucleic acid molecules have the
nucleic acid sequence of SEQ ID NOS:2471 and 2472. In
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specific embodiments, the nucleic acid molecule has the
nucleic acid sequence of SEQ ID NO:2473. In another
specific embodiment, the nucleic acid molecules have the
nucleic acid sequence of SEQ ID NOS:2474 and 2475. In
specific embodiments, the nucleic acid molecule has the
nucleic acid sequence of SEQ ID NO:2476.

[0185] The invention also encompasses kits for detecting
the presence of hSARS virus or a polypeptide or nucleic acid
of the invention in a test sample. The kit, for example, can
comprise a labeled compound or agent capable of detecting
hSARS virus 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.

[0186] 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 an
epitope of the hSARS virus; and, optionally, (2) a second,
different antibody which binds to either the polypeptide or
the first antibody and is conjugated to a detectable agent.

[0187] For oligonucleotide-based Kkits, the kit can com-
prise, for example: (1) an oligonucleotide, €.g., a detectably
labeled oligonucleotide, which hybridizes to a nucleic acid
sequence encoding a polypeptide of the invention or to a
sequence within the hRSARS genome or (2) a pair of primers
useful for amplifying a nucleic acid molecule containing an
hSARS sequence. The kit can also comprise, e.g., a buffer-
ing agent, a preservative, or a protein stabilizing agent. The
kit can also comprise components 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.

[0188] 5.7. Screening Assays

[0189] The invention provides methods for the identifica-
tion 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 com-
pound 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 be used to screen for a compound 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.

[0190] 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 mam-
malian 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.

[0191] In another embodiment, a cell is contacted with a
test compound and infected with the hSARS virus. In certain
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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
specific 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 at least 1 minute, 5 minutes, 15 minutes, 30
minutes, 1 hour, 2 hours, 5 hours, 12 hours, or 1 day. The
titer of the virus 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 identified 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 hSARS virus is tested for its ability to
inhibit or reduce the growth rate of other viruses and/or to
test its specificity for the hSARS virus.

[0192] In one embodiment, a test compound is adminis-
tered to a model animal and the model animal is infected
with the hSARS virus. In certain embodiments, a control
model animal is infected with the hSARS virus without the
administration of a test compound. The test compound can
be administered before, concurrently with, or subsequent to
the infection with the hSARS virus. In a specific embodi-
ment, 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 a monkey. 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 identified as being effective in inhib-
iting or reducing the growth or infection of the hSARS virus.
In a specific embodiment, the compound that inhibits or
reduces the growth of the hSARS virus 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.

EXAMPLES

[0193] The following examples illustrate the isolation and
identification of the novel hSARS virus. These examples
should not be construed as limiting.

[0194] Methods and Results

[0195] As a general reference, Wiedbrauk D L & Johnston
S L G (Manual of Clinical Virology, Raven Press, New York,
1993) was used.

[0196] 6.1. Clinical Subjects

[0197] 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 February 26 to Mar. 26, 2003 (WHO. Severe acute
respiratory syndrome (SARS) 2000, Weekly Epidemiol Rec.
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: (i) fever of 38° C. or more; (i) cough or
shortness of breath; (iii) new pulmonary infiltrates on chest
radiograph; and (iv) either a history of exposure to a patient
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with SARS or absence of response to empirical antimicro-
bial coverage for typical and atypical pneumonia (beta-
lactams and macrolides, fluoroquinolones or tetracyclines).

[0198] Nasopharyngeal aspirates and serum samples were
collected 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 submitted for microbiological investigation of other
diseases were included in the study under blinding and
served as controls.

[0199] The medical records were reviewed retrospectively
by the attending physicians and clinical microbiologists.
Routine hematological, biochemical and microbiological
examinations, including bacterial culture of blood and spu-
tum, serological study and collection of nasopharyngeal
aspirates for virological tests, were carried out.

[0200] 6.2. Cell Line

[0201] FRhK-4 (fetal rhesus monkey kidney) cells were
maintained in minimal essential medium (MEM) with 1%
fetal calf serum, 1% streptomycin and penicillin, 0.2%
nystatin and 0.05% garamycin.

[0202] 6.3. Viral Infection

[0203] Two-hundred ul of clinical (nasopharyngeal aspi-
rates) 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 g trypsin was then
added to the culture and the infected cells were incubated in
a 37° C. incubator supplied with 5% carbon dioxide. Cyto-
pathic 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 inoculation.

[0204] The infected cells were tested by an immunofiuo-
rescent assay for influenza A, influenza B, respiratory syn-
cytial 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.

[0205] 6.4. Virus Morphology

[0206] The infected cells prepared as described above
were harvested, 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.

[0207] 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 endo-
plasmic reticulum and were not free in the cytoplasm. Virus
particles were also found at the cell membrane.

[0208] One virus isolate was ultracentrifuged and the cell
pellet was negatively stained using phosphotugstic acid.
Virus particles characteristic of Coronaviridae were thus
visualized. Since the human Coronaviruses hitherto recog-
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nized are not known to cause a similar disease, the present
inventors postulated that the virus isolates represent a novel
virus that infects humans.

[0209] 6.5. Antibody Response

[0210] To further confirm that this novel virus is respon-
sible 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, %800 and x1600) was
incubated with acetone-fixed FRhK-4 cells infected with
hSARS virus 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.

[0211] The cells were then washed and examined under a
fluorescent microscope. In these experiments, positive sig-
nals were found in 8 patients who had SARS (FIG. 3),
indicating that these patients had an IgG antibody response
to this novel human respiratory virus of Coronaviridae. By
contrast, no signal was detected in 4 negative-control paired
sera. The serum titers of anti-hSARS antibodies of the tested
patients are shown in Table 1.

TABLE 1
Name Date Lab No. Anti-SARS
Patient A 25-Feb-03 $2728 <50
6-Mar-03 S2728 1600
Patient B 26-Feb-03  S2441 50
3-Mar-03 S2441 200
Patient C 4-Mar-03 S3279 200
14-Mar-03  S3279 1600
Patient D 6-Mar-03 M41045 <50
11-Mar-03 ~ MB943703 800
Patient E 4-Mar-03 M38953 <50
18-Mar-03 KWH03/3601 800
Control F 13-Feb-03 M27124 <50
1-Mar-03 MB942968 <50
Patient G 3-Mar-03 M38685 <50
7-Mar-03 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

[0212] These results indicated that this novel member of
Coronaviridae is a key pathogen in SARS.

[0213] 6.6. Sequences of the hSARS Virus

[0214] Total RNA from infected or uninfected FrHK-4
cells was harvested two days 10 post-infection. One-hun-
dred ng of purified RNA was reverse transcribed using
Superscript® II reverse transcriptase (Invitrogen) in a 20 11
reaction mixture containing 10 pg of a degenerated primer
(5-GCCGGAGCTCTGCAGAATTCNNNNNNN-3"SEQ

ID NO:5; N=A, T, G or C) as recommended by the manu-
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facturer. Reverse transcribed products were then purified by
a QIAquick® PCR purification kit as instructed by the
manufacturer and eluted in 30 ul of 10 mM Tris-HCIL, pH 8.0.
Three ul of purified cDNA products were add in a 25 ul
reaction mixture containing 2.5 ul of 10x PCR buffer, 4 ul
of 25 mM MgClL, 0.5 ul of 10 mM dNTP, 0.25 ul of
AmpliTaqg Gold® DNA polymerase (Applied Biosystems),
2.5 uCi of [a-**P]CTP (Amersham), 2 ul of 10 uM primer
(5'-GCCGGAGCTCTGCAGAATT-C-3', SEQ ID NO:6).
Reactions were thermal cycled through the following pro-
file: 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 electro-
phoresis. Gel was exposed to X-ray film and the film was
developed after an over-night exposure. Unique PCR prod-
ucts which were only identified in infected cell samples were
isolated from the gel and eluted in a 50 ul of 1x TE buffer.
Eluted PCR products were then re-amplified in 25 ul of
reaction mixture containing 2.5 ul of 10x PCR buffer, 4 ul
of 25 mM MgCl,, 0.5 uL ru 10 mM dNTP, 025 ul of
AmpliTag Gold® DNA polymerase (Applied Biosystems), 1
ulof 10 uM primer (5'-GCCGGAGCTCTGCAGAATTC-3,
SEQ ID NO:6). Reaction mixtures were thermal cycled
through the following profile: 94° C, for 8 min followed by
35 cycles of 94° C. for 1 min, 60° C. for 1 min, 72° C. for
1 min. PCR produets were cloned using a TOPO TA
Cloning® kit (Invitrogen) and ligated plasmids were trans-
formed into TOP 10 E. coli competent cells (Invitrogen).
PCR inserts were sequenced by a BigDye cycle sequencing
kit as recommended by the manufacturer (Applied Biosys-
tems) and sequencing products were analyzed by an auto-
matic sequencer (Applied Biosystems, model number 3770).
The obtained sequence (SEQ ID NO:1) is shown in FIG. 1.
The deducted amino acid sequence from the obtained DNA
sequence (SEQ ID NO:2) showed 57% homology to the
polymerase protein of identified Coronaviruses.

[0215] 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).

[0216] The entire genomic sequence of hSARS virus is
shown in FIG. 10 (SEQ ID NO:15). The deduced amino
acid sequences of SEQ ID NO:15 in all three frames are
shown in FIG. 11 (DNA sequences shown in SEQ ID
NOS:16, 240 and 737; for amino acid sequences, see SEQ
ID NOS:17-239, 241-736 and 738-1107, respectively). The
deduced amino acid sequences of the complement of SEQ
ID NO:15 in all three frames are shown in FIG. 12 (DNA
sequences shown in SEQ ID NOS:1108, 1590 and 1965; for
amino acid sequences, see SEQ ID NOS:1109-1589, 1591-
1964 and 1966-2470, respectively).

[0217] 6.7. Detection of the hSARS Virus in Nasopharyn-
geal Aspirates

[0218] 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 J, Seto WH, Shortridge K F,
Peiris J S M. Evaluation of Directigen Fly A+B test for rapid
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diagnosis of influenza A and B virus infections. J Clin
Microbiol. 2002; 40: 1675-1680) and were cultured for
conventional respiratory 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 performed 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 conserved 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-AARGTSAATGCAI-
CAGC-3' (SEQ ID NO. 7) and 5-CAKATTYTGCTTAT-
GCTTTC-3'(SEQ ID NO:8); and nested primers: 5'-ACAC-
CTGTTACAATACCAGC-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).

[0219] 6.7.1. RT-PCR Assay

[0220] 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'-TACACACCT-
CAGC-GTTG-3' (SEQ ID NO:3) and 5'-CACGAACGT-
GACGAAT-3' (SEQ ID NO:4), which are constructed based
on the hSARS viral genome, 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 1 min).

[0221] The summary of a typical RT-PCR protocol is as

follows:
[0222] RNA extraction

[0223] RNA from 140 ul of NPA samples is extracted by
QIAquick® viral RNA extraction kit and is eluted in 50 ul
of elution buffer.

[0224] Reverse transcription

RNA 115 4

0.1 M DIT 2

5x buffer 4 1l

10 mM dNTP 1u

Superscript II, 200 Uful (Invitrogen) 1

Random hexamers, 0.3 pg/ul 0.5 4

Reaction condition: 42° C., 50 min

94° C., 3 min

4° C.
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[0225] PCR

[0226] cDNA generated by random primers is amplified in
a 50 ul reaction as follows:

cDNA 2 ul
10 mM dNTP 0.5 ul
10x buffer 5 ul
25 mM MgCl, 5 ul
25 uM Forward primer 0.5 ul
25 uM Reverse primer 0.5 ul
AmpliTag Gold ® polymerase, 5 Ujul 025 u
(Applied Biosystems)

Water 36.25 ul

[0227] Thermal-cycle condition: 95° C., 10 min, followed
by 40 cycles of 95° C., 1 min; 50° C. 1 min; 72° C., 1 min.

[0228] Primer Sequences

[0229] Primers were designed based on the RNA-depen-
dent RNA polymerase encoding sequence (SEQ ID NO:1) of
the hSARS virus.

Forward primer:

5'TACACACCTCAGCGTTIG 3' (SEQ ID NO:3)

Reverse primer:

5'CACGAACGTGACGAAT 3' (SEQ ID NO:4)

[0230] Product (amplicon) size: 182 bps
[0231] Real-Time Quantitative PCR Assay

[0232] Total RNA from 140 pul of nasopharyngeal aspirate
(NPA) was extracted by QIAamp® virus RNA mini kit
(Qiagen) as instructed by the manufacturer. Ten il of eluted
RNA samples were reverse transcribed by 200 U of Super-
script® 11 reverse transcriptase (Invitrogen) in a 20 ul
reaction mixture containing 0.15 g of random hexamers, 10
mmol/L.DTT, and 0.5 mmol/L dNTP, as instructed. Comple-
mentary DNA was then amplified in a SYBR Green I
fluorescence reaction (Roche) mixtures. Briefly, 20 ul reac-
tion mixtures containing 211 of cDNA, 3.5 mmol/L. MgCl,,
0.25 wpmol/. of forward primer (5-TACACACCT-
CAGCGTTG-3"; SEQ ID NO:3) and 0.25 umol/L reverse
primer (5-CACGAACGTGACGAAT-3"; SEQ ID NO:4)
were thermal-cycled by a Light-Cycle® (Roche) with the
PCR program, (95° C., 10 min followed by 50 cycles of 95°
C. for 10 min; 57° C. for 5 secs; and 72° C. for 9 secs).
Plasmids containing the target sequence were used as posi-
tive controls. Fluorescence signals from these reactions were
captured 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. to 95° C., 0.1° C. per second).

Clinical Results

[0233]

[0234] All 50 patients with SARS were cthnic Chinese.
They represented 5 different epidemiologically linked clus-
ters as well as additional sporadic cases fitting the case
definition. 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

Clinical Findings:
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(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.

[0235] 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 2). 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 crepita-
tions 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 2

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.

[0236] In spite of the high fever, most patients (98%) had
no evidence of a leukocytosis. Lymphopenia (68%), leu-
copenia (26%), thrombocytopenia (40%) and anemia (18%)
were present in peripheral blood examination (Table 3). The
levels of parenchymal liver enzyme, alanine aminotrans-
ferase (ALT) and muscle enzyme, creatinine kinase (CPK)
were elevated in 34% and 26% of patients, respectively.

TABLE 3
Laboratory Percentage of
parameter Mean (range) abnormal ~ Normal range
Haemoglobin 12.9 (8.9-15.9) 11.5-16.5 g/dl
Anaemia 9 (18%)
White cell count 5.17 (1.1-11.4) 4-11 x 10%L
Leucopenia 13 (26%)
Lymphocyte count  0.78 (0.3-1.5) 1.5-4.0 x 10°/L.
Significant 34 (68%)
lymphopenia
(<1.0 x 10%L)
Platelet count 174 (88-351) 150-400 x 10°/L
Thrombocytopenia 20 (40%)
Alanine 63 (11-350) 6-53 U/L
aminotransaminase
(ALT)
Elevated ALT 17 (34%)
Albumin 37 (26-50) 42-54 gL
Low albumin 34 (68%)
Globulin 33 (21-42) 24-36 gL,
Elevated globulin 10 (20%)
Creatinine kinase 244 (31-1379) 34-138 U/L
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TABLE 3-continued

Laboratory Percentage of
parameter Mean (range) abnormal  Normal range
Elevated creatinine 13 (26%)

kinase

[0237] Routine microbiological investigations for known
viruses and bacteria by culture, antigen detection, and PCR
were negative in most cases. Blood culture was positive for
FEscherichia 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 pneumoniae and
Hemophilus influenzae were isolated from the sputum speci-
mens of 2 other patients on admission.

[0238] Oral levofloxacin 500 mg g24h was given in 9
patients and intravenous (1.2 g g8h)/oral (375 mg tid)
amoxicillin-clavulanate and intravenous/oral clarithromycin
500 mg q12h were given in another 40 patients. Four
patients were given oral oseltamivir 75 mg bid. In one
patient, intravenous ceftriaxone 2 gm q24h, oral azithromy-
cin 500 mg q24h, and oral amantadine 100 mg bid were
given for empirical coverage of typical and atypical pneu-
monia.

[0239] Nineteen patients progressed to severe disease with
oxygen desaturation and were required intensive care and
ventilatory support. The mean number of days of deterio-
ration from the onset of symptoms was 8.3 days. Intravenous
ribavirin 8 mg/kg q8h and steroid was given in 49 patients
at a mean day of 6.7 after onset of symptoms.

[0240] The risk factors associated with severe complicated
disease requiring intensive care and ventilatory support were
older age, lymphopenia, impaired ALT, and delayed initia-
tion of ribavirin and steroid (Table 4). All the complicated
cases were treated with ribavirin and steroid after admission
to the intensive 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
for a mean of 12 days at the time of writing.

TABLE 4
Complicated Uncomplicated
case case

(n=19) (n=31) Pvalue
Mean (SD) age (range) 495 +127  39.0+107 P<0.01
Male/Female ratio /11 14/17 N.S.
Underlying illness st 1% P <0.05
Mode of contact
Travel to China 1 3 N.S.
Health care worker 5 9 N.S.
Hospital visit 1 4 N.S.
Household contact 8 5 P < 0.05
Social contact 4 10 N.S.
Mean (SD) duration of 52+20 47+25 NS

symptoms to admissicn (days)
Mean (SD) admission
temperature (° C.)

38809 387+£08 NS
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TABLE 4-continued

Complicated Uncomplicated

case case
(n=19) n=31) P value

Mean (SD) initial total 51+24 52+18 NS

peripheral WBC count

(x109/L)

Mean (SD) initial lymphocyte ~ 0.66 = 0.3 08503 P<005

count (x10%/L)

Presence of thrombocytopenia 8 12 N.S.

(<150 x 10°L)

Impaired liver function test 11 6 P<001

CXR changes (number of 14 12 N.S.

zone affected)

Mean (SD) day of 83+2.6  Not applicable

deterioration from the

onset of symptoms §

Mean (SD) day of initiation 77 £29 57+26 P<005

of Ribavirin & steroid from

the onset of symptoms

Initiation of ribavirin & 12 0 P < 0.001

steroid after deterioration

Response to ribavirin & 11 28 P <005

steroid Outcome

Improved or recovered 10 31 P <001

Not improving || 8 0 P <001

*Multi-variant analysis is not performed due to low number of cases;
2 patients had diabetic mellitus, 1 had hypertrophic ostructive cardiomy-

opathy, had chronic active hepatitis B, and 1 had brain tumour;
¥1 patient had essential hypertension;

§ desaturation requiring intensive care support;
| 1 died.

[0241] 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 nasopharyngeal aspirate of a 42 year-old female with good
previous health. The 53-year old male had a history of
10-hour household contact with a Chinese visitor who came
from Guangzhou 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 lym-
phopenia of 0.7x10%/L 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 intravenous ceftriaxone, there was increas-
ing 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 alveo-
lar 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 ribavi-
rin and hydrocortisone were given. He succumbed 20 days
after admission. In retrospect, coronavirus-like RNA was
detected in his 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.

[0242] The second patient from whom an hSARS virus
was isolated, was a 42-year-old female with good past
health. She had a history of traveling to Guangzhou in
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mainland China for 2 days. She presented with fever and
diarrhea 5 days after her return to Hong Kong. Physical
examination showed crepitation over the right lower zone
which had a corresponding alveolar shadow on the chest
radiograph. Investigation revealed leucopenia (2.7x10°/L),
lymphopenia (0.6x10°/L), and thrombocytopenia (104x10°/
L). Despite the empirical antimicrobial coverage with amox-
icillin-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 aspirate was positive for the
virus in the RT-PCR and she was seroconverted from
antibody titre <1/50 to 1/1600 against the hSARS isolate.

[0243] Virological Findings:

[0244] 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, and 3, adenovirus
and respiratory syncytial virus (DAKO, Glostrup, Den-
mark). 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, indicating 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 morphol-
ogy 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 (FIGS. 5A and
5B). Virus particles were also seen at the cell surface. The
overall findings were compatible with infections in the cells
caused by viruses of Coronaviridae.

[0245] 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).

[0246] The RT-PCR products generated in a random
primer RT-PCR assay were analyzed and unique bands
found in the virus infected specimen were 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 homology 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. Phylogenetic analysis of the
protein sequences showed that this virus, though most
closely related to the group II coronaviruses, was a distinet
virus (FIGS. 5A and 5B).

[0247] Based on the 646 bp sequence of the isolate,
specific primers for detecting the new virus was designed for
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RT-PCR detection of this hSARS virus genome in clinical
specimens. 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 specificity of the RT-PCR reaction was con-
firmed by sequencing selected positive RT-PCR amplified
products. None of the 40 nasophararyngeal and fecal speci-
mens from patients with unrelated diseases were reactive in
the RT-PCR assay.

[0248] To determine the dynamic range of real-time quan-
titative PCR, serial dilutions of plasmid DNA containing the
target sequence were made and subjected to the real-time
quantitative 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). Positive signals were observed in 23 out of 29 sero-
logically confirmed SARS patients. In all of these positive
cases, a unique PCR product (T_=82° C.) corresponding 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 sero-
convertion. Viral RNA was detected in 3 of these samples,
indicating that this assay can detect the virus even at the
early onset of infection.

[0249] To further validate the specificity of this assay, NPA
samples from healthy individuals (n=11) and patients who
suffered from adenovirus (n=11), 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
sensitivity of 79% and specificity of 98%.

[0250] Epidemiological data suggest that droplet transmis-
sion 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.
Interestingly, 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 (Mclntosh K., 1974, Coronaviruses: a
comparative review. Current Top Microbiol Immunol. 63:
85-112). However, further studies are required to test
whether the virus in feces is infectious or not.

[0251] Currently, apart form this hSARS virus, there are
two known serogroups of human coronaviruses (229E and
0C43) (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 sets used in the present
assay do 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
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available sequences in other regions of OC43 polymerase
gene indicate that the novel human virus associated with
SARS is genetically distinet from OC43. Furthermore, the
primers used in this study do not have homology to any of
the sequences from known coronaviruses. Thus, it is very
unlikely that these primers would cross-react with the strain
0C43.

[0252] Apart from the novel pathogen, metapneumovirus
was reported to be identified in some of SARS patients
(Center for Disease Control and Prevention, 2003, Morbidity
and Mortality Weekly Report 52: 269-272). No evidence of
metapneumovirus 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.

[0253] Immunofluorescent Antibody Detection:

[0254] Thirty-five of the 50 most recent serum samples
from patients with SARS had evidence of antibodies to the
hSARS virus (see FIG. 3). Of 27 patients from whom paired
acute and convalescent sera were available, all were sero-
converted 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 commu-
nity and all of them were seroconverted. None of 80 sera
from patients with respiratory or other diseases as well as
none of 200 normal blood donors had detectable antibody.

[0255] When either seropositivity to HP-CV in a single
serum or viral RNA detection in the NPA or stool are
considered evidence of infection with the hSARS virus, 45
of the 50 patients had evidence of infection. Of the 5 patients
without any virological evidence of Coronaviridae viral
infection, only one of these patients had their sera tested >14
days after onset of clinical disease.

[0256] 6.8. A Quantitative TagMan® Assay For hSARS
Virus Detection

[0257] 6.8.1. Materials and Methods

[0258] Patients and Sample Collection

[0259] Stored clinical specimens from 50 patients fulfill-
ing the clinical WHO case definition of SARS (http://
www.who.int/cst/sars/casedefinition/en/) in whom the diag-
nosis was subsequently confirmed by seroconversion were
used in this study. NPA samples were collected from days
1-3 of disease onset as described previously (Poon et al.,
2003, Clin. Chem. 49:953-955). NPA samples from patients
with unrelated diseases were recruited as controls.

[0260] RNA extraction and reverse transcription

[0261] RNA from clinical samples was extracted using the
QIAamp® virus RNA mini kit (Qiagen) as instructed by the
manufacturer. In the previous conventional RT-PCR assay,
140 ul of NPA was used for RNA extraction. In the revised
RNA extraction protocol, 540 il of NPA was used for RNA
extraction. Extracted RNA was finally eluted in 30 ul of
RNase-free water and stored at -20° C. Total RNA from
clinical samples was then reverse transcribed using random
hexamers.
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[0262] Conventional PCR for SARS-CoV

[0263] Conventional PCR assay was performed as
described in Section 6.7.1.

[0264] Real-time quantitative PCR assays for SARS-CoV
Areal-time quantitative PCR specific for the 1b region of the
SARS-Cov was used in this study. Complementary DNA
was amplified by a TagMan® PCR Core Reagent kit in a
7000 Sequence Detection System (Applied Biosystems).
Briefly, 4 ul of cDNA was amplified in a 25 ul reaction
containing 0.625 U AmpliTag Gold® polymerase (Applied
Biosystems), 2.5 ul of 10x TagMan® buffer A, 0.2 mM of
dNTPs, 5.5 mM of MgCl,, 2.5 U of AmpErase® UNG, and
1x primers-probe mixture (Assays by Design, Applied Bio-
systems). The primer sequences were 5-CAGAACGCTG-
TAGCTTCAAAAATCT-3' (SEQ ID NO:2471) and 5'-TCA-
GAACCCTGTGATGAATCAACAG-3' (SEQ ID NO:2472)
and the probe was 5'-(FAM)TCTGCGTAGGCAATC-
C(NFQ)-3' (SEQ ID NO:2473; FAM, 6-carboxyfluorescein;
NFQ, nonfluorescent quencher). Reactions were first incu-
bated at 50° C. for 2 min, followed by 95° C. for 10 min.
Reaction were then thermal-cycled for 45 cycles (95° C. for
15 sec, 60° C. for 1 min). Plasmids containing the target
sequences were used as positive controls.

[0265] 6.8.2. Resulis

[0266] A total of 50 NPA specimens isolated from sero-
logically confirmed SARS patients collected during the first
3 days of illness were studied. Of these, 11 (22%) were
positive in our previously reported conventional RT-PCR
assay (See Section 6.7.1) (Table 5).

TABLE 5

Number of positives

Conventional Real-time
RI-PCR assay RI-PCR assay
Conventional ~with a modified with a modified

Day of Sample RT-PCR RNA extraction RNA extraction
onset Size assay protocol* protocol**

1 8 0 (0%) 2 (25%) 5 (63%)

2 16 3 (19%) 8 (50%) 14 (38%)

3 26 8 (31%) 12 (46%) 21 (81%)

*The overall detection rate of the assay is statistically different from that
of the conventional RT-PCR assay (McNemar’s test, P < 0.001)

*The overall detection rate of the assay is statistically different from that
of the conventional RT-PCR assay with a modified RNA extraction proto-
col (McNemar’s test, P < 0.0001)

[0267] We reasoned that the poor sensitivity of SARS-
CoV RT-PCR detection in the early stage of the illness could
be enhanced by increasing the initial extraction volume of
the NPA sample from 140 to 560 ul. Using this modified
RNA extraction protocol, the sensitivity of the conventional
RT-PCR assay doubled from 11/50 to 22/50 (Table 5). The
overall detection rate of the modified RT-PCR protocol was
statistically different from that of our first generation RT-
PCR protocol (McNemar’s test, P<0.001, Table 5). Of 30
negative control samples, one false positive result was
observed. With the RNA extraction modification, the sensi-
tive and specificity of the conventional RT-PCR on speci-
mens collected during the first 3 days of illness was 44.0%
and 96.6%, respectively.

[0268] To further improve the detection of SARS-CoV in
samples from early onset, we adopted a highly sensitive
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real-time quantitative assay for SARS-CoV detection (FIG.
14). With the modified RNA extraction protocol, 40 out of
50 NPA samples were positive in the real-time assay (FIG.
15 and Table 5). The overall detection rate of the modified
RT-PCR protocol was statistically different from the other
two assays (McNemar’s test, P<0.0001, Table 5). In par-
ticular, 63% of the NPA samples isolated on day 1 of disease
onset was positive in the real-time quantitative RT-PCR
assay. By contrast, none of the specimens isolated on day 1
was positive in the conventional RT-PCR assay. For samples
isolated on days 2-3, more than 81% of these samples was
positive in the quantitative assay (Table 5). With the modi-
fied RNA extraction protocol and real-time PCR technology,
the sensitivity and specificity of the quantitative assay
towards carly SARS samples were 80% and 100%, respec-
tively.

[0269] The real-time assay also allowed one to quantitate
the viral loads of these clinical specimens (1 copy/reaction
=27.8 copies/ml of a NPA sample). As shown in FIG. 16, the
progression of the disease resulted in an increase of viral
loads in NPA (open bars). In addition, we further examined
the viral loads of clinical samples that were negative (N=39)
in our first generation RT-PCR assay (FIG. 16, grey bars).
As expected, the viral loads of these samples (grey bars)
were much lower than the overall viral loads of the whole
cohort (open bars).

[0270] 6.8.3. Discussion

[0271] Our objective of this study was to establish a highly
sensitive RT-PCR assay for detecting SARS-CoV. In par-
ticular, we focused on detecting SARS-CoV RNA in
samples isolated on days 1-3 of disease onset. Using our first
generation conventional RT-PCR assay, only 22% of these
samples were shown to have SARS-CoV RNA. In order to
establish a more sensitive assay, we modified the RNA
extraction method and adapted the quantitative technology
in our current study. By increasing the initial volume for
RNA extraction from 140 ul to 540 ul, the proportion of
positive cases was increased to 44%. In addition, by further
applying the real-time quantitative PCR technology in the
revised assay, 80% of early SARS samples became positive.
More importantly, the use of a 5' nuclease probe in the
real-time quantitative assay can minimize the false positive
rate due to an increase in signal specificity. Taken together,
results from this study suggested that our revised RT-PCR
assay allows the early and accurate diagnosis of SARS.

[0272] The quantitative result of our modified RT-PCR
assay provided further information regarding the viral load
of SARS-CoV in these clinical specimens. Our results
indicated that the viral load increases as the disease
progresses. Of those samples that were negative in the first
generation RT-PCR assay, all contained very low amounts of
viral RNA (FIGS. 15 and 16). This observation explained
why most of these samples were negative using our first
generation RT-PCR assay. Interestingly, for those specimens
that were positive in the first generation assay, some had
very high amounts of viral RNA (FIG. 16).

[0273] In summary, by increasing the initial sample vol-
ume for RNA extraction and utilizing real-time quantitative
PCR technology, we established a sensitive and accurate
RT-PCR assay for the prompt identification of SARS-CoV.
It is expected that, with this rapid diagnostic method, a
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prompt identification of this pathogen will facilitate the
control of the disease and the institution of prompt treat-
ment.

[0274]

[0275] The outbreak of SARS is unusual in a number of
aspects, in particular, in the appearance of clusters of
patients with pneumonia 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 Coro-
naviridae was isolated from the lung biopsy and nasopha-
ryngeal aspirate obtained from two SARS patients, respec-
tively. 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 PM
Fields Virology, 4th Edition, Lippincott Williams & Wilkins,
Philadelphia, pp. 1187-1203). The biological, genctic and
clinical data, taken together, indicate that the new virus is not
one of the two known human coronaviruses.

[0276] 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 demon-
strated rising antibody titers to hSARS virus, strengthening
the contention 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 hospitals in Hong Kong also showed serocon-
version to the virus. The five patients who has not shown
serological or virological evidence of hSARS virus infec-
tion, need to have later convalescent sera tested to define if
they are also seroconverted. However, the concordance of
the hSARS virus with the clinical definition of SARS
appears remarkable, given that clinical case definitions are
never perfect.

[0277] No evidence of HMPV infection, either by RT-PCR
or rising antibody titer against HMPV, was detected in any
of 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.
The issue of whether or not other microbial or other co-
factors play a role in the progression of the disease remains
to be investigated.

[0278] 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 229E and
0C43, 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, Phila-
delphia, pp.1187-1203). But, while they can occasionally
cause pneumonia in older adults, neonates or immunocom-

6.9. Clinical observations and Discussion

Jan. 13, 2005

promised patient (El-Sahly H M, Atmar R L, 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 Foliz 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, accounting for up to 30%
of cases in some studies (Wenzel R P, Hendley J O, Davies
J A, Gwaltney J M, Coronavirus infections in military
recruits: Three-year study with coronavirus strains OC43
and 229E. Am 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 sclerosis
(Talbot P J, Cote G, Arbour N. Human coronavirus OC43
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 (e.g. Porcine Transmissible
Gastroenteritis Virus, Murine Hepatitis Virus, Avian Infec-
tious Bronchititis Virus) cause respiratory, gastrointestinal,
neurological or hepatic disease in their respective hosts
(McIntosh K. Coronaviruses: a comparative review. Current
Top Microbiol Immunol. 1974; 63: 85-112).

[0279] We describe for the first time the clinical presen-
tation and complications of SARS. Less than 25% of
patients with coronaviral 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 rel-
evant that the virus RNA is detected in the stool sample of
some patients and that coronaviruses have been associated
with diarrhoea in animals and humans (Caul E O, Eggle-
stone S 1. Further studies on human enteric coronaviruses
Arch Virol. 1977; 54: 107-17). The high incidence of
deranged liver function, leucopenia, significant lymphope-
nia, thrombocytopenia and subsequent evolution into adult
respiratory distress syndrome suggests a severe systemic
inflammatory damage induced by this hSARS virus. Thus
immuno-modulation by steroid may be important to comple-
ment the antiviral therapy by ribavirin. In this regard, it is
pertinent that severe human disease associated with the
avian influenza subtype H5N1, which is another virus that
recently crossed from animals to humans, has also been
postulated to have an immuno-pathological component
(Cheung C Y, Poon L L M, Lau ASY et al. Induction of
proinflammatory cytokines in human macrophages by influ-
enza A (H5N1) viruses: a mechanism for the unusual sever-
ity of human disease. Lancer 2002; 360: 1831-1837). In
common with HSN1 disease, patients with severe SARS are
adults, are significantly more lymphopenic and have param-
eters of organ dysfunction beyond the respiratory tract
(Table 4) (Yuen K'Y, Chan PK S, Peiris J S M, et al. Clinical
features and rapid viral diagnosis of human disease associ-
ated with avian influenza A H5N1 virus. Lancet 1998; 351:
467-471). It is important to note that a window of opportu-
nity of around 8 days exists from the onset of symptoms to
respiratory failure. Severe complicated cases are strongly
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associated with both underlying disease and delayed use of
ribavirin and steroid therapy. Following our clinical expe-
rience 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 complicated
cases who had not shown significant response. It is not
possible to perform a detail analysis of the therapeutic
response to this combination regimen due to the heteroge-
neous dosing and time of initiation of therapy.

[0280] Other factors associated with severe discase is
acquisition of the disease through household contact which
may be attributed to a higher dose or duration of viral
exposure and the presence of underlying diseases.

[0281] The clinical description reported here pertains
largely to the more severe cases admitted to hospitals. We
presently have no data on the full clinical spectrum of the
emerging Coronaviridae 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.

[0282] 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 evi-
dence also suggests 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 the fecal-oral route (McIntosh
K. Coronaviruses: a comparative review. Current Top
Microbiol Immunol. 1974; 63: 85-112).

[0283] In conclusion, this report provides evidence that a
virus in the Coronaviridae family is the etiological agent of
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SARS. The present invention discloses a quantitative diag-
nostic assay that is rapid, sensitive and specific identification
of the hSARS virus.

7. Deposit

[0284] 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

[0285] 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,
ameliorating 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 vac-
cines 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
[0286] Those skilled in the art will recognize, or be able to
ascertain many equivalents to the specific embodiments of
the invention described herein using no more than routine
experimentation. Such equivalents are intended to be
encompassed by the following claims.

[0287] All publications, patents and patent applications
mentioned in this specification are incorporated herein by
reference in their entireties into the specification to the same
extent as if each individual publication, patent or patent
application was specifically and individually indicated to be
incorporated herein by reference in its entirety.

[0288] Citation or discussion of a reference herein shall
not be construed as an admission that such is prior art to the
present invention.

SEQUENCE LISTING

The patent application 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/sequence.html?DocID=20050009009). 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).
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What is claimed:

1. An isolated nucleic acid molecule consisting essentially
of the nucleic acid sequence of SEQ ID NO:2471, 2472, or
a complement thereof.

2. An isolated nucleic acid molecule consisting essentially
of the nucleic acid sequence of SEQ ID NO:2474, 2475, or
a complement thereof.

3. An isolated nucleic acid molecule consisting essentially
of the nucleic acid sequence of SEQ ID N0:2473, 2476, or
a complement thereof.

4. An isolated nucleic acid molecule which hybridizes
under stringent conditions to a nucleic acid molecule having
the nucleic acid sequence of SEQ ID NO:2471, 2472, 2473,
2474, 2475 or 2476, or a complement thereof.

5. An isolated polypeptide encoded by the nucleic acid
molecule of claim 1.

6. An isolated polypeptide encoded by the nucleic acid
molecule of claim 2.

7. An isolated polypeptide encoded by the nucleic acid
molecule of claim 3.

8. An isolated polypeptide encoded by the nucleic acid
molecule of claim 4.

9. An antibody or an antigen-binding fragment thereof
which immunospecifically binds to a peptide encoded by the
nucleic acid sequence of SEQ ID NO:2471, 2472 or 2473.

10. An antibody or an antigen-binding fragment thereof
which immunospecifically binds to a peptide encoded by the
nucleic acid sequence of SEQ ID NO:2474, 2475 or 2476.

11. A method for detecting the presence of the hSARS
virus in a biological sample, said method comprising:

(a) amplifying a nucleic acid of the hSARS virus using
primers having the nucleic acid sequence of SEQ ID
NOS:2471 and/or 2472; and

(b) detecting in the nucleic acid using a probe having the
nucleic acid sequence of SEQ ID NO:2473.
12. A method for detecting the presence of the hSARS
virus in a biological sample, said method comprising:

(a) amplifying a nucleic acid of the hSARS virus using
primers having the nucleic acid sequence of SEQ ID
NOS:2474 and/or 2475; and

(b) detecting in the nucleic acid using a probe having the
nucleic acid sequence of SEQ ID NO:2476.
13. A method for identifying a subject infected with the
hSARS virus, said method comprising;

(a) obtaining total RNA from a biological sample obtained
from the subject;
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(b) 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.

14. A method for identifying a subject 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

(c) subjecting the cDNA to PCR assay using a set of
primers having the nucleic acid sequence of SEQ ID
NOS:2471 and/or 2472.

15. The method of claim 14 further comprising (d)

detecting a product of PCR assay with a probe.

16. The method of claim 15, wherein the probe is a nucleic
acid molecule having the nucleotide sequence of SEQ ID
NO:2473.

17. A method for identifying a subject 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

(c) subjecting the cDNA to PCR assay using a set of
primers having the nucleic acid sequence of SEQ ID
NOS:2474 and/or 2475.

18. The method of claim 17 further comprising (d)

detecting a product of PCR assay with a probe.

19. The method of claim 18, wherein the probe is a nucleic

acid molecule having the nucleotide sequence of SEQ ID
NO:2476.

20. A kit comprising in one or more containers one or
more isolated nucleic acid molecules comprising a nucle-
otide sequence selected from the group consisting of SEQ
ID NO:2471, SEQ ID NO:2472, and SEQ ID NO:2473.

21. A kit comprising in one or more containers one or
more isolated nucleic acid molecules comprising a nucle-

otide sequence selected from the group consisting of SEQ
ID NO:2474, SEQ ID NO:2475, and SEQ ID NO:2476.



