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7) ABSTRACT

The present invention relates to a high-throughput diagnostic
assay for the virus causing Severe Acute Respiratory Syn-
drome (SARS) in humans (“hSARS virus™). In particular, the
invention relates to a high-throughput reverse transcription-
PCR diagnostic test for SARS associated coronavirus
(SARS-CoV). The present assay is a rapid, reliable assay
which can be used for diagnosis and monitoring the spread of
SARS and is based on the nucleotide sequences of the N
(nucleocapsid)-gene of the hNSARS virus. The present method
eliminates false negative results and provides increased sen-
sitivity for the assay. The invention also discloses the S
(spike)-gene of the hSARS virus. The invention further
relates to the deduced amino acid sequences of the N-gene
and S-gene products of the hSARS virus and to the use of the
N-gene and S-gene products in diagnostic methods. The
invention further encompasses diagnostic assays and kits
comprising antibodies generated against the N-gene or
S-gene product.
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a cag gac gct gta get tca aaa atc tta gga ttg cct azg cag act gtt 49
Gin Asp Ala Val Ala Ser Lys Ile Leu Gly Leu Pro Thr Gln Thr Val
X 5 10 15
gat tca tca cag ggt tect 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 ) 30

act gaa ace gca cac tct tgt aat ¢tc aac cgc ttc aat gtg get ate 145
Thr Glu Thr Bla His Ser Cys Asn Val Zsn Arg Phe Asn Val Ala Ile

35 40 45
aca agg gca aaa att gge att ttg tgc ata atg tct gat aga gat ctt 193
Thr Arg Ala Lys Ile Gly IZe Leua Cys Ile Met Ser Asp Arg Asp Leu
55 60
tat gac aaa ctyg caa ttt aca agt cta gaa ata cca cgt cgc aat gtg 241
Tyz Asp Lys Leu Gln Phe Thr Ser Leu Glu Ile Pro Arg Arg Asn Val
65 70 75 80
get zca tta caa geca caa aat gta act gga ctt ttt aag gac tgt agt 289
Ala Thr Leu Gin Ala Glu Asr Val Thr Gly Leu Phe Lys Asp Cys Ser

85 90 ‘ 25

aag atc att act ¢gt ctt cat cct aca cag gca cct aca cac ctc age 337
Lys Ile Ile Thr Gly Leu His Pro Thr Gla Ala Pro Thr His Leu Ser

) 100 : 105 t1a
gtt gat ata aaa ttc aag act gaa gga tta tgt gtt gac ata cca ggc 38%
val Asp Ile Lys Phe Lys Thr Glu Gly Leu Cys Val Asp Ile Pro Gly

115 . 20 225
ata cca aag gac atg acc tac c¢gt aga ctc ate tet atyg atg ggt ttco
Tle Pro Lys Asp Met Thr Tyr Arg Arg Leu Ile Ser Met Met Gly FPhe

130 133 140
aaa aty aat tac caa gtc aat ggt tac cect aat atg tit atc acc cge 481
Lys Met Asn Tyr Gln Val Asn Gly Tyr Pro Asn Met Phe Ile Thr Arg
145 50 155 160
gaa gaa gct att cyt cac gtt cgt gog tgg att gge ttt gat gta gag 529
Glu Glu Bla IZle Arg His Val Arg Ala Trp Ile Gly Phe Asp Val Glu
165 17 175
ggc tgt cat gca act age gat gct gtg ggt act aac cta cct ctc cag 577
Gly Cys Fis Ala Thr Arg Asp Ala Val Gly Thr Asn Leu Pro Leu Gln
1808 185 190

o
[
[

joelite]
e

cta gga ttT tct aca dgt gtt aac “ta gta get gta ccg act ggt tat 625
TLeu Gly Phe Ser Thr Gly Val Asn Leu Val Ala Val Pro Thr Gly Tyr
295 200 205
gtt gac act gaa aat aac cta 646
Val Zsp Thr Glu Asn Asn Leu
Z21C 215

FIG. 1
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FIG. 2
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FIG. 3



Patent Application Publication  Nov. 11,2010 Sheet4 of 110  US 2010/0285457 Al

FIG. 5A FIG. 5B
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t aza tgt agt aga atc ata cct geg cgt geg cge gta gag tgt ttt gat 49
Lys Cys Ser Arg Ile Ile Pro Ala Arg Ala Rrg Val G.u Cys Phe Asp
5 N

1 10 3
aaa ttc aaa gtg aat tca ace ¢ia gaa cag tat gtt ttc tge act gta 87
Lys Phe Lys Val Asn Ser Thr Leu Glua Gln Tyr Val Phe Cys Thr Val
20 Z5 ‘ 30
aat gea ttg cca gaz aca act get gac att gta gte ttt gat gaa atce 145
Asr Ala Leu Pro Glua Thr Thr Ala Asp Ile Val Val Phe Asp Glu Ile
35 £0 135

tct atg get 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

gca aaa cac tac gtc tat att gge gat cct get caa tta cca gee ccc 241
Ala Lys His Tyr Val Tyr Ile Gly Asp 2ro Ala Gln Leu Prc Ala P
8

65 70 75

cge ace ttg ctg act asa ggo aca cta gaa cca a tat ttt aa:t tea 2859
Brg Thr Leu Leu Thr Lys Gly Thr Leu Glu Pro Tyr Phe Asn Ser
85 90 95

[P RIS

—
o

gty tgce aga ctt atg aaa eca ate ggt cca gac atg ttc ctt gga act 337
Vel Cys Arg Leu Met Lys Thr Ile Gly Pro Asp Met Phe Leu Gly Tar
100 105 110

cge cgt tgt cct get gaa att gtt gac act gtg agt get tta gtt 385
Cys Arg Arg Cys Pro Aila Glu Tle Vel Asp Thr Val Ser Ala Leu Val

115 120 125
tat gac aat aag cte aaz gcz cac aag gag aag tca get cea tge tte 433
Tyr Asp Asn Lys Lesu Lys Ale His Lys CGlu Lys Ser Ala Gln Cys Phe

130 135 140
saa atg ttc tac aaz ggt gtt att aca cat gat gtt tca tect gea ate 481
Lys Met Phe Tyr Lys Gly Val Ile Thr His Asp Val Ser Ser Ala Ile
145 150 155 160

aCc aga cct cas ata gge gtt gta aga gaa ttt ctt aca cgc aat cct 529
sn Arg Pro Gln Ile Gly Vel Val Arg Glu Phe Leu Thr Arg Asr Pro
1€5 170 178

gcz tgg aga aaa gct gtt ttt atc tca cet tat aat teas cag aac got 577
Ala Trp Arg Lys Ala Val Phe Ile Ser Pro Tyr Asn Ser Gln Asn Ala
18C 185 180

gta gct tca aaa atc tia gga ttg cct acg cag act gtt gat tce tcea 625
Val Bla Ser Lys Ile Leu Gly Leu Prc Thr Gla Tar Val Asp Ser Ser
195 200 205

cay ggt tot gae tat gac tat gtc ata ttc aca caa act act gaz aca 673

G.n Gly Ser Glu Tyr Bsp Tyr Vel Ile Phe Thr Gln Thr Thr Glu Thr
220 21% 220

FIG. 8
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cca cac tct tgt ast gtc aac cgc Tte aat gtg got atc ace agg gca 721
Bla His Ser Cys Asn Val Asn Arg Phe Asn Val Ale Ile Thr Arg Ala
225 230 235 240

zaa att gge att ttg tgec ate atg tet get aga gat ctt tat gac aaa 769
Lys Ile Gly Ile Leu Cys Ile Met Ser Asp Arg Asp Leu Tyr Asp Lys
z45 250 255

ctyg caz ttt aca =gt cta gaa ata cca cgt cge aat gtg get aces tta #17
Leu Gln Phe Thr Ser Lesu Giu Ile Pro Arg Arg Asn Vel Ala Thr Leu

260 265 270
caa gca gaa zat 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 gce cct aca cac ctc age gtt gat ata 913

=

Thr Gly Leu His 2ro Thr Gla Ala Pro Thr His Leu Ser Val Asp Ile

290 295 300
aaa ttc aag act gas gga tta tgt gtt gac ata cca ggc ata cca aag 961
Lys Phe Lys Thr Glu Gly Leua Cys Val Asp Ile Pro Gly Ile Pro Lys
305 310 315 320
gac aty acc tac cgt aga ctc atc tet atg atg ggt tte aza atg aat 1009
Asp Met Thr Tyr Arc Arg Leu Ile Ser Met Met Gly Phe Lys Met Asn

323 330 335

tac caa gtc aat ggr tac cot aat stg ttt atc acce c¢gec gza gaa get 1057
Tyr Gln Val Asn Gly Tvr Pro Asrn Met Phe Ile Thr Arg Glu Glu Ala
340 345 350

att cgt cac ¢tt cgt gcg tgg ett gge ttt gat gta geg ggc tgt cat 1105
Ils Arg His Vel Arg Ala Trp Tle Cly Phe Asp Val Glu Gly Cys His

353 36C 365
gca act zga gat got gtg ggt act aac cta cct cte cag cta gga ttt 1153
Rla Thr Arg Bsp Ala Val Gly Thr Asn Leu Pro Leu Gln Leu Gly Fhe
370 37 380

tct aca ggt gtt aac tta gta cet g¢ta cecg act ggr tat gtt gac act 1201
Ser Thr Gly Val Asn Leu Val Ala Va. Pro Thr 1 Asp Thr
385 390 3395 400

gaa aat aac cta 1213
Glu Asn Asn Leu

FI1G. 8 Con’t
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c aga acc atg cct aac atg ctt agg ats altg gec tet ctt gtt ctt get 49
Arg Thr Met Pro Asn Met Leu Arg Ile Met Alz Ser Leu Val Leu Ala
z 5 10 15

cge aaz cat aac act tgc tgt aac tta tca cac cgt ttc tac agg tta g7

Arg Lys His Asr Thr Cys Cys Asn Leu Ser His Arg Phe Tyr Arg Leu
20 25 30

gct aac

gag tgt gcg caa gta tte agt gag atg cic atg tgt ggc ggc 145
Ala Asn G
2

lu Cys Ala Gln val Leu Ser Glu Met Val Met Cys Gly Gly
5 40 45

tca cte tat gtt aaa cca ggt gga aca tca tee ggt gat get aca act 193
Ser Leu Tyr Val Lys Pro Gly Gly Thr Ser Ser Gly Asp Ala Thr Thr

50 55 60
gct tat get aat agt gtc ttt aac att tgt caa get gtt aca gec aa 241
Ala Tyr Ala Asn Ser Val Phe Asn Iie Cys Gln Ala Val Thr Ala Asn
65 70 7 80

gta aat gca ctt ctt tca act gat ggt a
Val Asn Ala Leu Leu Ser Thr Asp Gly A
85 9

at aag ata g¢gcet gac aag te 289
sn Lys Ile Als Asp Lys Tyr
0 95

gtc cgc aat ctea caa cac agg cte t
Val Arg Asn Leu Gln His Arg Leu Ty
100 10

t gag tgt cte tat ags aat agg 337
v Glu Cys Leu Tyr Arg Asn Arg
5 1.0
gat gti 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 Zcc atg atg att ctt tcet gat gat gco gtt gtg tge tat aac 433
His Phe Ser Met Met Ile Leun Ser Asp Asp Ala Val Vval Cys Tyr Asn
130 132 ~40

agt aac tat gcg get caza ggt tha gta goet age ath aag aac Lt aag 481
Ser Bsn Tyr Ala Rla Gln Gly Leu Val Ala Ser Iles Lys Bsn Phe Lys
145 150 155 160

gca gtt ctt tat tat caa aat aat gtg ttc atg tet gag gea aaa tgt 529
Alz Val Leu Tyr Tyr Gln Asn Asn 1 Phe Met Ser Glu Rla Lys Cys
165 170 S 175

<
o

tgg act gag act gac ctt act zas gga cct cac gaa tit tge tea cag 577
Trp Thr Glu Thr Asp Leu Thr Lys Gly Pro His Glu ZPhe Cys Ser Gln
180 185 190

cat azca aty cte gtt aaa caz gga gat gat tac gtg tac ctg cct tac 625
His Thr Met Leu Val Lys Gin Gly Asp Asp Tyr Val Tyr Leu Pro Tyr
195 200 205

cca gat cca tca aga ate tta gge gca gge tgt Ttt gte cat gat att 673
Pro Asp Pro Ser ARrg Ile Leu Gly Ala Gly Cys “he Val Asp Asp Ile

210 215 220
gtc aaa cag etg gta cac tta tga ttg aaa ggt Tcc gtg tca ctg get 721
Vel Lys Gin Met Val His Leu

225 230

att gat gc 725

FIG. 9
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ctaacaacac
gcgacgagtc
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agatgtttga
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gecgeatgtat
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tcgttatgec
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gaattttge:t
tacccagate
gatggtacac
aaacatccta
ttacatgatg
aacaccecTcac
ttgcaggcty
tgtattagga
cacaaattag
gatgtgacac
attagtztte
ggcagtgaca
gattacatac
aaagccactyg
tctgacagag
aactatgtet
acctttgaaa

cttttgatat
gtcgetteca
ggcatactat
cageggttge
tatcacgteca
ttgatgagyg
atgattzattt
tatatgctaa
atgectatgey
JyaacTgyta
tggattcata
agtcccatat
attttacgga
accatcccaa
atgtgttatt
ttgtagatgg
tacataatca
atgctgctga
catgctttte
attttaataa
ctgtlgaact
actattatce
aagttgttga
tcgttaacaa
tttattatga
atgtcatcce
ctecgeaceqgt
aattattgaa
tttacggtgg
ttatgggttg
cctetettgt
ggttagctaa
atgttaaacc
ttaacatttg
agatagctoga
atagggatgt
crcatgatgat
gtttagtagc
tgtctgagge
cacagcatac
catcaagaat
ttatgattqa
atcaggagta
agcttactgg
ggtactggga
taggtgettyg
gaccattect
tgttgtetgt
aactgtatct
cattatgtgce
atgtcactga
ttgccaacac
aggseacatt
aattgeatcet
ttactggtta
aaggtgacta

FIG. 10 Con’t

ttacaacgas
gcagaaggat
gtctaacteac
tgtecatgac
gcgtctaact
tzattgtgat
czataagaag
cttaggtgag
tgatgcagge
cgattiegge
ttactcatzg
ggatgctgat
agagacactt
ttgtattaac
trctactgtg
tgttcetict
ggatgtaaac
Tccagetatg
agtagctgea
agactttzat
aaaacectte
ttatastctg
taaatacttt
tctggetaaa
ctcaatgagt
tactataact
agctgetgre
gtcaatzagcce
ctggrataat
ggattatcca
tettgetege
cgagtgtgeg
aggtgcaaca
tcaagctgrz
cazagtatgte
tcatcatgaa
tetttctgat
tagcattaag
aaaatgttgg
aatgctactt
attaggegea
aaggttegtyg
tgctgatg:c
ccacatgttg
acctgagttt
tgtactgtoo
atgtigcaag
taatcccotat
aggaggtacy
taatggtcag
cttcaatgey
ttgtactgag
taagctotes
ttcatgggag
cegtgtaact
tggtgatget
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aaaagtgctg
gaggaaggcea
caacatgaag
tttttcaagt
aaatacacaa
acattaaaag
gattggtaty
cgtgtacgee
attotaggeg
gatttcgtac
ctgatgocea
ctcgcaaaac
tgtctetteg
tgtttggatyg
tttccaccta
gttgtttcaa
ttacatagcet
catgcagctt
ctaacaaaca
gactttgcty

tetttgete
ccaacaatgt
jattgttacg
tcagctggtt
tatgaggatc
cezaatgaatc
tctatctgta
gccactagag
atgttaaaaa
aaatgtgaca
aaacataaca
caagtattaa
tcatceggatyg
acagccaatyg

gcaatctac
ttegtggatg
gatgccgtteg
aactttaagg
actgagactg
aaacaaggag
ggctgtotty
tcactggeta
tttcacttgt
gacatgtatt
Tatgaggeta
aattcacaga
LgctgeTatg
gtttgcaatg
agctattatt
gtttttggtt
atagcaacat
agactcaage
tatogtattyg
gttggaaaac
aaazatagta
gttgtgraca
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gaggtactac
taatgccact
tgtacccaac
tcggcatgea
ccatoggsct
cagctgttga
gaatcatacc
tagaacagte
tezttgatga
gtgcaasacs
tgactaaagg
taggtcooaga
tgagtgottt
tcaagatgtt
aaataggcgt
tctcacztta
ctgttgatte
cagcacacte
ttttgtgeat
taccacgteg
gractaagat
taaaattcaa
accgtagact
atatgtttat
tagagggctg
ttoctazagg

6l cagaattcac

cactcatgta
gtgatacact
agcttacatce
acaaacgtgce
tggettityga
gtaaccttea
gttctaatge
attogtctgz
aagtacaaca
acattggaae
acgatgctca
ctacacatca
gttacccage
taccaggetg
tcgataaaaqg
ctugtgagte
ctacgtgtac
accgacagta
acaaacaat:c
atgtggctte
ttzccatca:
agaataagac
aaccagtgec
taatetggga
tgactgaca:
atgcltagag:
cagaaggttc
gagtcaczat:
gcattattca

gacetacaag
tagtgcacct
actcaacatc
aaagtactct
tgetctetat
tgcectazgt
tgcocgtgeyg
tgttttetge
aatctectatg
ctacgtetat
cacactagaa
catgttcectt
agtttatgac
ctacaaageot
tgtaagagaa
taattcacag
atcacagggt
ttgtaatgte
aatgtctgat
caatgtggct
cattactggt
gactgaagga
catctetatg
caccegegaa
tecatgcaact
tgttaactta
cagagttaat
taaaggettyg
gasaggattyg
aatcaagTac
aacttgecott
ctatgtezat
gagtaaccat
tatcatgact
tgaatacccet
catggttgte
tccaaaggcet
ccatgtagt
gataaaztc

~
o
-~
<

tgatggtggt
tgcatttact
tcatggcaaa
tacacgazgc
ctTggatgea
tgatactta

taatgttott
taataatgcet
aacacttect
agagattaag
ctacaaaaqga
tgccaagaaa
ggaaggacag
agtcaaaggt
aattggagas
acagttgecet
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ttgaatgztg
actetagtoc
tcagatgagt
acactccaag
tacccatctg
gaaaaggcat
cgegragact
actgtasatyg
gctactaatt
attggegate
ccegaatatt
ggaacttgtc
aataagctaa
gttattacac
tttetteacac
aacgectgtag
tctgaatatg
aaccgcotrea
agagatctt

acattacaag
cttcatecta
ttatgtatty
atgggttcca
gaagctattc
agagatgctg
gtagctgrac
gcaaaacctc
ccetggasty
tcagacagag
ttogtcaaga
tectactteat
aacccattta
gaccaacatt
agatgtttag
attataggag
aagtctgcat
atcaagtgtg
gacaaagett
actgatggty
gtgtgtaggt
agtttgtatg
aatttaaaqgc
caagtagtgt
aatttaggtg
tataatatga
aacctgtgge
sataaaggac
gtttacacae
gttaatgttg
atactcaata
gaagecocag
cctactgaga
gtagaccttt
ctaacacctt
tcagtaaaaa
gaaacctact

gtgattactt
cacaggagcea
tttctagcaa
gaccaccigyg
ctegeatagt
taazatattt
gttttgateaa
cattgccaga
atgacttcag
ctgcetcaatt
ttaattcagt
geegttgtee
aagcacacaa
atgetgtttce
gcaatcetge
cttcaaaaat
actatgtecat
atgtggcts

atgzcaaact
cagaaaatgt
cacaggcace
acataccagg
aaatgaattea
gtcacgticg
tgggtactza
cgactggtta
caccaggtga
tagtgegtat
tegtgttogt
ttggaccTga
cagatactta
tgattgazgt
gccaggtaca
cagtcecatga
atgaactgag
tgcttyctga
tgcetcagge
acaaaataga
trtgtttgtt
ttgacacaag
tgaataagea
aattgeettt
cggatattga
gtgetgtttyg
tgattteoge
azacattiac
actttgatgg
aggtagatgg
catttgagcet
atttgggtgt
cacatgtatc
gtgettgttce
ttagaaacgc
caaagggacc
cacagtttaa
ttactcagag

FIG. 10 Con’t

tgtgttgaca
ctatctgaga
tgttcocaaat
tactggtaag
gtatacggcea
gececatageat
attcaaagtg
aacaactgct
tgttgteaat
accagecsce
gtgcagactt
tgctgaaatt
ggataagzca
atctgcaate
ttggagaaaa
cttaggatty
attcacacaa
cacaagggca
gcaatttaca
aactggactt
tacacaccte
cataccaasag
ccaagtcasat
tgcgtggatt
cctacctote
tgttgacact
ccagtttaza
taagatagta
cetttgggeg
aagaacgtat
tgectygctgg
tcageagtygy
tggeaacgeca
gtgettgtt
ggtteattct
taagttzceca
tgaactagaa
cgaactctte
tt¢gaattgt
agtcttgtea
tgcattceac
cttttactat
ttatgttcca
cagacaccat
tggatttage
caggttacay
acacgccgge
tattgacgtyg
ttgggocTaag
tgatatoget
taczataggt
tteactract
ccgtzatggt
agcacaagcet
ctactttaag
cagagactia

tcteacactyg
attactggct
tatcaaaagyg
agtcattttg
tgeteteaty
aaatgtagta
aattcaacac
gacattgtag
gctagactic
cgcacattyge
atgazaacas
gttgacactyg
gctcaatget
aacagacctc
getgotitta
cctacgeaga
actactgeaas
aasattggca
agtctageaaa
tttaaggact
agcgttgata
gacatgacct
ggttacccta
ggctttgatg
cagctaggat
Jacaataaca
catcttatac
caaatgetcea
catggotttg
tgtctgtatg
aatcattctyg
ggctttacgg
catgtggeta
zagcgogtt
cttgeagaa
ticttcatyg
tggaagtzct
tattcttatg
aacgttgatc
aacttgaact
actccagert
tctgatagte
ctcaaatctg
gcaaatgagt
ctatggaztit
agtttagaaa
Jaagcaccty
gagatctitg
cgraacatta
gctaatactyg
gtctgcacaa
gtcttgtitg
gttttaataa
accgtcaatyg
aaagtagacyg
gaggatttta
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20151 agcccagatne acaaatggasa actgacttte togagoetoge tatggatgas ttcatacage
20221 gatataagct cgagggctat gocttogaac acategttta tggagattic agtcatggac
20281 aacttcgegg tcettcattta atgatagget tagceccaageg ctcacaagat tcaccactta
22341 aattacagga ttTttatccct atggacagca cagtgaaaaa ttacttcata acagatgcge
20401 amacacgttc atcaazatght gtotgttctg tgattgatct tttacttgat cactttgteg
20461 agatastaaa gteacaagat ttoteagtga tttcaaaagt ggtcaaggtt acaattgact
20521 atgctcsaat ttcacttcatg ctttggtgta aggatggace tgttgaaace ttetacccaa
23581 aactacaagce aagtcaagey tggcaaccay ghtgttgegat goctaacttg taceaagatgce
20641 aaagastgct tcttgasaaayg tgtgacctte agaattatgy tgaaaatget c¢ttataccaa
20701 aaggastaat gatgaatgtc gcaaagtata ctcaactygtyg tcaatactta satacactta
20761 ctttageigt accotacaac atgagagtta tTcacttigg tgctggotct gataaaggag
20821 trgecaccagyg tacagcotgto ctcagacaat ggttgccaac tggeacacta ctogtcgatt
20881 cagazcttaa tgacttegte tcocgacgezg attctacttt aattggagac tgtgcaacay
20941 tacatacggc taataastgo gaccttatta ttagcgatat gtatgaccoct aggaccaaac
21001 atgtcacaaa agagaatgac tctasagaag ggtttttcac ttatetgtgt ggatttataa
21061 agcasaaact agoectqgot cgttctatag ctgtasagat aacagageat tettggaatg
21121 ctgaccttra caagcttatg cgecattict catggtggac agettttgtt acaaatctaa
21181 atgcatcatc atoggaagea —ttttaatte gggotaacta tcettggcaag ccgaaggaac
21241 asattgatgg ctataccatyg catgetaact acattttetg gaggzacaca aatcctatec
21301 agttgtcttc ctattcactc tttgacatge gcozaatttcoce tcttasattes agaggaactg
213€1 ctgtaatgte tettsaggag zatcsaatce atgatatgat ttattcictt ctggaaaaag
21421 gtaggettat cattagagaa aacaazagag ttgtggtttc aagtgatatt cttgtraacs
2.487 actasacgaa catgtttatt tteztattat ttettactot cactagtggt agtgaccttg
21541 accggtgoac cacttttgat gatgttcaag cltectastia cactcaacat ecttcatcta
21€01 tgaggggggt ttactatcct gatgaaattt ttagatcaga cactcotttat ttaactcagg

0

21€61 atttatttet tcoccattttat tctastgtta cagggtttce -actattaat catacctttg
z1721 gcasccctgt catacctttt aaggatggta tttattttgce zgccacagag aaatcaaatg
21781 ttgtcocegtygg ttoggtiztt ggttcotacca tgaacszacas gtcacagtcg gtgattatta
21841 ttaacaattc tactaatgtt gttatacgag catgtaactt tgazttgtgt gacaacce:t
21901 tctttgctg: Ttctaaacce atgggtacac agacacatac tatgatattc gataatgcat
21961 ttaattgcac tttcgagtac atatctgoatyg cetiticget tgatgttica gaaaagtcag
22021 gtaatt-taa acacttacga gagtttigtgt ttaaaaataa agatgggttt ctctatgttt
22081 ataagggcta tcaaccoata gatagtagtitc gtgatctacce ttetggtttt zacactttgz
22141 =macciatttt tasgttgcct cttggratta acattacaaa ttttagagce attcitacag
22201 ccttttcace tgctcasgac atttggggea cgtcagetge agectatttt gttggetatt
22261 taazgccaac tacatttatg ctcaagtatg atgaaaatgy tacaatcaca gatgctgttg
22321 attgrtctca aaatccectt gctgaactca astgcicigt taagagcottt gagattgaca
22381 aaggaattta ccagacctet aatttcaggg ttgttccectce aggacatgtt gtgagattec
22441 ctastattac aaacttgtyt cettitggag aggttttitas tgetactaaa tToectictg

22501 tctatgcatg ggagegsaas aeaatticta attgtgttge tgattactoo gtgoictacs
22561 actcaacatt totitceacc tttaagtgcet atggcgtitc tgccactaag ttgaatgatc
22621 tttgettcte caatgtctat geagattcett ttgtagtcaa gggagatgat graagacaaa
22681 tagcgeocoacyg acaaactgot gttattgcoctg atrtataatta tazat:igeca gatgatttica
22741 tgggttgbct ccttgettge aatactagga acattgatge tacttcaact ggtaattata
22801 attataaata taggtatctt agacatogea agettacgec ctttgagaga gacatatcta
22861 atgtoeccocttt ctoccoctgat ggcaaacctt goaccecace tgetettaat tgtrattgge
22921 cattaasatga ttatggtttt tacaccacta ctggcattgy ctaccaacct tacagagttg
22981 tagtactttc ttttgaactt ttaaatgcac cggccaccgt ttgtggacce azattatccea
23041 ctgaccttet taagaaccag tgtgteoastt titaattttaa tggactcact ggtactggtg
23101 tgttaactcco ttecttcasag agatttcaac catttczaca attoggecgt gatgtttetg
Z3161 atttcactga ttcecgttcga gatcctaaea catctgesat attagacatt tcaccttget
23221 cttttggggy tgtaagtgts attacacctg gaaceastge ttecatctgea gttgectgttce
23281 tatatczaga tgttaactgc actgatgttt ctacagcaat tcatgcagat caactcacac
23341 cagcttggog catatattct actggasaaca atgtattcca gactcaagea ggctgtetta
23401 taggagctga gcatgtcogac acttettatg agtgeogacat tectattoga gotggeattt
2346l gtgetagtta ccstacagtt tctttattac gtagtactag ccaszaaatet attgtggett

FIG. 10 Con’t
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26201

26161

26221
26281
26341
26401
26461
26521
26582
2664C
26701
26761
2682L

atacratgte
ctactaactt
cocgtagattg
aatatggtag
atcgeaaceac
aatatzttgg
gatetzitat
agcaa-atygg
tcaatggact
ctgctetagt
asataccttt
ttctctatga
aagaatcact
atgctcaagce
gtgtgctaaa
ggttaattac
ctgetgaaat
gacaatcaaa
cageceagea
tcaccacageo
ttgtgtttaa
ttactacaga
acacagttta
acttcasaas
ctgtcgtcaa
zatcacteat
atgtttggct
gtrgcatgac
agtttcatga
cgaacttatg
azaaattgac
agcctcactc
cgeTaccaaa

ttcatttge
tgﬁadataag

gcagacaacg
gtaataggtt
aacaggtttt
gettgtTttyg
geaatggett
tttgcztegta
cetetecgyy
gtgatcattc

tttaggtget
ttcaattage
taatatgtac
cttttgcaca
acgtgaagty
tggttttaac
tgaggactte ¢
cgaatgcecta
tacagtgttg
tag—ggtact
tgeTatygcesa

gaaccaaaaa
tacaacaaca
attaaacaca
tgatatceott
aggcagactt
cagggettet
zagagttgac
tggtgtigte
gccagcaatT
tggecactice
caatacaztt
tgatcctetg
tcatacatca
cattcazaaa
Tgaccttcaa
cggetteatt
tagttgttge
ggatgactaet
gatttgttoa
aatgettcte
ccttteggat
ataattgcge
aatttactge
gaggcgcaat
agaattatte
gatgccaact

> aglgtcacag

gaagacTace
gztgtacatg
gacactggta
aatgtgceas
attfatgstg
gaacttatgt
cTttttcttg
tzgtgtgegt
tactcgegty

aactaactat
gzactattac
teotatteocet
tgtacataat
tgsttgetgt
gtattgtage
ccegetceaat
ggacaattgt
gtggtcactt

atagttcas

tactacaqg

ctgcygayg

actaaatc

tcogctcaag

ol thacaaa
t

cccac:gctg
& atggcatata
czaatcgcta
tcaactgeat
cttgttaaac
Tegegactte
casagccotte
gctasatettg
ttttgtggaz
tteotacaty
tgtcatgaag
tggtttatia
gtctcaggaa
caacctgage
ccagatygtltyg
gaaattgacc
gaattgggaa
gotgcactaa
agttacctes
gagccagtte
tgagattttt
ctgcaagtac
ggett
tcezataaaag
tgctatitgt
ttttgtacet
tgagatgttyg
actTtgttty
atacaattgt
zaattgetygg
gctatticac
ttgaaaatge
tacacacaat
agecgacgac
actcattcgt
ctttegtggt
actgctgoraa
ttaaagatet
tattattatt
cgttgaggag
agcetggatt
aaagcttagtt
tgtctacaga
cttgatygtyag
giggtcattce
gacTCacacsyg
gcgastggec

Ttat

ttgettaczce
aagtaatgcce
attctactga
ctgecacicte
tcaaacaaat
tattacctga
aggtgacact
atgctagaga

¢ tcactgatga

gatggacatt
ggttceaazygg
accaatttaa
tgggcaaget
aacttagets
atazagtcga
agacctatgt
ctgctactas
agggctacce
tcacgtatgt
gcaaagcata
cacagaggaa
attgtgatgs
ttgacteatt
atctiggega
goezcaatga
aatatgagea
ttgecategt
agggtgcaty
tcaagggtgt
tactcttgga
—gttcatget
gegttgea
atggcagcta
caccatctat
ctatgectty
gctttgttgy
ctyggracaca
cgttactgaa
Ttattcrtgag
cgaagtttac
Tacattctte
cgacggetet
gactactage
“tcggaagaa
attcttgcta
tattgttaac
gaactottet
ctgtttogaa
cttaaacaac
atgttactac
tteetetgoe
attaattggg
cttagetact
aacccagaaa
ctcatggaasa
ggacactcce

FI1G. 10 Con’t

taataacace
tgtttetatyg
atgtgctaat
aggtattgct
gtacaaaacc
ccctetaaag
cgetgatget
tcteattigt
tatgattgct
togtgetgge
cattggagtt
caaggogatt
gcaagacgtT
taattttggt
ggcggaggta
aacacaacas
aatgtcTgag
ccttatgteo
gccateecay
cttcecteogt
cttettitet
cgttattege
caaagaagag

catttcagge

gg-cgctaaa
atatattaaa
catggttaca
ctettgtgot
casattacat
tcaattactg
acegcaacga
Tttettgctg
gccetiteta
tcacatcttt
atatatttte
aagtgcaset
cataactatg
ggtgacggea
gataggcact
Taccagcttag
atctttaaca
tcaggagtig
gtgcectttgt
aceggtacgt
gtcacactag
gtgagtttag
gasggagtte
ctttaacatt
toetggaaca
aatttoccta
tcttgtggee
tgactggegy
tegttgettce
caaacattcet
gtgaacttgt
tagggegetg
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atzgctatac
gctaaaacet
ttcocttctee
gctgaacagg
ccaactttga
cczactaaga
ggcttcatga
gegeagaagt
gcctacactg
gotgetotte
acccaasaty
agtcaaattc
gttaaccaga
gcaatttcasz
caaattgacsa
ctaatcaggy
tgtgttctig
ttcccacasg
gagaggaact
gaaggtgttt
ccacaaataa
atcattaaca
ctggacaagt
attaacgett
aatttaaztyg
tggcettggt
atcttgettt
tcttgctgea
tacacataaa
cacagccags
taccgctaca
ttttrcagag
agggcetteca
tgettgtege
tacaatgeat
ccaagaacece
actactgtat
tttcaacacce
caggtgttaa
agtctacaca
agcttottaa
ctaatcecage
aagcacaaga
taatagttaa
ccatccttac
taaaaccaac
ctgatctte:
gocttateatg
atggaaccta
ttctaatcag
agtaacactt
Jattccgatt
cttoaggetg
tcotecaatagtg
cattggtact
tgacatteag
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gacctgccaa
gcgtegeage
aactataaa:
taagtgacaa
tatcattatg
agTgagacasa
acctatggag
ttgtactttac
tactaaaags
ctgacaatasa
gtactcgaca
aagaggaggt
ttttaatact
cttctatttg
ttggttttea
gaaacttctc
gcgetgtgea
gtaatactta
ggcacactat
gtggtococt
gagacgtact
tcaaaccasgc
aaccagaatg
aataatactyg

ccrgetcegaa
ttgaaccagce
actaaygaaat
cagtacaacg
ggggaccaag
tttgctceaa
tcgggaacat
zaagacaacg
gagcctagaa
zagaagcagc
cttcaaaatt
accacacaag
tactettgtyg
atctcacata
cattttcate
ctgectatat
attttaatag

tacctatcag
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12601 - GOTGTTARACTACAGARTEA™GAACTGAGTCCACTAGCACTACGACAGATSTCCTGTECG ~ 12666
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13441 - CAGGCACTAGIACTGATSTCETITACAGSGCTTTTGATATTTACAACGARAAAAGTGCTG ~ 13500
-0 A L VL M S £ T G L L I FTT X KV L
- R E # Y ¥ C R L QG F * ¥ L Q R K K C W
- G T § T 2DV V¥V Y R A F DI Y N E K S A G
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14281 - ATAGGTGTATCCTTCATTGTGCARACTTTAATGTGTTATTTTCTACTGTGTTTCCACCTE ~ 14340
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15121 = GAGCTACTGIGGTAATTGGAACAAGCAAGTTTTACSCGTCGCTGECATAATATGTTARRAA ~ 15280
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- ¥V L. R L P A * T F L #H D DS F * * C R C
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16807 - GAGCTACTACGACATACAAGTTGAATGTTGGTGATTACTTTGTGTTGACATCTCACACTG ~ 16860
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-w T T I G V D W N AL A 3 E & K ¥ L L
- ¢ P L L ¥V L I G TP W©®RGNILSS 8 L
- b H Y WwC* L £ERPGLECGGI ¥V PPC
1441 - GCOATGOTCAGTCAGAGCTGTGAACCARGACGCAGTAT TATTGGETARACCTTGGGETCE ~ 1500
2 M L § E 8 CE P RRS T I G * T L & 8
- P C * VR AV NQDAVILLGZ K?P?WGR
- ¥ A E * E L * T KT QY Y WV DNILGEGVEC
1501 - GCGCTGTTTIGGCCTTGCCCCATTGCGTCCTCCATTCTGGTTATTGTCAGTTGAATLTGT - 1560
- L FWePCUPI=asgsI LV IV s *x IC
- R C F & L A P L R P P F WILL SV E SV
- A VvV L AL P HCV L HESGY COQILNTILW
1361 - GEGTCCACCARATGTAATGCGGGGGGCACTACCTTGGTTTGATTGGEETCCATTATCAGR ~ 1620
-5 ¢ T K 2N AGETTLV * L G E I IR
- g P P NV M R G AL RWUFDWSCGEPL 30D
- vV H ¢ M * C & G B YV G L I ¢V HY QT
CATTTTEATTTGTTCGT TTATT TARRACAACAPGTACGTCTCTARATGCAGCAGTTTGET ~ 1680
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1681 - GACCTTCATGAAGGTACCAACACCTAGCTATAAGCGCACCACCAGCTGGATCTTGACAST ~ 1740
-0 L B E G TNT * L * A HHQLDIL DS
- 7 F M KV PT®PSYKZ ERTTTS§WIIL TV
- p & * R Y QO H L A I S AU PZPSAG S * ¢ L
1741 - TGATAGTAACATTAGGTGTGCATGTTTGAACCATAGTGTGCCATCTATGARAAGGTARRA ~ 1800
- % % * § %= Vv ¢ M F E P * C A I Y E K V K
- D § W I RCACTILINEXUHZ SV P & MEKZER* N
- T V T L GV H UV * T IV CZ HL * K GIEKT
1801 - COTTTCCTAGAGCACABAGCCAAGCAGTGCTATAAGTATTACCCCTAGTGTTGTACCTTA - 1860
- F L E B K 2 K ¢ C Y K Y Y P * C C T L
- L, g * § T K P & § 2'I § 1 T P S V V P VY
- T P R A QS QAV L * ¥V L P LV L Y LT
-861 - CAAGGATCTTCAAGCACATGAGGTTTATTAGATGCACAGCGCTGTACTACAGTGCATATS - 1920
-0 6 & 8 5 T * G L L D &BQQERCTTV H NM
- K DL ¢ A HEV Y *MHS AUV LCCCIC
- R - P K ®E MR PF I R CTAILZY Y S A YA
1921 - CRACTGCATAGAGAARTACAAGTCAARACAATGAGARGTTTCATGTTCGTTTAGACTTTG - 1980
~-g L ERE I ¢V KT MU RS F MU TV v T I
- ¥ 2 I E K Y K 8 X o =~ E V & C & F R L W
- o A ¥ R N T S Q K N E K F BV L
1981 - GTACAAGGTICTTCTAGATCCTGGATTTCGAGTGAARRACCARARTATAATAAG
-V ¢ 6 85 §$ R 8§ W I & 8 % N QN I I 8 I
- ¥ ¥ ¥ L L D PG F RV KTEKTI®* * A L L
R F F # I L DFE * K P K Y N KH Y *
2041 - AABACAAGGAATAGCAGARAGGCTARAARRGCACARATAGAAGTCAATTARAGTGAGCTCA - 2100
-K T R N 8 R K & X ¥ H XK * K 8§ I K Vv § §
- ¥ 0 61 A ER LK ¢ TUX RS ¢ L K * A H
- ¥ K E * 0 K G * KA QI E VN * § E L I
2101 - TTCATTCTGTCTTTCTCTTALTSGTGAAGCARAGTATTARARRTACTAGEAGCATCARCAR — 2160
- % I L § F S * W * 8 KV L K I L T ¢ Q ¢
- 8§ F CL & L N GEWB BIEKUY * K Y * 5§ 5 NN
§ ¥V F L L M V K g S I K N TRAUE G T M
GRARAAGTGGCGAGTAGAGCTCTTGTTGAACCTCCTCTTGTCTGATGARBAGTTTTG — 2220
= K v A 8§ & A - V E P P L ¥V * * K ¥V L
- E K K W?RUVEILTULULUXIULIL L STDETI KT FW
- R K $ G E * 8 8§ ¢C * T 3 8§ C L M K 8§ F G
2221 - GTGARRCTGATCTTGCACGCAGCTGATAGGTATSTCCAGTACCGTCAGCACAAGCAARRG ~ 2280
-y X L I L H A 2 D R Y Y E Y R Q a x Q X
- +# X %* 8§ C T Q L I G M S & TV S K &
- & T DL AR R S * * V C R V P § A Q A K &
2287 - CARRGTCTGTGCTACTGCAAGTTACTGCARATTTATTGTCAGCAAGAGEGTGRAATGGTE ~ 2340
-0 5 vV C *~ C KLV QI Y CQOQZE & B MV
- KV C 2 S AR 8 *x C K F I V 8 KZRUV KW ~
- K CV L V QV S A NILTUL S &BIRG * N G E
2347 - AATTGCCCTISTATGTTCCTGATGEGCARGG T TCTTTTAGTAGTACAGTCGTACCTCTAR ~ 2400
- N C P R M F L M 66 KV L L VV Q8 Y L *
- T A L V C S * W AR RFTF * * Y § R T & ¥
- L P S YV PDGQG & F 5 S TV V P LT
2401 - CACACTCCTGATAGTCATATAGCTCGCAAGATGTARATACAATCAATGTCAGGAAGAGAR ~ 2460
-H T P D S DI ARIEKMT™* I Q8§ M S 3 R E
- 7 L L I VI * L A2 RCI KYNO QT<COQETEN
- 2 5 % ¥ * Y § § Q DV N T I N V R K R I
2461 - TAATTTTCATGTTCGTTTTATGGATAATCTARCTCCATAGSTTCTTCATCATCTAACTCC ~ 2520
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2521 = GRATAATTCTTCTTAGTTAGAGGCTTARATAATTGTCTCACTATTGAACTTATTATAACG - 2580
- * F ¥F L VR G L NNCIL T I E L I I T
-~ N ¥ s *» L &z 2 *x I I ¥V § L L N L L * R
- I I L §s * R L. X * L 5 4 Y * T Y ¥ N V

Z581 - TCAAGATTCCAAATAGCAATCCTGAAAGTCCTCATAATGATAATCAATATCTCTGCTATT - 2640
-5 R 9 - A I L KV L I M I I NI 8 A I
- g L s K *(¢ 8 * K & §5 *» x5 I 5 L L L
- K I P N & N P E S P HWNDUNOQUY L C ¥ C

2641 - GTAACCTGGRAGTCAACRAGATGAAACATCTGTTGTCACTTACTGTACTAGCARAGCART ~ 270C
-V T W K § T R = W I CCHILUL Y * 0 8 N
- * P G 8§ Qg Q D E T 8§ VV T Y CT S KAI
- XK L ¢V N KM XK HL L 38 L T VL A K Q Y

2701 - ATTGTCGTTGCTACCGGCGTGGTCTGTATTTAATTTATAGTTTCCAATACGGTAGCGETT ~ 27¢€0
-I vV AT 6 v v C I * F I Vv 8§ N TV AV
- L 8§ L P AW S V FNL * F P I R * R L
- ¢ R C Y R R G L Y L I ¥ s F QY G 8 G C

2761 - GTATGCAGCARRACCTGAATCAGTGCUCTACACGCTGCGACGCTICCTAATTIGTAATAAGA ~ 2820
-v ¢ 8 KT * 1 8 A Y T L R R § *» F vV I R
- ¥ A A K P L 8 V F T R oA P N L * ~ §
- M ¢ @ K L N ¢ C L H 2 A T L L I C N K K

2821 -~ BAGCGTTCGTGATGTAGCCACAGTGATCTCTTTTGGCAGGTCCTTAATGTCACAGCECCC ~ 2880
- K R & * C & H & D L F W Q V L NV T A P
- § vV &R bV AT ¥ I & F GRS L M3 C R P
- A F VvV M~ P Q * S5 L L A G P *¥ CH S A L
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2881 - TAGGGAGZTGTCCGGCCATTCGCAAGTGACCACGARTGATCACAGCACCAATGACARGTTC - 2540
-* G V 85 G H & @ Vv T T N DE S TN D K F
- R EC P A I R K * P RM I T AP MT 5 3
- G $ v Kk P TP A 5 D i E * 5 Q¢ H Q@ * 0 V H

2941 - ACTTTCCATGAGCGETCTGSTCACRATTGTCCCCCCEACAGGCACATTGAGRAGRATGTT ~ 3000
-T F K E X 8 G H N C P P ERUH I E KNV
- L. §$ M S GL VT IV ?PEKRGTULRIRMF

- r P Y AV W S ¢ L § P E
3001 - TGTTTCTGGGTTGAARTGACCACATTCGAGCGGSTACCAGCARACAGCCTGAAGGAAS
-C F W v £ ~ P H * A G T 5 K Q¢ P E G 8§
- VvV S ¢ L ¥NDH I BEZRVY R AINS L KE AT
- F L & M T T L 8§ 3 Y E QT & * R K
3061 - GAAGTAGCTAAGCCACATCAAGCCTACAATACAAGCCATTGCAATCGCAATCCCEC
- vV & K P H Q A Y N T § H CHN RN P A S
- K * 1. 5 8 1 K ? 171 ¢ A L A I & I P PV
s § * A 7T 8§ & L QY K ¥ L ¢ S Q0 8 R g 8§
3121 - CACCCRATTARTTCTGTAGACAACAGCARGCACARAACAAGUARGTGTTACTGGCCACAA - 3180
# P I N S V b N & K H K T 5 K Yy W P Q
- T g 1 I L = T T A T K ¢ A 3 VvV T G H X
- P N ¥ E cC R 0 Q Q A Q N K 0 ¥V L L A T
3181 - GAGCCAGRAGGARARCAAGCTTTATTATGTACRARARCCTGTTCCGATTAGRATAGGCARR ~ 3240
-E P EENK L Y Y VY ¢ K PV 2 I R I G
- 8§ 0 R KT S F I MY KNTT FIRILZE* & X
- AR G K QAL L CT X T CZS8 D * NR QI
3241 - TTGTRAGTRACATAATCCAGGCTAGGAATAGCAAACCTATTACTAGGTTCCATTGTTCCAGS - 3300
-L * * H N P G * E * E 7 ¥ Y = VvV P L F Q
- ¢ § N I I 90 A RDNIRIKX?ZZ I T ERFHC S8R
- v v T *35 R L 6 I GNILILULGZ®EE I V P G
3301 ~ GAGTTGITTAAGCTCCTCAACGGTAATAGTACCGTTGTCTGCCATGATAAGCAATGTTAR ~ 3360
-E L F K L L N G N &8 TV V C H DK G C *
- $ ¢ L s ¢ s T VI VP L S A MI &NV K
- vy v * A P ¢ R * * Y R CTL ?2 * * A MIL K
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3361 - AGTTCOABACAGAATAATAATAATAGTTAGTTCGTTTAGACCAGARGATCAGEARCTCCT ~ 3420
-$ S K O NN DN NS ¥ F V * T RERZS G TP
- Vv P NR I I I I VS S TFPURU&PET DTG TETLL
- § g T B % * % % L, V R LD ¢ X I R NS F
3421 - TCAGRAGAGTTCAGATTTTTAACACGCGAGTAGACGTABACCETTACTTTITACTARACTC ~ 3480
-3 EEF R F L TZRE®* T * T Y G F T K L
- Qg K & ¢ DF * A28 RREKTPTILV L LUES
- B RV QI FNXTRV DV NRTEKF Y * 7 H
3481 - BCOTTAACRATATTGCAGCAGTACGCACACARTCGARGCCCAGTAAGGATGGCTAGTETE ~ 3540
-7 1. T I L O Q Y 2 E N R 3LV RMATES V
- R * Y C S S TET I EBQ* G WL V *
- Vv ¥ KN I A AV RTOQ S X R S5 EKDG * C D
3547 - ACTAGCARGALTACCACGAAAGCAAGAARAAGAAGTACGCTATTARCTATTARCSTACCT ~ 3500
-T ¢ ¥ X T T KA RXRGSETILILTTIDNUVYTP
- 1, A R I P R XK CETZ KZEVZRY* L L T Y L
- ~ 0 B Y HE S K XK K K Y A TWNZY * RTC
3601 - GITTCTTIOGAAACGAATGASTACATAAGTTCCTACTCACTITCTTGTGOTTACARAGGC ~ 3660
v S s E T N E Y I &8 Y S§L S CBAY K G
- ¥ L P KR M ST * Vv R T HF L VY L T X A&
- ¥ FRKE* V¥V HXKF VL TOF®ILCLOQRE
3661 - ACICTAGTAGTCGTCGTCEGOTCATCATRRATTGEATCCATTGCTCGATTAGCAACTCCT ~ 3720
-7 L,V V V V ¢ &S * I 68 I &G L AT P
- m % * g§ & § A % K K L DPILILD* QL L
- L S &8 R ERILTITINWTIH®CWTI S N S *
3721 - GARGAGCCGTIGATTETGIGTATTIGCACATTCGSTGGGTCTTTARCAAGCTTGTTARAG ~ 378C
- E P S I YV CICTT FOGSGSTILTSIL L K
- ¥ 8§ FR R L CV F.AE S8 ¥V G L * g & 2 * R
- R AV D C ¥V Y L HI RWUV FDNTZXTILV K D
3781 - ATGAAGBATCTACCATT TCARTACCAGTETCTGTAGTAATTTGTGTAGACTCAAGITEG ~ 3840
M K N V A F S I P V¥V § VV I €CV DS S %
- * R ¥ » H F C Y ¢ 2T L * * F Y =~ T ¢ B C
- F E C S I FNT &V C3 N LCZRILK
3841 - TAGTRARCTTCGOTGRAATAGCCATGTACAACGACATAGTCTTTAACRCCTGAGTS
-% * T 5§ V K * P C T T T * § L T 2 &
- 8 K L R * N 3 HV 2 RUES UL * HL 8 A Y
- VYV N F G E I &2 MY N DIV FNT* ¥V P I
3601 - TCCTCAGRATAACCACCAATTTGGTAGTCTTCTTTGAGTTTTGSTCTTGARATGCCETCA ~ 3960
-s ¢ g * PP I W~ 3 8 L E&FGVTEWMTZDPS
- P QNN HCFGSSUL L * V L V L KCRH
- L R I ?TTNULV VUV F FETFW®WOGC* N AVT
3961 - CCTTCAGTEACGACAATTETATCTETGAZACTGTTATATGGTATACAGTACTCATAGTTIA
P S ¢V T T I VSV TIL LY G I D * 8§ % I
- 1L g * R QO L Y L * E C Y MV ¥Y S S HE & Y
- F $ ¥ DN CTIOCDTY¥Y I W YTV V I VM
4021 - TCTGTGTGCCAGCRAAACARASTAGTTCGCATCATRARGTAATGGCTTCTTGGATTTGCAS ~ 408C
-Cc v C Q¢ T XK * L AS * S NGTF L D L R
- v ¢ A S K O 5 5 WEUHEKTVMEGES W I CT
- CV F AN K VUV G I I X ¥ WV L CF AL
4C81 - TTCCARCARAGCCAACATCTCATAARTAATTCTACATGCGTIGATGCATTGTAGAARATAT ~ 4140
-F Q O 8 ¢ E I T I L HE A L M B C B XK Y
- § N K AN I § * * F Y MR * £ 1 V E N I
- P T K P T S ENJEKSTCTYVY DAL * K I Y
4141 - ATCAAGGCATAGAGGTACARAARTTGCGCCTCCTTACCTGCAGCGACARSCAARAGATAT
- KA * R ¥ KN CAS L P A AT S XK R C
- §$ % HEG™ X I A >2 P ¥ 1L QR QATEKTDV
- g 6 I & V ¢ KULZRULULTTOCS3DZ X K M +

F1G. 12 Con't

K

- 402¢

- 420¢C



Patent Application Publication  Nov. 11,2010 Sheet 60 of 110  US 2010/0285457 Al

4201 ~ GAATAGATGGTAACAAATAGCAGCAGTARATTGCARATSEAACTGGARGCCCTTATRARGE — 4260
-E * M V T N &£ 8 S K L Q M N W XK P L * R
- N R W * ¢ I A AV N CZX* T & & P Y K G
I DS N K * Q2 * I ANUEILZEH®SBTILTIZEKSG
4261 - GCTAGCTGCCATCTTTTATTGAGCGCAARTTATTTTGCTAGCGCTCTGAARARCAGUALGA ~ 4320
~-A § ¢C H L L LS AI I L VAL KTAR
-~ L A A I P Y * A QL I W * RE & E K QO D E
- = I, P § ¥ I ER N Y F ¢ 538 A& L KN S5 K K
4321 - ARTGCAACGCCAATAACARAGCCATCCGARAGGGAGTGAGGCTTGTAGCGGTATCGTTCCT ~ 438C
-N A T P I T S HF K G S E A CS G I V A
- M ¢ R Q * QA I R K GV R L VAV § L L
- C ¥ a N N K F?F S ERE * 6L * R Y RCC
4387 - STAGCATGAACAGTACTTGCAGGAGAAGCATTGETCAATTTTTACTGGCTGTGCAGTARTT — 4440
-V R * T VL A GERL S I FTGC ARV I
- * H B Q Y L @ B K ® C ¢ F L L A V @ * L
- § M N $ T C R R S I VX F Y WL C & N ¥
44471 -~ GATCCAAGAGTARAAAATCTCATAAACARATCCATAAGTTCGTTTATGTGTAATGTAATT - 4500
-D P R V K ¥ L I N K s I 8 8§ F M C NV I
- I ¢ E * K I § * T XN P *» V K L C V M * F
- 5 K 8§ K K 8 H K ¢ I H K F VY V * C N L
4501 - TGACACCCTTGAGAACTGGCTCAGAGTCATCCTCATCARRCTTGCAGCARCAACCACAAG ~ 4560
-+ H P * E L A Q S H P H Q T C & K N H K
- b T L B N WL RV I I I XKL AAIRTTR
- T z L R T G S EBE § &5 5 5 N L Q0 O E P Q
4561 - AGCATGCACCCTTGAGGCRACTGCRAACAACTAGTCATGCAACARRGCAAGATTGTAACCA ~ 4520
-5 M H P * G XN C X N > S C N KAURTL * P
. ¢ T L BE AT AT T S8 B A T K g D C N H
- H A P L R QL 2 QI VM Q2 ¢ & K I V T ¥
4621 - TGACCGATGGCAATTAGTCCAGCAATGAAGCCGAGCCARACATACCARGGCCATTTAATAT ~ 4£80
-* R W Q L Vv ¢ ¢ * 8§ R A K H T XK A I =~ Y
- D D & N * 8 S NEAE PN PR P F NI
- T M A I 58 P A M KUP S8 0 TY QG F L I Y
41681 - ATTGCTCATATTTTCCCBATTCTTGRAGETCARTGAGTGATTCATTTARATTTTTAGCGA - 4740
-1 A H I F 2?2 I L E GO * V I HIL N 7 * R
> L I » s @ °P L KV NgEg * F I * 1 F & D
- ¢ 3 vy F P NS ¥ RS M S D & F KF L AT
4741 - CCTCATTGAGGCGGTCEATTTCTTTTTGARTGTTGACGACAGARGCGTTARTGCUTGARA ~ 4800
-? H * G G Q F L F 8 C™* R QU KU R * C VLK
~ L I E AV NTT P L NV DDZERSSV N A © N

t=1

H
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b

- 8 L R R S I &§F * M L T TZEOAILMMZPTEM
4801 - TGTCGCCAAGATCARCATCTGGTGATGTATGATTTTTGAAGTACTTGTCCAGCTCTTCTT ~ LBEC
¢ R O D OQHL V M Y D F * 8§ T C P AL L
- ¥V A K I N I W * ¢ M I F E V L V QL F F
- S P R 8§ T 8§ G DV *» F L K Y L 8§ 8 58 5 L
L6861 - TCEAATGAGTCAAGCTCAGGTTGCAGAGGATCATAAACTGTGTTGTTARTCGATGCCARTAL ~ 45620
- M 3 O B Q V A E D H K L C C * * C g *
T + vV K L R L Q R I I N T VvV N D A NN
- W E &£ § 8 & C R G S = 7TV L L MM P I T
4921 - CGACATCACAATTTCCTIGAGACARATGTATTGTCTGTAGTARTTATTTCT GGAGRARAGA - 4980
-R H H N F L ROQNVY L * * L F V E K R )
- D I T I §$ * D K ¢ I V ¢C 8 K Y L W R K &
- T 8 Q F PET ¥ VL S V V I I CGZE KK
4981 - AGSTTCCTCTGTETAATAAACCAAGAAGTGCCATTAARACACAAMAACACCTTCACGAGGGA - 504C
-8 § § VvV * * T K XK CH * T Q K H L H 5 6
- VvV P L C N K P R S A I X HEKUNTT F T RE
- FP L C YV I N O3 VP LNTZXTU® 2 S R G K
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5041 - AGTATGCTTTGCCTTCATGACAAATTGCTGGCGCTGIGETGAAGTTCCTCTCCTGGGATE - 5100
-s& M 1 ¢ L H 2 FK L L A L W * 8 & 8 P G M
- vV ¢C F A F M TNCWZ RZCGEVYV P L L G W
- Yy A L P S * Q I A G A2V V K F L 5 W DG
5101 - GCACATACGTGACATGTAGGRAGACRACACCATGCGGGGUIGCTTETGGGARAGGACATAR ~ 5160
-A B T * B YV G R @ H H A G L L V G R T *
- H I R DM * E DN T MRG L WEG HEK
- T Yy v 7T C R K T T P? C G A A CG KD I R
5161 - GGTGGTAGCCCTTITCCACAARAGTCRAACTCTTTTTGATTGTCCAAGRACACACTCAGACA ~ 5220
-6 ¢ 8§ P F H K S OIL F L I V QgQEHT QT
- vy vV A L § T K ¥V N S F * L 5§ K N T L R H
- w * P F P Q K 5 T L F O C P R T H S DI
5221 - TUTTAGTRAGCAGCAAGATTAGCASAAGCCTUTGATTICAGCAGCCCTGATTAGTTETTCTG ~ 5280
- T * * o O D * Q K P * F Q Q P * L V V V
- ¥ 8§ & §$ K I 8 R S PF P F & 8 P D * L L C
- L V A & B - A E AL I & 2242 L I 5 C CV
5281 - TTACATAGCTCTGAAGGCTTTGRAAGTCTGCCTGTAATTARCCTGTCAATTTGTACCTCCG ~ 5340
-1 H R ¥ E G ¥ E V C L * L T C ¢ F V P P
- ¥ I 6L K AL K S A CDN ¥ P V X L Y L R
- T * VvV * R L * 8 L P V I NL S I C 7 S A
CCTCGACTTTATCAAGT CCCGAARRGGATATCATTTAGCACRCTTGRAATTECACCARART ~ 5400
-P R L Y VY A K G Y E L A HIL KL H Q N
- L. D F - K SBRIKDII * KT NI CTKI
- s T L. 3§ R ERI S F & T L E I A P K L
5401 - TACAGCTAAGTTGTTTAACRAGTGTGITTRATGCTTGAGCATTCTGGTTARCAACGTCTT — 5460
- * Qg vV C L M L E H S G * ¢ R L
- R A K L FNKCV* CL S I L VNNV L
L 7T s v F N A A F WL T T 5 C
GCAGTTGATGTTGTTCTAAGTGATTCTTGAATTTGACTAATCGCCT ~ 5520
P ¥4 ¢ L M L L * V I L EF D * S P
- L A ¢QgCSsS ¥ CCCIEK®™* F L NTILTWNRIL
- S L P NAV DV VV S D s * I * L I AR L
5521 - TGETTAAATTGGTTIGGCGATTTGTTTTITGGTTCTCATAGAGRACATTTITGGGTAACTCCAR ~ 5580
-¢c * I G W R F V ¥ 3 858 H R E H F 6 * L Q
- ¥V XK L v ¢ biL F L V L I ENTIUILGUHN & N
- L ¥ W i1 A I CFWUF 3~ RTF WV T F M
5581 - TOUCATTGAACCTATATGCCATTTGCATAGCARARGGTATTTGRAGAGCAGCGICAGCAC - 564C
-¢cC B * T Y M P F A * g KV F 2 E @ R Q H
- A I = 2 I C H L H S K BE Y L K & 58 A & T
- P L ¥ L Y A I C I A KOG I * R AAUP A P
5641 - CAAATGTCCATCCAGCAGTGGCAGTACTACTARCTAGAGCAGCAGTGTAGCCAGCAATCA ~ 570C
-0 M 5 I ¢ Q0 W O Y H* L E Q Q C R Q Q 8
- K ¢ P § S § G S TTI N * 35 8 5 V &G 5 K H
- N V H F AV AV P L T R A A V * A A I I
57¢G1 - TATCATCAGTGAGCAGAGGTGGCRACACTGTAAGTCCATTGAACTTCTGCGCACRRATGA - 576C
-Y H Q * A =T V A T L * V H * T S8 A H K *
- I I &8 E Q R W g H C KX & I E L L R T N E
- s 5 VvV 8§ R ¢ e N T V S8 P L N F C A QMR
57¢1 - GATCTCTRGCATTAATATCACCTAGGCATTCGCCATATTGCTTCATGAAGCCAGCATCAG ~ 5820
-2 L * H * Y K L G I R H I A § * 8§ Q H 0
- I s s 1 n1 7T * A F A I L L EEA S I 8
- S L & L - 8 P R H S P Y C F M K P A 8 A
CGAGTGTCACCTTATTAAAGAGCAAGTCCICAATAAAAGRACCTCTTAGTTGGCTTTAGAG ~ 58380
-k vV s P Y * EA S P O * KT & * L A L E
- B ¢ ®H L I K E ¢ VL NI KZR?PIL S WL * R
- s v ? L L K S8 K s 8§ I K b L - Vv 6 F R &
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5881 - GGTCAGGTAATATTTGTGAAAAATTARRACCACCARAATATTTCAARGTTGCGGTTTIGT - 5940
-G Q VvV I ¥ vV K N * N H Q N I 8 KL ¢ F C
- ¥V R * Y L * K I X T T K I F @ S8 W G F V
- $ ¢ N - ¢C E K L K P P K Y F KV GV I Y
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A Y 8 H T N Y H H E S v & 5 8§ L T R
- ¥ L I ®# I g T T 11 T A W * YV Q V * QD
- ¢ L F T Y KL P P & @Q P & K F X F D KT
10561 - CTCTTGTGTCABACCTACACACAATTGCATTGGCTESGTAACGATCAACGTTACARTTCC ~ 10520
-L L ¢ ¢ T Y T ¢ L HW L GNDGQRY NS
- & ¢V K P T HUNCI GWV T TIDNV T I P
- L Vv 8§ N L E T I A L A 3 * R S5 T L Q & 0§
10621 - AARACAAACRAACACCATCAGTGARTTTATCCTGATGTGTAGCATAAGARTAGARGAGTT
-K T N K E®H ¢ ~~ I Y RDV * HEKNRRYV
- K ¢ T ¥ T I S EPTF I Vv M C S I RIEE F
5 v N L § * T vV AR * E * K § S
TTGTCACTACATEGCTGASCATCGTASRACTTCCATTCTACTT - 10740
. #H Yy m A E E RRT & I L L
~- L ¥ F V 3§ F v T W L 8 I VEL P ¥ ¥ F
I L &2 L $ L H G * A S8 *» K F H S T 8
10741 - CBGCCTGAGGCACACACTTGATAGCCTTTGGATTTICCAATGTCATGARCRACTGCGARACT ~ 10200
-¢ P E A E T * =~ P L I F @ CHUEZETLET
- § L R H T L D L W I 8 N VM KDNWIE KL
- A * ¢ T H L I A F & F F M 8 * R T G N L
10801 - TATCAGCAAGCRATGCAGACTTCACAACCATGTGTTGTACTITTICTGCARGCAGRATTAA ~ 20860
-Y ¢ @ A M QT S Q P C V V L F C K QO N *
- I 8 K ¢g CU R UL HENHKV L Y F S A S R I N
s A8 XA DVFTTMOCSCCTFL Q A E 2 T
10861 - CCCTCAGTTCATCTCCTATAATAGGGTATTCAACAGACCAATCARCGCGCTTARCARAGC ~ 10320
P 3 v & L L * * g I Q QT N QR A * Q 5
- F ¢ F I 53 Y NUERUV F NI R?P?PINAZILWNKRA
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195271 - ACTCATSGACTCCTARACATCTAGTCATGATAGCATCACARCTAGCCACATGTCCATTTC - 10980
-7 ¥ 6 L L NI *~ 8 * ~ HHN > 2> EV HF
- I M DC * T § S HD 3 I TTSEWMNTC CTIS
- 8§ W T A K E L V ¥ I B S ¢ 1 ATTCATF P
10981 - CATGTACCTGECARTGTTGGTCATSGTIACTCTGAAGETTACCCGTARAGCCCCACTGCT ~ 11040
-4 vy » 6 N V & H EY S EGYE* S P T A
- M ¥ L A MLV MV TIL XV TZRIE KZBEZTPTLL
- ¢ " W Qo CWS WL L * R L PV KZPEC =
11041 - GRACATCAATCATARATCCGTTATAGACATAGTCAEARCCCACAGARTGATTCCAGCAGS ~ 11100
-E E Q & * MG Y R E S ¢CUN P QXNDS S R
- N I ¥ E X WUV I DIV K THZ RUYETITEA &G
- 7 s I I ¥XC L * T * S ¥ PTE*TF Q QA
11101 - CATZAAGTATCTGATGAAGTAGARAAGCAAGTTGCACGTTTETCACACAGACAACATGTTC ~ 11160
-3 K Y L M K * X 8 K L B Y ¢ HE T DN T F
- T s I * * § R XK A S CTFV TOQTTRS
- % vy § D EV E K OV AR TILSUHERG GQHVL
1116- - TTTCAGGTCCAATCTTGACARRGTACTTCATTGATGTARGCTCARAGCCATGCGCCCAAR — 11220
-F Qg VvV ¢ S5 * 0 85 T 3L M * B QS HBAETPEK
- F R SN LD KUVI1IES®*CCXKTLTEKTERZDMEREEK
- s ¢ P I L T KJYF I LV 8§ 8 K P CAC C R
11227 - GGACGRACACGACTCTGTCTGACAATCCTTTCAGTGTATCACTGAGCATTTGTACTATCT - 11280
¢ R TR ILCTILT I LSV Y H* ATV L 8
- D E H DSV * 0 S P QCITEHTIL Y Y L
- T KT T L S D NZEFETPF SY S L S ICTI L
118" - TAATACGOBCTACATTCCAGCGCARGCCTTTATACATGAGTGGTATAAGATGTTTARACT ~ 11340
- Yy 5 L H § R A S L Y T * Vv VvV * DV * 7T
- N T E Y I P E O A F I EEW Y KMTF KL
- I R T T F Q&K PL Y ¥ S G IR CULNHW
GGTCACCTGGTECASCTTTTGCATTARC TS TGETGAATTCTGTATTATTTTCACTGTCAA ~ 11400
-6 B L V EV L H * L W * I L CYFOQCQ
-y " W ZRTFCTIJNZSGETFOGCYITF SV H
- s P66 ¢ 3 F AL T LYV NSV LF SV ET
12401 - CATAACCAGTCGGTACAGCTACTARGTTAACACCTGTAGAEAATCCTAGCTGEAGAGGTA ~ 11460
-B N QO SV ¢L L S *HI * K ILAGSGTE/V
- I r 8 R Y £ Y * Y N TCRIEKS* L E R *
> v ¢ T A T KL TZP PV ENZ PSS WR G R
ACAGCATCTCTAGTTGCATGACAGCCCTCTACATCARAGCCARTCCACE ~ 11520
4 L * L H D S P L H O S g 8 T
- vy 5 7T 3 § I & 5 CHMMTATLTYTIZ XS aANTZ R
- L v P TR S L VA * QF § 7T 3 X P I H &
11521 - CACGAACGTGACGRATAGCTTCTTCGCCSGTGATAAACATATTAGGGTAACCATTGACTT ~ 11580
- fF E R DI * L L R G * * T Y ¥ G N H * L
T N V T N 8 F F A G D K E Z R Y T I D L
- B T = R I A 58 &8 RV I ¥ I L G * p L T W
11581 - GGTAATTCATTTTGARECCCATCATAGAGATGAGTCTACGGTAGGTCATCTCCTTTGGTA - 11640
-¢ W §8 F * ¥ P 8 * R * ¥ Y G R & C P L V
- v I 8§ FETHHRDETSTV GHEVYV L WY
* T - K P I I E M S L R >~V M S F G M
GCoTGGTATGTCARCACATARTCCTTCASTCTTGARAT T AT ATCARCGCTGAGETGTG ~ 11700
SV C o H I I L QS * I L Y 2R * ¢ V
- 3 WY V N T * 8§ F S L ETFJTYIONATEVC
- P 3 M &§ T EN > 8§ VYV L HNFTISTLRCUVY
11701 - TAGGTSCCTGTETAGGATCARGACTAGTAATGATCTTACTACAGTCCTTARRRRGTCCAG — 11760
- %« Yy P VY * D EDQ * =~ S Y Y § B * KV ©Q
- R ¢ L C R N X T $§ N DL T TV L KX § 8
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11761 - TTACATTTTCTGCTTETAATCTAGCCACATTGCGACCTGGTATTTCTAGACTTGTAAARTT ~ 1182¢
-1, H FP L L Vv M * P H C D V V F L D L * 1
- Yy 1 FCL * ¢C S H I A TW Y F * T CZKL
- T F S A C K VA TILURURGTI S ERILVNZC
11821 - GOAGTTTSTCATARAGATCTCTATCAGACATTATGCACABAATGCCAATTTTTGCCCTTG ~ 11880
AV C H KDL Y TUL CTEKOCOQTFULUPTIL
- g F V I K I §TIRUYY AQDNATENKTFTCZ?PC
- § L § * R &S L &8 b .I M H K MUPTIFATLUV
11881 -~ TCATAGCCACATTGAAGCGGTTGACATTACAAGAGTGTGCTIGTTTCAGTAGTTTGTGTGA ~ 11940
- % % 2 ¥ * § G * H Y. K S ¥V L F D * F V *
- D & H* E AV DITURVYVYCCTE S S L C &
- I A T L K R L T LGQ ECAV 3V V C VN
11941 - ATATGACATAGTCATATTCAGRACCCTGTGATGAATCAACAGTCTGCGTAGCCAATCCTA ~ 12000
- T * H S H - O X P VM N g 8§ A * & I L
- Yy p I v 1 FRT L * * I NS L RZXJQGS *
- ¥ T * & Y 3 E P CDE S TV C V G N PK
12007 - ASATTTTTGAAGCTACAGCGTTCTGTGAATTATARGGTGAGRTARARACAGCTITICTCC - 12060
~-R F L X L 0 R S VN Y XV R * K QUL F 8
- D F * 8§ ¥ 8 v L * I T R * D KXKUN S F S P
F E A T AR F CZEZL * G = I K T™L&TFTUL Q
12061 - AAGCAGGATTGCGTSTARGARATTCTCTTACAACGCCTATTTGAGGTCTETTGATTSCAG - 12120
-K Qg DCV * EI L L ¢RULFEUVC* L Q
- ¢ R I A C K XK F 8 Y N A Y L R S V D CR
- A & L R ¥V R N S L T T P I * 6 L L I A D
12127 - ATGAAACATCATGTGTAATARCACCTTTGTAGRACATTTTGARGCATTGAGCTGACTTAT ~ 12180
~-M K H B VvV * ~ H L C R T F * 38 I E L T V¢
- » § I M C N ¥ T FV EUBH®FE®ZAZTLS * L Z
- f T S C V I T P L * N I L K H *x B D L §
12781 - CCTTGTGTGCTTTTAGCTTATTGTCATARACTABAGCACTCACASTGTCARCAATTTCAG ~ 12240
-F ¢C V L L A Y C HEEK UL KUH S ¢ CQ ¢ r 0
- L vV ¢ F * L I ¥V I N * 8§ T H SV NINKTF S
- L ¢ 2 ¥ S L L & * T K AL TV S T I 5 A
12247 - CAGGACRACGGCGACAAGTTCCAAGGARCATGTCTGGACCTATTCTTTTCATAACTCTGE - 12300
-9 DK 6 DEKF¢QET®TCULDTUILTLT F S * VvV C
- R T " A T 8§ 5 K E HV W T Y CTF H K S 2
6 D R 2 0 V P RN M S G P - V F I 3 L H
12301 - ACACTGAATTARAATATTCTSGT CTAGTGTGCCTTTAGTCAGCARTGTGCGGGGGGCTG — 12360
T L N * N I L V L V C L * 8§ A M C G G L
- 4 * I K I F W F * CAVF S Q¢gC&2&2CG G W
- T E L K Y S G 8§ 8§V P L V 3 NV R G A G
12361 - GTAATTGAGCAGGATCGCCAATATAGACGTAGIGTTTTGCACGAAGTCTAGCATTGACAR ~ 12420
-y I E O D R Q Y R R S V L HE V * H * 0
- + L, § R I AN I DVVFCTZXS3 S I DHN
- N * B G 8§ P I * - * C F A R S L A L T T
12421 - CACTCARGTCATARTTAGTAGCCATAGAGATTTCATCRAAGACTACAATGTCAGCAGTTG ~ 12480
= 8§ § H X * * p * R ¥ H O R L 0 C @ ¢ I
- 7T 5 Vv I I § 5 H RDF I K D Y NV S 8 C
L K § * L v R I E I & 8§ K T T M S AV V
12481 ~ TTTCTCACAATGCATTTACAGTGCAGAARACATACTSTTCTAGTGTTGAAT TCACTTTSA ~ 12540
-% L A M H L 0 ¢C R KA TV L V - N 8 L *
- F ¥ Q C I Y 8 AEDNIULUF *= Cc* I B T E
- § ¢ N 2 F T V 0 KT ¥ C S 8 Vv 8 F T L N
12541 - ATTTATCARAACACTCTACGCGCGCACGLGCAGGTATGATTCTACTACATTTATCTATGS ~ 12600
-1 Yy 9 N T L R A H A Q V * F Y Y I Y L W
- ¥ I X T L Y 2 R TZRZRY D S TTTTF I Y G
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295607 - GCARRTATTTTAATGCCTTTTCACATAGGGCATCAACAGCTGCATGAGAGCATGCCGTAT ~ 12660
-4 N I L M P F H I G H QR L HE S ¥ P Y
- 9 I ¥ * C L F T *¥ G I K S CMEREACRI
- K ¥ P N A2 F S BH R A& S T A A ¥ E H A VY
12661 ~ ACACTATGCGAGCAGATGEGTRATAGAGRGCAAGTCCGATGGCARARTGACTCTTACCAG ~ 12720
-7 L C B Q M G N R E QV R W QO NDSYQ
- H ¥Y A 8§ R W VI E S X S D G KMTL T 8
- ™ M R A D G * * R A 5 P M A K * L L P V
12721 - TACCAGGTGETCCTTGGAGTGTAGAGTACTTTTGCATGCCGACCTTTTGATAATTIGCAR - 12780
-y ¢ VvV vV L, 6V * S5 " F A CUR P * DNILQ
- T R W S L E CUPR VI L EATDILUL - I CN
- P G 6 P W SV EYPFCM©PTF ¥ * F AT
127871 - CATTGCTAGAABACTCATCTGAGATETTCAGTGTTGEGTACARGCCAGTRATTCTCACAT ~ 12840
- ¢ *» KT H L R C * V L ¢ 7 § ¢ * F 5 H
- 1 A R K L I *» D V E C W V @ A 5 N &8 H I
- . L EN S S E ML SV GY XFV I L T *
12841 = AGTGCICTTIGTGGCACTAGAGTAGGETGCACTARGTGGCATTACACIGTGAGATCTCAACA - 12900
-3 A L VAL E = ¥V H * ¥V AL D CEM ST
- VvV L L W H * & R CT” X WUHY SV R CZQE

- ¢ §$ C G T RV AL S G I TV DV NT
12907 - CARAGTAATCACCAACATTCAACTTGTATETCGTAGTACCTCTETACACAACAGCATCIAC ~ 12860

-¢ & N K Q H § T C M S5 * Y L C T ¢ OQ B E
- K v I T NI g L V CEKS T 3 V HE NS I T
- K * § »p " F N L YV VYV P LY T TAZSP?
12967 - CATAGTCACCTTTTTCRALGGTGTACTCTCCAATCTGTACTTTACTATTITTAGTTACAT - 13020
-H § E L F Qg RCT L Q SV L Y Y F * L H
- I vy 7T § P K GV L S HNL Y T I F & Y T
- * § P F 3 EV ¥ &P I C®™L L F L V TR
13021 ~ GGTAACCAGTARAGACATAGTTTCTCTTCAATGGTGGTCTAGGT TTTCCARCCTCCCATG ~ 13080
-3 N QO * R E § ¥ C § ¥ VvV V * vV F Q P P M '
- Y T § K D I vV &8 V Q W %W S R F & NTL P *
- * PV K T * F L F B &G GG L G F P T 3 H E
13081 - AAAGATGCAATTCTCTGTCAGAGAGTACTTCGCGTACAGTGGCAATACCATATGACAGCT ~ 1314C
-K DA I L C Q2 VIRV QQWQY HMTA
- KM Q F 3V REREY F A Y S5 G NT I * 0 I
s - $ E S T S R T VY AR - P Y D 5 L
13141 ~ T TTTCOTOAGTGGCTTTSAGCGTTTCTGOTGCGAARAGCTTGACTCTCTCAGTAC - 13200
-* M F P Q W . * A F L L R KA * V 5 QY
- ¥ ¢ F L 8§ G F E R F CCE KL 2 S L 8 T
- ¥ v 85 s V A L 8 V § A A K & L 8L 8 V @
13201 - RAGTGTTGECAAGTATGTARTCSCCAGCATTASTCCARTCACATGTTGCTATCGCATTGR ~ L3260
-K ¢ W ¢ VvV ¢ NERQCH* & N HM L L S8 & *
s v ¢ K Y v - A S I & ¢ I T CC Y R I E
- v L B S ¥ * § F B L V Q S HE V A I AL K
13261 - EGTCAGZTGACATTGTCACTGCCTACACATSIGTTTTTGTATARACCARARACCTGRCCAT ~ 13320
-¢ ¢ * H C B CL E M Z P C I N O K P-D H
- v 3 p 1 vTAY T CVFEFV * T EKEDNTILTI
- s v T L § L P T HV FL Y K 2?2 KT * P L
13321 - TAGCACATAATGGAARRACTAATSGGAGCCTTATGTCACTTGCAATAATAGCTCATACCTC ~ 1338C
- % 3 I ¥ E N * W E A Y V T CDNXN S 5 Y L
- 5 T * W K T N G R L M * L A I I &2 HT 3
- A H N G K L MG ¢EGL CDULQ~>x * L 1 P P
13381 - CTAGATACAGTTSTGTCACATCAGTGACATCACAACCTGEGGGCATTGCAAACATAGGGAT ~ 13440
-L pT VvV VS E ¢ * HHDNULGHCEKEH R D
- *» I 0o L C # I 8§ 2 1 I T W &6 I B N I G I
- RY S C VvV T §$ ¥ T 3 ¢ P G AL Q T © G L
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13441 - TARCAGACAACACTARTTTGTGTGATGTTGRAARTGACATGGTCATAGCAGCACTTGCARC - 13500
-* 0 T T L - C ¥V M L K * B &€ H 8 § T C N
- N R ¢ H * PV * C * N DMV I A ATLAT
- T D K TN L CDVEMT?T WS * Q 4 L ¢ H

1350% - ATAGGRAATGGTCTCCTAATACAGGCACCGCARCGRAACTGRAGTCTCTGAATTECACARATA ~ 1356C

-1 &M Vv § * Y R HRNZEV K S5 V N C T I
- * E W § P N T ¢€&TATZX* s L = I &2 QY

- R N ¢ L - I ¢ & P ¢ R S35 EV CE L HNT
13581 - CRCARGCACCTACAGCCTGCAAGACTGTATGTGETGTGTACATAGCCTCATARRACTCAG ~ 13620
-4 K HL ¢ F A R L YV Vv C T * P H K T Q

- T s T Y $ L ¢ D CMWCV HS L I E L R
- ¢ 4 > T A C KT VO GV Y I A S * K 5 G
13621 - GTTCCCAGTACCGTGAGGTGTTATCATTAGTTAGCATTACGGAATACATGTCCAACATGT ~ 13680
-y P 8§ TV R C Y H * L AL RWNTCF T C
- F PV EF * &V I I & * B Y G I H V @ HV
- S ¢ Y REV L & L VvV § I 7TEUY MM S K MW
13681 - GBCCAGTARGITCATCATGTAACTTTCTAATGTATTGTAAATACAAGTGAARGACATCAG ~ 13740
-G ¢ * A B HV T F * C I V N T & E R H ¢
- A2 9 ¥ L I M * L &8 NV L * I gV K DTIS
- 2 vV § s & C N F L MY C K Y K * KT 8 A
13741 - CATACTCCTGAITAGEATGTTTIGTARGTCGGTAAGCATCARTAGCCASTGACACSAACC - 138C0
- T P D=~ DV L ¥ V G KHO®Q* P V T RT
-~ I L L I R M FCXKWWVS5 I NSESQ * HEP
- Yy §$ ~ L 6 C T V 3 G * A g I A S5 D T N L
13801 -~ TTTCAATCATARGTGTACCATCTGTTITGACAATATCATCGACARRACAGCCTGCGCCTA — 13860
-F g 5 * VvV ¥ B L F = &Y E R QG N S L R L
- F N R EKCT I CU>®DOHN§NTIT1I DX T2 CAT
- s 1 - &V ?» 2 VL T I S S5 T K O P A P N
13861 - ATATTCTIGATGGATCTGGGTRAAGGCAGETACACCTAATCATCTCCTTGTTTAAZTAGCA - 1392C
¥ L M b L G X A G T RN I L L V * L A
- Y 5 * w I WV R @V HV I I 3 L F N * H
- I Lp G S G * G R YT * § 3 P C L
133921 - TTGTATGCTGTCAGCAAAATTCCETCACGTCCTTTAGTRAGGTCAGTCTCAGTCCAA
-L Y AV 8§ K I R E V L * * & ¢ 8§ @ 8§ K
- C M L * A K F V R S F 5 K V 5§ L & F T F
- v ¢ C E ¢ N S * ¢ 2 L V R 35 V & V QO B F
13981 - TTGCCTCAGRCATGARCACATATTTTGATAATARAGEACTGCCTTARACTTCTTARTGES ~ 1404C
-L P QT = T H Y P DUNIEKEUL?P? * § 5 * C
- ¢ L R HE HB I I L I Z KENICIL KUY L N A
- A S$S p M N T L F * * * R T AR L K F L M L
14041 - TAGCTACTAAACCTTGAGCCGCATAGTTACTGTTATAGCACACARCGCGCATCATCAGARR —- 1410C
-* L L X L E P #H 3 Y CY S T @ R E H Q0 K
- $ vy » T~ L S R I v T VI & H NG I I RX
T K P * A A * L L L * H T T A 5 & E R
14101 - GRATCATCATGGAGARATGTTTACGCAGCTARGCCTAARACTCATCCACGAATTCATGAT - 14160
E § 8§ W R NV Y A G K R K T H P R I H D
- N E H G EM T oV S5 V KL I HE F M I
- I 7 M E K C L R R * A * KX 5§ &5 T N & * 5
14161 - CARCATCCCTATTTCTATAGAGACACTCATAGAGCCTGTGTTCTAGATTCECGGACATACT ~- 14220
-0 E P Y F Y RDTHZER®RCWYVYV D C G H T
- NI p Z 8 I E T L I PV L * I A& DI L

R

ATT - 13930
I

o]

- T § . F L * R H S * & L CCUR L R T Y L
14221 - TSTCAGCTATCITATTACCATCAGTTGRARGARGTGCATTTACATTGGCIGTAACAGCTT - 1426¢C
-C Q L L * 2 L
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1428- - GACALATGTTAZACACACTATTAGCATAAGCAGTTGTAGCATCACCGGATGATGTTCCAC - 14340
-D K C * E H Y * H K Q L * HEJRMM TEH
- NV KD T I S I S$SsSs ¢ s 1T G * C 85T
- ¢4 L KT L L B * AV VYV A S P DDV PP

12341 - CTGGTTTAACATATAGTGAGCCGCCACACATGACCATCTCACTTAATACTTGCGCACACT ~ 14400
-1 Vv * # I VvV 8§ R H T * P 8§ H L I L A H T
- W ® N I * * n A T H D K L T * ¥ L R T L
- ¢ L T Y 8 E P 2 H ¥ T I 8 L N T C A& H 8§

14407 - CEITAGCTAACCTGTAGAAACGETGTGATAAGTTACAGCARGTGTTATGTTTGCCAGCAA ~ 24460
- R +# . T ¢C R N G V I 8 Y &8 K C Y V CEQ
- v 8§ * P VY E T V * % yV T A 3 VM F A S K
- L AN L * KR C DD KX L oV 1 CULUZRATR

14461 - GAACBAGACAGGCCATTATCCTAAGCATGTTAGGCATGGCTCTGTCACATTTTGGATAAT ~ 14520
-E O E£E R P L S8 * A C* A WUL CHIUL DX
- N K R G B Y P XK H Vv R H G 8 V T F W I I
- 7" R E A T I L &8 M L G M AL S HF G * 8

- 4521 - CCCARCCCATARGGTGTGGAGTTTCTACATCACTETAARCAGTTTTTAACATATTATGCC ~ 14580
- P N P ¥ ¢V E ¥ L HHCIEKOQTEFILTY Y A
- P T E K V WS F v I TV N s F * H I MP
- ¢ P I R CGV S T S L * TV ® NTITULCZQ

14581 - AGCCACCGTRAAACTTGCTTETTCCAATTACCACAGTAGCTCCTCTAGTGECGGCTATYE ~ 14640
-8 B R KT CUL F QUL P g * L L * WZELTL
- A T V E L A C & N Y H S § 8§ & &8 G & Y *
- P F * N L r T V A P L V A A I D

14641 - ACTTCRATRATTTCTGA TTGTCATAGTACTACAGATAGAGACACCAG - 14700
-7 & I I § D L 5 * Y Yy R * R B Q

v Qg * F LM XK L & I CHSTTODUZRDTS
- ¥ K N F % * N C L F VI VL QIETPA

14707 - CTACGETGCGAGCTCTATTCTTTGCACTAATGGCATACTTARGRITCATTTGAGTTATAG — 14760
-3, R CE L ¥ 8 L 4 * W H T * DS F EL ~
- Y @3 A 8§ 5 I L €T NG I L XK I EL S Y 5
- T VYV R AL F ¥ A » M A Y L RTF I * V IV

14761 - TAGGGAIGACATTACGCTTAGTATACGCGRAAAGTGCATCTTGATCCTCATAACTCATTG - 14820
- % @G * H Y A * Y T R K V H L D P H N 5 L
_ R DD I T LS I REKTZCTI LI LI T H *
- @M T L R L V Y A K 35 A S * 5 & * L I E

- 4871 ~ AGTCATAATAARAGTCTAGCCTTACCCCATTTATTAAATGGEAAACCAGCTCGATTTATCCA ~ 14880
- 4 K KV = P Y P I Y *# M G N QL I Y P
- vy I - XK s & L. TP ® I KWUETOS>* F I O
- § % = § L A L P H L L N G K P A D L S R

14881 - GATTGTTARCGATTACTIGCTTGGCATTARTACAGCCACCATCGTRACAATCARAGTATT ~ 14940
-D C * R L L G- W H * Y 8 H H RMNINOQ S I

Y ¥ D Y L vV 6 I NT AT I VvV T I KV F

- L L 7T I T W L AR L I QP P S35 * O S8 K Y L

14941 - TATOARCAASTTCAACTACGAATAGGRGTTGTCTGATATCACACATTGTTGGCAGATTAT ~ 15000
-Y g 0L 0 L R I GV V * Y {5 T U1 L A DY
- I N N F N Y E * E L p I T H ¢ W @ I 1

g =~ 7T 5 T T N R § C L I 8 E I V G R L *
15001 - AACGATAATAGTCATAATCACTGATAGCAGCGTTGCCATCCTGAGCARAGAAGRAGTETT ~ 15360
¥ D N 8§ H N BH * * Q0 R CHPZEOQRRSV '

-~ f I I v I I T D S 8 V A I L S K EE V F
- R * * § * & L I A A L P S * A K K K CF

157967 - TTAGTTCALCAGRACTTICCTTCCTTARAGRARCCTTTAGRCACAGCAARGTCATAARAGT - 15120
-1L V O 0 ¥ F L P * RNUL * T Q0 s H K §
- *# F N R T S F L K E T " R E S XK V I XV
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C R HH YN X RURILULUL Y * I L CZSTITTT
- 2 D I - T K T b S5 CCT R Y CV A 5 R P
- Q T 8§ * ¢ K K T L v v - b I V * H H D H
24181 - ACACACACATGCAATGCAAACACCTETCITAAGATTATCATAAGATAGAGTACCCATATA -
-T H T W ¥ 6 N T CL K I I 2 R * S5 T H I
- H T H 6 ¥ E T P v L R L 8 * DRV P I ¥
- T H M T W K H L 8§ * DY E K I E ¥ P Y T
24241 ~ CATCACAGCTTCTACACCCGTTAAGGTACTAGTTTCTGACCACAATGTTTACACACCAC ~ 24300
-3 B 8 T Y TR *¥ G 38 ¥ L T TMFTHH
- 1 T &2 S8 T PV KV VYV F * P QO CL ETT
L - H P L R * =~ F 5 2 4 NV Y T P H
CT ATTCCARBBTTAGCATSCTGTAGRAGRTGGGTCATAGTITC ~ 24350
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24361 - TCTGACATCACCAAGCTCGCCRACAGTTTTATTACTGTAAGCGAGTATGAGTGCACARRA ~ 24420
~-& 2 I T K L A NS VF I T V S5 EYETZCT K
- L T & P 3 S8 2 TV L LUL * A S M s A QK
- * B B @ A R Q ¢ ¥ Y ¥Y C XK RV * V H K 3
24421 - GTTAGCAGCRTCACCAGCACGGGCTCTATAATAAGCCTCTTGARGTGCTGGTGCATTGRA ~ 24480
-¥Y § 3 1 T &8 T GG S I I 8§ L L K CwWwCTIE
- L A A S P A R AL * * A 5 * § A G A L N
- * 0B E Q H 6L YN KUP?P L EV LV E * I
24481 - TTTGACTTCEAGCTGTTGAAGTGCTAATARRACACTAGRCRAATARCAATTGTTATCAGC ~ 24540
-F D F K - L K C * =~ ¥ T R Qg I T I V I 38
- L T s ¢ ¢ * 3 A NI KT TILDIEK®* QUL L & A&
- * L ¢ AV E V L T KH * T NUHNWNCY QF
24541 - CCARTTTAATTGAAGTTAAACCACCAACTIGAGGARATTTCCATTTCTTITGTGTGGTTTAA - 24600
-P F N * § * T T N L R K F P F L C V V ¥
- § L I E Vv K Pp P T~ G N F HK ¥ F VW F K
- I * L KL ¥ ®H L EE - &8I 8 2 C C L K
24601 = AGCAGACATGTACCTACCAARGAARACTCTCATCAAGAGTATGGTAGTACTCS GCTTC - 24660
-§ R HV 2 T K KT LI K S MV V'L E S5 F
- A D MY L P R EIL S SRV W * Y S K A& S
0 E N 8 H Q E Y ¢ 3 T R X L H
TAGGTAGTACARAGAARGTCTTACCCTCATGATTTACATG - 24720
. * Y K E & L T L M I Y M
- L R § VvV 8§ § L 58T KKV L P S5 * & 7 %
- vy yV V C F B * VvV ¥V g R K S Y B 838 2 L H E
24721 - AGGTTTAATTTTTSTALRCATCAGCACCATCCAAGTATGTITGGACTARRACTGCTETCCATA ~ 24780
-2 PN F C NI S TTIQQV CWw T KTILL S I
- 6 L I F V T 8 A P K'Y v ¢ » N C C P Y
- v ~ F L = #H# ¢ H £ P 5 M L D 20 T A V E M
2£781 - TGPCATAGACATATCCACAAGCTGTGTGTGGAGATTAGTCGTTGTCCACAGTTGTGARCAC ~ 2484C
-C H R H I H KL CV E I 8 VvV vV H § CE R
-y 1 p 1 s T s CVWELV L STV V NT
- g x T Y P Q AV C G D> CCPOQL *TL
24847 - TTTTATAGTCTTAACCTCCCGCAGGGATARGRAGACTCTTTAGTITGICAAGTGAARGARC ~ 24900
-F Y 8§ L N L P Q G * E T L * 7 V K * KN
- F I v L T S RRDEKU&RTILUP S L S S E R T
Q

- L
C

¢ * p F A ¢ I R D S L V CQ V K E P
24901 - CTCA
T

w2

*
CCGTCAAGATGARACTCGACGGGECTCTCCAGAGTGTGETACACRATTTITGTZACT ~ 24960
v K ¥ K L D G A L QS YV VYV HNTFVT

- § P $ R * ¥ 8§ T G L S RV WY T I L 8§ P
- H kK g 2 E T ERUERGS P Z CGT Q ? C H H

24961 ~ ACGCTTRAGARATTCAACACCTARCTCTGTACGCTGTCCTIGRATACGGACCAATCICTIGTA - 25020
- L, K K F N T * L CT UL S * I ¢ P I 8 ¥V
- R L R ¥ 8§ T P NSV EKEC?PE®>*XTDOQQS L *
- A * BE I ¢ F L T L Y A V L N R T X L C K

25021 - AGAGCCAGCCABAGAARCTGTTTCTAZARAGTGCTCCTCAGATGTCTTTGATGACGAAGT ~ 25080
-~-R & 5 § R N CF Y KV L L RC L * * K 8§
- E P A K ETV S5 TKCS3 38 DV F D DEV
- 5 ¢ FP KX L F L Q& AP QQMZSLMTEK *

25081 ~ GREGTATCCATTATATGTAGTAACAGCATCTGGTGATGATACTGACACTACGGCAGGAGC ~ 25140
-E VvV 8§ I I C §$ N S5 I W » * ¥ * H Y G R 8 '
- R Y P L Y VVTITASGDDTTILTTAGRA
- 5 I B Yy M * * Qg H L VvV K I L T L R ¢ E L

25141 - TITAAGAGAACGCATACAGCGCGCAGCCTCTTCARGATTARAACCATGTGTCACATAACT - 25200
- K R T H T 2 R S5 L F X I K TMCHIT
- L R ER I QURARARSSRILZXZECV T ¥ P
- * E N A Y S A Qg P L QD * N HV 3 H N
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26047 -~ CGTCTGCECGCACACTTGTAAAGACTGAAGTGGTTTAGCACCARATATGCCTGCTGATAA ~ 26100
- & L E A B L * R L KW ¥ S§ T KJZYAC x Q
-y ¢ T 44T CEXK D * S8 G L A F N M P A DN
- S & R T L V K TEV Y * B QI CIL L TT
26101 - CARTGGTGCAAGTAAGATGTCCTGTGAATTGAAATTTTCATATGCIGCCTTARGAAGCTG
-0 W C¢C K * DV L * I E I F I ¢ C L K K L
- N G A S KM S CE L EKTF S35 Y AARLRZEW
- M vV 9 VR C ?» ¥V N * NF E ML P * E A G
26161 - GATSTCCTCACCTGCATTTAGGTTAGGTCCARCARCATGCAGACACTTCTTAGCARGATT « 26220
-D V L T C I * ¥V R S N NMOQCT I L S K I
- M 8 5 P & F R L G 2?2 T T CUERUEHEFULARTL
- ¢ P B L B L G * V Q QEADTZS * Q0 DY
26221 - ATGTCCAGAAAGCAAACAAGACCCTCCTACTGTRAGAGGGCCATTTAGCTTARTGTAARTC - 26280
-M $ R XK¢TFR©PF S Y CEKRATILI* LNV I
- ¢ » & 53 K ¢ D P F TV R G P F 5 L M * 8
- vV ¢ K A N K T L L L = E ¢ H L A =~ C N H
26281 = ATCACTCTCCTTTTGCATGGCACCATTSGITGCCTTETIGAGTGIACCTGCTACACCACC ~ 26340
-1 T L. L L H#GT I G&GCLVECTOCY T T
- 8§ L §$ FCMA P LV ELIL & AP AT PP
- E 3§ P F KR WHHWILPC*V HL L HHEE
26341 - ACCATGITTCAGCTGTATSTTAGCAGCATTTACARTCACCATAGGATTAGCACTTIGTIGE ~ 26400
-7 M F g V ¥Y V 8 5 I Y N H HRI ST L C
- P C FRCM L ASARTFEFPTIT?TIGLATLCRA
- E vV § 6 v ¢ * g H L Qs 2 ¥ D * H F VP
264C1 - CTCCTTAACGATGTCAACACATTTAATGGCAACATTCGTCAGTAAGTTITAARTAACCAGT -~ 26460
-1L L N DV N T F N GNI VS KF * I = 8
- 5 L T ¥ § T K L M AT L S V 5§ F K * ¢ V
- P+ R C ¢ 4 I * W Q #H C ¢ * ¥V L N N QO *
26461 - LAARCTGATTAACTGGTTCTTCAGETGTAGGTTCIGGTTCTGEGCTCRATCTCTGATTGCTC - 26520
-K L I N W F F R CURPF W F W L NTL * L L
- N * L T ¢ & 8 6 V &8 6 8 6 58 I 5 b C 8
- T p * L V L ¢ VvV * VvV L VvV L A g S L I A Q
26521 = AGTAGTATCATCCAGCCAGTCTTCCTCTTCITCTTCCTCAACTCEZRACTGTTTCAGITGA ~ 26580
-3 8 I I ¢ PV F L F F ®F L NS NCTF § *
- ¥ ¥ 5 5 5 @ 5 g S 8 s T R T V 5 AR L
- * Y B P A 3 L P L L L P ¢ L E L F ¢ L R
26581 — GGCACCABATTCCACAGGGAGACCTTGATAATCATCCTCTGTACCGTACTCATSTTCACA - 26640
-6 T XK F ¢ R E T Z I 1 - L C TV L M & T
- A P N & R G R P ¥ * 8§ 3 8V FEF Y 5 C 3 Q
- E ¢ I P E G DL DNHUP L Y R T HV HREK
26641 — GGTTTCATCAATTTCTTCTTCCTCACACTCIGCATCGTCCTCTICTTCCICATCTGGAGE - 26700
-G F I N F F F L T L C -V L F F L I W R
- ¥V 8§ 8§ I 88 8 S H S A S S5 S 8 & 8 8 G G
- FE E Q L p 3 7 I H 2 P L L P E L E G
26701 -~ GTAARAGGAAT ATACGTGATGARMAGTTTTCTTCACCASCATCATCRAATAAGTA ~ 26760
-V K ¢ T ¥ T * * K VvV F F T 3 I I K * V
- * K E 2 Y I R D E K F § & P A 8§ 8 N K *
- X R NN T Y VYV M K S F L &# ¢ FE H QG I & R
26761 = GRATCTAGCTACACTCCARCTCATCAAGATCAATACCCATGTTSCTAAGGAGATCASARAC - 26820
-E ¢C s ¥y T P I ZT K I N T H V 5 K =z I R N
- N VvV 2 T L # 8 & R 511 22 M L V R R 5 E T
- M *» L H S T B Q@ D Q ¥ 2 C W * & D Q0 K L
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26881 -~ ACCGGATTCAACAGTGTAGACAGAGCACTTTTCATTAAGCACTTTGTCAACACGTTIATC ~ 26940
-7 g ¥ ¥ 3 V D R X - F I KK F V NTTF I
- P D s TV *¥ TEHF S L STTLSTHZERZS S
- R I ¢ Q C R OQ ST F E* AL CQHV HZQ

26941 - BAGCTCAARTGTGATTCTCACATTCTTGTAACCTTGARCTTCCCARRCAGTATCTICTCC ~ 27000
- XK L K ¢ D S§ H I L VT L NTFZPNSIULF S
- 8 §8 ¥ VI L TFL * P * T 28 ¢ TV 5 5P
- A ¢ M * F S H S8 CWNLEILZPEKQY L L Q

27701 - RRAGGTTACACCTTTAATTGGTGCACCCCCTTTTAAGCGARAGACATTCTTTGTAGCCAG ~ 27050
- K G Y T F N W CTUPF > A KUDTIVCS5Q
_ ¥ v'T ? L I 6 R P P F X R K T L F V A S
- R L E L * L V B P I L § E RHCIL * F V

27061 - TARACCAGGAGACAATGCGCAGTATTGTTCTTTGTCCTTARTCTCTAAGAGCATGRGGLS - 27120
-% T R R Q C ARV L FTFVLNTL®*ZEUHE R
- K P G DN AOVYC®S L &L I S KOS MERPEP
- ¥ ¢ E T MRS I VL CP * 8§ L RA* G H

27121 - ATTTACACAGACTGGTGTGCCGACGATAGCTCCATTTGTGARGCTATCAACGGGCETCTC - 27180
-I Yy T DWCADDSS I CEW®&ATIUNGRL

- ¥ T QT GV P T I R PF VKL ESETGV S
- L H R L V¢ R R * L BE L * s Y Q R A 5 R

57181 - GAGTGCITCGAGTTCACCETTCTTGAGRACAACCTCCTCAGRGGTARGTACTGTGTCATG ~ 27240
-®¥ ¢ FEF TV L ENNILILZRSGIZ K?YCV LU
- 8 A S s S PF L RTTS S EV S TV S C
- v . R VER & * E QP P C R *V L T BV

27241 - TGAATCACCTTCEAGRAAGGTTACTICTITTGGTGCCTTAAGRGGCATGAGTAGTTGCAG ~ 27300
- % I T F XK K 6 Y ©» F W CL KRUHBE * L Q

- & 5 P § R KV T S F G A L R G MM 3 3 C 3
- N B L ¢ E R L L T L VP * E & 7F
27301 - CTGCTOCTTGCCACGTATACACTGACGGTARAGTCCCTTGCTTTGAGCS
- L. L AT Y TOL TV XS L AL s L
- ¢ s L P R I 44 * R * 8 P L L * A MIKTS
- A P C 4V Y T DG KV P CFERR* RILIE
27361 - ACCTABRGTTGAGTGATCGCAACTTTGCGCCAGCCATAGTGACTTGATCAATGCACATTIC ~ 7420
-7 ¥« ¥V E * 8§ ¢ L T A S D S DL I N A H F
- P KL § D R N F A P A I T * 3 M H I §
- L § * v I A T L R ¢ R * * L D Q C T F R
27471 - GAGIGCCTTGITAACAACATCAATGAAGCATTTTACACAAICCTTCATGTTATCTGAAGE ~ 27480
-Ff ¢ L ¥V NN I ¥ EFEAF Y T I L DV I * 8
- § 2 L L T T S M KH F T ¢ S5 L M L & E A
- v » ¢ * Q H ¢Q * s I L a N P * C Y L K Q
27481 - AACCTGTATTTGACCCTTGACGATGTCARARACACCTGTAATGAGARATTTGAGRATCIC - 27540
-y L Y L T L DDV KYXTCNEZ KT FETINKTIL
- T Cc I =~ P L T M S8 K TPV MRDNILRI
- P vV F D P * R C Q K HB L * * E I * E 5 P
27541 - CCARGCATCCTTGAGARATTCAAZTCCTGCACTARGTTTCGCCTCAATCCATTCARAGAT —~ 27600
-P ¢ I L & K P N S CTXKVFRULUN? F KD
- 0 A 5 L R K & TP ALS F A S I H S KI
- XK § ¢ * E I 9 L L B *V 858 P ¢ S5 I 0 R ~
27601 - AGGCCTGAGTTTTTCAACAGTACTGCCCARAAGATTAGACAACCACTGAGRAGTCIGTTG ~ 27660
- R P EF F N 8 8§ A Q K Z R Q2 P I R & L L ’
- G 1L $ F $ TV V?PEKURLZ DNH®>*XZEVCC
- A * vV F Q O * ¢ P KD +* T T T E K S V ¥
27661 - TACAAGACCACCAGTTACATATGCCATAATAATGACACTGTTEGTGAGCAGGTCTGAAGT - 27720
-y X T T S Y I CHNDNDTV G E Q V * 5
- T R P PV T Y A I I M T L L V & R 5 EV
- Q D E @ L H M P *» * * 2 C W * A & L KY

FIG. 12 Con't

R
TC - 27360

<t

w



Patent Application Publication  Nov. 11,2010 Sheet 88 of 110  US 2010/0285457 Al

27721 - RATAAACCATSGCGTCGACAAGACGTAATGACTGTTCAGARATACCATCAAGTATEGTGAC ~ 27780
-I W H Vv b KT * *x L ¥ RN T I K Y & D
- * 7 M 2 3 * R R XN D C S35 E I P S 5 M V T
- K P W R R QD VM TV Qg KXY HQ V W = Q
27781 - BAGCTGCTCTTTGCARATCAGGAATTEAGTGETTTGCTGCATCARETGTGLGCGCARRRAT — 27840
-3 C 5§ L g I R X *V VYV CCI KU CUAZBRIEKN
- A A L C K S I EWEFAAS SV R A K I
- L L F AN QEUL S GG L L HEQV C A C K L
27847 - TGATCTGATAACACCAGCAGCCTGTCAGGGAARACCACACAGTGGTGTTARAACTGATCT - 27900
-% § DN T S 8 L * G K TP ¢QgWCZ * N * 3
- D L T T P AR CESG X P H B3 GV KT D L
- I~ *~ B ¢ QP VR E N T -VV L K L I & ‘
27901 -~ CTGTTETCCAATCTTICAAGCACCTTTTACSGGCTTTCCCITGGTAACTTTATASTTACC - 27960
-L L. &8 XNV P Ss$STVFY GG L S L G NF I VT
- ¢ C » M F Q A P F I G F P L VT Z * L P
- vV vV o ¢ 8§ K i3 L L R A F P W = L Y 8 Y R
27961 - GCAGGACTCAACARTGGTTTTGAARAGACTIGTAATCARAGACTCTITATAGTGTCAATARL ~ 28020
-A G L N N G F E R L VvV I K T 1L Y 8 V N K
- ¢ DS T ¥V L, KDL * S8 R L F I V 5§ I K
- R T ¢ Q w ¢ * K T C X o 8§ L » C ¢ * R
28021 - GGCACTTGTAGAAGCAGAGAAARGATGCCARAATGATGGCAACCTCITCATTCARATGARA - 28080
- T C E 3 RERCOQNDGNTLF I O MK
- L L VvV £ R E K D A K M M A T S S F K * K
- HE 1 * K ¢ R KM P K * W Qg F L I S N E N
28081 - ATCGCCAACRATGITAATGTTARCACGTTCACGACTCACTATCTCAAGGAGATCCTCATT - 28240
-I A N N V NV NT VP T T ¢ Y L X E I L I
~ 8§ P T ML M LTRSS RIL S I 5 RUER & 5 F
- R ¢ ¢ C * C * H V HD SV 5 @ G D P H 8
28141 - CAAGGTCTCCACATTGTCACCAGTAATGCCAGTATGGCCTGAGCCARTATCAGCACTAGC ~ 28202
-¢ ¢ L H I vV T &8 N A S ¥ A *~ A N I 5 T &
- K Vv 8§ T L 8 P VM FPF VW PEZPI S AL A
- R &8 F 32 CHOQ*CQYGGL S C Y QB * 4
28207 - ACGAGGAACCCAGTAGGCRACGCTTATTATAGCAGCCAACATAGGCARACACRCAGCCTCC ~ 28280
-T R N PV GT L I I A ANTIGIE KIHTA S
- R G T ¢ * A R L L * Qg P T *~ A N T Q P P
- T E P &8 R EAY Y S §8 Q0 HRQTH S L Q
28261 =~ AARACATCTAGTCCTACCTCCCTTGCGGAGTCGAGTTTICARTGTTTGAGTGGTTGTGATA ~ 28320
-~-¥K T § §s 7 7T & L &2 E S8 8 F NV * V VvV V I
- K E . Vv L, P P L R S EKEV 8 N F & W L * ¥
- N I * 3 Y L P C G V E F g C L S G
28321 - ATCTGCAARCACTATGCICAGGTCCAATCTCTGGGTCTTG G G
¢ N T M L R &8 N L WV L TG
- § B T L C S GGPI S§ G S5 * Q0 A G H G I F
- T Q E Y A ¢ V g 8 L ¢ L B R LTI M AF S
26381 - CACTACAGCATTAGTAGGTAGGTACCCACATGTAGTAGGTCCITCAATAACTARATTTIC ~ 2844(C
- Y 5 1 & R~V P T CS R S F NN * I F
- 7 7T A -V R Y P H VYV G P S I T K F 3
- L ¢ H * * VvV 6 T H M * = v L 0 * L N F ©
28441 - AGTGCCRCAATGTTCACARGTGGCTTTCAGAAAGTCGCACSGTCTGCTATGAARCTTCATC - 28500
~-S A T M F T 3 G F Q KV A RTLT 2> * NF I
- v P g C S QO V A & R K S EV CHE T 8§ 8
- C H N V H KWL 38 E § R T S AMI KL HR
28501 - GCAATGATTACATTTCATCAAGGCTAGACAACTGCATATTCTTACACTCCTGTGGAGATGC ~ 28560
-A M - T F H Q G R @ V H I V T L L W R C
- Q * L H F I KV D XK C I L L H S C G D A
- N D Y I &§ 8 R * T 8§ AR Y C Y T F V E ¥ ¢
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28561 ~ BACAGGGETACACAGAGCGTATACGCCCCATGARBCCCTCAGTCTTTTTCITITCAATACS ~ 26620
- R ¥V ¥ 2 A Y 2 P H E TL S L F L F N T
- T G Y T ER I EKPMEKEP SV F F® F 358 TR
- ¢ 6 T 9 8§V Y B P * N P C
28621 - TGETTGAATGACTTTCACTTTIGAGTTAAGAGGARRCACARRD T
-®W L N D FDVJF * V KR KHEKILWATF
- 3 * ¥ 7 L T FE LT RGN TITUNZFGH S P L

H
CCTTT - 28680
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29401 -~ CACGTCTCTRAACCTGAAGGACAGGCARACTGAGTTGGACGTGTGTTTTCTCGTTGACACC ~ 29460
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N-gene primers (nucleotide position 29247-29410)
1504 (5’-gactgatgaagctcaggectt-37)
2004 (5°-cttgtgtggtcatcatgagte-3’)

S-gene primers (nucleotide position 24751-25049)

131# (5’ -cacagaggaacttctttt-37)
132# (5’ -tcecaaticttgaaggtcaatgag-37)

FIG. 13
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ATGTCTGATRATGGACCCCAATCARACCARACGTAGTGCCCCCCGCATTACATTTGGTGGA
CCCACAGATTCABRCTGACRATAACCAGARTGGAGGACGCAATGGGGCAAGGCCAARACAG
CGCCGACCICARAGGTTTACCCAATAATACTGCGTCTTGGTTCACAGCTCTCACTCAGCAT
GGCAAGGAGGAACTTAGATTCCCTCGAGGCCAGGGCGTTCCAATCAACACCAATAGTGGT
CCAGATGACCARATTGGCTACTACCGAAGAGCTACCCGACGAGTTCGTGGTGGTGACGGE
DAARATGARAGAGCTCAGCCCCAGATGGTACTTCTATTACCTAGGAACTGGCCCAGAAGCT
TCACTTCCCTACGGCGUTARCARAGARGGCATCCTATGGGT TGCAACTGAGGGAGCLTTG
BATACACCCRAAGACCACATTGGCACCCGCAATCCTAATAACARTGCTGCCACCGTGCTA
CAACTTCCTCAAGGAACAACATTGCCAAAAGGCTTCTACGCAGAGGGAAGCAGAGGCGGC
AGTCAAGCCTCTTCTCSCTCCTCATCACGTAGTCGCGGTARTTCAAGRAATTCARCTCCT
GGCAGCAGTAGGGGAAATTCTCCTGCTCGAATGGCTAGCGGAGGCTGETGAAACTSCCCTC
GCGCTATTGCTGCTAGACAGATTGAACCAGCTTGAGAGCARAGTTTCTGGTAAAGGCCAR
CAACAACAAGGCCARAAZTGTCACTRAAGAAATCTGCTGCTGAGGCATCTAAARAGCCTCGC
CARBRACGTACTGCCACZAARARCAGTACARACGTCACTCAAGCATTTGGGAGACGTGGTCCA
GLACAALCCCAAGGARATTTCGGGGACCAAGACCTRATCAGACAAGGARCTGATTACAAR
CATTGGCCGCARATTGCACRATTTGCTCCAAGTGCCTCTGCATTCTTTGGARATGTCACGT
ATTGGCATGGAAGTCACACCTTCGGGARCATGGCTGACTTATCATGGAGCCATTARATTG
GATGACARAGATCCACAATTCAAAGACAACGTCATACTGCTGARCAAGCACATTGACGCA
TACARAAACATTCCCACCRACAGAGCCTARAAAGGACAARAAGARARANGACTGATGAAGCT
CAGCCTTTGCCGCAGAGACAAAAGAAGCAGCCCACTGTGACTCITCTTCCTGCGGCTGAC
ATGGATGATTTCTCCAGACAACTTCARAATTCCATGAGTGGAGCTTICTGCTGATTCAACT
CAGGCATRA

FIG. 14A
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MSDNGPQSNQRSAPRITFGGPTDSTDNNONGGRNGARPKQRRPQGLPNNTASWFTALTQH
GKEELRFPRGOGVPINTNSGPDDQIGYYRRATRRVRGGDGKMKELS PRWYEYYLGTGPEA
SLPYGENKEGIVWVATEGALNT PKDHTGTRNPNNNAATVLQLPQGTTLPKGFYAEGSRGG
SOASSRSSSRSRGNSRNSTPGSSRGNSPARMASGGGETALALLLLDRLNQLESKVSGKGQ
OQOGOTVTKKSAREASKKPROKRTATKQYNVTQAFGRRGPEQTOGNFGDODLIRQGTDYK
HWPQTAQFAPSASAFFGMSRIGMEVI PSGTWLT YHGATIKLDDKDPQFKDNVILLNKEIDA
VKTFEPTEPKKCKKKKIDEAQPLPQROKKOPTVTLLPAADMDDFSRQLONSMSGASADST
QR

FIG. 14B
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ATGTTTATTTTCTTATTATTTCTTACTCTCACTAGTGGTAGT GACCTTGACCGGTGCACCACTTT
TGATGATGTTCAAGCTCCTARTTACACTCAACATACTTCATCTATGAGSGGGGTTTACTATCCTG
ATGAARTTTTTAGATCAGACACTCTTIATTTAACTCAGGATTTATTTCTTCCATTTTATTCTAAT
GTTACAGGGTTTCATACTATTAATCATACGTTTGGCAACCCTGTCATACCTTTTAAGGATGGTAT
TTATTTTGCTGCCACAGAGARATCARATGTTCTCCGTGGTTGGEITTTTGGTTCTACCATGRACA
ACAAGTCACAGTCGETGATTATTATTAACAATTCTACTAATGTTGTTATACGAGCATGTAACTTT
GAATTGTGTGACAACCCTITCITTGCTGTTTCTARACCCATGGGTACACAGACACATACTATGAT
ATTCGATAATGCATTTAATTGCACTTTCGAGTACRTATCTCATGCCTTTTCGCTTGATGTTTCAG
AARAGTCAGGTAATTTTARACACTTACGAGAGTTTGTGTTTAAARATARAGATGGGTTTCTCTAT
GTTTATAAGGGCTATCAACCTATAGATGTAGTTCGTGATCTACCTTCTGGTTTTAACACTITGAR
ACCTATTTTTARGTTGCCTCTTGGTATTAACATTACAAATTTTAGAGCCATTCTTACAGCCTTTT
CACCTGCTCAAGACATTTGGGGCACGTCAGCTGCAGCCTATTITGTTGGCTATTITARAGCCAALT
ACATTTATGCTCAAGTATGATGARRATGGTACAATCACAGATGCTGTTGATTGITCTCAARATCC
ACTTGCTGAACTCARATCCTCTGTTAAGAGCTTTGAGATTGACRAAGGAATTTACCAGACCTCTA
ATTTCAGGGTIGTTCCCTCAGGAGATGTTGTGAGATTCCCTAATATTACARACTTGTGTCCTTTT
GGAGAGGTTTTTARTGCTACTAAATTCCCTICTGTCTATGCATGGGRAGAGRARARAARATTTCTAA
TTGTGTTGCTGATIACTCTCTGCTCTACAACTCAACATTTTTTTCAACCTTTAAGTGCTATGGLG
TTTCTGCCACTAAGTIGAATGATCTTTGCTTCTCCAATGTCTATGCAGATTCTTTTGTAGTCAAG
GGAGATGATGTAAGACAAATAGCGCCAGGACARACTGCTGTTATTGITGAT TATAATTATARATT
GCCAGATGATTTCRATGGGTTGTETCCTTGCTTGGAATACTAGCRACATTGATGCTACTTCAACTG
GTAATTATAATTATAARTATAGGTATCTTAGACATGCCAAGCTTAGGCCCTTTGAGAGAGACATA
TCTAATGTGCCTTTCTCCCCTGATGGCARACCTTGCACCCCACCTGCTCTTAATTGTTATTGGCC
ATTABATGATTATGGTTTTTACACCACTACTGGCATTGGCTACCARCCTTACAGAGTTGTAGTAC
TTTCTTTTGRACTTTTARATGCACCGGCCACGETTTETCCGACCAARATTATCCACTGACCTTATT
BAGRACCAGIGTGICAATTTTAATTTTAATGCACTCACTGGTACTGGTCTIGTTAACTCCTICTTC
BABGAGATTTCAACCATTTCAACAATTTGCCCETGATGTTTCTGATTTCACTGATTCCGTTCGAG
ATCCTALAACATCTGARATATTAGACATTTCACCTTIGCTCTTITGGGGCETCTAACTGTAATTACA
CCTGGARCARATGCTTCATCTIGARGTTGCTGTTCTATATCAAGATCTTAACTGCACTGATGTITC
TACAGCAATTCATGCAGATCAACTCACACCAGCTTGGCGCATATATTCTACTGGAAACAATGTAT

FIG. 15A
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TCCAGACTCAAGCAGGCTGTCTTATAGGAGCTGAGCATGTCGACACTTCTTATGAGTGCGACATT
CCTATTGGAGCTGGCATTTGTGCTAGT TACCATACAGTTTCTTTATTACGTAGTACTAGCCARRA
ATCTATTGTGGCTTATACTATGTCTTTAGGTGCTGATAGTTCAATTCCTTACTCTAATAACACCA
TTGCTATACCTACTAACTTTTCAATTAGCATTACTACAGAAGTAATGCCTGTITCTATGGCTARAA
BCCTCCGTAGATTGTAATATGTACATCTGCGGAGATTCTACTGAATGTGCTAATTTGCTTICTCCA
BATATGGTAGCTTTTGCACACAACTAAATCGTGCACTCTCAGGTATTGCTGCTGAACAGGATCGCA
ACACACGTGRAGTGTTCGCTCAAGTCAAACAAATETACARAACCCCAACTTTGAAATATTTTGGT
GGTTTTRAATTTTTCACARATATTACCTGACCCTCTAAAGCCARCTAAGAGGICTTTTATTGAGGA
CTTGCTCTTTAATAAGGTGACACTCGCTGATGCTGGCTTCATGAAGCAARTATGGCGAATGCCTAG
GTGATATTAATGCTAGAGATCTCATTTGTGCCCACAAGTTCAATGGACTTACAGTGTTGCCACCT
CTGCTCACTGATGATATGATTGCTGCCTACACTGCTGCTCTAGTTAGTGGTACTGCCACTGCTGE
ATGGACATTTGSTGCTGGCGCTGCTCTTCARATACCTTTIGCTATGCAAATGGCATATAGGTTCA
ATGGCATTGGAGTTACCCARAATGTTCTCTATGAGAACCRARRACAARTCGCCAACCAATTTARL
BAGGCGATTAGICAAATTCAAGAATCACTTACAACAACATCAACTSCATTGGGCAAGCTGCAAGA
CGTTGTTAACCAGAATGCTCAAGCATTARACACACTTGTTAAACAACTTAGCTCTAATTTTGGTG
CAATTTCAAGTCTGCTARATGATATCCTITCGCGACTTGATAAAGTCGAGGCGGAGGTACAAATT
GACAGGTTAATTACAGGCAGACTTCAAAGCCTTCAAACCTIATGTAACATAACAACTAATCAGGGE
TGCTGRARATCAGGGCTTCTGCTAATCTTCCTGCTACTAARATCTCTGAGTGTGTTCTTGGACAAT
CAAAAAGAGTTGACTTTTGTGGAAAGCGGCTACCACCTTATGTCCTICCCACAAGCAGCCCCGCAT
GGTGTTGTCTTCCTACATGICACGTATGTIGCCATCCCAGCAGAGCAACTTCACCACAGCGCCAGT
BATTTGTCATGAAGGCAAAGCATACTTCCCTCGTCAAGGTGTTITTIGTGTTTARTGGCACTTCTT
GGTTTATTACACAGAGGRACTTCTITTCTCCACAAATAATTACTACAGACRATACATTTGTCTCA
GGAAATTGTGATGTCGTTATTGGCATCATTAACARCACAGT TTATGATCCTCTGCAACCTGAGCT
TGACTCATTCAAAGAAGAGCTGGACAAGTACTTCAAARATCATACAT CACCAGATGTTGATCTTG
GCGACATTTCAGGCATTAACGCTTCTGTCCTCAACATTCARARAGRAATTGRACCGCCTCAATGAG
GTCGCTARAAATTTAARTGARTCACTCATTGACCTTCAAGRATT GGGARAATATGAGCAATATAT
TBARTGECCTTGGTATGTTIGGCTCGGCTTCATTCCTGGACTAATTGCCATCGTCATGGTTACAA
TCTTGCTTTGCTTGCATGACTAGTTGTTGCAGTTGCCTCAAGGCTGCATGCTCTTGTCGTTCTTGE
TGCAAGTTTGATGAGGATGACTCTGAGCCAGTTCTCAAGCCTGTCAAATTACATTACACATAA

FIG. 15A Con’t
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MFIFLLELTLTSGSDLORCTTEDDVOAPNYTQHT SSMRGVYYPDEIFRSDTLYLTQDLFL
PEYSNVIGFHTINHTFGN?VIPFXDGIYFARTEKSNVVRGWVFGSTMNNKSQSVIIINNS
TNVVIRACNFELCDNPEFAVSKPMCTQTHIMIFDNAENCTFEY LSDAFSLOVSEKSGNFK
HLREFVFKNEDGFLYVYKGYQPIDVVRDLPSGFNTLKPIFKLPLGINITNEFRAILTAFSP
AQDIWGTSAAAYFVGYLKPTTEFMLKYDENGTITDAVDCSQNPLAELKCSVKSFEIDKGIY
QTSNFRVVPSGDVVREPNITNLCZEFGEVENATKEPSVYAWERKKISNCVADY SVLYNSTE
FSTFKCYGVSATKLNDLCFSNVYADSFVVKGDDVROIAPGOTGVIADYNYKLPDDFMGCV
LAWNTRNIDATSTGNYNYKYRYLRHGKLRPFERDISNVPFSPDGKPCTPPALNCYWPLND
YGEYTTTGIGYQRYRVVVLSFELLNAPATVCGPKLSTDLIKNQCVNFNENGLTGTGVLTP
SSKREQFPFQQFGRDVSDFTDSVRDPKTSEILDISPCSFGEVSVITPCTNASSEVAVLYQD
VNCTDVSTAIHADQLTPAWRZYSTGNNVFQTQAGCLIGAEHVDTSYECDIPIGAGICASY
HTVSLLRSTSQKSIVAYTMSLGADSSIAYSNNTIAIPTNESISITTEVMPVSMAKTSVEC
NMYICGESTECANLLLOYGSFCTQLNRALSGIAAEQDRNTREVEFAQVKOMYKTPTLEYFG
GENFSQILPDPLKPTKRSFIEDLLFNKVTLADAGFMKQYCECLGDINARDLICAQKFNGL
TYLPPLLTDDMIAAYTAALVSGTATAGWTFGAGRALQIPFAMOMAYRFNGIGVIQNVLYE
NOKQIANQEFNKAISQIQESLTTTSTALGKLODVVNONAQATNTLVKQLSSNEFGAISSVLN
DILSRLOKVEAEVQIDRLITGRLOSLOTYVIQQLIRAAEIRASANLAATKMSECVLGQSK
RVDFCGKGYHLMSFPOAAPHGVVELEVTYVPSQERNEFTTAPAICHEGKAYEF PREGVEVEN
GISWFITQRNFESPQITITTDNTEVSGNCDVVIGI INNTVYDPLOPELDSKEELDKYFKN
HTSPDVELGDISGINASVVNIQKEIDRLNEVAKNINESLIDLOQELGKYEQYIKWPWYVWL
GFIAGLIAIVMVTILLCCMTSCCSCLKGACSCGSCCKFDEDDSEPYVLKGVKLHYT

FIG. 15B
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FIG. 18
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FIG. 19



= Primers for a 225-bp fragment of the region of N-gene that showed no

homology to other coronavirus:

SR8251: 5’-GCAGTCAAGCCTCTTCTCG-3 (SEQ 1D NO:2480)
SRE252: 5°-GCCTCAGCAGCAGATTTC-3’ (SEQ ID NO:2481)

uoned[qng uonednddy judyeq

= Primers for 181-bp fragment of the region of 1b-gene:

coro3: 5’-TACACACCTCAGCGTTG-3" (SEQ ID NO:3)
corod: 5°- CACGAACGTGACGAAT-3’ (SEQ ID NO:4)

= Primers for a 745-bp fragment from pig B-actin gene:

Actin-F: 5-TGAGACCTTCAACACGCC-3’ (SEQ ID NO:2482)
Actin-R: 5°-ATCTGCTGGAAGGTGGAC-3(SEQ 1D NO:2483)

FI1G. 20
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p-actin—

N-gene—
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Probe Region SEQID NO Sequence
18057 — gatataaaattcaagactgaaggattatgigtigacataccaggcataccaaaggacat
1b 18522 2484 gacctaccgtagactcatctctatgatgggtitcaaaatgaattaccaagtcaatggtiac
cctaatatgtttatcacccgegaagaagctaticgtcacgticgty
21920 — catgggtacacagacacatactatgataticgataatgcatttaattgcactitcgagtaca
S 22107 2485 tatctgatgecttticgcettgatgtitcagaaaagtcaggtaattttanacacitacgagagt
ttgtgtitaaaaataaagatgggtitctctatgtitataagg gctatcaacctatgg_gtgtag
26867 — gctgtgacattaaggacctgecaaaagagatcacigtggcetlacatcacgaacgettictt
M 26996 2486 attacaaattaggagcgtcgceagegtgtaggcactgattcaggttttgetgeatacaacce
getaccgtat
78658 — gcagtcaagcctctictegetectcatcacgtagtcgeggtaaticaagaaaticaacte
N 78883 2487 ctggcagcaglaggpgpaaatictectgetegaatggetageggaggotggotgaaactge

cctecgegctatigetgetagacagattg

FIG. 25
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HIGH-THROUGHPUT DIAGNOSTIC ASSAY
FOR THE HUMAN VIRUS CAUSING SEVERE
ACUTE RESPIRATORY SYNDROME (SARS)

[0001] This application is a continuation application of
U.S. Ser. No. 10/807,807, filed Mar. 24, 2004, now U.S. Pat.
No. 7,547,512, issued Jun. 16, 2009; which claims the benefit
of 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. 60/465,738, filed Apr. 25, 2003; and U.S. provi-
sional application No. 60/470.935, filed May 14, 2003, each
of which is incorporated herein by reference in its entirety.
[0002] The Sequence Listing for this application is labeled
“seq-list.txt”, which was created on Mar. 22, 2004, and is
1,643 KB. The entire content is incorporated herein by refer-
ence in its entirety.

1. INTRODUCTION

[0003] The present invention relates to a high-throughput
diagnostic assay for the virus causing Severe Acute Respira-
tory Syndrome (SARS) in humans (“hSARS virus”). In par-
ticular, the invention relates to a high-throughput reverse
transcription-PCR diagnostic test for SARS associated coro-
navirus (SARS-CoV). The present assay is a rapid, reliable
assay which may be used for diagnosis and monitoring the
spread of SARS. The present method eliminates false nega-
tive results and provides increased sensitivity for the assay.
The invention further relates to nucleotide sequences and
portions thereof, useful for the diagnosis of SARS. The inven-
tion further relates to nucleotide sequences and portions
thereof, useful for assessing genetic diversity of SARS. The
nucleotide sequences of the present invention comprise the
(Nucleocapsid) N-gene and the S-gene sequences of the
hSARS virus. The invention relates to a diagnostic kit that
comprises nucleic acid molecules for the detection of the
N-gene or S-gene of hSARS virus. The invention also relates
to the deduced amino acid sequences of the N-gene and
S-gene products of the hSARS virus. The invention further
relates to the use of the N-gene and S-gene products in diag-
nostic methods. The invention further encompasses diagnos-
tic assays and kits comprising antibodies generated against
the N-gene or S-gene product.

2. BACKGROUND OF THE INVENTION

[0004] Recently, there has been an outbreak of atypical
pneumonia in Guangdong province in mainland China.
Between November 2002 and March 2003, there were 792
reported cases with 31 fatalities (WHO. Severe Acute Respi-
ratory Syndrome (SARS) Weekly Fpidemiol Rec. 2003; 78:
86). Patients with SARS show various clinical symptoms,
including fever (of 38 degrees Celsius or above for over 24
hours), malaise, chills, headache and body ache. Chest X-rays
show changes compatible with pneumonia. Other symptoms
include coughing, shortness of breath or difficulty in breath-
ing. By 3rd May 2003, a cumulative total number of 1621
cases and 179 deaths had been occurred in Hong Kong, which
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contributed to 26% and 41% of the global reported cases
(6234) and deaths (435) respectively. As the disease is highly
contagious and spreads in daily-life activities, it is important
to develop a rapid and reliable diagnosis test to monitor and
control the disease. In response to this crisis, the Hospital
Authority in Hong Kong has increased the surveillance on
patients with severe atypical pneumonia. In the course of this
investigation, a number of clusters of health care workers
with the disease were identified. In addition, there were clus-
ters of pneumonia incidents among persons in close contact
with those infected. The disease was unusual in its severity
and its progression in spite of the antibiotic treatment typical
for the bacterial pathogens that are known to be commonly
associated with atypical pneumonia. The present inventors
were one of the groups involved in the investigation of these
patients. All tests for identifying commonly recognized
viruses and bacteria were negative in these patients. Further-
more, diagnostic tests for the detection of other genes in the
hSARS virus, such as the 1b-gene are not useful to accurately
diagnose SARS. The disease was given the acronym Severe
Acute Respiratory Syndrome (“SARS”). This virus mutates
and changes rapidly and hence the diagnostic of SARS was
extremely difficult until the isolation of particular regions of
the virus, the N-gene and S-gene, of the hNSARS virus from the
SARS patients by the present inventors as disclosed herein.
Namely, the present invention discloses a diagnostic assay
using particular regions in the genome of the virus for rapid,
accurate, reliable and specific identification of the hSARS
virus. The invention is useful in both clinical and scientific
research applications. Furthermore, the present invention
provides a high-throughput assay which can be used as a
sensitive method for diagnosis and monitoring the spread of
the SARS.

3. SUMMARY OF INVENTION

[0005] The present invention is based upon the inventors’
identification of a specific region of the hSARS virus, spe-
cifically, the 3'region of the hSARS viral genome, and in
particular, the (nucleocapsid) N-gene of the hSARS virus that
may be used in diagnostic assay to detect hRSARS. In particu-
lar, the N-gene is useful for the diagnosis of SARS because
the N-gene has the most abundant copy number during viral
infection compared to any other gene in the hSARS virus,
especially when the cells are lysed. Thus, the nucleic acid
sequences of the N-gene of the hSARS virus are particularly
useful in a rapid and reliable diagnostic assay for the hNSARS
virus. Furthermore, the present method eliminates false nega-
tive results and increases the sensitivity of the assay.

[0006] The hSARS virus was isolated from patients suffer-
ing from SARS in the recent outbreak of severe atypical
pneumonia in China. The isolated virus is an enveloped,
single-stranded RNA virus of positive polarity which belongs
to the order, Nidovirales, of the family, Coronaviridae. The
hSARS virus is a very large RNA virus consisting of approxi-
mately 29,742 nucleotides. The complete genomic sequence
of the hSARS virus was deposited in Genbank, NCBI with
Accession No: AY278491 (SEQ ID NO:15), which is incor-
porated by reference. The isolated hSARS virus was depos-
ited with China Center for Type Culture Collection (CCTCC)
on Apr. 2, 2003 and accorded an accession number, CCTCC-
V200303, as described in Section 7, infra, which is incorpo-
rated by reference. Also, the entire genome sequence of the
hSARS virus, CCTCC-V200303, and characterization
thereof are disclosed in a United States Patent Application
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with Attorney Docket No. V9661.0069 filed concurrently
herewith on Mar. 24, 2004, which is incorporated by refer-
enceinits entirety. The virus mutates and changes rapidly and
hence making the diagnostic of SAKS very difficult. The
present inventors have designed a diagnostic assay for detect-
ing the presence of N-gene nucleic acid sequence or protein to
rapidly. accurately, and specifically identify the hRSARS virus.
Furthermore, the present inventors have designed a diagnos-
tic assay for detecting the presence of S-gene nucleic acid
sequence or protein to determine the genetic diversity of the
hSARS virus. Accordingly, the invention relates to methods
of detecting nucleotide sequences of the N-gene and S-gene
of the hSARS virus.

[0007] The present invention provides a rapid, reliable
assay for the detection of hRSARS virus. In preferred embodi-
ment, the detection of hSARS virus includes the use of the
nucleic acid molecules of the present invention in a poly-
merase chain reaction, Reverse transcription-Polymerase
Chain Reaction (RT-PCR), Southern analysis, Northern
analysis, or other nucleic acid hybridization for the detection
of hSARS nucleic acids. In one embodiment, the invention
provides methods for detecting the presence, activity or
expression of the hSARS virus of the invention in a biological
material, such as cells, nasopharyngeal aspirate, sputum,
blood, saliva, urine, stool and so forth. In preferred embodi-
ments, the biological material is nasopharyngeal aspirate or
stool. The increased or decreased activity or expression of the
hSARS virus in a sample relative to a control sample can be
determined by contacting the biological material with an
agent which can detect directly or indirectly the presence,
activity or expression of the hSARS virus. In a specific
embodiment, the detecting agents are the nucleic acid mol-
ecules of the present invention.

[0008] The present invention also relates to a method for
identifying a subject infected with the hSARS virus, said
method comprising obtaining total RNA from a biological
sample obtained from the subject; reverse transcribing the
total RNA to obtain cDNA; and subjecting the cDNA to PCR
assay using a set of primers derived from a nucleotide
sequence of the hRSARS. In preferred embodiments, the prim-
ers are derived from the (nucleocapsid) N-gene. In most pre-
ferred embodiments, the primers comprise the nucleotide
sequences of SEQ ID NOS:2475 and/or 2476 or SEQ ID
NOS:2480 and/or 2481. In another preferred embodiments,
the primers are derived from the (spike) S-gene. In more
preferred embodiments, the primers comprise the nucleotide
sequences of SEQ ID NOS:2477 and/or 2478.

[0009] The invention further relates to the use of the
sequence information of the isolated virus for diagnostic and
therapeutic methods. In a specific embodiment, the invention
provides nucleic acid molecules which are suitable for use as
primers consisting of or comprising the nucleotide sequence
of SEQIDNO:1, 11, 13, 15,2471, or 2473, or a complement
thereof, or at least a portion of the nucleotide sequence
thereof In the most preferred embodiment, the primers com-
prise the nucleic acid sequence of SEQ ID NOS:2475 and/or
2476 or SEQ ID NOS:2480 and/or 2481 for the detection of
N-gene. In another most preferred embodiment, the primers
comprise the nucleic acid sequence of SEQ ID NO:2477
and/or 2478 for the detection of S-gene. In another specific
embodiment, the invention provides nucleic acid molecules
which are suitable for hybridization to hSARS nucleic acid,
including, but not limited to, as PCR primers, Reverse Tran-
scriptase primers, probes for Southern analysis or other
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nucleic acid hybridization analysis for the detection of
hSARS nucleic acids, e.g., consisting of or comprising the
nucleotide sequence of SEQIDNO:1,11, 13, 15,2471, 2473,
2475, 2476, 2477, 2478, 2480 or 2481, or a complement
thereof, or a portion thereof. In a preferred embodiment,
primers that amplify fragments comprising (nucleotide posi-
tion 18057 to 18222 or portions thereof of SEQID NO:15) 1b
gene; (nucleotide position 21920-22107, or portions thereof
of SEQ ID NO:15) M-gene; and (nucleotide position 28658-
28883, or portions thereof of SEQ ID NO:15) N-gene may be
used for probe synthesis for detection of hSARS nucleic
acids. In a specific embodiment, the invention provides a
diagnostic kit comprising nucleic acid molecules which are
suitable for use to detect the N-gene of hSARS. In a specific
embodiment, the N-gene comprises nucleic acid sequence of
SEQ ID NO: 2471. In specific embodiment, the nucleic acid
molecules comprise nucleic acid sequence of SEQ ID NOS:
2475 and/or 2476 or SEQ ID NOS:2480 and/or 2481. In
preferred embodiments, the diagnostic kit further comprises a
control for amplification of 1b gene. In specific embodiments,
the primers used for amplifying 1b gene are SEQ ID NOS:3
and/or 4. In another specific embodiments, the diagnostic kit
further comprises an internal control using pig p-actin gene.
In specific embodiments, the primers used for amplifying
[3-actin gene are SEQ ID NOS:2482 and/or 2483.

[0010] In a specific embodiment, the invention provides a
diagnostic kit comprising nucleic acid molecules which are
suitable for use to detect the S-gene of hSARS. In a specific
embodiment, the S-gene comprises nucleic acid sequence of
SEQ ID NO: 2473. In specific embodiment, the nucleic acid
molecules comprise nucleic acid sequence of SEQ ID NOS:
2477 and/or 2478. The invention further encompasses chi-
meric or recombinant viruses encoded in whole or in part by
said nucleotide sequences.

[0011] In another specific embodiment, the invention pro-
vides mucleic acid molecules comprising a nucleotide
sequence of SEQ ID NO:1, 11, 13, 2471, and/or 2473. In a
specific embodiment, the present invention provides isolated
nucleic acid molecules comprising or, alternatively, consist-
ing of the nucleotide sequence of SEQ ID NO:1, a comple-
ment thereof or a portion thereof, preferably at least 5, 10, 15,
20, 25,30, 35, 40,45, 100, 150, 200, 300, 350, 400, 450, 500,
550, 600, or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:1, or a complement thereof. In
another specific embodiment, the present invention provides
1solated nucleic acid molecules comprising or, alternatively,
consisting of the nucleotide sequence of SEQ ID NO:11, a
complement thereof or a portion thereof, preferably at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, or more contiguous nucleotides of
the nucleotide sequence of SEQ ID NO:11, or a complement
thereof. In yet another specific embodiment, the present
invention provides isolated nucleic acid molecules compris-
ing or, alternatively, consisting of the nuclectide sequence of
SEQ ID NO:13, a complement thereof or a portion thereof,
preferably at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150,
200, 300, 350, 400, 450, 500, 550, 600, 650, 700, or more
contiguous nucleotides of the nucleotide sequence of SEQ ID
NO:13, or a complement thereof In another specific embodi-
ment, the present invention provides isolated nucleic acid
molecules comprising or, alternatively, consisting of the
nucleotide sequence of SEQIDNQ: 15, a complement thereof
or a portion thereof, preferably at least 5, 10, 15, 20, 25, 30,
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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 con-
tiguous nucleotides of the nucleotide sequence of SEQ ID
NO:15, or a complement thereof. In another specific embodi-
ment, the present invention provides isolated nucleic acid
molecules comprising or, alternatively, consisting of the
nucleotide sequence of SEQ ID NO:2471, a complement
thereof or a portion thereof, preferably at least 5, 10, 15, 20,
25,30,35,40,45, 100, 150, 200,300, 350,400,450, 500, 550,
600, 650, 700, 750, 800, 850, 900, 950, 1,000, 1,050, 1,100,
1,150, 1,200 or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:2471, or a complement thereof. In
another specific embodiment, the present invention provides
isolated nucleic acid molecules comprising or, alternatively,
consisting of the nucleotide sequence of SEQ ID NO:2473, a
complement thereof or a portion thereof, preferably at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, or more contiguous
nucleotides of the nucleotide sequence of SEQ 1D NO:2473,
or a complement thereof. Furthermore, in another specific
embodiment, the invention provides isolated nucleic acid
molecules which hybridize under stringent conditions, as
defined herein, to a nucleic acid molecule having the
sequence of SEQ ID NO:1, 11, 13, 15, 2471, or 2473, or a
complement thereof. In one embodiment, the invention pro-
vides an isolated nucleic acid molecule which is antisense to
the coding strand of a nucleic acid of the invention. In another
specific embodiment, the invention provides isolated
polypeptides or proteins that are encoded by a nucleic acid
molecule comprising or, alternatively consisting of a nucle-
otide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 40, 45,
100, 150, 200, 300, 350, 400, 450, 500, 550, 600, or more
contiguous nucleotides of the nucleotide sequence of SEQ ID
NO:1, or a complement thereof. In yet another specific
embodiment, the invention provides isolated polypeptides or
proteins that are encoded by a nucleic acid molecule com-
prising or, alternatively consisting of a nucleotide sequernce
thatis at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200,
300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850,
900, 950, 1,000, 1,050, 1,100, 1,150, 1,200 or more contigu-
ous nucleotides of the nucleotide sequence of SEQ IDNO: 11,
oracomplement thereof. In yet another specific embodiment,
the invention provides isolated polypeptides or proteins that
are encoded by a nucleic acid molecule comprising or, alter-
natively consisting of a nucleotide sequence that is at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400,
450, 500, 550, 600, 650, 700, or more contiguous nucleotides
of the nucleotide sequence of SEQ ID NO:13, or a comple-
ment thereof. In yet another specific embodiment, the inven-
tion provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising or, alterna-
tively consisting of a nucleotide sequence that s at least 5, 10,
15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450,
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000,
7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000,
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000,
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000,
29,000 or more contiguous nucleotides of the nucleotide
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sequence of SEQ ID NO:15, or a complement thereof. In yet
another specific embodiment, the invention provides isolated
polypeptides or proteins that are encoded by a nucleic acid
molecule comprising or, alternatively consisting of a nucle-
otide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 40, 45,
100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 650, 700,
750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 1,150, 1,200 or
more contiguous nucleotides of the nucleotide sequence of
SEQ ID NO:2471, or a complement thereof In yet another
specific embodiment, the invention provides isolated
polypeptides or proteins that are encoded by a nucleic acid
molecule comprising or, alternatively consisting of a nucle-
otide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 40, 45,
100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 650, 700,
750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 1,150, 1,200,
2,000, 3,000, or more contiguous nucleotides of the nucle-
otide sequence of SEQ ID NO:2473, or a complement
thereof. The invention further provides proteins or polypep-
tides that are isolated from the hSARS virus, including viral
proteins isolated from cells infected with the virus but not
present in comparable uninfected cells. The invention further
provides proteins or polypeptides shown in FIGS. 11 (SEQID
NOS:17-239, 241-736 and 738-1107) and 12 (SEQ ID NOS:
1109-1589, 1591-1964 and 1966-2470). The invention fur-
ther provides proteins or polypeptides having the amino acid
sequence of SEQ 1D NO:2472 or 2474. The polypeptides or
the proteins of the present invention preferably have a bio-
logical activity of the protein (including antigenicity and/or
immunogenicity) encoded by the sequence of SEQ ID NO:1,
11, 13, 2471, or 2473. In other embodiments, the polypep-
tides or the proteins of the present invention have a biological
activity of the protein (including antigenicity and/or immu-
nogenicity) encoded by a nucleotide sequence that is at least
5,10, 15,20, 25, 30,35, 40, 45,100, 150, 200, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000,
7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000,
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000,
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000,
29,000 or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:15, or a complement thereof. In
other embodiments, the polypeptides or the proteins of the
present invention have a biological activity of the protein
(including antigenicity and/or immunogenicity) of FIGS. 11
(SEQID NOS:17-239, 241-736 and 738-1107) and 12 (SEQ
ID NOS:1109-1589, 1591-1964 and 1966-2470). The inven-
tion further provides proteins or polypeptides having a bio-
logical activity of the protein having amino acid sequence of
SEQ ID NO: 2472 or 2474.

[0012] In one aspect, the invention provides a method for
propagating the hSARS virus in host cells comprising infect-
ing the host cells with the isolated hSARS virus, culturing the
host cells to allow the virus to multiply, and harvesting the
resulting virions. Also provided by the present invention are
host cells that are infected with the hRSARS virus.

[0013] 1Inone aspect, the invention relates to the use of the
1solated hSARS virus for diagnostic and therapeutic methods.
In a specific embodiment, the invention provides a method of
detecting in a biological sample an antibody immunospecific
for the hSARS virus using the isolated hSARS virus or any
proteins or polypeptides thereof. In another specific embodi-
ment, the invention provides a method of screening for an
antibody which immunospecifically binds and neutralizes
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hSARS. Such an antibody is useful for a passive immuniza-
tion or immunotherapy of a subject infected with hSARS.

[0014] The invention further provides antibodies that spe-
cifically bind a polypeptide of the invention encoded by the
nucleotide sequence of SEQ ID NO:1, 11, 13, 2471, or 2473,
or a fragment thereof, or encoded by a nucleic acid compris-
ing a nucleotide sequence that hybridizes under stringent
conditions to the nucleotide sequence of SEQ ID NO:1, 11,
13, 2471, or 2473, and/or any hSARS epitope, having one or
more biological activities of a polypeptide of the invention.
The invention further provides antibodies that specifically
bind polypeptides of the invention encoded by the nucleotide
sequence of SEQ ID NO:15, or a fragment thereof. These
polypeptides include those shown in FIGS. 11 (SEQ ID NOS:
17-239, 241-736 and 738-1107) and 12 (SEQ ID NOS:1109-
1589, 1591-1964 and 1966-2470). In another embodiment,
the polypeptide comprises amino acid sequence of SEQ ID
NO:2472, or 2474. The invention further provides antibodies
that specifically bind polypeptides of the invention encoded
by a nucleic acid comprising a nucleotide sequence that
hybridizes under stringent conditions to the nucleotide
sequence of SEQ ID NO:15, and/or any hSARS epitope,
having one or more biological activities of a polypeptide of
the invention. Such antibodies include, but are not limited to
polyclonal, monoclonal, bi-specific, multi-specific, human,
humanized, chimeric antibodies, single chain antibodies, Fab
fragments, F(ab'), fragments, disulfide-linked Fvs, intrabod-
ies and fragments containing either aVlor VH domain or even
a complementary determining region (CDR) that specifically
binds to a polypeptide of the invention.

[0015] Inanother embodiment, the invention provides vac-
cine preparations, comprising the hSARS virus, including
recombinant and chimeric forms of said virus, or protein
subunits of the virus. In a specific embodiment, the vaccine
preparations of the present invention comprise live but attenu-
ated hSARS virus with or without adjuvants. In another spe-
cific embodiment, the vaccine preparations of the invention
comprise an inactivated or killed hSARS virus. Such attenu-
ated or inactivated viruses may be prepared by a series of
passages of the virus through the host cells or by preparing
recombinant or chimeric forms of virus. Accordingly, the
present invention further provides methods of preparing
recombinant or chimeric forms of hSARS. In another specific
invention, the vaccine preparations of the present invention
comprise a nucleic acid or fragment of the hSARS virus, e.g.,
the virus having accession no. CCTCC-V200303, or nucleic
acid molecules having the sequence of SEQ IDNO. 1, 11, 13,
15, 2471 or 2473, or a fragment thereof. In another embodi-
ment, the invention provides vaccine preparations comprising
one or more polypeptides isolated from or produced from
nucleic acid of hSARS virus, for example, of deposit acces-
sion no. CCTCC-V200303. In a specific embodiment, the
vaccine preparations comprise a polypeptide of the invention
encoded by the nucleotide sequence of SEQ IDNO:1, 11, 13,
2471 or 2473, or a fragment thereof. In a specific embodi-
ment, the vaccine preparations comprise polypeptides of the
invention as shown in FIG. 11 (SEQ ID NOS:17-239, 241-
736 and 738-1107) and 12 (SEQ ID NO:1109-1589, 1591-
1964 and 1966-2470) or encoded by the nucleotide sequence
of SEQ ID NO:15, or a fragment thereof. In a specific
embodiment, the vaccine preparations comprise polypeptides
comprising amino acid sequence of SEQ 1D NO:2472 or
2474. Furthermore, the present invention provides methods
for treating, ameliorating, managing or preventing SARS by
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administering the vaccine preparations or antibodies of the
present invention alone or in combination with adjuvants, or
other pharmaceutically acceptable excipients.

[0016] In another aspect, the present invention provides
pharmaceutical compositions comprising anti-viral agents of
the present invention and a pharmaceutically acceptable car-
rier. In a specific embodiment, the anti-viral agent of the
invention is an antibody that immunospecifically binds
hSARS virus or any hSARS epitope. In preferred embodi-
ments, such antibodies neutralize the hSARS virus. In a spe-
cific embodiment, the anti-viral agent of the invention binds a
fragment, variant, homolog of N-gene or S-gene of hSARS
virus. In a specific embodiment, the anti-viral agent of the
invention binds a fragment, variant, homolog of a polypeptide
comprising the amino acid sequence of SEQ 1D NO: 2472 or
2474. In another specific embodiment, the anti-viral agent is
a polypeptide or protein of the present invention or nucleic
acid molecule of the invention. The invention also provides
kits containing a pharmaceutical composition of the present
invention.

[0017] 3.1 Definitions

[0018] The term “an antibody or an antibody fragment that
immunospecifically binds a polypeptide of the invention” as
used herein refers to an antibody or a fragment thereof that
immunospecifically binds to the polypeptide encoded by the
nucleotide sequence of SEQIDNO:1,11,13,15, 2471, 2473,
or the polypeptides shown in FIGS. 11 and 12, or a fragment
thereof, and does not non-specifically bind to other polypep-
tides. An antibody or a fragment thereof that immunospecifi-
cally binds to the polypeptide of the invention may cross-
react with other antigens. Preferably, an antibody or a
fragment thereof that immunospecifically binds to a polypep-
tide of the invention does not cross-react with other antigens.
An antibody or a fragment thereof that immunospecifically
binds to the polypeptide of the invention, can be identified by,
for example, immunoassays or other techniques known to
those skilled in the art.

[0019] 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 substantially free of chemical precursors or
other chemicals when chemically synthesized. The language
“substantially free of cellular material” includes preparations
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/protein is produced by
chemical synthesis, it is preferably substantially free of
chemical precursors or other chemicals, i.e., it is separated
from chemical precursors or other chemicals which are
involved in the synthesis of the protein. Accordingly, such
preparations of the polypeptide/protein have less than about
30%, 20%, 10%, 5% (by dry weight) of chemical precursors
or compounds other than polypeptide/protein fragment of
interest. In a preferred embodiment of the present invention,
polypeptides/proteins are isolated or purified.
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[0020] 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 puri-
fied. 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.

[0021] The term “portion” or “fragment” as used herein
refers to a fragment of a nucleic acid molecule containing at
least about 25, 30, 35, 40, 45, 100, 150, 200, 250, 300, 350,
400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,
1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 2,000,
3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000,
11,000, 12,000, 13,000, 14,000, 15,000, 16,000, 17,000,
18,000, 19,000, 20,000, 21,000, 22,000, 23,000, 24,000,
25,000, 26,000, 27,000, 28,000, 29,000, or more contiguous
nucleic acids in length of the relevant nucleic acid molecule
and having at least one functional feature of the nucleic acid
molecule (or the encoded protein has one functional feature
of the protein encoded by the nucleic acid molecule); or a
fragment of a protein or a polypeptide containing at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90,
100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320,
340, 360, 400, 500, 600, 700, 800, 900, 1,000, 1,500, 2,000,
2,500, 3,000, 3,500, 4,000, 4,100, 4,200, 4,300, 4,350, 4,360,
4,370, 4,380 amino acid residues in length of the relevant
protein or polypeptide and having at least one functional
feature of the protein or polypeptide.

[0022] The term “3' region of the hSAR viral genome™
refers to from about nucleotide position 18,000 to 29742 of
SEQID NO:15.

[0023] The term “having a biological activity of the pro-
tein” or “having biological activities 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 or 2473. Such common biological activities
of the polypeptides of the invention include antigenicity and
immunogenicity.

[0024] The term “under stringent condition” refers to
hybridization and washing conditions under which nucle-
otide sequences having at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, or at least 95% identity to
each other remain hybridized to each other. Such hybridiza-
tion conditions are described in, for example but not limited
to, Current Protocols in Molecular Biology, John Wiley &
Sons, N.Y. (1989), 6.3.1-6.3.6.; Basic Methods in Molecular
Biology, Elsevier Science Publishing Co., Inc.. N.Y. (1986),
pp- 75-78, and 84-87; and Molecular Cloning. Cold Spring
Harbor Laboratory, N.Y. (1982), pp. 387-389, and are well
known to those skilled in the art. A preferred, non-limiting
example of stringent hybridization conditions is 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-lim-
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iting example of stringent hybridization conditions is hybrid-
ization in 6xSSC at about 45° C. followed by one or more
washes in 0.2xSSC, 0.1% SDS at about 50-65° C.

[0025] The term “variant” as used herein refers either to a
naturally occurring genetic mutant of hSARS or a recombi-
nantly prepared variation of hSARS each of which contain
one or more mutations in its genome compared to the hRSARS
of CCTCC-V200303. The term “variant” may also refer
either to 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.

4. BRIEF DESCRIPTION OF THE FIGURES

[0026] FIG. 1 shows a partial DNA sequence (SEQ ID
NO:1) and its deduced amino acid sequence (SEQ 1D NO:2)
obtained from the SARS virus that has 57% homology to the
RNA-dependent RNA polymerase protein of known Coro-
naviruses.

[0027] FIG. 2 shows an electron micrograph of the novel
hSARS virus that has similar morphological characteristics
of coronaviruses.

[0028] FIG. 3 shows an immunofiuorescent staining for
IgG antibodies that are specifically bound to the FrHK-4 cells
infected with the novel human respiratory virus of Coro-
naviridae.

[0029] FIG. 4 shows an electron micrograph of ultra-cen-
trifuged deposit of hSARS virus that was grown in the cell
culture and negatively stained with 3% potassium phospho-
tungstate at pH 7.0.

[0030] FIG. 5A shows a thin-section electron micrograph
of ung biopsy of a patient with SARS; and FIG. 5B shows a
thin section electron micrograph of hNSARS-infected cells.
[0031] FIG. 6 shows the result of phylogenetic analysis for
the partial protein sequence (215 amino acids; SEQ ID NO:2)
ofthe hSARS virus (GenBank accession number AY268070).
The phylogenetic tree is constructed by the neighbor-jointing
method. The horizontal-line distance represents the number
of sites at which the two sequences compared are different.
Bootstrap values are deducted from 500 replicates.

[0032] FIG. 7A shows an amplification plot of fluorescence
intensity against the PCR cycle in a real-time quantitative
PCR assay that can detect a hSARS virus in samples quanti-
tatively. The copy numbers of input plasmid DNA in the
reactions are indicated. The X-axis denotes the cycle number
of a quantitative PCR assay and the Y-axis denotes the fluo-
rescence intensity (FI) over the backgroud. FIG. 7B shows the
result of a melting curve analysis of PCR products from
clinical samples. Signals from positive (+ve) samples, nega-
tive (-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.
[0033] FIG. 8 shows another partial DNA sequence (SEQ
ID NO:11) and its deduced amino acid sequence (SEQ ID
NO:12) obtained from the SARS virus.

[0034] FIG. 9 shows yet another partial DNA sequence
(SEQID NO:13) and its deduced amino acid sequence (SEQ
ID NO:14) obtained from the SARS virus.

[0035] FIG. 10 shows the entire genomic DNA sequence
(SEQ ID NO:15) of the SARS virus.

[0036] 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
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sequences: SEQ ID NOS:17-239; the second-frame amino
acid sequences: SEQ 1D NOS:241-736; and the third-frame
amino acid sequences: SEQ ID NO:738-1107.

[0037] 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 NO:1966-2470.

[0038] FIG. 13 shows the N-gene primer sequences (which
amplifies nucleotides at position 29247-29410 of SEQ 1D
NO:2471). 150# (SEQ ID NO:2475); 200# (SEQ ID
NO:2476); and S-gene primer sequences (which amplifies
nucleotides at position 24751 to 25049 of SEQ ID NO:2473).
131# (SEQ ID NO:2477); 132# (SEQ ID NO:2478).

[0039] FIG. 14A shows the nucleic acid sequence of the
N-gene (SEQ ID NO:2471). FIG. 14B shows the amino acid
sequence of the N-gene (SEQ 1D NO:2472).

[0040] FIG. 15A shows the nucleic acid sequence of the
S-gene (SEQ ID NO:2473). FIG. 15B shows the amino acid
sequence of the S-gene (SEQ ID NO:2474).

[0041] FIG. 16 shows the genome organization and tran-
scription strategy of SARS-CoV HK-39. Genomic and
mRNA transcripts are capped (black circles), carry leader
sequences (vertical lines)at 5' proximal and are polyadeny-
lated (A"). Arrows point the position of the intergenic
sequence, 5-CTAAACGAAC-3' (SEQ ID NO:2479). After
release of the positive-sense genomic RNA in the cytoplasm
of host cell, the viral RNA-dependent RNA polymerase,
encoded from ORE 1a and 15, is synthesized. It carries out
transcription of a full-length complementary (negative-
sense) RNA, from which new genomic RNA, an overlapping
set of subgenomic mRNA transcripts, and leader RNA are
synthesized. Note that all transcripts are preceded with com-
mon 5' leader sequences and common 3' ends. ORF 1a and
1b—RNA-dependent RNA polymerase; S—the major pep-
lomer glycoprotein; M-—transmembrane glycoprotein;
N—nucleocapsid; X1, X2, X3—putative proteins.

[0042] FIG. 17 shows a construct map of pSARSCoV-
ORF1b-N. PCR products amplified from ORF1b (1b) and N
gene of SARS-CoV were co-ligated into a cloning vector
pCR2.1-TOPO (Invitrogen). The nucleotide (nt) numbers
corresponds to the positions in the sequence of HK-39 strain
SARS-CoV (AY278491). Shadowed areas indicate the
amplicons by the primers used in diagnostic test (i.e., SEQ ID
NOS:2480 and 2481).

[0043] FIG. 18 shows a photo of an agarose gel after elec-
trophoresis of total RNA extracted from SARS patients using
SV Total RNA isolation system. The extracted RNA was then
subjected to a reverse-transcription polymerase chain reac-
tion (RT-PCR) assay for the detection of coronavirus in the
patients.

[0044] FIG. 19 shows the effect of potential inhibitors in
Reverse Transcription Polymerase Chain Reaction (RT-
PCR). To remove potential inhibitors, total RNA eluted from
SV96 Binding Plate was precipitated with 95% ethanol and 3
M sodium acetate and resuspend in 12 pl of nuclease-free
water. RT-PCR was performed with actin-F (SEQ ID
NO:2482) and actin-R (SEQ ID NO:2483) primers. Numbers
indicated were the number of pig kidney epithelial (PK-15)
cell added in the sample as an internal control. There was no
DNA fragment amplified with untreated RNA samples.
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[0045] FIG. 20 shows the primers used for amplifying vari-
ous genes. SRS251 (SEQ IDNO:2480) and SRS252 (SEQ ID
NO:2481) amplified a 225 base pair fragment from the region
of N-gene that showed no homology to other coronavirus.
coro3 (SEQ ID NO:3) and coro4 (SEQ ID NO:4) amplified
RNA-dependent RNA polymerase (1b gene) as a control.
Actin-F (SEQ ID NO:2482) and actin-R (SEQ ID NO:2483)
amplified a 745 base pair fragment from [-actin gene as
internal control for PCR assays.

[0046] FIG. 21 A shows Amplification plot of fluorescence
Intensity against the number of PCR cycles. Black lines show
the dynamic range of N-gene specific PCR with serially
diluted plasmid construct from 10" to 10° copies. NPA
samples from non-SARS patients, including patients suffer-
ing from adenovirus (n=5), respiratory syncytial virus (n=5),
human metapneumovirus (n=5), influenza A virus (n=5), or
influenza B virus (n=5) infection, are shown in gray lines.
Lines with triangles denotes the SARS-CoV positive NPA
samples; NTC represents no template control; X-axis indi-
cates the cycle number of quantitative PCR performed, while
Y-axis represents the fluorescence intensity (FAM-400) over
background signal (Delta Rn). Inlet shows the melting curve
analysis of the PCR products. Signals from positive (+ve),
negative (-ve) samples and no template control are indicated.
X-axis indicates the temperature (° C.), while Y-axis repre-
sents the fluorescence intensity (Delta Rn). FIG. 21B shows
comparison of dynamic ranges of N-gene and 1b-gene spe-
cific PCRs. Dynamic ranges of both N-gene and 1b-gene PCR
were obtained with same plasmid construct in which 1:1 ratio
of corresponding amplicons were subcloned. Serially diluted
plasmid with copy number ranged from 107! to 10° copies
was used as template in both PCRs. Lines with triangles
denotes N-gene specific PCR while the gray lines indicates
1b-gene specific PCR. Inlet shows Ct values+standard devia-
tion in triplicate set of experiment of both PCRs with different
copy numbers of template used. NTC represents no template
control; X-axis indicated the cycle number of quantitative
PCR performed, while Y-axis represents fluorescence inten-
sity.

[0047] FIGS. 22A and 22B show an amplification curve
and a melting curve, respectively, of real-time quantitative
PCR specific to 1b (using the primers having SEQ ID NOS:3
and 4) and N gene (using the primers having SEQ ID NOS:
2480 and 2481) of SARS CoV. FIG. 22A: Amplification plot
of fluorescence intensity against the number of PCR cycles.
One (1) pl of cDNA from a NPA, tracheal dispersion and lung
biopsy of patients with clinical symptoms were used as tem-
plate in each PCR. Fifty (50) cycles of PCR were performed
to achieve the saturation phase of the reaction. X-axis indi-
cates the cycle number of quantitative PCR performed, while
y-axis represents the fluorescence intensity (FAM-490) over
background signal. Horizontal gray line indicates the calcu-
lated threshold value by maximum curvature approach, and
the baseline cycle Ct was calculated automatically. Inlet
shows half-maximal fluorescence value (%2 max) and Ct of
both PCR with cDNA from various tissue isolated from a key
patient (patient A indicated in New Engl. J. Med. 348:1967-76
(by Drosten et al., 2003) in three different time points.
NPA=nasopharyngeal  aspirate; ~TW=tracheal wash;
LW=lung wash. FIG. 22B: Melting curves of PCR products.
Melting curve analysis was carried out after 10-minute fur-
ther-extension step of the reaction. The temperature was
raised from 56° C. to 94° C. by 76 increments 0of 0.5° C. each,
while each set-point temperature had been held for 7 seconds
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for data collection and analysis. Melting temperature of 1b-
and N-gene specific PCR products was 80.5° C. and 85.5° C.
respectively. X-axis indicates the temperature in degree Cel-
sius while Y-axis represents the fluorescence intensity (FAM-
490) over background signal. One (1) pl of water was used as
no template control in the reaction.

[0048] FIG. 23 shows the diagnostic result of 48 clinical
samples using the primers having SEQ ID NOS:2480 and
2481, respectively, with f-actin PCR as an internal control.
Upper bands in each row showed a 745 by DNA fragment
amplified with actin-F and actin-R, while lower bands were
the amplicons by primers specific for N-gene of SARS coro-
navirus (225 bp). —ve control (water) and +ve control (¢cDNA
from SARS coronavirus infected vero cell) of the assay were
indicated. Five (5) pl of PCR products of both reactions were
mixed and loaded into the sample well in a 2% agarose gel.
M=1 kb plus molecular marker (Invitrogen).

[0049] FIG. 24 shows Northern Blot analysis of SARS-
CoV total RNA. Total RNA of SARS-CoV was extracted
from SARS-CoV infected Vero E6 cell. RNA was separated
in a 1% denaturing gel containing 6.29% formaldehyde.
Afterwards RNA was transferred to positively charged nylon
membrane and hybridized with digoxigenin-labelled PCR
fragments specific to 1b, S, M and N genes, respectively. Lane
1—1b;lane 2—S; lane 3—M; lane 4—N. Vertical bar showed
the molecular size reference. Arrows indicates the transcripts
hybridized with N probe. Signals were analyzed by chemilu-
minescence.

[0050] FIG. 25 shows the DNA probes used in Northern
blot analysis. The probes for 1b gene (nt 18057-18222; SEQ
ID NO:2484), S gene (nt 21920-22107; SEQ ID NO:2485),
M gene (nt 25867-26996; SEQ ID NO:2486), and N gene (nt
28658-28883; SEQ ID NO:2487) are shown.

5. DETAILED DESCRIPTION OF THE
INVENTION

[0051] The present inventors developed a rapid, high-
throughput reverse transcription-PCR diagnostic test for
SARS associated coronavirus (SARS-CoV). 3' region of the
hSARS virus genome including the Nucleocapsid gene
(N-gene) represents a sensitive molecular marker which can
beused in addition to 1b gene to increase the sensitivity of the
test. An internal control using PK-15 cells may be employed
to ensure the integrity of RNA during its extraction process
and ¢cDNA synthesis, thus eliminating false negative results.
[0052] In mouse hepatitis virus (MHV), a typical member
of the genus Coronavirus, both genomic RNA and mRNA
transcripts are capped and with common 3' ends and common
leader sequences on their 5' ends. With this unique transcrip-
tion strategy, the copy numbers of different viral genes during
proliferation of virus inits host are different (F1G. 19). N gene
that encodes for the nucleocapsid has the most abundant copy
number during virus replication as all transcripts may carry
nucleotide sequence from N gene, although they are not all
in-frame for translation for this gene product. The present
inventors have discovered a diagnostic assay that is based on
the 3' region, including the N-gene, of the viral genome pro-
vide a more sensitive assay than the rest of the viral genome.
Accordingly, in preferred embodiments, nucleic acid mol-
ecules that may be used for a diagnostic assay comprise
nucleic acid sequence of nucleotide position 18000 to 29742
of SEQ ID NO:15, or portions thereof. The portions may
comprise 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350,
400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,
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1000, 1050, 1100, 1150, 1200 of nucleotides having nucleic
acid sequence from nucleotide position 18000 to 29742 of
SEQID NO:15. In other preferred embodiments, nucleic acid
molecules that may be used for a diagnostic assay comprising
nucleic acid sequence of nucleotide position 28658 to 28883
or 29247-29410 of SEQ ID NO:15.

[0053] Nasopharyngeal aspirate (NPA) and stool samples
were obtained from SARS suspected patients with major
clinical symptoms and significant history of close contact
with infected patients. Total RNA was extracted from the
subject samples, together with PK-15 cell as an internal con-
trol. Samples were analyzed by the reverse-transcription-
PCR assay. Northern blot analysis was performed to show
different subgenomic transcripts of the virus. Real-time quan-
titative PCR was employed to compare the sensitivity of two
loci used in this diagnostic assay. In specific embodiments,
PCR inhibitor was removed with ethanol precipitation after
RNA extraction process.

[0054] In preferred embodiments, the present invention
provides a method for detecting the presence or absence of
nucleic acid of the N-gene in a biological sample. The method
involves obtaining a biological sample from various sources
and contacting the sample with a compound or an agent
capable of detecting a nucleic acid (e.g., mRNA, genomic
RNA) of the N-gene of the hSARS virus such that the pres-
ence of the N-gene is detected in the sample. In preferred
embodiments, the N-gene may be detected using a labeled
nucleic acid probe comprising of the nucleotide sequence of
SEQ ID NO:2471, complement thereof, or a portion thereof.
The portion may be 10, 20, 30, 40, 50, 100, 200, 400, 500,
600, 800, 1000, 1200 nucleotides in length. In preferred
embodiments, primers comprising nucleotide sequence of
SEQID NOS:2475 and/or 2476 or SEQ ID NOS:2480 and/or
2481 may be used to amplify a portion of the N-gene for
detection.

[0055] A preferred agent for detecting hSARS mRNA or
genomic RNA of'the invention is a labeled nucleic acid probe
capable of hybridizing to mRNA or genomic RNA encoding
a polypeptide of the invention. The nucleic acid probe can be,
for example, a nucleic acid molecule comprising or consist-
ing of the nucleotide sequence or SEQ ID NO:1, 11, 13, 15,
2471 or 2473, complement thereof, or a portion thereof, such
as an oligonucleotide of at least 15, 20, 25, 30, 50, 100, 250,
500,750, 1,000 or more contiguous nucleotides in length and
sufficient to specifically hybridize under stringent conditions
to a hRSARS mRNA or genomic RNA.

[0056] Inanother preferred specific embodiment, the pres-
ence of N-gene is detected in the sample by an reverse tran-
scription polymerase chain reaction (RT-PCR) using the
primers that are constructed based on a partial nucleotide
sequence of the N-gene or a genomic nucleic acid sequence of
SEQIDNO:15, or based on a nucleotide sequence of SEQ ID
NO:1, 11, 13, 15, 2471, or 2473. In a non-limiting specific
embodiment, preferred primers to be used in a RT-PCR
method are: 5-TACACACCTCAGC-GTTG-3' (SEQ ID
NO:3) and/or 5-CACGAACGTGACG-AAT-3' (SEQ ID
NO:4), in the presence of 2.5 mM MgCl, and the thermal
cycles are, for example, but not limited to, 94° C. for 8 min
followed by 40 cycles of 94° C. for 1 min, 50° C. for 1 mM,
72° C. for 1 min (also see Sect and 6.8 infra). In preferred
embodiments, the primers comprise nucleic acid sequence of
SEQ ID NOS:2475 and 2476. In another preferred embodi-
ment, the primers comprise nucleic acid sequence of SEQ ID
NOS:2480 and 2481. In preferred embodiments, the thermal
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cycles are 94° C. for 10 min followed by 40 cycles of 94° C.
for 30 seconds, 56° C. for 30 seconds, 72° C. for 30 seconds,
72° C. for 10 minutes. In another preferred embodiment, the
thermal cycles are 94° C. for 3 min followed by 40 cycles of
94° C. for 30 seconds, 56° C. for 30 seconds, 72° C. for 30
seconds, 72° C. for 10 minutes. In more preferred specific
embodiment, the present invention provides a real-time quan-
titative PCR assay to detect the presence of hSARS virusin a
biological sample by subjecting the cDNA obtained by
reverse transcription of the extracted total RNA from the
sample to PCR reactions using the specific primers, such as
those having nucleotide sequences of SEQ ID NOS:3 and 4,
and a fluorescence dye, such as SYBR® Green I, which
fluoresces when bound non-specifically to double-stranded
DNA. The fluorescence signals from these reactions are cap-
tured at the end of extension steps as PCR product is gener-
ated over a range of the thermal cycles, thereby allowing the
quantitative determination of the viral load in the sample
based on an amplification plot (see Section 6.7, infra).
[0057] In the preferred embodiment, the present invention
provides a method for detecting the presence or absence of
nucleic acid of the S-gene in a biological sample. The method
involves obtaining a biological sample from various sources
and contacting the sample with a compound or an agent
capable of detecting a nucleic acid (e.g., mRNA, genomic
RNA) ofthe S-gene of the hSARS virus such that the presence
of the S-gene is detected in the sample. A preferred agent for
detecting hRSARS mRNA or genomic RNA of the invention is
alabeled nucleic acid probe capable of hybridizing to mRNA
or genomic RNA encoding a polypeptide of the invention.
The nucleic acid probe can be, for example, a nucleic acid
molecule comprising or consisting of the nucleotide sequence
or SEQ ID NO:1, 11, 13, 15, 2471, or 2473, or a portion
thereof, such as an oligonucleotide of at least 15, 20, 25, 30,
50, 100, 250, 500, 750, 1,000 or more contiguous nucleotides
in length and sufficient to specifically hybridize under strin-
gent conditions to a hSARS mRNA or genomic RNA.
[0058] In another preferred specific embodiment, the pres-
ence of S-gene is detected in the sample by an reverse tran-
scription polymerase chain reaction (RT-PCR) using the
primers that are constructed based on a partial nucleotide
sequence of the S-gene (SEQ ID NO:2473).

[0059] In vitro techniques for detection of mRNA include
northern hybridizations, in situ hybridizations, RT-PCR, and
RNase protection. In vitro techniques for detection of
genomic RNA include northern hybridizations, RT-PCT, and
RNase protection.

[0060] The polynucleotides encoding the N-gene 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 amplifica-
tion of polynucleotides can be carried out in vitro by bio-
chemical 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 pur-
pose include, for example, E. coli DNA polymerase 1, Taq
polymerase, Klenow fragment of E. coli DNA polymerase I,
T4 DNA polymerase, other available DNA polymerases,
polymerase muteins, reverse transcriptase, ligase, and other
enzymes, including heat-stable enzymes (i.e., those enzymes
that perform primer extension after being subjected to tem-
peratures sufficiently elevated to cause denaturation). Suit-
able enzymes will facilitate combination of the nucleotides in
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the proper manner to form the primer extension products that
are complementary to each mutant nucleotide strand. Gener-
ally, the synthesis will be initiated at the 3'-end of each primer
and proceed in the 5'-direction along the template strand, until
synthesis terminates, producing molecules of different
lengths. There may be amplification agents, however, that
initiate synthesis at the 5'-end and proceed in the other direc-
tion, using the same process as described above. In any event,
the method of the invention is not to be limited to the embodi-
ments of amplification described herein.

[0061] 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 ampli-
fication 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 ther-
mocycler at a denaturing temperature of 95° C. for 30 sec,
followed by varying annealing temperatures ranging from
54-58° C. for 1 min, an extension step at 70° C. for 1 min and
a final extension step at 70° C.

[0062] The primers for use in amplifying the N-gene or
S-gene of the invention may be prepared using any suitable
method, such as conventional phosphotriester and phos-
phodiester methods or automated embodiments thereof so
long as the primers are capable of hybridizing to the poly-
nucleotides of interest. One method for synthesizing oligo-
nucleotides on a modified solid support is described in U.S.
Pat. No.4,458,066. The exact length of primer will depend on
many factors, including temperature, buffer, and nucleotide
composition. The primer must prime the synthesis of exten-
sion products in the presence of the inducing agent for ampli-
fication.

[0063] 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 func-
tion. In other words, the primers that are complementary to
the flanking sequences hybridize with the flanking sequences
and permit amplification of the nucleotide sequence. Prefer-
ably, the 3' terminus of the primer that is extended has per-
fectly base paired complementarity with the complementary
flanking strand. Primers and probes for polynucleotides
encoding N-gene or S-gene of the present invention can be
developed using known methods combined with the present
disclosure.

[0064] Those of ordinary skill in the art will know of vari-
ous amplification methodologies that can also be utilized to
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increase the copy number of target nucleic acid. The poly-
nucleotides detected in the method of the invention can be
further evaluated, detected, cloned, sequenced. and the like,
either in solution or after binding to a solid support, by any
method usually applied to the detection of a specific nucleic
acid sequence such as another polymerase chain reaction,
oligomer restriction (Saiki et al., Bio/Technology 3:1008-
1012 (1985)), allele-specific oligonucleotide (ASO) probe
analysis (Conner et al., Proc. Natl. Acad. Sci. USA 80: 278
(1983), oligonucleotide ligation assays (OLAs) (Landegren
et al., Science 241:1077 (1988)), RNAse Protection Assay
and the like. Molecular techniques for DNA analysis have
been reviewed (Landegren et al, Science 242: 229-237
(1988)). Following DNA amplification, the reaction product
may be detected by Southern blot analysis, without using
radioactive probes. In such a process, for example, a small
sample of DNA containing the polynucleotides obtained
from the tissue or subject are amplified, and analyzed via a
Southern blotting technique. The use of non-radioactive
probes or labels is facilitated by the high level of the amplified
signal. In one embodiment of the invention, one nucleoside
triphosphate is radioactively labeled, thereby allowing direct
visualization of the amplification product by autoradiogra-
phy. In another embodiment, amplification primers are fluo-
rescently labeled and run through an electrophoresis system.
Visualization of amplified products is by laser detection fol-
lowed by computer assisted graphic display, without a radio-
active signal.

[0065] The methods of the present invention can involve a
real-time quantitative PCR assay, such as a Tagman® assay
(Holland et al., Proc Natl Acad Sci USA, 88(16):7276 (1991);
also see U.S. patent application Ser. No. 10/808,187 filed
Mar. 24, 2004, which is incorporated by reference in its
entirety). The assays can be performed on an instrument
designed to perform such assays, for example those available
from Applied Biosystems (Foster City, Calif.). Primers and
probes for such an assay can be designed according to known
procedures in the art.

[0066] The size of the primers used to amplify a portion of
the N-gene or S-gene is at least 10, 15, 20, 25, 30 nucleotide
in length. In particular, primers that amplify the N-gene or
S-gene is most preferred. Preferably, the GC ratio should be
above 30, 35, 40, 45, 50, 55, 60 so as to prevent hair-pin
structure on the primer. Furthermore, the amplicon should be
sufficiently long enough to be detected by standard molecular
biology methodologies. Preferably, the amplicon is at least
40, 60, 100, 200, 300, 400, 500, 600, 800, 1000 base pair in
length.

[0067] In a specific embodiment, the methods further
involve obtaining a control sample from a control subject,
contacting the control sample with a compound or agent
capable of detecting N-gene or S-gene, such that the presence
of mRNA or genomic RNA encoding the N-gene or S-gene is
detected in the sample, and comparing the presence (or
absence) of N-gene or S-gene, or mRNA or genomic RNA
encoding the polypeptide in the control sample with the pres-
ence of N-gene or S-gene, or mRNA or genomic DNA encod-
ing the polypeptide in the test sample.

[0068] The invention also encompasses kits for detecting
the presence of N-gene nucleic acid in a test sample. The kit,
for example, can comprise a labeled compound or agent
capable of detecting a nucleic acid molecule encoding the
polypeptide in a test sample and, in certain embodiments, a
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means for determining the amount of mRNA in the sample
(an oligonucleotide probe which binds to DNA or mRNA
encoding the polypeptide).

[0069] For oligonucleotide-based kits, the kit can com-
prise, for example: (1) an oligonucleotide, e.g., a detectably
labeled oligonucleotide, which hybridizes to a nucleic acid
sequence encoding a polypeptide of the invention or to a
sequence within the N-gene; (2) a pair of primers useful for
amplifying a nucleic acid molecule containing the N-gene
sequence. The kit can also comprise, e.g., a buffering agent, a
preservative, or a protein stabilizing agent. The kit can also
comprise 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.

[0070] The present invention relates to the isolated N-gene
and S-gene of the hSARS virus. In a specific embodiment, the
virus comprises a nucleotide sequence of SEQ ID NO: 1, 11,
13, 15, 2471, and/or 2473. In a specific embodiment, the
present invention provides isolated nucleic acid molecules of
the hSARS virus, comprising, or, alternatively, consisting of
the nucleotide sequence of SEQ ID NO:1, 11, 13, 15, 2471,
and/or, 2473, a complement thereof or a portion thereof. In
another specific embodiment, the invention provides isolated
nucleic acid molecules which hybridize under stringent con-
ditions, as defined herein, to a nucleic acid molecule having
the sequence of SEQ ID NO:1, 11, 13, 15,2471, and/or 2473,
or specific genes of known member of Coronaviridae, or a
complement thereof. In another specific embodiment, the
invention provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising a nucleotide
sequence that is at least about 5, 10, 15, 20, 25, 30, 35, 40, 45,
100, 150, 200, 300, 350, 400, 450, 500, 550, 600, or more
contiguous nucleotides of the nucleotide sequence of SEQ ID
NO:1, or a complement thereof. In another specific embodi-
ment, the invention provides isolated polypeptides or proteins
that are encoded by a nucleic acid molecule comprising a
nucleotide sequence that s at least about 5, 10, 15, 20, 25, 30,
35, 40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600,
650,700,750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 1,150,
1,200, or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:11, or a complement thereof. In yet
another specific embodiment, the invention provides isolated
polypeptides or proteins that are encoded by a nucleic acid
molecule comprising a nucleotide sequence that is at least
about5, 10, 15,20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350,
400, 450, 500, 550, 600, 650, 700, or more contiguous nucle-
otides of the nucleotide sequence of SEQ ID NO:13, or a
complement thereof. In yet another specific embodiment, the
invention provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising or, alterna-
tively consisting of a nucleotide sequence that is at least 5, 10,
15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450,
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200 or more contiguous nucleotides of
the nucleotide sequence of SEQ ID NO:2471, or a comple-
ment thereof. In yet another specific embodiment, the inven-
tion provides isolated polypeptides or proteins that are
encoded by a nucleic acid molecule comprising or, alterna-
tively consisting of a nucleotide sequence thatis at least 5, 10,
15,20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450,
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500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, or more contiguous
nucleotides of the nucleotide sequence of SEQ ID NO:2473,
oracomplement thereof. In yet another specific embodiment,
the invention provides isolated polypeptides or proteins that
are encoded by a nucleic acid molecule comprising or, alter-
natively consisting of a nucleotide sequence that is at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400.
450, 500, 550, 600, 650, 700, 750, 800, 850, 900. 950, 1,000,
1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000,
7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000,
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000,
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000,
29,000 or more contiguous nucleotides of the nucleotide
sequence of SEQ ID NO:15, or a complement thereof. The
polypeptides includes those shown in FIGS. 11 (SEQ ID
NOS:17-239, 241-736 and 738-1107) and 12 (SEQ ID NOS:
1109-1589, 1591-1964 and 1966-2470) or having an amino
acid sequence of SEQ ID NO:2472 or 2474. The polypeptides
or the proteins of the present invention preferably have one or
more biological activities of the proteins encoded by the
sequence of SEQ ID NO:1, 11, 13, 15, 2471 or 2473, or the
polypeptides shown in FIGS. 11 and 12, or the native viral
proteins containing the amino acid sequences encoded by the
sequence of SEQ ID NO:1, 11, 13, 15, 2471 or 2473.

[0071] The present invention also relates to a method for
propagating the hSARS virus in host cells.

[0072] The invention further relates to the use of the
sequence information of the isolated virus for diagnostic and
therapeutic methods. In a specific embodiment, the invention
provides the entire nucleotide sequence of hSARS virus,
CCTCC-v200303, SEQ IDNO:15, or fragments, or comple-
ment thereof. Furthermore, the present invention relates to a
nucleic acid molecule that hybridizes any portion of the
genome of the hSARS virus, CCTCC-V200303, or SEQ ID
NO:15, under the stringent conditions. In a specific embodi-
ment, the invention provides nucleic acid molecules which
are suitable for use as primers consisting of or comprising the
nucleotide sequence of SEQ ID NO:1, 11, 13, 15, 2471 or
2473, or a complement thereof, or a portion thereof. In spe-
cific embodiments, the primers comprise nucleotide
sequence of SEQ ID NO: 2475, 2476, 2477, 2478, 2480 or
2481. In another specific embodiment, the invention provides
nucleic acid molecules which are suitable for use as hybrid-
ization probes for the detection of nucleic acids encoding a
polypeptide of the invention, consisting of or comprising the
nucleotide sequence of SEQ ID NO:1, 11, 13, 15, 2471 or
2473, a complement thereof, or a portion thereof The inven-
tion further relates to a kit comprising primers having nucleic
acid sequence of SEQ ID NOS:2475 and 2476; and SEQ ID
NOS:2480 and 2481, for the detection of N-gene. In another
embodiment, the invention relates to a kit comprising primers
having nucleic acid sequence of SEQ ID NOS:2477 and/or
2478 for the detection of S-gene. In a preferred embodiment,
the kit further comprises reagents for the detection of genes
not found inhSARS virus as a negative control. The invention
further encompasses chimeric or recontbinant viruses or viral
proteins encoded by said nucleotide sequences.

[0073] The invention further provides antibodies that spe-
cifically bind a polypeptide of the invention encoded by the
nucleotide sequence of SEQ ID NO:1, 11, 13, 2471 or 2473,
or a fragment thereof, or any hSARS epitope. The invention
further provides antibodies that specifically bind a polypep-
tide having amino acid sequence of SEQ ID NO: 2472 or
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2474. The invention further provides antibodies that specifi-
cally bind the polypeptides of the invention encoded by the
nucleotide sequence of SEQ ID NO:15, or the polypeptides
shown in FIGS. 11 and 12, or a fragment thereof, or any
hSARS epitope. Such antibodies include, but are not limited
to 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 V1 or VH
domain or even a complementary determining region (CDR)
that specifically binds to a polypeptide of the invention.

[0074] Inoneembodiment, the invention provides methods
for detecting the presence, activity or expression of the
hSARS virus of the invention in a biological material, such as
cells, blood, saliva, urine, sputum, nasopharyngeal aspirates,
and so forth. The presence of the hNSARS virusina sample can
be determined by contacting the biological material with an
agent which can detect directly or indirectly the presence of
the hSARS virus. In a specific embodiment, the detection
agents are the antibodies of the present invention. In another
embodiment, the detection agent is a nucleic acid of the
present invention.

[0075] Inanother embodiment, the invention provides vac-
cine preparations comprising the hSARS virus, including
recombinant and chimeric forms of said virus, or subunits of
the virus. In a specific embodiment, the vaccine preparations
comprise live but attenuated hSARS virus with or without
pharmaceutically acceptable excipients, including adjuvants.
In another specific embodiment, the vaccine preparations
comprise an inactivated or killed hSARS virus with or with-
out pharmaceutically acceptable excipients, including adju-
vants. The vaccine preparations of the present invention may
further comprise adjuvants or accordingly, the present inven-
tion further provides methods of preparing recombinant or
chimeric forms of hSARS. In another specific invention, the
vaccine preparations of the present invention comprise one or
more nucleic acid molecules comprising or consisting of the
sequence of SEQ ID NO. 1, 11, 13, 15, 2471 and/or 2473, or
a fragment thereof. In another embodiment, the invention
provides vaccine preparations comprising one or more
polypeptides of the invention encoded by a nucleotide
sequence comprising or consisting of the nucleotide sequence
of SEQ ID NO:1, 11, 13, 2471 and/or 2473, or the polypep-
tides shown in FIGS. 11 and 12, or a fragment thereof. In
another embodiment, the invention provides vaccine prepa-
rations comprising one or more polypeptides of the invention
encoded by a nucleotide sequence comprising or consisting
of the nucleotide sequence of SEQ ID NO:15, or a fragment
thereof. Furthermore, the present invention provides methods
for treating, ameliorating, managing, or preventing SARS by
administering the vaccine preparations or antibodies of the
present invention alone or in combination with antivirals
[e.g., amantadine, rimantadine, gancyclovir, acyclovir, rib-
avirin, penciclovir, oseltamivir, foscarnet zidovudine (AZT),
didanosine (ddI), lamivudine (3TC), zalcitabine (ddC), sta-
vudine (d4T). nevirapine, delavirdine, indinavir, ritonavir,
vidarabine, nelfinavir, saquinavir, relenza, tamiflu, plecon-
aril, interferons, etc.], steroids and corticosteroids such as
prednisone, cortisone, fluticasone and glucocorticoid, antibi-
otics, analgesics, bronchodialaters, or other treatments for
respiratory and/or viral infections.

[0076] Furthermore, the present invention provides phar-
maceutical compositions comprising anti-viral agents of the
present invention and a pharmaceutically acceptable carrier.
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The present invention also provides kits comprising pharma-
ceutical compositions of the present invention.

[0077] In another aspect, the present invention provides
methods for screening anti-viral agents that inhibit the infec-
tivity or replication of hSARS virus or variants thereof.
[0078] 5.1 Recombinant and Chimeric hRSARS Viruses
[0079] The present invention encompasses recombinant 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 nucleotide sequence
of SEQID NO:15. In another specific embodiment, a recom-
binant virus is one derived from a natural variant of hSARS
virus. A natural variant of hSARS has a sequence that is
different from the genomic sequence (SEQ ID NO:15) of the
hSARS virus, CCTCC-V200303, due to one or more natu-
rally occurred mutations, including, but not limited to, point
mutations, rearrangements, insertions, deletions etc., to the
genomic sequernce that may or may not result in a phenotypic
change. In accordance with the present invention, a viral
vector which is derived from the genome of the h.SARS virus,
CCTCC-V200303, is one that contains a nucleic acid
sequence that encodes at least a part of one ORF of the
hSARS virus. In a specific embodiment, the ORF comprises
or consists of a nucleotide sequence of SEQ ID NO:1,11, 13,
2471, 2473, or a fragment thereof. In a specific embodiment,
there are more than one ORF within the nucleotide sequence
of SEQ ID NO:15, as shown in FIGS. 11 (SEQ ID NOS:16,
240and 737)and 12 (SEQ ID NOS:1108, 1590 and 1965), or
a fragment thereof In another embodiment, the polypeptide
encoded by the ORF comprises or consists of an amino acid
sequence of SEQ IDNO:2, 12, 14, 2472, 2474, or a fragment
thereof, or shown in FIGS. 11 (SEQ ID NOS:17-239, 241-736
and 738-1107) and 12 (SEQ IDNOS:1109-1589, 1591-1964
and 1966-2470), or a fragment thereof In accordance with the
present invention these viral vectors may or may not include
nucleic acids that are non-native to the viral genome.

[0080] Inanother specific embodiment, a chimeric virus of
the invention is a recombinant hSARS virus which further
comprises a heterologous nucleotide sequence. In accordance
with the invention, a chimeric virus may be encoded by a
nucleotide sequence in which heterologous nucleotide
sequences have been added to the genome or in which endog-
enous or native nucleotide sequences have been replaced with
heterologous nucleotide sequences.

[0081] 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 chi-
meric virus may be encoded by nucleotide sequences derived
from different strains or variants of hRSARS virus. In particu-
lar, the chimeric virus is encoded by nucleotide sequences
that encode antigenic polypeptides derived from different
strains or variants of hSARS virus.

[0082] 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.,
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2000, J. Virol. 74, 6821-6831; Skiadopoulos et al., 1998, I.
Virol. 72, 1762-1768 (1998); Teng et al., 2000, J. Virol. 74,
9317-9321). For example, it can be envisaged that a virus
vector derived from the hSARS virus expressing one or more
proteins of variants of hSARS virus, or vice versa, will protect
a subject vaccinated with such vector against infections by
both the native hSARS and the variant. Attenuated and repli-
cation-defective viruses may be of use for vaccination pur-
poses with live vaccines as has been suggested for other
viruses. (See, PCT WO 02/057302, at pp. 6 and 23, incorpo-
rated by reference herein).

[0083] In accordance with the present invention the heter-
ologous 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 ot variants of hSARS.

[0084] 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,
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 chi-
meric viruses of the invention are encoded by viral vectors
derived from viral genomes wherein one or more heterolo-
gous sequences have been inserted or added to the vector.
[0085] 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.
[0086] In accordance with the present invention, the viral
vectors can be engineered to provide antigenic sequences
which confer protection against infection by the hSARS and
natural variants 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.

[0087] The expression products and/or recombinant or chi-
meric 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 anti-
gens, tumor antigens, allergen antigens, and auto antigens
involved in autoimmune disorders. In particular, the chimeric
virions of the present invention may be engineered to create
vaccines for the protection of a subject from infections with
hSARS virus and variants thereof.

[0088] In certain embodiments, the expression products
and recombinant or chimeric virions of the present invention
may be engineered to create vaccines against a broad range of
pathogens, including viral antigens, tumor antigens and
autoantigens involved in autoimmune disorders. One way to
achieve this goal involves modifying existing hSARS genes
to contain foreign sequences in their respective external
domains. Where the heterologous sequences are epitopes or
antigens of pathogens, these chimeric viruses may be used to
induce a protective immune response against the disease
agent from which these determinants are derived.

[0089] Thus, the present invention relates to the use of viral
vectors and recombinant or chimeric viruses to formulate
vaccines against a broad range of viruses and/or antigens. The
present invention also encompasses recombinant viruses
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comprising a viral vector derived from the hSARS or variants
thereof which contains sequences which result in a virus
having a phenotype more suitable for use in vaccine formu-
lations, e.g., attenuated phenotype or enhanced antigenicity.
The mutations and modifications can be in coding regions, in
intergenic regions and in the leader and trailer sequences of
the virus.

[0090] The invention provides a host cell comprising a
nucleic acid or a vector according to the invention. Plasmid or
viral vectors containing the polymerase components of
hSARS virus are generated in prokaryotic cells for the expres-
sion of the components in relevant cell types (bacteria, insect
cells, eukaryotic cells). Plasmid or viral vectors containing
full-length or partial copies of the hSARS genome will be
generated in prokaryotic cells for the expression of viral
nucleic acids in-vitro or in-vivo. The latter vectors may con-
tain other viral sequences for the generation of chimeric
viruses or chimeric virus proteins, may lack parts of the viral
genome for the generation of replication defective virus, and
may contain mutations, deletions or insertions for the genera-
tion of attenuated viruses. In addition, the present invention
provides a host cell infected with hSARS virus, for example,
of deposit no. CCTCC-V200303.

[0091] Infectious copies of hSARS (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.

[0092] In addition, eukaryotic cells, transiently or stably
expressing one or more full-length or partial hRSARS proteins
can be used. 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 chi-
meric viruses.

[0093] The viral vectors and chimeric viruses of the present
invention may be used to modulate a subject’s immune sys-
tem 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.

[0094] 5.2 Formulation of Vaccines and Antivirals

[0095] Inapreferred 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 molecules
are for example derived from any of the genes or genomic
fragments derivable from the virus according to the invention,
including envelop protein (E protein), integral membrane
protein (M protein), spike protein (S protein), nucleocapsid
protein (N protein), hemaglutinin esterase (HE protein), and
RNA-dependent RNA polymerase. Such molecules, or anti-
genic fragments thereof, as provided herein, are for example
useful in diagnostic methods or kits and in pharmaceutical
compositions such as subunit vaccines. Particularly useful are
polypeptides encoded by the nucleotide sequence of SEQ ID
NO:1,11,13,15,2471,2473, or as shown in F1G. 11 (SEQ ID
NOS:17-239, 241-736 and 738-1107) and FIG. 12 (SEQ ID
NOS:1109-1589, 1591-1964 and 1966-2470), or having the
amino acid sequence of SEQ ID NO:2472 or 2474, or anti-
genic fragments thereof for inclusion as antigen or subunit
immunogen, but inactivated whole virus can also be used.
Particularly useful are also those proteinaceous substances
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that are encoded by recombinant nucleic acid fragments of
the hSARS genome, of course preferred are those that are
within the preferred bounds and metes of ORFs, in particular,
for eliciting hSARS specific antibody or T cell responses,
whether in vivo (e.g. for protective or therapeutic purposes or
for providing diagnostic antibodies) or in vitro (e.g. by phage
display technology or another technique useful for generating
synthetic antibodies).

[0096] 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 hSARS virus. In
certain embodiments, the virus is attenuated.

[0097] In another embodiment of this aspect of the inven-
tion, inactivated vaccine formulations may be prepared using
conventional techniques to “kill” the chimeric viruses. Inac-
tivated vaccines are “dead” in the sense that their infectivity
has been destroyed. Ideally, the infectivity of the virus is
destroyed without affecting its immunogenicity. In order to
prepare inactivated vaccines, the chimeric virus may be
grown in cell culture or in the allantois of the chick embryo,
purified by zonal ultracentrifugation, inactivated by formal-
dehyde or B-propiolactone, and pooled. The resulting vaccine
is usually inoculated intramuscularly.

[0098] 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.

[0099] In another aspect, the present invention also pro-
vides DNA vaccine formulations comprising a nucleic acid or
fragment of the hRSARS virus, e.g., the virus having accession
no. CCTCC-V200303, or nucleic acid molecules having the
sequence of SEQ ID NO:1, 11, 13, 15, 2471, 2473, or a
fragment thereof. In another specific embodiment, the DNA
vaccine formulations of the present invention comprises a
nucleic acid or fragment thereof encoding the antibodies
which immunospecifically binds hSARS viruses. In DNA
vaccine formulations, a vaccine DNA comprises a viral vec-
tor, such as that derived from the hSARS virus, bacterial
plasmid, or other expression vector, bearing an insert com-
prising a nucleic acid molecule of the present invention oper-
ably linked to one or more control elements, thereby allowing
expression of the vaccinating proteins encoded by said
nucleic acid molecule in a vaccinated subject. Such vectors
can be prepared by recombinant DNA technology as recom-
binant or chimeric viral vectors carrying a nucleic acid mol-
ecule of the present invention (see also Section 5.1, supra).
[0100] 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
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 anti-
gen in mice: Aspects of the humoral response mimic hepatitis
B viral infection in humans, Proc. Natl. Acct. Sci. USA
02:5307-5311; Davis, H. L. et al., 1993, DNA-based immu-
nization induces continuous secretion 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
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human imunodeficiency virus type 1, Proc. Natl. Acad. Sci.
USA 90:4156-4160, Lu, S. et al., 1996, Simian immunodefi-
ciency 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 bimodal HIV envelope DNA
plus protein vaccination, Proc Natl Acad Sci USA. 94(17):
9378-83), and influenza viruses (Robinson, Hl et al., 1993,
Protection against a lethal influenza virus challenge by immu-
nization with a haemagglutinin-expressing plasmid DNA,
Vaccine 11:957-960; Ulmer, J. B. et al., Heterologous protec-
tion against influenza by injection of DNA encoding a viral
protein, Science 259:1745-1749), as well as bacterial infec-
tions, such as tuberculosis (Tascon, R. E. et al., 1996, Vacci-
nation against tuberculosis by DNA injection, Nature Med.
2:888-892; Huygen, K. et al., 1996, Immunogenicity and
protective efficacy of a tuberculosis DNA vaccine, Nature
Med., 2:893-898), and parasitic infection, such as malaria
(Sedegah, M., 1994, Protection against malaria by immuni-
zation with plasmid DNA encoding circumsporozoite pro-
tein, Proc. Natl. Acad Sci. USA 91:9866-9870; Doolan, D. L.
et al., 1996, Circumventing genetic restriction of protection
against malaria with multigene DNA immunization: CD8+ T
cell-interferon 9, and nitric oxide-dependent immunity, J
Exper. Med., 1183:1739-1746).

[0101] Many methods may be used to introduce the vaccine
formulations described above. These include, but are not
limited to, oral, intradermal, intramuscular, intraperitoneal,
intravenous, subcutaneous, and intranasal routes. Alterna-
tively, 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 vac-
cines of the present invention may be administered in saline
solutions by injections into muscle or skin using a syringe and
needle (Wolff J. A. et al., 1990, Direct gene transfer into
mouse muscle in vivo, Science 247:1465-1468; Raz, E.,
1994, 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 mol-
ecules 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 (Re-
view), Int. J. Mol. Med. 4(5):549-555; Barber. B., 1997, Intro-
duction: Emerging vaccine strategies, Seminars in Immunol-
ogy 9(5):269-270; and Robinson, H. L. et al., 1997, DNA
vaccines, Seminars in Immunology 9(5):271-283.

[0102] 5.3 Attenuation of hSARS Virus or Variants Thereof

[0103] ThehSARS virus or variants thereof of the invention
can be genetically engineered to exhibit an attenuated pheno-
type. In particular, the viruses of the invention exhibit an
attenuated phenotype in a subject to which the virus is admin-
istered 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 inven-
tion 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.
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[0104] The attenuated phenotypes of hSARS virus or vari-
ants thereof can be tested by any method known to the artisan.
A candidate virus can, for example, be tested for its ability to
infect a host or for the rate of replication in a cell culture
system. In certain embodiments, growth curves at different
temperatures are used to test the attenuated phenotype of the
virus. For example, an attenuated virus is able to grow at 35°
C., but not at 39° C. or 40° C. In certain embodiments,
different cell lines can be used to evaluate the attenuated
phenotype of the virus. For example, an attenuated virus may
only be able to grow in monkey cell lines but not the human
cell lines, or the achievable virus titers in different cell lines
are different for the attenuated virus. In certain embodiments,
viral replication in the respiratory tract of a small animal
model, including but not limited to, hamsters, cotton rats,
mice and guinea pigs, is used to evaluate the attenuated phe-
notypes of the virus. In other embodiments, the immune
response induced by the virus, including but not limited to,
the antibody titers (e.g., assayed by plaque reduction neutral-
ization assay or ELISA) is used to evaluate the attenvated
phenotypes of the virus. In a specific embodiment, the plaque
reduction neutralization assay or ELISA is carried out ata low
dose. In certain embodiments, the ability of the hRSARS virus
to elicit pathological symptoms in an animal model can be
tested. A reduced ability of the virus to elicit pathological
symptoms in an animal model system is indicative of its
attenuated phenotype. In a specific embodiment, the candi-
date viruses are tested in a monkey model for nasal infection,
indicated by mucous production.

[0105] The viruses of the invention can be attenuated such
that one or more of the functional characteristics of the virus
are impaired. In certain embodiments, attenuation is 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, hRSARS 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 com-
pared to the non-attenuated hSARS or variant thereof.

[0106] In certain embodiments, the attenuated virus of the
invention is capable of infecting a host, is capable of repli-
cating in a host such that infectious viral particles are pro-
duced. 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 com-
pare it to the growth curve of the wild type virus.

[0107] In certain embodiments, the attenuated virus of the
invention (e.g., a recombinant or chimeric hRSARS) cannot
replicate in human cells as well as the wild type virus (e.g.,
wild type hSARS) does. However, the attenuated virus can
replicate well in a cell line that lack interferon functions, such
as Vero cells.

[0108] In other embodiments, the attenuated virus of the
invention is capable of infecting a host, of replicating in the
host, and of causing proteins of the virus of the invention to be
inserted into the cytoplasmic membrane, but the attenuated
virus does not cause the host to produce new infectious viral
particles. In certain embodiments, the attenuated virus infects
the host, replicates in the host, and causes viral proteins to be
inserted in the cytoplasmic membrane of the host with the
same efficiency as the wild type hSARS. In other embodi-
ments, the ability of the attenuated virus to cause viral pro-
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teins 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 1s reduced compared to the wild type
virus. Any technique known to the skilled artisan can be used
to determine whether a virus is capable of infecting a mam-
malian cell, of replicating within the host, and of causing viral
proteins to be inserted into the cytoplasmic membrane of the
host.

[0109] In certain embodiments, the attenuated virus of the
invention is capable of infecting a host. In contrast to the wild
type hSARS, however, the attenuated hSARS cannot be rep-
licated in the host. In a specific embodiment, the attenuated
hSARS virus can infect a host and can cause the host to insert
viral proteins in its cytoplasmic membranes, but the attenu-
ated virus is incapable of being replicated in the host. Any
method known to the skilled artisan can be used to test
whether the attenuated hSARS has infected the host and has
caused the host to insert viral proteins in its cytoplasmic
membranes.

[0110] Incertain embodiments, the ability of the attenuated
virus to infect a host is reduced compared to the ability of the
wild type virus to infect the same host. Any technique known
to the skilled artisan can be used to determine whether a virus
is capable of infecting a host.

[0111] In certain embodiments, mutations (e.g., missense
mutations) are introduced into the genome of the virus, for
example, into the sequence of SEQIDNO:1, 11,13, 15, 2471
or 2473, or to generate a virus with an attenuated phenotype.
Mutations (e.g., missense mutations) can be introduced into
the structural genes and/or regulatory genes of the hSARS.
Mutations can be additions, substitutions, deletions, or com-
binations thereof. Such variant of hSARS can be screened for
a predicted functionality, such as infectivity, replication abil-
ity, protein synthesis ability, assembling ability, as well as
cytopathic effect in cell cultures. In a specific embodiment,
the missense mutation is a cold-sensitive mutation. In another
embodiment, the missense mutation is a heat-sensitive muta-
tion. In another embodiment, the missense mutation prevents
a normal processing or cleavage of the viral proteins.

[0112] Inother embodiments, deletions are introduced into
the genome of the hSARS virus, which result in the attenua-
tion of the virus.

[0113] 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 cotresponding protein of a virus of a different species. In
certain other embodiments, attenuation of the virus is
achieved by deleting one or more specific domains of a pro-
tein of the wild type virus.

[0114] When a live attenuated vaccine is used, its safety
must also be considered. The vaccine must not cause disease.
Any techniques known in the art that can make a vaccine safe
may be used in the present invention. In addition to attenua-
tion techniques, other techniques may be used. One non-
limiting example is to use a soluble heterologous gene that
cannot be incorporated into the virion membrane. For
example, a single copy of the soluble version of a viral trans-
membrane protein lacking the transmembrane and cytosolic
domains thereof, can be used.
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[0115] Various assays can be used to test the safety of a
vaccine. For example, sucrose gradients and neutralization
assays can be used to test the safety. A sucrose gradient assay
can be used to determine whether a heterologous protein is
inserted in a virion. If the heterologous protein is inserted in
the virion, the virion should he tested for its ability to cause
symptoms in an appropriate animal model since the virus may
have acquired new, possibly pathological. properties.

[0116] 5.4 Adjuvants and Carrier Molecules hSARS-asso-
ciated antigens are administered with one or more adjuvants.
In one embodiment, the hSARS-associated antigen is admin-
istered 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.

[0117] Inanother embodiment, hSARS-associated antigen
is administered with an immunostimulatory adjuvant. Such
class of adjuvants, include, but are not limited to, cytokines
(e.g., interleukin-2, interleukin-7, interleukin-12, granulo-
cyte-macrophage colony stimulating factor (GM-CSF), inter-
fereon-y interleukin-1f (IL-1p), and IL-1f peptide or Sclavo
Peptide), cytokine-containing liposomes, tritetpenoid glyco-
sides or saponins (e.g., QuilA and QS-21, also sold under the
trademark STIMULON, ISCOPREP), Muramy! Dipeptide
(MDP) derivatives, such as N-acetyl-muramyl-L-threonyl-
D-isoglutamine (Threonyl-MDP, sold under the trademark
TERMURTIDE), GMDP, N-acetyl-nor-muramyl-L-alanyl-
D-isoglutamine, N-acetylmuramyl-L-alanyl-D-isoglutami-
nyl-L-alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-hydroxy
phosphoryloxy)-ethylamine, muramy! tripeptide phosphati-
dylethanolamine (MTP-PE), unmethylated CpG dinucle-
otides and oligonucleotides, such as bacterial DNA and frag-
ments thereof, LPS, monophosphoryl Lipid A (3D-MLA sold
under the trademark. MPL), and polyphosphazenes.

[0118] In another embodiment, the adjuvant used is a par-
ticular adjuvant, including, but not limited to, emulsions, e.g.,
Freund’s Complete Adjuvant, Freund’s Incomplete Adjuvant,
squalene or squalane oil-in-water adjuvant formulations,
such as SAF and MF59, e.g., prepared with block-copoly-
mers, such as L-121 (polyoxypropylene/polyoxyethylene)
sold under the trademark PLURONIC L-121, Liposomes,
Virosomes, coehleates, and immune stimulating complex,
which is sold under the trademark ISCOM.

[0119] In another embodiment, a microparticular adjuvant
is used. Microparticulare adjuvants include, but are not lim-
ited to biodegradable and biocompatible polyesters, homo-
and copolymers of lactic acid (PLA) and glycolic acid (PGA),
poly(lactide-co-glycolides) (PLGA) microparticles, poly-
mers that self-associate into particulates (poloxamer par-
ticles), soluble polymers (polyphosphazenes), and virus-like
particles (VLPs) such as recombinant protein particulates,
e.g., hepatitis B surface antigen (HbsAg).

[0120] 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 holo-
toxin (CT) and cholera Toxin B Subunit (CTB) from Vibrio
cholerae, mutant toxins (e.g., LTK63 and [TR72), micropar-
ticles, and polymerized liposomes.

[0121] In other embodiments, any of the above classes of
adjuvants may be used in combination with each other or with
other adjuvants. For example, non-limiting examples of com-
bination adjuvant preparations that can be used to administer
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the hSARS-associated antigens of the invention include lipo-
somes containing immunostimulatory protein, cytokines, or
T-cell and/or B-cell peptides, or microbes with or without
entrapped 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 in its entirety).

[0122] The effectiveness of an adjuvant may be determined
by measuring the induction of antibodies directed against an
immunogenic polypeptide containing a hSARS polypeptide
epitope, the antibodies resulting from administration of this
polypeptide in vaccines which are also comprised of the
various adjuvants.

[0123] 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 phosphoric acids,
or organic acids such as acetic, oxalic, tartaric, maleic, and the
like. Salts formed with free carboxyl groups may also be
derived from inorganic bases, such as, for example, sodium
potassium, ammonium, calcium, or ferric hydroxides, and
such organic bases as isopropylamine, trimethylamine,
2-ethylamino ethanol, histidine, procaine and the like.
[0124] The vaccines of the invention may be multivalent or
univalent. Multivalent vaccines are made from recombinant
viruses that direct the expression of more than one antigen.
[0125] Many methods may be used to introduce the vaccine
formulations of the invention; these include but are not lim-
ited to oral, intradermal, intramuscular, intraperitoneal, intra-
venous, subcutaneous, intranasal routes, and via scarification
(scratching through the top layers of skin, e.g., using a bifur-
cated needle).

[0126] 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.

[0127] 5.5 Preparation of Antibodies

[0128] Antibodies which specifically recognize a polypep-
tide of the invention, such as, but not limited to, polypeptides
comprising the sequence of SEQ ID NO:2, 12, 14, 2472,
2474, and polypeptides as shown in FIGS. 11 (SEQ ID NOS:
17-239,241-736 and 738-1107) and 12 (SEQ ID NOS:1109-
1589, 1591-1964 and 1966-2470), or hSARS epitope or anti-
gen-binding fragments thereof can be used for detecting,
screening, and isolating the polypeptide of the invention or
fragments thereof, or similar sequences that might encode
similar enzymes from the other organisms. For example, in
one specific embodiment, an antibody which immunospecifi-
cally binds hSARS epitope, or a fragment thereof, can be used
for various in vitro detection assays, including enzyme-linked
immunosorbent assays (ELISA), radioimmunoassays, West-
ern blot, etc., for the detection of a polypeptide of the inven-
tion or, preferably, hSARS, in samples, for example, a bio-
logical material, including cells, cell culture media (e.g.,
bacterial cell culture media, mammalian cell culture media,
insect cell culture media, yeast cell culture media, etc.),
blood, plasma, serum, tissues, sputum, nasopharyngeal aspi-
rates, etc.

[0129] Antibodies specific for a polypeptide of the inven-
tion or any epitope of hSARS may be generated by any
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suitable method known in the art. Polyclonal antibodies to an
antigen-of-interest, for example, the hSARS virus from
deposit no. CCTCC-V200303, or comprises a nucleotide
sequence of SEQ ID NO:15, can be produced by various
procedures well known in the art. For example, an antigen can
be administered to various host animals including, but not
limited to, rabbits, mice, rats, etc., to induce the production of
antisera containing polyclonal antibodies specific for the anti-
gen. Various adjuvants may be used to increase the immuno-
logical response, depending on the host species, and include
but are not limited to, Freund’s (complete and incomplete)
adjuvant, mineral gels such as aluminum hydroxide, surface
active substances such as lysolecithin, pluronic polyols,
polyanions, peptides, oil emulsions, keyhole limpet hemo-
eyanins, dinitrophenol, and potentially useful adjuvants for
humans such as BCG (Bacille Calmette-Guerin) and Coryne-
bacterium parvum. Such adjuvants are also well known in the
art.

[0130] 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 antibod-
ies can be produced using hybridoma techniques including
those known in the art and taught, for example, in Harlow et
al., Antibodies: A Laboratory Manual, (Cold Spring Harbor
Laboratory Press, 2nd ed. 1988); Hammerling, et al., in:
Monoclonal Antibodies and T-Cell Hybridomas, pp. 563-681
(Elsevier, N.Y., 1981) (both of which are incorporated by
reference in their entireties). The term “monoclonal anti-
body” as used herein is not limited to antibodies produced
through hybridoma technology. The term “monoclonal anti-
body” refers to an antibody that is derived from a single clone,
including any eukaryotic, prokaryotic, or phage clone, and
not the method by which it is produced.

[0131] 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 antibodies, can
be generated by inoculating mice intraperitoneally with posi-
tive hybridoma clones.

[0132] 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'")2 fragments). F(ab'")2 fragments contain the
complete light chain, and the variable region, the CHI region
and the hinge region of the heavy chain.

[0133] 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 techniques.

[0134] The nucleotide sequence encoding an antibody may
be obtained from any information available to those skilled in
the art (i.e., from Genbank, the literature, or by routine clon-
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ing and sequence analysis). If a clone containing a nucleic
acid encoding a particular antibody or an epitope-binding
fragment thereof is not available, but the sequence of the
antibody molecule or epitope-binding fragment thereof is
known, a nucleic acid encoding the immunoglobulin may be
chemically synthesized or obtained from a suitable source
(e.g., an antibody cDNA library, or a cDNA library generated
from, or nucleic acid, preferably poly A+RNA, isolated from
any tissue or cells expressing the antibody, such as hybridoma
cells selected to express an antibody) by PCR amplification
using synthetic primers hybridizable to the 3' and 5' ends of
the sequence or by cloning using an oligonucleotide probe
specific for the particular gene sequence to identify, e.g., a
cDNA clone from a 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.

[0135] 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 gen-
erate antibodies having a different amino acid sequence by,
for example, introducing amino acid substitutions, deletions,
and/or insertions into the epitope-binding domain regions of
the antibodies or any portion of antibodies which may
enhance or reduce biological activities of the antibodies.

[0136] 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 techniques
well known in the art as discussed in the previous sections.
Methods which are well known to those skilled in the art can
be used to construct expression vectors containing antibody
coding sequences and appropriate transcriptional and trans-
lational 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 vari-
able region, both the heavy-chain and light-chain variable
regions, an epitope-binding fragment of the heavy- and/or
light-chain variable region, or one or more complementarity
determining regions (CDRs) of an antibody may be cloned
into such a vector for expression. Thus-prepared expression
vector can be then introduced into appropriate host cells for
the 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

[0137] 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.
Alternatively, a single vector may be used which encodes, and
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is capable of expressing, both heavy and light chain polypep-
tides. In such situations, the light chain should be placed
before the heavy chain to avoid an excess of toxic free heavy
chain (Proudfoot, Nature, 322:52, 1986; and Kohler, Proc.
Natl. Acad. Sci. USA, 77:2 197, 1980). The coding sequences
for the heavy and light chains may comprise cDNA or
genomic DNA.

[0138] Inanother embodiment, antibodies can also be gen-
erated 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 sta-
bilized Fv, expressed from a repertoire or combinatorial anti-
body library (e.g., human or murine). Phage expressing an
antigen binding domain that binds the antigen of interest can
be selected or identified with antigen, e.g., using labeled
antigen or antigen bound or captured to a solid surface or
bead. Phage used in these methods are typically filamentous
phage, including Id and M13. The antigen binding domains
are expressed as a recombinantly fused protein to either the
phage gene III or gene VIII protein. Examples of phage dis-
play methods that can be used to make the immunoglobulins,
or fragments thereof, of the present invention include those
disclosed in Brinkman et al., J. Immunol. Methods, 182:41-
50, 1995; Ames et al., J. Immunol. Methods, 184:177-186,
1995; Kettleborough et al., Eur. J. Immunol., 24:952-958,
1994; Persic et al., Gene, 187:9-18, 1997; Burton et al.,
Advances in Immunology, 57:191-280, 1994; PCT applica-
tion No. PCT/GB91/01134; PCT publications WO 90/02809;
WO 91/10737; WO 92/01047, WO 92/18619; WO 93/11236;
WO 95/15982; WO 95/20401; and U.S. Pat. Nos. 5,698,426;
5,223,409, 5,403,484; 5,580,717; 5,427,908, 5,750,753,
5,821,047, 5,571,698; 5,427.908; 5,516,637, 5,780,225,
5,658,727, 5,733,743 and 5,969,108; each of which is incor-
porated herein by reference in its entirety.

[0139] 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, e.g., as described
in detail below. For example, techniques to recombinantly
produce Fab, Fab' and F(ab'), fragments can also be employed
using methods known in the art such as those disclosed in
PCT publication WO 92/22324; Mullinax et al., BioTech-
niques, 12(6):864-869, 1992; and Sawai et al., AJRI, 34:26-
34, 1995; and Better et al., Science, 240:1041-1043, 1988
(each of which is incorporated by reference in its entirety).
Examples of techniques which can be used to produce single-
chain Fvs and antibodies include those described in U.S. Pat.
Nos. 4,946,778 and 5,258,498; Huston et al., Methods in
Enzymology, 203:46-88, 1991; Shu et al., PNAS, 90:7995-
7999, 1993, and Skerra et al., Science, 240:1038-1040, 1988,

[0140] 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 chromatogra-
phy (e.g., ion exchange, affinity, particularly by affinity for
the specific antigen after Protein A or Protein G purification,
and sizing column chromatography), centrifugation, differ-
ential solubility, or by any other standard techniques for the
purification of proteins. Further, the antibodies of the present
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invention or fragments thereof may be fused to heterologous
polypeptide sequences described herein or otherwise known
in the art to facilitate purification.

[0141] For some uses, including in vivo use of antibodies in
humans and in vitro detection assays, it may be preferable to
use chimeric, humanized, or human antibodies. A chimeric
antibody is a molecule in which different portions of the
antibody are derived from different animal species, such as
antibodies having a variable region derived from a murine
monoclonal antibody and a constant region derived from a
human immunoglobulin. Methods for producing chimeric
antibodies are known in the art. See e.g., Morrison, Science,
229:1202, 1985; Oi et al., BioTechniques, 4:214 1986; Gillies
et al., J. Immunol. Methods, 125:191-202, 1989; U.S. Pat.
Nos. 5,807,715; 4,816,567; and 4,816,397, which are incor-
porated herein by reference in their entireties. Humanized
antibodies are antibody molecules from non-human species
that bind the desired antigen having one or more complemen-
tarity determining regions (CDRs) from the non-human spe-
cies and framework regions from a human immunoglobulin
molecule. Often, framework residues in the human frame-
work regions will be substituted with the corresponding resi-
due from the CDR donor antibody to alter, preferably
improve, antigen binding. These framework substitutions are
identified by methods well known in the art, e.g., by modeling
of the interactions of the CDR and framework residues to
identify framework residues important for antigen binding
and sequence comparison to identify unusual framework resi-
dues at particular positions. See, e.g., Queen et al., U.S. Pat.
No. 5,585,089; Riechmann et al., Nature, 332:323, 1988,
which are incorporated herein by reference in their entireties.
Antibodies can be humanized using a variety of techniques
known in the art including, for example, CDR-grafting (EP
239,400; PCT publication WO 91/09967; U.S. Pat. Nos.
5,225,539; 5,530,101 and 5,585,089), veneering or resurfac-
ing (EP 592,106; EP 519,596; Padlan, Molecular Immunol-
ogy, 28(4/5):489-498, 1991; Studnicka et al., Protein Engi-
neering, 7(6):805-814, 1994; Roguska et al., Proc Natl. Acad.
Sci. USA, 91:969-973, 1994), and chain shuffling (U.S. Pat.
No. 5,565,332), all of which are hereby incorporated by ref-
erence in their entireties.

[0142] Completely human antibodies are particularly desir-
able 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 immunoglobulin
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 incorporated herein by ref-
erence in its entirety.

[0143] Humanantibodies can also be produced using trans-
genic mice which are incapable of expressing functional
endogenous immunoglobulins, but which can express human
immunoglobulin genes. For an overview of this technology
for producing human antibodies, see Lonberg and Huszar, Int.
Rev. Immunel., 13:65-93, 1995, For a detailed discussion of
this technology for producing human antibodies and human
monoclonal antibodies and protocols for producing such anti-
bodies, see. e.g., PCT publications WO 98/24893; WO
92/01047, WO 96/34096; WO 96/33735; European Patent
No. 0 598 877; U.S. Pat. Nos. 5,413,923; 5,625,126, 5,633,
425; 5,569,825, 5,661,016: 5,545,806; 5,814,318; 5,885,793;
5,916,771; and 5,939,598, which are incorporated by refer-
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ence herein in their entireties. In addition, companies such as
Abgenix, Inc. (Fremont, Calif.), Medarex (NJ) and Genp-
harm (San Jose, Calif.) can be engaged to provide human
antibodies directed against a selected antigen using technol-
ogy similar to that described above.

[0144] 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 rec-
ognizing the same epitope. (Jespers et al., Bio/technology,
12:899-903, 1988).

[0145] Antibodies 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
03/21232; EP 439,095; Naramura et al., Immunol. Lett.,
39:91-99, 1994; U S. Patent 5,474,981 ; Gillies et al., PNAS,
89:1428-1432, 1992; and Fell et al., J. Immunol., 146:2446-
2452, 1991, which are incorporated herein by reference in
their entireties.

[0146] 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, deriva-
tives, analogs, or variants thereof, or similar molecules hav-
ing the similar enzymatic activities as the polypeptide of the
invention. Such solid supports include, but are not limited to,
glass, cellulose, polyacrylamide, nylon, polystyrene, polyvi-
nyl chloride or polypropylene.

[0147] 5.6 Pharmaceutical Compositions and Kits

[0148] The present invention encompasses pharmaceutical
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 or variants thereof, or any proteins derived
therefrom. In another specific embodiment, the anti-viral
agent is a polypeptide or nucleic acid molecule of the inven-
tion. The pharmaceutical compositions have utility as an anti-
viral prophylactic agent and may be administered to a subject
where the subject has been exposed or is expected to be
exposed to a virus.

[0149] Various delivery systems are known and can be used
to administer the pharmaceutical composition of the inven-
tion, e.g., encapsulation in liposomes, microparticles, micro-
capsules, recombinant cells capable of expressing the mutant
viruses, receptor mediated endocytosis (see, e.g., Wuand Wu,
1987, 1. Biol. Chem. 262:4429-4432). Methods of introduc-
tion include but are not limited to intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, intranasal, epidu-
ral, and oral routes. The compounds may be administered by
any convenient route, for example by infusion or bolus injec-
tion, by absorption through epithelial or mucocutaneous lin-
ings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and
may be administered together with other biologically active
agents. Administration can be systemic or local. In a preferred
embodiment, it may be desirable to introduce the pharmaceu-
tical compositions of the invention into the lungs by any
suitable route. Pulmonary administration can also be
employed, e.g., by use of an inhaler or nebulizer, and formu-
lation with an aerosolizing agent.

[0150] 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
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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 gelati-
nous material, including membranes, such as sialastic mem-
branes, or fibers. In one embodiment, administration can be
by direct injection at the site (or former site) infected tissues.
[0151] Inanother embodiment, the pharmaceutical compo-
sition can be delivered in a vesicle, in particular a liposome
(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 gener-
ally ibid.).

[0152] In yet another embodiment, the pharmaceutical
composition can be delivered in a controlled release system.
In one embodiment, a pump may be used (see Langer, supra;
Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14:201; Buch-
wald etal., 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, N.Y. (1984); Ranger and Peppas, J. Macromol. Sci.
Rev. Macromol. Chem. 23:61 (1983); see also Levy et al.,
1985. Science 228:190; During et al., 1989, Ann. Neurol.
25:351; Howard et al., 1989, J. Neurosurg. 71:105). In yet
another embodiment, a controlled release system can be
placed in proximity of the composition’s target, i.e., the lung,
thus requiring only a fraction of the systemic dose (see, e.g.,
Goodson, in Medical Applications of Controlled Release,
supra, vol. 2, pp. 115-138 (1984)).

[0153] Other controlled release systems are discussed in
the review by Langer (Science 249:1527-1533 (1990)).
[0154] The pharmaceutical compositions of the present
invention comprise a therapeutically effective amount of an
live attenuated, inactivated or killed hNSARS 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 admin-
istered. Such pharmaceutical cartiers can be sterile 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, glye-
erol, propylene, glycol, water, ethanol and the like. The com-
position, if desired, can also contain minor amounts of wet-
ting 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
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triglycerides. Oral formulation can include standard carriers
such as pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharine, cellulose, magne-
sium carbonate, etc. Examples of suitable pharmaceutical
carriers are described in “Remington’s Pharmaceutical Sci-
ences” by E. W. Martin. The formulation should suit the mode
of administration.

[0155] Ina preferred embodiment, the composition is for-
mulated in accordance with routine procedures as a pharma-
ceutical composition adapted for intravenous administration
to human beings. Typically, compositions for intravenous
administration are solutions in sterile isotonic aqueous buffer.
Where necessary, the composition may also include a solu-
bilizing agent and a local anesthetic such as lignocaine to ease
pain at the site of the injection. Generally, the ingredients are
supplied either separately or mixed together in unit dosage
form, for example, as a dry lyophilized powder or water free
concentrate in a hermetically sealed container such as an
ampoule or sachette indicating the quantity of active agent.
Where the composition is to be administered by infusion, it
can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the composition
is administered by injection, an ampoule of sterile water for
injection or saline can be provided so that the ingredients may
be mixed prior to administration.

[0156] The pharmaceutical compositions of the invention
can be fornmulated 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 car-
boxyl groups such as those derived from sodium, potassium,
ammonium, calcium, ferric hydroxides, isopropylamine, tri-
ethylamine, 2 ethylamino ethanol, histidine, procaine, etc.
[0157] 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
administration are generally about 20 500 micrograms of
active compound per kilogram body weight. Suitable dosage
ranges for intranasal administration are generally about 0.01
pe/kg body weight to 1 mg/kg body weight. Effective doses
may be extrapolated from dose response curves derived from
in vitro or animal model test systems.

[0158] Suppositories generally contain active ingredient in
the range 0f 0.5% to 10% by weight; oral formulations pref-
erably contain 10% to 95% active ingredient.

[0159] The invention also provides a pharmaceutical pack
or kit comprising one or more containers filled with one or
more of the ingredients of the pharmaceutical compositions
of the invention. Optionally associated with such container(s)
can be a notice in the form prescribed by a governmental
agency regulating the manufacture, use or sale of pharmaceu-
ticals or biological products, which notice reflects approval
by the agency of manufacture, use or sale for human admin-
istration. In a preferred embodiment, the kit contains an anti-
viral agent of the invention, e.g., an antibody specific for the
polypeptides encoded by a nucleotide sequence of SEQ ID
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NO:1,11,13,15,2471 or 2473, or as shown in FIG. 11 (SEQ
ID NOS:17-239, 241-736 and 738-1107) and 12 (SEQ ID
NOS:1109-1589, 1591-1964 and 1966-2470), or any hSARS
epitope, or a polypeptide or protein of the present invention,
or a nucleic acid molecule of the invention, alone or in com-
bination with adjuvants, antivirals, antibiotics, analgesic,
bronchodialaters, or other pharmaceutically acceptable
excipients.

[0160] The present invention further encompasses kits
comprising a container containing a pharmaceutical compo-
sition of the present invention and instructions for use.
[0161] 5.7 Detection Assays

[0162] The present invention provides a method for detect-
ing an antibody, which immunospecifically binds to the
hSARS virus, in a biological sample, for example blood,
serum, plasma, saliva, urine, etc., from a patient suffering
from SARS. In a specific embodiment, the method compris-
ing contacting the sample with the hSARS virus, for example,
of deposit no. CCTCC-V200303, or having a genomic
nucleic acid sequence of SEQ ID NO:15, directly immobi-
lized 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 con-
tacted 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.

[0163] An exemplary method for detecting the presence or
absence of a polypeptide or nucleic acid of the invention in a
biological sample involves obtaining a biological sample
from various sources and contacting the sample with a com-
pound or an agent capable of detecting an epitope or nucleic
acid (e.g., mnRNA, genomic RNA) of the hSARS virus such
that the presence of the hSARS virus is detected in the
sample. A preferred agent for detecting hSARS mRNA or
genomic RNA of the invention is a labeled nucleic acid probe
capable of hybridizing to mRNA or genomic RNA encoding
apolypeptide of the invention. The nucleic acid probe can be,
for example, a nucleic acid molecule comprising or consist-
ing of the nucleotide sequence or SEQ ID NO:1, 11, 13, 15,
2471,0r2473, or aportion thereof, such as anoligonucleotide
ofatleast 15, 20, 25, 30, 50, 100, 250, 500, 750, 1,000 or more
contiguous nucleotides in length and sufficient to specifically
hybridize under stringent conditions to a hRSARS mRNA or
genomic RNA.

[0164] 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 having a
genomic nucleic acid sequence of SEQ ID NO:15, or based
on a nucleotide sequence of SEQ ID NO1, 11, 13, 2471 or
2473. Ina non-limiting specific embodiment, preferred prim-
ers to be used in a RT-PCR method are: 5'-TACACACCT-
CAGC-GTTG-3' (SEQ ID NO:3) and 5'-CACGAACGT-
GACG-AAT-3' (SEQ ID NO:4), in the presence of 2.5 mM
MgCl, and the thermal cycles are, for example, but not lim-
ited 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 Sections 6.7
and 6.8 infra). In preferred embodiments, the primers com-
prise nucleic acid sequence of SEQ ID NOS:2475 and 2476,
or SEQ ID NOS:2480 and 2481. In preferred embodiments,
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the thermal cycles are 94° C. for 10 min followed by 40 cycles
0f94° C. for 30 seconds, 56 ° C. for 30 seconds, 72° C. for 30
seconds, 72° C. for 10 minutes. In preferred embodiments,
the primers comprise nucleic acid sequence of SEQ ID NOS:
2477 and 2478. In more preferred specific embodiment, the
present invention provides a real-time quantitative PCR assay
to detect the presence of hSARS virus in a biological sample
by subjecting the cDNA obtained by reverse transcription of
the extracted total RNA from the sample to PCR reactions
using the specific primers, such as those having nucleotide
sequences of SEQ ID NOS:3 and 4, and a fluorescence dye,
such as SYBR® Green I, which fluoresces when bound non-
specifically to double-stranded DNA. The fluorescence sig-
nals from these reactions are captured at the end of extension
steps as PCR product is generated over a range of the thermal
cycles, thereby allowing the quantitative determination of the
viral load in the sample based on an amplification plot (see
Section 6.7, infra).

[0165] A preferred agent for detecting hSARS is an anti-
body that specifically binds a polypeptide of the invention or
any hSARS epitope, preferably an antibody with a detectable
label. Antibodies can be polyclonal, or more preferably,
monoclonal. An intact antibody, or a fragment thereof (e.g.,
Fab or F(ab'),) can be used.

[0166] 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 fluo-
rescently labeled secondary antibody and end-labeling of a
DNA probe with biotin such that it can be detected with
fluorescently labeled streptavidin. The detection method of
the invention can be used to detect mRNA, protein (or any
epitope), or genomic RNA in a sample in vitro as well as in
vivo. For example, in vitro techniques for detection of mRNA
include northern hybridizations, in situ hybridizations, RT-
PCR, and RNase protection. In vitro techniques for detection
of an epitope of hSARS include enzyme linked immunosor-
bent assays (ELISAs), Western blots, immunoprecipitations
and immunofluorescence. In vitro techniques for detection of
genomic RNA include nothern hybridizations, RT-PCT, and
RNase protection. Furthermore, in vivo techniques for detec-
tion of hSARS include introducing into a subject organism a
labeled antibody 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
autoradiography.

[0167] 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 hRSARS, e.g.. a polypeptide of the inven-
tion or mRNA or genomic RNA encoding a polypeptide of the
invention, such that the presence of hSARS or the polypeptide
or mRNA or genomic RNA encoding the polypeptide is
detected in the sample, and comparing the presence of
hSARS or the polypeptide or mRNA or genomic RNA encod-
ing the polypeptide in the control sample with the presence of
hSARS, or the polypeptide or mRNA or genomic DNA
encoding the polypeptide in the test sample.

[0168] The invention also encompasses Kits for detecting
the presence of hSARS or a polypeptide or nucleic acid of the
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invention in a test sample. The kit, for example, can comprise
alabeled compound or agent capable of detecting hSARS or
the polypeptide or a nucleic acid molecule encoding the
polypeptide in a test sample and, in certain embodiments, a
means for determining the amount of the polypeptide or
mRNA in the sample (e.g., an antibody which binds the
polypeptide or an oligonucleotide probe which binds to DNA
or mRNA encoding the polypeptide). Kits can also include
instructions for use.

[0169] For antibody-based kits, the kit can comprise, for
example: (1) a first antibody (e.g., attached to a solid support)
which binds to a polypeptide of the invention or hSARS
epitope; and, optionally, (2) a second, different antibody
which hinds to either the polypeptide or the first antibody and
is conjugated to a detectable agent.

[0170] For oligonucleotide-based kits, the kit can com-
prise, for example: (1) an oligonucleotide, e.g., a detectably
labeled oligonucleotide, which hybridizes to a nucleic acid
sequence encoding a polypeptide of the invention or to a
sequence within the 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 buffering
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 con-
tained. 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.
[0171] 5.8 Screening Assays to Identify Anti-Viral Agents
[0172] The invention provides methods for the identifica-
tion of a compound that inhibits the ability of hRSARS virus to
infect a host or a host cell. In certain embodiments, the inven-
tion provides methods for the identification of a compound
that reduces the ability of hRSARS virus to replicate in a host
orahost 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.

[0173] 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 mam-
malian cell. More specifically, the invention provides meth-
ods for the identification of a compound that inhibits the
ability of hSARS virus to infect a mammal or a mammalian
cell. In certain embodiments, the invention provides methods
for the identification of a compound that inhibits the ability of
hSARS virus to replicate in a mammalian cell. In a specific
embodiment, the mammalian cell is a human cell.

[0174] In another embodiment, a cell is contacted with a
test compound and infected with the hRSARS virus. In certain
embodiments, a control culture is infected with the hSARS
virus in the absence of a test compound. The cell can be
contacted with a test compound before, concurrently with, or
subsequent to the infection with the hSARS virus. In a spe-
cific embodiment, the cell is a mammalian cell. In an even
more specific embodiment, the cell is a human cell. In certain
embodiments, the cell is incubated with the test compound for
at least 1 minute, at least 5 minutes at least 15 minutes, at least
30 minutes, at least 1 hour, at least 2 hours, at least 5 hours, at
least 12 hours, or at least 1 day. The titer of the virus can be
measured at any time during the assay. In certain embodi-
ments, a time course of viral growth in the culture is deter-
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mined. If the viral growth is inhibited or reduced in the pres-
ence of the test compound, the test compound is identified as
being effective in inhibiting or reducing the growth or infec-
tion of the hSARS virus. In a specific embodiment, the com-
pound that inhibits or reduces the growth of the hRSARS virus
is tested for its ability to inhibit or reduce the growth rate of
other viruses to test its specificity for the hNSARS virus.
[0175] In one embodiment, a test compound is adminis-
tered to amodel animal and the model animal is infected with
the hSARS virus. In certain embodiments, a control model
animal is infected with the hRSARS virus without the admin-
istration of a test compound. The test compound can be
administered before, concurrently with, or subsequent to the
infection with the hRSARS virus. In a specific embodiment, the
model animal is a mammal. In an even more specific embodi-
ment, 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 com-
pound 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 in the model animal is tested for its
ability to inhibit or reduce the growth rate of other viruses to
test its specificity for the hSARS virus.

6. EXAMPLES

[0176] The following examples illustrate the isolation and
identification of the novel hSARS virus. These examples
should not be construed as limiting.

Methods and Results

[0177] As a general reference, Wiedbrauk DI & Johnston
SLG. (Manual of Clinical Virology, Raven Press, New York,
1993) was used.

[0178] 6.1 Clinical Subjects

[0179] The study included all 50 patients who fitted a modi-
fied 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 March 26, 2003 (WHO. Severe acute respiratory syn-
drome (SARS) Weekly Epidemiol Rec. 2003; 78: 81-83). A
lung biopsy from an additional patient, who had typical
SARS and was admitted to a third hospital, was also included
in the study. Briefly, the case definition for SARS was: (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 with SARS or absence of
response to empirical antimicrobial coverage for typical and
atypical pneumonia (beta-lactams and macrolides, fluoroqui-
nolones or tetracyclines).

[0180] 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 sub-
mitted for microbiological investigation of other diseases
were included in the study under blinding and served as
controls.
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[0181] 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 aspi-
rates for virological tests, were carried out.

[0182] 6.2 Cell Line

[0183] 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% nys-
tatin and 0.05% garamycin.

[0184] 6.3 Viral Infection

[0185] Two-hundred pl 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. Cytopathic
effects were observed in the infected cells after 2 to 4 days of
incubation. The infected cells were passaged into new
FRhK-4 cells and cytopathic effects were observed within 1
day after the inoculation. The infected cells were tested by an
immunofluorescent assay for influenza A, influenza B, respi-
ratory syncytial virus, parainfluenza types 1, 2 and 3, aden-
ovirus 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 metapneu-
movirus with negative results.

[0186] 6.4 Virus Morphology

[0187] Theinfected 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. Virions isolated from
the infected cells were about 70-100 nanometers (FIG. 2).
Viral capsids were found predominantly within the vesicles
of the golgi and endoplasmic reticulum and were not free in
the cytoplasm. Virus particles were also found at the cell
membrane.

[0188] 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-
nized are not known to cause a similar disease, the present
inventors postulated that the virus isolates represent a novel
virus that infects humans.

[0189] 6.5 Antibody Response to the [solated Virus

[0190] 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. Typi-
cally diluted serum (x50, x200, x800 and x1600) was incu-
bated with acetone-fixed FRhK-4 cells infected with hSARS
at 37° C. for 45 minutes. The incubated cells were then
washed with phosphate-buffered saline and stained with anti-
human IgG-FITC conjugated antibody. The cells were then
washed and examined under a fluorescent microscope. In
these experiments, positive signals 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
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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. 2003 $2728 <50
6 Mar. 2003 52728 1600
Patient B 26 Feb. 2003 $2441 50
3 Mar. 2003 S2441 200
Patient C 4 Mar. 2003 §3279 200
14 Mar. 2003 S3279 1600
Patient D 6 Mar. 2003 M41045 <50
11 Mar. 2003 MB943703 800
Patient E 4 Mar. 2003 M38953 <50
18 Mar. 2003 KWHO03/3601 800
Control F 13 Feb. 2003 M27124 <50
1 Mar. 2003 MB942968 <50
Patient G 3 Mar. 2003 M38685 <50
7 Mar. 2003 KWH03/2900 Equivocal
Blinded samples:
la* Acute <50
1b Convalescent 1600
2a% Acute 30
2b Convalescent >1600
3a% Acute 30
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

[0191] These results indicated that this novel member of
Coronaviridae is a key pathogen in SARS.

[0192] 6.6 Sequences of the hSARS Virus

[0193] Total RNA from infected or uninfected FrHK-4
cells was harvested two days post-infection. One-hundred ng
of purified RNA was reverse transcribed using Superscript 11
reverse transcriptase (Invitrogen) in a 20 ul reaction mixture
containing 10 pg of a degenerated primer (5-GCCG-
GAGCTCTGCAGAATTC -3, N=A, T, G or C: SEQ ID
NO:5) as recommended by the manufacturer. Reverse tran-
scribed products were then purified by a QlAquick PCR
purification kit as instructed by the manufacturer and eluted in
30 plof 10 mM Tris-HCI, pH 8.0 . Three pl of purified cDNA
products were add in a 25 pl reaction mixture containing 2.5
1l of 10x PCR buffer, 4 pl of 25 mM MgCl,, 0.5 ul of 10 mM
dNTP, 0.25 u of AmpliTaq Gold® DNA polymerase (Ap-
plied Biosystems), 2.5 uCi of [a->*P]CTP (Amersham), 2 pl
of 10 pM primer (5'-GCCGGAGCTCTGCAGAATT-C-3":
SEQ ID NO:6). Reactions were thermal cycled through the
following profile: 94° C. for 8 min followed by 2 cycles of 94°
C. for 1 min, 40° C. for 1 min, 72° C. for 2 min. This
temperature profile was followed by 35 cycles 0f 94° C. for 1
min, 60° C. for 1 min, 72° C. for 1 min. 6 pl of the PCR
products were a 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 pl of reac-
tion mixture containing 2.5 pl of 10x PCR buffer, 4 ul of 25
mM MgCl,, 0.5 pl ru 10 mM dNTP, 0.25 pl of AmpliTaq
Gold® DNA polymerase (Applied Biosystems), 1 ul of 10
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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
products were cloned using a TOPO TA cloning kit (Invitro-
gen) and ligated plasmids were transformed into TOP10 E.
coli competent cells (Invitrogen). PCR inserts were
sequenced by a BigDye cycle sequencing kit as recom-
mended by the manufacturer (Applied Biosystems) and
sequencing products were analyzed by an automatic
sequencer (Applied Biosystems, model number 3770). The
obtained sequence (SEQ ID NO:1) is shown in FIG. 1. The
deduced amino acid sequence (SEQ ID NO:2) from the
obtained DNA sequence showed 57% homology to the poly-
merase protein of identified coronaviruses.

[0194] 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 hASARS
virus and are shown in FIGS. 8 (SEQ ID NOS:11 and 12) and
9 (SEQ ID NOS:13 and 14).

[0195] 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 (SEQ ID
NO:16, 240 and 737) are shown in FIG. 11 (SEQ ID NOS:
17-239, 241-736 and 738-1107). The deduced amino acid
sequences of the complement of SEQ ID NO:15 in all three
frames (SEQ ID NOS:1108, 1590 and 1965) are shown in
FIG. 12 (SEQ ID NOS:1109-1589, 1591-1964 and 1966-
2470).

[0196] 6.7 Detection of hSARS Virus in Nasopharyngeal
Aspirates
[0197] 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. GillJ, Seto W H, Shot/ridge K F, Peiris
IS M. Evaluation of Directigen Fly A+B test for rapid diag-
nosis 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 con-
served sequences in the matrix gene. J Clin Microbiol. 2000;
38: 4096-101) and human metapneumovirus (HMPV). The
primers used for HMPV were: for first round, 5'-AARGT-
SAATGCATCAGC-3' (SEQ ID NO: 7) and 5'-CAKATTYT-
GCTTATGCTTTC-3' (SEQ ID NO:8and nested primers:
5-ACACCTGTTACAATACCAGC-3' (SEQ ID NO:9) and
5'-GACTTGAGTCCCAGCTCCA-3' (SEQ ID NO:10). The
size of the nested PCR product was 201 bp. An ELISA for
mycoplasma was used to screen cell cultures (Roche Diag-
nostics GmbH, Roche, Indianapolis, USA).

[0198] RT-PCR Assay

[0199] 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
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samples was reverse transcribed using random hexamers and
¢DNA was amplified using primers 5'-TACACACCTCAGC-
GTTG-3'(SEQIDNO:3) and 5'-CACGAACGTGACGAAT-
3' (SEQ ID NO:4), which are constructed based on the pres-
ence of 2.5 mM MgCl, (94° C. for 8 min followed by 40
cycles 0f 94° C. for 1 min, 50° C. for 1 min, 72° C. for 1 min).
[0200] The summary of a typical RT-PCR protocol is as
follows:

[0201] 1. RNA Extraction

[0202] RNA from 140 pl of NPA samples is extracted by
QIAquick viral RNA extraction kit and is eluted in 50 pl of
elution buffer.

[0203] 2. Reverse Transcription

RNA 115 ul

0.1 MDTT 2wl

5% buffer 4 ul

10 mM dNTP 1l

Superscript I, 200 U/ul (Invitrogen) 1w

Random hexamers, 0.3 ug/ul 0.5 ul

Reaction condition 42° C., 50 min

94° C.,3 min

4° C.

[0204] 3.PCR
[0205] 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 S5l
25 mM MgCl, S5l
25 uM Forward primer 0.5 ul
25 uM Reverse primer 0.5 ul
AmpliTag Gold polymerase, 5 U/ul 0.25 pl
(Applied Biosystems)

Water 36.25 ul

[0206] Thermal-cycle condition: 95° C., 10 min, followed
by 40 cycles of 95° C., 1 min; 50° C., 1 min; 72° C., | min.

[0207] 4. Primer Sequences

[0208] Primers were designed based on the RNA-depen-
dent RNA polymerase encoding sequence (SEQ ID NO:1) of
the hSARS virus.

Forward primer:

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

Reverse primer:

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

[0209] Product size: 182 bps

[0210] Real-Time Quantitative PCR Assay

[0211] Total RNA from 140 pl of nasopharyngeal aspirate
(NPA) was extracted by QlAamp® virus RNA mini kit
(Qiagen) as instructed by the manufacturer. Ten pl of eluted
RNA samples were reverse transcribed by 200 U of Super-
script II® reverse transcriptase (Invitrogen) in a 20 ul reaction
mixture containing 0.15 pg of random hexamers, 10 mmol/l
DTT, and 0.5 mmol/l dNTP, as instructed. Complementary
DNA was then amplified in a SYBR® Green I fluorescence
reaction (Roche) mixtures. Briefly, 20 pl reaction mixtures
containing 2 pl of ¢cDNA, 3.5 mmol/l MgCl,, 0.25 umol/l of
forward primer (5'-TACACACCTCAGCGTTG-3"; SEQ ID
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NO:3) and 0.25 wmol/l reverse primer (5'-CACGAACGT-
GACGAAT-3; SEQ ID NO:4) were thermal-cycled by a
Light-Cycler (Roche) with the PCR program, [95°C., 10 min
followed by 50 cycles 0f 95° C., 10 min; 57° C., 5 sec; 72° C.
9 sec]. Plasmids containing the target sequence were used as
positive controls. Fluorescence signals from these reactions
were 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).
[0212] 6.8 Detection of N-gene of hSARS Virus in Patients
[0213] 6.8.1 RT-PCR Diagnosis Protocol for Coronavirus
in SARS Patients

[0214] Equipment required (for 96 samples):
[0215] 1xSV Total RNA Isolation system

[0216] 2xMega titer plate

[0217] 3x96-well PCR plate

[0218] 1x0.5-10 pl multi-channel pipette

[0219] 1x10-100 pl multi-channel pipette

[0220] 1x20-200 pl multi-channel pipette

[0221] 1xvacuum pump

[0222] 1xswing-bucket rotor with microtest plate buckets
[0223] 2xPCR machine (96-well plate compatible)
[0224] 1xGel electrophoresis apparatus

Station 1*—Clinical Samples Handling (1 Medical Officer/
Clinical Technician)

[0225] Aliquot 500 ul sample in viral transport medium
(containing, per liter, 2 g of sodium bicarbonate, 5 g of
bovine serum albumin, 200 pig of vancomycin, 18 pg of
amikacin. and 160 U of nystatin in Earle’s balanced salt
solution) from each individual vial into a well of 96-well
mega titer plate containing 500 ul lysis buffer (1x) con-
taining 100 pl PK-15 cell (ATCC CCL-33; 5.0x10° cell/
ml) in complete minimum essential medium with Ear-
le’s salt (EMEM, Invitrogen) as internal control. **

[0226] Mix the lysate by pipetting up-and-down 3 times
[0227] Proceed to Station 2.
[0228] *Station 1 should be carried out inside Class III

biological safety cabinet.
[0229] ** Atleast two negative samples should be included
in a 96-well platform as a negative control.

Station 2—Total RNA Extraction (1 Laboratory Technician)

[0230] Setup the Vacuum Manifold unit. Place the bind-
ing plate onto the Manifold Base.

[0231] Transfer the lysate from mega titer plate to each
well of the SV 96 Binding Plate (binding plate).

[0232] Apply vacuum until the lysate passes through the
binding plate. Release vacuum.

[0233] Add 500 pl of SV RNA Wash Solution (wash
solution) to each well of binding plate.

[0234] Apply vacuum until the wash solution passes
through binding plate. Release vacuum.

[0235] Prepare DNase incubation mix for an entire
96-well plate as below:

Yellow Core Buffer 2 ml
0.09 M MnCl, 250 ul
DNase [ 250 pl
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[0236] Apply 25 ul freshly prepared DNase incubation
mix directly to the membrane of the binding plate.

[0237] Incubate at 20-25° C. for 10 minutes.

[0238] Add 200 ul of SV DNase Stop Solution to each
well of the binding plate.

[0239] Apply vacuum until the SV DNase Stop Solution
passes through the binding plate. Release vacuum.

[0240] Add 500 pl wash solution to each well of the
binding plate.

[0241] Apply vacuum until wash solution passes through
the binding plate. Turn off vacuum.

[0242] Spinthe binding plate at 3000xg for 30 seconds to
remove residue wash solution.

[0243] Transfer the binding plate on top of a 96-well RT
plate.

[0244] Add 50 pl nuclease-free water into each well of
the binding plate to elute RNA.

[0245] Incubate at room temperature for 1 minute.

[0246] Spin the binding plate at 3000xg, 4° C. for 1
minute.

[0247] Collect eluted RNA in the 96-well RT plate.

[0248] Add 5l of3 Msodium acetate and 200 pl 0f95%
ethanol into each well of the plate.

[0249] Place the RT plate on ice and incubate for 15
minutes.

[0250] Spin the plate at 3000xg, 4° C., 15 minutes.

[0251] Discard supernatant by inverting the plate and
blotting on a clean paper towel.

[0252] Wash the pellet with 200 pl of 70% ethanol.

[0253] Spin the plate at 3000xg, 4° C., 10 minutes.

[0254] Discard supernatant by inverting the plate and
blotting on a clean paper towel.

[0255] Air-dry the pellet for 5 minutes.

[0256] Add 12 ul of nuclease-free water into each well.

[0257] Vortex the plate briefly to dissolve the pellet (for
an example result, see FIG. 18).

[0258] Proceed to Station 3.

Station 3—Reverse Transcription (1 Laboratory Technician)

[0259] Prepare RT master mix for an entire 96-well plate
in a 1.5-ml tube as below (100 reactions):

Per Reaction x100
Random hexamers, 3 pg/pl 0.05 pl Sul
DNTPs, 10 mM 1 100 pl
First-strand buffer, 5x 4 ul 400 pl
DTT, 0.1 M 2 200 pl
Superscript IT, 200 U/pl 1l 100 pl
Total 8.05 pl 805 pl

[0260] Aliquot 100 pl RT mix into 8 wells of a clean
96-well master mix plate.

[0261] From this plate, transfer 8.05 ul RT mix to each
well of RT plate containing 12 ul RNA, mix by pipetting
up-and-down for 3 times with a multi channel pipette.
REPLACE TIP AFTER EACH TRANSFER.

[0262] Incubate the samples at 42° C. for 50 minutes
followed by 70° C. for 15 minutes.

[0263] Proceed to Station 4.
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Station 4—N-gene Specific PCR (1 Laboratory Technician)

[0264] Prepare PCR master mix for an entire 96-well
plate in two 2059 culture tubes as below (100 reactions):

N-specific PCR Control PCR

Per 25 ul Per 25l

Reaction %100 Reaction x100
mQH,0 18.65 ul 1865 pl 1765 pl - 1765 pl
10xPCR buffer 2.5 ul 250 ul 2.5 nl 250 ul
25 mM MgC12 15 4l 150 25 250
10 mM dNTPs 0.25 ul 25w 025l 25l
Forward primer 0.5 ul 50 ul 0.5 pl 50 ul
10 pM
Reverse primer 0.5 ul 50 ul 0.5 ul 50 ul
10 pM
AmpliTaq Gold ® 0.1 ul 10 pl 0.1 pl 10 ul
500U
Template DNA 1 — 1l —
Total 25 ul 2400 pl 25 ul - 2400 ul

[0265] N-gene specific PCR and control PCR are per-

formed in two individual PCR plates.

[0266] Aliquot 290 ul PCR master mix into the first
column of a 96-well PCR plate.

[0267] From the first column, aliquot 24 pl of master mix
into each well of PCR plate.

[0268] Transfer 1 pl of cDNA template (from station 4)
into each well of PCR plate.

[0269] Mix by pipetting up-and-down for 3 times with a
multi-channel pipette. REPLACE TIP AFTER EACH
TRANSFER.

[0270] Seal the plate with sealing tape.

[0271] Perform the following reaction in two 96-well
PCR machines:

N-gene specific PCR Control PCR

94° C. 10 minutes 94° C. 10 minutes
94°C. 30 seconds 94° C. 30 seconds

40cycles 55°C. 30seconds | 37 cyeles

56°C. 30 seconds
72°C. 30 seconds 72°C. 45 seconds

72°C. 10 minutes 72° C. 10 minutes

[0272]
nician)
[0273] Mix 5 ul of N-gene specific PCR product and 5 pl
control PCR product with 1 pl bromophenol blue load-
ing dye
[0274] Load the samples into the wells of a 2% agarose
gel.
[0275] Electrophoresize the PCR products at 140V, 250
mA for 30 minutes.
[0276] Stain the gel with ethidium bromide.
[0277] Visualize the products with UV and record the
result.
[0278] 6.8.2 Using Primers of SEQ ID NOS:2480 and 2481
[0279] RT-PCR diagnostic protocol was performed as
described in Section 6.8.1 with some modifications.
[0280] RNA Isolation from Clinical Samples

Station 5—Gel Electrophoresis (1 Laboratory Tech-
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[0281] Clinical samples including nasopharyngeal aspi-
rates (NPA) and stool specimens were provided by the
Department of Microbiology, The University of Hong Kong.
In addition, tracheal dispersion and lung biopsy from an index
patient A described in New Engl. J. Med. 348:1967-76 (by
Drosten C. S., et al., 2003) at three time points was also
collected. Sample collection was conducted from April 1 to
April 28,2003 in local hospitals. Method of sample collection
was described in the previous section (also see, Poon et al.,
2003, Clinical Chemistry 49:953-955). Total RNA extraction
from clinical samples was carried out with SV96 Total RNA
Isolation System (Promega, Wis., USA), with following
modifications from manufacturer’s protocol. Five-hundred
(500) ul of NPA/stool sample in viral transport medium (con-
taining, per liter, 2 g of sodium bicarbonate, 5 g of bovine
serum albumin, 200 g of vancomyein, 18 pg of amikacin,
and 160 U of nystatin in Earle’s balanced salt solution) was
mixed with equal volume of SV RNA Lysis Buffer containing
100 wl of pig kidney epithelial (PK-15) cell (ATCC CCL-33;
5.0x10° cells/ml) in complete minimum essential medium
with Earle’s salt (EMEM, Invitrogen) as internal control. The
mixture was transferred to the wells of the SV 96 Binding
Plate. After washing with 500 ul of SV RNA Wash Solution
prior to elution step, the plate was spun at 3000xg for 30
seconds to remove residue wash solution. RNA was then
eluted with 50 ul of nuclease-free water, and was collected in
aclean 96-well PCR plate by spinning the plate at 3000xg for
1 minute. Eluted RNA was then concentrated by incubating
on ice for 15 minutes, in the presence of 5 ul of 3 M sodium
acetate and 200 pl of 95% ethanol. After centrifugation at
3000xg, 4° C. for 15 minutes, RNA pellet was washed with
200 ul of 75% ethanol and dissolved with 12 pl of nuclease-
free water. Extracted RNA was immediately reverse-tran-
scribed to first-strand ¢cDNA.

[0282] First-Strand ¢cDNA Synthesis

[0283] Reverse-transcription was performed with 200 U of
Superscript® reverse transcriptase (Invitrogen, USA) in a 20
ul reaction containing 0.15 pg of random hexamers, RT buffer
(1x), 10 mM dithiothreitol (DTT) and 0.5 mM deoxynucle-
otide triphosphates (dNTPs). Reaction was carried out in
Peltier Thermal Cycler (MJ Research) with the following
conditions: 50 minutes at 42° C. followed by 15 minutes at
70° C.

[0284] Polymerase Chain Reaction (PCR)

[0285] Primers were designed according to complete
SARS CoV genomic sequence of a local specimen HK-39
announced previously (accession no. AY278491). Forward
primer (SRS251: 5'-GCAGTCAAGCCTCTTCTCG-3"; SEQ
ID NO:2480, corresponding to nt 28658-28676 of HK-39
SARS genome, i.e, CCTCC200303) and reverse primer
(SRS252:  5'-GCCTCAGCAGCAGATTIC-3', SEQ ID
NO:2481; corresponding to nt 28866-28883 of HK-39 SARS
genome) amplified a 225 by fragment from the region of
N-gene that showed no homology to other coronavirus. Prim-
ers amplifying RNA-dependent RNA polymerase (1b gene)
were used as parallel control (coro3: 5'-TACACACCT-
CAGCGTTG-3' (SEQID NO:3), corresponding to nt 18041-
18057, and coro4: 5'-CACGAACGTGACGAAT-3' (SEQ ID
NO:4), corresponding to nt 18207-18222, Department of
Microbiology. the University of Hong Kong). Both ampli-
cons were cloned into same pCR2.1 cloning vector (FIG. 17).
Serially diluted plasmid was then used to determine the
dynamic range and optimal condition of the PCRs (FIGS.
21A and 21B). Another set of primer that amplifying a 745 by



US 2010/0285457 Al

fragment from pig f-actin gene was employed as an internal
control for the diagnostic PCR assay (actin-F: 5-TGAGAC-
CTTCAACACGCC-3' (SEQ ID NO:2482); and actin-R:
5'-ATCTGCTGGAAGGTGGAC-3' (SEQ ID NO:2483)).

[0286] Conventional PCR and gel electrophoresis was car-
rid out as preliminary experiment. Briefly, 1 ul of cDNA from
clinical samples was amplified with 0.5 U Taq DNA poly-
merase recombinant (Invitrogen Life Technologies) ina 25-pl
reaction containing PCR buffer (1x). 1.5 mM MgCl,, 0.1 mM
dNTPs and 0.5 pmol of each forward and reverse primers.
Reaction was performed in Peltier Thermal Cycler (MJ
Research) with the following conditions: 3 minutes at 94° C.,
followed by 50 cycles of 94° C. for 10 seconds, 56° C. for 10
seconds, 72° C. for 10 seconds, and a 10-minute final exten-
sion step at 72° C. Amplicons were analyzed with 2% agarose
gel electrophoresis (FIG. 23). Quantitative real-time PCR
using SYBR® SYBR® green fluorophore was performed in
diagnosis of clinical samples. In a 25 ul reaction, 1 pl cDNA
template was mixed with 12.5 pl (2x) Green PCR Master Mix
(Applied Biosystems) and 0.5 pmol of each forward and
reverse primer. Volume of the reaction was adjusted to 25 ul
with distilled water. Reactions were performed in the iCycler
iQ Real-Time PCR Detection System (Bio-Rad) under the
same condition as the conventional PCR. Fluorescence sig-
nals (FAM, excitation=490 nm, emission=530 nm) were col-
lected at the end of each extension step during the PCR cycles
(FIG. 22A). Threshold cycle (Ct) of each sample was deter-
mined using maximum curvature approach. Melting curve
analysis was performed after 10 minutes final extension (FIG.
22B). ¢cDNA from non-SARS patients, including patients
suffering from adenovirus (n-5), repiratory syncytial virus
(n=5), human metapneumovirus (n=5), influenza A virus
(n=5), or influenza B virus (n=5) infection, were used as
negative controls for the assay.

[0287] Northern Blot Analysis

[0288] SARS-CoV HK-39 strain infected Vero cell was
provided by Department of Microbiology, the University of
Hong Kong. Total RNA was extracted from the cell with
TRIzol® reagent (Invitrogen Life Technologies) according to
the manufacturer’s protocol. Eight (8) ug of total RNA was
separated by electrophoresis on a 1% agarose gel containing
3.7% formaldehyde. RNA was transferred to a positively
charged nylon membrane Roche Diagnostic Corporation) by
capillary blotting and fixed by UV cross-linking. cDNA syn-
thesized with the same RNA sample was used as template for
probe synthesis. Four pairs of primers amplifying fragments
from 1b (at 18057-18222; SEQ ID NO:2484), S (ut 21920-
22107; SEQ ID NO:2485), M (nt 26867-26996; SEQ ID
NO:2486) and N (nt 28658-28883; SEQ ID NO:2487) gene
were used in probe synthesis. DIG-labeling of probes, hybrid-
ization and detection of bands were performed with the
digoxigenin system according to the manufacturer’s proce-
dures (Roche Molecular Biochemcials). Signals were then
analysed with chemiluminescence (FIG. 24).

Results and Discussion

[0289] A large-scale RT-PCR assay provides a rapid means
in monitoring and screening of SARS suspects. Theresult can
be used to complement clinical diagnostic evaluation. In
order to achieve a diagnostic purpose, the assay should be
reliable and its accuracy should be assured so as to prevent
occurrence of both false negative and false positive results.
However, accuracy of the test may be influenced by several
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factors. A common technical problem with PCR is a failure of
amplification due to the presence of PCR inhibitors (see FIG.
21).

[0290] These PCR inhibitors included heme compounds
found in blood, aqueous and vitreous humors, heparin,
EDTA, urine and polyamines (Fredricks et al., 1998, J. Clin.
Micro. 36:2810-16). Currently, NPA or stool samples were
collected into transport medium to maintain the viability of
the viral particles. RT-PCR was inhibited when total RNA
extracted was used directly for first-strand cDNA synthesis
without any treatment (25 out of 27 samples) in preliminary
experiment. However, after a simple ethanol precipitation
step. the amplification of DNA could be retained (FIG. 19).
Same result was obtained by either using SV or SV96 total
RNA Isolation System (data not shown). It demonstrated that
some components either in the medium or NPA/stool samples
would affect the downstream processes of the diagnosis test.

[0291] In addition, current sample collection procedure
dilutes the virus titer in the samples, especially during early
stage of infection, in which the virus titer is low in nasal and
throat swab specimens (Drosten et al., 2003, New England
Journal of Medicine, on-line at http://content.nejm.org/cgi/
reprint/NEIMoa030747v2). Tt was suggested that the sensi-
tivity of PCR tests for SARS depended on the quality of the
specimen and the time of testing during the course of the
illness. In order to increase sensitivity of the test, total RNA
isolated from clinical samples was concentrated prior to 1st
strand cDNA synthesis.

[0292] In order to avoid false negative PCR results due to
failure in the process of RNA isolation and 1st strand cDNA
synthesis, total RNA was extracted from clinical samples in
parallel with PK-15 mammalian cells. FIG. 23 showed the
RT-PCR screening result on 48 clinical samples, including
both NPA and stool samples. Diagnostic PCR was performed
in parallel with p-actin. PCR. All samples were positive in
[-actin PCR. The result indicated that RNA and cDNA could
be extracted and synthesized successfully from the samples in
a single-step protocol as disclosed herein. With this internal
control, total RNA isolation and ¢cDNA synthesis from the
samples were ensured, which eliminated false negative that
resulted from failure in either one of the above processes.
Moreover, 96-well assay format currently developed can be
adopted into a high-throughput screening protocol, with
which we are able to obtain diagnostic result of more than 90
clinical samples in 3 hours with 1 clinical personnel, while the
current existing protocol, in which samples are proceeded in
individual tubes, can only handle about 30-50 samples a day
per technician.

[0293] Real-time quantitative PCR assay is more sensitive
than conventional agarose gel-electrophoresis-associated
PCR assay (Poonetal., J. Clin. Virol. 28:233-8) and therefore
employed for SARS-CoV diagnosis purpose. Positive signals
were detected in 38 0f 136 randomly selected clinical samples
in both N-gene and 1b-gene specific PCR. Among these 38
positives, 3 were stool samples (2.2%) and 35 were NPA
samples (25.7%). Detection rate of the assay employing
N-gene specific RT-PCR at different time points was shown in
Table 2.

TABLE 2
Date of onset No. of sample  No. of positive  Detection rate (%)
1-2 15 2 13.3
-4 17 4 23.5
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TABLE 2-continued

Date of onset No. of sample  No. of positive  Detection rate (%)

5-6 15 4 26.7
7-8 13 5 38.5
9-10 9 4 44.4
Negative control 19 All negative —

[0294] Affirmative of these 38 positive cases was con-
firmed by melting curve analysis of PCR products. Specific
melting temperature of N gene and 1b gene PCR products
(85.5° C. and 80.5° C., respectively) indicated that the target
fragments were amplified in the reaction. Specificity of the
assay was also validated with non-SARS patients samples,
including patients suffering from adenovirus (n=5), repira-
tory syncytial virus (n=5), human metapneumovirus (n=5),
influenza A virus (n=5) and influenza B virus (n=5). The
result shows that all of these samples were negative in the
assay (Fig. ??). These results indicate that the N-gene specific
RT-PCR assay is specific for SARS-CoV diagnosis.

[0295] Furthermore, we also demonstrated that the N-gene
specific PCR was more sensitive than that of PCR amplifying
1b RNA polymerase gene. Amplification conditions for both
PCR assays were optimized (see F1G. 22) first with the plas-
mid construct containing 1:1 ratio of 1b- and N-gene frag-
ment (see FIG. 20). Dynamic range of N-gene specific PCR
was obtained (Fig. ??) and it was found to be with lower Ct
values than that of 1b-specific PCR. This revealed that
N-gene specific PCR could achive higher amplification effi-
ciency than lb-gene specific PCR when using same copy
number of template. PCR with ¢cDNA from clinical samples
or virus infected Vero cells were then performed. FIG. 22A
shows the Ct and half-maximal values of the fluorescent
signal of N gene and 1b gene specific PCR generated from
NPA, tracheal dispersion and lung biopsy from patient A. The
results indicated that fluorescent signals given in N gene
specific PCR are higher (26.0% in average, ranged from 6.3-
60%) than that of 1b specific PCR in all positive samples.
Furthermore, Ct values of N gene specific PCR are lower
(0.1-4.6 cycles) than that of 1b specific PCR among most of
the SARS-CoV positive samples (Table 3).

26
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[0297] Using ¢cDNA from SARS-CoV infected Vero cells,
amplification curves shown in FIG. 21B show the differences
between N gene and 1b gene specific PCR. Ct of the N gene
and 1b gnene specific PCR was 35.3 and 37.8, respectively.
This phenomenon had two main causes: (1) Expression level
of N gene was higher than that of 1b gene; and; (2) Copy
number of N gene was much larger than that of 1b gene
because each transcript preceded a copy of N gene, in SARS-
CoV infected cells. Northern blot analysis supported this
hypothesis (FIG. 24). When N-gene specific PCR product
was used as a probe, at least five transcripts from the virus
were hybridized and gave positive signals (FIG. 24). This
result agreed with the findings in which five subgenomic
mRNAs were detected by Northern hybridization of RNA
from SARS-CoV infected cells using a probe derived from
the 3' untranslated region (Rota et al., 2003, Science 300:
1394-99). On the other hand, when 1b PCR product was used
as a probe, only 2 transcripts with high molecular size were
hybridized, demonstrating that the copy number of N gene
was much higher than that of 1b gene, during transcription
and gene expression in the host cells. The Northern hybrid-
ization result strongly supports the conclusion that PCR
amplifying regions in N gene of the SARS-CoV are more
sensitive than other regions as a target for diagnostic screen-
ing. It is possible that amplification of more than one genome
region may increase the specificity of the test (Yam W. C., et
al., 2003,1. Ciin. Microbial. 41:4521-24).

[0298] Inconclusion, we have developed a new generation
of RT-PCR diagnosis test which is more sensitive than con-
ventional diagnostic test for the detection of the coronavirus
associated with SARS. The assay provides a high throughput,
highly sensitive screening platform, which enables us to scale
up to test hundreds of thousands of suspected SARS cases
each day in a single working line. Incorporation of PK-15 cell
as an internal control in the assay and use of N gene as a
diagnosis locus in addition to 1b gene can enhance the sen-
sitivity and accuracy of the test. We are adapting the protocol
to 96-well real-time quantitative PCR and sequencing format
to shorten the time required for the test and to obtain infor-
mation on genotypic variation of the virus.

Clinical Results
[0299] Clinical Findings:

TABLE 3

SIN N b ¢t SN N b 2Ct SN N b ¢t S/N N b ¢t
50851 27.1 278 0.6 34862 319 332 1.3 67429 353 356 03 68796 324 345 21
55751 27.6 277 01 45971 43.6 482 4.6 67438 284 275 =09 68798 28.8 284 -04
62290  41.9 432 13 45972 43.6 465 29 68116 30.0 335 3.5 68800 34.6 383 v
55531 41.0 431 21 45973 421 432 1.1 68118 367 37.7 1.0 68801 31.9 328 09
55963 417 423 0.6 69145 272 27.7 0.5 68134 324 332 0.8 70562 402 433 3.1
65733 43.6 449 13 56385 32.8 33.8 1.0 068184 30.6 324 1.8 70589 355 382 27
34862 335 337 0.2 55527 373 394 21 68185 275 301 2.6 70591 36.0 382 22
32814 38.6 408 2.2 56851 239 261 2.2 68187 403 415 1.2 70059 414 43.1 1.7
33935 353 365 1.2 69073 243 261 1.3 68788 355 37.6 2.1
34861 314 317 03 67423 287 294 0.7 68791 348 353 0.5

ACt=1.49 +0.47, 95% confidence intervals = 0.74 to 2.23 (F-test)

[0296] Statistic analysis indicates that Ct of N-gene PCR
assay is significantly lower than that of ab-gene assay (95%
confidence interval=0.74 to 2.23, F-test). Stronger fluores-
cence signals and lower Ct values of N gene specific PCR
provide a more sensitive diagnostic result and much target for
the assay.

[0300] All 50 patients with SARS were ethnic Chinese.
They represented 5 different epidemiologically linked clus-
ters as well as additional sporadic cases fitting the case defi-
nition. They were hospitalized at a mean of 5 days after the
onsetof symptoms. The median age was 42 years (range of 23
to 74) and the female to male ratio was 1.3. Fourteen (28%)
were health care workers and five (10%) had a history of visit
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to a hospital experiencing a major outbreak of SARS. Thir-
teen (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.

[0301] Themajor complaints from most patients were fever
(90%) and shortness of breath. Cough and myalgia were
present in more than half'the patients (Table 4). Upper respi-
ratory tract symptoms such as rhinorrhea (24%) and sore
throat (20%) were present in a minority of patients. Diarrhea
(10%) and anorexia (10%) were also reported. At initial
examination, auscultatory findings, such as crepitations and
decreased air entry, were present in only 38% of patients. Dry
cough was reported by 62% of patients. All patients had
radiological evidence of consolidation, at the time of admis-
sion, involving 1 zone (in 36), 2 zones (13) and 3 zones (1).

TABLE 4

Clinical symptoms Number (percentage)

Fever 50 (100%)
Chill or rigors 37 (74%)
Cough 31 (62%)
Myalgia 27 (54%)
Malaise 25 (50%)
Running nose 12 (24%)
Sore throat 10 (20%)
Shortness of breath 10 (20%)
Anorexia 10 (20%)
Diarrhea 5 (10%)
Headache 10 (20%)
Dizziness 6 (12%)

* Truncal maculopapular rash was noted in 1 patient.

[0302] Inspite of the high fever, most patients (98%) had no
evidence of a leukocytosis. Lymphopenia (68%), leucopenia
(26%), thrombocytopenia (40%) and anemia (18%) were
present in peripheral blood examination (Table 5). Parenchy-
mal liver enzyme, alanine aminotransferase (ALT) and
muscle enzyme, creatinine kinase (CPK) were elevated in
34% and 26% respectively.

TABLE 5
Laboratory Percentage
parameter Mean (range) of abnormal ~ Normal range
Haemoglobin 12.9 (8.9-15.9) 11.5-16.5 g/dl
Anaemia 9 (18%)
White cell count 5.17 (1.1-11.4) 411 x 10°/L
Leucopenia 13 (26%)
Lymphocyte count 0.78 (0.3-1.5) 1.5-40 x 10°/L
Significant 34 (68%)
lymphopenia
(<1.0 x 1091
Platelet count 174 (88-351) 150-400 x 10%/L
Thrombocytopenia 20 (40%)
Alanine amino- 63 (11-350) 6-53 U/L
transaminase (ALT)
Elevated ALT 17 (34%)
Albumin 37 (26-50) 42-54 o/l
Low albumin 34 (68%)
Globulin 33 (21-42) 24-36 g/L
Elevated globulin 10 (20%)
Creatinine kinase 244 (31-1379) 34-138 UL
Elevated creat- 13 (26%)

inine kinase

[0303] Routine microbiological investigations for known
viruses and bacteria by culture, antigen detection, and PCR
were negative in most cases. Blood culture was positive for
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Escherichia coli in a T4-year-old male patient, who was
admitted to intensive care unit, and was attributed to hospital
acquired urinary tract infection. Klebsiella preumoniae and
Hemophilus influenzae were isolated from the sputum speci-
mens of 2 other patients on admission.

[0304] Oral levofloxacin 500 mg q24h was given in 9
patients and intravenous (1.2 g q8h)/oral (375 mg tid) amox-
icillin-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 azithromycin 500 mg q24h, and
oral amantadine 100 mg bid were given for empirical cover-
age of typical and atypical pneumonia.

[0305] Nineteen patients progressed to severe disease with
oxygen desaturation and were required intensive care and
ventilatory support. The mean number of days of deteriora-
tion 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.

[0306] The risk factors associated with severe complicated
disease requiring intensive care and ventilatory support were
older age, lymphopenia, impaired ALT, and delayed initiation
of ribavirin and steroid (Table 6). 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 6
Complicated Uncomplicated
case case
n=19) (n=31)  Pvalue
Mean (SD) age (range) 49.5+12.7 390=107 P<0.01
Male/Female ratio 811 14/17 N.S.
Underlying illness st 1t 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 5.2+20 47+25 NS
symptoms to admission
(days)
Mean (SD) admission 38.8+0.9 38708 NS
temperature (° C.)
Mean (SD) initial total 5.1+24 52+18 NS
peripheral WBC count
(x10%/1)
Mean (SD) initial lympho- 0.66 0.3 08503 P<0.05
cyte count (x10%/L)
Presence of thrombo- 8 12 N.S.
cytopenia
(<150 x 10°/L}
Impaired liver function 11 6 P<0.01
test
CXR changes (number of 1.4 1.2 N.S.
zone affected)
Mean (SD) day of deteri- 8.3+£2.6  Notapplicable
oration from the onset
of symptoms §
Mean (SD) day of initia- 7.7+29 5726 P<0.05

tion of Ribavirin &
steroid from the onset
of symptoms
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TABLE 6-continued

Complicated Uncomplicated

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

Initiation of ribavirin 12 0 P <0.001

& steroid after deteri-

oration

Response to ribavirin 11 28 P <0.05

& steroid

Qutcome

Improved or recovered 10 31 P<0.01

Not improving | 8 0 P<0.01

* Multi-variant analysis is not performed due to low number of cases;

ty patients had diabetic mellitus, 1 had hypertrophic obstructive cardiomyopathy, 1 had
chronic active hepatitis B, and 1 had brain tumor;
i patient had essential hypertension;

§ desaturation requiring intensive care support;
| 1 died.

[0307] 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 lymphope-
nia of 0.7x10°/1 with normal total white cell and platelet
counts. Both ALT (41 U/L) and CPK (405 U/L) were
impaired. Despite a combination of oral azithromycin, aman-
tadine, and intravenous ceftriaxone, there was increasing
bilateral pulmonary infiltrates and progressive oxygen
desaturation. Therefore, an open lung biopsy was performed
9 days after admission. Histopathological examination
showed a mild interstitial inflammation with scattered 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 ribavirin
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 Y00 to %1s00.

[0308] The second patient from whom a hSARS virus was
isolated, was a 42-year-old female with good past health. She
had a history of travel to Guangzhou in mainland China for 2
days. She presented with fever and diarrhea 5 days after her
return to Hong Kong. Physical examination showed crepita-
tion over the right lower zone which had a corresponding
alveolar shadow on the chest radiograph. Investigation
revealed leucopenia (2.7x10%/L), lymphopenia (0.6x10°/L),
and thrombocytopenia (104x10°/L). Despite the empirical
antimicrobial coverage with amoxicillin-clavulanate,
clarithromycin, and oseltamivir, she deteriorated 5 days after
admission and required mechanical ventilation and intensive
care for 5 days. She gradually improved without receiving
treatment with ribavirin or steroid. Her nasopharyngeal aspi-
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rate was positive for the virus in the RT-PCR and she was
seroconverted from antibody titre <'50 to Yieoo against the
hSARS isolate.

[0309] Virological Findings:

[0310] Viruses wereisolated on FRhk-4 cells from the lung
biopsy and nasopharyngeal aspirate respectively, of two
patients described above. The initial cytopathic effect
appeared between 2 and 4 days after inoculation, but on
subsequent passage, cytopathic effect appeared in 24 hours.
Both virus isolates did not react with the routine panel of
reagents used to identify virus isolates including those for
influenza A, B parainfluenza types 1,2,3, adenovirus and res-
piratory syncytial virus (DAKO, Glostrup, Denmark). They
also failed to react in RT-PCR assays for influenza A and
HMPV or in PCR assays for mycoplasma. The virus was ether
sensitive, indicating that it was an enveloped virus. Electron
microscopy of negatively stained (2% potassium phospho-
tungstate, pH 7.0) cell culture extracts obtained by ultracen-
trifugation showed the presence of pleomorphic enveloped
viral particles, of about 80-90 nm (ranging 70-130 nm) in
diameter, whose surface morphology appeared comparable to
members of Coronaviridae (FIG. 5a). Thin section electron
microscopy of infected cells revealed virus particles of 55-90
nm diameter within the smooth-walled vesicles in the cyto-
plasm (FIG. 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.

[0311] 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).

[0312] The RT-PCR products generated in a random primer
RT-PCR assay were analyzed and unique bands found in the
virus infected specimen was cloned and sequenced. Of 30
clones examined, a clone containing 646 base pairs (SEQ ID
NO:1) of unknown origin was identified. Sequence analysis
of this DNA fragment suggested this sequence had a weak
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. Phylo-
genetic analysis of the protein sequences showed that this
virus, though most closely related to the group 11 coronavi-
ruses, was a distinct virus (FIGS. 5a and 5b).

[0313] Based on the 646 by sequence of the isolate, specific
primers for detecting the new virus was designed for 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 specific-
ity of the RT-PCR reaction was confirmed by sequencing
selected positive RT-PCR amplified products. None of 40
nasopharyngeal and fecal specimens from patients with unre-
lated diseases were reactive in the RT-PCR assay.

[0314] 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.
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7A). Positive signals were observed in 23 out of 29 serologi-
cally confirmed SARS patients. In all of these positive cases,
aunique PCR product (T, =82° C.) corresponds to the signal
from the positive control was observed (FIG. 7B, and data not
shown). These results indicated this assay is highly specific to
the target. The copy numbers of the target sequence in these
reactions range from 4539 to less than 10. Thus, as high as
6.48x10° copies of this viral sequence could be found in 1 ml
of NPA sample. In 5 of the above positive cases, it was
possible to collect NPA samples before seroconvertion. Viral
RNA was detected in 3 of these samples, indicating that this
assay can detect the virus even at the early onset of infection.
[0315] To further validate the specificity of this assay, NPA
samples from healthy individuals (n=11) and patients suf-
fered 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 sen-
sitivity of 79% and specificity of 98%.

[0316] Epidemiological data suggest that droplet transmis-
sionis one of the major route of transmission of this virus. The
detection of live virus and the detection of high copies of viral
sequence from NPA samples in the current study clearly
support that cough and sneeze droplets from SARS patients
might be the major source of this infectious agent. Interest-
ingly, 2 out of 4 available stool samples from 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 (McIntosh K., 1974. Coronaviruses: a com-
parative review. Current Top Microbiol Immunol. 63:
85-112). However, further studies are required to test whether
the virus in feces is infectious or not.

[0317] Currently, apart from this hSARS virus, there are
two known serogroups of human coronaviruses (229E and
0C43) (Hruskova J. et al., 1990, Antibodies to human coro-
naviruses 229E and OC43 in the population of C. R., Acta
Viral. 34:346-52). The primer set used in the present assay
does not have homology to the strain 229E. Due to the lack of
available corresponding OC43 sequence in the Genebank, it
is not known whether these primers would cross-react with
this strain. However, sequence analyses of available
sequences in other regions of OC43 polymerase gene indicate
that the novel human virus associated with SARS is geneti-
cally distinct from OC43. Furthermore, the primers used in
this study do not have homology to any of sequences from
known coronaviruses. Thus, it is very unlikely that these
primers would cross-react with the strain OC43.

[0318] Apart from the novel pathogen, metapneumovirus
was reported to be identified in some of SARS patients (Cen-
ter 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.

[0319] Immunofluorescent Antibody Detection:

[0320] Thirty-five of the 50 most recent serum samples
from patients with SARS had evidence of antibodies to the
hSARS (see FIG. 3). Of 27 patients from whom paired acute
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and convalescent sera were available, all were seroconverted
orhad >4 fold increase in antibody titer to the virus. Five other
pairs of sera from additional SARS patients from clusters
outside this study group were also tested to provide a wider
sampling of SARS patients in the community and all of them
were seroconverted. None of 80 sera from patients with res-
piratory or other diseases as well as none 0f 200 normal blood
donors had detectable antibody.

[0321] When either seropositivity to HP-CV in a single
serum or viral RNA detection in the NPA or stool are consid-
ered evidence of infection with the hSARS, 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.

Discussion

[0322] 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 con-
ventional pathogens of atypical pneumonia proved negative.
However, a virus that belongs to the family Coronaviridae
was isolated from the lung biopsy and nasopharyngeal aspi-
rate obtained from two SARS patients, respectively. Phylo-
genetically, the virus was not closely related to any known
human or animal coronavirus or torovirus. The present analy-
sis is based on a 646 by 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. Coro-
naviruses. Eds Knipe D M, Howley P M Fields Virology, 4th
Edition, Lippincott Williams & Wilkins, Philadelphia, 1187-
1203). The biological, genetic and clinical data, taken
together, indicate that the new virus is not one of the two
known human coronaviruses.

[0323] 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 factorin 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 seroconversion to
the virus. The five patients who has not shown serological or
virological evidence of hSARS virus infection, need to have
later convalescent sera tested to define if they are also sero-
converted. However, the concordance of the hSARS virus
with the clinical definition of SARS appears remarkable,
given that clinical case definitions are never perfect.

[0324] No evidence of HMPYV 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 this hSARS virus is either the cause of SARS or a nec-
essary pre-requisite for disease progression. Whether or not
other microbial or other co-factors play a role in progression
of the disease remains to be investigated.
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[0325] The family Coronaviridae includes the genus Coro-
navirus and Torovirus. They are enveloped RNA viruses
which cause disease in humans and animals. The previously
known human coronaviruses, types 229E and OC43 are the
major causes of the common cold (Holmes K V. Coronavi-
ruses. Eds Knipe D M, Howley P M Fields Virology, 4th
Edition, Lippincott Williams & Wilkins, Philadelphia, pp.
1187-1203). But, while they can occasionally cause pneumo-
nia in older adults, neonates or immunocompromised 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. Clir Infect Dis. 2000; 31:
96-100; and Foltz E I, 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, Coro-
navirus 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 neu-
rons and viral RNA has been detected in the brain of patients
with multiple sclerosis (Talbot P J, Cote G, Arbour N. Human
coronavirus QC43 and 229E persistence in neural cell cul-
tures and human brains. Adv Fxp Med Biol—in press). On the
other hand, a number of animal coronaviruses (eg. Porcine
Transmissible Gastroenteritis Virus, Murine Hepatitis Virus,
Avian Infectious Bronchititis Virus) cause respiratory, gas-
trointestinal, neurological or hepatic disease in their respec-
tive hosts (McIntosh K. Coronaviruses: a comparative review.
Current Top Microbiol Immunol. 1974; 63: 85-112).

[0326] We describe for the first time the clinical presenta-
tion and complications of SARS. Less than 25% of patients
with coronaviral pneumonia had upper respiratory tract
symptoms. As expected in atypical pneumonia, both respira-
tory symptoms and positive auscultatory findings were very
disproportional to the chest radiographic findings. Gas-
trointestinal symptoms were present in 10%. Itis relevant that
the virus RNA is detected in feces of some patients and that
coronaviruses have been associated with diarrhoea in animals
and humans (Caul E O, Egglestone S 1. Further studies on
human enteric coronaviruses Arch Virol. 1977; 54: 107-17).
The high incidence of deranged liver function test, leucope-
nia, significant lymphopenia, thrombocytopenia and subse-
quent evolution into adult respiratory distress syndrome sug-
gests a severe systemic inflammatory damage induced by this
hSARS virus. Thus immuno-modulation by steroid may be
important to complement the antiviral therapy by ribavirin. In
this regard, it is pertinent that severe human disease associ-
ated with the avian influenza subtype HSN1, another virus
that recently crossed from animals to humans, has also been
postulated to have an immuno-pathological component (Che-
ung CY, Poon L L M, Lau A SY et al. Induction of proin-
flammatory cytokines in human macrophages by influenza A
(H5N1) viruses: a mechanism for the unusual severity of
human disease. Lancet 2002; 360: 1831-1837). In common
with HSNT1 disease, patients with severe SARS are adults, are
significantly more lymphopenic and have parameters of
organ dysfunction beyond the respiratory tract (Table 4)
(Yuen K'Y, Chan P K S, Peiris J S M, et al. Clinical features
and rapid viral diagnosis of human disease associated with
avian influenza A H5N1 virus. Lancet 1998;351: 467-471). 1t
is important to note that a window of opportunity of around 8
days exists from the onset of symptoms to respiratory failure.
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Severe complicated cases are strongly associated with both
underlying disease and delayed use of ribavirin and steroid
therapy. Following our clinical experience in the initial cases,
this combination therapy was started very early in subsequent
cases which were largely uncomplicated cases at the time of
admission. The overall mortality at the time of writing is only
2% with this treatment regimen. There were still 8 out of 19
complicated cases who had not shown significant response. It
is not possible to a detail analysis of the therapeutic response
to this combination regimen due to the heterogeneous dosing
and time of initiation of therapy.

[0327] Other factors associated with severe disease is
acquisition of the disease through household contact which
may be attributed to a higher dose or duration of viral expo-
sure and the presence of underlying diseases.

[0328] The clinical description reported here pertains
largely to the more severe cases admitted to hospital. We
presently have no data on the full clinical spectrum of the
emerging 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 shed-
ding (and communicability) during convalescence, the pres-
ence of virus in other body fluids and excreta and the presence
of virus shedding during the incubation period, to be
addressed.

[0329] The epidemiological data at present appears to indi-
cate 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 res-
piratory tract supports this contention. Preliminary evidence
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 addi-
tional 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).

7. DEPOSIT

[0330] 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

[0331] ThehSARS virus can now be grown on alarge scale,
which allows the development of various diagnostic tests as
described hereinabove as well as the development of vaccines
and antiviral agents that are effective in preventing, amelio-
rating or treating SARS. Given the severity of the disease and
its rapid global spread, it is highly likely that significant
demands for diagnostic tests, therapies and vaccines to battle
against the disease, will arise on a global scale. In addition,
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this virus contains genetic information which is extremely
important and valuable for clinical and scientific research
applications.

9. EQUIVALENTS

[0332] 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 experi-
mentation. Such equivalents are intended to be encompassed
by the following claims.
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[0333] All publications, patents and patent applications
mentioned in this specification are herein incorporated by
reference into the specification to the same extent as if each
individual publication, patent or patent application was spe-
cifically and individually indicated to be incorporated herein
by reference.

[0334] 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/?pageRequest=docDetail&DocID=US20100285457A1).
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).

1-7. (canceled)

8. A method for detecting the presence of a spike gene
S-gene) of the human severe respiratory syndrome (hSARS)
virus in a biological sample, said method comprising: (a)
contacting the sample with a nucleic acid molecule compris-
ing a nucleotide sequence having at least 20 contiguous
nucleotides of the nucleotide sequence of SEQ ID NO:2473;
and (b) detecting whether the nucleic acid molecule binds to
said S-gene in the sample.

9. The method of claim 8, wherein the compound that binds
to said S-gene is a nucleic acid molecule comprising a nucle-
otide sequence having at least 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. 1,000, 1,050, 1,100, 1,150,
1,200, 2,000, or 3,000 contiguous nucleotides of the nucle-
otide sequence of SEQ ID NO:2473.

10-16. (canceled)



