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7) ABSTRACT

The subject invention relates to a multiple-allelic RT-real-
time polymerase chain reaction (PCR) assay for coronavi-
ruses including the SARS virus. Multiple target sequences
within the SARS-CoV, S, E, M and N genes are identified.
The use of the four different targets enhances the likelihood
that the fundamental genetic drift of the virus will not lead
to a false negative result. Multiplex assays format for the
assay are envisioned. Thus, the present invention allows for
early diagnosis of a SARS infection. The assay would be
useful in the context of monitoring treatment regimens,
screening potential anti SARS agents, and similar applica-
tions requiring qualitative and quantitative determinations.
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Figure 1: CLUSTAL W (1.81) multiple DNA sequence alignment of
coronavirus S genes from strains isolated from different species

CeoVv ATGATTGTGCTTACATTGTGCCTTTTCTTGTT- - - TTTGTACAGTAGTGTGAGCTCTACA -
Feov ATGATTGTGCTCGTAACTTGCCTCTTGT TGTTATGTTCATACCACACAGTTTTGAGTACA
TGE ATGAAAAAACTA’I‘TTGTGGTTTTGGTCGTAATGCCAT’I’GATTTATGGAGACAAT‘I‘I‘TCCT
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CcoV TCAAACAATGACTGTGTACAAGTTAATGTGACACAACTGCCTGGCAATGMAATA’I'I‘ATC
Fcov ACAAATAATGAA’I‘GCATACAAGTTAACGTAACACMTTGGCTGGCAATGAAAACC‘ITATC
TGE TGTTCTAAATTGACTAATAGAACTATAGGCAACCAGTGGAATCTCA‘I‘TGAAACCTTCC‘I‘T
PROOV eI
HCoVOC43 e e i DU
PEDV el ATGAGGTCTTTAATTTACTTCTGGTTGCTCTT
SARSUrba  eeeeecemmei o] ceccsmecicccnecse- ATGTTT
SARSTOX2 cememme e ATGTTT
BooV e ATGTTTTTGATACTT
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RtCoV e ATGCTATTCGTGTTT
IBY e T
CcoVv AAAGA'I'TTTCTATTTCAGAACTTTAAAGAAGAAGGAAGTTTAGTTGTTGGTGGTTATTAC
FcoVv AGAGATT'I‘TCTGTTTAGTAACTTTAAAGAAGAAGGAAGTGTAG'I"I‘G'I‘TGGTGGTTAT‘I‘AC
TGE CTAAACTATAGTAGTAGGTTACCACCTAATTCAGATGTGGTGTTAGGTGATTATTT‘I‘CCT
PRCoV e i T
HOOV0Ca3 e
PEDV ACCAG'I'AC‘I‘TCCAACACTCAGCCTACCACAAGATGTCAC‘I‘AGGTGCCAGTCTACTACTAA
SARSUrba ATTTTCTTATTATTTCTTACTCTCACTAGTGGTAGTGACCTTGACCGGTGCACCACTTTT
SARSTor?2 A'I'I‘TTCTTATTATTTCTTACTCTCACTAGTGGTAGTGACCTTGACCGGTGCACCACTI‘TT
Bcov TTAATTTCCTTACCAATGGCTTTTGCTGTTATAGGAGA'ITTAAAGTGTACTACGGTTTCC
HEV TTAATCTCCCTGCCTTCTGCTTTTGCAGTTATAGGGGA'I‘I‘TAAAGTGTACTAC’I‘TCATTA )
MHV TTAACCTTGTTGCCCTCTTCTCT AGGGTATATTGGTGATTTTAGATGTATCCAACTTGTA
RtCov TTAACCCTATTGCCCTCTTGTCT AGGGTATATTGGTGATTTTAGATGTATCAACCTTGTA
IBY e e
Ccov CCCACAGAGGTGTGGTATAACTGTTCCACAACTCAACAAACTACCGCTTATAAGTA’ITTT
Fcov CCTACAGAGGTGTGGTACAACTGCTCTAGAACAGCTCGAACTACTGCCT‘I‘TCAGTATTTT
TGE ACTGTACAACCTTGGTTTAAT'I‘GCATTCGCAATGATAGTAATGACCTTTATGTTACACTG
PROOV e DT
HOOVOCd 3 e
PEDV CTTTAGGCGGTTCTTTTCAA- -AATTTAATGTTCAGGCACC’I‘GCCGTCCTCGT'IT‘I‘GGGT
SARSUrba GR---ccccmnn.. TGATGTTCAAGCTCCTA- -ATTACACTCAARCATACTTCAT- -~ -CT
SARSTor2 GA----v-meenoo TGATGTTCAAGCTCCTA= - ATTACACTCAACATACTTCAT- - - - CT
BeoV ATTAATGATGT- - - TGACACCGGTGC’I‘CCCTCTATTAGCACTGATATTGTCGA‘PGTTACT
HEV ATTAATGACGT- - - TGACACTGGTGTGCCATCTATTAGCTCTGAAGTTGTTGA’IGTCAC'I‘
MHV AATACCGACACCTCTAATGCCAGCGCTCCAAGCGTTAGTACAGAGGTAGTTGA’!GTTTCC
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AACACCCGCATTTCTAATGCGCGCGCACCCAGTGTTAGCACAGRGGTAGTTGATGTTTCT

AGTAATATACATGCATTTTATTTTGATATGGAAGCCATGGAGAATAGTACTGGCAATGCA
AATAATATACATGCCTTTTATTTTGTTATGGAAGCCATGGAAAATAGCACTGGTAATGCA
GAAAATCTTAAAGCATTGTATTGGGATT---ATGCTACAGAAAATATCACTTGGAAT---

GGTTACCTACCTAGTATGAACTCTTCTAGCTGGTACTGTGGCACAGGCATTGAAACTGCT
ATGAG---GGGGGTTTACTATCCT---GATGAAATT-—TTTAGATCAGACACTCTT----
ATGA ---GGGGGTTTACTATCCT---GATGAAATT-—TTTAGATCAGACACTCTT----
AATGGTTTAGGTACTTATTATGTTTTAGATCGTGTGTATTTAAATACTACGTTGTTG---
AATGGTTTGGGGACTTTCTATGTTTTAGATCGTGTCTATTTAAATACCACATTG .=-
AAAGGGATTGGTACTTATTATGTTTTAGATCGAGTCTATTTAAATGCCACACTATTG---
AAAGGTCTTGGTACATATTACGTTTTAGATCGTGTTTATTTAAATGCCACGTTAITG---

CGTGGTAAACCTTTACTAGTACATGTTCATGGTAATCCTGTTAGTATCATTGTTTACATA
CGTGGTAAACCATTATTATTTCATGTGCATGGTGAGCCTGTTAGTGTTATT ------ ATA
CACAGACAACGGTTAAACGTAGTCGTTAATGGATACCCATACTCCATCACAGTT---ACA

............................................................

AGTGGCGTTCATGGTATTTTTCTCAGCTACATCGATTCTGGTCAGGGCTTTGAGA--TTG
----- TATTT. --ACTCAGGATTTATTTCTTC-CATTTTATTCTAATGTTACAGG--GTT
----- TATTTA--ACTCAGGATTTATTTCTTC-CATTTTATTCTAATGTTACAGG--GTT
CTTAATGGTTACTACCCTACTTCAGGTTCTACATATCGTAATATGGCACTGAAGG--GAA
CTCAATGGTTATTACCCAATTTCAGGTGCTACATTTCGTAATATGGCTCTGAAAG-oGAA
CTTACTGGTTATTACCCTGTAGATGGGTCCATGTATAGAAACATGGCTCTAACGG--GAA
CTTACTGGTTACTACCCTGTAGATGGGTCCATGTATCGTAACATGGCTCTAATGG--GTA

TCAGCTTATAGAGATGATGTGCAATTTAGGCCGCTTTTAAAGCATGGTTTATTGTGTATA
TCGGCTTATAGGGATGATGTGCAACAAAGGCCCCTTTTAAAACATGGGTTAGTGTGCATA
ACAACCCGCAATTTTAAT—TCTGCTGAAGGTGCTATTATATGCATTTGTAAGGGCTCACC

............................................................

GCATTTCGCAAGAGCCGT-TTGATCCTAGTGGTTACCAGCTTTATTTACATAAGGCCACT
TCATACTATTAATCATAC--—-GTTTGG--CAACCCTGTCAT-ACCTTTTAAGGATGGTA
TCATACTATTAATCATAC----GTTTGG--CAACCCTGTCAT-ACCTTTTAAGGATGGTA
CTTTACTATTGAGCAGACTATGGTTTAAACCACCTTTTCTTTCTGATTTTATTAAJGGTA
CTCGATTATTGAGCACCTTGTGGTTTAAGCCGCCTTTTTTATCACCTTTTAA?GATGGTA
TTAATACCATAAGCCTTAATTGGTACAAACCACCCTTTTTATCAGAGTTTAATGATGGCA
CTAATACCTTAAGCCTTAATTGGTTTGAACCGCCCTTTTTATCAGAGTTTAACGATGGCA

ACTAAAAATGACACCGTTGACTATAATAGCTTTACAATTAACCAATGGGGAGACATATGT
ACTAAAAATCGCCATATTAACTATGAACAATTCACCTCCAACCkGTGGAATTCCACATGT
ACCTACTACCACCACAGAATCTA----- GTTTGACTTGCAATTGGGGTAGTGAGTGCAGG

AATGGTAACACTAATGCTATTGCACGACTGCGCATTTGCCAGTTTCCCGATAATAAAACA
TTTA-TTTTGCTGCCACAGAGAAATCAAATGTTGTCCGTGGTTGGGTTTTTGGTTCTACC
TTTA-TTTTGCTGCCACAGAGAAATCAAATGTTGTC&Ginb1xuuuxxxl1Ub11L1ACC
TTT----TTGCTAAGGTCAAAAATACCAAGGTTATTAAAAAGGGTGTAATGTATAGTGAG
TTT----TTGCCAAGGTTAAAAACAGCAGATTTTCTAAAGATGGTGTTATTTATAGTGAG
TAT----TTGCTAAGGTAAAGAACCTTAAAGCATCTTTGCCCAAAGATTCTATTTCATAT
TAT-—--ATGCTAAGGTAAAGAACCTCAAAGCATCTTTGCCCATAGGCTCGGCTTCATAC
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CcoV TTGGGTGACGACAGAAAAATACCATTCTCTGTAGTACCCACAGATAATGGTACGAAATTA
FcoV ACGGGTGCTGACAGAAAAATTCCTTTCTCTGTCATACCCACGGACAATGGAACAAAAATC
TGE TTAAACCATAAGTTCCCTATATGTCCTTCTAATTCAGAGGCAAATTGTGGTAATATGCTG
PRCOV e meeesmemmmeccec-eemmecesmc-mcesenmesserenos cemmmmeemeenoens
HCoVOC43 e vme-esesesmesesasesmccc-mmesm--sses-esc--scesesc-onsne
PEDV TTGGGCCCTACTGTTAATGATGTTACAACAGGTCGTAACTGCCTATTCAACAAAGCCATT
SARSUrba ATGAACAACA-AGTCACAGTCGGTGATTA--TTATTAACAATTCTACTAATGTTGTTATA
- SARSToX?2 ATGAACAACA-AGTCACAGTCGGTGATTA= - TTATTAACRATTCTACTAATGTTGTTATA
BeoV TTTCCTGCTATAACTATAGGTAGTACTT---TTGTAAATACATCCTATAGTGTGGTAGTA
HEV TTTCCTGCTATTACTATAGGTAGTACTT---TTGTAAATACTTCCTATAGCATAGTAGTA
MHV TTCCCTACTATAATTATAGGTAGTAATT--—TTGTCACCACTTCCTATACTGTAGTATTG
RtCoV TTTCCTACTATAATTATAGGTAGTAATT---TTGTTAATACTTCCTATACTGTAGTATTG
1BV eeemeceeemecse-cecoe--ono- R
CecoV TTTGGTCTTGAGTGGAATGATGACTATGTTACAGCCTATATTAGTGATGAGTCTCACCGT
FeoV TATGGTCTTGAGTGGAATGATGACTTTGTTACAGCTTATATTAGTGGTCGTTCTTATCAC
TGE TATGGCCTACAATGGTTTGCAGATGAGGTTGTTGCTTATTTACATGGTGCTAGTTACCGT
PRCOV ~ semmmees-mcsmmesssesscoessssess-sssosososssmSossoooossmTomoos
HCOVOC43  ====---=-- AL ET LS B e
PEDV CCAGCTTATATGCGTGATGGAAAAGATATTGTTGTCGGCATAACATGGGATAATGATCGT
SARSUrba CGAGCATGTA-=-cememnec== ACTTTGAAT------- TGTGTGACAACCCTTTCTTTGC
SARSTor2 CGAGCATGTA-----===---~ ACTTTGAAT-=----~ TGTGTGACAACCCTTTCTTTGC
Beov CAACCACATACTACCAATTTGGATAATAAATTACAAGGTCTCTTAGAGATCTCTGTTTGC
HEV GAGCCTCATACCTCACTTATTAATGGTAATTTACAAGGTTTGTTGCAAATTTCTGTTTGT
MHV GAACCGTATA-----=------~- ATGGTA----=-====~= TAATTAT-GGCATCCATTTGC
RtCoV GAACCATACA-=---==v=>=~~- ATGGTA----=--=-=~ TTATTAT-GGCATCTATTTGC
IBV  ememeseemeeseemmsmessesessesosescosssooosoSoSTooooosSonoTTS
CcoV TTGAATATCAATAATAATTGGTTTAACAATGTTACACTC--CTATACTCACGTACAAGCA
FcoV TTGAACATCAATACTAATTGGTTTAACAATGTCACACTT--TTGTATTCACGCTCAAGCA
TGE ATTAGTTTTGAAAATCAATGGTCTGGCACTGTCACATTTGGTGATATGCGTGCGACAACA
PRCOV ~ emmemsm=ecec=s-smmss-s-s--seso-essessemoToSSSoSomSoToToomTIOOT
HOOVOCA3 ~ emssmmmec-essssmms—ssoeesssmsosooo-msssssomSmSIoSnTooToC S
PEDV GTCACTGTTTTTGCTGACAAGATCTATCATTTTTATCTT--AAAAATGATTGGTCCCGCG
SARSUrba TGTTTCTAAACCCATGGGTACACAGACACATACTATGAT----ATTCGA----TAAIGCA
SARSTor2 TGTTTCTAAACCCATGGGTACACAGACACATACTATGAT----ATTCGA----TAATGCA
BcoV CAGTATACTATGTGCGAGTACCCACATACGATTTGTCATCCTAAGCTGGG---TAATAAA
HEV CAATACACTATGTGTGAATACCCACATACTATTTGTCATCCTAATTTGGG-—-TAATCAA
MHV CAGTATACCATTTGTCAACTACCGTACACGGATTGCAAACCGAATACGGGCGGTAATAAG
RtCoV CAGTATACCATTTGTCAATTACCGCACACGGATTGCAAACCTAACACGGGCGGTAACACG
IBV  eesesmesssecesssmms-soecscmmmsooo-oosssssooomsmooSoenomooioos
CcoV CCGCCACGTGGCAACACA-GTGCTGCATATGTTTA---TCAAGGTGTTTCAAATTTTACT
FcoV CTGCTACCTGGGAATACA-GTGCTGCATATGCTTA---CCAAGGTGTTTCTAACTTCACT
TGE TTAGAAGTCGCTGGCACGCTTGTAGACCTTTGGTGGTTTAATCCTGTTTATGATGTCAGT
PRCOV =~ mmmmremmmecc-csse=- ATGAAAARATTATTTG- - - TGGTCTTGGTTGTAATGCCATT
HCOVOC43  ~===-w===--c-s=c-co-c---=- ATGTT-TGTT- TTGCTTGTTGC- - ATATGCCTTGT
PEDV TTGCGACAAGATGTTACAATCGCAGAAGTTGTGCT-ATGCAATATGTTTATACACCTACC'
SARSUrba TTTAATTGCACTTTCGAGTACATATCTGATGCCTTTTCGCTTGATGTTTCAGAR - - - = = A
SARSTor2 TTTAATTGCACTTTCGAGTACATATCTGATGCCTTTTCGCTTGATGTTTCAGAA - - - == A
BcoV CG-CGTAGAACTATGGCATTGGGATACAGGTGTTGTTTCCTGTTTATATAAGCG ----- T
HEV CG-CATAGAATTATGGCATTATGACACAGATGTTGITILI TGTTTATACAGGCG----- T
MHV T - AATTGGCTTTTGGCACACAGAGCTARRATCCCCTGTGTGCATTTTARRGCG - - - - - T
RtCoV CT-AATTGGTTTTTGGCACACAGATTTAAGGCCTCCGGTGTGCATTTTAAAGCG ----- T
IBV 0 meeeeeme---- ATGTTGGTAACACCTCTTTTACTAGTGACTCTTTTGTGTGCACTATGT
*
CcoVv TATTACAAGTTAAATAAAACCGCTGGCTTAAAAAGCTATGAATTGTGTGAAGATTATG-A

Fcov TATTACAAGTTAAATAACACCAATGGTCTARARACC TATGAATTATGTGAAGATTATG-A
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TGE TATTATAGGGTTAATAATAAARATGGT =~ =~~~ ACTACCGTAGTTTCCAATTGCACTG-A
PRCoV GATTTATGGA----- GACAAGTTTCCT----~- ACTTCCGTAGTTTCCAATTGCACTG-A
HCoVOC43 TGCATATTGCTGGTTGTCAR- ACTACARARTGGGCTGAACACTAGTTACT - -CTGTTTGCA
PEDV TA('_'I‘ACATGCTTAATGTTACTAG’I’GCAGGTGAGGATGGCATTTA’I'IATGAACCCI‘GTACA
SARSUrba : AGT- - - - CAGGTAATTTTAAAC- - - ACTTACGAGAGTTTGTGTTTAARAATAARGATGGG
SARSTorz2 AGT- - - - CAGGTAATTTTAARC- - - ACTTACGAGAGTTTGTGTTTAAAAATAARGATGGG
BcoV AATT‘I‘CACATATGATGTGAATGCTGATTACTTGTA’I‘TI‘CCATI‘TTTATCAAGAAGGTGGT
HEV . AAT’I‘TCACATATGATGTGAATGCTGATTATTTATAT‘I‘TTCACTTI‘TA’I‘CAGGAAGGTGGC
MHV AATTTTACGTTTAATG'!"I‘AATGCCGAATGGC'I"I'I‘ATTTTCATT’I’TTACCAGCAGGGTGGT
RtCoV AAT'I"I"I‘ACGT'I’TAATGTTAATGCCGAATGGCTTTM'I‘TTCATTTTTACCAGCAGGGTGGT
1BV ) AGTGCTG'r'l"I‘TGTATGACAGTAGTTCTTACGT'I‘TACTAC'I‘ACCAAAGTGCCTTCAGACCA
L]
Ccov AT- - ACTGCACTGGCTATGCAACCAATGTGTTTGCT CCGACATCAGGTGGTTATATACCT
FcoV AC-- ATTGCACTGGCTATGC'I‘ACCAATGTATTTGCTCCGACATCAGGTGGTTACATACCT
TGE TC- - AATGTGCTAGTTATGTGGCTAATGTTTTTACTACACAG CCAGGAGGTTTTATACCA
PRCoOV TC--AATGTGCTAGTTATGTGGCTAATGTTTTTACTATACTACCAGGAGGCTTTATACCA
HCoVOC43 AC-GGCTGTGTTGGTTATT CAGAARATGTATTTGCTGTTGAGAGTGGTGGTTATATACCC
PEDV ‘ GC'I‘AATTGCACTGGTTACGCTGCCAATG'I‘AT'I‘TGCCACTGA’I‘TCCAATGGCCATATACCA
SARSUrba TTTCTCTATG-~---- TTTATAAGGGCTAT--~~-~~ - CAACCTATAGATGTAGTTCGTGA
SARSTor2 TTTCTCTATG----- TTTATAAGGGCTAT-~--~---- CAACCTATAGATGTAGTTCGTGA
BcoVv ACTTTTTATGCATATTTTACAGACACTGGTGTTGTTACTAAGTTTCTGTTTAATGTTTAT
* HEV AC’I"]'TT‘I‘ATGCATACTTTACAGATAC’I‘GGT‘I‘TTGTGACCAAGTTTCTG‘I“I’TAAGTTGTAT
MHV ACTTTTTATGCGTATTATGCGGATGTTTCTTCTGCTACTACGTTTTTGTTTAGTATGTAT
RtCoV ACTTTTTATGCGTATTATGCAGATGTT’I‘CTTCTGCCACTACGT‘I‘T’I'I‘GTTTAGTTCGTAT
1BV CCTAGTGGT‘I‘GGCATTTACAAGGGGGTGCTTATGCGG’I‘AGTTAACATTTCTAGCGAAZTT
* - .
CcoV GATGGATTCAGTTTTAACAATTGGTTTATGCTTACAAACAGCTCCACTTTTGTTAGTGGC
FcoVv GATGGATTTAGTTTTAACAATTGGTTCTTGCTTACAAATAGTTCCACTTTTGTTAGTGGC
TGE TCAGATTTTAGTTTTAATAATTGGTTCCTTCTAACTAATAGCTCCACGTTGGTTAGTGGT
PRCoV 'I’CAGAT‘I"I‘TAGTTTTAATAATTGGTTCCTCCTAACTAATAGCTCCACGTTGGTI‘AATGGT
HCoVOC43 TCCGACTTTGCATTCAATAATTGGTTCCTTCTAACTAATACCTCATCTCTTGTAGATGGT
PEDV GAAGGTTTTAGTTTTAATARTTGGTTTCTTT TATCCAATGACTCCACTTTGTTGCATGGT
SARSUrba TCTACCTTCTGGTTTTAACACT-TTGAAACCTATTTTTAAGTTGCCTCTT ----------
SARSTor2 TCTACCTTCTGGTTTTAACACT - TTGARRCCTATTTTTAAGTTGCCTCTT -~ == - - =~ -~
BeoV TTAGGCACGGTGCTTTCACATTATTA‘I‘GTCCTGCCTT‘I‘GACTTG'I‘I‘CT ---------- --
HEV TTAGGCACTGTGCTGTCACATTATTATGTIATGCCATTGACTTGTMT ------------
MHV ATTGGTGATGTGTTAACACAATATTTTGTGTTGCCTTATATGTGTACTCTCACTACAACA
RtCoV A'I‘TGGTGCTGTGTTAACACAGTATTTTGTGTTGCCI‘TA'I‘A'I‘GTGTAGTCCCACTACCTCA
IBV AATAATGCAGGCTCTTCATCAGGGTGTAC'I‘GTTGGTATTATTCATGGTGGTCGTG'I‘TGTT
* -
CcoV AGATTTGTAACAAATCAACCGCTGCTAGT--TAATTGCTTGTGGCCAGTGC--CCAGTTT
FcoV AGGTTTGTAACAAATCARCCATTATTGAT- - TAATTGCTTGTGGCCAGTGC- - CCAGTTT
TGE AAATTAGTTACCAAACAGCCGTTATTAGT--TAATTGCTTATGGCCAGTCC--CTAGCTT
PRCoOV AAARTTAGTTACCAARCAGCCTCTATTAGT - - TAATTGCTTATGGCCAGTCC- -CTAGCTT
HCoVOC4 3 GTTGTGAGGAGTTTTCAGCCTTTGTTGCT- - TAATTGCTTATGGTCTGTTT- -CT--GGC
PEDV AAAGTGGTTTCCAACCAACCCTTGTTGGT--CAATTGTCTTTTGGCCATTC--CTAAGAT
SARSUrba GGTATTAACATTACAAATTTTAGAGCCATTCTTACAGCCTTTTCACC-TGC-—TCAAGAC
SARSTor2 GGTATTAACATTACAAATTTTAGAGCCATTCTTACAGCCT’I‘TTCAC C-TGC--TCAAGAC
Becov AGTGCTATGACTTTAGAATATTGGGTTACACCTCTCACTTCTAAACAATAT--TTACTAG
HEV AGCGCTTTATCT'I"I‘AGAATACTGGGTTACACCTCTCACTACTAGACAA’I‘TT --CTTCTAG
MHV GGTGTCTTTTCACCGCAGTA’I‘TGGG‘I‘I‘ACACC‘I‘CTTGTCAAGCGCCAATAT - -TTATTTA
RtCoV GGTGTTTCCTCACCGCAGTATTGGGTTACACCACTTGTTAAGCGCCAATAT--TTATTTA
1BV AATGCTTCTTCTATAGCTATGACGGCACCGTCATCAGGTATGGCTTGGTCTAGCAGTCAG
*
Ccov TGGCGTCGCAGCACARGAATT - - TTGTTTTGARGGTGCTCAGTTTAGCCARTGTARCGGT
Fecov TGGTGTAGCAGCACAAGAATT- - TTGTTTTGAAGGTGCACAGTTTAGCCAATGTARTGGT
TGE TGAAGAAGCAGCTTCTACATT--TTGTTTTGAGGGTGCTGGCTTTGATCAATGTAATGGT
PRCoOV TGARGAAGTAGCTTCTACATT- - TTGTTTTGARGGTGCTGACTTTGATCAATGTAATGGT

HCoVOC43 TTGCGGTTTACTACTGGTTTTGTCTATTTTAATGGTACTGGGAGAGGTGATTGTAAAGGT
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PEDV TTATGGACTAG-GCCARTTTT- TCTCA'ITCAATCACACGATGGATGGCGTT’PGTM’I‘GGA
SARSUrba ATTTGGGGCAC-GTCAGC- - TGCAGCCTATTTTGTTGGCTATTTAAAGCCAACTACAT’I‘I
SARSTOr2 ATTTGGGGCAC-GTCAGC-- TGCAGCCTATTTTGTTGGCTATTTAAAGCCAACTACATTT
Beov CTTTCAATCAA-GATGGTGTTATTTTTAATGCTGTTGATTGTAAGAGTGATTTTATGAGT
HEV ’ CCTTTGACCAG—GATGGTGTTTTATACCATGCTGTTGATTGTGCTAGTGATTTTATGAGT
MHV ATTTTAATCAA-AAGGGTATTATTACTAGTGCTGTTGATTGTGCTAGTAGTTATACCAGC
RtCoV ATTTTAACCAA-AAGGGTATTATTACTAGCGCTGTTGATTGTGCTAGTAGTTATACCAGT
IBV TTTTGTACTGCACACTGTAATTTTTCAGATACTACAGTGTTTGTTACACATTGTTATAAA
. * -
Ccov GTTTC'I‘TTAAATAATACAGTAGATGTTATTAGATTTAACCTTAATTTCAC‘I‘ACAGATGTA
FecoV GTGTCTTTAAATAACACAGTGGATGTTATTAGATTCAACCTTAATTTCACTGCAGATGTA
TGE GCTGTTTTAAATAATACTGTAGACGT CATTAGG'ITCAACC'I‘TAATTTTACTACAAATGTA
PRCoOV GCTGTTTTAAATAACACTGTAGACGTCATTAGGTTTAACCTTAATTTTACTACAAATGTA,
HCoVOC43 TT'rTCCTCAGATGTTTTGTCTGATG’I‘CATACGTTACAACCTCAATTTTGAA- ----- GAA
PEDV GCTGCTGTGGATCGTGCCCCAGAGGCTCTGAGGTTTAATATTAATGACACCTC---CGTC
SARSUrba ATGCTCAAGTATGATGAAAATGGTACAATCACAGATGCTGTTGATTGT ----------- T
SARSTor2 ATGCTCAAGTATGATGAAAATGGTACAATCACAGATGCTGTTGATTGT ----- eema=-T
BcoV GAGATTAAGTGTAAAACACTATCTATAGCACCATCTACTGGTGTTTATGAATTAAACGGT
HEV GAGATTATGTGTAAAACTTCTTCAATTACACCAcCTACTGGTGTTTATGAACTAAACGGT
MHV GAAATAAAGTGTAAGACcCAAAGTATGAATCCCAATACGGGAGTTTATGATTTATCCGGT
RtCov GAAATAAAGTGTAAGACTCAAAGTATGAATCCCAATACGGGAGTCTATGATTTATCCGGT
1BV CATGGTGGGTGTCCTTTAACTGGCATGCTTCAACAGAATCTTATACGT-- ------- GIT
» . . . .
Ceov CAATCTGGCATGGGTGCTACAGTATTTTCACTGAATACAACAGGCGGTGTCATTCTTGAG
FcoV CAATCTGGTATGGGTGCTACAGTATTTTCACTGAATACAACAGGTGGTGTCATTCTTGAA
TGE CAATCAGGTAAGGGTGCCACAGTGTTTTCATTGAACACAACGGGTGGTGTCACTCTTGAA
PRCoV CAATCAGGTAAGGGTGCTACAGTGTTTTCATTGAACACAACGGGTGGTGTCACTCTTGAA
HCoVOC43 AACCTTAGACGTGGAACCATTTTGTTT-~---~ AAAACA'I‘CTTATGGTGTI‘GTTGTG‘I"I’T.
PEDV ATTCTTGCTGARGGCTCARTTGTACTT - -~ -~ = CATACTGCTTTAGGAARCARATCTTTCT
SARSUrba CTCAAAATCCA-CTTGCTGAACTCAAATGCT---CTGTTAAGAGCTT---TGAGATTGAC
SARSTor2 CTCAAAATCCA-CTTGCTGAACTCAAATGCT--—CTGTTAAGAGCTTf--TGAGATTGAC
BcoV TACACTGTTCAGCCAATTGCAGATGTTTACCGACGTATACCTAATCTTCCCGATTGTAAT
HEV TACACAGTTCAACCTGTTGCCACTGTATATCGTAGAATACCTGATTTACCCAATTGCGAT
MHV TACACCGTCCAACCTGTAGGATTAGTGTACCGGCGTGTTAGAAATTTGCCTGATTGTAAA
RtCoV TACACCGTCCAACCTGTAGGACTAGTGTACCGGCGTGTTAGAAATTTGCCTGATTGTAAA
IBV TCTGCTATGAAAAATGGCCAGcTTTTcTATAATTTAACAGTTAGTGTAGCTAAGTACCCT
CcoV ATTTcTTGTTATAATGACACAGTGAGTGAGTCGAGT-TTCTACAGTTATGGTGAAATTCC
FcoV ATTTCATGTTATAGTGACACAGTGAGTGAGTCTAGT-TCTTACAGTTATGGTGAAATCCC
TGE ATTTCATGTTATA-----= CAGTGAGTGACTCGAGC-TTTTTCAGTTACGGTGAAATTCC
PRCOV ATCTCATGTTATAATGATACAGTGAGTGATTCGAGC-TTTTCCAGTTACGGTGAAATTCC-
HCoVOC43 TATTGTACCAACRACACTTTAGTTTC- -~~~ - AGGTGATGCTCACATACCATTTGGTACA
PEDV TTTGTTTGCAGTAATTCCTCAGATCCTCATTTAGCCATCTTTGCCATACCTCTGGGTGCT
SARSUrba AAAGGAATTTACCAGACCTCTAATTTCAGGGTTGTTCC-CTCAGGAGATGTTGTGAGATT
SARSTor2 AAAGGAATTTACCAGACCTCTAATTTCAGGGTTGTTCC-CTCAGGAGATGTTGTGAGATT
BcoV ATAGAGGCTTGGCTTAATGATAAGTCGGTGCCCTCTCCATTAAATTGGGAACGTAAGACC
HEV ATCGAAGCTTGGCTTAATTCTAAGACCGTTTCTTCGCCTCTTAATTGGGAACGTAAAATT
MHV ATTGAGGAATGGCTAACTGCTAAGTCTGTACCTTCTCCTCTCAATTGGGAGCGCAAAACA
RtCoV ATTGAGGAATGGTTGGCTGCTAACACAGTACCCTCTCCTCTCAATTGGGAGCGCAAAACA
1BV ACTTTTAGATCATTTCAGTGTGTTAATAATTTAACATCCGTATATTTAAATGGTGATCTT
CcoVv ATTCGGCGTAACTGATG-GACCACGTTACTGTTATGTACTCT-ACAATGGCACAGCTCTT
Fcov GTTCGGCATAACTGACG-GACCACGATACTGTTATGTACTTT-ACAATGGCACAGCTCTT
TGE GTTCGGCGTAACTGATG-GACCACGGTACTGTTACGTACACT-ATAATGGCACAGCTCTT
PRCOV GTTCGGCGTAACTAATG-GACCACGGTACTGTTACGTACTCT-ATAATGGCACAGCTCTT
HCoVOC43 GTTTTGGGCAATTTTT---ATTGCTTTGTAAATACTACTATTGGCAATGAAACTACGTCT
PEDV ACTGAAGTACCCTACT-—-ATTGCTTTCTTAAAGTGGATACTTACAACTCCACTGTTTAT
SARSUrba CCCTAATATTACAA----- ACTTGTGTCCTTTTGGAGAGGTTTTTAATGCTACTAAATTC

SARSTor?2 CCCTAATATTACAA-=~--- ACTTGTGTC CTTTTGGAGAGGTTTTTAATGCTACTAAA’I"TC
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TTTTCAAATTGTAATTTTAATATGAGCAGCCTGATGTCTTTTATTCAGGCAGACTCATTT
TTTTCTAATTGTAATTTTAACATGGGCAGGCTGATGTCTTTTATTCAGGCTGACTCTTTT
TTTCAAAATTGTAACTTCGACCTGAGCAGTCTATTAAGATTTGTTCAGGCTGAGTCACTC
TTTCAAAATTGTAACTTCAACCTGAGCAGTCTATTAAGATTTGTTCAGGCTGAGTCACTC
GTTTACACCTCTAATGAGACCATAGATGTTACATCTGCAGGTGTTTATTTTAAAGCTGGT

* -

AAGTATT-TAGGAACATTACCACCTAGTGTCAAGGAAATTGCTATTAGTARGTGG -----
AAATATT-TAGGAACATTACCACCCAGTGTAAAGGAAATTGCTATTAGTAAGTGG -----
AAGTATT-TAGGAACATTACCACCTAGTGTCAAGGAGATTGCTATTAGTAAGTGG-----
AAGTATC-TAGGAACATTACCACCTAGTGTCAAGGAGATTGCTATTAGTAAGTGG -----
GCTTTTG-TGGGTGCACTACCTAAGACAGTTCGTGAGTTTGTTATT-TCACGCACA----
AAATTCT-TGGCTGTTTTACCTCCTACTGTCAGGGAAATTGTCATCACCAAGTA w----
CCTTCTG‘-----TCTATGCATGGGAGAGAAAAAAAAT---TTCTAATTGTGTTGCT---
CCTTCTG--~-~-~ TCTATGCATGGGAGRGAAARARAR - - -TTCTAATTGTGTTGCT-~-
ACTTGTAATAATATTGATGCTGCTAAGATATATGGTATGTGTTTTTCCAGCATAACTATA
GGTTGTAACAATATTGATGCTTCTCGCTTATATGGTATGTGTTTTGGTAGCATTACTATT
TCATGTAGTAATATAGATGCTTCCAAGGTTTATGGTATGTGCTTTGGTAGTAIATCTATA
TCATGTAGTAATATAGATGCTTCCAAGGTTTATGGAATGTGCTTTGGTAGCATATCTATA
GGACCTA-TAACTTATAAAGTTATGAGAGAAGTTAAA---GCCCTGGCTTATTTT -----
+

GGACATTTTTATATTAATGGTTACAATTTCTTTAGCACGTTTCCTATTGATTGTATAGCT
GGCCATTTTTATATTAATGGTTACAATTTCTTTAGCACATTTCCTATTGGTTGTATATCT
GGCCATTTTTATATTAATGGTTACAATTTCTTTAGCACATTTCCTATTGATTGTATATCT
GGCCATTTTTATATTAATGGTTACAATTTCTTTAGCACATTTCCTATTGATTGTATATCT
GGACATTTTTATATTAATGGCTATCGCTATTTCACTTTAGGTAATGTAGAEGCCGT--~-
GGTGATGTTTATGTCAATGGGTTTGGCTATTTGCATCTCGGTTTGTTGGATGCTGTCACA
GATTACTCTGTGCTCTACAAC--TCAACATTTTTTTCAACCTTTAAGTGCTATGGCGTTT
GATTACTCTGTGCTCTACAAC--TCAACATTTTTTTCAACCTTTAAGTGCTATGGCGTTT
GATAAGTTTGCTATACCCAATGGTAGGAAGGTTGACCTACAATTGGGCAATTTGGGCTAT
GATAAGTTTGCTATACCCAATAGTAGAAAGGTTGATCTGCAAGTGGGTAAATCTGGTTAT
GACAAGTTTGCGATACCCAATAGACGCCGAGTTGATTTGCAGCTAGGCAACTCTGGGTTT
GATAAATTTGCAATACCCAACAGTCGCCGTGTTGATCTTCAGCTAGGTAAATCGGGTCTT
GTTAATGGTACTGCACAAGATGTTATTTTGTGTGATGGATCACCTAGAGGCTTGTTAGCA

* * L

TTTAATTTAA-~--=~----"~ CCACTGGTGCTAGTGGAGCAT-TTTGGACAATTGCTTA

TTTAATTTAA----~=~-"~"~ CCACTGGTGTTAGTGGAGCTT-TTTGGACAATTGCTTA
TTTAATTTGA--~======""" CCACTGGTGATAGTGACGTTT-TCTGGACAATAGCTTA
TTTAATTTGA----------"" CTACTGGTGATAGTGACGTCT-TCTGGACAATAGCTTA
--TRATTTCA------ ATGTCACTACTGCAGAAACCACTGATT-TTTGTACTGTTGCGTT
ATTAATTTCACTGGTCATGGCACTGACGATGACGTTTCAGGTT-TCTGGACCATAGCATC
CTGC---CAC----=-==-==~ TAAGTTGAATGATCTTTGCTT-CTCCAATGTCTATGCA
CTGC---CAC-=-====--=-"""~ TAAGTTGAATGATCTTTGCTT'CTCCAATGTCTATGCA
TTGCAGTCTT->=-=-~--=""" TTAACTATAGAATTGATACTA-CTGCTACAAGT-TGTC
TTACAATCTT-~=----==-~="*= TTAATTATAAGATTGACACTG-CTGTTAGCAGT-TGTC
TTGCARTCCT--------=-=~"" TTAATTACAAAATAGATACAA-GAGCTACTTCG-TGTC
TTGCARTCTT»=--+--="""" TTAATTATAAAATTGATACAA-GAGCGACCTCG-TGTC
TGCCAGTATA-------~ ----ATACTGGCAATTTTTCAGATGGCTTTTATCCTTTTACT
+

TACG-TCGTACACAGAAGCATTAGTACAA-GTTGAAAACACAGCTATTAAAAAGGTGACG
CACA-TCGTATACTGAAGCATTAGTACAA-GTTGAAAACACAGCTATTAAAAATGTGACG
CACA-TCGTACACTGAAGCATTAGTACAA-GTTGAAAACACAGCTATTACAAAGGTGACG
CACA-TCGTACACTGAAGCATTAGTACAA-GTTGAAAACACAGCTATTACAAATGTGACG
AGCT-TCTTATGCTGACGTTTTGGTTAAT-GTGTCACAAACCTCTATTGCTAATATAATT
GACT—AATTTTGTTGATGCACTCATCGAG—GTTCAAGGAACTTCCATTCAGCGTATTCTT
GATTCTTTTGTAGTCAAG--GGAGATGAT-GTAAG-ACAAATAGCGCCAGGACAAACTGG
GATTCTTTTGTAGTCAA --GGAGATGAT-GTAAG-ACAAATAGCGCCAGGACAAACTGG
AGTTGTATTATAATTTACCTGCTGCTAAT-GTTTCTGTTAGCAGGTTTAATCCTTCTACT
AACTCTATTATAGTTTGCCTGCAGCAAAC-GTATCTGTCACTCATTATAATGCTTCATCT
AGCTCTATTATAGTCTTGCAAAAAATAAT-GTCACTGTCAATAACCATAACCCGTCCTCT

US 2006/0003340 A1
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RtCoV AGCTCTATTACAGTCTTGCACAAGATAAT-GTCACTGTCATTAACCACAACCCATCCTCC
IBV AATAGTAGTTTAGTTAAGCAGAAGTTTATTGTCTATCGTGAAAATAGTGTTAATACTACT
B * L] LA
Ccov : TATT-GTAACAGTCA --ATTAATAACATCAAATGTTCTCAACTTACTG----CTAATTT
FcoV TATT-GTAACAGTCAC--ATTAATARCATTAAATGTTCTCAACTTACTG----CTAATTT
TGE TATT-GTAATAGTCAC--GTTAATAACATTAAATGCTCTCAAATTACTG----CTAATTT_
PRCoOV TATT-GTAATAGTTAT - - GTTAATARCATTAAATGCTCTCARCTTACTG- - - = CTAATTT
HCoVOC43 TATT-GCAACTCTGTT--ATTAACAGACTGAGATGTGACCAGTTGTCCT----TTGATGT
PEDV TATT- GTGATGATCCT- - GTTAGCCAACTCAAGTGTTCTCAGGTTGCTT - - - - TTGACCT
SARSUrba TGTT-ATTGCTGATTATAATT--~-~-~ ATAAATTGCCAGATGATTTCAT - - - - -~ GG=---
SARSTor2 TGTT-ATTGCTGATTATAATT------ ATARATTGCCAGATGATITCAT - ~---~ GG---
BcoV TGGA- ATAGGAGATTTGGTTTTACAGAACAATTTGTTTTTARGCCTCAACCTGTAGGTGT
HEV TGGA- ATAGAAGGTATGGGTTT- - - - AATAATCAGAGTTTTGGTTCCAG- - - - -AGG- - -
MHV TGGA- ACAGGCGTTATGGGTTC- - - - AATGATGTGGCTACATTTGGAAC- - - - - T6G---
RtCoV TGGA-ATAGGCGTTATGGATTT - - - - ARTGACGTGGCTACATTTCATAG- - - - ~TGG= - -
1BV TGTACGTTACACAATTTCATTTTT - - CATAATGAGACTGGCGCCAACCC- - - - - - - -~~~
* LA * L]
Ccov GCAAAATGGTTTTTACCCTGTTG-—-CTTCAAGTGAAGTTGGTCTTGTCAATAAGAGTGT
FcoV GAATAATGGATTTTATCCTGTTG---CTTCAAGTGAAGTAGGTTTCGTTAATAAGAGTGT
TGE GAATAATGGATTTTATCCTGTTT---CTTCAAGTGAAGTTGGTCTTGTCAATAAGAGTGT
PRCoV GAATAATGGATTTTATCCTGTTT---CTTCAAGTGAAGTTGGTTCTGTCAATAAGAGTGT
HCOVOC43 ACCAGATGGTTTTTATTCTACAA- - - GCCCTATTCAATCCGTTGAGCTACCTGTGTCTAT
PEDV TGACGATGGTTTTTACCCCATCT- - - CTTCTAGA - ACCTTCTGAGTCACGARACAGCCAR
SARSUrba  -------- GTTGTGTCCTTGCT JUL?AATACTAGGAACATTGATGCTAC'ITCAAGGGTAA
SARSTOr2. v ene == -GTTGTGTCCTTGCTTGGARTACTAGGAACATTGATGCTACTTCAACTGGTAR
Bcov TTTTACTCATCATGATGTTGTTT - - - ATGCACAACATTGTTTTARAGCTCCCAARARTTT
HEV = =ee=-- CCTTCATGATGCTGTTT - - ~ATTCACAGCARTGTTTTAATACACCTAACACATA
MV 0 eeee-- TARACATGACGTTGCTT - - - ATGCTGAGGCTTGTTTTACCGTGGGAGCATCATA
RtCoV e----- TGAACATGACGTTGCTT- - - ATGCAGAGGCATGTTTCACTGTTGGAGCTTCATA
IBV. — -ee--- TAATCCTAGTGGTGTTC - - - AGRATATTCAARACTTACCAAACAAARACAGCTCA
-
CcoVv TGTGTTACTACCTAGTTTCTATTC-#-ACATACCAGTGTTAATATAACTATTGATCTTGG
Fcov - TGTGTTATTACCTAGCTTTTTCAC---ATACACCGCTGTCAATATAACCATTGATCTTGG
TGE TGTGTTACTACCTAGCTTTTACAC--—ACATACCATTGTTAACATAACTATTGGTCTTGG
PRCoV TGTGTTACTACCTAGCTTTCTGAC---ACATACCATTGTTAACATAACTATTGGTCTTGG
HCoVOC43 TGTGTCGCTACCTGTTTATCATAA---ACATACGTTTATTGTGTTGTACGTTGACTTCAA
PEDV TTTCTT-TTGTTACTTTGCCATCA---TTTAATGATCATTCTTTTGTTAAT--ATTACTG
SARSUrba T-TATAATTATARAT-~-ATAG---~~ evessccas GTATCTTAGACATGGCARGCTTAG
SARSToOr2 T-TATAARTTATAAAT- - -ATAG---==------~--=~ GTATCTTAGACATGGCARGCTTAG
Beov C-TGTCCGTGTARATTGGATGG- -~~~ GTCTTTGTGTGTAGGTARTGGTCCTGGTATAG
HEV T-TGTCCTTGTAGA----ACAA------GTCA--ATGCATAGGTGGTG---CAGGCACAG
MHV T—TGCCCTTGCGCGAACCCCAGCATAGTGTCGCCATGTACCACTGGAAAACCTAACTTTG
RtCoV T-TGCCCTTGTGCGAAGCCCAGCACAGTCTATTCATGTGTCACAGGTAAACCTAAGTCTG
IBV G-AGTGGTTATTATAATTTTAR-- -~~~ TTTTTCCTTTCTGAGTAGTTTTGTTTATAAGG -
*
Ccov TATGAAGCGTAGTG-TTACGGTCA--CCATAGCCTCACCATTAAGTAACATCACACTACC
FcoV TATGAAGCTTAGTGGTTATGGTCAACCCATAGCCTCGACACTAAGTAACATCACACTACC
TGE TATGAAGCGTAGTGGTTATGGTCAACCCATAGCCTCAACATTAAGTAACATCACACTACC
PRCoV TATGAAGCGTAGTGGTTATGGTCAACCCATAGCCTCAACGCTAAGTAACATTACACTACC
HCoVOC43 ACCTCRAGAGTGGCGGTGGCAAGTG---~---------"~ CTTTAACTGTTATCCTGCT- -~
PEDV TCTCT------ GCGGCTTTTGGTG-----~----=~==" GTCTTAGTAGTGCCAATCT- -~
SARSUrba GCCCTT - TGAGAGAGACATATCTAAT - -~ - - GTGCCTTTCT~=~=-~= +==-=-CCCCTGA- -
SARSTor2 GCCCTT- TGAGAGAGACATATCTAAT---- - GTGCCTTTCT---=----~--*~ CCCCTGA- -
Bcov ATGCTGGTTATAAAAATAGTGGTATAGGCACTTGTCCTGCA--GGTACTAATTATTTAAC
HEV GAACTTGTCCTGTAGGCACCACTGTGCGCAAGTGTTTTGCT--G---—CAGTTACAAAA-
MHV CCAATTGCCCTACAGGCACCTCGAATCGTGAGTGCACTGTTATGCCATTGGCTAATAAT-
RtCoV CTAATTGCCCAACAGGTACCTCGAATCGTGAGTGTAATGTTCAGGCTTCAGGTTTTAA--

1BV AGTCTAATTTTATGTATGGATCTTAT- --------~-~ CACCCAAGTTGTAAATTTAGAC-
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Ccov AATGCAGGATAATAACATAGACGTGTACTGTATTCGTTCTAACCAATTCTCAGTTTATGT
FcoV AATGCAGGATAACAATACTGATGTGTACTGTATTCGTTCTAACCAATTCTCAGTTTATGT
TGE , AATGCAGGATCACAACACCGATGTGTACTGTATTCGTTCTGACCAATTTTCAGTTTATGT
PRCoOV AATGCAGGATAACAACAACGATGTGTACTGTGTTCGTTCTGACCAATTTTCAGTTTATGT
HCoVOC4 3 --GGTGTTAATATTACACTGGCCAATTTT--AATGAAACTAAAGGGCCTT—--TGTGTGT
PEDV --CGT-TGCATCTGACACT---‘ACTATC--AATGGGTTTA---GTTCTT---TCTGTGT
SARSUrba = =e-=e--=ccct TGGCAAACCTTGCACCCCACCTGCTCTTA---ATTGT ------ TATTG
SARSTOr2  =e=m--c-oecC TGGCAAACCTTGCACCCCACCTGCTCTTA---ATTGT ------ TATTG
BcoV TTGCCATAATGCTGCCCAATGTGATTGTTTGTGCACTCCCG--—ACCCCATTACATCTAA
HEV  eeemmemmec GCTACTAAGTGTACTTGCTGGTGTCAACCAG---ATCCTTCCACATATAA
MHY ----—----~CAATTTAAGTGTGATTGCACTTGTAACCCTA---GTCC ------- TCTAA
RtCoV  --eremtc 7---GTCTAAGTGCGATTGCACATGTAACCCTA~--GTCC ------- TCTAA
IRV @ ememmmemmoos TAGAAACTATTARTAATGGCTTGTGGTTTA- -ATTC- - - === ACTTIC
. ]
Ccov TCATTCCACTTGCAAAAGTTCTTTATGGGATAACAATTTTAATTCAGCATGTACCGASGT
FcoV TCATTCCACTTGCAAAAGTTCTTTATGGGACAATATTTTTAATCAAGACTGCACGGATGT
TGE TCATTCTACTTGCAAAAGTGCTTTATGGGACAATATTTTTAAGCGAAACTGCACGGACGT
PRCOV TCATTCTACTTGCAAAAGTGTTTTATGGGACAATGTTTTTAAGCGAAACTGCACGGACGT
HCovOC43 TGACACATC--~--* ACACTTCACTACCARRTACGTTGCT------- GTTTATGCCRATGT
PEDV TGACACTAG=~---- ACAATTTACCATTACACTGTTTTAT----"-~ ARTGTTACARACAG
SARSUrba GCCATTARATGATTATG- - « GTTTTTACAC---- -~ CACTACTGGCATTGGCTACCAACC
SARSTor2 GCCATTAAATGATTATG- - -GTTTTTACAC-----~ CACTACTGGCATTGGCTACCAACC
BcoV ATCTACAGGGCCTTACAAGTGCCCCCAAACTAAATACTTAGTTGGCATAGGTGAGCACTG
HEV AGGTGTAAACGCCTGGACTTGTCCGGAATCTAAAGTTTCTATACAACCAGGTCAGCATTG
MHV CCACCTATGATCTTAG. --TGTCTCCAAGCAAGAAGCATGCTTGGCGTAGGTGATCATTG
RtCoV CCACCTATGATCCTAGA--TGTCTTCAAGCGCGGAGCATGCTTGGCGTAGGTGATCATTG
1BV AGTTTCAATTGCTTACGGTCCTCTTCAAGGTGGTTGCAA----GCAATCTGTCTTTAAAG
*
CcoV TT-TAGACGCCACAGCTGTTATAAAAACTGGTACTTGTC---CTTTCTCATTTGATAAAT
- FeoV TT-TAGAGGCTACAGCTGTTATAAAAACTGGTACTTGTC---CTTTCTCATTTGATAAAT
TGE TT-TAGATGCCACAGCTGTTATAAAAACTGGTACTTGTC---CTTTCTCATTTGATAAAT
PRCOV TT—TAGATGCCACAGCTGTTATAAAAACTGGTACTTGTC--—CTTTCTCATTTGATAAAT
HCoVOC43 TGGTAGGTGGAGTGCTAGTATTA-ACACGGGAAATTGCC—--CTTTTTCTTTTGGCAAAG
PEDV TTAT-GGTTATGTGTCTAAATCACAGGATAGTAATTGTC---CTTTCACCTTGCAATCTG
SARSUrba TT-ACAG----=- AGTTGTAGTACTTTCTTTTGA--==>""" ACTTTTAARTGCACCGGC
SARSTor2 TT-ACAG------ AGTTGTAGTACTTTCTTTTGA- - ==~~~ ACTTTTRRATGCACCGGC
BcoV TT—CGGGTCTTGCTATTAAAAGTGATTATTGTGGAGGTA---ATCCTTGTACTTGCCAAC
HEV CC-CTGGTTTGGGTCTTGTGGAGGATGATTGCTCTGGCA---ACCCTTGCACTTGTAAAC
MHV TG—AAGGTCTAGGAGTTTTAGAAGATAAATGTGGTGGCAGCAACACCTGCAATTGTTCTG
ReCoV TG-AAGGTCTAGGTATTTTAGAAGATAAATGTGGTGGCAGCAACATATGCAATTGTTCGG
1BV , GT~-AGAGCAACTTGTTGTTATGCTTATTCATATGGAGG --------- TCCTTCGCTCTG
CcoV TGAATAATTACTTAACTTTTAACAAGTTCTGTTTGTCGTTGAATCCCGTTGGTGCCAACT
FcoV TGAACAATTACTTGACTTTTAACAAGTTCTGTTTGTCGTTGAGTCCTGTTGGTGCTAATT
TGE TGAACAATTACTTAACTTTTAACAAGTTCTGTTTGTCGTTGAGTCCTGTTGGTGCTAATT
PRCOV TGAACAATTACTTAACTTTTAACAAGTTCTGTTTGTCGTTGAGTCCCGTTGGTGCTAATT
HCOVOC43 TTAATAACTTTGTTAAATTTGGCAGTGTATGTTTTTCGCTAAAGGATATACCCGGTGGTT
PEDV TTAATGATTACCTGTCTTTTAGCAAATTTTGTGTTTCAACCAGCCTTTTGGCTGGTGCTT
S$ARSUrba CACGG---TTTGTGGACCAAAAT-TATCCACTGACCTTATTAAGAACCAGTGTGTCAMTT
SARSTor2 CACGG---TTTGTGGACCAAAAT-TATCCACTGACCTTATTAAGAACCAGTGTGTCAATT
BcoV CACAAGCATTTTTGGGTTGGTCTGTTGACTCTTGTTTACAAGGGGATAGGTGTAATATTT
HEV CACAGGCTTTCATAGGCTGGAGTTCAGAAACTTGTTTGCAAAATGGTAGGTGTAATATTT
MHV CTCATGCCTTTGTTGGCTGGGCTAAGGATAGTTGCTTGGCTAATGGCCGCTGTCACATTT
RtCoV CTGATGCCTTTGTTGGCTGGGCTATGGACAGCTGTCTATCTAATGCCCGCTGCCAIATTT
1BV TAAAGGTGTTTATTCAGGTGAGTTAGATCATAATTTTGAATGTGGACTGTTA-GTTTATG
* *
CcoV GTAAGTTAGATGTTGCCGCCCGTACAAGAACCAATGAGCAGGTTTTTGGAAGTT-—-TAT

Fcov GCAAGTTTGATGTTGCTGCACGTACAAGAACCAATGAGCAGGTTGTTAGMGTC ---TAT
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GTAAGTTTGATGTAGCTGCCCGTACAAGAACCAATGAGCAGGTTGTTAGAAGTT---TGT
GTAAGTTTGATGTAGCTGCCCGTACAAGAACCAATGATCAGGTTGTTAGAAGTT---TGT
GCGCAATGCCTATAGTGGCTAATTGGGCTTATAGTAAGTACTATACTATAGGCTCATTGT
GTACCATAGATCTTTTTGGTTACCCTGCGTTCGGTAGTGGTGTTAAGTTGACGTCCCTTT
TTAATTTTAATGGACTCACTGGTACTGGTGTGTTAACTCCTTCTTCAAAGAGAT---TTC
TTAATTTTAATGGACTCACTGGTACTGGTGTGTTAACTCCTTCTTCAAAGAGA ---TTC
TTGCTAAllJJAJ111JLATGAlbx1AATAGTGGTACTACTTGTTCTACTGATT---TAC
TTGCTAATTTTATTCTGAATGATGTTAATAGCGGTACAACCTGTTCTACTGATT---TAC
TTAGTAATTTGATGTTAAATGGCATTAATAGTGGTACTACATGTTCCATGGATT---TGC
TTAGTAATTTGATGTTAAATGGCATTAATAGTGGTACTACATGTTCCACGGATT---TTC
TTACTAAGAGCGGTGGCTCTCGTATACAAACAGCCACTGAACCGCCAGTTATAA--~CTC

ATGTAATATATGAAGAAGGAGACAACATAGTGGGTGTACCGTCTGATAATAGTGGTTT-G
ATGTAATATATGAAGAAGGAGACAACATAGTGGGTGTACCGTCTGATAATAGCGGTCT-G
ATGTAATATATGAAGAAGGAGACAACATAGTGGGTGTACCGTCTGATAATAGTGGTGT-G
ATGTAATATATGAAGAAGGAGACAGCATAGTTGGTGTACCGTCTGACAATAGTGGTTT-G
ATGTTTCTTGGAGTGATGGTGATGGAATTACTGGCGTCCCACAACCTGTTGAGGGTGTTA
ATTTTCAATTCACAAAAGGTGAGTTGATTACTGGCACGCCTAAACCACTTGAAGGTATCA
AACCATTT--CAACAATTTGGCCG-TGATGTTTCTG----ATTTCACTGATTCCGTTCGA
AACCATTT--CAACAATTTGGCCG-TGATGTTTCTG----ATTTCACTGATTCCGTTCGA
AAAAATCAAACACAGACATAATTLllbblhl1lblbllAATTATGATCTTTATGGTRTTA
AACAGGGTAATACTATTATTACTACTGATGTTTGTGTTAATTATGACCTATATGGCATTA
AATTGCCTAATACTGAAGTGGTCACTGGCGTCTGCGTCAAATATGACCTCTACGGTATAA
AATTGCCTAATACGGAAGTGGTCACTGGCGTTTGTGTCAAGTATGACCTCTACGGTAGTA
AAAACAATTATAATAATATTACTTTAAATACTTGTGTTGATTATAATATATATGGCAGAA
L4

*

CACGATTTGTCAGTGTTGCACTTAGACTCTTGT-ACAGATTACAATATATATGGTAGAAC
CACGATTTGTCTGTGCTACACCTAGACTCCTGT-ACAGATTACAATATATATGGTAGAAC
CACGATTTGTCAGTGCTACACCTAGATTCCTGC-ACAGATTACAATATATATGGTAGAAC
CACGATTTGTCAGTGCTACACCTAGATTCGTGC-ACAGATTACAATATATATGGTAGAAC
GTTCCTTTATGAATGTTACAT—TGGACAAATGT-ACTAAATATAATATTTATGATGTATC
CAGACGTTTCTTTTATGACTC-TGGATGTGTGT-ACCAAGTATACTATCTATGGCTTTAA
GATCCTARRACATCT--===-G=--AAAT-~--------~ ATTA-GACATTTCACCTTGCTC
GATCCTAARARCATCT---~- G--ARAT--+-====c==" ATTA-GACATTTCACCTTGCGC
CAGGCCAAGGTATTTTTGTTG--AGGTTAATGCGACTTATTATAATAGTTGGCAGAACCT
CRGGCCAGGGCATACTTATA - - ARGTTAATGCCACTTATTATAATAGTTGGCAGAATCT
CAGGCCAAGGTATTTTTAAGG--AGGTTAAGGCTGACTATTATCATAGTTGGCAAAACCT
CAGGCCAAGGTGTTTTTAAGG—-AGGTTAAGGCTGATTATTACAATAGTTGGCAGAACCT
CTGGCCARGGTTTTATT--=-~-=-~= ACTAATGTGACCGACTCAGCTGTTAGTTATAATTA

* =

TGGTGTTGGTATTATTAGAAAAACTAACAGCACACTACTTAGTGGCTTATATT-ACACAT
TGGTGTTGGTATTATTAGACGAACTAACAGTACGCTACTTAGTGGCTTATATT-ACACAT
TGGTGTTGGTATTATTAGACAAACTAACAGGACGCTACTTAGTGGCTTATATT-ACACAT
TGGTGTTGGTATTATTAGACAAACTAACAGGACGATACTTAGTGGCTTATATT—ACACAT
TGGTGTGGGTGTTATTCGCGTTAGCAATGACACCTTTCTTAATGGAATTACGT-ACACAT
AGGTGAGGGTATTATTACCCTTACAAATTCTAGCATTTTGGCAGGTGTTTATT-ATACAT
TTTTGGGGGTGTAAGTG-TAATTACACCTGGAACAAATGCTTCATCTGAAGTT-GCTGTT
TTTTGGGGGTGTAAGTG-TAATTACACCTGGAACAAATGCTTCATCTGAAGTT~GCTCTT
'TTTATATGATTCTAATGGTAATCTCTATGGTTTTAGAGACTACTTAACAAACA-GAACTT
TCTTTATGATTCTAGTGGTAATCTCTATGGCTTTAGAGATTATTTATCAAATA-GAACTT
CTTATATGATGTTAATGGCAACTTAATCGGATTTCGCGATTTTGTTGCTAATA-AGAGTT
CTTATATGATGTTAATGGTAACTTAAATGGTTTCCGTGACATTGTTACCAATA-AGACTT
TCTAGCAGACGCAGGT------~ TTGGCTATTTTAGATACATCTGGTTCCATAGACATCT

-

* -

CACTATCAGGTGATTTGTTAGGTTTTAAAAATGTTAGTGATGGTGTTGTCTACTCTGTAA
CACTATCAGGTGATTTGTTAGGCTTTAAAAATGTTAGTGATGGTGTCATTTATTCTGTGA
CACTATCAGGTGATTTGTTAGGTTTTAAAAATGTTAGTGATGGTGTCATCTACTCTGTAA
CACTATCTGGTGATTTGTTAGGTTTTACAAATGTTAGTGATGGTGTTATCTACTCTGTAA
CAACTTCAGGTAACCTTCTGGGTTTTAAAGATGTTACTAAGGGCACCATCTACTCTATCA

US 2006/0003340 A1
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PEDV CTGATTCTGGACAGTTGTTAGCCTTTAAGAATGTCACTAGTGGTGCTGTTTATTCTGTCA
SARSUrba CTATATCAAGATGTTA--ACTGCACTGATGTTTCTACAGCAATTCATGCAGATCAACTCA
SARSToT?2 CTATATCAAGATGTTA--ACTGCACTGATGTTTCTACAGCAATTCATGCAGATCAACTCA
Bcov TTATGATTCGTAGTTGCTATAGCGGTCGTGTTTCAGCGGCCTTTCATGCTAACTCTTCCG
HEV N TTCTTATTCGTAGCTGCTATAGTGGAAGAGTTTCAGCAGTTTTTCATGCTAACTCATCTG
MHV ATACTATTCGAAGTTGCTATAGTGGGCGGGTCTCGGCTGCATATCATCAAGATGCACCAG
RtCoV . ATTTATTAAGAAGTTGCTATAGTGGGCGCGTTTCGGCTGCATATCATCAAGATGCACCTG
1BV ' T’I‘GTTGTACAAGGTGAATATGGTCTTAATTA‘I'IATAAGG‘I'I‘AACCCTTGCGMGATGTCA ‘

N N .

- CcoV . CGCCATGTGATGTAAGTGCACAAGCTGCTGT-TATTGATGGTGCCATAGTTGGAGCTATG
FcoV ‘ CGCCATGTGATGTAAGCGCACAAGCGGCTGT-TATTGATGGTGCCATAGTTGGAGCTATG
TGE CGCCATGTGATGTAAGCGCACAAGCAGCTGT-TATTGATGGTACCATAGTTGGGGCTATC
PRCOV CGCCATGTGATGTTAGCGCACAAGCAGCTAT-TATTGATGGTACCATAGTTGGGGCTATC
HCoVOC43 CTCCTTGTAACCCACCAGATCAGCTTGTTGTTTATCAGCAA-GCTGTTGTTGGTGCTATG
PEDV ’ CGCCATGTTCTTTTTCAGAGCAGGCTGC-ATATGTTAATGATGATATAGTGGGTGTTATT
SARSUrba CACCA-GCTT--~==n==w==-o===""" GGCGCATATATTCTACTGGRAACAATG- TATT
SARSTOX2 CACCA-GCTT-------==-cso=r==" GGCGCATATATTCTACTGGARRCAATG- TRTT
BeoV AACCA-GCATTGCTATTTCGGAATATTAAATGCAATTACGTTTTTAATAATACTC-TTTC
HEV AACCA—GCTTTGATGTTTCGTAATCTTAAATGCAGCCACGTTTTTAATAATACCA-TTTT
MHV AACCA-GCGCTACTATATCGCAATTTAAAATGTGACTATGTCTTTAACAACAACA-TATC
RtCoV’ ’ AACCA-GccCTACTATATCGCAATTTAAAATGTGATTATGTGTTTAATAACAACA-TATC

1BV -ACCAGCAGTTTGTAGTTTCTGGTGGTAAATTAGTAGGTATTCTTACTTCACGTAATGAG

N LA »

CecoVv . ACTTCCATTAATAGTGAACTGTTAGGT--CTAACTCATTGGACAACAACACCTAATTTTT
FecoV- AcrrcCATTAACAGTGAACTGTTAGGT--CTAACACATTGGACAACGACACCTAATTTTT
TGE - ACTTCCATTAACAGTGAACTGTTAGGT--CTAACACATTGGACAACAACACCTAATTTTT
PRCoV" ACTTCCATTAACAGTGAATTGTTAGGT--CTAACACATTGGACAACAACACCTAATTTTT
HCOVOC4 3 TTGTCTGRAAATT--- -~ TTACTAGTT--ACGGC---TTTTCTAATGTTGTAGAACTGCC
PEDV . TCT---==- AGTT----~ TGTCTAACT--CCACT---TTTAACAATACTAGGGAGTTGCC
SARSUrba CCrmmmmmecesommmcc-sammonesss AGACTCARGCAGGCTGTCTTAT- AGGRGCTG
SARSTor2 CC------------------—----rf--AGACTCAAGCAGGCTGTCTTAT-AGGAGCTG
BcoV ACGACAGCTGCAACCTATTAACTATTTTGATAGTTATCTTGGTTGTGTTGT-CAATGCTG
HEV AAGACAAATACAGCTTGTTAACTATTTTGATAGTTACCTTGGTTGTGTTGT-TAATGCTT
MHV CCGTGAGGAGACACCACTTAACTATTTCGATAGTTATCTTGGTTGTGTTGT-TAATGCTG
RtCoV CCGTGAGGAGACACCACTTAACTATTTTGATAGTTATTTGGGTTGTGTTAT-TAATGCTG
1BV AC-=avemee= TGGTTCTCAGCTTCTT-GAGAACCAGTTTTACATCAAAATCACTAATGG
CcoV ATTACTACTCCATATATAATTATACAAATGTGATGAATCGTGGCACGGCAATTGA---TA
Fcov ' ATTACTACTCTATATATAATTACACAAGTGAGAGGACTCGTGGCACTGCAATTGACAGTA
TGE ATTACTACTCTATATATAATTACACAAATGATAGGACTCGTGGCACTGCAATTGACAGTA
PRCoV ATTACTACTCTATATATAATTACACAAATGATAAGACTCGTGGCACTCCAAJTGGCAGTA
HCoVOC43 GAAATTTTTCTATGCGT------~ CCARTGGCAC=-=--=---~=* TTATAATTGC-----
PEDV TGGTTTCTTCTACCATT-~-~-~~ CTARTGACGG----~~-===* CTCCARTTGT-----
SARSUrba AGCAT----=~ GTCGACACTT---CTTATGAGTGCGACATTCCTATTGGAGCTGGCA

SARSTox2 AGCAT----== GTCGACACTT--—CTTATGAGTGCGACATTCCTATTGGAGCTGGCATTT
BcoVv ATAATAGTACTTCTAGTGTTG---TTCAAACATGTGATCTCACAGTAGGTAGTGGTTACT
HEV ATAATAATACAGCTAGTGCTG--’TAAGTACTTGTGATTTAACCGTTGGTAGCGGCTATT
MHV ACAACTCAACTGAAGAAGCTG---TTGACGCGTGTGATTTGCGTATGGGTAGTGGGCTTT
RtCoV ) ATAACTCAACTGAGCAGTCTG---TTGACGCGTGTGATTTGCGTATGGGTAGTGGGCTTT
1BV AACACGTCGTTTTAGACGTTC- TATTACTGARARTG-- - ----=" TTGCARRTTGCCCTT
Ccov ATGATATTGATTGTGAACCTATCATAACATATTCTAATATAGGTGTTTGTAAAAATGGAG
FcoV ACGATGTTGATTGTGAACCTGTCATAACCTATTCTAATATAGGTGTTTGTAAAAATGGTG
TGE ATGATGTTGATTGTGAACCTGTCATAACCTATTCTAACATAGGTGTTTGTAAAAATGGTG
PRCoV ATGACGTTGATTGTGAACCTGTCATAACCTATTCTAACATAGGTGTTTGTAAAAATGGTG
HCoVOC4 3 - -ACA-------~ GACGCTGTTTTAACTTATTCTAGTTTTGGCGTTTGTGCAGATGGTT
PEDV we-ACA---===== GAGCCTGTGTTGGTGTATAGTAACATAGGTGTTTGTAAATCTGGCA
SARSUrba CTGCTAGTTACCATACAGTTTCTTTATTACGTAG--- -~~~ ~" TACTAGCCARRRATCTA
SARSTor2 GTGCTAGTTACCATACAGTTTCTTTATTACGTAG--=-~=""" TACTAGCCAARRATCTA
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BcoV GTGTGGATTACTCTACAAAAAGACGAAGTCGTAGAGCGATTACCACTGGTTATCGGTTTA
HEV GTGTTGATTATGTTAC)\GCACTTAGATCACGTAGATC'I‘I'TTACTACAGGTTATCGCTI'TA
MHV GTGTCAACTATTCAACGTCTCKCCGCGCTCGCAGCTCTGTCAGCACGGGTTATAAATTAA
RtCoV GTGTCAACTATTCAATCGCTCACCGTGCGCGCAGGTCTGTCAGTACGGGTTATAAATTAA
1BV ATGTTAGTTATGGTAAGTTTTGTATAAAACCTGATGGCT----CAATTGCCACAATAGTA
-
CeoV CTTTGGTTTTTA' --AACGTCACACATTCTG-ATGGAGACGTTCAACCAATTAGCACCG'
FcoVv CTTTGGTTTTTATT- -AACGTCACACATTCTG- ACGGAGACGTGCAACCAATTAGCACTG_
TGE CTTTTGTTTTTATT--AACGTCACACATTCTG-ATGGAGACGTGCAACCAATTAGCACTG
PRCoV CTTTGGTTTTTATT--AACGTCACACATTCTG-ATGGAGACGTGCAACCAATTAGCACTG
HCoVOC43 CTATAATTGCTGTTCAACCACGTAATGTTTCATATGATAGTGTTTCAGCTATCGTCACAG
PEDV GTATTGGCTATGTTCCATcTCAGTATGGCc---AAGTCAAGATTGCACCCACGGTTACTG
SARSUrba  =------ TTGTGGCTTATACTATGTCTTTAGGTGCTGATAGTTC--AATTGCTTACTCTAA
SARSTor2  =-=--- TTGTGGCTTATACTATGTCTTTAGGTGCTGATAGTTC--AATTGCTTACTCTAA
BcoV CTAATTTTGAGCCATTTACTGTTAATTCAGTAAATGATAGTTTAGAACCTGTAGGTGGTT
HEV CTAATTTTGAACCATTTGCCGCTAATTTGGTAAATGATAGTATAGAACCTGTTGGTGGTT
MHV CTACTTTTGAACCATTTACAGTCCGCATTGTCAATGATAGTGTTGAGTCTGTTGATGGGT
RtCoV CTACTTTTGAACCATTTACAGTCAGCATTGTCAATGATAGTGTTGAGTCTGTTGGTGGAT
1BV 0 seeemmee-ee CCAAAACAATTGGAACAGTTTGTGGCACCTTT--ATTTAATGTTACTG
» -
Ccov ~--GTAATGTCACGATACCCACAAATTTTACTATATCTGTGCAAGTCGAATATATTCAGG
FcoV ---GTAATGTCACGATACCTACAAATTTTACTATATCTGTGCAAGTTGAATACATGCAGG
TGE ---GTAATGTCACGATACCTACAAACTTTACCATATCCGTGCAAGTCGAATATATTCAGG
PRCoV ---GTAACGTCACGATACCTACTAACTTTACTATATCCGTGCAAGTCGAATACATTCAGG
HCoVOC43 ---CTAATTTGTCTATACCTTCCAATTGGACCACTTCGGTCCAGGTTGAGTATTTACAAA
PEDV ---GGAATATTAGTATTCCCACCAACTTTAGTATGAGTATTAGAACAGAATATTTACAGc
SARSUrba TA-ACACCATTGCTATACCTACTAACTTTTCAATTAGCATTACTACAGAAGTAATGCCTG
SARSTor2 TA-ACACCATTGCTATACCTACTAACTTTTCAATTAGCATTACTACAGAAGTAATGCCTG
BcoV TGTATGAAATTCAAATACCTTCAGAGTTTACTATAGGTAATATGGAGGAGTTTATTCAAA
HEV TGTATGAAATACAGATACCTTCAGAGTTTACCATTGGTAATTTAGAAGKGTTCATTCAAA
MHV TATATGAGCTGCAAATACCAACCAACTTTACTATAGCTAGCCATCAGGAGTTCGTTCAAA
RtCoV TATATGAGATGCAAATACCTACTAATTTTACTATAGCTAGCCATCAGGAGTTCATTCAAA
1BV ---AAAATGTGCTCATACCTAACAGTTTCAACTTAACTGTTACAGATGAGTACATACAAA
-» *sn Y * - e - ®
CcoV TTTACACTACACCAGTTTCAATAGACTGTGCAAGATACGTTTGCAATGGTAACCCAAGAT
Feov TTTACACTACACCAGTATCAATAGATTGTGCAAGATACGTTTGTAATGGTAACCCTAGAT
TGE TTTACACTACACCAGTGTCAATAGACTGTTCAAGATATGTTTGTAATGGTAACCCTAGGT
PRCoV 1TTTACACTACACCAGTGTCAATAGACTGTTCAAGATATGTTTGTAATGGCAACCCTAGGT
HCoVOC43 TTACAAGTACACCTATCGTAGTTGATTGCTCCACTTATGTTTGCAATGGTAATGTGCGCT
PEDV TTTACAACACGCCTGTTAGTGTTGATTGTGCTACATATGTTTGTAATGGTAACTCTCGTT
SARSUrba TTTCTATGGCTAAAACCTCCGTAGATTGTAATATGTACATCTGCGGAGATTCTACTGAAT
SARSToOr?2 TTTCTATGGCTAAAACCTCCGTAGATTGTAATATGTACATCTGCGGAGATTCTACTGAAT
Becov CAAGCTCTCCTAAAGTTACTATTGATTGTTCTGCTTTTGTCTGTGGTGATTATGCAGCAT
HEV CGAGATCCCCTAAGGTTACTATAGACTGTGCTACATTTGTTTGTGGTGACTATGCAGCAT -
MHV CGAGGTCTCCAAAGGTTACTATAGACTGTGCTGCATTTGTCTGTGGTGGCCACACAGCAT
RtCoV CGAGGTCTCCGAAGGTTACTATAGATTGTGCTGCATTTGTCTGTGGTGATTATACAGCGT
1BV CGCGTATGGATAAGGTCCAAATTAATTGCCTGCAGTATGTTTGTGGCAGTTCTCTGGATT
* "ty * . e -
Ccov GCAATAAGTTATTAACACAATACGTTTCTGCATGTCAAACTATTGAGCAAGCGCTTGCAA
Fcov GTAACAAATTGTTAACACAATATGTGTCTGCATGTCAAACTATTGAACAAGCACTTGCAA
TGE GTAACAAATTGTTAACACAATACGTTTCTGCATGTCAAACTATTGAGCAAGCACTTGCAA
PRCoOV GTAACAAACTGTTAACACAATACGTTTcTGcATGTCAAACTATTGAGCAAGCACTTGCAA
HCoVO0C43 GTGTTGAATTGCTTAAGCAGTATACTTCTGCTTGTAAAACTATTGAAGACGCCTTAAGAA
PEDV GTAAACAATTACTCACCCAGTACACTGCAGcATGTAAGACCATAGAGTCAGCATTACAAC
SARSUrba GTGCTAATTTGCTTCTCCAATATGGTAGCTTTTGCACACAACTAAATCGTGCACTCTCAG
SARSTor?2 GTGCTAATTTGCTTCTCCAATATGGTAGCTTTTGCACACAACTAAATCGTGCACTCTCAG
BcoV GTAAATCACAGTTGGTTGAATATGGTAGCTTCTGTGACAATATTAATGCTATACTCACAG
HEV GTAGACAACAGTTAGCTGAGTATGGTAGTTTTTGTGAGAACATTAATGCTATACTCACAG

MHV GCCGTCAGCAGTTGGTTGAGTACGGCTCATTC TGTGATAATATTAARTGCCATTCTTGGCG
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RtCoV : GTAGACAACAG’I'I‘GGTTGATTATGGC’I‘CTI'I‘I“I' GTGATAATA’I"I‘AA‘I’GCCATTCTTGGCG
1BV GTAGAAAGTTGTTTCAACMTATGGGCC‘I‘G’I'I”I‘GCGACAACA'I‘ATTGTCTGTAGTAMTA
L ] i . * % *s » »
Ccov ! TGGGTGCCAG-- -ACTTGAAMCATGGAG}\TTGATTCCA’I‘GTTATTTGTTTCGGAAM’I‘G
Fcov TGGGTGCCAG- - -ACTTGAAAACATGGAGGTTGATTCCA'I‘GTTGT'I’TGTCTCGGAAM’IG
TGE TGGGTGCCAG--- ACTTGAAMCATGGAGGTTGATTCCATGmmGTTTcTGmATG
PRCoV TGGGTGCCAG- -~ ACI”TGAAAACATGGMG’I'PGATTCCATGTTAT’I‘I‘GT'ITC‘IGAAMN
- HCOVOC43 ATRGCGCCAG--- GCTGGAGTCTGCAGA‘I‘G'I‘!‘AGTGAGATGC‘I‘CACTTT'I‘GACAAGMAG
PEDV TCAGCGCTAG--~ GCTTGAGTC'IGTTGMGTTMCTCTATGC‘I“IACCATTTC'IGAAGAGG
SARSUrba GTATTG----- CTGC‘I‘GAACAGGATCGCAACACACGTGAAGTGTTCGCTCAAGTCAAACA
SARSTor2 GTATTG-~-~~ CTGCTGAACAGGATCGCAACACACGTGAAGTGTTCGCTCAAGTCMACA
BcoV AAGTAAATGAACTAC'ITGACACTACACAGTTGCMGT - AGCTAATAGTTTAATGAARTOGT
HEV AAGTAAATGMCTACTTGACACTACACAGTTGCAAGT- AGCTAATAGTTTAATGAATGGA
MHV AGGTAAATAACCTCATAGMACTATGCAACTTCMGT- TGCAAGTGCTTTAARTCCAAGGT
RtCoV AGGTGAATAACC'I‘CATAGATACTATGCMTTACAAGT- TGCTAGTGCTCTGATCCARGCT
1BV GTGTTGGTCA- -~ AAAAGAAGATATGGAACTTTTGAA‘ITI‘CTATTCTTCTACTMACCGG
* - .
CeoV CCCTTA- AATTGGCATCTGTTGAAGCATTCAATAGTACGGMAATTTAGACCCI‘ATTTAT
FecoV CCCTTA- AATTGGCATC'I‘GTTGAGGCGTTCMTAGTACAGAAAATTTAGATCCI‘AT'I'I‘AC
TGE CCCTTA- MTTGGCATCTGTTGN\GCATTCAATAGTTCAGAAACTTTAGACCCTAT’ITAC
PRCOV *  CCCTTA- AA'I"I‘GGC‘I‘TC‘I‘GTCGAAGCATTCAATAGTTCAGAAACTTTAGATCCTA’I"N‘AC
HCoVOC43 CGTTTACACTT-GCTAATGTTAGT---~-~~ AGTTTT-- . GGTGACTACAACCTTAGC- -~
PEDV c-TTTACAGTTAGCTACCATCAGTTCGTTTAATGGT-- -GATGGATATAACTTTACT- -~
SARSUrba ARTGTACAAAACCCCARCTTTGARAS -==-==-~="""" TATTTTGGTGGTTTTAATT- -
SARSTor?2 ARTGTACAAAACCCCAACTTTGAAA---=-==-=~"""" TATTTTGGTGGTTTTARTT-~
BcoV GTCAC'I‘C'I‘TAGCAC'I'AAGCTTAAAGATGGCGTTAATTTCAATGTAGACGACATCAA --
HEV G'rCAccc-rTAG'rAcCAAGATTAAGGATGGCATTAATTTCAANTTGACGATATCAAcr- -
MHV G'I‘CACGTTAAGC‘I‘CACGCTTATCGGATGGCATTGGTGGTCAAATAGATGATA’I‘I‘AM‘I --
RtCov GTCACGCTAAGTTCACGCT'I‘GGCAGATGGCATC‘I‘CAGGTCAGATTGATGATA’I"!‘AATT— -
- 1BV CTGGTTTTAATACACCRGTTCTTAG----~== TAATGTTAGCACTGGTGAGTTTAATA- -
- -
CcoV AAAGAATGGCC'I‘AACATTGGTGGTTC'I"IGGCTAGGAGGTTTAAAAGATATATTGCCATCT
FcoV AAAGAATGGCCTAGCATAGGTGGTTCTTGGCTAGGAGGTCTAMAGATATACTACCGTCC
TGE AAAGAATGGCC‘I’AATATAGGTGGTTCTTGGCTAGAAGGTCTAAAATACATACTTCCGTCC
PRCoV AAAGAATGGCCTAATATAGGTGGCT'I"I'I‘GGCTAGAAGGTC’I‘AAAATACATACI’I‘CCG'I‘CC
HCoVOC43 - - -~AGCGTCATA----~ CCTAGCTTG-----~===< cameccmmmmecmeo- CCCACA
PEDV <« --AATGTGCTG----- GGTGCTTCCGTGTACGA-==---=---=-=====""" TCCTGCA -
SARSUrba --- -mCACAAATAT'rAcc'rGAccc'r'- ------------------- CTAARGCCAR---
SARSTor2 - - - - PTTCACARATATTACCTGRCCCT- - - - --==-5="="""="""" CTAAAGCCAA---
BeoVv - o= - TTTCCCCTGTATTAGGTTGTTTAGGRAGCGC - =~ =~ ==~ """~ TTGTAATARRGTT
HEV -« == TCTCCCCTGTATTAGGTTGTTTAGGRAGCGA - = = = === == =7~ ATGTAATAGAGCT
MHV - v - - TTAGTCCTCTGCTTGGTTGTTTAGGTTCTGA = = ===~~~ "=~ CTGTGGCGAAGTT
RtCoV - - - - TTAGTCCTCTTCTAGGTTGCCTTGGCTCAGA- = = =7 ==~ = ="~ TTGTAGCGARGGC
IBV - e - - PTTCTCTTCTGTTAACARRTCCT - - - - === == === === === "=7777 7" AGTAGT
CcoV CA'I‘AATAGCAAACGTAAGTACCGC‘I'CGGCTATAGAAGAC‘I‘TGCTTTTTGATAAGGTTGTA
FcoV CA'I’AATAGCAAACGTAAGTATGGTTCTGCTATAGAAGAT'I'!‘GCTTTTTGATAMGTTGTA
TGE CATAATAGCAAACGTAAGTATCGTTCAGCTATAGAGGAC‘I'I‘GCTTTTTGATMGGTI‘GTA
PRCOV GATAATAGCAAACGTAAGTATCGTTCAGCTATAGAGGACT‘I’GCTTTTTTCTMGGT‘I’GTA
HCoVOC43 AGTGG'rAG'rAGAGTGGCTGGTCGCAGTGCCATAGAAGACATACTTTTTAGCAAAm'Gﬂ
PEDV AGTGGCAGGGTGGTACAAAAAAGGTCTGTTA’I"I‘GAAGACTTGCTTTTTAATAAAGTGGTT
SARSUrba . -CTAAGA---=---=---=---==~ GGTCTmAT'rGAGGACTTGCTCT'x'rAATAAGGTGACA
SARSTor2 -CTAAGA-===e=s=c-o-"--> GGTCTTTTATTGAGGACTTGCTCTTTAATAAGGTGACA
BeoV TCCAGCA----=-=---=~ G--- -ATcTGCTATAGAGGATﬂACTTTmcrAAAGTAMG
HEV TCCACTA=------~=-=~ G--- -ATCTGCTATAGAGGATTTAC'ITTTTGATAAAGTAMA
MHV ACCATGGC.AGCTCAAACCGGACGATCTGCTATAGAGGA’IGTATTA’I’TTGACAAAGTCMA
RtCoV ACCARGGCAGCGCAA- - - GGGCGATCTGCTATAGAGGATGTATTATWGATAAGGTCAM
1BV CGTAGAR-----======~ Ac;ce'r'rCTCTTATTGAAGACCTTCTATTTACAAGCGNGAA
e *9 B * * weyw * *



Patent Application Publication Jan. 5,2006 Sheet 13 of 82

US 2006/0003340 A1
Ccov ACATc'rGGCTTAGGTACAGTTGACGAAGATTACAAACGTTCTGCAGGTGGTTATGACA- -
FcoV ACATCTGGTTTAGGTACAGTTGMGAAGATTATAAACGmTACTGGTGGNACGACA- -
TGE ACAT(.‘I‘GGTTTAGGTACAGTTGATGAAGATTATAAACGTTGTACAGG‘IGGTTATGACA- -
PRCoV ACATCTGG'!"I‘TAGGTACAGﬂ‘GATGAAGATTACAAACG’ITGTACAGGTGG'I‘TA'IGACA- -
HCoVOC42 Ac'r'rc'rGG;_xchGGCACTGTGGACGCAGACTACAAAMGTGCACTAAGGGTCTTTCCA- -
PEDV Ac'rAA'rGGcmGGTACTGmATGAAGACTATAAGCGchT‘rCTAATGGTCGCTCTG- -
SARSUrba CTCGCTGATGCTGGCTTCATGAR- -+ GCAATATGGCGAATGCCTAGGTGATATTMTG- -
SARSTOr?2 CTCGCTGATGCTGGCTTCATGAA- - -GCAATATGGCGAATGCCTAGGTGATATTAA --
BeoV TTATCTGATGTCGGTTTCGTTGA- -~ GGCTTATMTAATTGTACTGGAGGTGCCGMA- -
HEV TTGTCTGATGTCGGCTTTGTACA- - - GGCCTATM\TMCTGCACTGGAGG’I'GCCGAAA- -
MHV CTCTCTGATGTTGGCTTTGTCGA- -~ AGCATATAACAATTGCAC’I‘GGAGGCCMGAAG- -
RtCoV - CTCTCTGATGTTGGCTTTGTCGA- -~ ATCATATAATAM'I‘GCACTGGAGGTCMGMG- -
1BV TCTGTTGGACTACCARCARATGA- --CGCATATAAAAAT‘I‘GCAC’I‘GCA CCTTTAGGC
e * .y » -
CcoV - TAGC'I‘GACTTAGTGTGTGCACGATATTACAATGGCATCATGGTGCTACCTGGTGTA
FcoV o= 'I‘AGCAGAC'I‘TGG'I‘GTGTGCTCMTATTACAA‘]‘GGCATCATGGTTC’I‘ACCAGGTGTA
TGE —-e- TAGCTGACTTAGTATGTGcTcAATAC'rATAA'rGGCATCANGTGCTACCTGGTGTG
PRCOV . TAGCTGACTTAGTATGTGCTCAATACTATMTGGCATTATGGTGCTACCTGG’ICTG
HCoVOC43 - *T'1‘GCTGACTTGGCTTG'I‘GCTCAATATTATAATGGCATTA‘TGGTT‘I‘TGCCPGGCGTC
PEDV .- TGGCTGATCTAGTCTGTGCGCAGTATTACTCTGGTGTCATGGTAC‘TACCTGGCG’I’I
SARSUrba - C‘I‘AGAGATCTCATT‘I‘GTGCGCAGAAGTFCAATGGAC’ITACAGTGTTGCCACCTC’I‘G
SARSTor2 c--- CTAGAGATCTCA'I‘TTGTGCGCAGAAGTTCAATGGACTTACAGTGTTGCCJ\CCTCTG
BcoV ---- T'I‘AGGGACCTCATTI‘GTGTGCAAAG’I'I‘ATAATGGTATCMAGTG'I’TGCC'I‘CCAC‘I‘G
HEV .- TTAGGGATC‘I‘CATTTGTGTGCAAAGTTATAATGGTATCAAAGTG’I‘I’GCCTCCM‘IG
MHV - -'I‘TAGAGACCTACT'ITGTGTGCAATC‘ITTTAATGGCATCAAA_GT_GCTACCGCCTGTG
Rt CoV R TTAGAGACCTACTTTGTGTGCAATC’I‘TTTAATGGCATT GTGCTACCGCCTGTA
IBv 'I"I‘TT‘I'TAAGGACC'I"I‘GCGTGTGCTCGTGAATATAATGGTTTGCTTGTGTTGCCTCCTATC
LR » ISR 2 L] * et L] " . *W *
CcoV GCTAATGATGACAAGATGACTATGTACACTGCATCTCT'I‘ACAGGTGGTATAACA’I’I‘AGGT
FcoV GCTAATGCTGACAAGATGACTATGTACACAGCATCACTTGCAGG’I‘GGTATAACATTAGGT
TGE : GCTAATGCTGACAAAATGACTATGTACACAGCATCCCI‘I‘GCAGGTGGTATAACA’I‘TAGGT
PRCoV GCI‘AATGCTGACAAAATGACTATGTACACAGCATCCCTCGCAGGTGGTATAACA‘I"I‘AGGT
HCoVOC43 GCTGA'I‘GCTGAACGAATGGCCATGTATACAGGTTCT’I"I‘AATTGGTGGAATTGCTTTAGGA
PEDV GTTGACGCTGAGAAGC'I‘TCACATGTACAGTGCGTCTC‘I‘CATAGGTGGTATGGCGCTAGGA
SARSUrba . CTCACTGATGATATGATTGCTGCCTACACTGCTGCTCTAGTTAGTGGTACTGCCAGGC‘T
SARSToI2 c‘l‘CACTGA'I‘GATATGA‘TTGCTGCCTACACTGC'I‘GCTCTAG'I'I’AGTGGTAC']‘GCCACNCT
BecoV CTC'I‘CAGTAAATCAGATCAGTGGATACACTTTGGC‘I‘GCCACCTCTGCTAGTCTGT‘N‘CCT
HEV ‘T'I‘A'I‘C’I‘GAAAATCAGATCAGTGGC‘IACACTTTGGCAGCCACCGC’I‘GCTAGC’I‘I‘ATTCCCT
MHV TTG'I‘CTGAGAATCAAATTTCTGGTTATACAGCGGGAGCTACTGTATC'I‘GCTA’I‘G‘I‘TCCC-
RtCoV 'I"I‘ATCCGAGAGTCAAATCTCTGG‘I‘TATACAGCGGGAGCTACTGCATCTGCTATGTTCCC’I
IV ATAACAGCAGAMTGCAAGC‘I‘TTGTATACTAGTTCTCTAGTAGC’I‘TCTATGGC‘I’I‘I'PGGT
* LR B .
CcoVv GCACTTAGTGGTGGCGCAGTGRC- -~ -~~~ TATACC’I_‘?I‘TTGCAGTAGCAG'!TCAGGCT _
FcoV GCACTTGGTGGTGGCGCCGTGRC-- - ===~ "~ TATACCTT'I"I‘GCAGTAGCAGTACAGGCT
TGE GCACTTGGTGGAGGCGCCGTGEC -~~~ "~ TATACCTTTTGCAGTAGCAGTTCAGGCT
PRCoV GCACTTGGTGGAGGCGCCGTGGC- === ==""~ TA’I‘ACC'I"I'ITGCAGTAGCAG’{'I‘CAGGCT
HCOVOC43 GGTCTARCATCAG- - - CCGTTTC---~-=-"" AATACCAT'I‘TTCATTAGCAATTCAGGCA
PEDV GGTATARCTGCTG- - -CAGCGGC---=--""" A’I‘TGCCTTTTAGCTATGCTG’I"I‘CAAGCG
SARSUrba GGATGGACA’I"I"I‘GGTGCTGGCGCTGCTCTTCAAATACCTTT'I‘GCTATGCAAATGGCATAT
SARSTor?2 GCATGGACATTTGGTGCTGGCGCTGCTCT TCARATACCTTT TGCTATGCAARATGGCATAT
Beov CCTTTGTCAGCAGCAGTAGGTG- ==~ ~="""""~ TACCATTTTATTTARATGTTCAGTAT
HEV CCTTGGACAGCTGCAGCAGETG-----=="" """ TACCATTTTATTTAARTGTTCAGTAT
MHV - - ATGGTCTGCAGCTGCAGGTG- - ---~~""°"~ TGCCATTTTCTTTAAGTGTTCAATAT
RtCoV CCATGGTCTGCAGCTGCAGGTG- === -=""" """~ TGCCATTTGCTTTAAGTGTTCAATAT
IBV GGTATTACTGCAG- - - CTGETGC------"=" TATACCTTTTGCCACACAACTGCAGGCT
+ * » *h WRP *
Ccov AGACTTAATTATGTTGCTCTACAAACTGATGTATTGAACAAAAACCAACAAANTTGGCT

FcoV AGACTTAATTATGTTGCTCT ACAMCTGATGTATTGAATAAAAAC CF_\ACAGATCC‘I‘GGCT



Patent Application Publication Jan. 5,2006 Sheet 14 of 82

US 2006/0003340 A1

TGE AGACTTAATTATGTTGCTCTACAAACTGATGTATTGAACAAAAACCAGCAGATTCTGGCT
PRCCV AGACTTAATTATGTTGCTCTACAAACTGATGTATTGAACAAAAACCAGCAGA:CCTGGCT
HCoVOC43 CGTTTAAATTATGTTGCATTGCAGACTGATGTTTTACAAGAAAATCAGAAAATTCTTGCT
PEDV AGACTCAATTATCTTGCTTTACAGACGGATGTTCTACAGCGGAACCAGCAATTGCTTGCT
SARSUrba * AGGTTCAATGGCATTGGAGTTACCCAAAATGTTCTCTATGAGAACCAAAAACAAATCGCC
SARSTox2 AGGTTCAATGGCATTGGAGTTACCCAAAATGTTCTCTATGAGAACCAAAAACAAATCGCC
Bcov cGTATTAATGGGATTGGTGTTACCATGGATGTGTTAAGTCAAAATCAAAAGc1TA:TGc7
HEV : CGTATAAATGGGCTTGGCGTCACTATGGATGTGCTAAGTCAAAACCAAAMSCTTATTGCT
MHV AGAATTAATGGTCTTGGTGTCACTATGAATGTTCTTAGTGAAAATCAGAAAATGATAGCA
RtCoV AGAATTAATGGTCTTGGTGTCACTATGAATGTTCTTAGTGAAAACCAGAAAATGATAGCT
1BV L AGAATTAATCACTTGGGTATTACCCAGTCACTTTTGTTGAAGAATCAAGkAAAAATTGCT

- * B L N ] 4 L] . &P * T
CecoV AATGCTTTCAATCAAGCTATTGGTAACATTACACAGGCATTTGGTAAGGTTAATGACGCT
FeoV AATGCTTTCAATCAAGCTATTGGTAACATTACACAGGCTTTTGGTAAGGTTAATGATGCT
TGE AGTGCTTTCAATCAAGCTATTGGTAACATTACACAGTCATTTGGTAAGGTTAATGATGCT
PRCoV AGTGCTTTTAATCAAGCTATTGGTAACATTACACAGTCATTTGGTAAGGTTAATGATGCT
HCoVOC43 GCATCTTTTAACAAAGCAATGACCAACATAGTAGATGCCTTTACTGGTGTTAATGATGCT
PEDV- GAGTCTTTTAACTCTGCTATTGGTAATATAACTTCAGCCTTTGAGAGTGTTAAAGAGGCT
SARSUrba AACCAATTTAACAAGGCGATTAGTCAART - - - = === s m=n o= m =" m =77 77777 7"
SARSTor2 ARCCAATTTAACAAGGCGATTAGTCARAT - - = - === === =-==-=-=="=" =777 777 """
BeoV ARTGCATTTAACAATGCTCTTGATGCTAT - - = - === === === == -"="==="=""""""
HEV AGTGCATTTAACAATGCTCTTGATGCTAT -~ ---=----osm=n- "= 777777777 """
MHV AGTGCATTTARCAACGCGATAGGTGCTAT - == - ===~ -===-===-""=" =777 " """~
RtCoV . AGTTCATTTARCARCGCGATAGGTGCTAT- «~ === - =-o-==""o" """ 7""""" """
BV GCTTCCTTTAATARGGCCATTGGTCATAT - - - - == === - -=n=== =777 777777 om7n

‘ *h & *e * e
CcoV - ATACATCAAACATCAAAAGGTCTTGCTACTGTTGCTAAAGCATTGGCAAAGGTGCAAGAT
Fcov ATACATCAAACATCACAAGGTCTTGCCACTGTTGCTAAAGCGTTGGCAAAAGTGCAAGAT
TGE ATACATCAAACATCACGAGGTCTTGCTACTGTTGCTAAAGCATTGGCAAAAGTGCAAGAT
PRCOV ATACATCAAACATCACGAGGTCTTACAACTGTTGCTAAAGCATTGGCAAAAGTGCAAGAT
HCoVOC43 ATTACACAAACTTCACAAGCCCTACAAACAGTTGCTACTGCACTTAACAAGATCCAGGAT
PEDV ATTAGTCAAACTTCCAAGGGTTTGAACACTGTGccrCATGCGCTTACTAAGGTTCAAGAG
SARSUrba ---=-TCARG===-~-~ AATCACTTACAACAACATCAACTGCATTGGGCARGCTGCAAGAC
SARSTorz2  =----- TCARG-=---- ARTCACTTACAACAACATCAACTGCATTGGGCARGCTGCAAGAC
BeoV @ meee- TCAGG--~--*- AAGGGTTTGATGCTACCARTTCTGCTTTAGTTAARATTCARGCT
HEV ==e-- CCAGG-=-=---~ ARGGGTTCGACGCAACCAATTCTGCTTTAGTTARRATTCAGECT
MEV @ m---- ACAGG------ ARGGGTTTGCTGCARCCARTTCTGCCTTAGCAARARTGCAGTTC
RtCoV T eeee- ACAGG=-=---- AAGGGTTCGATGCAACCAATTCTGCTTTAGCGAAAATTCAGTCC
IBV. @ ==-e- GCAGG---+-~ AAGGTTTTAGAAGTACATCTCTAGCATTACAACARATTCARGAT

LA d - -t L] * v &t

CcoV GTTGTTAACACGCAAGGTCAAGCTTTAAGCCACCTAACAGTACAATTGCAAAACAATTTT
Feov GTTGTCAACACACAAGGGCAAGCTTTAAGTCACCTTACAGTACAATTGCAAAATAATTTT
TGE GTTGTCAACATACAAGGGCAAGCTTTAAGCCACCTAACAGTACAATTGCAAAATAATTTC
PRCOV GTTGTCAACACACAAGGTCAAGCTTTAAGACACCTAACAGTACAATTGCAAAATAATTTC
HCoVOC43 GTTGTTAATCAACAAGGCAACTCATTGAACCATTTAACTTCTCAGTTGAGGCAGAATTTT
PEDV GTTGTTAATTCGCAGGGTTCAGCTTTGAACCAACTTACCGTACRGCTGCAACACAACTTC
SARSUrba GTTGTTAACCAGAATGCTCAAGCATTAAACACACTTGTTAAACAACTTAGCTCTAATTTT
SARSTor2 GTTGTTAACCAGAATGCTCAAGCATTAAACACACTTGTTAAACAACTTAGCTCTAATTTT
BcoV GTTGTTAATGCAAATGCTGAAGCTCTTAATAACTTATTGCAACAACTCTCTAATAGATTT
HEV GTTGTTAATGCAAATGCTGAAGCACTTAATAACTTATTGCAGCAACTCTCTAACAGATTT
MHV GTTGTCAATGCAAATGCGGAAGCACTCAATAATTTATTAAACCAGL11quAATAbbxxx
RtCoV GTTGTCAACGCAAATGCAGAAGCACTCAATAACCTTTTGAATCAGCTTTCCAATAGGTTT
IBV GTTGTTAGTAAACAGAGTGCTATTCTTACTGAGACTATGGCATCACTTAATAAAAATTTT

SeRRkd @ - w ¢ - - e
CcoV CAAGCCATTAGCAGTTCTATTAGTGACATTTATAACAGGCTTGATGAATTGAGTGCTGAT
FeoV CAAGCCATTAGTAGTTCTATTAGTGATATTTATAACAGGCTTGACGAACTGAGTGCTGAT
TGE CAAGCCATTAGTAGTTCTATTAGTGACATTTATAATAGGCTTGACGAATTGAGTGCTGAT
PRCOV CAAGCCATTAGTAGTTCTATTAGTGACATTTATAATAGGCTTGATGAATTGAGTGCTGAT

HCoVOC43 CRAGCTATCTCTAGCTCTATTCAGGCT ATCTATGACAGACTTGACACT ATTCAGGCTGAT
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PEDV _ CARGCCATTTCTAGTTCTATTGATGACATTTATTCCCGACTGGACATTCTTTCAGCCGAT
SARSUrba GGTGCARTTTCAAGTGTGCTAAATGATATCCTTTCGCGACTTGATARRGTCGRGGCGRAC
SARSTOr2 CGTGCAATTTCARGTGTGCTARATGATATCCTTTCGCGACTTGATARAGTCGRGGCGGAG
BeoV COTGCTATAAGTTCTTCTTTACAAGAARTTCTATCTAGACTGGATGCTCTTGAAGCGCAR
HEV COTGCCATARGTGCCTCTTTACAAGARRTT TTATCCAGGCTCGATGCTCTTGRAGCTARA
MHV CCTGCARTTAGTGCTTCTTTACARGAAATTCTATCTCGCCTAGATGCTCTTGRRGCGCAG
RtCoV COTOCAATTAGTGCTTCTTTACAGGARATTCTATCTCECCTCGATGCTCTTGRAGCTCAS
1BV GGTGCTATTTCTTCTGTGATTCARGAARTCTACCAGCARTTTGACGCCATACAAGCARRT

*: PO * * *e - B * - *w -
Ccov GCACAAGTTGACAGGCTGATTACAGGACGACTTACAGCACTTARTGCATTTGTGTCTCAG
Fcov GCACRAGTTGATAGGCTGATTACAGGTAGACTTACAGCACTTARTGCATTTGTGTCTCAG
TGE CCACARGTTGACAGGCTGATCACAGGARGACTTACAGCACTTARTGCATTTGTGTCTCAG
PRCOV GCACKAGTCGACAGGCTGATCACAGGAAGACTTACAGCACTTAATGCATTTGIGTCTCAG
HCoVOC43 CAMCARGTAGATAGGCTGATTACTGGTAGATTGGCTGCTTTGARTCTATTCGTTTCICAT
PEDV GMTCAGGTTGATCGTCTCATCACCGGCAGATTATCAGCACTTARTGCTTTTGTTGCCCAR
SARSUrba CTACAAATTGACAGGTTAATTACAGGCAGACTTCARAGCCTTCAARCCTATGTAACACAR
SARSTor2 GTACARATTGACAGGTTAATTACAGGCAGACTTCAAAGCCTTCRAACCTATGTARCACAA
BcoV GOTCAGATAGACAGACTTATTAATGGGCGTCTTACCGCTCTTARTGTTTATGTTTCTCAR
HEV GCTCRGATAGACAGACTTATCAATGGGCGTCTCACCGCTCTTARTGCTTATGTTTCTCAG
MHV GCTCAGATAGACCGTCTTATTAATGGCAGATTRACTGCACTTAATGCATATGTCTCTARG
RECOV CCTCAGATAGACCGTCTTATTARTGGCAGATTAACTGCACTTAATGCATATGTCTCTARG
1BV . GCTCAAGTGGATCGTCTTATAACTGGTAGATTGTCATCACTTTCTGTTTTAGCATCTGCT

.y * wWw * * R® W *h * ] . > - » L
Cecov ACTTTAACCAGACAAGCAGAGETTAGGGCTAGTAGACAACTTGCTARRGACARGGTTAAT
Fcov ACTCTAACCAGACAAGCAGAGGTTAGGGCTAGTAGACRACTTGCCARAGACARGGTTRART
TGE ACTCTARCCAGACAAGCGGAGGTTAGGGCTAGTAGACAACTTGCCARRGACARGGTTART
PRCOV ACTCTARCCAGACAAGCCGAGGTTAGGGCTAGTAGACAACTTGCTARAGACARGGTTART
HCOVOC43 ACATTGACTARGTACACTGAAGTTCGTGCTTCCAGACAGCTTGCACRACARARAGTGART
PEDV ACCCTOACTARGTATACTGAGGTTCAGGCTAGCAGGRAGCTAGCACAGCARRRGGTTART
SARSUrba CARCTAATCAGGGCTGCTGAAATCAGGGCTTCTGCTARTCTTGCTGCTACTAAARTGTCT
SARSToOr2 CAACTAATCAGGGCTGCTGARATCAGGGCTTCTGCTAATCTTGCTGCTACTAAARTGTCT
BeoV CAGCTTAGTGATTCTACACTAGTAAAATTTAGTGCAGCACAAGCTATGGAGAAGGTTART
HEV CAGCTTAGTGATTCTACACTAGTARAATTTAGTGCAGCACAAGCTATTGAGARAGTTART
MHV CAGCTGAGTGACATGACCCTTGTTARGGTGAGTGCAGCCCAGGCTATAGAGRRRGTTART
RtCoV CAGCTGAGCGACATGACCCTTATTARGGTGAGTGCTGCCCAGGCTATAGAGAAAGTTART
1BV AAGCAGGCGGAGTATATTAGAGTGTCACAACAGCGTGAGTTAGCTACTCAGAARRTTART

* e LA * *
Ccov  GAATGCGTTAGGTCTCAATCCCAGAGATTTGGATTCTGTGGTA- - - ATGGTACRCATTTS
Fcov GAATGTGTTAGGTCTCAGTCTCAGAGATT CGGATTCTGTGGTA- - - ATGGTACACATTTG
TGE ‘ CARTGCGTTAGGTCTCAGTCTCAGAGATTCGGATTCTGTGGTA - - -ATGGTACACATTTG
PRCOV CAATGCGTTAGRTCTCAGTCTCAGAGATTCGGCTTCTGTGGTA- - - RTGGTACACATTIG
HCOVOC43 CAGTGTGTCAARTCCCAGTCTAAGCGTTATGGCTTCTGTGGAA - - - ATGGCACTCACATT
FEDV CAGTGCGTCAARTCGCARTCTCAGCGTTACGGTTTTTGTGGTGGTGATGGCGAGCACATT
SARSUrba CAGTGTCTTCTTGGACARTCARAARGAGTTGACTTTTGTGGAA - - - GGGCTACCACCTT
SARSTor2 CAGTGTGTTCTTGGACARTCARARAGAGTTGACTTTTGTGGAA - - - AGGGCTACCRCCTT
BcoV GAATGTGTCAARAGCCARTCATCTAGGATARATTTTTGTGGTA- - - ATGGTAATCATATT
HEV GAATGTCTTAAAAGCCARTCATCTAGGATARATTTCTGTGGTA - - - ATGGTAATCATATY
MHV : CAGTGTGTTARAAGCCAATCATCTAGGATARATTTCTGTGGCA- - - ATGGCARTCATATA
RECOV CAGTGTGTTARAAGCCARTCACCTAGGATARATTTCTGTGGCA- - - ATGGCARTCATATA
1BV CAGTGTGTTAAGTCACAGTCTATTAGGTACTCCTTTTGTGGTA- - - ATGGACGRCATGTT
X R L I 2 "h - - *e wAMEE +* w9 *w *

Ccov TTTTCACTTGCAAATGCGECACCARRTGGCATGATTTTCTTTCACACAGTGCTATTACCA
FcoV T TCACTAGCARATGCAGCACCARATGGCATGATTTTCTTTCATACAGTACTATTACCA
TGE PTTTCACTCGCARATGCAGCACCARATGGCATGATTTTCTTTCACACAGTGCTATTACCR
PRCOV TTTTCACTCGCARATGCAGCACCAARTGGCATGATCTTCTTTCACACAGTGCTATTACCA
HCOVOC43 PTCTCARTTGTTARTGCTGCTCCTGAGGGGCTTGTTTTTCTCCACACTGTCTIGTTGCCG
PEDV TTeTCTCTGETACAGGCCGCACCTCAGGGCCTGCTGTTCTTACATACAGTACTTGTACCG
SARSUrba ATOTCCTTCCCACAAGCAGCCCCGCATGGTGTTGTCTTCCTACRTGTCACGTATGTGCCA

SARSTor2 ATGTCCTTCCCACAAGCAGCCCCGCATGGTGTTGTCTTCCT ACATGTCACGTATGTGCCA
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ATATCATTAGTGCAGARTGCTC CATATGG'I“I'I‘GTAT‘I"I'I‘A’I‘CCAC’IT TAGCTATGTCCCT
ATATCA'I‘TAG’I"ACAGAATGCTCCATATGGTTTGTA'I'I‘TTATCCATT‘!‘TAGCTATGTCCCC
TTGTCATTAGTCCAGAATGCGCC TTATGGTTTATATTTTATT CATTTCAGCTATGTGCCT
TTGTCATTAGTCCAGAATGCGC CTTAC GGTTTATATTTTATTCJ\TTTCAGCT ATGTGCCT
CTARCCATACCGCARAATGCAC CTAATGGTATAGTGT‘I‘TATACAC TTTTCTTATACTCCA

* - - * e ¢ * we * LAJ . ¥ e

ACAGCTTATGARACT GTGACGGCCT! GGTCAGGTATTTGTGCGT- - - CAGATGGCAGTCGC
ACAGCTT. ATGAAACTGTAACAGCTTGGTCAGGTA’H‘TGTGCTI‘ - - -CAGATGGCGATCGC
ACGGCTT ATGMACTGTGACTGCTTGGCCAGGTATTTGTGCTT - - ~-CAGATGGTGATCGC
ACGGCGTATGAARRCTGTGACT GCTTGGTCAGGTATTTGTGCTT - - - TAGATGTTGATCGC
ACACMTATAAGGATGTTGMGCGTGGT CTGGGTTGTGCGTTG- - - ATGGTACAAACGGT
GGTGATTTTGTARATGTTCTT GCCATCGCTGGCTT ATGCGTTA--- ATGGTGARATTGCC
TCCCAGGAGAGGAACTTCACCACAGCGCCAGCN\TTI’GTCATG- - - AAGGCAARGCATAC
'I‘CCCAGGAGAGGAACTTCACCACAGCGCCAGCAATTTGTCATG- - - AAGGCAARGCATAC
ACTMGTATGTCACI‘GCGAAGGTTAGTCCCGGTCTGTGCA'I‘TG- - - CTGGTGATAGAGGT
ACCARGTATGTTACRG CAAAGGTTAGTC CTGGTTTGTGCATTG- -~ CTGGCGATATAGGA
ACTTCCTTT. ACAACGGCARATGTGAGTCCTGGGCT. ATGCATTT - - - CTGGTGATAGAGGA
ACATCCTTT. ACAACGGTAAATGTGAGTC CTGGACTATGCATTT- - -CT 'GGTGATAGAGGA
GATAGTTTTGTTAATGTTACTGCAATAGTGGGTI"I‘T‘I'GTGTAAAGCCAGCTAA'I‘GCTAGT
L ]

* »

ACTTTT GGAC'I‘TGTTGT’I’GAGGATGTCCAGCTGACGC ~TATTTCGCAA- -~~~ TTTAGAT

ACTTTCGGACTTGTCGTTAAAGATGTGCAGTTGACGT-TGT'I"I‘CGTAA ----- TCTAGAT
AC’I‘I‘TTGGACTTGTCGT’I‘AAAGATGTCCAGTTGAC’IT-TGTT'I‘CGTAA ----- TCTRGAT
ACTT'I'YGGACTTGTCGTTAAAGATGTCCAGTTGACTI-’I’ATT‘I‘CGTAA ----- TCTAGAT
TA'I‘GTG’I"I‘GCGACAACCTAATC’I"I‘GCTCT»-TTACAAAGAAGGCA --------- ATTATT
‘I'FGACTCTACGTGAGCC‘I‘GGCTTAGTC‘I'I‘GTTTACGCRTGMCTTCAAACTTATACTGCG
TTCCCT= - =~~~ CGTGAAGGTGTTTTTGTGTTTAATG- - ==~ === "=""~ GCACTT
TTCCCT-=----v=~ CGTGARGGTGTTTTTGTGTTTARTG- - === ==~-~~""~ GCACTT
ATAGCC-=-----~=-~ CCTAAGAGTGGTTATTTTGTTAATGTAA- - = == ==~~~ ~ATAATA
ATATCG-=~====="~ CCTAAGAGTGGTTATTTTATTRATGTAA - - == ===~~~ ATAATT
TTAGCA-=---=---~ CCTARRGCTGGATATTTTGTTCARGATG= - ===~~~ "~ ATGGAG
TTAGCA-=======~ COTAAAGCTGGATATTTTGTTCAAGATC- - === == ===~ ATGGAG

CAGTATGCAATAGTGCCCGCTAAT GTAGGGGTATTTTTATACAA--==-~-=="~ GTTAAT

GAAAAATT’I“I'A'I"I‘TGACGCCCAGAACT ATGTATCAGCCCAGAG'I”I‘GCAACTAGTI‘C'I‘GAT
GACAAGTTCTATTTGACCC CCAGAACTATGTATCAGC CTAGAGTTGCAACT AGTTCTGAT
GACAAG'I‘TCTA'I‘TTGACCCCCAGAACTATGTATCAGCCTAGAGTTGCMCT AGTTCTGAC
GACAAGTTCTA'!"I‘TGACACCCAGAACTA’I‘GTATCAGCCTAGAGTGGCAACTAGTTCTGAT
ATAGAAT-==---- C‘ACATCTCGCATAATGT‘I“I‘GMCCACGTAT‘I‘CCTACCATGGCAGAT
ACGGAATATTTTGTTTCATCGCGAC! GTATGTTTGARCCTAGARRRCCT ACCGTTAGTGAT
CTTGGTTTAT-~--- TACACAGAGGMCTTCTTTTCTCCACAMTAATTACTACAGACAAT
CTTGGTTTAT---- TACACAGAGGAACTTCTTTTCT CCACAAATAATTACTACAGACAAT
CTTGGATGTT---- CACTGGTAGTGGTTATTACT. ACCCTGAACCCATAARCT GGAAATAAT
CTTGGATGTT--~-~ CACTGGTAGTAGCTATTACT. ACCCTGAACCTATMCCCAMATMT
AGTGGRARGTT---- CACAGGTAGTAATTATTA’ITACCCT GMCCCATTACAGATMAAAT
AATGGAAGTT---- CACAGGTAGCAATTATTACT. ACCCTGMTCCATTACAGATAAAAAC
GGTAGTTACTACATCACTGCACGA .ATATGTATATGC‘CMGAGCTATTACTGCAGGAGAT
- * * * LR *e *

'I‘T'I‘GT'I‘CAAATAGMGGCTGTGATGTGTTGT‘I“I‘GTTMTGGAACT GTAATTGAATTGCCT
TTTGTT CAAATTGAAGGGTGTGATGTGT'I‘GTTTGTCMCGCGACTGTMTTGAT'I’ICCC‘I’
TTTGTTCAMTTGAAGGGTGCGATGTGCTGT'I‘TGTTMTGCAACT GTAAGTGATTTGCCT
TTTG'I'TCAAATTGAAGGGTGCGATGTGCTG'I‘T’I‘GT'I'AATACAACI‘GTAAGTGATTTGCC'I‘
TTTGTTCAAATTGAAAATTGCAATGTO\CAT’ITGTTMCA’ITTCT CGCTCTGAGTTGCAA
TTTGTTCAAA’I‘TGAGAGTTGTGTGGTCAC CT. ATGTCAATCTGACTAGCGACCAGCT ACCA
ACATTTGTCTCAGGAAATTGTGATGTCGTTATTGGCATCATI‘AACAACACAG‘I'I‘TATGAT
ACATTTGTCT! CAGGAAARTTGTGATGTC GTI’ATTGGCATCA’I'I‘AACAACACAG’I'I‘I‘ATGAT
GTTGTTGTTATGAGTACCTGTGCT GTTAACTATACTARAGCGC! CGGATGTAATGCTGAAC
GTTGTTGTGATGAGTACCTGTGCTGTTAATTATACT AMGCACCGGATCTAATGCTGAAC
AGTGTCGTGATGAGTAGTTGCGCAGCAAAC’I‘ ACACARAGGCAC CTGAAGTTTTCTTGARC

US 2006/0003340 A1
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RtCoV AGTGTCGTGATGAGTAGTTGcGCAGTMACTACACAAAGGCACCTGMGmeGAAc
1BV GTAGTTACGCTTACTT CTTGTCAAGCAAATTATGTAAGTGTAAATAAGACCGTCATTACI
* - * -
CeoV AGTATCATA- - - CC'I‘GACTATATCGATATTAATCMAC’I‘GTTCAGGACATATIAGMT
FecoV AGTATTATA- -~ CCTGAC'I‘ATATTGACATTAATCAAACTGTTCN-\GACATA’I'TAGMAAT
TGE AGTATTATA-- -cCTGATTATATTGATMTAATCAGAchTTCAAGACATATTAGAMAT
PRCoV AGTATTATA--- cC'rGA'r'rATA'I"I'GATATTAATCAGACTGTTCAAGACATATTAGAMAT
HCovVOC43 ACCATTGTG- - - CCAGAGTATATTGATGTTAATAAGACGCT- - GCAAGAATTAAGTTACA
PEDV GATGTAATC--~- CCAGA'I‘TACM‘CGATGTTAA(‘J\AMCACTI‘GATGAGATT‘ITAGCNCT
SARSUrba CCTCTGCAR- -~ CCTGAGCTCGACTCA'I'FCAAAGAAGAGCTGGACMGTACTTCMAMT
SARSTor2 CCTCTGCAA--- CCTGAGCTTGACTCM‘TCAAAGM\GAGCTGGACAAGTACHCMAMT
BeoV ATTTCAACA--- CCCAACCTCCATGM'H"IMGGAAGAGTTGGATCMTGGTTTMAMC
HEV ACATCGACA- - - cccmcmcmmmcmcemcmwmmmmmmuc
MRV ACTTCAATA--- CCTM\TCTACCCGACTI‘TAAGGAGGAGTTAGATMATGGTTIMAMT
RtCoV ACTTCAATA- - - ACTMTCTACCCGAGTIAAGGAGGAGTTAGATN\ATGG’I'I‘TMGMT
1BV _ ACATTCGTAGACAATGATGATmGAﬁnAATGAcsMTTGTCAAMTGGTGGAAmM
- - we * * * *
CcoV 'r'rCAGACCAAATTGGACTGTACCCGAGT'I‘GCCACTTGACA’I‘TTTTCATGCAACCTACI‘I‘A
FcoVv TACAGACCAAAC'I’GGACI‘GTACCTGAAT’I‘TACACTTGATATTTTCAACGCAACCTA‘ITTA
TGE TTTAGACCAAATTGGACTGTACCTGAG’I‘TGACATTTGACATT‘ITTAACGCAACCTATI'I’A
PRCOV m}\GACCAAATTGGACTGTACCTGAGCTGACA‘I‘TGGACGTT'I'I‘TAACGCMCCIATTTA
HCOVOC43 AA’I“I‘G-CCAAATTACACTGTTCCAGACCTAG'ITGTCGAACAGTACMCCAGACTA’H'N‘G
- PEDV --c'rG-cccmmcmc'rsc'rccmermccccmcmsm'r'rmmcmmmm‘
SARSUrba CATACATCACCAGATGTTGATCT-TGGCGACATTTCAGGCA- -TTAACGCTTCTGTCGTC
SARSTor2 C.ATACATCACCAGATGTTGATCT-TGGCGACAT'I‘TCAGGCA- - TTARCGCTTCTGTCGTC
BcoV : CAAACATCAGTGGCACCAGA’I‘I‘TGTCACTTGATTATA ------ TAAATGTTACATTCTTG
HEV CARTCTTCAGTGGCACCAGATTTGTCACTTGATTATA- - -~ -~ TTAATGTTACGTTCTTG
MHV CAGACGTCTATTGCGCCTGATTTATCTCTCGATTTCGAGAAATTAAACGTTACCCTCC‘I‘G
RtCoV CAGACGTCTA’I‘TGTGCCTGAT’ITATCTTTCGATATCGGGAN\TTAMTGTTACATTCC'I"I‘
1BV . ACTAAGCATGAGCTACCAGACTTTGAC- - ARATTCARTTA- - -CRCAGTACCTATACTT
* : . -
CeoV AACC'I‘GACTGGTGAAATTAATGACTTAGAAT‘I‘I‘AGGTCAGAAAAGTTACATAACACCACA
FeoV » AA'ICTGACTGGTGAAATTGATGACTTAGAGTTTAGGTCAGAAMGCTACATMCACI‘ACA
TGE AACCTGACTGGTGAAATTGATGACTTAGAATTTAGGTCAGAAAAGCTACATAACACCACI‘
PRCoV AACC'I‘GACTGGTGAAATTGATGACTTAGAG'IT‘I‘AGGTCAGAAMGCTACATMCACTACT
HCoVOC43 AAT'I'TGACCAGTGAAA’ITAGCACCCTTGAAAATAAATCTGCGGAGCTTAA’I’TACACTGﬂ
PEDV AATC'I'I‘AC‘I‘GGTGAAA’I"I‘GCAGA‘I‘C'I'AGAGCAGCG'I‘I‘CAGAGTCTCTCCGTMTACI‘ACA
SARSUTrba AACATTCAAAARGAARTTGACCGCCTCAATGAGG- - ===~ - === """ """ "~ R
SARSTor2 ARCATTCAAARRGARATTGACCGCCTCAATGAGG- - - - === == === ==="="""""""""
Becov GACCTACARGATGARRTGARTAGGTTACAGGAGG- - - == === ==~~~ =" """""""""""
HEV GACCTACAAGATGARATGARTAGGTTACAAGAGG- - === === ==="=="~""""""""""
MHV GACCTGACTGATGAGATGRRCAGGATTCAGGATG- - === === ==~~~ """ """"""""""
RtCoV GACCTGTCCTATGAGATGAACAGGATTCAGGATG- - - === - ==~ ==~~~ "=""""""""
1BV : GACATTGARTAGTGARATTGATCGTATTCARGGCG- - - =~ ememoremsemmmm—mcsoo
* * e "9 - -
Ccov GTAGAAC'I‘TGCTATTC‘FCAT’I‘GATAATA'I'I‘AATAACACA‘I"I‘AGTCAATCTTGAATGGCI‘C
Fecov GTAGAACTTGCCATTCTCATTGATAACATTAATAATACATTAGTCAATCTTGN\TGGCTC
TGE GTAGAACTTGCCATTC'rCATTGACMCATTAACAATACATTAGTCAATm'GAAmGCTc
PRCOV GTAGAACTTGCC}\TTCTCATTGACAACATTAACAATACAGTAGTCAATCTTGAATGGCTT
HCOVOC43 CAAAAATTGCAAACTCI‘GATTGACAACATAAATAGCACAT‘I‘AG'I‘CGAC’I"I‘AAAG‘]GGCI‘C
PEDV GAAGAGCTCCGAAGTcrCATTAACAACATCAACAACACACTTGTTGACCTTGAGTGGCTC
SARSUrba = ---emesemmsseoec TCGCTAAAAATTTAAATGAATCACTCATTGACC‘ITCMGMTTG
SARSTOr2  ~--=-======c----=°" chchAAﬂTAAATGAATCACTCAwGAcmmGMﬂG
" BeoV cesmemmemroemoo CAATAAAAGTI‘TTAAATCAGAGCTACATCMTCTCAAGGACATT
BEV  meesemmemesssess crmmmmmmcmmcmcmmm‘rmmﬂ
MV erememmmememee- CAATTAAGAAGTTAAATGAGAGTTACATCMCCTCMGGACGTT
RtCoV  memeemmmcese--o- CAATTAAGAAT”ITAAATGAGAGTTACATCMCCTCAAGGAMTT

1BV mmmmmemmeeeeoo-s ﬁATAcAGGGTmAATGACTﬂCTMTAGACCTTGMCTT
»* * *

* W ] ' *
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AACAGAATTGAAACTTATGTAAAATGGCCTTGGTATGTTTGGCTACTAATTGGATTAGTA
AATAGAATTGAAACTTATGTAAAATGGCCTTGGTATGTGTGGCTACTGATAGGTTTAGTA
AATAGAATTGAAACCTATGTAAAATGGCCTTGGTATGTGTGGCTACTAATAGGCTTAGTA
AATAGAATTGAAACTTATGTAAAATGGCCTTGGTATGTGTGGCTACTAATAGGCTTAGTA
AACCGGGTTGAGACTTACATCAAGTGGCCGTGGTGGGTGTGGTTGTGCATTTCAGTCGTG
AAQCGAGTTGAGACATACATCAAGTGGCCGTGGTGGGTTTGGTTGATCATTGTT%ITGTT
GGAAAATATGAGCAATATATTAAATGGCCTTGGTATGTTTGGCTCGGCTTCA---TTCCT
GGAAAATATGAGCAATATATTAAATGGCCTTGGTATGTTTGGCTCGGCTTCA---TTGCT
GGTACATATGAGTATTATGTAAAATGGCCTTGGTRTGTATGGCTTTTAATTGGCTTTGCT
GGTACATATGAGTATTATGTGAAATGGCCTTGGTATGTATGGCTTTTAATTGGCCTTGCT
GGCACATATGAAATGTATGTGAAATGGCCTTGGTATGTGTGGTTGCTAATTGGATTAGCT
GGCACATATGAGATGTATGTGAAATGGCCTTGGTATGTTTGGCTCCTAATTGGATTAGCT
TCAATACTCAAAACTTATATTAAGTGGCCTTGGTATGTGTGGTTAGCCATAGCTTTTGCC
*

] L) e aeed Piee "R BER @ L 4

GTAATATTCTGCATACCCATATTGCTATTTTGTTGTTGTAGTACTGGTTGTTGTGGATGT
GTAGTATTTTGCATACCATTACTGCTATTTTGCTGTTTTAGCACAGGTTGTTGTGGATGC
GTAATATTTTGCATACCATTACTGCTATTTTGCTGTTGTAGTACAGGTTGCTGTGGATGC
GTAATATTTTGCATACCATTACTGCTATTTTGCTGTTGTAGTACAGGTTGCTGTGGATGC
CTCATCTTTGTGGTGAGTATGTTGCTATTATGTTGTTGTTCTACTGGTTGCTGTGGCTTC
CTCATCTTTGTTGTGTCATTACTAGTGTTCTGCTGCATTTCCACGGGTTGTTGTGGATGC
GGACTAATTGCCATCGTCATGGTTACAATCTTGCTTTGTTGCATGACTAGTTGTTGCAGT
GGACTAATTGCCATCGTCATGGTTACAATCTTGCTTTGTTGCATGACTAGTTGTTGCAGT

: GGTGTAGCTATGCTTGTTTTACTATTCTTCATATGCTGTTGTACAGGATGTGGGACTAGT

GGTGTAGCTATGCTTGTTTTACTATTCTTCATATGCTGCTGTACAGGATGTGGGACTAGT
GGTGTAGCTGTTTGTGTGTTGTTATTTTTCATATGTTGCTGCACGGGTTGTGGCTCATGT
GGTGTAGCTGTTTGTGTTTTGTTATTTTTTATATGTTGCTGCACAGGTTGTGGCTCTTGT
ACTATTATCTTCATCTTAATACTAGGATGGGTTTTCTTCATGACTGGTTGTTGTGGTTGT

* - L L] L] *

ATCGGGTGTTTAGGAAGCTGTTGTCATTCCATAT-GTAGTAGAGGCCA--—ATTTGAAAG
ATAGGTTGTTTAGGAAGTTGTTGTCACTCTATAT-GTAGTAGAAGACA---ATTTGAAAA
ATAGGTTGTTTAGGAAGTTGTTGTCACTCTATAT - GTAGTAGAAGACA- - - ATTTGAARA
ATAGGTTGTTTAGGAAGTTGTTGTCKCTCTATAT-TCAGTAGAAGACA---ATTTGAAAA
TTTAGTTGTTTTGCATCTTCTATTAGAGGTTGTT-GTGAATCAACTAA---ACTTCCTTA
TGCGGTubLlucubquxlbxx111;Auu11u11-GTAGGGGTCCTAG---ACTTCAACC
TGCCTCAAGGGTGCATGCTCTTGTGGTTCTTGCT-GCAAGTTTGATGA---GGATGACTC
TGCCTCAAGGGTGCAnanuJxuxhuxxux1uL1-GCAAGTTTGATGA---GGATGACTC
TGTTTTAAGAT---ATG---TGGTGGTTGTTGTG-ATGATTATACTGG---ACACCAGG-
TGTTTTAAGAA---ATG---TGGCGGTTGTTGTG-ATGATTATACTGG---ACACCAGG-
TGTTTCAAGAA---GTG-—-TGGAAATTGTTGTG-ATGAGTGTGGAGG---ACACCAGGA
TGTTTTAAGAA---ATG---TGGAAATTGTTGTG-ATGAGTATGGAGG---ACGTCAGGC
TGTTGTGGATGC-TTTGGCATTATGCCTCTAATGAGTAAGTGTGGTAAGAAATCTTCTTA

L

TTATGAACCTATTGRARARGTTCATGTTCACTGA- - - -~ =~ ===--==-=====--=-°=="
TTATGAACCAATTGAAAARGTGCATGTCCACTAA- - =< - = - === om == == -=-==oc=<
TTACGAACCAATTGARAAAGTGCACGTCCATTAR-~ -+ - -~ == -<--~-==-====--s2o"
TTATGAACCTATTGAAAAAGTGCACGTCCATTAR - -~ - - == ===ec=rr=o==s==o=o"
TTACGACG- - - TTGAARAGATCCACATACAGTAA- -~ - -=s--=-------==-=--====s
TTACGAAGCTTTTGARAAGGTCCACGTGCAGTGA= === === - ----==-====-=-===="
TGAGCCAGTTCTCAAGGGTGTCARATTACATTACACATAA- - -- - === ==-s========="
TGAGCCAGTTCTCAAGGGTGTCAAATTACATTACACATAA =~ - - - == === ==-===--="
-RGT-TAGTAAT-TRAAR----- CATCACATGACGACTAA- - -=r=n=--=om-s=n==
-RGT-TTGTAAT-CARAA---- - CTTCACATGACGATTAA- - ~-=--=-==-==-=--<-====--
CAGTATTGTGATACATARTATTTCCTCTCATGAGGATTGA- -~ ~-s======-====="""
AGGTATTGTGATACATAATATTTCCTCTCATGRGGATTGA » -~ -===-=~=="""""~
TTACACGACTTTTGATAACGATGTGGTAACTGAACAATACAGACCTAAAAAGTCTGTTTG

* L
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Figure 2:  Phylogenetic Analysis of S Gene
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Fiqure3: Molecular Designs for SARS-Associated S Gene LK249
(Molecular Beacon) LK250 (Amplicon) and LK251 & LK252 (PCR Primers)

NOTE:  LK249 is a TET-molecular beacon, which recognizes the S gene of coronavirus
' (SARS Tor?2 and SARS urbani buman pathogenic strains). It will be used in a real-
time PCR diagnostic for the identification of SARS-associated coronavirus

RNA/DNA.
Beacon LK249
|pabey 19 C-EEN
4 c
¢ c
T A
d 4
c d
§* - CTCTATGTTTATRAGGGCTATCARCCTATAGA syisET T i mmcnmmccmm'rrmmccrmc-
ar :
Amplicon LR250
LK249
A. Target recognition sequence: 24 nucleotides (11 G/C)
B. Length of the arms: 6 nucleotides (5 GIC)
C. Melting temperature of the beacon: dG = -2.37 dH=-463 dS=-1359 Tm=67.7°C
D. Melting temperature of target: °C

LK251 5-CTCTATGTTTATAAGGGCT ATCAACC-¥’

Length: 26 nucleotides (10 G/C)
Tm: °C
Position: (see alignment below)

LK252 5 -CCAAGAGGCAACTTAAAAATAGGTTTC-¥

Length: 27 nucleotides (10 G/C)
Tm: °C
Position: (see alignment below)

S-RT 5-AGGCTGTAAGAA-3
Length: 14 nucleotides (6 G/C)

Im: 47°C
Position: {see alignment below)
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LK250 Amplicon (95 nucleotides)

§’-CTCT ATGTTTATAAGGGCTATCAACCTATAGATGTAGTTCGTGATCTA
" CCTTCTGGTTTTAACACTTTGAAACCTATTTTTAAGTTGCCTCTTGG -¥

Cecov
Fcov
TGE
PRCoV
HCoVOC43
PEDV
_SARSUrba
SARSTor2
Bcov
HEV
MHV
RtCoV
IBV

Ccov
FcoV
TGE
PRCoV
HCoVOC43
PEDV
SARSUrba
SARSTOr2
BcoVv
HEV

MHV
RtCoV
1BV

CcoV
Fcov
TGE
PRCoV
HCoVOC43
PEDV
SARSUrba
SARSTor2
Beov
HEV

MHV
RtCoV
IBV

CcoVv
Fcov
TGE

DNA sequence alignment of complete
S genes from coroma virus strains

ATGATTGTGCTTACATTGTGCCTTTTCTTGTT---TTTGTACAGTAGTGTGAGCTGTACA
ATGATTGTGCTCGTAACTTGCCTCTTGTTGTTATGTTCATACCACACAGTTTTGAGTACA
ATGAAAAAACTATTTGTGGTTTTGGTCGTAATGCCATTGATTTATGGAGACAATTTTCCT

............................................................
............................................................
............................................................
------------------------------------------------------------
............................................................
............................................................
.........................................
cecesmessecemsrmeerese—cebemmemeracsceresemsss-bom oS soSRSTETT
............................................................

feemrmemeem-mmmeseamemmsemsemesessscsrescCsessoSsearSSESTTTTT

TCAAACAATGACTGTGTACAAGTTAATGTGACACAACTGCCTGGCAATGAAAATATTATC
ACAAATAATGAATGCATACAAGTTAACGTAACACAATTGGCTGGCAATGAAAACCTTATC
TGTTCTAAATTGACTAATAGAACTATAGGCAACCAGTGGAATCTCATTGAAACCTTCCTT

AAAGATTTTCTATTTCAGAACTTTAAAGAAGAAGGAAGTTTAGTTGTTGGTGGTTATTAC
AGAGATTTTCTGTTTAGTAACTTTAAAGAAGAAGGAAGTGTAGTTGTTGGTGGTTATTAC
CTAAACTATAGTAGTAGGTTACCACCTAATTCAGATGTGGTGTTAGGTGATT%TTTTCCT

ACCAGTACTTCCAACACTCAGCCTACCACAAGATGTCACTAGGTGCCAGTCTACTACTAA
ATTTTCTTATTATTTCTTACTCTCACTAGTGGTAGTGACCTTGACCGGTGCACCACTTTT
ATTTTCTTATTATTTCTTACTCTCACTAGTGGTAGTGACCTTGACCGGTGCACCACTTTT
TTAATTTCCTTACCAATGGCTTTTGCTGTTATAGGAGATTTAAAGTGTAC?%CGGTTTCC
TTAATCTCCCTGCCTTCTGCTTTTGCAGTTATAGGGGATTTAAAGTGTACTACTTCATTA
TTAACCTTGTTGCCCTCTTCTCTAGGGTATATTGGTGATTTTAGATGTATCCAACTTGTA
TTAACCCTATTGCCCTCTTGTCTAGGGTATATTGGTGATTTTAGATGTATCAACCTTGTA

e ecees-me-mmmmeesesessessemeesssmse--seo---scsTesmamSmeRTSTTTT

CCCACAGAGGTGTGGTATAACTGTTCCACAACTCAACAAACTACCGCTTATAAGTATTTT
CCTACAGAGGTGTGGTACAACTGCTCTAGAACAGCTCGAACTACTGCCTTTCAGTATTTT
ACTGTACAACCTTGGTTTAATTGCATTCGCAATGATAGTAATGACCTTTATGTTACACTG

US 2006/0003340 A1
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CcoVv
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............................................................

CTTTAGGCGGTTCTTTTCAA--AATTTAATGTTCAGGCACCTGCCGTCGTCGTTTTGGGT
GA-=----====-""~ TGATGTTCAAGCTCCTA-—ATTACACTC&ACATACTTCAT----CT
GA---====~ ----TGATGTTCAAGCTCCTA--ATTACACTCAACATACTTCAT----CT
ATTAATGATGT---TGACACCGGTGCTCCCTCTATTAGCACTGATATTGTCGATGTTACT
ATTAATGACGT---TGACACTGGTGTGCCATCTATTAGCTCTGAAGTTGTTGATGTCACT
AATACCGACACCTCTAATGCCAGCGCTCCAAGCGTTAGTACAGAGGTAGTTGATGTTTCC
AACACCCGCATTTCTAATGCGCGCGCACCCAGTGTTAGCACAGAGGTAGTTGATGTTTCT

AGTAATATACATGCATTTTATTTTGATATGGAAGCCATGGAGAATAGTACTGGCAATGCA
AATAATATACATGCCTTTTATTTTGTTATGGAAGCCATGGAAAATAGCACTGGTAATGCA
GAAAATCTTAAAGCATTGTATTGGGATT---ATGCTACAGAAAATATCACTTGGAAT---

............................................................

GGTTACCTACCTAGTATGAACTCTTCTAGCTGGTACTGTGGCACAGGCATTGAAACTGCT
ATGAG---GGGGGTTTACTATCCT--—GATGAAATT--TTTAGATCAGACACTCTT----
ATGAG-~-GGGGGTTTACTATCCT---GATGAAATT--TTTAGATCAGACACTCTT----
AATGGTTTAGGTACTTATTATGTTTTAGATCGTGTGTATTTAAATACTACGTTGTTG---
AATGGTTTGGGGACTTTCTATGTTTTAGATCGTGTCTATTTAAATACCACATTGTTG--1
AAAGGGATTGGTACTTATTATGTTTTAGATCGAGTCTATTTAAATGCCACACTATTG---
AAAGGTCTTGGTACATATTACGTTTTAGATCGTGTTTATTTAAATGCCACGTTATTG---

............................................................

............................................................

AGTGGCGTTCATGGTATTTTTCTCAGCTACATCGATTCTGGTCAGGG GA- -TTG
----- TATTTA--ACTCAGGATTTATTTCTTC-CATTTTATTCTAATGTTACAGG--GTT
----- TATTTA--ACTCAGGATTTATTTCTTC-CATTTTATTCTAATGTTACAGG--GTT
CTTAATGGTTACTACCCTACTTCAGGTTCTACATATCGTAATATGGCACTGAA --GAR
CTCAATGGTTATTACCCAATTTCAGGTGCTACATTTCGTAATATGGCTCTGAAAG--GAA
CTTACTGGTTATTACCCTGTAGATGGGTCCATGTATAGAAACATGGCTCTAACGG--GAA
CTTACTGGTTACTACCCTGTAGATGGGTCCATGTATCGTAACATGGCTCTAATGG--GTA

............................................................

TCAGCTTATAGAGATGATGTGCAATTTAGGCCGCTTTTAAAGCATGGTTTATTGTGTATA
'TCGGCTTATAGGGATGATGTGCAACAAAGGCCCCTTTTAAAACATGGGTTAGTGTGCATA
ACAACCCGCAATTTTAAT-TCTGCTGAAGGTGCTATTATATGCATTTGTAAGGGCTCACC

............................................................

GCATTTCGCAAGAGCCGT-TTGATCCTAGTGGTTACCAGCTTTATTTACATAAGGCCACT
TCATACTATTAATCATAC---1GTTTGG--CAACCCTGTCAT-ACCTTTTAAGGATGGTA
TCATACTATTAATCATAC----GTTTGG—-CAACCCTGTCAT-ACCTTTTAAGGAJGGTA
CTTTACTATTGAGCAGACTATGGTTTAAACCACCTTTTCTTTCTGATTTTATTAATGGTA
CTCGATTATTGAGCACCTTGTGGTTTAAGCCGCCTTTTTTATCACCTTTTAATGATGGTA
TTAATACCATAAGCCTTAATTGGTACAAACCACCCTTTTTATCAGAGTTTAATGATGGCA
CTAATACCTTAAGCCTTAATTGGTTTGAACCGCCCTTTTTATCAGAGTTTAACGATGGCA

ACTAAAAATGACACCGTTGACTATAATAGCTTTACAATTAACCAATGGCGAGACATATGT
ACTAAAAATCGCCATATTAACTATGAACAATTCACCTCCAACCAGTGGAATTCCACATGT
ACCTACTACCACCACAGAATCTA-<~~~ GTTTGACTTGCAATTGGGGTAGTGAGTGCAGE

AATGGTAACACTAATGCTATTGCACGACTGCGCATTTGCCAGTTTCCCGATAATAAAACA

US 2006/0003340 A1
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SARSUrba TTTA- TTTTGCTGCCACAGAGAMTCMATGTTGTCCGTGGNGGGTNTIGGTTCTACC
SARSTor2 TTTA- T'I‘I"I‘GCTGCCACAGAGAAATCMATGTTGTCCGTGGTTGGGTTTTTGGTTCTACC
Bcov TTT~"=~ 'I'erCTAAGGTCAAAAATACCAAGGTTATTAAAAAGGG'IGTAATGTATAGTGAG
HEV TTT---~ T‘I‘GCCAAGGTTMAAACAGCAGATT’ITCTAAAGATGGTGTTATTTATAG'I‘GAG
MHV - TAT--- - TTGCTAAGGTAAAGAACCTTARAGCATCTTTGCCCARAGATTCTATTTCATAT
RtCoV TAT---~ ATGCTAAGGTAAAGAACCTCAMGCATCTTTGCCCATAGGCTCGGCTTCATAC
1BV e essmmmesemmeeseseessesmmcemso—cccesemm-—-ec-sesessoan-soss
Ccov TTGGGTGACGACAGAAAAATACCATTCTCTGTAGTACCCACAGATAATGGTACGAMTTA
FcoVv ACGGGTGCTGACAGAAAAATTCC’I“I'ICTCTGTCATACCCACGGACAATGGAACMAAATC
TGE TTAAACCATAAG’ITCCCTATATGTCCTTCTAATTCAGAGGCMATTGTGGTMTANC’I‘G
PRCOV =~ -eeemme-s feececennes eeerememmmmmeccccessmmnmasscssss R
HCoVOC43 feerme-cmescccsemmanana mcedsecsemnomoosesen s oo sss o m e
PEDV TTGGGCCCTACTGTTA’ATGATGTTACAACAGGTCGTMCTGCCTA’ITCAACAAAGCCATT
SARSUrba ATGAACAACA - AGTCACAGTCGGTGATTA- - TTATTAACARTTCTACTAATGTTGTTATA
SARSTor2 ATGAACARCA- AGTCACAGTCGGTGATTA- - TTATTAACAATTCTACTAARTGTTGTTATA
BcoV TTTCCTGCTATAACTATAGGTAGTACTT- - - TTGTARATACATCCTATAGTGTGGTAGTA
HEV TTTCCTGCTATTACTATAGGTAGTACTT-- - TTGTAAATACTTCCTATRAGCATAGTAGTA
MHV TTCCCTACTATAATTATAGGTAGTAATT - - - TTGTCACCACTTCCTATACTGTAGTATTG
RtCoV TTTCCTACTATAATTATAGGTAGTAATT - - - TTGTTAATACTTCCTATACTGTRGTATTG
JBY 232 eetesmascscecsesssmsmesssssess-o-o-cossssooo-cocoscssosmomoonSons
CcoV TTTGGTCTTGAGTGGAATGATGAC*ATGTTACAGCCTATATTAGTGATGAGTCTCACCGT
Fcov TATGGTC’I“I‘GAGTGGAATGATGACT’I}TGTTACAGCT‘I‘ATATTAGTGGTCG'I’I‘C'I"I‘ATCAC
TGE TATGGCCTACAATGGTTTGCAGATGAGGTTGTTGCTTATTTACATGGTGCTAGTTACCGT
PRCOV 3 =-==--eemsmesececmesccsmcesccrosascccesmoomemosmssmsomssoonmos
HCOVOC43  =ceceseimmemommmcccccosmesmmemmceccocstomoomooo-osomenamnces
PEDV CCAGCTTATATGCGTGATGGAAAAGATATTGTTGTCGGCATAACATGGGATAATGATCGT
SARSUrba CGAGCATGTA~~---m~=-~=== ACTTTGAAT -~ ~-~~ TGTGTGACAACCCTTTCTTTGC
SARSTor2 CGRAGCATGTA---~-->v==v-~ ACTTTGAAT-----~-- TGTGTGACAACCCTTTCTTTGC
BcoV CAACCACATACTACCAATTTGGATAATAAATTACAAGGTCTCTTAGAGATCTCTGTTTGC
HEV GAGCCTCATACCTCACTTATTAATGGTAATTTACAAGGTTTGTTGCAAATTTCTGTTTGT
MHV GARCCGTATA------~ ~=+++ATGGTAr=--~"-~"- TAATTAT- GGCATCCATTTGC
RtCoV : GAACCATACA----------=~- ATGETA--~=+==>==~~ TTATTAT-GGCATCTATTTGC
JBY 2 emeeec----ss=ssemcescessmmmasroccsce-ecocooo-sooSSoooomasERnnT
CcoV TTGAATATCAATAATAATTGGTTTAACAATGTTACACTC--CTATACTCACGTACAAGCA
Fcov TTGAACATCAATACTAATTGGTTTRACAATGTCACACTT--TTGTATTCACGCTCAAGCA
TGE ‘ATTAGTTTTGAARATCAATGGTCTGGCACTGT CACATTTGCTGATATGCGTGCGACAACA
PRCGV =~ ==s——eccc-mece-smss-cscceessmsscacotsomsssooomoosmmmSnmSoTEnS
HCOVOC43  emceceemecmessccesreccsssremmcmsccecosessemmo--so--mo-=nocss
‘PEDV GTCACTGTTTTTGCTGACARGATCTATCATTTTTATCTT -~ AAAAATGATTGGTCCCGCG
SARSUrba TGTTTCTAAACCCATGGGTACACAGACACATACTATGAT - - - -ATTCGA== -~ TARTGCA
SARSTor?2 TGTTTCTAAACCCATGGGTACACAGACACATACTATGAT - - - -ATTCGA- - - -TAATGCA
BcoV CAGTATACTATGTGCGAGTACCCACATACGATTTGTCATCCTARGCTGGG- - ~TAATARAA
HEV CAATACACTATGTGTGAATACCCACATACTATTTGTCATCCTAATTTGGG---TAATCAA
MHV CAGTATACCATTTGTCAACTACCGTACACGGATTGCAAACCGAATACGGGCGGTAATAAG
RtCoV ’ CAGTATACCATTTGTCAATTACCGCACACGGATTGCMACCTAACACGGGCGGTAACACG
JBV 0 ceeemeececmmenmme mecesmmtmamesesreeemeemessm-ecescemanoSsos
CcoV © CCGCCACGTGGCARCACA-GTGCTGCATATGTTTA- - - TCAAGGTGTTTCAARTTTTACT
Feov CTGCTACCTGGGARTACA -GTGCTGCATATGCTTA- - -CCARGGTGTTTCTARCTTCACT
TGE TTAGAAGTCGCTGGCACGCTTGTAGACCTTTGGTGGTTTAATCCTGT’I‘I‘ATGATGTCAGT
PRCOV @ -s-cctmmsecccooceo-o- ATGAAARAATTATTTG- - - TGGTCTTGGTTGTAATGCCATT
HCOVOC43 = ---cecscecccmeocconmennnro- ATGTT- TGTT-TTGCTTGTTGC- - ATATGCCTTGT
PEDV TTGCGACAAGATGTTACAATCGCAGAAGTTGTGCT-A’]‘GCAATATGT'I‘TATACACCTACC
SARSUrba TTTAATTGCACTTTCGAGTACATATCTGATGCCT’I‘TTCGCTTGATG'I‘TTCAGM ----- A
SARSTor?2 TTTAATTGCACTTTCGAGTACATATCTGATGCCTTTTCGCTTGATGTTTCAGAA ----- A

BcoVv CG-CGTAGAACTATGGCATTGGGATACAGGTGTTGTTTCCTGTTTATATAAGCG ----- T
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HEV cs-CATAGAATTATGGcmmmzxcncmmemmmcmmncmscs ----- T
MHV TT-AATTGGCTTTTGGCACACAGAGCTAAAATCCCCTGTGTGCATTTTAAAGCG ----- T
RtCoV CT-AATTGGTTTTTGGCACACAGATTTAAGGCCTCCGGTGTGCATTTTAAAGCG ----- T
1BV @ mmeememeeess ATGTTGGTAACACCTCTTTTACTAGTGACTCTTTTGTGTGCACTAJGT

N *
CcoV TATTACAAGTTAAATAAAACCGCTGGCTTAAAAAGCTATGAATTGTGTGAAGATTATG-A-
FcoV TATTACMGTTAAATMCACCAATGGTCTAAAAACCTATGAMTATGTGMGA‘I‘TATG-A
TGE TATTATAGGGTTAATAATAAAAATGGT- - -~ =~ ACTACCGTAGTTTCCAATTGCACTG-A
PRCOV GATTTATGGA- ===~ GACARGTTTCCT------ ACTTCCGTAGTTTCCAATTGCACTG-A
HCoVOC43 TGCATATTGCTGGTTGTCAA-ACTACAAATGGGCTGAACACTAGTTACT--CTGTTTGCA
FEDV TACTACATGCTTAATGTTACTAGTGCAGGTGAGGATGGCATTTATTATGAACCCTGTACA
SARSUrba AGT----CAGGTAATTTTAAAC---ACTTACGAGAGTTTGTGTTTAAAAATAAAGASGGG
SARSTOr2 AGT----CAGGTAATTTTAAAC---ACTTACGAGAGTTTGTGTTTAAAAATAAAGATGGG
BcoV AATTTCACATATGATGTGAATGCTGATTACTTGTATTTCCATTTTTATCAAGAAGGTGGT
HEV AATTTCACATATGATGTGAATGCTGATTATTTATATTTTCACTTTTATCAGGAAGGTGGC
MHV AATTTTACGTTTAATGTTAATGCCGAATGGCTTTATTTTCATTTTTACCAGCAGGGTGGT
RtCoV AATTTTACGTTTAATGTTAATGCCGAATGGCTTTATTTTCATTTTTACCAGCAGGGTGGT
1BV AGTGCTGTTTTGTATGACAGTAGTTCTTACGTTTACTACTACCAAAGTGCCTTCAGACCA

’r .

CcoV AT--ACTGCACTGGCTATGCAACCAATGTGTTTGCTCCGACATCAGGT
FcoV AC--ATTGCACTGGCTATGCTACCAATGTATTTGCTCCGACATCA
TGE TC--AATGTGCTAGTTATGTGGCTAATGTTTTTACTACACAGCCA
PRCOV TC-—AATGTGCTAGTTATGTGGCTAATGTTTTTACTATACTACCA
HCOVOC43 - AC-GGCTGTGTTGGTTATTCAGAAAATGTATTTGCTGTTGAGAGT TGRS
PEDV GC’I‘AATTGCACTGG'I'I‘ACGCTGCCAATGTATTTGCCACTGA’I'I‘CCAAT jccp
SARSUzrba TTTCTCTATG-~=~~ TTTATAAGGGCTAT---===-~ canceTATARA TG
SARSTox2 TTTCTCTATG----~ TTTATAAGGGCTAT--==---" canccrnwii:
Bcov ACT‘I“I"I‘TATGCATATTTI‘ACAGACACTGG'I‘GT'I‘GTTACTAAG’I"I"I‘CTGTT

HEV ACTTTTTATGCATACTTT, ACAGATACTGGT'I'I’TGTGACCMG’I'I"I‘CTGTT

MHV ACTTTTTATGCGTATI‘ATGCGGATG’I“TTCT TCTGCTACTACGTTTTTGTT

RtCoV ACTT 'I'TTATGCGTATTATGCAGATGTTTCTTCT GCCACTACGTTTTTGTT

IBV CCTAGTGG']‘TGGCAT‘I‘TACAAGGGGGTGCT TATGCGGTAG'I’TAACATTTC
* *

LK2§1 5’ -CTCTATG----- TTTATAAGGGCTAT ===~~~ CAACC-3° LK249 BEACON
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

CecoV GREGGAN - TAACAATTGG'I'I‘TATGCTTACAMCAGCT CCACTTTTGTTAGTGGC

FcoV GAJGGREN TAACAAT‘I'GG'I'I'CT’I‘GC’ITACAAATAGTTCCAC’I‘I"I'T GTTAGTGGC

TGE A TAATARTTGGTTCCTT CTAACTARTAGCT CCACGTTGGTTAGTGGT

PRCoV GAT -:TAATAATTGGTTCCTCCTAACTAATAGCTCCACGTTGGTTAATGGT
HCoVOC43 nER A7 CAATAATTGGTTCCTTCTAACTAATACCTCATCTGTTGTAGATGGT
PEDV TR ffTAATAATTGGTTTCTTTTATcCAATGACTCCACTTTGTTGCATGGT
SARSUrba P T L LA CT-TTGAAACCTATTTTTAAGTTGCCTCTTe ---------
SARSTor?2 T2 Y CT-TTGAAACCTATTTTTAAGTTGCCTCTT ----------
BeoV A PCRTTC. TTATTATGTCCTGCCTTTGACTTGTTCT-----—-4----
HEV : ACRGTC TTATTATGTTATGCCATTGACTTGTAAT ------------
MHV A TRAAC TATTTTGTGTTGCCTTATATGTGTACTCTCACTACAACA
RtCoV EBAAC GTATTTTGTGTTGCCTTATATGTGTAGTCCCACTACCTCA
1BV TGCAGK “CTTCATCAGGGTGTACTGTTGGTATTATTCATGGTGGTCGTGTTGTT
w -

2¢ - CTTTGGATARAAATTCARCGGAGAR- === ==~~~

. <<<<<<<<<<<<<<<<(((((‘<<<<<(<<<<<<((<<

CcoVv AGATTTGTAACAAATCAACCGCTGCTAGT--TAATTGCTTGTGGCCAGTGC--CCAGTTT
FcoV AGGTTTGTAACAAATCAACCATTATTGAT--TAATTGCTTGTGGCCAGTGC--CCAGTTT
TGE AAATTAGTTACCAAACAGCCGTTATTAGT-—TAATTGCTTATGGCCAGTCC~-CTAGCTT
PRCoV AAATTAGTTACCAAACAGCCTCTATTAGT--TAATTGCTTATGGCCAGTCC--CTAGCTT
HCoVOC43 GTTGTGAGGAGTTTTCAGCCTTTGTTGCT--TAATTGCTTATGGTCTGTTT--CT--GGC
PEDV AAAGTGGTTTCCAACCAACCCTTGTTGGT--CAATTGTCTTTTGGCCATTC--CTAAGAT
SARSUrba GGTATTAACATTACAAATTTTAGAGCCATTCTTACAGCCTTTTCACC—TGC--TCAAGAC
SARSTor2 GGTATTAACATTACAAATTTTAGAGCCATTCTTACAGCCTTTTCACC-TGC--TCAAGAC

BcoV AGTGCT ATGACTTTAGMT)\TTGGGTTACAC CTCTCACTTCTARACAATAT- - TTACTAG
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HEV AGCGC‘I‘TTATCT'I‘TAGAATACTGGGﬂACACCTC‘I‘CACTACTAGACM --CTTCTAG
MRV cc'rc'rcrmcnccscmmrmsmncnccrmcrmsccccmmr- -TTATTTA
RtCoV GGTGTTTCCTCACCGCAGTATTGGGTTACRCCACTTGTTARGCGCCARTAT - - TTATTTA
1BV AATGCT’I‘CT'I‘CTATAGCTATGACGGCACCGTCATCAGGTM‘GGC’I‘TGGTCTAGCAGTCAG
. *
cc-5' LX252 3 -GTAAGARTGTCGGA-5' S-RT
«cxc< <A< <€c<
" CeoV TGGCGTCGCAGCACAAGAATT--'I“l‘GmTGAAGGTGCTCAGTI'TAGCCAATGTAACGGT
FcoV TGGTGTAGCAGCACAAGAATT- - TTGTTTTGAAGGTGCACAGTTTAGCCAATGTAATEGT
.TGE : TGAAGAAGCAGCTTCTACATT--TTGTTTTGAGGGTGCTGGCTTTGATCAATGTMTGGT
PRCOV TGAAGARGTAGCTTCTACATT- - TTGTTTTGAAGGTGCTGACTTTGATCAATGTAATGGT
HCoVOC43 TTGCGGTTTACTACTGGT’I‘TTGTC‘I‘A’I‘TTTAATGGTAC’IGGGAGAGGTGATTGTAAAGGT
PEDV 'I“TA‘I‘GGACTAG-GCCAAT‘I‘TT-TCTCATTCAATCACACGA'I‘GGA’IGGCGI"I'TGTAA‘I‘GGA
SARSUrba AT‘I‘TGGGGCAC-GTCAGC--TGCAGCCTATTTTGTTGGCTA’I'I‘TAAAGCCAACTACMTT
SARSTor2 Amssc;ccnc-s'rcmc--Tecnccc'ra'rn'rsnsccmmmcccmcnmm
BeoV CT‘I‘TCAATCAA-GATGGTG'I"I‘ATTTTTAATGC‘FGTTGATTGTAAGAGTGATH"I‘ATGAGT
HEV CC’I'I‘TGACCAG-GATGGTGTTTTA‘I‘ACCA'I‘GCTGTTGA‘I'I‘GTGCTAGTGA‘I'NTATGAGT
MHV A']"I"I“I‘AATCAA-AAGGGTATTATTAC’I‘AGTGCTGTTGAT'I‘GTGCTAGTAGTTATACCAGC
RtCoV ATTTTARCCRA~ AAGGGTATTATTACTAGCGCTGTTGATTGTGCTAGTAGTTATACCAGT
1BV 'I"I"I‘TGTACTGCACACTGTAATTTTTCAGATACTACAGTG'I"I"I’GTTACACATTGT‘I‘ATAAA
* L4
CcoV GTTTC'I'I'I'AAATAATACAGTAGATGTTATTAGA'I'I‘PAACC’I‘TAAT’H‘CACTACAGATGTA
FcoV « GTGTC’I"I’,'I‘AAATAACACAGTGGATGTTATTAGA'I'TCAACC‘ITM‘I'ITCAC‘I‘GCAGATGTA
TGE Gc-rcm'rm'rmmcrcmchccrrcwrmccrrmcmmmmmcmmcm
PRCOV GCTG'I'I"I'TAAATAACA(.‘PGTAGACGTCATTAGGTTI‘AACC'I"I‘AAT’ITTACTACAMTGTA
HCoVOC43 T TTCCTCAGATGTTTTGTCTGATGTCATACGTTACAACCTCARTTTTGAR - - == =~ GAA
PEDV ° GCTGC‘I‘GTGGATCGTGCCCCAGAGGCTCTGAGGT’I‘TAATA’I‘I‘AATGACACCTC— --CGTC
SARSUrba ATGCTCAAGTATGATGAARATGGTACARTCACAGATGCTGTTGATTGT - - = ===~ =~~~ T
SARSTor2 ATGCTCAAGTATGATGAAAATGGTACAATCACAGATGCTGT‘I‘GATTGT ----------- T
BeoV GAGA'TTAAGTGTAAAACACTATCTATAGCACCATCTAC’I‘GGTGTTTATGAATTAAACGGT
HEV GAGATTATGTGTAAAACTTCTPCAA‘I‘TACACCACCTACTGGTGTTTATGAAC‘I‘AAACGGT
MHV GAAATAAAGTGTAAGACCCAAAGTATGAATCCCAATACGGGAGTTTATGA’I"I'I‘ATCCGGT
RECoV GAAATAAAGTGTAAGACTCAAAGTATGAATCCCAA’I_‘ACGGGAGTCTATGA’ITI‘ATCCGGT
1BV CATGGTGGGTETCCTTTARCTGGCATGCTTCARCAGARTCTTATACET - = = == == = - GIT
-
CeoV CAA']‘C'I‘GGCATGGGTGCTACAGTA'I'I’TTCACTGMTACAACAGGCGGTGTCAﬂ’CTTGAG
FcoV CAATC‘I‘GGTATGGGTGCTACAGTA'I‘I'I‘TCACTGAATACAACAGGTGGTGTCATMTGM
TGE c:wrCAGGTAAGGGTGCCACAGTGTTTTCATTGAACACAACGGG'rscm-rcwrcnm
PRCOV CAA'I‘CAGGTAAGGGTGCTACAGTGTTTTCA'I‘TGAACACAACGGGTGG’I‘G’PCACTC‘I‘TGAA
HCoVOC43 AACCTTAGACGTGGAACCATTTTGTTT-- -~~~ ARRACATCTTATGGTGTTGTTGTIGTTT
PEDV ATTCTTGCTGAAGGCTCAATTGTACTT--- <=~ CATACTGCTTTAGGAACAAATCITTCT
SARSUrba CTCARAATCCA- CTTGCTGAACTCAAATGCT - - - CTGTTAAGRGCTT - - - TGRGATTGAC
SARSTor2 CTCAARATCCA- CTTGCTGAACTCAAATGCT- - - CTGTTAAGAGCTT - - - TGAGATTGAC
BcoV : TACACTGTTCAGCCAA'I"I‘GCAGATGTTTACCGACGTATACCTAATCTTCCCGA’I‘TGTAAT
HEV TACACAGT‘I‘CAACCTGTTGCCACTGTATATCGTAGAATACCTGA'I‘TI'ACCCAA‘I‘TGCGAT
MHV TACACCGTCCAACCTGTAGGATTAGTGTACCGGCGTGTTAGAAA'I"I’TGCCTGA’I"I‘GTAAA
ReCoV : TACACCGTCCAACCTGTAGGACTAGTGTACCGGCGTG‘I'I‘AGAAA'I"I‘TGCCTGATTGTAM
1BV TC‘I‘GCTATGAAAMTGGCCAGC’ITTTCTA’I‘AAT'I‘TAACAGTTAGTGTAGCTA:AGTACCCT
CcoV ATTTCTTGTTATAARTGACACAGTGAGTGAGTCGAGT - TTCTACAGTTATGGTGAARTTCC
FcoV ATTTCATGTTATAGTGACACAGTGAGTGRGTCTAGT - TCTTACAGTTATGGTGRRATCCC
TGE ATTTCATGTTATA------ CAGTGAGTGACTCGAGC - TTTTTCAGTTACGGTGAAATTCC
PRCOV ATCTCATGTTATAARTGATACAGTGAGTGATTCGAGC -TTTTCCAGTTACGGTGRAATTCC
HCoVOC43 TATTGTACCAACAACACTTTAGTTTC- - ==~ AGGTGATGCTCACATACCATTTGGTACA
PEDV T'I'I‘GTT'I‘GCAGTAATTCCTCAGATCCTCATTTAGCCA'I'CT‘I‘TGCCATACCTCTGGGTGCT
SARSUrba ARAGGARTTTACCAGACCTCTARTTTCAGGGTTGTTCC - CTCAGGAGATGTTGTGAGATT
_ SARSTor2 ARAGGAATTTACCAGACCTCTAATTTCAGGGTTGTTCC- CTCAGGAGATGTTGTGAGATT
Bcov ATAGAGGCTTGGCTTAATGATAAGTCGGTGCCCTCTCCATTAAATTGGGAACGTMGACC

HEV ATCGAAGCTTGGCTTM’ITCTAAGACCGT'I'I‘CI‘T CGCCTCTTARTTGGGRACGTARRATT
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MHV ATTGAGGAATGGCTMCTGCTAAGTCTGTACCTTCTCCTCTCMTTGGGAGCGCAMACA
ReCoV A’I"I‘GAGGAATGGTTGGCTGCTMCACAGTACCCTCTCCTCTCAA’I‘TGGGAGCGCAAMCA
IBV AC‘ITT"TAGATCATTTCAGTGTG‘!‘TAATAAT’I‘TAACATCCGTATATTTAMTGGTGATC‘IT
CcoV A'I‘TCGGCGTAACTGATG-GACCACGTTACTG‘I‘TATGTACTCT-ACMTGGCACAGC‘I‘C'I‘T
FeoV GnCGGcATAACTGACG-GACCACGATACTGT‘IATGTAC‘HT-ACAATGGCACAGC'rm
TGE GTTCGGCGTAAC'I‘GATG-GACCACGGTACTGT‘I‘ACGTACACT-ATAM’GGCACAGCTC‘I‘T
PRCOV G'I'I‘CGGCGTAACTAATG-GACCACGGTACTGTTACGTACTC‘I‘-ATAA'I‘GGCACAGCTC’I‘!‘
HCoVOC43 GTTTTGGGCAATTTTT- - - ATTGCTTTGTARATACTACTATTGGCAATGAARCTACGTCT
PEDV ACTGAAGTACCCTACT- - - ATTGCTTTCTTAARGTGGATACTTACAACTCCACTGTTTAT
SARSUrba CCCTAARTATTACAR-=-~ - ACTTGTGTCCTTTTGGAGAGGTTTTTARTGCTACTARATTC
SARSTOr2 CCCTAATATTACAA----- ACTTGTGTCCTTTTGGAGAGGTTTTTAATGCTACTAAATTC
BecoV 'I"I"I"I‘CAAA‘I‘I‘GTAA’I"I"I‘TAATATGAGCAGCCTGATGTC‘J‘T’I‘TA’I'I‘CAGGCAGAC‘TCA’I‘I‘I‘
HEV TT‘ITCTAA'I‘I‘GTAAT‘I‘T’I‘AACATGGGCAGGCTGATGTCTI‘TTA'ITCAGGCTGACTCTTIT
MHV TT'I‘CAAAAT'I‘GTAACTTCGACCTGAGCAGTCTATTAAGATT'I‘G'I“I‘CAGGC.‘I‘GAGTCACTC
RtCoV TTTCAAAATTGTAAC‘I'I‘CAACCTGAGCAGTCTATTMGATTTG’I'ICAGGCTGAGTCACTC
1BV GTTTACACC‘rCTMTGAGACCA‘I‘AGATGTTACATCTGCAGGTGT‘I‘TA‘I‘TTTAAAGCTGGT
N . L ] -
CcoV AAGTATT-TAGGAACATTACCACCTAGTGTCAAGGAAAHGC‘I‘A’!'I’AGTAAGTGG -----
FcoV AAATATT- TAGGMCATTACCACCCAGTGTAAAGGAAATTGCTATTAGTAAGTGG- .en-
TGE Mc-m'r:r—TAGGAACATTACCACCTAGTGTCAAGGAGATTGCTMTAGTAAGTGG -----
PRCOV ARGTATC- TAGGAACATTACCACCTAGTGTCAAGGAGATTGC‘TATTAGTAAGTGG- case
HCOVOC4 3 GC'I"I“I"IfG-'I‘GGGTGCACTACCTMGACAGTTCGTGAGT’I‘I‘GTTATT-TCACGCA .-
PEDV AAA'I‘TCT—TGGCTGT’I'I'TACCTCCTACTGTCAGGGAAATTGTCATCACCAAGTAT -----
SARSUrba CCTTCTG------ TCTATGCATGGGAGAGARRARRAAT- - - TTCTAATTGTGTTGCT- - -
SARSTor2 CCTTCTG- - - - - - TCTATGCATGGGAGAGAARRARRRT - - - TTCTAATTGTGTTGCT- - -
BcoV . ACTTGTAATAATATTGATGCTGCTAAGATATATGGTATGTGTT‘I'I‘TCCAGCATAACI‘ATA
HEV GGT'I‘GTAACAA'I‘ATTGATGCTTCTCGC‘I‘TATATGGTATGTGTTTTGGTAGCA’I‘TACTA‘I‘I‘
MHV TCATGTAGTAA’I’ATAGATGC‘I"l‘CCAAGGTT‘I’A’I’GGTATGTGCTTTGGTAGTATATCT}\TA
RtCoV TCATG‘I‘AGTAATATAGATGCTTCCAAGGT‘I‘TATGGAATGTGC‘I‘I‘TGGTAGCATATCI‘ATA
1BV GGACCTA- TAACTTATARAGTTATGAGAGAAGTTARA - - -GCCCTGGCTTATTTT--- -~
. -
Ccov GGACA'I‘I'I‘TTATAT‘I‘AA‘I‘GGT’I‘ACAATTTC'I“I"I‘AGCACGTTTCCTAT'I‘GA'I"I‘GTATAGCT
FcoV GGCCATTTTTATATTAATGGTTACAATTTCTTTAGCACAT'I"I‘CCTATTGG'ITGTATATCT
TGE GGCCATTTT'I‘ATATTAATGGTTACM‘ITI‘C'I“I‘TAGCACAT'I‘I‘CCTAT‘I‘GATTGTATATCT
PRCoV GsccamTTATAﬂAATGGTTACAAmcn'rAGCACAmcc'mmAnc'mmrcr
HCoVOC43 GGACAT'I'I"I‘TATATTAATGGCTATCGCTA’!‘TTCACTTTAGGTAATGTAGMGCCGT'. ---
PEDV _ GGTGATGTTTATGTCAATGGGTTTGGC’I‘ATTTGCATCTCGGT'I‘TGT'I‘GGATGCTGTCACA.
SARSUrba GATTACTCTGTGCTCTACAAC- - TCARCATTTTTTTCAACCTTTAAGTGCTATGGCGTTT
SARSTor2 GATTACTCTGTGCTCTACAAC- - TCARCATTTTTTTCARCCTTTARGTGCTATGGCGTTT
BcoV GATAAG’I'I‘TGCTATACCCAATGGTAGGAAGGTTGACC'I‘ACAA'I‘TGGGCAAT'I"I‘GGGCTAT
HEV GATAAGTTTGCTATACCCAATAGTAGAAAGGTTGATCTGCMGTGGGTAAATCTGG'I'I‘AT
MHV GACAAG'I'T’I‘GCGATACCCMTAGACGCCGAGTTGA'I‘TTGCAGCTAGGCAACTCTGGGT’H‘
RtCoV GATAAATTTG(‘AATACCCAACAGTCGCCGTGTTGATCTTCAGCTAGGTAAATCGGGTC‘I‘I‘ ,
1BV G'I‘TMTGGTACTGCACAAGATGTTA']’I‘TTGTGTGATGGATCACCTAGAGGC'I"I‘GTTAGCA
* + *
Ccov  TTTAATTTRA-----------°- CCACTGGTGCTAGTGGAGCAT- TTTGGACAATTGCTTA
FcoV TTTAATTTAR-====r--~-=" CCACTGGTGTTAGTGGAGCTT - TTTGGACAATTGCTTA
TGE TTTAATTTGA- ---==---=="~ CCACTGGTGATAGTGACGTTT - TCTGGACARTAGCTTA
PRCoV TTTAATTTGA- -~--=---==~ CTACTGGTGATAGTGACGTCT- TCTGGACAATAGCTTA
HCoVOC43 - -TAATTTCA--~=--~ ATGTCACTACTGCAGARACCACTGATT~ TTTGTACTGTTGCGTT
PEDV A'I'I‘AAT'I‘TCACTGGTCATGGCACTGACGA‘I‘GACGTTTCAGG'I'I‘ - TCTGGACCATAGCATC
SARSUrba CTGC-+-CACe=------=-=~ TAAGTTGAATGATCTTTGCTT- CTCCAATGTCTATGCA
SARSTOr2 CTGC---CAC-=--==-=====~ TAAGTTGAATGATCTTTGCTT-CTCCAATGTCTATGCA
" BecoV TTGCAGTCTT----===---~ TTAACTRTAGAATTGATACTA - CTGCTACAAGT - TGTC
HEV TTACAATCTT-vo=====""" TTAATTATARGATTGACACTG- CTGTTAGCAGT-TGTC
MHV TTGCAARTCCT- ~-=m=-=----~ TTAATTACARARTAGATACAA -GAGCTACTTCG- TGTC
RtCoV TTGCAATCTT----===+---~ TTAATTATAARATTGATACAR-GAGCGACCTCG-TGTC

IBV TGCCAGTATA---~-======"~ ATACTGGCAATTTTTCAGATGGCTTTT. ATCCTTTTACT
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‘CecoV TACG-TCGTACACAGARGCATTAGTACAR- GTTGRARACACAGCTATTARAARAGGTGACG
FeoV CACA- TCGTATACTGAAGCATTAGTACAA- GTTGAARACACAGCTATTRARRAATGTGRCG
TGE . CACA-TCGTACACTGAAGCATTAGTACAA- GTTGAARACACAGCTATTACAARGGTGACG
PRCoOV CACA-TCGTACACTGAAGCATTAGTACAA- GTTGAAARCACAGCTATTACAAATGTGACG
HCoVOC43 AGCT-TCTTATGCTGACGTTTTGGTTAAT~ GTGTCACARACCTCTATTGCTARTATARTT
PEDV GACT- AATTTTGTTGATGCACTCATCGAG- GTTCAAGGAACTTCCATTCAGCGTATTCTT
- SARSUrba GATTCTTTTGTAGTCARG- -GGAGATGAT-GTAAG- ACARATAGCGCCAGGACAAACTGG
SARSTOY2 GATTCTTTTGTAGTCARG- - GGAGRTGAT- GTAAG- ACAARTAGCGCCAGGACAARCTGG
BcoV . AGTTGTATTATAATTTACCTGCTGCTART- GTTTCTGTTAGCAGGTTTARTCCTTCTACT
HEV MCTCTATTATBGT’I'I‘GCCTGCAGCAAAC- GTATCTGTCACTCATTATAATCCTTCATCT
MHV AGCTCTATTATAGTCTTGCAARAAATART - GTCACTGTCARTARCCATAACCCGTCCTCT
RtCoV AGCTCTATTACAGTCTTGCACARGATAAT- GTCACTGTCATTAACCACAACCCATCCTCC
I8V ARTAGTAGTTTAGTTAAGCAGAAGTTTATTGTCT. ATCGTGAAARTAGTGTTAATACTACT
. * * -e
CecoV TATT-GTAACAGTCAC- - ATTAATARCATCAAATGTTC TCAACTTACTG- =~ - CTAATTT
FcoV TATT-GTAACAGTCAC- - ATTAATAACATTARATGTTCTCAACTTACTG- - - - CTAATTT
TGE TATT- GTAATAGTCAC- - GTTAATAACATTARATGCTCT! CARATTACTG- - - -CTAATTT
PRCoV TATT-GTAATAGTTAT- - GTTAATAACATTARATGCTCT! CAACTTACTG- - - -CTARTTT
HCoVOC43 TATT- GCAACTCTGTT- - ATTARCAGACT GAGATGTGACCAGTTGTCCT - - - - TTGRTGT
“PEDV TATT-GTGATGATCCT- - GTTAGCCAACT CAAGTGTTCTCAGGTTGCTT- - - - TTGACCT
SARSUrba TGTT- ATTGCTGATTATAATT------ ATAAATTGCCAGATGATTTCAT----~~ GG---
SARSTor2 TGTT-ATTG CTGATTATARTT---~-~ ATAAATTGCCAGATGATTTCAT-----~ GG~~~
BeoV TGGA- ATAGGAGA’I‘ITGGT'I'I‘TACAGAAO\ATTTGT’ITTTAAGCCT CAARCCTGTAGGTGT
HEV TGGA- ATAGAAGGTATGGGTTT -~ -~ AATAATCAGAGTTTTGGTTCCAG--=-~ AGG--~-
MHV TGGA- ACAGGCGTTATGGGTTC- - - - AATGATGTGGCT ACATTTGGAAC- -~~~ TGG---
RtCoV TGGA-ATAGGCGTTATGGATTT- - - - BATGACGTGGCT. ACATTTCATAG--~-~~ TGG- -~
1BV TGTACGTTACACAATTTCATTTTT- - CATAATGAGACTGGCGCCARCCC---amocon=--
. L 1] - -
CcoV GCAAAATGGTTTTTACCCTGTTG- - - CTTCARGTGAAGTTGGTCTTGTCAATAAGAGTGT
FcoV GRATAATGGATTTTATCCTGTTG- - - CTTCAAGTGAAGTAGGTTTCGTTAATARGAGTGT
TGE GAATAATGGATTTTATCCTGTTT - - “CTTCARGTGRAGTTGGTCTTGTCARTAAGAGTGT
PRCOV GAATAATGGATTTTATCCTGTTT- - - CTTCARGTGAAGTTGGTTCTGTCAATARGAGTGT
HCoVOC43 ACCAGATGGTTTTTATTCTACAA- - -GCCCTATTCARTCCGTTGAGCTACCTGTGTCTAT
PEDV TGACGATGETTTTTACCCCATCT - - - CTTCTAGA - ARCCTTCTGAGTCACGARCAGCCAR
SARSUrba = -------- GTTGTGTCCTTGCTTGGAATACTAGGARCATTGATGCTACTTCARCTGGTAA
SARSTor2 =-=e-ec- GTTGTGTCCTTGCTTGGARTACTAGGARCATTGATGCTACTTCAACTGGTAR
BcoV TTTTACTCATCATGATGTTGTTT- - - ATGCACAACATTGTTTTAAAGCTCCCAAARATTT
HEV @ mee--- CCTTCATGATGCTGTTT- - - ATTCACAGCAATGTTTTARTACACCTAACACATA
MV me-ee- TARRCATGACGTTGCTT- - - ATGCTGAGGCTTGTTTTACCGTGGGAGCATCATA
RtCoV ~ =-e--- TGAACATGACGTTGCTT- - - ATGCAGAGGCATGTTTCACTGTTGGAGCTTCATA
1BV mee--- TAATCCTAGTGGTGTTC- - - AGRATATTCAARCTTACCAARCARARACAGCTCA
.
CeoV TGTGTTACTACCTAGTTTCTATTC- - - ACATACCAGTGTTAATATAACTATTGATCTTGE
Fcov TGTGTTATTACCTAGCTTTTTCAC- - - ATACACCGCTGTCARTATAACCATTGATCTTGG
TGE TGTGTTACTACCTAGCTTTTACAC- - - ACATACCATTGTTAACATAACTATTGGTCTTGG
PRCOV TGTGTTACTACCTAGCTTTCTGAC- - - ACATACCATTGTTARCATAACTATTGGICTTGG
HCOVOC4 3 TGTGTCGCTACCTGTTTATCATAR- - - ACATACGTTTATTGTGTTGTACGTTGACTTCAA
PEDV TTTCTT- TTGTTACTTTGCCATCA- - - TTTARTGATCATTCTTTTGTTAAT - - ATTACTG
SARSUrbs T- TATARTTATARAT- - -ATAG---------~---~ GTATCTTAGACATGGCAAGCTTAG
SARSTor2 T-TATAATTATAAAT- - -ATAGe === ==---=~---~ GTATCTTAGACATGGCARGCTTAG
BcoV C-TGTCCGTGTAAATTGGATGG- -~ - - - GTCTTTGTGTGTAGGTAATGGTCCTGGTATAG
HEV - TGTCCTTGTAGA- - - - ACAR- - = - - GTCA- - ATGCATAGGTGGTG - - - CAGGCACAG
MHV T-TGCCCTTGCGCGAACCCCAGCATAGTGTCGCCATGTACCACTGGAAAACCTAACTTTG
RtCoV T TGCCCTTGTGCGARGCCCAGCACAGTCTATTCATGTGTCACAGGTAARCCTARGTCTG

IBV G-AGTGGTTATTATAATTTTAAR-- -~~~ TTTTTCCTTTCTGAGTAGTTTTGTTTATARGG

»

Ccov TATGAAGCGTAGTG- TTACGGTCA- - CCRTAGCCT CACCATTAAGTARCATCRCACTACC
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TATGAAGCTTAGTGGTTATGGTCAACCCATAGCCTCGACRCTAAGTAACRTCACACTACC
TATGAAGCGTAGTGGTTATGGTCAACCCATAGCCTCAACATTARGTAACATCACACTACC
TATGAAGCGTAGTGGTTATGGTCAACCCATAGCCTCAACGCTAAGTAACATTACACTACC

ACCTCAGAGTGGCGGTGGCAARGTG----~-*=~===="~ CTTTARCTGTTATCCTGCT- - -
TCTCT------ GCGGCTTTTGGTG-~---~-=-~=="""~ GTCTTAGTAGTGCCARTCT---
GCCCTT - TGAGAGAGACATATCTAAT- - - -- GTGCCTTTICT=m>==-"--~- CCCCTGA--
GCCCTT- TGAGAGAGACATATCTRAAT -~ - -~ GTGCCTTICT--~-~--="~~ CCCCTGA- -

ATGCTGGTTATAAAAATAGTGGTATAGGCACTTGTCCTGCA--GGTACTAATTATTTAAC
GAACTTGTCCTGTAGGCACCACTGTGCGCAAGTGTTTTGCT-’G----CAGTTACAAAA-
CCAATTGCCCTACAGGCACCTCGAATCGTGAGTGCACTGTTATGCCATTGGCTAATAAT-
CTAATTGCCCAACAGGTACCTCGAATCGTGAGTGTAATGTTCAGGCTTCAGGTTTT .-
AGTCTARTTTTATGTATGGATCTTAT-------==** CACCCAAGTTGTAARRTTTAGAC-

AATGCAGGATAATAACATAGACGTGTACTGTATTCGTTCTAACCAATTCTCAGTTTATGT
AATGCAGGATAACAATACTGATGTGTACTGTATTCGTTCTAACCAATTCTCAGTTTATGT
AATGCAGGATCACAACACCGATGTGTACTGTATTCGTTCTGACCAATTTTCAGTTTATGT
AATGCAGGATAACAACAACGATGTGTACTGTGTTCGTTCTGACCAATTTTCAGTTTATGT
--GGTGTTAATATTACACTGGCCAATTTT--AATGAAACTAAAGGGCCTT---TGTGTGT
--CGT-TGCATCTGACACT---—ACTATC--AATGGGTTTA---GTTCTT-—-TCTG?GT
------------ TGGCAAACCTTGCACCCCACCTGCTCTTA---ATTGT------TATTG
------------ TGGCAAACCTTGCACCCCACCTGCTCTTA---ATTGT------TATTG
TTGCCATAATGCTGCCCAATGTGATTGTTTGTGCACTCCCG---ACCCCATTACATCTAA
--------- bGCTACTAAGTGTACTTGCTGGTGTCAACCAG---ATCCTTCCACATATAA

---------- CAATTTAAGTGTGATTGCACTTGTARCCCTA- - -GTCC- -~ - - - -TCTAA
------------ GTCTARGTGCGATTGCACATGTARCCCTA- - -GTCC---~-=-TCTAA
------------ TAGAAACTATTARTAATGGCTTGTGGTTTA- -ATTC- - - - - -ACTTTC .

TCATTCCACTTGCAAAAGTTCTTTATGGGATAACAATTTTAATTCAGCATGTACCGACGT
TCATTCCACTTGCAAAAGTTCTTTATGGGACAATATTTTTAATCAAGACTGCACGGAJGT
TCATTCTACTTGCAAAAGTGCTTTATGGGACAATATTTTTAAGCGAAACTGCACGGACGT
TCATTCTACTTGCAAAAGTGTTTTATGGGACAATGTTTTTAAGCGAAACTGCACGGACGT
TGACACATC----- ACACTTCACTACCAARTACGTTGCT------- GTTTATGCCAATGT
TGACACTAG-==~"~ ACAATTTACCATTACACTGTTTTAT---~--- ARTGTTACRAACAG
GCCATTARATGATTATG- - - GTTTTTACAC- - -~~~ CACTACTGGCATTGGCTACCARCC
GCCATTARATGATTATG- - -GTTTTTACAC- -~~~ CACTACTGGCATTGGCTACCAACC
ATCTACAGGGCCTTACAAGTGCCCCCAAACTAAATACTTAGTTGGCATAGGTGAGCACTG
AGGTGTAAACGCCTGGACTTGTCCGCAATCTAAAGTTTCTATACAACCAGGTCAGCATTG
CCACCTATGATCTTAGA--TGTCTCCAAGCAAGAAGCATGCTTGGCGTAGGTGATCATTG
,CCACCTATGATCCTAGA--TGTCTTCAAGCGCGGAGCATGCTTGGCGTAGGTGATCATTG
AGTTTCAATTGCTTACGGTCCTCTTCAAGGTGGTTGCAA----GCAATCTGTCTTTAAAG
*

TT-TAGACGCCACAGCTGTTATAAAAACTGGTACTTGTC---CTTTCTCATTTGATAAAT
TT-TAGAGGCTACAGCTGTTATAAAAACTGGTACTTGTC---CTTTCTCATTTGATAAAT
TT-TAGATGCCACAGCTGTTATAAAAACTGGTACTTGTC-~-CTTTCTCATTTGATAAAT
TT-TAGATGCCACAGCTGTTATAAAAACTGGTACTTGTC---CTTTCTCATTTGATAAAT
TGGTAGGTGGAGTGCTAGTATTA-ACACGGGAAATTGCC---CTTTTTCTTTTGGCAAAG
TTAT-GGTTATGTGTCTAAATCACAGGATAGTAATTGTC---CTTTCACCTTGCAATCTG
TT-ACRG-=---~~ AGTTGTAGTACTTTCTTTTGA-=~==~"~ ACTTTTARATGCACCGGC
TT-ACAG----=-- AGTTGTAGTACTTTCTTTTGA-----~-~~ ACTTTTARATGCACCGGC
TT-CGGGTCTTGCTATTAAAAGTGATTATTGTGGAGGTA---ATCCTTGTACTTGCCAAC
CC-CTGGTTTGGGTCTTGTGGAGGATGATTGCTCTGGCA---ACCCTTGCACTTGTAAAC
TG°AAGGTCTAGGAGTTTTAGAAGATAAATGTGGTGGCAGCAACACCTGCAATTGTTCTG
TG-AAGGTCTAGGTATTTTAGAAGATAAATGTGGTGGCAGCAACATATGCAATTGTTCGG
GT--AGAGCAACTTGTTGTTATGCTTATTCATATGGAGG --------- TCCTTCGCTGTG

TGAATAATTACTTAACTTTTAACAAb11L1u111b1Lb|leATCCCGTTGGTGCCAACT
TGAACAATTACTTGACTTTTAACAAb1nguxxAuxublAuAblLL:thébquxAATT
TGAACAATTACTTAACTTTTAACAAGTTCTGTTTGTCGTTGAGTCCTGTTGGTGCTAATT
TGAACAATTACTTAACTTTTAACAAGTTCTGTTTGTCGTTGBGTCCCGTTGGTGCTAATT
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TTAATAAL111b1JAAAI11uuCAGTGTATGTTTTTCGCTAAAGGATATACCCGGTGGTT
TTAATGATTACCTGTCTTTTAGCAAATTTTGTGTTTCAACCAGCCTTTTGGCTGGTGCTT
CACGG--hTTTGTGGACCAAAAT-TATCCACTGACCTTATTAAGAACCAGTGTGTCAATT
CACGG--—TTTGTGGACCAAAAT-TATCCACTGACCTTATTAAGAACCAGTGTGTCAATT
CACAAGCATTTTTGGGTTGGTCTGTTGACTCTTGTTTACAAGGGGATAGGTGTAATATTT
CACRGGCTTTCATAGGCTGGAGTTCAGAAACTTGTTTGCAAAATGGTAGGTGTAATATTT
CTCATGCCTTTGTTGGCTGGGCTAAGGATAGTTGCTTGGCTAATGGCCGCTGTCACATTT
CTGATGCCTTTGTTGGCTGGGCTATGGACAGCTGTCTATCTAATGCCCGCTGCCATATTT
TAAAGGTGTTTATTCAGGTGAGTTAGATCATAATTTTGAATGTGGACTGTTA-GTTTATG

* *

GTAAGTTAGATGTTGCCGCCCGTACAAGAACCAATGAGCAGGTTTTTGGAAGTT - - - TAT
GCARGTTTGATGTTGCTGCACGTACARGARCCAATGAGCAGGTTGTTAGAAGTC- - - TAT
GTARGTTTGATGTAGCTGCCCGTACAAGAACCARTGAGCAGGTTGTTAGAAGTT - - - TGT
GTAAGTTTGATGTAGCTGCCCGTACAAGAACCAATGATCAGGTTGTTAGRRGTT - - - TGT

‘GCGCARTGCCTATAGTGGCTARTTGGGCTTATAGTAAGTACTATACTATAGGCTCATTGT

GTACCATAGATCTTTTTGGTTACCCTGCGTTCGGTAGTGGTGTTARGTTGACGTCCCTTT
TTAATTTTAATGGACTCACTGGTACTGGTGTGTTARCTCCTTCTTCARRGAGAT - - - TTC
TTAATTTTAATGGACTCACTGGTACTGGTGTGTTAACTCCTTCTTCARAGAGAT - - - TTC
TTGCTAATTTTATTTTTCATGATGTTAATAGTGGTACTACTTGTTCTACTGATT- - - TAC
TTGCTAATTTTATTCTGAATGATGTTAATAGCGGTACAACCTGTTCTACTGATT---TAC
TTAGTAATTTGATGTTAAATGGCATTAATAGTGGTACTACATGTTCCATGGATT---TGC
TTAGTAATTTGATGTTARATGGCATTAATAGTGGTACTACATGTTCCACGGATT- - - TTC
TTACTARGAGCGGTGGCTCTCCTATACAAACAGCCACTGAACCGCCAGTTATAA- - -CTC

ATGTARTATATGAAGARGGAGACAACATAGTGGGTGTACCGTCTGATAATAGTGGTTT-G
ATGTAATATATGARGAAGGAGACAACATAGTGGGTGTACCGTCTGATAATAGCGGTCT -G
ATGTAATATATGAAGAAGGAGACAACATAGTGGGTGTACCGTCTGATAATAGTGGTGT -G
ATGTARTATATGAAGAAGGAGACAGCATAGTTGGTGTACCGTCTGACAATAGTGGTTT-G
ATGTTTCTTGGAGTGATGGTGATGGAATTACTGGCGTCCCACAACCTGTTGAGGGTGTTA
ATTTTCAATTCACAAAAGGTGAGTTGATTACTGGCACGCCTAARCCACTTGAAGGTATCA
AACCATTT- - CAACARTTTGGCCG- TGATGTTTCTG- - - - ATTTCACTGATTCCGTTCGA
AACCATTT- - CAACAATTTGGCCG- TGATGTTICTG- - - - ATTTCACTGATTCCGTTCGA
ARAAATCARACACAGACATAATTCTTGGTGTTTGTGTTAATTATGATCTTTATGGTATTA
AACAGGGTRATACTATTATTACTACTGATGTTTGTGTTAATTATGACCTATATGGCATTA
AATTGCCTAATACTGAAGTGGTCACTGGCGTCTGCGTCARATATGACCTCTACGGTATAA
ARTTGCCTAATACGGAAGTGGTCACTGGLGTTTGTGTCAAGTATGACCTCTACGGTAGTA
AAAACAATTATAATAATATTACTTTAAATACTTGTGTTGATTATAATATATATGGCAGAA

* *

CACGATTTGTCAGTGTTGCACTTAGACTCTTGT - ACAGATTACARTATATATGGTAGARC
CACGATTTGTCTGTGCTACACCTAGACTCCTGT ~-ACAGATTACAATATATATGGTAGARC
CACGATTTGTCAGTGCTACACCTAGATTCCTGC - ACAGATTACAATATATATGGTAGAAC
CACGATTTGTCAGTGCTACACCTAGATTCGTGC - ACAGATTACAATATATATGGTAGARC
GTTCCTTTATGAATGTTACAT- TGGACARATGT - ACTAARTATARTATTTATGATGTATC
CAGACGTTTCTTTTATGACTC - TGGATGTGTGT - ACCAAGTATACTATCTATGGCTTTAA
GATCCTARRACATCT----- G--AAAT--=evmomoo= ATTA-GACATTTCACCTTGCTC
GATCCTAARACATCT-~=-~ G--ARAT-------=-=- ATTA-GACATTTCACCTTGCGC
CAGGCCAAGGTATTTTTGTTG- - AGGTTAATGCGACTTATTATARTAGTTGGCAGAACCT
CAGGCCAGGGCATACTTATAG- - ARGTTAATGCCACTTATTATAATAGTTGGCAGARTCT
CAGGCCAAGGTATTTTTAAGG- - AGGTTAAGGCTGACTATTATCATAGTTGGCAARACCT
CAGGCCAAGGTGTTTTTAAGG- - AGGTTAAGGCTGATTATTACAATAGTTGGCAGARCCT
CTGGCCAAGGTTTTATT -~ - ===~ ACTAATGTGACCGACTCAGCTGTTAGTTATAATTA

*«

TGGTGTTGGTATTATTAGAARAACTAACAGCACACTACTTAGTGGCTTATATT - ACACAT
TGGTGTTGGTATTATTAGACGAACTAACAGTACGCTACTTAGTGGCTTATATT -ACACAT
TGGTGTTGGTATTATTAGACAAACTAACAGGACGCTACTTAGTGGCTTATATT - ACACAT
TGGTGTTGGTATTATTAGACAAACTAACAGGACGATACTTAGTGGCTTATATT - -ACACAT
lbblhlbbblbllhTTCGth1AGCAATGACACCTTTCTTAATGGAATTACGT -ACACAT
AGGTGAGGGTATTATTACCCTTACAAATTCTAGCATTTTGGCAGGTGTTTATT -ATACAT
TTTTGGGGGTGTAAGTG-TAATTACACCTGGAACAAATGCTTCATCTGAAGTT-GCTGTT
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TTTTGGGGGTGTAAGTG-TAATTACACCTGGAACAAATGCTTCATCTGAAGTT-GCTGTT
TTTATATGATTCTAATGGTAATCTCTATGGTTTTAGAGACTACTTAACAAACA-GAACTT
TCTTTATGATTCTAGTGGTAATCTCTATGGCTTTAGAGATTATTTATCAAATA-GAACTT
CTTATATGATGTTAATGGCAACTTAATCGGATTTCGCGATTTTGTTGCTAATA-AGAGTT
CTTATATGATGTTAATGGTAACTTAAATGGTTTCCGTGACATTGTTACCAATA-AGACTT
TCTAGCAGACGCAGGT=-~=-~-~-~ TTGGCTATTTTAGATACATCTGGTTCCATAGRCATCT

»* » *

CACTATCAGGTGATTTGTTAGGTTTTAAAAATGTTAGTGATGGTGTTGTCTACTCTGTAA
CACTATCAGGTGATTTGTTAGGCTTTAAAAATGTTAGTGATGGTGTCATTTATTCTGTGA
CACTATCAGGTGATTTGTTAGGTTTTAAAAATGTTAGTGATGGTGTCATCTACTCTGTAA
CACTATCTGGTGATTTGTTAGGTTTTACAAATGTTAGTGATGGTGTTATCTACTCTGTAA
CAACTTCAGGTAACCTTCTGGGTTTTAAAGATGTTACTAAGGGCACCATCTACTCTATCA
CTGATTCTGGACAGTTGTTAGCCTTTAAGAATGTCACTAGTGGTGCTGTTTATTCTGTCA
CTATATCAAGATGTTA--ACTGCACTGATGTTTCTACAGCAATTCATGCAGATCAACTCA
CTATATCAAGATGTTA- - ACTGCACTGATGTTTCTACAGCAATTCATGCAGATCARCTCA
TTATGATTCGTAGTTGCTATAGCGGTCGTGTTTCAGCGGCCTTTCATGCTAACTCTTCCG
TTCTTATTCGTAGCTGCTATAGTGGAAGAGTTTCAGCAGTTTTTCATGCTAACTCATCTG
ATACTATTCGAAGTTGCTATAGTGGGCGGGTCTCGGCTGCATATCATCAAGATGCACCAG
ATTTATTAAGAAGTTGCTATAGTGGGCGCGTTTCGGCTGCATATCATCARGATGCACCTG
TTGTTGTACAAGCTGAATATGGTCTTAATTATTATAAGGTTAACCCTTGCGARGATGTCA

CGCCATGTGATGTAAGTGCACARGCTGCTGT - TATTGATGGTGCCATAGTTGGAGCTATG
CGCCATGTGATGTAAGCGCACAAGCGGCTGT-TATTGATGGTGCCATAGTTGGAGCTATG
CGCCATGTGATGTAAGCGCACAAGCAGCTGT-TATTGATGGTACCATAGTTGGGGCTATC
CGCCATGTGATGTTAGCGCACAAGCAGCTAT-TATTGATGGTACCATAGTTGGGGCTATC
CTCCTTGTAACCCACCAGATCAGCTTGTTGTTTATCAGCAA-GCTGTTGTTGGTGCTATG
CGCCATGTTCTTTTTCAGAGCAGGCTGC-ATATGTTAATGATGATATAGTGGGTGTTATT
CACCA-GCTT=-=-=e=wemcn=m=--- GGCGCATATATTCTACTGGAAACARTG- TATT
CACCA-GCTT---==-=-c=c=-==ce=- GGCGCATATATTCTACTGGAARCAATG- TATT
AACCA-GCATTGCTATTTCGGAATATTAAATGCAATTACGTTTTTAATAATACTC-TTTC
AACCA-GCTTTGATGTTTCGTAATCTTAAATGCAGCCACGTTTTTAATAATACCA=TTTT
AACCA-GCGCTACTATATCGCAATTTAAAATGTGACTATGTCTTTAACAACAACA-TATC
AACCA-GCGCTACTATATCGCAATTTAAAATGTGATTATGTGTTTAATAACAACA-TATC
- ACCAGCAGTTTGTAGTTTCTGGTGGTARATTAGTAGGTATTCTTACTTCACGTAATGAG

¥ L]

ACTTCCATTAATAGTGAACTGTTAGGT--CTAACTCATTGGACAACAACACCTAATTTTT
ACTTCCATTAACAGTGAACTGTTAGGT--CTAACACATTGGACAACGACACCTAATTTTT

.ACTTCCATTAACAGTGAACTGTTAGGT--CTAACACATTGGACAACAACACCTAATTTTT

ACTTCCATTAACAGTGAATTGTTAGGT--CTAACACATTGGACAACAACACCTAATTTTT

TTGTCTGAARATT-- - - - TTACTAGTT- - ACGGC- - - TTTTCTARTGTTGTAGAACTGCC
TCT--===- AGTT----- TGTCTAACT- - CCACT - - - TTTAACAATACTAGGGAGTTGCC
CC-=mm=mcommmcmmmmemeocenene AGACTCAAGCAGGCTGTCTTAT- AGGAGCTG
CCommmemmrsmmmmmemeom oo n AGACTCAAGCAGGCTGTCTTAT - AGGRGCTG

ACGACAGCTGCAACCTATTAACTATTTTGATAGTTATCTTGGTTGTGTTGT-CAATGCTG 2

AAGACAAATACAGCTTGTTAACTATTTTGATAGTTACL1xuUJxbxuxxbl-TAATGCTT
CCGTGAGGAGACACCACTTAACTATTTCGATAGTTATCTTGGTTGTGTTGT-TAATGCTG
CCGTGAGGAGACACCACTTAACTATTTTGATAGTTATTTGGGTTGTGTTAT-TAATGCTG
AC-=-------- TGGTTCTCAGCTTCTT-GAGAACCAGTTTTACATCAAAATCACTAATGG

ATTACTACTCCATATATAATTATACAAATGTGATGAATCGTGGCACGGCAATTGA---TA
ATTACTACTCTATATATAATTACACAAGTGAGAGGACTCGTGGCACTGCAATTGACAGTA
ATTACTACTCTATATATAATTACACAAATGATAGGACTCGTGGCACTGCAATTGACAGTA
ATTACTACTCTATATATAATTACACAAATGATAAGACTCGTGGCACTCCAATTGGCAGTA

GAAATTTTTCTATGCGT----- -~ CCAATGGCAC=w=»===-="-=~ TTATAATTGC-----
TGGTTTCTTCTACCATT-~----~-~ CTAATGACGG-=~--~------~ CTCCAATTGT=-~--~
AGCAT------ GTCGACACTT---CTTATGAGTGCGACATTCCTATTGGAGCTGGCATTT
AGCAT-«+=~-- GTCGACACTT—--CTTATGAGTGCGACATTCCTATTGGAGCTGGCATTT

ATAATAGTACTTCTAGTGTTG-’-TTCAAACATGTGATCTCACAGTAGGTAGTGGTTACT
ATAATAATACAGCTAGTGCTG- - - TARGTACTTGTGATTTAACCGTTGGTAGCGGCTATT
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MHV ACAACTCAACTGAAGAAGCTG- - - TTGACGCGTGTGATTTGCGTATGGGTAGTGGGCTTT
RtCoV ATAACTCAACTGAGCAGTCTG- - - TTGACGCGTGTGATTTGCGTATGGGTAGTGGGCTTT
1BV ARCACGTCGTTTTAGACGTTC- TATTACTGAAAATG- - - - - == - = TTGCAAATTGCCCTT
Ccov ATGATATTGATTGTGAACCTATCATAACATATTCTAATATAGGTGTTTGTARARATGGAG
Fcov ACGATGTTGATTGTGAACCTGTCATAACCTATTCTAATATAGGTGTTTGTAARAATGGTG
TGE - ATGATGTTGATTGTGRACCTGTCATAACCTATTCTAACATAGGTGTTTGTARRRATGGTG
PRCOV ATGACGTTGATTGTGAACCTGTCATAACCTATTCTAACATAGGTGTTTGTARARATGGTG
HCoVOC43 ~=cACA=-==sn== GACGCTGTTTTAACTTATTCTAGTTTTGGOGTTTGTGCAGATGGTT
PEDV  c--ACA-------- GAGCCTGTGTTGGTGTATAGTAACATAGGTGTTTGTARRTCTGGCA
SARSUrba - GTGCTAGTTACCATACAGTTTCTTTATTACGTAG- - - - - - = - - TACTAGCCARRARTCTA
SARSTor?2 GTGCTAGTTACCATACAGTTTCTTTATTACGTAG- - - - - - - - - TACTAGCCARAAATCTA
BcoV GTGTGGATTACTCTACARARAGACGAAGTCGTAGAGCGATTACCACTGGTTATCGGTTTA
HEV GTGTTGATTATGTTACAGCACTTAGATCACGTAGATCTTTTACTACAGGTTATCGCTTTA
MHV GTGTCAACTATTCAACGTCTCACCGCGCTCGCAGCTCTGTCAGCACGGGTTATAARTTAR
RtCoV GTGTCAACTATTCAATCGCTCACCGTGCGCGCAGGTCTGTCAGTACGGGTTATAAATTAR
1BV ATGTTAGTTATGGTAAGTTTTGTATAAAACCTGATGGCT - - - - CAATTGCCACAATAGTA
N -
Ceov CTTTGGTTTTTATT- - A\CGTCACACATTCTG - ATGGAGACGTTCAACCAATTAGCACCG
FcoV CTTTGGTTTTTATT- - RRCGTCACACATTCTG - ACGGAGACGTGCARCCAATTAGCACTG
TGE CTTTTGTTTTTATT- - ARCGTCACACATTCTG - ATGGAGACGTGCAACCAATTAGCACTG
PRCOV CTTTGGTTTTTATT- - AACGTCACACATTCTG - ATGGAGACGTGCAACCRATTAGCACTG
HCoVOC43 CTATARTTGCTGTTCARCCACGTAATGTTTCATATGATAGTGTTTCAGCTATCGTCACAG
PEDV GTATTGGCTATGTTCCATCTCAGTATGGCC - - - ANGTCAAGATTGCACCCACGETTACTG
SARSUrba ~ eeeee- TTGTGGCTTATACTATGTCTTTAGGTGCTGATAGTTC - - ARTTGCTTACTCTAA
SARSTOr2 ------ TTGTGGCTTATACTATGTCTTTAGGTGCTGATAGTTC - - ARTTGCTTACTCTAA
BcoV CTAATTTTGAGCCATTTACTGTTAATTCAGTAAATGATAGTTTAGAACCTGTAGGTGGTT
HEV CTARTTTTGARCCATTTGCCGCTARTTTGGTAAATGATAGTATAGAARCCTGTTCGTCGTT
MHV CTACTTTTGAACCATTTACAGTCCGCATTGTCAATGATAGTGTTGAGTCTGTTGATGGGT
RtCoV CTACTTTTGAACCATTTACAGTCAGCATTGTCARTGATAGTGTTGAGTCTGTTGGTGGAT
IBV @ eea-- mmmee=n CCAAAACAATTGGMCAGTTTGTGGCAC CTTT~~ATTTAATGTTACTG
L ] . *
CcoVv -~ -GTAATGTCACGATACCCACAAATTTTACTATATCTGTGCAAGTCGAATATATTCAGG
Feov - - -GTAATGTCACGATACCTACAAATTTTACTATATCTGTGCAAGTTGAATACATGCAGG
TGE . == =GTAATGTCACGRTACCTACAAACTTTACCATATCCGTGCARGTCGAARTATATTCAGG
PRCoV - ~~GTAACGTCACGATACCTACTAACTTTACTATATCCGTGCAAGTCGAATACATTCAGG
HCoVOC43 - - -CTAATTTGTCTATACCTTCCARTTGGACCACTTCGGTCCAGGTTGAGTATTTACAAA
PEDV « -« GGAATATTAGTATTCCCACCAACTTTAGTATGAGTATTAGAACAGAATATTTACAGC
SARSUrba TA- ACACCATTGCTATACCTACTAACTTTTCAATTAGCATTACTACAGAAGTAATGCCTG
SARSTor?2 TA- ACACCATTGCTATACCTACTAACTTTTCAATTAGCATTACTACAGAAGTAATGCCTG
Bcov TGTATGAAATTCARATACCTTCAGAGTTTACTATAGGTAATATGGAGGAGTTTATTCARA
HEV TGTATGAAATACAGATACCTTCAGAGTTTACCATTGGTAATTTAGAAGAGTTCATTCARA
MRV TATATGAGCTGCARRTACCAACCAARCTTTACTATAGCTAGCCATCAGGAGTTCGTTCAAA
RtCoV TATATGAGATGCAAATACCTACTAATTTTACTATAGCTAGCCATCAGGAGTTCATTCARA
1BV - - - AAAATGTGCTCATACCTAACAGTTTCAACTTAACTGTTACAGATGAGTACATACAAR
* e AW - *re *
CcoV TTTACACTACACCAGTTTCAATAGACTGTGCAAGATACGTTTGCARTGGTARCCCARGAT
FcoV TTTACACTACACCAGTATCAATAGATTGTGCAAGATACGTTTGTAATGGTARCCCTAGAT
TGE TTTACACTACACCAGTGTCAATAGACTGTTCAARGATATGTT TGTAATGGTARCCCTAGGT
PRCoV TTTACACTACACCAGTGTCAATAGACTGTTCAAGATATGTTTGTAATGGCAACCCTAGGT
HCoVOC43 TTACAAGTACACCTATCGTAGTTGATTGCTCCACTTATGTTTGCAATGGTAATGTGCGCT
PEDV TTTACAACACGCCTGTTAGTGTTGATTGTGCTACATATGTT TGTAATGGTARCTCTCGTT
SARSUrba TTTCTATGGCTAAARCCTCCGTAGATTGTAATATGTACATCTGCGGAGATTCTACTGAAT
SARSTor? TTTCTATGGCTRAAACCTCCGTAGATTGTARTATGTACATCTGCGGAGATTCTACTGART
Bcov CAAGCTCTCCTAAAGTTACTATTGATTGTTCTGCTTTTGTCTGTGGTGATTATGCAGCAT
HEV CGAGATCCCCTAAGETTACTATAGACTGTGCTACATTTGTTTGTGGTGACTATGCAGCAT
MHV CGAGGTCTCCAARGGTTACTATAGACTGTGCTGCATTTGTCTGTGGTGGCCACACAGCAT
Rt Cov CGAGGTCTCCGARGGTTACTATAGATTGTGCTGCATTTGTCTGTGGTGATTATACAGCGT

IBV CGCGTATGGATARGGTCCARATTARTTGCCTGCAGTATGTTTGTGGCAGTTCTCTGGATT
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GCARTRAGTTATTAACACAARTACGTTTCTGCATGTCAAACTATTGAGCAAGCGCTTGCAR
GTAACARATTGTTAACACAATATGTGTCTGCATGTCAAACTATTGARCAAGCACTTGCAA
GTAACAAATTGTTAACACAATACGTTTCTGCATGTCAARCTATTGAGCAAGCACTTGCAA
GTAACRARCTGTTAACACAATACGTTTCTGCATGTCAAACTATTGAGCARGCACTTGCAA
GTGTTGAATTGCTTAAGCAGTATACTTCTGCT TGTAAARCTATTGARGACGCCTTAAGAR
GTARRCAATTACTCACCCAGTACACTGCAGCATGTAAGACCATAGAGTCAGCATTACAAC:
GTGCTAATTTGCTTCTCCARTATGGTAGCTTTTGCACACARCTARATCGTGCACTCTCAG
GTGCTAATTTGCTTCTCCAATATGGTAGCTTTTGCACACARCTAAATCGTGCACTCTCAG
GTARATCACAGTTGGTTGAATATGGTAGCTTCTGTGACAATATTAATGCTATACTCACAG
GTAGACAACAGTTAGCTGAGTATGGTAGTTTTTGTGAGAACATTAATGCTATACTCACAG
GCCGTCAGCAGTTGGTTGAGTACGGCTCATTCTGTGATAATATTAATGCCATTCTTCECS
GTAGACAACAGTTGETTGATTATGGCTCTTTTTGTGATAATATTAATGCCATTCTTGGOG
GTAGARAGTTGTTTCAARCAATATGGGCCTGTTTGCGACAACATATTGTCTGTAGTAAATA

» . * o * % » *

TGGGTGCCAG- - - ACTTGAARACATGGAGATTGATTCCATGTTATTTGTTTCGGARAATG
TGGGTGCCAG---ACTTGAAAACATGGAGGTTGATTCCATGTTGTTTGTCTCGGAAAATG
TGGGTGCCAG- - - ACTTGAAAACATGGAGGT TGATTCCATGTTGTTTGTTTCTGARAATG
TGGGTGCCAG- - - ACTTGAAAACATGGAAGTTGATTCCATGT TATTTGTTTCTGARAATS
ATAGCGCCAG- - - GCTGGAGTCTGCAGATGTTAGTGAGATGCTCACTTTTGACARGAAAG
TCAGCGCTAG---GCTTGAGTCTGTTGAAGTTAACTCTATGCTTACCATTTCTGAAGAGG
GTATTG----- CTGCTGAACAGGATCGCAACACACGTGAAGTGTTCGCTCARGTCARACA
GTATTG-~~-~-~ CTGCTGARCAGGATCGCAACRCACGTGAAGTGTTCGCTCAAGTCAAACA
ARGTAARTGAACTACTTGACACTACACAGT TGCAAGT - AGCTAATAGTTTAATGARTGGT
AAGTAAATGAACTACTTGACACTACACAGT TGCAAGT - AGCTAATAGTTTAATGAATGGA
AGGTAAATAACCTCATAGATACTATGCAACTTCAAGT-TGCAAGTGCTTTAATCCAAGGT
AGGTGARTAACCTCATAGATACTATGCAATTACAAGT - TGCTAGTGCTCTGATCCAAGGT
GTGTTGGTCA- - - AARRGAAGATATGGAACTTTTGAATTTCTATTCTTCTACTARACCGG

*

CCCTTA- AATTGGCATCTGTTGARGCATTCAATAGTACGGAARATTTAGACCCTATTTAT
CCCTTA-AATTGGCATCTGTTGAGGCGTTCAATAGTACAGAARATTTAGATCCTATTTAC
CCCTTA- AATTGGCATCTGTTGAAGCATTCAATAGTTCAGAAACTTTAGACCCTATTTAC
CCCTTA- AATTGGCTTCTGTCGAAGCATTCAATAGTTCAGARACT TTAGATCCTATTTAC

CGTTTACACTT-GCTAATGTTAGT------ AGTTTT- - -GGTGACTACAARCCTTAGC- - ~
C-TTTACAGTTAGCTACCATCAGTTCGTTTAATGGT---GATGGATATAACTTTACT--f
ARTGTACAAAACCCCAACTTTGAAR---~---==cmcun TATTTTGGTGGTTTTAATT- -
AATGTACAAARCCCCAACTTTGAAR- - === s oo cccan- TATTTTGGTGGTTTTAATT- -

GTCACTCTTAGCACTAAGCTTAARGATGGCGTTAAT T TCAATGTAGACGACATCAATT - -

~GTCACCCTTAGTACCARGATTARGGATGGCATTAAT TTCAATGTTGACGATATCAACT - -

GTCACGTTARGCTCACGCTTATCGGATGGCATTGGTGGTCARATAGATGATATTAATT - -
GTCACGCTAAGTTCACGCTTGGCAGATGGCATCTCAGGTCAGATTGATGATATTAATT - -
CTGGTTTTAATACACCAGTTCTTAG- -~---- TAATGTTAGCACTGGTGAGTTTAATA- -

- *

AARGAATGGCCTARCATTGGTGGTTCTTGGCTAGGAGGTTTARAAGATATATTGCCATCT
AARGAATGGCCTAGCATAGGTGGTTCTTGGCTAGGAGGTCTAAAAGATATACTACOGTCC
ARRGAATGGCCTARTATAGGTGGTTCTTGGCTAGAAGGTCTAARATACATACTTCCETCE
ARRGAATGGCCTAATATAGGTGGCTTTTGGCTAGAAGGTCTAARATACATACTTCOGTCC

-~--AGCGTCATA----~ CCTAGCTTG-»>»vemreccmcccccccaccnan.. CCCACA
- -+=AATGTGCTG~=--- GGTGCTTCCGTGTACGA---=--~---c-mcmmcm. TCCTGCA
===~ TTTCACAAATATTACCTGACCCT------vermemmcncacnax CTAAAGCCAA- - -
= - - -TTTCACAARATATTACCTGACCCT-----vrmcmocecancuo- CTAARGCCAA-- -
- ---TTTCCCCTGTATTAGGTTGTTTAGGAAGCGC- -~ r- -+ - ===~ TTGTAATAAAGTT
<=~ TCTCCCCTGTATTAGGTTGTTTAGGAAGCGA-~- -~ --~ ===~ ATGTAATAGAGCT
=== -TTAGTCCTCTGCTTGGTTGTTTAGSTTCTGA- -+ v r o= s- CTGTGGCGAAGTT
-~+=TTAGTCCTCTTCTAGGTTGCCTTGGCTCAGA - = =~ < === == - - TTGTAGCGAAGGC

=== = TTTCTCTTCTGTTAACAAATCCT - - -~ - - - << v o= oo o mecemmen e L RGTAGT

CATARTAGCAAACGTAAGTACCGCTCGGCTATAGAAGACT TGCTTTTTGATAAGGTTGTA
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Fcov CATAATAGCARACGTAAGTATGGTTCTGCTATAGAAGATTTGCTTT TTGATAAAGTTGTA
TGE CATAATAGCAARCGTAAGTATCGTTCAGCTATAGAGGACTTGCTTTTTGATAAGGTTGTA
PRCoOV GATAATAGCAARCGTAAGTATCGTTCAGCTATAGAGGACTTGCTTTTTTCTAAGGTTGTA
HCoVOC43 AGTGGTAGTAGAGTGGCTGGTCGCAGTGCCATAGAAGACATACTTTTTAGCARACTTGTT
PEDV AGTGGCAGGGTGGTACAAAAAAGGTCTGTTAT TGAAGACTTGCTTTTTAATARAGTGGTT
SARSUrba -CTAAGA--=-=--=remmcee GGTCTTTTATTGAGGACTTGCTCTTTAATAAGGTGACA
SARSTor2 ~CTAAGA------===-=venu- GGTCTTTTATTGAGGACTTGCTCTTTAATAAGGTGACA
BcoV TCCAGCA---=-e-=-c- G- - - - ATCTGCTATAGAGGATTTACTTTTTTCTARAGTAAAG .
HEV ‘ TCCACTA--~-------- G-- -- ATCTGCTATAGAGGATTTACTTTTTGATAAAGTAAAR
MHV ACCATGGCAGCTCAAACCGGACGATCTGCTATAGAGGATGTATTATTTGACARAGTCARA
RtCoV ACCAAGGCAGCGCAA- - - GGGCGATCTGCTATAGAGGATGTATTATTTGATAAGGTCAAA
1BV . CGTAGAR---=--=-v===-- AGCGTTCTCTTATTGARGACCTTCTATTTACAAGCGTTGAA

R %4 e * * dhé * i
Cecov ACATCTGGCTTAGGTACAGTTGACGAAGATTACAAACGTTCTGCAGGTGGTTATGACA - -
Fcov ACATCTGGTTTAGGTACAGTTGATGAAGATTATAAACGTTGTACTGGTGGTTACGACA - -
TGE " ACATCTGGTTTAGGTACAGTTGATGAAGATTATAAACGTTGTACAGGTGGTTATGACA- -
PRCoV ACATCTGGTTTAGGTACAGTTGATGRARGATTACARRCGTTGTACAGGTGGTTATGACA- -
HCoVOC43 ACTTCTGGACTTGGCACTGTGGACGCAGACTACAARARAGTGCACTARGGGTCTTTCCA- -
* PEDV ACTAATGGCCTTGGTACTGTTGATGAAGACTATAAGCGCTGTTCTAATGGTCGCTCTG- -
SARSUrba CTCGCTGATGCTGGCTTCATGAA- - - GCAATATGGCGAATGCCTAGGTGATATTARTG- -
SARSTor2 CTCGCTGATGCTGGCTTCATGAA - - - GCAATATGGCGAATGCCTAGGTGATATTAATG- -
BcoV TTATCTGATGTCGGTTTCGTTGA- -~ GGCTTATAATAATTGTACTGGAGGTGCCGAAA-- .
HEV | TTGTCTGATGTCGGCTTTGTACA- - - GEGCCTATAATAACTGCACTGGAGGTGCCGAAA - -
MHV CTCTCTGATGTTGGCTTTGTCGA - - - AGCATATARCARTTGCACTGGAGGCCAAGAAG - -
RtCoV CTCTCTGATGTTGGCTTTGTCGA- - - ATCATATAATAATTGCACTGGAGGTCAAGRAG- -
1BV TCTGTTGGACTACCAACAAATGA- « - CGCATATAAAAATTGCACTGCAGGACCTTTAGGC
e » *e * * . M
Ccov . - - - - TAGCTGACTTAGTGTGTGCACGATATTACAATGGCATCATGGTGCTACCTGGTGTA
Fcov -- - - TAGCAGACTTGGTGTGTGCTCAATATTACAATGGCATCATGGTTCTACCAGGTGTA
TGE -- - -TAGCTGACTTAGTATGTGCTCAATACTATAATGGCATCATGGTGCTACCTGGTGTG
PRCoV == -~ TAGCTGACTTAGTATGTGCTCAATACTATAATGGCATTATGGTGCTACCTGGTGTG
HCOVOC43 -~ - - TTGCTGACTTGGCT TG TGCTCAATATTATAATGGCATTATGG TTTTGCCTGGCGTC
PEDV ----TGGCTGATCTAGTCTGTGCGCAGTATTACTCTGGTGTCATGGTACTACCTGGCETT
SARSUrba -~ --CTAGAGATCTCATTTGTGCGCAGAAGTTCAATGGACTTACAGTGTTGCCACCTCTG
SARSTor2 - -~ - -CTAGAGATCTCATTTGTGCGCAGAAGTTCAATGGACTTACAGTGTTGCCACCTCTG
Becov -~ - -TTAGGGACCTCATTTGTGTGCAAAGTTATAATGGTATCARAGTGTTGCCTCCACTG
HEV - - - - TTAGGGATCTCATTTGTGTGCAAAGTTATAATGGTATCAAAGTGTTGCCTCCATTG
MV +++=TTAGAGACCTACTTTGTGTGCARTCTTTTAATGGCATCARAGTGCTACCGCCTETG
RtCoV - -- - -TTAGAGACCTACTTTGTGTGCAATCTTTTAATGGCATTAAAGTGCTACCGCCTGTA
1BV TTTTTTAAGGACCTTGCGTGTGCTCGTGARTATAATGGT TTGCTTGTGTTGCCTCCTATC
e * LR AR * * W - *w * W ]
Ccov GCTAATGATGACAAGATGACTATGTACACTGCATCTCTTACAGGTGGTATARCATTAGGT
FcoV GCTAATGCTGACAAGATGACTATGTACACAGCATCACTTGCAGGTGGTATAACATTAGGT
TGE GCTAATGCTGACAARATGACTATGTACACAGCATCCCTTGCAGGTGGTATAACATTAGGT
PRCoOV GCTAATGCTGACARARATGACTATGTACACAGCATCCCTCGCAGGTGGTATAACATTAGGT
HCoVOC43 GCTGATGCTGAACGAATGGCCATGTATACAGETTCTTTAATTGGTGGAATTGCTTTAGGA
PEDV GTTGACGCTGAGRAGCTTCACATGTACAGTGCGTCTCTCATAGGTGGTATGGOGCTAGGA
SARSUrba’ CTCACTGATGATATGATTGCTGCCTACACTGCTGCTCTAGTTAGTGGTACTGCCACTGCT
SARSTor2 CTCACTGATGATATGATTGCTGCCTACACTGCTGCTCTAGTTAGTGGTACTGCCACTGCT
Becov CTCTCAGTARATCAGATCAGTGGATACACTTTGGCTGCCACCTCTGCTAGTCTGTTTCCT
HEV TTATCTGARAATCAGATCAGTGGCTACACTTTGGCAGCCACCGCTGCTAGCTTATTCCCT
MHV : TTGTCTGAGAATCAAATTTCTGGTTATACAGCGGGAGCTACTGTATCTGCTATGTTCCC-
RtCoV TTATCCGAGAGTCAAATCTCTGGTTATACAGCGGGAGCTACTGCATCTGCTATGTTCCCT
1BV ATAACAGCAGAAATGCARGCTTTGTATACTAGTTCTCTAGTAGCTTCTATGGCTTTTGGT
- ‘e @ N
CcoV GCACTTAGTGGTGGCGCAGTGGC--------- TATACCTTTTGCAGTAGCAGTTCAGGCT
FcoVv GCACTTGGTGGTGGCGCCGTGG -~ == - == = = TATACCTTTTGCAGTAGCAGTACAGGCT
TGE GCACTTGGTGGAGGCGCCETGRC---- - - - - - TATACCTTTTGCAGTAGCAGTTCAGGCT

PRCoV GCACTTGGTGGAGGCGCCETGGC -~ - - - - TATACCTTTTGCAGTAGCAGTTCAGGCT
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GGTCTAACATCAG- - - CCGTTTC-- - ===~ ARTACCATTTTCATTAGCAATTCAGGCA
GGTATAACTGCTG- - - CAGCGGC ==+ == ~=-- ATTGCCTTTTAGCTATGCTGTTCAAGCG
GGATGGACATTTGGTGCTGGCGCTGCTCTTCAAATACCTTTTGCTATGCARRTGGCATAT -
GGATGGACATTTGGTGCTGGCGCTGCTCTTCAAATACCTTTTGCTATGCAAATGGCATAT

CCTTTGTCAGCAGCAGTAGETG-----~---=--- TACCATTTTATTTARATGTTCAGTAT

CCTTGGACAGCTGCAGCAGGTG-=-=-======--= TACCATTTTATTTAAATGTTCAGTAT

- -ATGGTCTGCAGCTGCAGGTG==-=oaemn==-= TGCCATTTTCTTTAAGTGTTCAATAT

CCATGGTCTGCAGCTGCAGETG =~~~ oe v n == TGCCATTTGCTTTAAGTGTTCAATAT

GGTATTACTGCAG- - - CTGGTGC--- === -- TATACCTTTTGCCACACAACTGCAGGCT
* * ' *T Y we

AGACTTAATTATGTTGCTCTACARACTGATGTATTGAACARARACCAACAARTCTTGGCT
AGRCTTARTTATGTTGCTCTACARACTGATGTATTGAATAAAAACCAACAGATCCTGGCT
AGACTTAATTATGTTGCTCTACARACTGATGTATTGAACARARACCAGCAGATTCTGGCT
AGACTTAATTATGTTGCTCTACARACTGATGTATTGAACARRAACCAGCAGATCCTGGCT
CGTTTAAATTATGTTGCATTGCAGACTGATGT TTTACAAGAAAATCAGAAAATTCTTGCT
AGRCTCAATTATCTTGCTTTACAGACGGATGTTCTACAGCGGAACCAGCAATTGCTTGCT
AGGTTCAATGGCATTGGAGTTACCCAAAATGTTCTCTATGAGAACCAAAAACARATCGCE
AGGTTCAATGGCATTGGAGT TACCCARRATGTTCTCTATGAGAACCAAARACARATCGCC
CGTATTARTGGGATTGGTGTTACCATGGATGTGTTAAGTCARAATCAARAGCTTATTGCT
CGTATAAATGGGCTTGGCGTCACTATGGATGTGCTAAGTCAAAACCARARGCTTATTGCT
AGRATTARTGGTCTTGGTGTCACTATGAATGTTCTTAGTGAAAATCAGAARATGATAGCA
AGAATTAATGGTCTTGGTGTCACTATGAATGTTCTTAGTGAAAACCAGAARATGATAGCT
AGAATTAATCACTTGGGTATTACCCAGTCACTTTTGTTGAAGAATCAAGAAAAAATTGCT

t'9|¢n * @ * * *r By » . e

ARTGCTTTCAATCAAGCTATTGGTAACATTACACAGGCATTTGGTAAGGTTAATGACGCT
ARTGCTTTCAATCARGCTATTGGTAACATTACACAGGCTTTTGGTAAGGTTAATGATGCT
AGTGCTTTCAATCAAGCTATTGGTAACATTACACAGTCATTTGGTAAGGTTAATGATGCT
AGTGCTTTTAATCAAGCTATTGGTAACATTACACAGTCATTTGGTAAGGTTAATGATGCT
GCATCTTTTAACAARGCAATGACCARCATAGTAGATGCCTTTACTGGTGTTARTGATGCT
GAGTCTTTTAACTCTGCTATTGGTAATATAACTTCAGCCTTTGAGAGTGTTAAAGAGGCT
AACCAATTTAACAAGGCGATTAGTCARRT - = v == mscmemncemnmnmaccmaann
AACCAATTTARCAAGGCGATTAGTCAAAT - - - - = = = <= === eemmeemeecmeann
ARTGCATTTAACAATGCTCTTGATGCTAT - - v s oo e mmmmmmmeemcmmemcmemcocnn
AGTGCATTTAACAATGCTCTTGATGCTAT - - - == o= == e mmemmmmmmecome s
AGTGCATTTAACAACGCGATAGGTGCTAT - -~ v rvvmommocceorammacennaanocs
AGTTCATTTAACAACGCGATAGGTGCTAT - - - === = o oo mm s eemmcmeemieece
GCTTCCTTTAATAAGGCCATTGGTCATAT - == e o mmmmmmmme T

LA X 4 L& * e

'ATACATCAAACATCAAAAGGTCTTGCTACTGTTGCTAAAGCATTGGCAAAGGTGCAAGAT

ATRCATCARACATCACARGGTCTTGCCACTGTTGCTAAAGCGTTGGCAARAGTGCAAGAT
ATACATCARACATCACGAGETCTTGCTACTGT TGCTAARGCATTGGCAARAGTGCAAGAT
ATACATCAAACATCACGAGGTCTTACAACTGT TGCTARRGCATTGGCARAAGTGCAAGAT
ATTACACARACTTCACAAGCCCTACAAACAGTTGCTACTGCACTTAACAAGATCCAGGAT
ATTAGTCAAACTTCCAAGGGTTTGAACACTGTGGCTCATGCGCTTACTAAGGTTCAAGAG

----- TCARG=- - - - - - ARTCACTTACAACAACATCAACTGCATTGGGCAAGCTGCAAGAC
----- TCARG- - - - - - AATCACTTACAACAACATCARCTGCATTGGGCAAGCTGCARGAC
----- TCAGG- - - - - - AAGGGTTTGATGCTACCAATTCTGCTTTAGTTAAAATTCAAGCT
----- CCRGG- - - - - - AAGGGTTCGACGCAACCAATTC TGCTTTAGTTAARATTCAGGCT
----- ACAGG- - - - - - ARGGGTTTGCTGCAACCAATTCTGCCTTAGCAARAATCCAGTTC
----- ACAGG- - - - - - AAGGGTTCGATGCAACCARTTCTGCTTTAGCGARAATTCAGTCC
----- GCAGG- - - - - - ARGGTTTTAGAAGTACATCTCTAGCATTACAACARATTCAAGAT
e . LA » L 4 * e

GTTGTTAACACGCRAGGTCARAGCTTTAAGCCACCTAACAGTACAATTGCAAAACAATTTT
GTTGTCRACACACAAGGGCAAGCTTTAAGTCACCTTACAGTACARTTGCAARATARTTTT
GTTGTCAACATACAAGGGCAAGCTTTAAGCCACCTARCAGTACAATTGCAAAATAATTTC
GTTGTCAACACACAAGGTCAAGCTTTAAGACACCTAACAGTACAATTGCAAAATAATTTC
GTTGTTRATCAACAAGGCAACTCATTGAACCATTTAACTTCTCAGTTGAGG CAGAATTTT
GTTGTTAATTCGCAGGGTTCAGCTTTGAACCAACTTACCGTACAGCTGCAACACAACTTC
GTTGTTAACCRGAATGCTCAAGCATTAAACACACTTGTTAAACAACTTAGC TCTAATTTT
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SARSTor?2 GTTGTTAACCAGAATGCTCAAGCAT TARACACACTTGTTARACARCTTAGCTCTAATTTT
Bcov GTTGTTAATGCAARTGCTGAAGCTCTTAATAACTTATTGCAACAACTCTCTAATAGATTT
HEV GTTGTTARTGCRARTGCTGARGCACTTAATAACTTATTGCAGCARCTCTCTAACAGATTT
MHV GTTGTCAATGCAARTGCGGARGCACTCARTAATTTATTAAACCAGCT TTCCARTAGGTTT
RtCoV GTTGTCAACGCAAATGCAGAAGCACTCAATAACCTTTTGAATCAGCTTTCCAATAGGTTT
1BV ' GTTGTTAGTARRCRGAGTGCTATTCTTACTGAGACTATGGCATCACTTAATAAAAATTTT
*RTTE B - * » * * e
Ccov CARGCCATTAGCAGTTCTATTAGTGACATTTATAACAGGCTTGATGAATTGAGTGCTGAT
Fcov CAAGCCATTAGTAGTTCTATTAGTGATATTTATAACAGGCTTGACGAACT GAGTGCTGAT
TGE CAAGCCATTAGTAGTTCTATTAGTGACATTTATAATAGGCTTGACGAATTGAGTGCTGAT
PRCOV CAAGCCATTAGTAGTTCTATTAGTGACATT TATAATAGGCTTGATGAATTGAGTGCTGAT
HCoVOC43 CAAGCTATCTCTAGCTCTATTCAGGCTATCTATGACAGACT TGACACTATTCAGGCTGAT
PEDV ‘CAAGCCATTTCTAGTTCTATTGATGACATTTATTCCCGACTGGACATTCTTTCAGCCGAT
SARSUrba GGTGCAATTTCAAGTGTGCTARATGATATCCTTTCGCGACTTGATAAAGTCGAGGCGGAG
SARSTor2 GGTGCAATTTCAAGTGTGCTAAATGATATCCTTTCGCGACTTGATAAAGTCGAGGCGGAG
BeoV ' GGTGCTATAAGTTCTTCTTTACAAGAAATTCTATCTAGACTGGATGCTCTTGAAGCGCAR
HEV GGTGCCATAAGTGCCTCTTTACAAGARATTTTATCCAGGCTCGATGCTCTTGAAGCTARA
MHV GGTGCAATTAGTGCTTCTTTACAAGARATTCTATCTCGCCTAGATGCTCTTGAAGCGCAG
- RtCoV GGTGCAATTAGTGCTTCTTTACAGGARATTCTATCTCGCCTCGATGCTCTTGAAGCTCAG
1BV GGTGCTATTTCTTCTGTGATTCAAGAAATCTACCAGCAATTTGACGCCATACAAGCAAAT
LE R 2 * * L 3 ) * *e - LR *
Ccov GCACARGTTGACAGGCTGATTACAGGACGACTTACAGCACTTAATGCATTTGTGTCTCAG
Fcov GCACAAGTTGATAGGCTGATTACAGGTAGACTTACAGCACTTAATGCATTTGTGTCTCAG
TGE GCACAAGTTGACAGGCTGATCACAGGAAGACTTACAGCACTTAATGCATTTGTGTCTCAG
PRCOV GCACAAGTCGACAGGCTGATCACAGGAAGACTTACAGCACTTAATGCATTTGTGTCTCAG
HCOVOC43 ' CAACARGTAGATAGGCTGATTACTGGTAGATTGGCTGCTTTGAATGTATTCGTTTCTCAT
PEDV GTTCAGGTTGATCGTCTCATCACCGGCAGATTATCAGCACTTAATGCTTTTGTTGCCCAA
SARSUrba GTACARATTGACAGGTTAATTACAGGCAGACTTCAARGCCTTCAAACCTATGTAACACAA
SARSTor2 . GTACARATTGACAGGTTARTTACAGGCAGACTTCAAARGCCTTCAAACCTATGTAACACAA
Bcov GCTCAGATAGACAGACTTATTAATGGGCGTCTTACCGCTCTTARTGTTTATGTTTCTCAA
HEV GCTCAGATAGACAGACTTATCAATGGGCGTCTCACCGCTCTTARTGCTTATGTTTCTCAG
MHV GCTCAGATAGACCGTCTTATTAATGGCAGATTAACTGCACTTAATGCATATGTCTCTAAG
RtCoV GCTCAGATAGRCCGTCTTATTAATGGCAGATTAACTGCACTTARTGCATATGTCTCTARG
1BV GCTCARGTGGATCGTCTTATAACTGGTAGATTGTCATCACTTTCTGTTTTAGCATCTGCT
LR * Y * * *E P e * » - * » »

CcoV ACTTTAACCAGACARGCAGAGGTTAGGGCTAGTAGACAACTTGCTAAAGACAAGGTTAAT
FeoV ACTCTAACCAGACARGCAGAGGTTAGGGCTAGTAGACARCTTGCCARAGACARGGTTART
TGE ACTCTAACCAGACARGCGGAGGTTAGGGCTAGTAGACARCTTGCCARAGACARGGTTAAT
PRCoV ACTCTAACCAGACARGCCGAGGTTAGGGCTAGTAGACAACTTGCTARAGACAAGGTTART
HCoVOC43 ACATTGACTAAGTACACTGAAGTTCGTGCTTCCAGACAGCTTGCACAACAAAAAGTGAAT
PEDV ACCCTCACTARGTATACTGAGGTTCAGGCTAGCAGGAAGCTAGCACAGCAAARGGTTAAT
SARSUrba CAACTAATCAGGGCTGCTGAARTCAGGGCTTCTGCTAATCTTGCTGCTACTAAAATGTCT
'SARSTor2 CARCTAATCAGGGCTGCTGAAATCAGGGCTTCTGCTARTCTTGCTGCTACTARAATGTCT
BcoV CAGCTTAGTGATTCTACACTAGTAAAATTTAGTGCAGCACAAGCTATGGAGAAGGTTAAT
HEV CAGCTTAGTGATTCTACACTAGTAAAATTTAGTGCAGCACAAGCTATTGAGAAAGTTAAT
MHV CAGCTGAGTGACATGACCCTTGTTAAGGTGAGTGCAGCCCAGGCTATAGAGARAGTTAAT
RtCoV CAGCTGAGCGACATGACCCTTATTAAGGTGAGTGCTGCCCAGGCTATAGAGAAAGTTAAT
1BV ARGCAGGCGGAGTATATTAGAGTGTCACAACAGCGTGAGTTAGCTACTCAGARAATTART
* * > *e * L]

Ccov GAATGCGTTAGGTCTCAATCCCAGAGATTTGGATTCTGTGGTA - - - ATGGTACACATTTG
Fcov GAATGTGTTAGGTCTCAGTCTCAGAGATTCGGATTCTGTGGTA- - - ATGGTACACATTTG
TGE GAATGCGTTAGGTCTCAGTCTCAGAGATTCGGATTCTGTGGTA- - - ATGGTACACATTTG
PRCOV GAATGCGTTAGGTCTCAGTCTCAGAGATTCGGCTTCTGTGGTA- - - ATGGTACACATTTG
HCOVOC43 GAGTGTGTCARATCCCAGTCTAAGCGTTATGGCTTCTGTGGAA- - - ATGGCACTCACATT
PEDV GAGTGCGTCARATCGCAATCTCAGCGTTACGGTTTTTGTGG TG TGATGGCGAGCACATT
SARSUrba GAGTGTGTTCTTGGACAATCAAAAAGAGTTGACTTTTGTGGAA- - - AGGGCTACCACCTT
SARSTor?2 GAGTGTGTTCTTGGACARTCARAAAGAGTTCACTTTTGTGGAA- - - AGGGCTACCACCTT
BcoV GAATGTGTCAAAAGCCAATCATCTAGGATAAATTTTTGTGGTA- - - ATGGTAATCATATT

HEV GAATGTGTTAAARGCCARTCATCTAGGATARATTTCTGTGGTA- - - ATGGTAATCATATT
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GAGTGTGTTAARAGCCAATCATCTAGGATARATTTCTGTGGCA - - - ATGGCAATCATATA
GRGTGTGTTRAARGCCARTCACCTAGGATAARTTTCTGTGGCA - - - ATGGCAATCATATA
GAGTGTGTTAAGTCACAGTCTATTAGGTACTCCTTTTGTGGTA - - - ATGGACGACATGTT

e e e e 9 ] T SRTEY T ®e LAl *

TTTTCACTTGCAAATGCGGCACCARATGGCATGATTTTCTTTCACACAGTGCTATTACCA
TTTTCACTAGCAAATGCAGCACCAAATGGCATGATTTTCTTTCATACAGTACTATTACCA
TTTTCACTCGCARATGCAGCACCAAATGGCATGATTTTCTTTCACACAGTGCTATTACCA
TTTTCACTCGCARATGCAGCACCARATGGCATGATCTTCTTTCACACAGTGCTATTACCA
TTCTCAATTGTTAATGCTGCTCCTGAGGGGCTTGTTTTTCTCCACACTGTCTTGTTGCCG
TTCTCTCTGGTACAGGCCGCACCTCAGGGCCTGCTGTTCTTACATACAGTACTTGTACCG
ATGTCCTTCCCACARGCAGCCCCGCATGGTGTTGTCTTCCTACATGTCACGTATGTGCCA
ATGTCCTTCCCACAAGCAGCCCCGCATGGTGTTGTCTTCCTACATGTCACGTATGTGCCA
ARTATCATTAGTGCAGAATGCTCCATATGGTTTGTATTTTATCCACTTTAGCTATGTCCCT
ATATCATTAGTACAGAATGCTCCATATGGTTTGTATTTTATCCATTTTAGCTATGTCCCC
TTGTCATTAGTCCAGAATGCGCCTTATGGTTTATATTTTATTCATTTCAGCTATGTGCCT
TTGTCATTAGTCCAGAATGCGCCTTACGGTTTATATTTTATTCATTTCAGCTATGTGCCT
CTAACCATACCGCARAATGCACCTAATGGTATAGTGTTTATACACTTTTCTTATACTCCA

" * * * LA N A J *r "y * e LA A LA

ACAGCTTATGAAACTGTGACGGCCTGGTCAGGTATTTCTGCGT - - - CAGATGGCAGTCGC
ACAGCTTATGAAACTGTAACAGCTTGGTCAGGTATTTGTGCTT -~ - - CAGATGGCGATCGC
ACGGCTTATGAAACTGTGACTGCTTGGCCAGGTATTTGTGCTT - - - CAGATGGTGATCGC
ACGGCGTATGAAACTGTGACTGCTTGGTCAGGTATTTGTGCTT - - - TAGATGTTGATCOGC
ACACAATATAAGGATGTTGAAGCGTGGTCTGGGTTGTGCGTTG- - - ATGGTACAAACGGT
GGTGATTTTGTARATGTTCTTGCCATCGCTGGCTTATGCGTTA - - - ATGGTGAAATTGCC
TCCCAGGAGAGGAACTTCACCACAGCGCCAGCAATTTGTCATG- - - AAGGCRARGCATAC
TCCCAGGAGAGGAACTTCACCACAGCGCCAGCAATTTGTCATG- - - ARGGCAAAGCATAC
ACTAAGTATGTCACTGCGAAGGTTAGTCCCGGTCTGTGCATTG - - - CTGGTGATAGAGGT
ACCAAGTATGTTACAGCAARGGTTAGTCCTGGTTTGTGCATTG- - - CTGGCGATATAGGA
ACTTCCTTTACAACGGCAAATGTGAGTCCTGGGCTATGCATTT - = - CTGGTGATAGAGGA
ACATCCTTTACAACGGTAAATGTGAGTCCTGGACTATGCATTT - - - CTGGTGATAGAGGA
GATAGTTTTGTTAATGTTACTGCAATAGTGGGTTTTTGTGTARAGCCAGCTAATGCTAGT

* * N L ]
ACTTTTGGACTTGTTGTTGAGGATGTCCAGCTGACGC-TATTTCGCAA -~ - -~ TTTAGAT
ACTTTCGGACTTGTCGTTARAGATGTGCAGTTGACGT -TGTTTCGTAA- -~~~ TCTAGAT
ACTTTTGGACTTGTCGTTAAAGATGTCCAGTTGACTT - TGTTTCGTAR -~~~ TCTAGAT
ACTTTTGGACTTGTCGTTAAAGATGTCCAGTTGACTT - TATTTCGTAA- = - - - TCTAGAT
TATGTGTTGCGACAACCTAATCTTGCTCT - - TTACAAAGAAGGCA----~~=~=~ ATTATT
TTGACTCTACGTGAGCCTGGCTTAGTCTTGTTTACGCATGARCTTCAAACTTATACTGCG
"TTCCCT------v - COTGAAGGTCTTTTTGTGTTTAATG- -~~~ ~--soc-==- GCACTT
TTCCCT-evevscen CGTGRAGGTGTTTTTGTGTTTAATG- = ==cceccecev= GCACTT
ATAGCC----v---- CCTAAGAGTCGTTATTTTGTTAATCTAA- -~ -~~~ -~~~ ATARTA
ATATCG-+~~-eve- CCTAAGAGTGGTTATTTTATTAATGTAA-------:---ATAATT
TTAGCA------~--- CCTAAAGCTGGATATTTTGTTCAAGATG------~-~-~~-- ATGGAG
TTAGCA-<~--ccvw- CCTARAGCTGGATATTTTGTTCAAGATC- ===~ meeecs ATGGAG
CAGTATGCARTAGTGCCCGCTAATGGTAGGGGTATTTTTATACAA- - -~~~ -~~ GTTAAT

-

GAAARATTTTATTTGACGCCCAGAACTATGTATCAGCCCAGAGTTGCAACTAGTTCTGAT
GACAAGTTCTATTTGACCCCCAGARCTATGTATCAGCCTAGAGTTGCARCTAGTTCTGAT
GACARGTTCTATTTGACCCCCAGARACTATGTATCAGCCTAGAGTTGCARCTAGTTCTGAC
GACAAGTTCTATTTGACACCCAGARCTATGTATCAGCCTAGAGTGGCAACTAGTTCTGAT
ATAGAAT------- CACATCTCGCATAATGTTTGAACCACGTATTCCTACCATGGCAGAT
ACGGAATATTTTGTTTCATCGCGACGTATGTTTGAACCTAGAAARCCTACCGTTAGTGAT
CTTGGTTTAT - - - - TACACAGAGGAACTTCTTTTCTCCACAAATAATTACTACAGACAAT
CTTGGTTTAT- - - - TACACRGAGGARCTTCTTTTCTCCACAAATAATTACTACAGACAAT
CTTGGATGTT- - - - CACTGGTAGTGGT TATTACTACCCTGAACCCATAACTGGAARTAAT
CTTGGATGTT- - - - CACTGGTAGTAGCTATTACTACCCTGAACCTATAACCCARARTART
RGTGGAARGTT- - - - CACAGGTAGTAATTATTATTACCCTGAACCCATTACAGATARRAAT
AATGCGAAGTT- - - - CACAGGTAGCAATTATTACTACCCTGAATCCATTACAGATARARAC
GGTAGTTACTACATCACTGCACGAGATATGTATATGCCAAGRGCTATTACTGCAGGAGAT
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SARSTor2
Beov
HEV

MHV
RtCov
IBV

CcoV
Fecov
TGE
FRCoV
HCoV0OC43
PEDV
SARSUrba
SARSTor2
BcoV
HEV
MHV
RtCoV

- IBV

Ccov

TTTGTTCARATAGAAGGCTGTGATGTGTTGTTTGTTAATGGARCTGTARTTGARTTGCCT
TTTGTTCARRTTGARGGG TG TGATG TETTGTT TGTCARCGOGACTGTAATTGATTTGCCT
TTTGTTCARATTGAAGGGTGCGATGTGCTGTTTGTTAATGCARCTGTAAGTGATTTGCCT
TTTGTTCAAATTGARGGGTGCCATGTGCTGTTTGTTARTACARCTGTAAGTGATTTGCCT
TTTGTTCARATTGARAATTGCAATGTCACATTTGTTARCATTTCTCGCTCTGAGTTGCAA

- TTTGTTCAAATTGAGAGTTGTGTGGTCACCTATGTCARTCTGACTAGCGACCAGCTACCA -

ACATTTGTCTCAGGAARTTGTGATGTCGTTATTGGCATCATTAACAACACAGTTTATGAT
ACATTTGTCTCAGGAARTTGTGATGTCGTTATTGGCATCATTAACAACACAGTTTATGAT
GTTGTTGTTATGAGTACCTGTGCTGTTAACTATACTAAAGCGCCGGATGTAATGCTGAAC
GTTGTTGTGATGAGTACCTGTGCTGTTAATTATACTAAAGCACCGGATCTAATGCTGAAC
AGTGTCGTGATGAGTAGTTGCGCAGCAAACTACACAAAGGCACCTGAAGTTTTCTTGAAC

" AGTGTCGTGATGAGTAGTTGCGCAGTAAACTACACAARGGCACCTGAAGTTTTCTTGAAC

GTAGTTACGCTTACTTCTTGTCAAGCAAATTATGTAAGTGTAAATAAGACCGTCATTACT

L] e » -

AGTATCATA- - - CCTGACTATATCGATATTAATCARACTGTTCAGGACATATTAGAARAT
AGTATTATA- - - CCTGACTATATTGACATTAATCAAACTGTTCAAGACATATTAGAAAAT
AGTATTATA- - - CCTGATTATATTGATATTAATCAGACTGTTCAAGACATATTAGAAAAT
AGTATTATA- - - CCTGATTATATTGATATTAATCAGACTGTTCAAGACATATTAGAAAAT
ACCATTGTG- - -CCAGAGTATATTGATGTTAATAAGACGCT - - GCAAGAATTAAGTTACA
GATGTAATC- - - CCAGRTTACATCGATGTTAACARAACACTTGATGAGATTTTAGCTTCT
CCTCTGCAA- - - CCTGAGCTCGACTCATTCARAGAAGAGCTGGACARGTACTTCAAAAAT
CCTCTGCAA- - - CCTGAGCTTGACTCATTCARAGAAGAGCTGGACAAGTACTTCARAAAT
ATTTCAARCA- - - CCCRACCTCCATGATTTTAAGGAAGAGTTGGATCAATGGTTTARAAAC
ACATCGACA- - - CCCAACCTTCCTGACT TCAAGGAAGAATTGTATCAATGGTTTAAAAAC

ACTTCAATA- - - CCTAATCTACCCGACTTTAAGGAGGAGTTAGATARATGGTTTARAAAT
ACTTCAATA- - -ACTAATCTACCCGACTTTARGGAGGAGTTAGATAAATGGTTTARAGAAT

ACATTCGTAGACAARTGATGATTTTGATTTTAATGACGAATTGTCAAAATGGTGGRATGAT

" L 2 L] * * -

TTCAGACCAARTTGGACTGTACCCGAGTTGCCACTTGACATTTTTCATGCAACCTACTTA
TACAGACCAARCTGGACTGTACCTGARTTTACACTTGATATTTTCAACGCAACCTATTTA
TTTAGRCCAARTTGGACTGTACCTGAGTTGACATTTGACATTTTTAACGCAACCTATTTA
TTTAGACCAARTTGGACTGTACCTGAGCTGACATTGGACGTTTTTAACGCAACCTATTTA
AATTG- CCAARTTACACTGTTCCAGACCTAGTTGTCGAACAGTACARARCCAGACTATTTTG
= =CTG-CCCARTAGAACTGGTCCAAGTCTTCCCCTAGATGTTTTTAATGCCACTTATCTT
CATACATCACCAGATGTTGATCT - TGGCGACATTTCAGGCA- - TTAACGCTTCTGTCGTC
CATACATCACCAGATGTTGATCT - TGGCGACATTTCAGGCA - - TTAACGCTTCTGTCGTC
CARACATCAGTGGCACCAGATTTGTCACTTGATTATA ===~ - TARATGTTACATTCTTG
CARTCTTCAGTGGCACCAGATTTGTCACTTGATTATA- -~~~ - TTAATGTTACGTTCTTG
CAGACGTCTATTGCGCCTGATTTATCTCTCGATTTCGAGAAATTARACGTTACCCTCCTG
CAGACGTCTATTGTGCCTGATT TATCTTTCGATATCGGGARATTAARTGTTACATTCCTT
~ACTAAGCATGAGCTACCAGACTTTGAC- - AAATTCAATTA- - - CACAGTACCTATACTT

» - »

AACCTGACTGGTGAAATTAATGACTTAGAATTTAGGTCAGAAAAGTTACATAACACCACA
AATCTGACTGCTGAAATTGATGACTTAGAGTTTAGGTCAGAAAAGCTACATAACACTACA
AACCTGACTGGTGARATTGATGACTTAGAATTTAGGTCAGAAAAGCTACATAACACCACT
AACCTGACTGGTGAAATTGATGACTTAGAGTTTAGGTCAGARAAGCTACATAACACTACT
AATTTGACCAGTGAAATTAGCACCCTTGAAAARTAAATCTGCGGAGCTTAATTACACTGTT
AATCTTACTGGTGAAATTGCAGATCTAGAGCAGCGTTCAGAGTCTCTCCGTAATACTACA
AACATTCAAARAGARATTGACCGCCTCAATGAGG -« =scseccmnrscenmeconccnen
ARCATTCAARRAGARATTGACCGCCTCAATCAGG- -~ ----cccccccccecmccanes
GACCTACAAGATGARATGAATAGGTTACAGGAGG-~=-~ccrcmeccansemcecacanen
GACCTACAAGATGAAATCAATAGGETTACAAGAGG--~c-cccccccnccccscccnnn -
GACCTGACTGATGAGATGAACAGGATTCAGGATG= === ====seccancmonconcanan
GACCTGTCCTATGAGATGAACAGGATTCAGGATG -~~~ -2 vccmmmemcccremmramen
GACATTGATAGTGARATTGATCGTATTCAAGGCG- -+~ c---ss-rorcoccccanancs

* * *r: ww k] -

GTAGAACTTGCTATTCTCATTGATAATATTARTAACACATTAGTCAATCTTGAATGGCTC
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FcoVv GTAGAACT'I'GCCATTCTCATTGATAACA'I‘FAATMTACA’I”I‘AGTCMTCTTGMTGGCTC
TGE GTAGAACTTGCCATTCTCATTGACAACATTAACAATACATTAGTCAATCTTGAATGGCTC
PRCoV GTAGAACTTGCCATTCTCATTGACAACATTAACAATACAGTAGTCAATCTTGAATCGCTT
HCoVOC43 CAAAAATTGCAARCTCTGATTGACAACATAAATAGCACATTAGTCGACTTAAAGTGGCTC
- PEDV - GARGAGCTCCGARGTCTCATTAACAACATCARCAACACACTTGTTGACCTTGAGTGGCTC
SARSUrba = = eeeeoooooil.... TCGCTARAAATTTAAARTGAATCACTCATTGACCTTCAAGAATTG
SARSTorz = eeceen seceananaa. TCGCTAAAAATTTAAATGAATCACTCATTGACCTTCAAGARTTG
Bcov . iemeccccecacecea. CAATAARAGTTTTAAATCAGAGCTACATCAATCTCAAGGACATT
HEV.  erreeeecaaaaa., CTATAAAAGTTTTAAATCAGAGCTACATCAATCTCAAGGACATT
L L L T s CAATTAAGAAGTTAAATGAGAGTTACATCAACCTCAAGGACGTT
RECOV e eaeen. CAATTAAGAATTTAAATGAGAGTTACATCAACCTCAAGGARATT
IBV  eeemmemecman. TTATACAGGGTCTTAATGACTCTCTAATAGACCTTGAAAAACTT
. * * e * * * *

CcoVv AACAGAATTGMACTTATGTAAAATGGCCTTGGTATGTTTGGCTACTAATTGGA'ITAGTA
FcoV AATAGAAT’I‘GAAACTTATGTAAAATGGCCTTGGTA'IGTGTGGCTAC’IGATAGGTTTAGTA
TGE AATAGAATTGAAACCTATGTAAAATGGCCTTGGTATGTGTGGCTACTMTAGGC‘ITAGTA
PRCoV AATAGAATTGAAACTTATGTAAMTGGCCTTGGTATGTGTGGCTACTAATAGGC'!TAGTA
HCoVOC43 AARCCGGGTTGAGACTTACATCAAGTGGCCGTGGTGEG TG TGETTGTGCATTTCAGTCGTG
PEDV AACCGAGTTGAGACATACATCAAG']‘GGCCGTGGTGGGTTTGGTTGATCATTGTTATTG’I“I‘
SARSUrba GGARAATATCGAGCAATATATTAAATGGCCTTGGTATGTTTGGCTCGGCTTCA- - - TTGCT
SARSTor2 GGARAATATGAGCAATATATTAARTGGCCTTGGTATGTTTGGCTCGGCTTCA- - - TTGCT
BcoV GGTACATATGAGTATTATGTAAAATGGCCTTGGTATGTATGGCTTTTAATTGGCTTTGCT
HEV GGTACATATGAGTATTATGTGAAA’IGGCC'I‘TGGTATGTA’IGGC’I'I"ITM'I'I‘GGCC’I‘I‘GCT
MHV GGCACATATGAAATGTATGTGAAATGGCCTTGGTA’I‘G’DSTGGWGCTMT’IGGAHAGCT
RtCoV GGCACATATGAGATGTATGTGAAATGGCC‘I‘TGGTA'I‘G'I"I"I‘GGC‘I‘GC‘I‘AAT’I‘GGA’I'I‘AGCT
1BV TCAATACTCAAAACTTATATTAAGTGGCCTTGGTATG PGTGGTTAGCCATAGCTTTTGCC
. *e * Fd SRR Y RGN W *® e @ * * »
CcoV GTAATATTC‘I‘GCATACCCATA’I"I"GCTA'I‘TTTGTTGTTGTAGTACTGGT‘PGTTGTGGA‘NT
Fcov GTAGTATTTTGCATACCATTACTGCTATTTTGCTG'I"I"I‘TAGCACAGG’I"I‘G‘I‘I‘GTGGA'!‘GC
TGE GTAATATTTTGCATACCATTACTGCTATT TTGCTGTTGTAGTACAGGTTGCTGTGCGATGC
FRCoV GTAATATT‘I‘TGCATACCM‘TACTGCI‘ATTT'I’GC'I‘GTTGTAGTACAGG'I"I‘GCTGTGGA’IGC
HCoVOC43 CTCATCTTTGTGGTGAGTATGTTGCTATTATGTTGTTGTTCTACTGGTTGCTCTGGCTTC
FEDV CTCATC'I"I‘TGTTGTGTCA?TACTAGTGTTCTGCTGCATTT‘CCACGGGTTGTTGT{;GAT‘GC
SARSUrba GGACTAATTGCCATCGTCATGG'I‘TACAATCTTGCTTTGTTGCATGACTAGTTGTTGCAGT
SARSToX?2 GGACTAATTGCCATCGTCATGGTTACAATCTTGCTTTGTTGCATGACTAGTTGTTGCAGT
BcoVv GGTG'I‘AGCTATGCTTGTTTTACTAT‘I‘CT’I‘CATATGCTGT’IGTACAGGA'I‘GTGGGACTAGT
HEV GGETGTAGCTATGCTTGTTTTACTATTCTTCATATGCTGCTGTACAGGATGTGGGACTAGT
MHV GGTGTAGCTGTTTGTGTGTTGT JATTTTTCATATGTTGCTGCACGGGTI‘GTGGCTCATGT
RtCoV GGTGTAGCTGTTTGTGT TTTGTTATT TTT TATATGTTGCTGCACAGGTTGTGGCTCTTCT
1BV AC‘I‘AT’I‘ATC‘I‘TCA’I‘C’I‘TAATACTAGGATGGGTTTTC‘I‘TCATGACTGG‘I'I‘GT‘I‘GMT
- w 'y * * *
CeoV ATCGGGTGTTTAGGAAGCTGTTGTCATTCCATAT-GTAGTAGAGGCCA - « - ATTTGAARG
Fcov ATAGGTTGTTTAGGAAGTTGTTGTCACTCTATAT - GTAGTAGAAGACA - - - ATTTGAAAA
TGE ATAGGTTGTTTAGGAAGTTGTTGTCACTCTATAT- GTAGTAGAAGACA- - -ATTTGAAAA -
PRCoV ATAGGTTGTTTAGGAAGTTGTTGTCACTCTATAT - TCACTAGAAGACA - - - ATTTGAAAA
HCeVOC4 3 TTTAGTTGTTTTGCATCTTCTATTAGAGGTTGTT-GTGAATCAACTAA- - =ACTTCCTTA
PEDV TGCGGTTGCTGCGGTGCTTGTT TTTCAGGTTGTT -GTAGGGGTCCTAG- - - ACTTCAACC
SARSUrba TGCCTCARGGGTGCATGCTCTTGTGGTTCTTGCT ~GCAAGTTTGATGA - - ~-GGATGACTC
SARSTor2 TGCCTCARGGGTGCATGCTCTTGTGGTTCTTGCT -GCAAGTTTGATGA - - -GGATGACTC
Becov TGTTTTAAGAT- - - ATG- - - TGGTGGTTGTTGTG- ATGATTATACTGG- - - ACACCAGG-
HEV TGTTTTAAGAA- - - ATG- - - TGGCGGTTGTTGTG- ATGATTATACTGG- - - ACACCAGG-
MHV TGTTTCAAGAA- - -GTG- - - TGGAAATTGTTSTG - ATGAGTG TGGAGG - - - ACACCAGGA
Rt CoV TGTTTTAAGAR- - - ATG- - - TGGAAATTGTTGTG- ATGAGTATGGAGG- - - ACGTCAGGC
1BV TGTTGTGGATGC- TTTGGCATTATGCCTCTAATGAGTAAGTGTGGTAAGAAATCTTCTTA
*
CeoV TTATGAACCTATTGAARRAGTTCATGTTCACTGRA == s s et = =cemcommcaensonoon
Fcov TTATGAACCAATTGAARAAGTGCATGTCCACTAA- - - - =~ =-—-----cc-semeeconn
TGE TTACGAACCAATTGAARARGTGCACGTCCATTAR = = = === === -~ ~ememmmooono.

PRCOV TTATGAACCTATTGAAAAAGTGCACCTCCATTAR - -~~~ === = -

................
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HCoVOC4 3 TTACGACG- - - TTGAAAAGATCCACATACAGTAR = ccc-vevecmmemenenans ...
PEDV TTACGARGCTTTTGAAAAGGTCCACGCTGCAGTGA = =~ w~c e cmecemeemonmoneane
SARSUrba TGAGCCAGTTCTCAAGGGTGTCAAATTACATTACACATAR = v e mm e e mne
SARSTor2 TGAGCCAGTTCTCAAGGGTGTCAAATTACATTACACATAR - = v e eemvocnnensnonn
Bcov -AGT-TAGTAAT-TAAAR- - - - - CATCACATGACGACTAR=-cvceememcencaccnnn
HEV «AGT-TTGTAAT-CAARAA- - - - - CTTCACATGACGATTAR - = - coccomccnmcmcann
MRV CAGTATTGTGATACATARTATTTCCTCTCATGAGGATTGA - -~ - = cmmmmmccacemnn
RtCoV AGGTATTGTGATACATAATATTTCCTCTCATGAGGATTGA = = = - == s e mmmecmmmme :
1BV © TTACACGACTTTTGATAACGATGTGGTAACTGAACAATACAGACCTARAARGTCTGTTTG
* L]

CcoVv -

Fcov -

TGE .

PRCoV .

HCoVOC43 -

PEDV -

SARSUrba -

SARSTor2 -

Bcov -

HEV .

MHV .

RtCoV -

IBV
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Figure 4: List of Molecular Designs for S Gene

LK249

e

5'-FAM-CCCACGCCAGAAGGTAGATCACGAACTACACGTGGG-3'-Dubcyl

LK249.N 5'-FAM-GCCCACGCCAGAAGGTAGATCACGAACTACACGTGGGCoB‘- |

Dubcyl

LK250 .

5-CTCTATGTTTATAAGGGCTATCAACCTATAGATGTAGTTCGTGATCTA

CCTTCTGGTTTTAACACTTTGAAACCTATTTTTAAGTTGCCTCTTGG -3'

S-CTCTATGTTTATAAGGGCTATCAACC-3'
5'-TAATACGACTCACTATAGGCTCTATGTTTATAAGGGCTATCAACC—3'_

LK252-RT

S-R

—

5-CCAAGAGGCAACTTAAAAATAGGTTTC- 3
5'- AGGCTGTAAGAACCAAGAGG CAACTTAAAAATAGGT‘ITC— 3

5-AGGCTGTAAGAA-3'
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Fiqure 5: CLUSTAL W (1.81) multiple DNA sequence alignment of
coronavirus E genes from strains isolated from different species

SARS-Urb L T T B
SARS-TOY =  coii i iicmeneecenann. LR Rl T P
HCoOC43 O :
PEDV eececcaasecmcccmenne oo, eeecccceana. cecarann chemcccnnaaan
TGE . e e et et e
PRCOV e, D
CooV e R R T
FcoV R R .-
MHV e s—————- T T TR e T
RtCov _..__. e e e e e e e e e
BcoV Sr-eeeccrtccaccccccecrrcrcemnan e e recccrccanaa
IBV ATGAATTTATTGAATAAGTCGCTAGAGGAGAATGGAAGTTTTCTAACAGCGCTTTACATA
SARS-Urk -.-o...___ ATGTACTCATTCGTTTCGGARGAAACAGGTACGTTAATAGTTAATAGCGT
SARS-Tor = .ee_oo_... ATGTACTCATTCGTTTCGGARGAAACAGGTACGTTAATAGTTAATAGCGT
HCoOC43 ... .. ATGTTCCTTARGCTAGTGGATGATCA - TGCTTTGGTTGTTAATGTACT
PEDV I e L T ATGCTACAATTAGTGAATGATAR - TGGTCTAGTAGTTAATGTTAT
TGE ATGACGTTTCCTAGGGCATTGACTGTCATAGATGACAA-TGGAATGGTCATTAACATCAT
PRCoV ATGACGTTTCCTAGGGCATTGACTGTCATAGATGACAA-CGGAATGGTCATTAGCATCAT
Ccov ATGACGTTCCCTCGGGCATTGACTGTCATAGATGACAA-TGGAATGGTCATTkGTATCAT
Fcov ATGACGTTCCCTAGGGCATTTACTATCATAGATGACCA-TGGCATGGTTGTTAGCGTCTT'
MAV: ... ATGTTTAATTTATTCCTTACAGATACAGTATGGTATGTGGGGCAG- ATTAT
RtCov  aoooL... ATGTTTARTTTATTCCTTATAGACACAGTATGGTACGTGGGGCAG- ATTAT
BeoV - ---ATGTTTATGGCTGATGCTTATTTTGCAGACACTGTGTGGTATGTGGGGCAA-ATAAT
1BV ATTGTAGGATTTTTAGCACTTTATCTTCTAGGTA--GAGCACTTCAAGCATTTGTACAGG
*
SARS-Urb ACTTCTTTTTCTTGCTTTCGTGGTAT T - =~ - « = = CTTGCTAGTCACACTAGCCATCCTTA
SARS-Tor ACTTCTTTTTCTTGCTTTCGTGGTATT- =~ - =~ - CTTGCTAGTCACACTAGCCATCCTTA
HCo0C43 ACTCTGGTGTGTGGTGCTTATAGTGAT - == = = = = ACTACTAGTGTGTATTACAATAATTA
PEDV ACTTTGGCTTTTCGTACTCTTTTTCCT - -~ - - - - GCTTATTATAAGCATTACCTTCGTCC
TGE TTTCTGGTTCCTGTTGATAATTATATT-7 ----- GATATTACTTTCAATAGCATTGCTAA
PRCoV TTTTTGGTTCCTGTTGATAATTATATT - =~ oo - GATATTACTTTCAATAGCATTGCTAA
Ccov TTTCTGGTTCCTGTTGATAATTATATT- <~ v=v GATATTATTTTCAATAGCATTGCTAA
Fcov CTTCTGGCTCCTGTTGATAATTATAT T -« = = = = = GATATTGTTTTCAATAGCATTGCTAA
MHV TTTTATAGTCGCAGTGTGTTTGATGGT = = = = = = CACCATAATAGTGGTTGCCTTCCTTG
RtCoV TTTTATAGTCGCAGTGTGTTTGATGGT- -~ - - - - CACCATAATTGTGGTTGCCTTCCTTG
Bcov TTTTATAGTTGCCATTTGTTTATTGGT - =~ = « - - TATAATAGTTGTAGTGGCATTTTTGG
1BV CTGCTGATGCTTGTTGTTTATTTTGG TATACATGGG TAGTAAT TCCAGGAGCTAAGGGTA
° * * * ] - »
SARS-Urb CTGCGCTTCGATT---GTGTGCGTACTGCTGCAATATTGTTAACGTGAGTTTAGTAAAAC
SARS-Tor CTGCGCTTCGATT---GTGTGCGTACTGCTGCAATATTGTTAACGTGAGTTTAGTAAAAC
HCoOC4 3 AACTAATTAAGCT---TTGTTTCACTTGCCATATGTTTTGTAATAGAACAGTTTATGGCC
PEDV - AATTGGTTAATCT---GTGCTTCACTTGTCACCGGTTGTGTAATAGCGCAGTTTATACAC
TGE ATATAATTAAGCT---ATGCATGGTGTGTTGCAATTTAGGAAGGACAGTTATTATTGTTC
PRCoV ATATAATTAAGCT---ATGCATGGTGTGTTGCAATTTAGGAAGGACAGTTATTATTGTTC
Ceov ATATAATTAAGCT--—ATGCATGGTATGTTGCAATTTAGGAAGAACAGTTATTATTGTTC
Fcov ATGTTATTAAATT---GTGCATGGTATGTTGCAATTTGGGTAAGACTATTATAGTACTAC
MHV CGTCTATCAAACT--—TTGTATTCAACTTTGCGGTTTGTGTAATACTTTGTTGCTGTCTC
RtCov CGTCTATTAAACT---TTGTATTCAACTTTGCGGTTTGTGTAATACTTTGTTGCTGTCTC
Bcov CAACTTTTAAATT---GTGTATTCAACTTTGCGGTATGTGTAATACCTTAGTACTGTCCC
IBV CAGCCTTTGTATACAAGTATACATATGGTAGAAAACTTAACAATCCGGAATTAGAAGCAG
- - * * -
SARS-Urb CAACGGTTTACGTCTAC- - TCGCGTG - - TTAAAAATCTGAACTCTTCTGAAGGA - < - « - -

SARS-Tor CAACGGTTTACGTCTAC- - TCGCGTG- - TTAARRATCTGAACTCTTCTGAAGGA--- - - -
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KCo0C43
PEDV
TGE
PRCoV
"CeoV
Fcov
MHV
RtCoV
Bcov
1BV

SARS-Urb

SARS-Torxr
HCo0C43
FEDV
TGE
PRCoV
CecoVv

" FcoVv
MHV
RtCoV
BeoV
1BV

CCATTAAAAATGTGTA---CCACATT--TACCAATCATATATGCACATAGACCC—--;-T
CTATAGGGCGCCTGTA- - - TAGAGTT- - TATAAGTCTTACATGCGAATTGACCC = < = = = C
CAGCGCAACATGCTTA---CGATGCC--TATAAGAATTTTATGCGAATTAAAGCAT--AC
CAGTGCAACATGCTTA---CGATGCC-~TATAAGAATTTTATGCGAATTAAAGCAT--AC
CAGCTCGACATGCCTA---TGATGCC--TATAAGAATTTTATGCAAATTAGAGCAT--AC
CTGCACGCCATGCATA---TGATGCC--TATAAGACCTTTATGCAAACCAAGGCAT--AT
CTTCTATTTGTGTGTATAATAGGAGT-'AAGCAGCTTTATAAGTATTATAATGAAGAAGT
CTTCTATTTATGTGTATAATAGGAGT--AAGCAGCTTTATAAGTATTATAATGAAGAAGT'
CTTCTATTTATGTGTTTAATAGAGGT--AGGCAGTTTTATGAGTTTTACAACGAT---GT
TTATTGTTAACGAGTTTCCTARGAACGGTTGGAATAATAAARATCCAGCARATTTTCARG

* * ]

GTTCCTGATCTTCTGGTCTAR - == ===~ == == oo oo emmmman ---

" GTTCCTGATCTTCTGGTCTAR - - = o= == s m e e mmmceeanae

TTCCCTAAACGAGTTATTGATTTCTAA == === ocmemcmmanccnn-
CTCCCCAGTACTGTTATTGACGTATAA- = - = =< =cmcemmecamonnn
ARCCCCGATGGAGCACTCCTTGCTTGA - = o == 2 me o m e e oo feee
ARCCCTGATGGAGCACTCCTTETTTGA ~ - - == === == - = =eecanan-
ARCCCTGATGARGCACTCCTTGTTTGA = =+ o v e o mmmmemeecmnen
ARTCCCGACGAAGCATTTTTGGTTTGA ==~ === veeveenccanna
GAGACCGCCCCCGTTAGAGGTGGATGATATARTAATCCAAACATTATGA
GAGACCGCCCCCGTTAGRGGTGGATGATATAATARTCCARACATTATGA
ARRACCACCAGTTCTTGATGTGEATGACGTT-TAG- - - - = - - e = c o e -
ATGCCCAACGAGACARATTGTACTCTTGA - - == = emmenaccacnn-
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Figure 6:  Phylogenetic Analysis of E Gene

PEDV
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Figure 7: Molecular Designs for SARS-Associated £ Gene

NOTE;

LK253 is a TET-molecular beacon, which recognizes the E gene of coronavirus
(SARS Tor2 and SARS urbani human pathogenic straips). It will be used in a real-

time PCR diagnostic for the identification of SARS-associated coronavirus
RNA/DNA. i

Beacon LX253

oacy 8

annYann

BGTATTCTTGCTAGTCACACTAGCCATCCTTACTGCGOTT-2 "

Amplicon LK254

LK253
E. Target recognition sequence: 26 nucleotides (11 GIC)
F. Length of the arms: 6 nucleotides (5 GIC)
G. Melting temperature of the beacon: dG=-229 dH=-67.2 dS=-200.8 Tm=61.5°C
H. Melting temperature of target: °C ‘
LK255  5.CGGAAGAAACAGGTACGTTAATAGY
Length: 24 nucleotides (10 G/C)
Tm: °C
Position: (sec alignment below)
LK25¢ &° ~AAGCGCAGTAAGGATGGCTA-
Length: 20 nucleotides (10 G/C)
- Tm: °C
Position: (see alignment below)
E-RT §’ ~-TATTGCAGCAGTAC-Y’

Length: 14 nucleotides (10 G/C)
Tm: 47°C
Position: (see alignment below)
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LK254 Amplicon (95 nucleotides)

PCGGAAGAAACAGGTACGTTAATAGTTAATAGCGTACTTCTTTTTCTTGCTTTCGT
GGTATTCTTGCTAGTCACACTAGCCATCCTTACTGCGCTT-3’

DNA sequence alignment of complete
E genes from coroma virus strains

kk . . :
L 1 o - e
SARS-Tor cescscecccmsccecnnmns ssssttstenccaccnnon ceeene- cecetcacencaan
HCOOC43 = = cciceecccrccrccmccctcmannracccccccccccemscecccccercem—aaan-
PEDV @ aoaa.- R e ey .-
TGE @ cccccccceccrccrnce= fetccecsctcemmmemcccmccreaccrarecesseaanan
PRCOV = cccmmemcccecemcecmmc e cccccccscesccccrccceoccoccececaaca—n—n
CcoV ‘ PP ceceenea meaceemcemmcmemmecceomemm——n .-
FcoVv g _
MHV L T T T g P P .
RECOV = cemracrcrrncscrcccrecea [ seremcccomcmcnmsme D LT
BcoVv S
IBV ATGAATTTATTGAATARGTCGCTAGAGGAGAATGGAAGTTTTCTAACAGCGCTTTACATA
SARS-Urdb eccecca-o-- ATGTACTCATTCGTTTCCGGAAGAAACAGGTACGTTAATAGTTAAT
SARS ~Tor = ceeeeea-.a- ATGTACTCATTCGTTTCGGARGAARCAGGTACGTTARTAGTTAAT.
HCoOC43  cecmecccee-. ATGTTCCTTAAGCTAGTGGATGATCA- TGCTTTGGTTGTTAATGTA!
PEDV ~ eeeeeemmeeeeea- ATGCTACAATTAGTGAATGATAA- TGGTCTAGTAGTTAATGTT.
TGE ATGACGTTTCCTAGGGCATTGACTGTCATAGATGACAAR- TGGARTGGTCATTAACA
PRCoV ATGACGTTTCCTAGGGCATTGACTGTCATAGATGACAR- CGGAATGGTCATTAGCA
CcoV ATGACGTTCCCTCGGGCATTGACTGTCATAGATGACAR - TGGAATGGTCATTAGTA
Fcov ATGACGTTCCCTAGGGCATTTACTATCATAGATGACCA - TGGCATGGTTGTTAGCGT
MHV = eeeeeee-- ATGTTTAATTTATTCCTTACAGATACAGTATGGTATGTGGGGCAG-ATT.
RtCoV = eeeecennn. ATGTTTAATTTATTCCTTATAGACACAGTATGGTACGTGGGGCAG-ATT.
BecoVv ~--ATGTTTATGGCTGATGCTTATTTTGCAGACACTGTGTGGTATGTGGGGCARA - AT,
IBV ATTGTAGGATTTTTAGCACTTTATCTTCTAGGTA- - GAGCACTTCAAGCA’I"I‘TGTACAIG
N *
LRK255 5’ -CGGAAGAARCAGGTACGTTAATAG -3¢
3355553553555 5555535353355555555>
SARS-Urb CTTGCTAGTCACACTAGCCATCCTTA
SARS-Tor CTTGCTAGTCACACTAGCCATCCTTA
HCo0C43 AGTGAT------- ACTACTAGTGTGTATTACAATAATTA
PEDV BTG TTRCRTACRCTRTTTCCT-- - - - GCTTATTATAAGCATTACCTTCGTCC
TGE ) : PR AP TATATT------- GATATTACTTTCAATAGCATTGCTAA
PRCoV hAAARTATATT---~~-- GATATTACTTTCAATAGCATTGCTAA
Ccov BGTTGARAANTATATT- - = GATATTATTTTCAATAGCATTGCTAA
FcoVv - TATATT------- GATATTGTTTTCAATAGCATTGCTAA
MHV B CGC ATGGT--~---- CACCATAATAGTGGTTGCCTTCCTTG
Rt CoV TTR CGCARTGEGT ATGGT-+vwew- CACCATAATTGTGGTTGCCTTCCTTG
‘BeoV TTRRABAGETCCCATTRGTTRATTGET- - - -~ - - TATAATAGTTGTAGTGGCATTTTTGG
IBV CTGCTGA.GCTIGTT TAYTTTGGTATACATGGGTAGTAATTCCAGGAGCTAAGGGTA
* * * * * *
LK253 EEACON . LK256 3’ -ATCGGTAGGAAT
CLCLECLLLLELLLELLLLLL L
SARS-Urb CTGCGCTTCGATT- - - GTGTGCGTACTGCTGCARTATTGTTAACGTGAGTTTAGTAAAAC

SARS-Tor CTGCGCTTCGATT- - - GTGTGCGTACTGCTGCARTATTGTTAACGTGAGTTTAGTARAAC
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AACTAATTAAGCT---TTGTTTCACTTGCCATATGTTTTGTAATAGAACAGTTTATGGCC
AATTGGTTAATCT---GTGCTTCACTTGTCACGGGTTGTGTAATAGCGCAGTTTATACAC
ATATAATTAAGCT---ATGCATGGTGTGTTGCAATTTAGGAAGGACRGTTATTATTGTTC
ATATAATTAAGCT---ATGCATGGTGTGTTGCAATTTAGGAAGGACAGTTATTATTGTTC
ATATAATTAAGCT---ATGCATGGTATGTTGCAATTTAGGAAGAACAGTTATTATTGTTC
ATGTTATTAAATT---GTGCATGGTATGTTGCAATTTGGGTAAGACTATTATAGTACTAC
CGTCTATCAAACT---TTGTATTCAACTTTGCGGTTTGTGTAATACTTTGTTGCTGTCTC
CGTCTATTAAACT---TTGTATTCAACTTTGCGGTTTGTGTAATAL11be:ngbxc1L'

'CAACTTTTAAATT---GTGTATTCAACTTTGCGGTATGTGTAATACCTTAGTACTGTCCC

CAGCCTTTGTATACAAGTATACATATGGTAGAAAACTTAACAATCCGGAATTAGAAGCAG
* * * * ]

GACGCGAR-5" 3 -CATGACGACGTTAT-5' E-RT

€€CCCCLCCCKC

CAACGGTTTACGTCTAC--TCGCGTG--TTAAAAATCTGAACTCTTCTGAAGGA ------
CAACGGTTTACGTCTAC--TCGCGTG--TTAAAAATCTGAACTCTTCTGAAGGA- -----
CCATTAAAAATGTGTA---CCACATT--TACCAATCATATATGCACATAGACCC ----- T
CTATAGGGCGCCTGTA--~TAGAGTT--TATAAGTCTTACATGCGAATTGACCC ----- c
CAGCGCAACATGCTTA---CGATGCC--TATAAGAATTTTATGCGAATTAAAGCAT-rAC
CAGTGCAACATGCTTA---CGATGCC--TATAAGAATTTTATGCGAATTAAAGCAT--AC
CAGCTCGACATGCCTA---TGATGCC~-TATAAGAATTTTATGCAAATTAGAGCAT--AC
CTGCACGCCATGCATA---TGATGCC--TATAAGACCTTTATGCAAACCAAGGCAT--AT
CTTCTATTTGTGTGTATAATAGGAGT--AAGCAGCTTTATAAGTATTATAATGAAGAAGT
CTTCTATTTATGTGTATAATAGGAGT--AAGCAGCTTTATAAGTATTATAATGAAGAAGT '
CTTCTATTTATGTGTTTAATAGAGGT--AGGCAGTTTTATGAGTTTTACAACGAT---GT
TTATTGTTAACGAGTTTCCTAAGAACGGTTGGAATAATAAAAATCCAGCAAATTTTCAAG

* * *

GTTCCTGATCTTCTGGTCTAR - - = === - cmeccaccmaaes —eeee

GTTCCTGATCTTCTGGTCTARA - e emcccccmcrcccccccecemnn -
TTCCCTAAACGAGTTATTGATTTc;AA ......................
CTCCCCAGTACTGTTATTGACGTATAA ......................
AACCCCGATGGAGCACTCCTTGCTTGA v cereracccmnonasnmnnx
ARCCCTGATGGAGCACTCCTTGTTTGA < = = = e mm - mm e e oo
ARCCCTGATGAAGCACTCCTTGTTTGA » ~ ==+ - mm o= ccmmmmmmenn
ARTCCCGACGARGCATTTTTGGTTTGA - - - cmccceemmeemenenan
GAGACCGCCCCCOTTAGAGGTGGATGATATAATARTCCARACATTATGA
GAGACCGCCCCCGTTAGAGGTGGATGATATAATAATCCAARCATTATGA
AAAACCACCAGTTCT TGATGTGGATGACGTT- TAG < - m e mm v ebmenn

" ATGCCCAACGAGACAAATTGTACTCTTGA - = = = == < == o e mom o e e e m

*
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Fiqure 8: Molecular Designs for SARS-Associated E Gene

LK253 - 5'-FAM-CCTCCGCACGAAAGCAAGAAAAAGAAGTACGCCGGAGG~3'-
Dubcyt ' ‘ '

LK253.N 5'-FAM-GCCTCCGCACGAAAGCAAGAAAAAGAAGTACGCCGGAGGC-3’-
Dubeyl

LK254 5'-CGGAAGAAACAGGTACGTTAATAGTTAATAGCGTACTTCTTTI'TC
TG CTTI'CGTGGTATTCTI’GCTAGTCACACTAGCCATCC'I'I'ACTGCGCTT
.3

LK255  5- CGGAAGAAACAGGTACGTTAATAG -3'

LK255-T7 5’-TAATACGACTCACTATAGGCGGAAGAAACAGGTACGTTAATAG -3

LK256 5 AAGCGCAGTAAGGATGGCTA - 3' |

LK256-RT 5'- TA'ITGCAGCAGTACAAGCGCAGTAAGGATGGCTA -3

E-RT. =) —TATTGCAGCAGTAC—B’
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Figure 9: DNA Sequence Alignment of Coronavirus M Genes Isolated
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........................ ATGRAGATTTTGTTGATATTAGCCTGTGCGATTGCA
e mem e ATGAAGRARATTTTGTTTTTACTAGCGTGTGCAATTGCA
T'I‘TTGGTTTGAACTAAACAAAATGAAGTACATTTTGCTAATACTCGCGTGCATAATTGCA

............................................................
............................................................
............................................................
............................................................

TGCGCATGTGGAGAACCCTATTGTGCTATGAAATCCGATACAGATTTGTCATGTCGCAAT
TGCACATGTGGAGAACGCTATTGTGCTATGAAAGACGATACAGGTTTGTCATGTCGCAAT
TGCGTCTATGGAGAACGCTATTGTGCCATGA---CTGAAAGTTCTACGTCATGTCGTAAT
TGCGTTTATGGTGAACGCTACTGTGCCATGCAA---GACAGTGGCTTGCAGTGTATTAAT

............................................................

-------------------------------------------------- ATGAGTAGTS
T e ATGAGTAGTC
-------------------------------------------------- ATGACTAGTA

e it T U N
............................................................

............................................................

AGTACAGCGTCTGATTGTGAGTCA-—TGCTTCAACGGAGGCGATCTTATTTGGCATCTTG
GGCACGGCGTCTGATTGTGAGTCA--TGCTTCAACAGAGGCGATCTTATTTGGCTTCTTG
AGCACGGCTGGCAACTGTGCTTCA-—TGCTTCGAAACAGGTGATCTTATTTGGCATCTTG
GGCACAAATTCAAGATGTCAAACC--TGCTTTGAACGTGGTGATCTTATTTGGCATCTTG
-------------- ATGTCAAATG- - - ACAATTGTACGGGTGACATTGTCACCCATTTGA
-------------- ATGTCTAACGGTTCTATTCCCGTTGATGAGGTGATTGAACACCTTA
TAACT---ACACCAGCACCAGTTTACACCTGGACTGCTGATGAAGCTATTAAATTCCTAA
CAACT---ACACCAGTACCAGTTATTAGCTGGACTGCTGATGAAGCTATTAAATTCCTAA
CCACTCAGGCTCCACAGLLJbI1lATCAb1bbACGGCTGATGAGGCAATTCGATTCCTTA
CCACTCCAGCCCCCCAGACTGTCTATCAATGGACGGCCGATGTGGCAGTTCGATTCCTTA
--TTGCTTATCATGGCAGACAACGGTACTATTACCGTTGAGGAGCTTAAACAACTCCTGG
—-TTGCTTATCATGGCAGACAACGGTACTATTACCGTTGAGGAGCTTAAACAACTCCTGG
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iBv. 0 ... ATGCCCAACGAGACAAA’I‘TGTACTCTTGAC‘I‘TTGAACAGTCAG'I‘TCAGCI‘I‘T'I‘TA
* *
TGE . CAAACTGGAACTTCAGCTGGTCTATAATATTGATCGTTTTTATAACTGTGCTACAATATG
PRCoV ' CAAACTGGAACTTCAGCTGGTCTATAATATTGATCATTTTTATTACTGTGCTACAATATG
Ccov ,CAAACTGGAACTTCAGCTGGTCTGTAATATTGATCATTTTTATAACAGTGTTACAATATG
FCoV "CTAACTGGAACTTCAGCTGGTCTGTAATATTGATTGTTTTTATAACAGTGTTACAATATG
HCoVOC43 AGAATTGGAATTTTGGTTGGAATGTTATTCTAACCATATTCATTGTTATTCTTCAGTTTG
PEDV GAAACTGGAATTTCACATGGAATATCATACTGACGATACTACTTGTAGTGCTTCAGTATG
BCoV AGGAATGGAACTTTTCTTTGGGTATTATACTACTTTTTATTACAATCATATTGCAATTTG
HEV AGGAATGGAATTTTTCTTTGGGTATAATAGTACTCTTTATCACAATCATACTTCAATTTG
MRV ) AGGAATGGAATTTCTCTCTCGGCATTATACTACTTTTTGTTACTATCATACTACAGTTCG
RtCoV AGGAATGGAACTTCTTGTTGGGCATTATACTACTCTTTATTACTATCATACTACAGTTCG
SARS-Urb AACAATGGAACCTAGTAATAGGTTTCCTATTCCTAGCCTGGATTATGTTACTACAATTTG
SARS-Tor AACAATGGAACCTAGTAATAGGTTTCCTATTCCTAGCCTGGATTATGTTACTACAATTTG
1BV AAGAGTATAATTTATTTATAACTGCATTCTTGTTGTTCTTAACCATAATACTTCAGTATG
* " *e * * * - T e @ »
TGE GAAGACCTCAATTCAGCTGGTTCGTGTATGGCATTAAAATGCTTATAATGTGGCTATTAT
PRCoV GAAGACCTCAATTCAGCTGGTTCGTGTATGGCATTAAAATGCTTATAATGTGGCTATTAT
Ccov GAAGACCTCAATTTAGCTGGTTCGTGTGTGGCATTAAAATGCTTATTATGTGGCTGTTAT
FCoV GCAGACCACAATTTAGCTGGCTCGTTTATGGCATTAAAATGCTGATCATGTGGCTATTAT
HCoVOC43 GACACTATAAATACTCCAGATTGTTTTATGGTTTGAAGATGCTTGTACTGTGGCTTCTTT‘
PEDV GCCATTACAAGTACTCTGTGTTCTTGTATGGTGTCAAGATGGCTATTCTATGGATACTTT
BCoV GATATACAAGTCGCAGTATGTTTGTTTATGTTATTAAGATGATCATTTTGTGGCTTATGT
HEV ’ GATATACAAGTCGCAGTATGTTTGTTTATGTTATTAAGATGGTTATTCTGTGGCTCATGT
MHV GTTACACGAGCCGTAGCATGTTTGTTTATGTTGTGAAAATGATACTTTTGTGGCTTATGT
RtCoV GTTACACGAGCCGTAGCATGTTTATATATGTTGTGAAAATGATAATCTTGTGGTTAATGT
SARS-Urb CCTATTCTAATCGGAACAGGTTTTTGTACATAATAAAGCTTGTTTTCCTCTGGCTCTTGT
SARS-Tor CCTATTCTAATCGGAACAGGTTTTTGTACATAATAAAGL1151111;L1L1&GCTCTTGT
1BV GCTATGCAACAAGAAGTAAGGTTATTTATACACTGAAAATGATAGTGTTATGGTGCTTTT
N . » L ' ®wE » » * e * »
TGE GGCCCGTTGTTTTGGCTCTTACGATTTTTAATGCATACTCGGAATACCAAGTGTCCAGAT
FRCoV GGCCGAJlbllllbbLlLlTACGAJJ11JAATGCATACTCGGAATACCAAGTGTCCAGGT
CcoV GGCCCATTGTTTTAGCTCTTACGATTTTTAATGCATACCTGGAATACCGAGTTTCCAGAT
FCoV : GGCCTATTGTTCTAGCGCTTACGATTTTTAATGCATACTCTGAGTACCAAGTTTCCAGAT
HCoVOC43 GGCCACTCGTACTTGCTTTGTCAATCTTTGACAC---CTGGGCTAATTGGGATTCTAATT
PEDV GGCCTCTTGTGTTGGCACTGTCACTTTTTGACGCATGGGCTAGCTTCCAGGT---CAACT
BCoV - GGCCCCTTACTATCATCTTAACTATTTTCAAT - == = - = TGCGTGTAT - - -GCGTTGAATA
HEV GGCCTCTTACTATAATTTTAACTATCTTCAAC - == = = - TGCGTATAC- - - GCGTTGAATA
MHV GGCCACTARCTATTGTTTTGTGTATTTTTAAC- -~ - - - TGCGTCTAT - - -GCGCTAAATA
RtCoV GGCCACTGACTATTGTTT TG TGTATTTTTAAT - <= - - = TGCGTGTAT - - -GCGCTAAATA
SARS-Urb GGCCAGTAACACTTGCTTGTTTTGTGCTTGCTG ----- A-CTGTCTACAGAAT---TAATT
SARS-Tor GGCCAGTAACACTTGCTTGTTTTGTGCTTGCTG ------ CTGTCTACAGAAT- - -TAATT
IBV GGCCCCTTAACATTGCAGTAGGTGTAATTTCA - - - - - TGTACATACC- ~ -CACCAAACA
L2 R K] * - » - +*
TGE ATGTAATGTTCGGCTTTAGTATTGCAGGTGCAATTGTTACATTTGTACTCTGGATTATGT
PRCoV ATGTAATGTTCGGCTTTAGTATTGCAGGTGCAATTGTTACATTTGTACTCTGGATTATGT
Ccov ATGTAATGTTCGGCTTTAGTGTTGCAGGTGCAACTGTTACATTTATACTTTGGATTATGT
FCoV ATGTAATGTTCGGCTTTAGTGTTGCAGGTGCAGTTGTAACGTTTGCACTTTGGATGATGT
HCovOoC43 GGGCCTTTGTTGCATTTAGCTTTTTTATGGCCGTATCAACACTCGTTATGTGGGTGATGT
PEDV GGGTCTTTTTCGCTTTCAGCATCCTTATGGCTTGCATCACTCTTATGCTGTGGATAATGT
BCoV ATGTGTATCTTGGCTTTTCTATAGTTTTCACTATAGTGGCCATTATCATGTGGATTGTGT
HEV ATGTGTACCTTGGCTTCTCTATAGTTTTTACTATAGTGGCCATTATTATGTGGGTTGTTT
MHV ATGTGTATCTTGGATTTTCTATAGTGTTTACTATAGTGTCCATTATAATGTGGATTATGT
"RtCov ATGTGTATCTTGGATTTTCTATAGTGTTTACTATAGTGTCCATTGTAATGTGGATTATGT
SARS-Urb GGGTGACTGGCGGGATTGCGATTGCAATGGCTTGTATTGTAGGCTTGATGTGGCTTAGCT
SARS-Tor GGGTGACTGGCGGGATTGCGATTGCAATGGCTTGTATTGTAGGCTTGATGTGGCTTAGCT

IBv CAGGAGGTCTTGTCGCAGCGATAATACTTACAGTGTTTGCGTGTCTGTCTTTTGTAGGTT
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ATTTTGTAARGATCCATTCAGTTGTACAGAAGGACTAAGTCTTGGTGGTCTTTCAACCCTG
ATTTTGTARGRTCCATTCAGTTGTACAGAAGGACTAAGTCTTGGTGGTCCTTCAACCCTG
ATTTTGTTAGATCCATTCAGTTATACAGAAGGACTARGTCTTGGTGGTCT TTCAACCCTS
ATTTTGTGAGATCTGTTCAGCTATATAGAAGAACCAAATCATGCTGGTCTTTTAATCCTG
ACTTCGCARRCAGTTTCAGACTTTTCCGACGTGCTCGAACTTTTTGGGCATGGAATCCTG
ATTTTGTCAATAGCATTCGGTTGTGGCGCAGGACACATTCTTGGTGGTCT TTCAATCCTG
ATTTTGTGAATAGTATCAGGTTGTTTATTAGAACTGGAAGTTGGTGGAGTTTCAACCCAG
ATTTTGTGAATAGTATCAGGTTGTTTATTAGAACTGGAAGTTGG TGGAGTTTCARCCCAG
ATTTTGTTAATAGCATCAGGTTGTTTATCAGGACTGGCAGCTGGTGGAGCTTCAACCCCG
ATTTTGTTAATAGCATAAGG TTGTTTATCAGGACTGGTAGCTGGTGGAGCTTCAACCCTG
ACTTCGTTGCTTCCTTCAGGCTGTTTGCTCGTACCCGCTCARTGTGGTCATTCARCCCAG
ACTTCGTTGCTTCCTTCAGGCTGTTTGCTCGTACCCGCTCAATGTGGTCATTCAACCCAG
ATTGGATCCAGAGTATTAGACTCTTTAAGCGGTGTAGGTCATGGTGGTCATTTAATCCAG

*. L L * LR 2 ] e g @

ARACTRAAGCAATTCTTTGCGTTAGTGCATTAGGAAGAAGCTATGTGCTTCCTCTCGARG
AMACTAACGCAATTCTTTGCGTTAGTGCATTAGGAAGAAGCTATGTGCTTCCTCTCGARG
AARACTAGCGCAATTCTTTGCGTTAGTGCGTTAGGAAGAAGCTATGTGCTTCCTCTTGAAG
AGACTARTGCARTTCTTTGTGTTAATGCATTGGCTAGAAGTTATGTGCTTCCCTTAGATG
AGGTTRATGCARTCACTGTCACAACCGTGTTGGGACAGACATACTATCAACCCATTCAAC
ARACTGACGCGCTTCTCACTACTTCTGTGATGGGCCGACAGGTCTGCATTCCAGTGCTTG
ARACARACAACTTGATGTGTATAGATATGAAGGGAAGGATGTATGTTAGGCCGATAATTG
AARARCAAACAACTTGATGTGTATAGATATGAAGGGAAGAATGTATGTTAGGCCGATTATTG
ARACARACAACCTAATGTGTATAGATATGAAAGGTACTGTGTATGTTAGACCCATTATAG
ARRCAAACAACCTARTGTGTATAGATGTGAAAGGTACTGTGTATGTTAGACCCATTATTG
ARACARRACATTCTTCTCAATGTGCCTCTCCGGGGGACAATTGTGACCAGACCGCTCATGG
ARACARACATTCTTCTCAATGTGCCTCTCCGGGGGACARTTGTGACCAGACCGCTCATGE
ARTCTAATGCCGTAGGTTCARTACTCCTAACTAATGGTCAACAATGTAATTTTGCTATAG

L] B -

GTGTG- - - CCAACTGGTGTCACTCTAACTTTGCTTTCAGGGRATT TG TACGCTGARGGGT
GTGTG- - - CCAACTGGTGTCACTCTAACT TTGCTTTCAGGGAATTTGTACGCTGAAGGGT
GTGTG- - - CCAACTGGTGTCACTCTAACATTGCTTTCAGGGAATTTGTGTGCTGAAGGST
GTACT- - - CCTACAGGTGTTACCCTTACTCTACTTTCAGGAAATCTATATGCTGAAGGTT
ARGCT- - - CCARCAGGCATTACTGTGACCTTGCTGAGCGGCGTGCTTTACGTTGACGGAC
GRGCA- - - CCAACTGGTGTAACGCTAACACTCCTTAGTGGTACATTGCTTGTAGAGGGCT
AGGAC- - - TRCCATACCCTTACGGTCACAATAATACGTGGTCATCTTTACATGCAAGGTA
AGGAC---TACCACACCCTTACTGCCACAATAATACGTGGCCACCTCTACATCCAAGGTA
AGGAT- - - TACCATACACTAACAGCCACTATCATTCGTGGTCACCTCTATATGCAAGETG
ARGAT- - - TRCCATACACTAACAGCCACRRRTGTACGTGGCCACCTTTATATGCAAGGTG
ARAGT- - - GRACTTGTCATTGGTGCTGTGATCATTCGTGGTCACTTGCGAATGGCCGGAC
AAAGT- - - GAACTTGTCATTGGTGCTGTGATCATTCGTGGTCACTTGCGAATGGCCGGAC
AGAGTGTGCCAATGGTGCTTTCTCCAATTATAARGAATGGTGTTCTTTATTGTGAGGGTC

* LA * LA

TCAAAATTGCAGGTGGTATGAACATCGACAATTTACCAAAATACGTAATGGTTGCATTAC
TCAAAATTGCAGGTGGTATGACCATCGACAATTTGCCAAAATACGTAATGGTTGCATTAC
TCARAATTGCAGGTGGTATGAACATCGACAATTTACCARAATATGTAATGGTTGCATTAC
TCARAATGGCTGGTGGTTTAACCATCGAGCATTTGCCTAAATACGTCATGATTGCTACAC
ATAGATTGGCTTCAGGTGTTCAGGTTCATAACCTACCTGAATACATGACAGTTGCCGTGC
ATAAGGTTGCTACTGGCGTACAGGTAAGTCAATTACCTAATTTCGTCACAGTCGCCAAGS
TARAARCTAGGTARCTGGCTATTCTTTGTCAGATTTGCCAGCTTATGTCGACTCTTGCTAAGG
TARARCTAGGTACTGGCTATTCTTTGTCAGATTTGCCTGCTTATGTGACCGTTGCTAAGG
TTAAGCTAGGCACTGGCTTCTCTTTGTCTGATTTGCCTGCTTATGTTACAGTTGCTAAGE
TTAAGCTAGGCACTGGCTTCTCT TTGTCTGATTTGCCCGCTTATGTTACAGTTGCTAAGS
ACCCCCTAGGGCGCTGTG---ACATTAAGGACCTGCCAAAAGAGATCACTGTGGCTACAT
ACTCCCTAGGGCGCTGTG- - - ACATTAAGGACCTGCCAAAAGAGATCACTGTGGCTACAT
AGTGGCTTGCTRAGTGTG- - - ARCCAGACCACTTGCCTAARGATATATTTGTTTGTACAC

* * * » * *Y * -
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TGE CTAGCAGGACTATTGTCTACACAC- - TTGTTGGCAAGARGTTGARAGCAAGTAGTGCGAC
PRCoV CCAGCAGGACTATTGTTTACACAC- - TTGTTGGCAAGAAGTTGAAAGCAAGTAGTGCGAC
Ccov CTGTCAGARCCATAGTCTACACAC - - TTGTTGGCAAGAAATTGARAGCAAGTAGTGCAAC
FCoV CTAGTAGAACCATCGTTTATACAT - - TAGTTGGAAAACAATTAAAAGCAACTACTGCCAC
HCoVOC43 CGAGCACTACTATAATTTATAGTA- - GAGTCGGAAGGTCOGTAARTTCACAAAATAGCAC
PEDV . CCACTACARCAATTGTCTACGGAC- - GTGTTGGTCGTTCAGTCAATGCTTCATCTGGCAC
BCoV T--CTCACACCTGCTCACGTATAA- - GCGT-GGTTTTCTTGACAAGATAGGCGATACTAG
HEV T+ - TACACACCTGTGCACATATAA - - GCGT - GGTTTTCTTGATAGGATAGGCGATACTAG
MHV T-=GTCTCACCTTTGCACTTATAA- - GCGC - GCATTCTTAGACAAGGTAGACGGTGTTAG
RtCoV T--GTCGCACCTTTGCACTTATAA - - GCGC- GCATTTTTAGACAAGGTTGACGGTGTTAG
SARS-Urb C- - - ACGAACGCTTTCTTATTACA- - AATTAGGAGCGTCGCAGCGTGTAGGCACTGATTC
SARS-Tor C- - - ACGAACGCTTTCTTATTACA- - AATTAGGAGCGTCGCAGCGTGTAGGCACTGATTC
1BV CGGATAGACGTAATATCTACCGTATGGTGCAGAAATATACTGGTGACCAAAGCGGARATA
N . *
TGE TGGATGGGCTTACTATGTARARTCTAAAGCTGGTGATTACTCAACAGAGG- - - CAAGAAC
PRCoV TGGATGGGCTTACTATGTARRATCTAAAGCTGGTGATTACTCAACAGAGG - - - CAAGAAC
Ccov AGGATGGCCTTACTATGTAAAGTCTARRGCTGGTGATTACTCAACAGATG- - - CACGAAC
FCoV AGGATGGGCTTACTACGTAAAATCTAAAGCTGGTGATTACTCAACAGAAG- - - CACGTAC
HCOVOC43 AGGCTGGGTTTTCTACGTACGAGTARAACACGGTGATTTTTCTGCAGTGAGCTCTCCCAT
PEDV TGGTTGGGCTTTCTATGTCCGGTCAAAACACGGCGACTATTCAGCTGTGAGTAATCCGAG
BCoV ~ TGGTTTTGCTGTTTATGTTAAGTCCAARGTCGGTAATTACCGACTGCCATCAACCCARRA
HEV TGGTTTTGCTGTTTATGTTARGTCCARAGTCGGTAATTATCGATTGCCTTCAACCCATAR
MHV CGGTTTTGCTGTTTATGTGAAGTCCAAGGTCGGARATTACCGACTGCCCTCARATARACC
RtCoV CGGTTTTGCTGTTTATGTGAAGTCCARGGTCGGTAATTACCGACTGCCCTCAAATARACC
- SARS-Urb - AGGTTTTGCTGCATACAACCGCTACCGTATTGGAAACTATARATTAAATACAGACCACGC
SARS-Tor AGGTTTTGCTGCATACAACCGCTACCGTATTGGAAACTATAAATTARATACAGACCACGC
1BV AGAARAGGTTTGCTACGTTTG- TCTATGCARAGCAGTCAGTAGATACTGGCGAGCTAGAA
* L S J LR *» R

TGE ' TGATAATTTGAGTGAGCAAGAARAATTATTACATATGGTATAA

PRCOV TGATAATTTGAGTGAGCAAGAAAAATTATTACATATGGTATAA

Ccov TGATAATTTGAGTGAGCATGAAAAATTATTACATATGGTATAA

FCoV TGACAATTTGAGTGARCATGAAAAATTATTACATATGGTGTAA

HCoVOC4 3 GAGCAACATGACAGAAARACGARAGATTGCTTCATTTTTTCTAA

PEDV TGCGGTTCTCACAGATAGTGAGARAGTGCTTCATTTAGTCTAA

BCoV GGGTTCTGGCATGGACACCGCATTCTTGAGARATARTATCTAA

HEV GGGCTCAGGCATGGACACCGCATTGTTGAGARATAATATCTAA

MHV GAGT- - -GGCATGGACACCGCATTGTTGAGARTCTAA - « = - =

RtCoV GAGT- - - GGCGCGGACACCGCATTGTTGAGARTCTAA - - - - - -

SARS-Urb CGGTAGCAACGACAATATTGCTTTGCTAGTACAGTAA- - - - -

SARS-Tor ‘CGGTAGCAACGACAATATTGCTTTGCTAGTACAGTAA- - - = « -

1BV AGTGTAGCAACAGGAGGAAGTAGTCTTTACACATAA- - - -~ - -

* » -
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Fiqure 10: Phylogenetic Analysis of M Gene

FCov  CeoV

1BV
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Figure 11: Molecular Designs for SARS-Associated M Gene

NOTE:

RNA/DNA.

LK257 is a TET-molecular beacon, which recognizes the M gene of coronavirus
(SARS Tor2 and SARS urbani buman pathogenic strains). It will be used in a real-
time PCR diagnostic for the identification of SARS-associated coronavirus

5* « CTTGTTTTCCTCTGGCT x.uuuu;ummcnmcmcmcml

LK257

Beacon LK257

Amplicon LR258

I. Target recognition sequence:

J. Length of the arms:

K. Melting temperature of the beacon:
L. Melting temperature of target:

26 nucleotides (11 G/C) + (3 nts arms G/C)
6 nucleotides (5 G/C)

dG=-1.52 dH=-46.6 dS=-139.6 Tm=60.7°C

°C (including 3 nts from the arms)

LK259 5-CTTGTTTTCCTCTGGCTCTTG-3

Tm: C

Length: 21 nucleotides (10 G/C)
.0

Position: (see alignment below)

LK260 5’ -CAAGCCATTGCAATCGCAATC-3’

Length: 21 nucleotides (10 G/C)

Im: °C

Position: (see alignment below)

M-RT 5-AAGCAACGAAGTAG-¥

Length: 14 nucleotides (6 G/C)

Tm: 47°C

Position: (see alignment below)
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L. K258 Amplicon (107 nucleotides)
8-

US 2006/0003340 A1

CTTGTTTTCCTCTGGCTCTTGTGGCCAGTAACACTTGCTTGTTITGTGCTTGCTGCTG

TCTACAGAATTAATTGGGTGACTGGCGGGATTGCGATTGCAATGGCTTG -3’

DNA sequence alignment of compiete
M genes from corona virus strains

TGE
PRCoV
CcoV
FCoV
HCoVOC4 3
PEDV
BCoV
HEV

MHV
RtCoV
SARS-Urb
SARS-Tor
1BV

TGE
PRCoV
Ccov
FCoV
HCoVOC43
PEDV
BCoVv
HEV

MHV
RtCoV
SARS-Urb
SARS-Tor
IBV

TGE
PRCoV
Ceov
FCov
HCoVO0C43
PEDV
BCov
HEV

MHV
RtCoV
SARS-Urb
SARS-Tor
IBV

TGE
PRCoV

............................................................
............................................................

............................................................

------------------------------------------------------------

............................................................

............................................................
............................................................
.............................................................

........................ ATGAAGATTTTGTTAATATTAGCGTGTGTGATTGCA
Ay S, ATGAAGATTTTGTTGATATTAGCGTGTGCGATTGCA
..................... ATGAAGAAAATTTTGTTTTTACTAGCGTGTGCAATTGCA
TTTTGGTTTGAACTAAACAARATGAAGTACAT TTTGCTAATACTCGCGTGCATAATTGCA

............................................................
............................................................
S
A
e memmmmm LTI

TGCGCATGTGGAGARCGCTATTGTGCTATGARATCCGATACAGATTTGTCATGTCGCAAT
TGCACATGTGGAGAACGCTATTGTGCTATGAAAGACGATACAGGTTTGTCATGTCGCAAT
TGCGTCTATGGAGARCGCTATTGTGCCATGA - - - CTGAAAGTTCTACGTCATGTCGTAAT
TGCGTTTATGGTGAACGCTACTGTGCCATGCAA - - -GACAGTGGCTTGCAGTGTATTAAT

............................................................

AGTACAGCGTCTGATTGTGAGTCA- - TGCTTCAACGGAGGCGATCTTATTTGGCATCTTG
GGCACGGCGTCTGATTGTGAGTCA- - TGCTTCAACAGAGGCGATCTTATTTGGCTTCTTG
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CcoV RAGCACGGCTGGCAACTGTGCTTCA - - TGCTTCGAAACAGETGATCTTATTTGGCATCTTS
FCoV GGCACAAATTCARGATGTCAAACC - - TGCTTTGAACGTGGTGATCTTATTTGGCATCTTE
HCOVOC43  ceemececea.a.. ATGTCAARTG- - - ACARTTGTACGGGTGACATTGTCACCCATTTGA
PEDV .. ATGTCTAACGGTTCTATTCCCGTTGATGAGGTGATTGAACACCTTA
BCov TAACT---ACACCAGCACCAGTTTACACCTGGACTGCTGATGAAGCTATTAAATTCCTAA
HEV ) CAACT- - - ACACCAGTACCAGTTATTAGCTGGACTGCTGATGAAGCTATTAAATTCCTAA
MHV CCACTCAGGCTCCACAGCCTGTTTATCAGTGGACGGCTGATGAGGCAATTCGATTCCTTA
RtCoV CCACTCCAGCCCCCCAGACTGTCTATCAATGGACGGCCGATGTGGCAGTTCGATTCCTTA
SARS-Urb == TTGCTTATCATGGCAGACAACGGTACTATTACCCTTGAGGAGCTTAAACAACTCCTGG
SARS-Tor -- TTGCTTATCATGGCAGACAACGGTACTATTACCGTTGAGGAGCTTAAACAACTCCTGG
IBv.  eea.. ATGCCCARCGAGACAAATTGTACTCTTGACTTTGAACAGTCAGTTCAGCTTTTTA
* *
TGE CARRCTGGAACTTCAGCTGGTCTATAATATTGATCGTTTTTATAACTGTGCTACAATATG
PRCoV CARACTGGAACTTCAGCTGGTCTATAATATTGATCATTTTTATTACTGTGCTACAATATG
CcoV CARACTGGAACTTCAGCTGGTCTGTAATATTGATCATTTTTATAACAGTGTTACAATATG
FCoV CTARCTGGAACTTCAGCTGGTCTGTAATATTGATTGTTTTTATAACAGTGTTACARTATG
HCoVOC43 AGAATTGGAATTTTGCTTGGAATGTTATTCTAACCATATTCATTGTTATTCTTCAGTTTG
PEDV GARACTGGAATTTCACATGGAATATCATACTGACGATACTACTTGTACTCCTTCAGTATG
BCoV AGGAATGGAACTTTTCTTTGGGTATTATACTACTTTTTATTACAATCATATTGCAATTTG
HEV AGGAATGGAAT TTTTCTTTGGGTATAATAGTACTCTTTATCACAATCATACTTCARTTTG
. MHV AGGAATGGAATTTCTCTCTCGGCATTATACTACTTTTTGTTACTATCATACTACAGTTCG
RtCoV AGGAATGGAACTTCTTGTTGGGCATTATACTACTCTTTATTACTATCATACTACAGTTOG
SARS-Urb ARCAATGGAACCTAGTAATAGGTTTCCTATTCCTAGCCTGGATTATGTTACTACAATTTG
SARS-Tor ARCAATGGAACCTAGTAATAGGTTTCCTATTCCTAGCCTGGATTATGTTACTACAATTTG
1BV ARGAGTATAATTTATTTATAACTGCATTCTTGTTCTTCTTAACCATAATACTTCAGTATG
* *: @ v % * ® *® ® @
TGE GAAGACCTCARTTCAGCTGGTTCGTGTATGGCATTARAATGCTTATAATGTGGCTATTAT
PRCoV ‘ GAAGACCTCARTTCAGCTGGTTCGTGTATGGCATTRAAARTGCTTATARTGTGGCTATTAT
CeoV GARAGACCTCAATTTAGCTGGTTCGTGTGTGGCATTARARTGCTTATTATGTGGCTGTTAT
FCoV GCAGACCACAATTTAGCTGGCTCGTTTATGGCATTAAAATGCTGATCATGTGGCTATTAT
HCoVOC4 3 GRCACTATARRTACTCCAGATTGTTTTATGGTTTGAAGATGCTTGTACTGTGGCTTCTTT
PEDV GCCATTACAACTACTCTGTGTTCTTGTATGGTGTCARGATGGCTATTCTATGGATACTTT
BCoV GATATACRAGTCGCAGTATGTTTGTTTATGTTATTAAGATGATCATTTTCTGGCTTATGT
HEV - GATATACAAGTCGCAGTATGTTTGTTTATGTTATTAAGATGGTTATTCTGTGGCTCATGT
MHV _ . GTTACACGAGCCGTAGCATGTTTGTTTATGTTIGTGARAATGATACTTTTGTGGCTTATGT
RtCoV GTTACACGAGCCGTAGCATGTTTATATATGTTGTGARAATGATAATCTTGTGGTTAATGT
SARS-Urb CCTATTCTAATCGGAACAGGTTTTTGTACATAATAAAGCTTGTTTTCCTCTGGCTCTTGT
SARS-Tor - CCTATTCTARTCGGAACAGGTTTTTGTACATAATARAGCTTGTTTTCCTCTGGCTCTTGT
1BV GCTATGCAACAAGAAGTAAGGTTATTTATACACTGAAAATGATAGTGTTATGGTGCTTTT
* % * B @ * % S8 * %

LK259 5’ -CTTGTTTTCCTCTGGCTCTTG-3"
PPP2222222222222522225222233553>

TGE GGCCCGTTGTTTTGGCTCTTACGATTTTT GCATACTI
PRCoV GGCCGATTGTTTTGGCTCTTACGATTTTT. GCATACTC
CcoVv . GGCCCATTGTTTTAGCTCTTACGATTTTT
FCoV GGCCTATTGTTCTAGCGCTTACGATTTTT.

HCoVOC43 GGCCACTCGTACTTGCTTTGTCAATCTTT
PEDV GGCCTCTTGTGTTGGCACTGTCACTTTT

BCoV GGCCCCTTACTATCATCTTAACTATTTTCAR]- - - - - -
HEV GGCCTCTTACTATAATTTTAACTATCTTCAAC- -~~~ -
MHV GGCCACTAACTATTGTTTTGTGTATTTTTAAC-- - - - -
RtCoV GGCCACTGACTATTGTTTTGTGTATTTTTAR

SARS-Urb GGCCAGTAACACTTGCTTGTTTTGTGCTTE <"
SARS-Tor GGCCAGTRACACTTGCTTGTTTTGTGCTTREZR - - - - - - BEG
IBV GGCCCCTTAACATTGCAGTAGGTGTAATTTRA- - -~ - -

[ XX ) * . e K 3

LK258 BEACON
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TGE
PRCoV
CcoVv
FCoV
HCoVOC43
PEDV
BCoV
HEV

MHV
RtCoV
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SARS-Tor
1BV

TGE
PRCoV

" CecoV
FCoV
HCoVvOC43
PEDV

" BCoV
HEV
MHV
RtCoV
SARS-Urb
SARS- Tor
IBV

TGE
PRCoV
CeoV
FCov
HCoVOC43
PEDV
BCoV
HEV

MHV
RtCoV
SARS-Urb
SARS-Tor
IBV

TGE
PRCoV
Ccov
FCoV
HCoVOC4 3
PEDV
BCoV
HEV

MHV
RtCoV
SARS-UTrb
SARS-Tor
.IBV

TGE

A AR TGTTCGGCTTTAGTATTGCAGGTGCAATTCTTACATTTGTACT CTGGATTATGT
ATRRARTGTTCGGCTTTAGTATTGCAGETGCAATTGTTACATTTGTACT CTGGATTATGT
ATRARTGTTCGGCTTTAGTGTTGCAGGTGCAACTGTTACATTTATACT TTGGATTATGT
ATRBARTCTTCGGCTTTAG TG TTGCAGGTGCAGTTGTARCGTTTGCACT TTGGATGATGT

B CCTTTGTTGCATTTAGCTTTTTTATGGCCGTATCAACACTCGTTATGTGGGTGATGT
G CTTTTTCGCTTTCAGCATCCTTATGGCTTGCATCACTCTTATGCTGTGGATARTGT
ATGRGTATCTTGGCT T T TCTATAGTTTTCACTATAGTGGCCATTATCATGTGGATTGTGT
ATGEGTACCTTGGCTTCTCTATAGTTTTTACTATAGTGGCCATTATTATGTGGGTTGTTT: |
ATGEGTATCTTGGATTTTCTATAGTGTTTACTATAGTGTCCATTATARTGTGGATTATGT
ATGEGTATCTTGGATTTTCTATAGTGTTTACTATAGTGTCCATTGTAATGTGGATTATGT
Bl ed GACTGGCGGGATTGCGATTGCARTGGCT TG TATTGTAGGCTTGATGTGGCTTAGCT
B0 GACTGGCGGEATTGCGATTGCAATGGCT TG TATTGTAGGCTTGATGTGGCTTAGCT
CAYGAGGTCTTGTCGCAGCGATARTACTTACAGTGTTTGCGTGTCTGTCTTTTGTAGETT
* +* » * - - »
3’ «CTARCGCTAACGTTACCGAAC-5' LK260 3'-GA

C€LLLLLLLCLLCCCCLCLLLLLLLLCLCLLLCLLCLC

ATTTTGTAAGATCCATTCAGTTGTACAGAAGGACTARGTCTTGGTGGTCTTTCAACCCTG
ATTTTGTAAGATCCATTCAGTTGTACAGARGGACTAAGTCTTGGTGGTCCTTCAACCCTS
ATTTTGTTAGATCCATTCAGTTATACAGARGGACTARGTCTTGGTGGTCTTTCAACCCTG
ATTTTGTGAGATCTGTTCAGCTATATAGAAGAACCAARTCATGGTGGTCTTTTAATCCTG -
ACTTCGCAAACAGTTTCAGACTTTTCCGACGTGCTCGRACTTTTTGGGCATGGAATCCTG
ATTTTGTCAATAGCATTCGGTTGTGGCGCAGGACACATTCTTGGTGGTCTTTCAATCCTG |
ATTTTGTGAATAGTATCAGGTTGTTTATTAGAACTGGRAAGTTGGTGGAGTTTCAACCCAG
ATTTTGTGAATAGTATCAGGTTGTTTATTAGAACTGGAAGTTGGTGGAGT TTCAACCCAG
ATTTTGTTAATAGCATCAGGTTGTTTATCAGGACTGGCAGCTGGTGGAGCTTCAACCCCG
ATTTTGTTAATAGCATAAGGTTGTTTATCAGGACTGGTAGCTGGTGGAGCTTCAACCCTG
ACTTCGTTGCTTCCTTCAGGCTGTTTGCTCGTACCCGCTCARTGTGGTCATTCARCCCAG
ACTTCGTTGCTTCCTTCAGGCTGTTTGCTCGTACCCGCTCAATGTGGTCATTCAACCCAG
ATTGGATCCAGAGTATTAGACTCTTTAAGCGGTGTAGGTCATGGTGGTCATTTAATCCAG
L I 4 2 4 » * * LR R L] *h S 9
TGAAGCAACGAA-5' M-RT

AARCTARAGCAATTCTTTGCGTTAGTGCATTAGGARGARGCTATGTGCTTCCTCTCGAAG
AAACTAACGCARTTCTTTGCGTTAGTGCATTAGGAAGARGCTATGTGCTTCCTCTCGARG
ARACTAGCGCAATTCTTTGCGTTAGTGCGTTAGGARGARGCTATGTGCTTCCTCTTGAAG
AGACTAATGCAATTCTTTGTGTTAATGCATTGGGTAGAAGTTATGTGCTTCCCTTAGATG
AGGTTARTGCAATCACTGTCACAACCGTGTTGGGACAGACATACTATCAACCCATTCAAC
AAACTGACGCGCTTCTCACTACT TCTGTGATGGGCCGACAGGTCTGCATTCCAGTGCTTG
ARRCRARCAACTTGATGTGTATAGATATGARGGGAAGGATGTATGTTAGGCCGATAATTG
AARCAAACAACTTGATGTGTATAGATATGAAGGGAAGAATGTATGTTAGGCCGATTATTG
AARRCARACAACCTAATGTGTATAGATATGAAAGGTACTGTGTATGTTAGACCCATTATAG
AARCAARCAACCTAATGTGTATAGATGTGAAAGGTACTCTGTATGTTAGACCCATTATTG
ARRCARRCATTCTTCTCAATGTGCCTCTCCGGGGGACARTTGTGACCAGACCGCTCATGG
ARRCAARCATTCTTCTCAATGTGCCTCTCCGGGGGACAATTGTCACCAGACCGCTCATGE
AATCTAATGCCGTAGGTTCAATACTCCTAACTAATGGTCARCAATGTAATTTTGCTATAG

* +

GTGTG- - - CCAACTGGTGTCACTCTAACT TTGCTTTCAGGGAATTTGTACGCTGAAGGST
GTGTG- - - CCARCTGGTGTCACTCTAACTTTGCTTTCAGGGAATTTGTACGCTGARGGGT
GTGTG- - - CCAACTGGTGTCACTCTAACATTGCTTTCAGGGAATT TG TGTGCTGARGGGT
GTACT- - - CCTACAGGTGTTACCCTTACTCTACTTTCAGGRAATCTATATGCTGAAGGTT
ARGCT - - -CCAACAGGCATTACTGTGACCTTGCTGAGCGGCGTGCTTTACGTTGACGGAC
GAGCA- - - CCAACTGGTGTAACGCTAACACTCCTTAGTGGTACATTGCTTGTAGAGGGCT
AGGAC- - - TACCATACCCTTACGGTCACAATAATACGTGGTCATCTTTACATGCARGGTA
AGGAC- - - TACCACACCCTTACTGCCACAATARTACGTGGCCACCTCTACATCCAAGGTA
AGGAT- - - TACCATACACTAACAGCCACTATCATTCGTGGTCACCTCTATATGCAAGGTG
ARGAT - - - TRCCATACACTARCAGCCACAAATGTACGTGGCCACCTTTATATGCARGGTG
ARAGT- - -GAACTTGTCATTGGTGCTGTGATCATT CGTGGTCACTTGCGAATGGCCGGAC
ARRGT- - -GRACTTGTCATTGGTGCTGTGATCATTCGTGGTCACTTGCGAATGGCCGGAC |
AGAGTGTGCCAATGGTGCTTTCTCCAATTATARAGAATGCTGTTCTTTATTGTGAGGGTC

- LK ] * *R

TCARAATTGCAGGTGGTATGAACATCGACAATTTACCAAAATACGTAATGGTTGCATTAC
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PRCoV TCAAAATTGCAGGTGGTATGACCATCGACARTTTGCCARAATACGTARTGGTTGCATTAC
CcoV TCAAAATTGCAGGTGGTATGAACATCGACAATTTACCARRATATGTAATGGTTGCATTAC
FCoV TCAAAATGGCTGGTGGTTTAACCATCGAGCATTTGCCTARATACGTCATGATTGCTACAL
HCOVOC43 ATAGATTGGCTTCAGGTGTTCAGGTTCATAACCTACCTGAATACATGACAGTTGCCGTGC
‘PEDV ATARGGTTGCTACTGGCGTACAGGTAAGTCAATTACCTARTTTCGTCACAGTCGCCARGG
BCoV ‘ TAAAACTAGGTACTGGCTATTCTTTGTCAGATTTGCCAGCTTATGTGACTGTTGCTARGE
HEV TAAAACTAGGTACTGGCTATTCTTTGTCAGATTTGCCTGCTTATGTGACCGTTGCTAAGE
MHV TTAAGCTAGGCACTGGCTTCTCTTTGTCTGATTTGCCTGCTTATGTTACAGTTGCTAAGG
RtCoV TTAAGCTAGGCACTGGCTTCTCTTTGTCTGATTTGCCCGCTTATGTTACAGTTGCTAAGG
SARS-Urdb ACCCCCTAGGGCGCTETE- - - ACATTAAGGACCTGCCAAAAGAGATCACTGTGGCTACAT
SARS-Tor ACTCCCTAGGGCGCTGTG- - - ACATTAAGGACCTGCCAAARGAGATCACTGTGGCTACAT
1BV AGTGGCTTGCTAAGTGTG- - - ARCCAGACCACTTGCCTARAGATATATTTGTTTGTACAC
0_ » * * * ¥ * L]
TGE CTAGCAGGACTATTGTCTACACAC- - TTGTTGGCAAGAAGTTGAAAGCAAGTAGTGCGAC
PRCoV CCAGCAGGACTATTGTTTACACAC- - TTGTTGGCARGAAGTTGARAGCAAGTAGTGCGAC
Ccov CTGTCAGAACCATAGTCTACACAC- - TTGTTGGCARGAAATTGAAAGCAAGTAGTGCAAC
FCoV CTAGTAGAACCATCGTTTATACAT- - TAGTTGGAAAACAATTAAAAGCAACTACTGCCAC
HCoVOC43 CGAGCACTACTATAATTTATAGTA- -GAGTCGGAAGGTCCGTAARTTCACAAAATAGCAC
PEDV CCACTACAACAATTGTCTACGGAC- -GTGTTGGTCGTTCAGTCAATGCTTCATCTGGTAC
BCoV T- - CTCACACCTGCTCACGTATAA- -GCGT-GGTTTTCTTGACARGATAGGCGATACTAG
HEV AT—-TACACACCTGTGCACATATAA--GCGT-GGTTTTCTTGATAGGATAGGCGATACTAG
MHV T- - GTCTCACCTTTGCACTTATAA- - GCGC-GCATTCTTAGACAAGGTAGACGGTGTTAG
RtCoV T- -GTCGCACCTTTGCACTTATAA- - GCGC-GCATTTTTAGACAAGGTTGACGGTGTTAG
SARS-Urb C-'- ~-ACGAACGCTTTCTTATTACA- - AATTAGGAGCGTCGCAGCGTGTAGGCACTGATTC
SARS-Tor C- - - ACGAACGCTTTCTTATTACA- - AATTAGGAGCGTCGCAGCGTGTAGGCACTGATTC
IBV CGGATAGACGTAATATCTACCGTATGGTGCAGAAATATACTGGTGACCAAAGCGGAAATA
. .
TGE TGGATGGGCTTACTATGTAAAATCTAAAGCTGGTGATTACTCAACAGAGG---CAAGAAC
PRCoOV TGGATGGGCTTACTATGTAAAATCTAAAGCTGGTGATTACTCAACAGAGG---CAAGAAC
Ccov AGGATGGGCTTACTATGTAAAGTCTAAAGCTGGTGATTACTCAACAGATG---CACGAAC
FCoV AGGATGGGCTTACTACGTAAAATCTAAAGCTGGTGATTACTCAACAGAAG---CACGTAC
HCoVOC4 3 AGGCTGGGTTTTCTACGTACGAGTAAAACACGGTGATTTTTCTGCAGTGAGCTCTCCCAT
PEDV TGGTTGGGCTTTCTATGTCCGGTCAARRCACGGCGACTATTCAGCTGTGAGTAARTCCGAG
BCoV . TGGTTTTGCTGTTTATGTTAAGTCCAARGTCGGTAATTACCGACTGCCATCARCCCRAAR
HEV TGGTTTTGCTGTTTATGTTAAGTCCAAAGTCGGTAATTATCGATTGCCTTCAACCCATAA
MHV CGGTTTTGCTGTTTATGTCAAGTCCAAGGTCGGARATTACCGACTGCCCTCARRTARRCC
RtCoV : CGGTTTTGCTGTTTATGTGAAGTCCAAGGTCGGTAATTACCGACTGCCCTCAAATAAACC
SARS-Urb AGGTTTTGCTGCATACAACCGCTACCGTATTGGAAACTATAAATTAAATACAGACCACGC
SARS-Tor ‘AGGTTTTGCTGCATACAACCGCTACCGTATTGGAAACTATAAATTAAATACAGACCACGC
1BV AGAAAAGGTTTGCTACGTTTG- TCTATGCAAAGCAGTCAGTAGATACTGGCGAGCTAGAA
* * * LR -
TGE TGATAATTTGAGTGAGCAAGAARAAATTATTACATATGGTATAA
PRCoV TGATAATTTGAGTGAGCAAGAAAAATTATTACATATGGTATAA
CcoVv TGATAATTTGAGTGAGCATGARAAATTATTACATATGGTATAR
FCoV TGACAATTTGAGTGAACATGAAAAATTATTACATATGGTGTAA
HCoVOC43 GAGCAARCATGACAGAAAACGAAAGATTGCTTCATTTTTTCTAA
PEDV TGCGGTTCTCACAGATAGTGAGAAAGTGCTTCATTTAGTCTAR
BCoV GGGTTCTGGCATGGACACCGCATTGTTGAGAAATAATATCTAA
HEV GGGCTCAGGCATGGACACCGCATTGTTGAGARARTARTATCTAR
MHV GAGT - - - GGCATGGACACCGCATTGTTGAGAATCTAA -~ - -~
RtCov GRGT - - - GGCGCGGACACCGCATTGTTGAGAATCTAA- - - - - -
SARS-Urb CGGTAGCAACGACAATATTGCTTTGCTAGTACAGTAA -~~~ -~
SARS-Tor CGGTAGCAACGACARTATTGCTTTGCTAGTACRGTAA~ -~ - -~

IBV AGTGTAGCAACAGGAGGAAGTAGTCTTTACACATAA--- -~ -~
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Fiqure 12: List of Molecular Designs for M Gene

LK257 5';-FAM-‘CCTCCGACCCAATTAATTCTGTAGACAGCAGCCGGAGG-S'-
Dubcyl '

LK257.N 5-FAM-GCCTCCGACCCAATTAATTCTGTAGACAGCAGCCGGAGGC-3*-
Dubcyl

LK258

§-CTTGTTI lCCTCTGGCTCTTGTGGCCAGTAACACTTGCTTGTITTGTGCT
TGCTGCTGTCTACAGAATTAATTGGGTGACTGGCGGGATTGCGATTGCA
AT
GGCTTG-3'

LK259  5- CTTGTTTTCCTCTGGCTCTTG -3’

5- TAATACGACTCACTATAGGCTTGTTTTCCTCTGGCTCTTG -3

LK260  5- CAAGCCATTGCAATCGCAATC- 3

LK260-RT 5'- AAGCAACGAAGTAGCAAGCCATTGCAATCGCAATC- 3'

M-RT 5'-AAGCAACGAAGTAG -3
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Figure 13: DNA Sequence Alignment of Coronavirus N Genes isolated from
different Species

TGE e e e e e e e e e e e e e e e e e e e e e e e e meeeecemeeeeeean
PRCoV e erectecccercccecnceaa teeeemmscenae Ctmeeceaccceocemseanea
CCOV e ccccrceccccccaaa rrerererRasas e amecam A em s mme .,
190~ )
SARS-Urb  cciccreemiiiciiiaan... ATGTCTGATAATGGACCCCAATCAAACCAACGTAGT
SARS-TOr = =  ceccmecieciaimiaiaeoat ATGTCTGATAATGGACCCCAATCAAACCAACGTAGT
BcoVv ATGTCTTTTACTCCTGG- TAAGCAAT - - CCAGTAGTAGAGCGTCCTTTGGAAATCETTCT
HEV ATGTCTTTCACTCCTGG- CARGCAGT - - CCRGCAGTAGAGCGTCCTCTGGARRTCGTTCT
MHV ATGTCTTTTGTTCCTGGGCAAGARAATGCCGGTAGCAGAAGCTCCTCTGGAAACCEOGET
RtCoV ATGTCTTTTGTTCCCGGACAAGAAAACGCCGGTAGCAGARGCTCCTCTGGAAACCGCGCT
HOOVOC43 et e ccmcccoccccemcecesceccoccccecrccececceaean
PEDV ittt tccccocccecenscemam oo cceeo oo eeen
0 - U
TGE R R L L LT T ATGGCCAA-CCAGGGACAR--~-n--
PRCOV  cccemcee it ee s ATGGCCAA-CCAGGGACAA-~=-~= ==
CooV e el ATGGCCTC- TCAGGGACAA----=-=~-
FCOV el remeemvea ATGGCCAC-ACAGGGACAR=-=~====
SARS-Urb GCCCCCCGCATTACATTTGGTGGACCCACAGATTCAACTGA- - CAATAAC- -~~~ -=e=-
SARS-Tor GCCCCCCGCATTACATTTGGTGGACCCACAGATTCAACTGA- - CAATAAC--~=-crao-
Bcov GGTAATGGCAT- - CCTTAAGTGGGCCGATCAGTCCGACCARTCTAGARATGT - ~ - = = - = -
HEV GGTAATGGCAT- ~ CCTTAAGTGGGCCGATCAGTCCGACCAGTCTAGARATGT « =« === = =
MHV GGTAATGGCAT- - CCTCARGAAGACCACTTGGGCTGACCAAACCGAGCG- -~~~ =-
RtCoV GGTAATGGART- - CCTCAAGAAGACCACTTGGGCTGACCAAACCGAGCGCGGACAARATA
HCoVOC4 3 e e cctccccccceecceeeecsascrsct et ————
20 2
IBV e e ieeeeeee ATGGCAAGCGGTAAAGCAGC-~-==- =
TGE - CGTGTCAGTTGGGGAGATGAATC TACCAARACACGTGGTCGT - TCCAATTC - - - COGTG
PRCoV - CGTGTCAGTTGGGGGGATGAATCCACCAARATACGTGGTCGC - TCCAATTC - - - COGTG
CcoVv - CGTGTCAGTTGGGGAGATGAATCCACCARGAGACGCGGTCGT - TCTAATTC - - - TCGTG
FCov - CGCGTCAACTGGCCAGATGAACCTTCCAARAGACGTGGTCGT - TCTAACTC - - - TCGTG
SARS-Urb - CAGAATGGAGGACGCAATGGGGCAAGGCCAARRCAGCGCOGA - CCCCAAGG- - - - TTTA
SARS-Tor - CAGAATGGAGGACGCAATGGGGCARGGCCARARCAGCGCCGA - CCCCARGG - « - - TTTA
BcoVv ~ TCAAACCAGGGGTAGAAGAGCTCAACCCAAGCAAACTGCTAC - TTCTCAGCTACCATCA
HEV - TCAAACCAGGGGTAGAAGAGTTCAATCCAAGCAAACTGCTAC - TTCTCAGCAACCATCA
MHV - TGGAAATAGAGGCAGAAGGAACCATCCCAAGCAGACTGCAAC- TACTCAGC- - CCAATG
RtCoV ATGGAAATAGAGGCAGAAGGAATCAGCCCARGCAGACTGCAAC- TACTCAGC- - CCAATA
HCoVOC43 W  cevceceiacmanaas ATGGCTACAGTCAAATGGGCTGATGCATCTGAACCACAACETC
PEDV e e e ATGGCTTCTGTCAGCTTTCAGG
IBV -TGGAAAAACAGACGCCCCAGCGCCAGTCATTAAACTAGGAGGACCAAAACCACCTAAAG
TGE GTCGGAAGAATAATAACATACC- TCTTTCATTCTTCAACCCCATAACCCTCCAACAAGGT
PRCoV GTCGGAAGATTAATAACATACC - TCTTTCATTCT TCAACCCCATAACCCTCCAGCAAGGT
CcoV GCCGGAAGAATAATGATATACC- TCTTTCATTCTTCAACCCCATTACCCTCGAGCAAGGA
FCov GTCGGAAGAATAATGATATACC- TTTGTCATTCTACAACCCCATTACCCTCGAACAAGGA
SARS-Urb . CCCAATARTACTGCG---=-=~~=~-~- TCTTGGTTCACAGCTCTCACTCAGCATGGCAAGG - -
SARS-Tor CCCAATARTACTGCG-~==-==== TCTTGGTTCACAGCTCTCACTCAGCATGGCARGG- -
BcoVv GGAGGGAATGTTGTACCCTACTATTCTTGGTTCTCTGCAATTACTCAGTTTCAAAAAGGA
HEV GGAGGGACTGTTGTACCCTACTATTCTTGGTTCTCTGGAATTACTCAGTTTCARAAGGGA
MHV CC- GGGAGTGTGGTTCCCCATTACTCTTGGTTTTCGGGCATCACCCRGTTTCARRAGGGA
RtCoV CC-GGGAGTGTGGTTCCCCATTACTCTTGG TTTTCGGGCATTACCCAATTCCAGAAGGGA

HCoVOC43 GTCGTCAGGGTAGAA- - - TACC- TTATTCTCTTTATAGCCCTTTGCTTGTTGATAGTG- -
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PEDV
IBV

TGE
PRCoV
CcoV
FCoV
SARS-Urb
SARS-Tor
Bcov

HEV

MHV
RtCoV
HCoVOC43
PEDV
IBV

TGE
PRCoV
CcoV
FCoV
SARS-Urb
SARS-Tor
BecoV
HEV

MHV
RtCoV
HCovOC43
PEDV

1BV

TGE
PRCoV
CcoVv
FCoV
SARS-Urb
SARS-Tor
BcoVv
HEV
MHV
RtCoV
HCoVOC43
'PEDV
IBV

TGE
PRCoV
CcoVv
FCoV
SARS-Urb
SARS-Tor
BecoV
HEV

MHV
RtCoV
HCoVOC43
PEDV

IRV

ATCGTGGCCOGCAAACGGGTGCCATTA - TCTCTCTATGCCCCTCTTAGGGTTACTAATGAC
TCGGTTCTTCTGGAARTGCA- - - - TCTTGGTTTCAAGCAATAAAAGCCAAGAAGTTAAAT

» *

TCAARATTTTGGAACT TATGTCCGAGAGACTTTGTACCCARAGGAATAGGTAACAGGGAT
GCAAAATTTTGGAACTCATGTCCGAGAGATTTTGTACCCAAAGGAARTAGGTARTAGGGAT
TCAARGTTTTGGGACTTATGTCCGAGAGACTTTGTACCCAARGGAATAGGTAATAAGGAT
TCTAMATTTTGGAATTTATGTCCGAGAGACCTTGTTCCCARAGGAATAGGTAATAAGGAT -
= AGGAACTTAGATTCCCTCGAGGCCAGGGCGTTCCAATCAACACCAATAGTGGTCCAGAT
- AGGAACTTAGATTCCCTCGAGGCCAGGGCGTTCCAATCARCACCARTAGTGGTCCAGAT
AAGGAGTTTGAATTTGCAGAGGGACAAGGTGTGCCTATTGCACCAGGAGTCCCAGCTACT
ARGGAGTTTGAATTTGCAGAGGGACARGGTGTGCCTATTGCACCAGGAGTCCCATCTACT
AAGGAGTTCCAGTTTGCACAAGGACAGGGAGTGCCTATTGCCAGTGGAATCCOCGCTTCA
ARAGAGTTCCAGTTTGCAGGTGGACAAGGAGTGCCTATTGCCAATGGAATCCCACCTTCT
-AACAACCTTGGAAGGTGATACCTCGTAATTTGGTACCCATCARCAAGAAAGACAAAAAT
AAGCCCCTTTCTARGGTACTTGCAAARCAACGCTGTACCCACTARCAAGGGGAATAAGGAC
ACACCTCCGCCCAAGTTTGAAGGTAGCGGTGTTCCTGATARCGARARCATTAAGCCAAGE

CAACAGATTGGTTATTGGAATAGACAAACTCG- -~~~ - CTATCGCATGGTGAAGGGCCAA
CAACAGATTGGTTATTGGAATAGACARACTCG- - - - - - CTATCGCATGGTGAAGGGCCAA
CAACAAATTGGTTATTGGARCAGGCARACCCG- -~~~ - TTATCGCATGGTGAAGGGTCGA
CAACAAATTGGTTATTGGAATAGACAGATTCG- -~~~ - TTATCGTATTGTAAAAGGCCAG

GACCARATTGGCTACTACCGAAGAGCTACCCGACGAGTTCGTGGT - - -GGTGACGGCAAA
GACCAAATTGGCTACTACCGAAGAGCTACCCGACGAGTTCGTGGT - - - GGTGACGGCAAA
GAAGCTAAGGGGTACTGGTACAGACACAACAGACGTTCTTTTAAAACAGCCGATGGCAAC
GAAGCTAAGGGGTACTGGTACAGACACAACAGACGTTCTTTTAAAACAGCCGACGGCAAT
GAGCAAAAGGGATATTGGTATAGACACAACCGACGTTCTTTTAAAACACCTGATGGCCAG
GAGCARAAGGGATATTGGTATAGACACAACCGTCGTTCTTTTAAAACACCTGATGGGCAG

AAGCTTATAGGCTATTGGAATGTTCAAAAACG- -~ - - - TTTCAGAACTAGAAAGGGCAAA
CAGCAAATTGGGTACTGGARTGAGCAAATTCG  ~ =~ = CTGGCGCATGCGCCGTGGTGAG
CRGCAACATGGATACTGGAGACGCCAAGCCAG- - - - - - GTTTAAGCCAGGCAAAGGTGGA

L] L3 IR X 2NN - * e

CGTARAGAGCTTCCTGAARGG TGS TTCTTCTACTACTTAGGTACTGGACCTCATGCAGAT
CGTARAGAGCTTCCTGARAGGTGGTTCTTTTACTACTTAGGCACTGGACCTCATGCAGAT
CGTAAARRTCTTCCTGAARAGTGGTTCTTCTACTATTTAGGAACTGGACCTCATGCTGAT
CGTARGGAACTCGCTGAGAGGTGGTTCTTTTACTTCTTAGGTACAGGACCTCATGCTGAT
ATGARARGAGCTCAGCCCCAGATGGTACTTCTATTACCTAGGAACTGGCCCAGRAGCTTCA
ATGAAAGAGCTCAGCCCCAGATGGTACTTCTATTACCTAGGAACTGGCCCAGAAGCTTCA
CAGCGTCAACTGCTGCCACGATGGTATTTTTACTATCTTGGAACAGGACCGCATGCCARA
CAGCGTCAACTGCTGCCACGATGGTACTTTTACTACCTGGGAACAGGACCGCATGCCARR
CACARGCAGCTACTGCCCAGATGGTATTTTTACTATCTTGGAACAGGGCCCCATGCTGGC
CAGARGCAACTACTCCCCAGATGGTATTTTTACTATCT TGGGACGGGCCCCCATGCTGGA
CGGGTGGATTTGTCACCCARGCTGCATTTTTATTATCTTGGCACAGGACCCCATARAGAT
CGARTTGAACARCCTTCCAATTGGCATTTCTACTACCTCGGAACAGGACCTCACGGCGAC
AGARARCCAGTCCCAGATGCTTGGTACTTTTACTATACTGGARCAGGACCTGCCGCTGAC

* e % @ ‘% A% 2% 2%

GCCAAATTTAAAGATAAAT TAGATGGAGTTGTCTGGCTTGCCAAGGATGGTGCCATGAAC
GCCARATTTAARGATAARTTAGATGGAGT TGTCTGGGTTGCCAAGGATGGTGCCATGAAC
GCCAAATTTAAGCAAARAATTAGATGGAGTTGTCTGGGTTGCTAGGGGAGATTCCATGACT
GCTAAATTCAAAGACAAGATTGATGGAGTCTTCTGGGTTGCAARGGGATGGTGCCATGAARC
CTTCCCTACGGCGCTAACAAAGARGGCATCGTATGGGTTGCAACTGAGGGAGCCTTGAAT
CTTCCCTACGGCGCTAACAAAGAAGGCATCGTATGGGTTGCARCTGAGGGAGCCTTGART
GACCAGTATGGCACCGATATTGACGGAGTCTTCTGGGTCGCTAGTAACCAGGCTGATGTC
GACCAGTACGGCACCGACATTGACGGAGTCTTCTGGGTCGCTAGTAACCAGGCTGATATT
GCAGAGTATGGCGACGATATCGAAGGAGTTGTCTGGGTCGCAAGCCAACAGGCCGACACT
GCCAGTTTCGGAGACAGCATTGAGGGAGTCTTCTGGGTTGCAAATAGTCAGGCGGATACE
GCAAAATTTAGAGAGCGTGTTGARGGTGTCGTCTGGGTTGCTGTTGATGGTGCTAAAACT
CTCCGTTATAGGACTCGTACTGAGGGTGTTTTCTGGGTTGCTAAAGAAGGCGCAAAGACT
CTGARCTGGGGTGATACTCAAGATGGTATAGTGTGGGTTGCTGCTAAGGGTGCTGATACT

* e b »*  RRVRY B -
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TGE

AAACCAACCACGC- - - TTGGTAGTCGTGGTGCTAATA- - - ATGAATCCARAGCTTTGAAR
AAACCARCCACGC- - - TTGGTAGTCGTGGTGCTAATA- - - ATGAATCCAAAGCTTTGAAR
AAGCCAACAACTC- - - TTGGTACTOGTGGCACTAATA - - - ATGAATCAAAGGCTTTGAAR
AAGCCCACARCGC- - - TTGGCACTCGTGGAACCAATA - - - ACGAATCCARACCACTGAGA
RACACCCRARGACCACATTGGCACCCGCAATCCTAATAACAARTGCTGCCACCGTGCTACAR
ACACCCARAGACCACATTGGCACCCGCAATCCTAATAACAATGCTGCCACCGTGCTACAA
AATACCCCGGCTGACATTCTCGATCGGGACCCARGTAGCGATGAGGCTATTCCGACTAGE
RATACCCCGGCTGACATTGTCGATCGGGATCCARGTAGCGATGARGGCTATTCCGACTAGG
ARGACCACTGCCGATGTTGTTGAARGGGACCCARGCAGTCATGAGGCTATTCCTACTAGG
RACACCTCTGCTGACATTGTTGARRGGGACCCARGTAGCCATGAGGCTATTCCTACTAGG
GAACCTACAGGTTA- - - CGGTGTTAGGCGCAARGAATT - - - - CAGAACCAGAGATACCACA
GAACCCACTAATT- - - TGGGTGTCAGAAAGGCGTCTG- - - ~ AAAAGCCAATCATTCCAAA
AARTCTAGATCCAATCAGGGTACARGAGATCCTGATAA- GTTTGACCAATACCCACTACG

* * *

TTCG- - -ATGGTAAAGTGCCAGGCGAA- - - TTTCAACTTGAAGTTAATCAATCAAGAGAC
TTCG- - - ATGGTAARGTGCCAGGCGAA- - - TTTCARCTTGRAGTTAACCAGTCTAGGGAC
TTCG- - - ATGTCARAGTACCATCAGAA- - - TTTCACCTTGAAGTGAACCAATTAAGGGAC
TTTG- - - ATGGTAAGATACCGCCACAG- - - TTTCAGCTTGAAGTGAARCCGTTCTAGGAAC
CTTCCTCAAGGAACAACATTGCCARAAGGCTTCTACGCAGAGGGAAGCAGAGGCGGCAGT
CTTCCTCAARGGARCAACATTGCCARRAGGCTTCTACGCAGAGGGAAGCAGAGGCGGCAGT
TTTCCGCCTGGCACGGTACTCCCTCAGGGTTACTATATTGAAGG- - - CTCAGGAAGGTCT
TTTCCGCCTGGCACGGTACTCCCTCAAGGTTACTATATTGAAGG - - ~-CTCAGGARGGTCT
TTTGCGCCCGGCACGGTATTGCCTCAGGGCTTTTATGTAGAAGG- - -CTCGGGAAGGTCT

TTTGCGCCCGGTACGGTATTGCCTCAGGGTTTCTATGTTGAAGG - - -CTCGGGAAGGTCT .

CTTC- - AATCRAAAGCTCCCAAATGGTGTTACTGTTGTTGAAGAACCTGACTCCCGTGCT
ATTC- - TCTCAACAGCTCCCCAGTGTA- - -GTTGAGATTGTTGAACCTAACACACCTCCT
ATTC- - - - TCGGATGGCGGACCTGATGG TAATTTCCGTTGGGACTTCATTCCCCTGAACC

* *
AATTCAAGGTCACGCTCTCAATCTAGATCTC- ~- - -~ GGTCTAGAAATAGATCTCAATCT
ARCTCAAGGTCACGCTCTCAATCTAGATCGC- ----- GGTCTAGAAACAGATCTCAATCT
AATTCARGGTCTAGGTCTCAATCTAGATCTC- ~~--+ AGTCCAGAAATAGGTCTCARTCT
AATTCAAGGTCTGGTTCTCAGTCTAGATCTG- ----- TTTCAARGAARCAGATCTCAATCT

CAAGCCTCTTCTCGCTCCTCATCACGTAGTCGCGGTAATTCAAGAAATTCAACTCCTGGC
CAAGCCTCTTCTCGCTCCTCATCACGTAGTCGCGGTAATTCAAGAAATTCAACTCCTGGC
GCTCCTAATTCCAGATCTACTTCACGOGCATCCAGTAGAGCCTCTAGTGCAGGATCGCGT
GCTCCTAATTCCAGATCTACTTCGCGTGCACCCARTAGAGCCCCTAGTGCAGGATCGCGT
GCACCTGCTAGTCGRTCTGGTTCGCGGTCAC- -~ -~ - ARTCCCGTGGGCCAAATAATCGC
GCACCTGCTAGTCGATCTGGTTCGCGGTCAC- -~~~ AARTCCCGTGGGCCAAATAATCGC

- CCTTCCCGGTCTCAGTCGAGGTCGCAGAGTCGCGGTCGTGG TGAATCCAAACCTCARTCT

GCTTCACGTGCAARTTCGCGTAGCAGGAGTCGTGGCAATGGCAACAATAGGTCTAGATCT
GTGGTAGGAGTGGAAGATCAACAGCAGCTTCATCA-GCAGCAGCTAGTAGAGCACCATCA

AGAGGCAGGCAACAATTCAATAACAAGAAGGAT------ - GACAGTGTAGAACAAGCTGT
AGAGGTAGGCAACAATCCAATAACAAGAAGGAT----~- - GACAGTGTAGAACAAGCTGT
RGAGGARGGCAACTATCCAATAATAAGAARGGAT----~-~ GACAATGTTGAACAAGCTGT
AGRGGARGACACCATTCCAATAACCAGAA--~T------- AATAATGTTGAGGATACART
AGCAGTAGGGGAARTTCTCCTGCTCGAATGGCT- -~~~ - AGCGGAGGTGGTCAAACTGC
AGCAGTAGGGGAAATTCTCCTGCTCGAATGGCT- - -~~~ - AGCGGAGGTGGTGARACTGC
AG- - - TAGAGCCAATTCTGGCAACAGAACCCCT-+-- =~~~ ACCTCTGGTGTAACACCTGA
AG- - -TAGAGCCAATTCTGGCAATAGAACCTCT------ - ACCCCTGGTGTAACACCTGA
GC- - -« TAGAAGCAGTTCCAACCAGCGCCAGCCT- -+~~~ GCCTCTGCTGTAAAARCCTGA
GC- - - TAGAAGCAGTTCCAACCAGCGCCAGCCT------- GCCTCTACTGTARARCCTGA

CGGAATCCTTCAAGTGACAGAAACCATAACAGTCAG- - - - GATGACATCATGAAGGCAGT
CCAAGTAACARCAGAGGCAATAACCAGTCCCGTGGTAATTCACAGAATCGTGGARATARC
CGrmowm- TGAAGGTTCGCGTGGTCGTAGAAGT - =~~~ ‘GATTCTGGAGATGACCTTAT

*

T---CTTGCCGCACTT-~~- - AARRAGTTAGGTGTTGACACAGAAAAACAACAGCA - ACG
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PRCOV T- - - CTTGCCGCACTT- - - - - AARAAGTTAGGTGTTTACACAGARAAACAACAGCA-ACG
CcoV T---CTTGCTGCACTC-- - -~ AARAAGTTAGGTGTTGACACAGARRAACAA- - -CA-AAG
FCoV T- - -GTAGCCGTGCTT- -~ -~ GAAAARTTAGGTGTT- - - ACTGACAAACAR- - - - - -~ AG
SARS-Urb C---CTCGC-G--CTA----- TTGCTGCTAGAC - AGATTGAACCAGCTTGAGAGCA- AAG
SARS-Tor C---CTCGC-G-+CTA- =~~~ TTGCTGCTAGAC- AGATTGAACCAGCTTGAGAGCA- ARG
Bcov * T---ATGGCTG--ATC----- AARTTGCTAGTC- TTGTTCTGGCAARACTTG-GCA-AGG
HEV C- - -ATGGCTG- -ATC--- - - ARATTGCTAGTC- TTGTTCTGGCARAACTTG-GCA-AGG
MHV C---ATGGCCG- -ARG--- - - AARTTGCTGCTC- TTGTTTTGGCTAAGCTTG-GTA- ARG .
RtCoV T- - - ATGGCCG- - AAG- -~ -~ AAATTGCTGCTC - TTGTTTTGGCTAATCTAG-GCA- ARG
HCoVOC4 3 " T---GCTGCGGCTCTT----- RAARTCTTTAGGTTTTGACAAGCCTCAGGAARARGATARA
PEDV CAGGGTCGTGGAGCTTCTCAGAACAGAGGAGGCAATAATAATAACAATAACARGTCTCGT
1BV . TGCTCGTGCAGCAAAG-- - - - - ATARTCCAGGATCAGCAGAAAARGGGCTCTCGCA- - TT
» » .
TGE CTCTCGTTCTARATCTAAAG- - AACGTAGTAACTCTAAGAC-AAGA- - - - - - -~ GATACT
PRCOV CTCTCGTTCTAAATCTAAAG- ~ AACGTAGTAACTCTARAAC-AAGA= - - == == - GATACT
CcoV ATCTCGTTCCAAATCTAAGG- - AACGTAGCAGCTCTAAGAC-AAGA-- - - - - - - GATACT
FCoV GTCACGTTCTARACCTAGAG- - AACGTAGTGATTCCAARCC-TAGG- -~ == ==~ GACACA
SARS-Urb TTTCTGGTAARGGCCAACAA - CAACAAGGCCARACTGTCACTARGA- -~~~ - - - - ARTCTG
_ SARS-Tor TTTCTGGTAAAGGCCAACAA - CAACAAGGCCAAACTGTCACTAAGA- - - - = == - AATCTG
BcoV - ATGCCACTARGCCACAGCARGTAACTAAGC - AGACTGCCA - ~ARGA=- === === ARTCAG
HEV ATGCCACTAAGCCTCAGCAAGTAACTARGC - AGACTGCCA- ~ARGA----=---- GGTCAG
MHV ATGCCGGCCAGCCCARGCAGGTAACTARGC - AARGCGCCA- ~AAGA== === === AGTCAG
RtCoV ATGCCGGACAGCCTAAGCAAGTAACTAAGC - AAAGTGCCA- ~-AAGA- -~~~ -~ - AGTCAG
HCOVOC4 3 ARGTCAGCGAAARCGGGTAC- - TCCTARGCCTTCTCGTAATCAGAGT - - - - CCTGCTTCT
PEDV ARCCAGTCCAATAACAGGARCCAGTCARATGACCGTGGTGGTGTAACATCACGOGATGAT
1BV ACCAAGGCAAAGGCAGATGA- - AATGGCTCATCGCCGGTATTGCAAG- - - - CGCACTATC
TGE ACACCTAAGRATGAAAACARACACACCTGGA - - - AGRGAACTGCAGGTAAA- - -GGTG- -
PRCOV ACGCCTAAGRAATGAARACAAACACACCTGGA - - - AGAGAACTGCAGGTAAA- - - GGTG- -
CcoV ACACCTAAGAATGAARACAAACACACCTGGA - - - AGRGAACTGCAGGTAAA- - - GGTG- -
FCoV ACACCTARGRATGCCAACARACACACCTGGA - - - AGRARACTGCAGGCAAG- - -GGAG- -
SARS-Urb - CTGCTGAGGCATCTAAA - AAGCCTCGCCAAA - - - A\CGTACTGCCACAAAAC- - AGTACA
SARS-Tor - CTGCTGAGGCATCTARA - ARGCCTCGCCARA - - - AACGTACTGCCACARRAC- - AGTACA
BeoV - - ACAGAARATTTTGAATAAGCCCCGCCAGA - - - AGAGGAGCCCCAATARAC- - AATGCA
HEV - - ACAGRAAATCTTGARTAAGCCCCGCCAGA - - - AGAGGAGCCCCARCARAC- - ARTGCA
MHV - -GCAGAAARTTTTARCTAAGCCTCGTCARA - - - AGRGGACTCCARACARGC - - AGTGCC
RtCoV - - GCAGAARATTTTAAATAAGCCTCGCCARA - - - AGRGGACTCCAAACAAGC - - AGTGCC
HCOVOC4 3 TCTCARACTTCTGCCAAGAGTCTTGCTCGTTCTCAGAGTTCTGAAACARARG- - AACAAR
PEDV CTGGTGGCTGCTGTCAAGGATGCACTTAAAT CTTTGGGTATTGGAGARAATCCTGACAGG
1BV CCACCTAATTATAGGGTTGATCARGTGTTTGGTCCCCGTACTARAGGTAAGG - - AGGGGA
*w
TGE - - - ATGTGACA- - - AGATTTTATGGAGCTAGAAGCAGTT- - CAGCC= - == - - - BAT-TTT
PRCoV - - - ATGTGACA- - - AGRTTTTATGGAGCTAGAAGCAGCT - - CAGCC-- - - - - - ART-TTT
Ccov - - - ATGTGACA- - - AAATTTTATGGAGCTAGAAGTAGT T~ - CAGCC- - - - - - - ART-TTT
FCoV - - - ATGTGACA- - - ACTTTCTATGGTGCTAGAAGTAGT T~ - CAGCT =~ - = - - - AAC-TTT
SARS-Urb A- CGTCACTCA- - - AGCATTTGGGAGACGTGGTCCAGAR - - CARACCCAAGGARAT - TTC
SARS-Tor A-CGTCACTCA- - - AGCATTTGGGAGACGTGGTCCAGAR - - CARACCCAAGGARAT - TTC
BcoV C-TGTTCAGCA- - - GTGTTTTGGGAAGAGAGGCCCCAAT - - CAGA- - -~ = -~ - - AT-TTT
HEV C- TGTTCAGCA- - - GTGTTTTGGGAAGAGAGGCCCCAAT - -CAGA== === == - - AT-TTT
MHV C- AGTGCAGCA- - - GTGTTTTGGGAAGAGAGGCCCTAAT- -CAGA- -~~~ - - - - AC-TTT
RtCoV C- AGTGCAGCA- - - GTGTTTTGGAAAGAGAGGCCCCAAT- - CAGA-- === == - -AT-TTT
HCoVOCs 3 AGCATGARAATGC - - AAAAGCCACGGTGGARAAGACAGCC - - TAATGATGATGTGACATCT
PEDV CATAAGCARCAGCAGAAGCCTAAGCAGGARAAGTCTGACAACAGCGGCARRARTACACCT

1BV A--TTTTGGCTG----- ATGACAAGATGAATGAGGARGGTATTAAGGATG- - - “GGCGTGT

*



Patent Application Publication Jan. 5,2006 Sheet 64 of 82 US 2006/0003340 A1

TGE GGTGACACTGACCTCGTTGCCAAT - - - -GGGAGCAGTGCCAAGCATTACCCACAACTGGE
PRCoV GGTGACAGTGACCTCGTTGCCAAT- - - - GGGAGCAGTGCCAAGCATTACCCACAATTGGE
CcoV GGTGACAGCGATCTTGTTGCCAAT- - - - GGGAACGGTGCCAAGCATTACCCACAACTCGC
FCoV GGTGATAGTGATCTCGTTGCCAAT- - - -GG TAACGCTGCCARATGCTACCCTCAGATAGE
SARS-Urb GGGGACCAAGACCTAATCAGACAA- - - -GGAACTGATTACARACATTGGCCGCAAATTGE
SARS-Tor GGGGACCAAGACCTAATCAGACAA- - - -GGAACTGATTACAAACATTGGCCGCAAATTCC
Bcov GGTGGTGGAGARATGTTAARACTT- - - - GGAACTAGTGACCCACAGTTCCCCATTCTTGC
HEV GGTGGTGGAGAAATGTTARAACTT- - - -GGAACTAGTGACCCACAGTTCCCCATTCTTGC
MHV GGAGGCTCTGAAATGTTARAACTT- - - -GGAACTAGTGATCCGCAGTTCCCCATTCTTGC
RtCoV GGAGGCCCTGAARTGTTAAAACTT - - - -GGAACTAGTGATCCACAGTTCCCCATTCTTGC
HCoVOC43 AARTGTCACACAATGTTTTIGGCCCC- - - - AGAGACCTTGAC - - - CACAACTTTGGAARGTGC
PEDV AAGAAGAACAAATCCAGGGCCACTTCGAAGGAACGTGACCTCAAAGACATCCCAGAGTGS
IBV . TACAGCAATGCTCAACCTAGTCCCT~ - - AGCAGCCATGCT- - = - - TGTCTTTTTGGAAGT
. - »
TGE TGAATGTGTT-CCATCTGTGTC > - TAGCATT- - - -CT- -GTTTGGAA -GCTATTGGACTT
PRCoV TGAATGTGTT-CCATCTGTGTC- - TAGCATT- - - - TT- -GTTTGGAA - GCTATTGGACTT -
Ceov TGAATGTGTT - CCATCTGTATC- - TAGCATT - - - -CT- -GTTTGGAA - GCCATTGGACTG
FCoV TGAATGTGTT~CCATCAGTGTC- - TAGCATA- « - -AT- - CTTTGGCA - GTCAATGGTCTG
SARS-Urb ACAATTTGCT- CCAAGTGCCTC- - TGCA=~~ - - - - TT--CTTTGGAATGTCAC- - GCATT
SARS-Tor ACAATTTGCT-CCAAGTGCCTC- - TGCA= == == - - TT- -CTTTGGAATGTCAC- - GCATT
BcoV AGAACTCGCA - CCCACAGCTGG- - TGCGTTT - - - - TT- - CTTTGGATCAAGATTAGAGTT
HEV AGAACTCGCA-CCCACAGCTGG--TGCGTTT----TT--CTTTGGATCAAGATTAGAGTT
MHV AGAGTTGGCT-CCAACACCTAG- - TGCCTTC- - - -TT- - CTTTGGATCTAAATTAGAATT
RtCoV AGAGTTGGCC-CCAACACCTGG- - TGCCTTC- - - - TT- - CTTTGGATCTAAATTAGAATT
HCoVOC43 AGGTGTTGTGGCCAATGGTGTT - - ANAGCTARAGGCT - - ATCCACAATTTGCTGAGCTTG .
PEDV AGGAGAATTC-CCAAGGGCGAAAMATAGCGTAGCAGCTTGCTTCGGACCCAGAGGGGGOTT -
IBV ) ' AGAGTGACACCCAAACTTCAAC--TAGATGG--GCTTCACTTGAGATTTGAATTTACTAC
* * * '
TGE CAARGGAA--GATGGCG- - - - ACCAGATAGAAGTCAC - - - -GTTCACACACARATACC- -
PRCOV CARAGGAR- -GATGGCG- - - - ACCAGATAGAAGTCAC- - - - GTTCACACACAAATACC - -
CcoV CTAAGGAA- - GATGGTG- - - - ACCAGATTGAAGTCAC- - - - ATTCACACACARATACC- -
FCoV CTGARGAR - -GCTGGTG- - - - ATCAAGTGAAAGTCAC- - - - GCTCACTCACACCTACT - -
SARS-Urb GGCA--=--c---c-evumeeccncnet -TGGAAGTCAC- - - - ACCTTCGGGAACATG- « - -
SARS-Tor GGCA------s-cmc e <L _TGGAAGTCAC- - - - ACCTTCGGCAACATG- - - -
BcoV GGCCAARG- - TGCAGAA- - - - TTTGTCTGGGAATCTTGACGAGCCCCAGAAGGATGTTTA
HEV GGCCARAG- - TGCAGAA- - - - TTTGTCTGGGAATOCTGACGAGCCCCAGARGGATGTTTA
MHV GGTCAAARA-=c=- AGAR~«+«-CT- - - CTGGTGGTGCTGATGAACCCACCAAAGATGTTTA
RtCoV GGTCAARA- - --- AGAA-- - -TT- - - CTGGTGGCGTTGATGAACCCACCARAGATGTGTA
HCoVOC43 TGCCGTCA - - ACAGCTGCTATGCTGTTTGATAGTCAC- ATTGTTTCCAAAGAGTCAGGCA
PEDV .CAAAAACTTTGGAGATGCGGAATTTGTCGARAAAGGTGTTGATGCGTCAGGCTATGCTCA
IBV TGTGGTCCCATGTGATGACCCGCAGTTTGATAATTATGTGAAAATTTGTGATCAGTGT--
TGE —-ACT-TGCCAAAGGATGA--TCCTA--AGACTGGACAATTCCTTCAGCAGATTAATGCC
PRCOV - -ACT- TGCCARAGGATCA- - TCCTA- - AAACTGAACAATTCCTTCAGCAGATTAATGCC
CcoV = =ACT- TGCCARRGGATGA- - TCCTA- - AGACTGGACAARTTCCTTCAGCAGATTAATGCA
FCoV - -ACC- TGCCAAAGGATGA- - TGCCA - - AAACTAGTCAATTCCTAGAACAGATTGACGCT
SARS-Urb ~--GC- TGACTTATCATGG- - AGCCATTAAATTGGATGACAAAGATCCACAATTCAAAGA
SARS-Tor - --GC- TGACTTATCATGG- - AGCCATTARATTGGATGACAAAGATCCACAATTCAARGA
Bcov TGAAT- TGCGCTATAATGG- - TGCAATTAGATTTGACAGTACACTTTCAGGTTTTGAGAC
HEV " TGAAT- TGCGCTATAATGG- -CGCGATTAGATTTGACAGCACACTCTCAGGTTTTGAAAC
MHV TGAAT—TGCAGTATTCAGG--TGCAATTAGATTTGATAGTACTCTACCCGGTTTTGRGAC
RtCov TGAGC- TGCAATATTCAGG- - TGCAGTCAGATTTGATAGTACTCTACCTGGTTTTGAGAC.
HCoVOC4 3 ACACTGTGGTCTTGACTTT- - CACTACTAGAGT - GACTGTGCCCAAAGACCATCCACACT
PEDV GATCGCCAGTTTAGCACCAAATGTTCCAGCATTGCTCTTTGGTGGTAATGTGGCTGTTCE
iBV -GTCGATGGTGTAGGARCGCGTCCAA- - - AAGATGACGA - ACCAAAACCAAAGTCACGCT
*
TGE TATGCTCG- - TCCATCAGRAGTGGCARRAGAA - - CAGAGA - AAAAGA - - - - - AAATCTCG
PRCoOV TATGCTAG- - CCCATCAGAATTGGCARAAGARA - ~CAGAGA - AAARGA-- - - - ARGTCTCG

CcoV TACGCCCG- - TCCATCRGAGGTGGCTARAGAA - - CAGAGA - CAACGC - - - - - AAAGCTCG
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TACARGCG- - ACCTTCTGARGTGGCTAAGGAT- ~CAGAGG- CAAAGR- - - - - AGARTCCCG
CAACGTCA- - TACTGCTGAACAAGCACATTGA- -CGCATA - CAARAC- - - - - ATTCCCAC

CRACGTCA- - TACTGCTGAACAARGCACATTGA - - CGCATA~CAAAAC- - - - - ATTCCCAC
CATAATGA- - AGGTGTTGAATGAGAATTTGAA - - TGCATATCAACAA- - - - - CA---AGA
CATTATGA- - AGGTGCTTAACCAGAATTTGAA - - TGCCTATCAACAT- - - - - CAGGAAGA
TATCATGA- - AAGTGTTGACTGAGAATTTGAA- - TGCCTACCAGGAC- = - - - CAAGCTGG
TATCATGA- - AAGTGTTGAATGAGAATTTGAA- - TGCCTACCAGAAT - - - - - CARGCTGG
TG- GGTAA- -GTTTCTTGAGGAGTTARATGCATTCACTAGAGAAATG= = = = CARCAACA

TGAGCTAGCGGACTCTTACGAGATTACATACAACTATARAATGACTGTGCCAAAGTCAGA
CAAGTTCAAGACCTGCTACAAGAGGAAATTCT--CCAGCGCCAAGACAACAGCGCCCAAA

TTCTAARTCTGCAGAAAGGTCAGAGCAAGATGTGGTACCTGATGCATTAATAGAA: AATT
TTCTAARTCTGCAGAAAGGTCAGAGCAAGAGGTGGTACCTGATTCATTAATAGAR - AACT
TTCTAAATCTGTAGARAGGGTAGAGCARGAGGTTGTACCTGATGCATTAARCAGAA-AATT
TTCTAAGTCTGCTGATAAG- - - ARGCCTGAGGAGTTGTCTGTAACTCTTGTGGAG-GCAT
CARCAGAGCCTARARAGGACAAAAAGAARARGACTGATGAAGCTCAGCCTTTGCC-GCAG
CAACAGAGCCTAAAARGGACAAARAGAARAAGACTGATGAAGCTCAGCCTTTGCC - GCAG
TGGTATGATGARTATGAGTCCAARACCACAGCGTCAGCGTGGTCAGAAG= =« =~ - - AATG
TGGGATGATGAATATTAGTCCTARACCACAGCGGCAGCGTGGTCAGAAG- -~ -~ - - AATG
TAGTGTAGATCTAGTGAGCCCAARRGCCTCCAAGAAGAGGTCGTAGACAGGCTCAA-GAAA
TGGTGCAGATGTAGTGAGCCCARRGCCCCAAAGAAAGAGAGGGACGAAACAAACG-GCTC
TCCTCTTCTTAACCCTAGTGCACTAGRATTCAACCCATCTCAAACTTCACCTGCA - ACTG
TCCAARTGTTGAGCTTCTTGTTTCACAGGTGGATGCATTTAAAACTGGGAATGCAAAACT
GARGGRGAARAAGCTAAAGAAGCAGGATGATGAAGCAGATAAAGCATTGACCTCAGATGA

ATACAGATGTGTTTGAT - GACACACAGGT - TGAGATAATTGATGAGGTA - ACGAACTAA -
ATACAGATGTGTTTGAT - GACACACAGGT - TGAGATGATTGACGAGGTA - ACGAACTAA -
ACACAGATGTGTTTGAT - GACACACAGGT- TGAGATTATTGATGAGGTA - ACGAACTAA -
ACACAGATGTGTTTGAT - GACACACAGGT - TGAGATGATTGATGAGGTT - ACGAACTAA-
RGACAARRGAAGCAGCCCACTGTGACTCT- TCTT- - -CCTGCGGCTGAC - ATG- GATGAT
AGACAAAAGAAGCAGCCCACTGTGACTCT - TCTT- - - CCTGCGGCTGAC - ATG-GATGAT
GACARGGAGAAARTGAT - ARTATAAGTGT - TGCAGCGCCTAARAGCCGT - GTGCAGCAAA
GACAAGTAGAAAATGAT - ARTGTAAGTGT - TGCAGCGCCTAAAAGCCGT - GTGCAGCAAA
AGARAGATGAAGTAGAT - ARTGTARGCGT - TGCAAAGCCCAAAAGCTTG - GTGCAGCGAA
AGARAGAARGAATTAGAT- AGTATARGCGT - TGCAAAGCCCAAAAGTGCC - GTGCAGCGAA
CTGRACCAGTGCGTGAT-GARGTTTCTAT - TGAAA - - CTGACATARTTG - ATGRAGTAAA
CCAGRGARAGAAGGAAAAGAAGAACAAGCGTGAAACCACCCTGCAGCAGCATGAAGAGGE
GGAGAGGAACAATGCACAGCTGGAATTTTATGATGAGCCCAAGGTAATTAACTGGGGGGA

............................................................
............................................................

............................................................

TTCTCCAGACAACTTCAAAATTCCATGAGTGGAGCTTCTGCTGATTCAACTCAGGCATAA
TTCTCCAGACAACTTCAAAATTCCATGAGTGGAGCTTCTGCTGATTCAACTCAGGCATAR
ATAAGAGTAGAGAGTTGACTGCAGAGGACATCAGC - - CTTCTTAAGAAGAT- - - GGATGA
ATAAGAGTAGAGAGTTGACAGCAGAGGACATCAGC- - CTTCTTAAGAAGAT - - - GRGATGA
ATGTRAGTAGAGAATTAACCCCCGAGGATCGTAGC - - CTGCTGGCTCAGATCCTAGACGA
ATGTAAGCAGAGAATTAACCCCAGAGGATAGAAGC--CTGTTGGCGCAGATCCTAGATGA

CATCTACGATGATGTGGETGCGCCATCTGATGTGACCCATGCCARTCTGGAATGGGACAC
TGCAGCTCTAGGAGAGAATGAACTTTGA - - - - vmecocccrccccmccccccrcanmans

............................................................
............................................................
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SARS-Tor Seemeeceemeeecceeecceamiccaciaceesesccesecccmecdoconcnanana"

BcoV - ~GCCCTATACTGAR--=-+-===-n- GACACCTCAGAAATATAR-+-c=ccenrconana-
HEV - -GCCCTATACTGAR---~------ GATACCTCAGAAATATAA------cccncocann-
MHV TGGCGTTGTGCCAGATGGGTTGGAAGATGACTCTAATGTGTAR -~~~ ~==cccocuvn-
.RtCoV TGGCGTTGTGCCTGATGGGTT - - - AGATGACTCTAATGTGTAA- - - -« s e v e mmcncnnn
HCOVOC43 .  crecerecccccrcccccnsacnrnnanas o
PEDV AGCTGTTGATGGTGGTGATACGGCCGTTGAAATTATCAACGAGATCTTCGATACAGGAAR
1BV e mmeceesiccemmeetccecrcecaceecemecccecmesescmadieccaeaacana .
TGE -

PRCoV caee

CcoVv P

FCoV ——--

SARS-Urb -——--

SARS-Tor .-

Bcov e ea

HEV c—ee

MHV R

RtCoV c—ee

HCoVOC4 3 cenn

PEDV TTAA

1BV .-



Patent Application Publication Jan. 5,2006 Sheet 67 of 82

Fiqure 14: Phylogenetic Analysis of N Gene

PEDV

HCoVQC43

18v

MHV  HEV
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Figure 15: Molecular Designs for SARS-Associated N Gene

| NOTE:  LK26] is a TET-molecular beacon, which recognizes the N gene of coronavirus
(SARS Tor2 and SARS urbani buman pathogenic strains). It will be used in a real-
time PCR diagnostic for the identification of SARS-associated coronavirus
RNA/DNA.

Beacon LR261

AanNa0nn
¢

5’ - ACGAGTTCGTGGTGGTGACGGCARAR ﬁ;"r' TICTATTACCTAGGAACTGGCCCAGAAGCTTCACTTCCCTACG-3"

Amplicon LK262



LK261
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M. Target recognition sequence:

N. Length of the arms:

0. Melting temperature of the.beacon:
P. Melting temperature of target:

26 nucleotides (11 GI/C) + (1 G/C arm)
6 nucleotides {§ G/C)

dG=-1,64 dH=-487 d5=-1458 Tm=610°C
°C (including 1 nucleotide from the arms)

5’-ACGAGTTCGTGGTGGTGAC-3’

Length: 19 nucleotides (11 G/C)

Tm: °C

Position: (see alignment below)

Length:
Im: °C

5’ -CGTAGGGAAGTGAAGCTTC-3’

19 nucleotides (10 G/C)

Position: (see alignment below)

N-RT

Length:
Tm: 47°C

Position: (see alignment below)

LK262 Amplicon (95 nucleotides)

§-

§' «GCCTTCTTTGTTAG-3

14 nucleotides (6 G/C) .

ACGAGTTCGTGGTGGTGACGGCAAAATGAAAGAGCTCAGCCCCAGATGGTAC

TTCTATTACCTAGGAACTGGCCCAGAAGCTTCACTTCCCTACG -3’

DNA seq@uence alignment of complete

N genes from corona virus strains

TGE = semececctccccccccccccmcaccccmcnccctortrnsrareccesranscaanae
PRCOV = cececcmmccccccccccccccc-cccccccecmccasce--cccrcsnacrmoncccanns
B << 1 g ey
FCoV g
SARS-Urh  ce-cemccciecicieceenns ATGTCTGATAATGGACCCCAATCAAACCAACGTAGT
SARS-TOr = =  ~evvocmccccccnmianananann ATGTCTGATARATGGACCCCAATCAAACCAACGTAGT
Becov ATGTCTTTTACTCCTGG - TAAGCAAT - - CCAGTAGTAGAGCGTCCTTTGGAAATCGTTCT
HEV ATGTCTTTCACTCCTGG- CAAGCAGT - - CCAGCAGTAGAGCGTCCTCTGGAAATCGTTCT
MHV ATGTCTTTTGTTCCTGGGCAAGAARATGCCGGTAGCAGAAGCTCCTCTGGAAACCGCGCT
RtCoV ATGTCTTTTGTTCCCGGACARGARAACGCCGGTAGCAGARGCTCCTCTGGARACCGCGLT
HCOVOC43 3 crcccccacaccceccmeccmmecscromemereccrmnrencrmaemeecmreescenns

2251 0 1 L e
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9:)Y

TGE
-PRCoV
CcoV
FCoV
SARS-Urb
SARS-Tor
BcoV
HEV

MHV
RtCoV
HCoVOC43
PEDV

IBV

TGE
PRCoV
Ccov
FCoV
SARS-Urb
SARS-Tor
Beov

HEV

MHV
RtCoV
HCoVOC43
PEDV

1BV

TGE
PRCoV
Ccov
FCoV
SARS-Urb
SARS-Tor
Becov
HEV

MHV
RtCoV
HCoVOC4 3
PEDV

IBV

TGE
PRCoV
Ccov
FCoV
SARS-Urb
SARS-Tor
Bcov
HEV

MHV
RtCoV
HCoVOC42
PEDV

IBV

R e E T ATGGCCAC-ACAGGGACAR=-~=-~==---
GCCCCCCGCATTACATTTGGTGGACCCACAGATTCAACTGA - - CAATAAC- - - ==~~~ -« :
GCCCCCCGCATTACATTTGGTGGACCCACAGATTCAACTGA - - CARTAAC - = = - - = = = - -
GGTRATGGCAT - - CCTTAAGTGGGCCGATCAGTCCGACCAATCTAGAAATGT - = v v = o s
GGTAATGGCAT- -CCTTAAGTGGGCCGATCAGTCCGACCAGTCTAGAAATGT -~ - e oo =«
GGTAATGGCAT - - CCTCAAGAAGACCACT TGGGCTGACCAARCCGAGCG= = ==~ ===~ ==
GGTAATGGAAT - - CCTCAAGAAGACCACTTGGGCTGACCAARCCGAGCGCGGACAAAATA

......................................... Cccscmcssssssncnnccans

- CGTGTCAGTTGGGGAGATGAATCTACCAARRCACGTGGTCGT - TCCAATTC - - -CCGTG
- CGTGTCAGTTGGGGGGATGAATCCACCARARTACGTGGTCGC - TCCAATTC- - - COGTG
- CGTGTCAGTTGGGGAGATGAATCCACCAAGAGACGCGETCGT-TCTAATTC - - - TCGTG
-CGCETCAACTGGGGAGATGAACCTTCCARARGACGTGGTCGT - TCTRACTC - - - TCGTG
- CAGAATGGAGGACGCAATGGGGCAAGGCCAARACAGOGCCGA-CCCCAAGG----TTTA
- CAGAATGGAGGACGCAATGGGGCAAGGCCARARCAGCGCCGA-CCCCAAGG- - - - TTTA
= TCARACCAGGGGTAGAAGAGCTCAACCCAAGCAAACTGCTAC-TTCTCAGCTACCATCA
- TCAAACCAGGGGTAGAAGAGTTCAATCCAAGCAAACTGCTAC- TTCTCAGCAACCATCA
- TGGAAATAGAGGCAGAAGGAACCATCCCAAGCAGACTGCAAC- TACTCAGC - - CCAATG
ATGGAAATAGAGGCAGARGGAATCAGCCCAAGCAGACTGCAAC-TACTCAGC ~ ~CCAATA
----------------- ATGGCTACAGTCAAATGGGCTGATGCATCTGAACCACAACGTG
------------------------------------ - -ATGGCTTCTGTCAGCTTTCAGG
- TGGAARRARCAGACGCCCCAGCGCCAGTCATTARACTAGGAGGACCAAAACCACCTAAAG

GTCGGARGAATAATARCATACC- TCTTTCATTCTTCAACCCCATAACCCTCCAACAAGGT
GTCGGARGATTAATARCATACC- TCTTTCATTCTTCAACCCCATAACCCTCCAGCARGGT
GCCGGARGAATAATGATATACC-TCTTTCATTCTTCAACCCCATTACCCTCGAGCARGGA
GTCGGARGAATARTGATATACC- TTTGTCATTCTACARCCCCATTACCCTCGAACAAGGA
CCCAATAATACTGCG- - -~ === -~ TCTTGCTTCACAGCTCTCACTCAGCATGGCAAGG - -
CCCAATAATACTGCG-------~- TCTTGGTTCACAGCTCTCACTCAGCATGGCARGG - ~
GGAGGGAATGTTGTACCCTACTATTCTTGGTTCTCTGGAATTACTCAGTTTCAAAAAGGA
GGAGGGACTGTTGTACCCTACTATTCT TGGTTCTCTGGRAATTACTCAGTTTCARARGGGA

CC-GGGAGTGTGGTTCCCCATTACTCTTGGTTTTCGGGCATCACCCAGTTTCARAAGGGA

CC-GGGAGTGTGGTTCCCCATTACTCTTGGTTTTCGGGCATTACCCAATTCCAGARGGGA
GTCGTCAGGGTAGAR- - - TACC- TTATTCTCTTTATAGCCCTTTGCTTGTTGATAGTG - -
ATCGTGGCCGCAAACGGETGCCATTA - TCTCTCTATGCCCCTCTTAGGGTTACTAATGAC
TCGGTTCTTCTGGARATGCA- - - - TCTTGGTTTCARGCAATAAAAGCCAAGAAGTTAAAT

* L ]

TCAARATTTTGGAACTTATGTCCGAGAGACTTTGTACCCAAAGGAATAGGTAACAGGGAT
GCAARATTTTGGAACTCATGTCCGAGAGATTTTGTACCCAAAGGARTAGGTAATAGGGAT
TCAAAGTTTTGGGACTTATGTCCGAGAGACTTTGTACCCAAAGGAATAGGTAATARGGAT
TCTARATTTTGGAATTTATGTCCGAGAGACCTTGTTCCCARAGGAATAGGTAATARGGAT
~AGGAACTTAGATTCCCTCGAGGCCAGGGCGTTCCAATCAACACCAATAGTGGTCCAGAT
-AGGAACTTAGATTCCCTCGAGGCCAGGGCGTTCCAATCAACACCARTAGTGGTCCAGAT
AAGGAGTTTGAATTTGCAGAGGGACAAGGTGTGCCTATTGCACCAGGAGTCCCAGCTACT
RAGGAGTTTGARTTTGCAGAGGGACAAGGTGTGCCTATTGCACCAGGAGTCCCATCTACT
ARGGAGTTCCAGTTTGCACAAGGACRAGGGAGTGCCTATTGCCAGTGGAATCCCCGCTTCA
ARRGAGTTCCAGTTTGCAGGTGGACAAGGAGTGCCTATTGCCAATGGAATCCCACCTTCT
- ARCAACCTTGGAAGGTGATACCTCGTAATTTGGTACCCATCARCARGAARGACARAAAT
ARGCCCCTTTCTAAGGTACTTGCARRCAACGCTGTACCCACTAACARGGGGAATARGGAC
ACACCTCCGCCCAAGTTTGARGGTAGCGGTGTTCCTGATARCGAAAACAT TAAGCCAAGC

US 2006/0003340 A1
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TGE CAACAGATTGGTTATTGGAATAGACRAACTCG- =~~~ CTATCGCATGGTGAAGGGCCAA
PRCoV CAACAGATTGGTTATTGGAATAGACAAACTCG- -~~~ - CTATCGCATGGTGAAGGGCCAA
Ccov CAACAAATTGGTTATTGGAACAGGCAAACCCG- - - = - - TTATCGCATGGTGAAGGGTCGA
FCoV . CAARCARATTGGTTATTGGAATAGACAGATTCG- - -~ -+ TTATCGTATTGTAARAGGCCAG
SARS-Urd GACCARATTGGCTACTACCGAAGAGCTACCCGACGRAGTTCETGGT ~ - - GGTGACGGCAARA
SARS-Tor GACCAAATTGGCTACTACCGAAGAGCTACCCGACGAGTTCGTGGT - - - GGTGACGGCAAA
BcoV GAAGCTAAGGGGTACTGCTACAGACACARCAGACGTTCTTTTAARACAGCCGATGGCAAC
HEV GAAGCTAAGGGGTACTGGTACAGACACAACAGACGTTCTTTTAARACAGCCGACGGCAAT -
MHV GAGCAAAAGGGATATTGGTATAGACACARCCGACGTTCTTTTARARCACCTGATGGCCAG
RtCoV GAGCAAAAGGGATATTGCTATAGACACAACCGTCGTTCTTTTAAAACACCTGATGGGCAG
HCoVOC43 AAGCTTATAGGCTATTGGAATGTTCAAAAACG- -~~~ -+ TTTCAGAACTAGAAAGGGCAAA
PEDV : CAGCAAATTGGGTACTGGRATGAGCAAATTCG- -~~~ - CTGGCGCATGCGCCGTGETGAG
1BV CAGCARCATGGATACTGGAGACGCCAAGCCAG--=--~- GTTTAAGCCAGGCAAAGGTGGA
* *et PR @ . * N e

LR263 5’'-ACGAGTTCGTGGT-~--GGTGAC-3’

TGE P T TCTTCTACTACTTAGGTACTGGACCTCATGCAGAT
PRCOV A TTCTTTTACTACTTAGGCACTGGACCTCATGCAGAT
CcoV e : N § TTCTTCTACTATTTAGGAACTGGACCTCATGCTGAT
FCoV : R R TTCTTTTACTTCTTAGGTACAGGACCTCATGCTGAT
SARS-Urb
SARS-Torxr
BcoVv R
HEV - CTTTTACTACCTGGGAACAGGACCGCATGCCAAR
MHV el B PR TTTTTACTATCTTGGARCAGGGCCCCATGCTGGC
RtCoV 7 8 ARSIl T T TTTACTATCTTGGGACGGGCCCCCATGCTGGA
HCoVOC43 w S TTTTTATTATCTTGGCACAGGACCCCATARAGAT
PEDV R A ncoTTRERA TR GE CB T TTCTACTACCTOGGARCAGGACCTCACGGCGAC
1BV CCAGPCCCAGATGC TRGR TRCTTTTACTATACTGGARCAGGACCTGCCECTGAC
* vE S w & "% Be P BP

LK261 BEACON LK264 3’ -CTTCGAAGT
TGE GCCAARTTTAAAGATAAATTAGATGGAGTTGTCTGGGTTGCCARGGATGGTGCCATGAAL
PRCGV o GCCAAATTTAARAGATAAATTAGATGGAGTTGTCTGGGTTGCCARGGATGGTGCCATGAAC
CcoVv GCCARATTTAAGCARRAATTAGATGGAGTTGTCTGGGTTGCTAGGGGAGATTCCATGACT
FCoV GCTAAATTCAAAGACAAGATTGATGGAGTCTTCTGGGTTGCARGGGATGGTGCCATGAAC
SARS-Urb CTTCCCTACGGCGCTAACAAAGAAGGCATCGTATGGGTTGCARCTGAGGGAGCCTTGAAT
SARS-Tor - CTTCCCTACGGCGCTAACAAAGARGGCATCGTATGGGTTGCAACTGAGGGAGCCTTGAAT
Bcov GACCAGTATGGCACCGATATTGACGGAGTCTTCTGGGTCGCTAGTAACCAGGCTGATGTC
HEV GACCAGTACGGCACCGACATTGACGGAGTCTTCTGGGTCGCTAGTAACCAGGCTGATATT
MHV GCAGAGTATGGCGACGATATCGAAGGAGTTGTCTGGGTCGCAAGCCAACAGGCCGACACT
RtCoV GCCAGTTTCGGAGACAGCATTGAGGGAGTCTTCTGGGTTGCARATAGTCAGGCGGATACC
HCovVO(C43 GCARRATTTAGAGAGCGTGTTGRARGGTGTCGTCTGGGTTGCTGTTGATGGTGCTAARACT
PEDV CTCCGTTATAGGACTCGTACTGAGGGTGTTTTCTGGGTTGCTARAGARGGCGCAARGACT
1BV CTGAACTGGGGTGATACTCARGATGGTATAGTGTGGGTTGCTGCTAAGGGTGCTGATACT

- LR 2K X 3 > * dRede H@ ]

GAAGGGATGC-5'
3’ -GATTGTTTCTTCCG-5' N-RT

TGE AAACCAACCACGC- - - TTGGTAGTCGTGGTGCTAATA- - -ATGAATCCAAAGCTTTGAAA
PRCoV ARACCAACCACGC- - - TTGGTAGTCGTGGTGCTAATA- - - ATGAATCCAAAGCTTTGARR
Ccov AAGCCAACAACTC- - - TTGGTACTCGTGGCACTAATA- - - ATGRATCARAGGCTTTGAAA
FCoV ' AAGCCCACAACGC- - - TTGGCACTCGTGCAACCAATA- - - ACGAATCCAAACCACTGAGA
SARS-UTrb ACACCCARAGACCACATTGGCACCCGCARTCCTAATAARCAATGCTGCCACCGTGCTACAA
SARS-Tor ACACCCARAGACCACATTGGCACCCGCARTCCTAATAACAATGCTGCCACCGTGCTACAA
BeoVv AATACCCCGGCTGACATTCTCGATCGGGACCCARGTAGCGATGAGGCTATTCCGACTAGG
HEV AATACCCCGGCTGACATTGTCGATCGGGATCCAAGTAGCGATGAGGCTATTCCGACTAGG
MBV AAGACCACTGCCGATGTTGTTGAAAGGGACCCARGCAGTCATGAGGCTATTCCTACTAGG
RtCoV AARCACCTCTGCTGACATTGTTGARARGGGACCCAAGTAGCCATGAGGCTATTCCTACTAGS
HCoVOC4 3 GRACCTACAGGTTA- - - CGGTGTTAGGCGCAAGAATT - - - -CAGAACCAGAGATACCACA

PEDV GAACCCACTAATT- - - TGGGTGTCAGARAGGCGTCTG- - - - ARRAGCCARATCATTCCAAR
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1BV AARATCTAGATCCAATCAGGGTACAAGAGATCCTGATAA-GTTTGACCAATACCCACTACG
* L ] * ¢
TGE TTCG--- - ATGGTAAAGTGCCAGGCGAA- - - TTTCAACTTGAAGTTAATCAATCAAGAGAC
PRCoV TTCG- - - ATGGTAARGTGCCAGGCGAA- - - TTTCAACTTGARGTTAACCAGTCTAGGGAC
CeoV , TTCG- - - ATGTCAAAGTACCATCAGAA- - - TTTCACCTTGAAGTGARCCAATTAAGGGAC
FCoV TTTG- - - ATGGTAAGATACCGCCACAG- - - TTTCAGCTTGAAGTGAACCGTTCTAGGAAC
SARS-Urb CTTCCTCAAGGAACARCATTGCCARAAGGCTTCTACGCAGAGGGAAGCAGAGGCGGCAGT
SARS-Tor CTTCCTCAAGGAACAACATTGCCAAARGGCTTCTRCGCAGAGGGAAGCAGRGGCGGCAGT
Bcov TTTCCGCCTGGCACGGTACTCCCTCAGGGTTACTATATTGAAGG- - - CTCAGGAAGGTCT
HEV TTTCCGCCTGGCACGGTACTCCCTCARGGTTACTATATTGAAGG- - - CTCAGGAAGGTCT
MHV TTTGCGCCCGGCACGGTATTGCCTCAGGGCTTTTATGTAGAAGG- - - CTCGGGAAGGTCT
RtCov TTTGCGCCCGGTACGGTATTGCCTCAGGGTTTCTATGTTGAAGG- - - CTCGGGAAGGTCT
HCoVOC43 CTTC- - RATCARARGCTCCCARATGGTGTTACTGTTGTTGARGARCCTGACTCCCGTGCT
PEDV ATTC-- TCTCAACAGCTCCCCAGTGTA- - -GTTGAGATTCTTGAACCTAACACACCTCCT
1BV ATTC- - - - TCGGATGGCGGACCTGATGGTARTTTCCGTTGGGACTTCAT TCCCCTGAACC
* *
TGE AATTCAAGGTCACGCTCTCAATCTAGATCTC-- -~~~ GGTCTAGAAARTAGATCTCAATCT
PRCoOV AACTCAAGGTCACGCTCTCAATCTAGATCGC- - - - - - GGTCTAGAAACAGATCTCAATCT
Ccov AATTCAAGGTCTAGGTCTCARTCTAGATCTC- - - - - - AGTCCAGAAATAGGTCTCAATCT
FCoV RATTCAAGGTCTGGTTCTCAGTCTAGATCTG- -~~~ - TTTCAAGARACAGATCTCAATCT
~ SARS-Urb CARGCCTCTTCTCGCTCCTCATCACGTAGTCGCGGTAATTCAAGAAATTCARCTCCTGGE
SARS-Tor CAAGCCTCTTCTCGCTCCTCATCACGTAGTCGCGGTAATTCAAGAAATTCAACTCCTGGE
Bcov GCTCCTARTTCCAGATCTACTTCACGCGCATCCAGTAGAGCCTCTAGTGCAGGATCGCGT
. HEV GCTCCTAATTCCAGATCTACTTCGCGTGCACCCARTAGAGCCCCTAGTGCAGGATCGCGT
MHV GCACCTGCTAGTCGATCTGGTTCGCGGTCAC- - -- - - AATCCCGTGGGCCAAATAATCGC
RtCoV GCACCTGCTAGTCGATCTGGTTCGCGGTCAC------ AATCCCGTGGGCCAAATAATCGC
HCoV0C43 CCTTCCCGGTCTCAGTCGAGGTCGCAGAGTCGCGETCGTGGTGAATCCAAACCTCAATCT
PEDV GCTTCACGTGCAAATTCGCGTAGCAGGAGTCGTGGCAATGGCAACAATAGGTCTAGATCT
1BV GTGGTAGGAGTGGAAGATCAACAGCAGCTTCATCA - GCAGCAGCTAGTAGAGCACCATCA
TGE AGAGGCAGGCAACARTTCAATAACAAGAAGGAT ------- GACAGTGTAGAACAAGCTGT
PRCOV AGAGGTAGGCARCAATCCAATARCAAGRAAGGAT -« - ===~ GACAGTGTAGAACAAGCTGT
Ccov AGAGGAAGGCAACTATCCAATAATAAGAAGGAT - - - - --- GACAATGTTGAACAAGCTGT
FCoV AGAGGAAGACACCATTCCAATAACCAGAA---T----~-- AATAATGTTGAGGATACAAT
SARS-Urb AGCAGTAGGGGAAATTCTCCTGCTCGARTGGCT - = - - = - - AGCGGAGGTGGTGARACTGC
SARS-Tor AGCAGTAGGGGAAATTCTCCTGCTCGAATGGCT -~ - - - - - AGCGGAGGTGGTGAAACTGC
Bcov AG- - - TAGAGCCAATTCTGGCARCAGAACCCCT--- - - - - ACCTCTGGTGTAACACCTGA
HEV AG- - - TAGAGCCAATTCTGGCAATAGARCCTCT-- - - - - - ACCCCTGGTGTAARCACCTGA
MHV ."GC- - - TAGAAGCAGTTCCAACCAGCGCCAGCLT -~ - - - - = GCCTCTGCTGTAARACCTGA
RtCoV GC- - - TAGAAGCAGTTCCAACCAGCGCCAGCCT - - - == - = GCCTCTACTGTAAAACCTGA
HCoVOC4 3 CGGARTCCTTCARGTGACAGARACCATAACAGTCAG- - - - GATGRCATCATGARGGCAGT
PEDV CCAAGTAACAACAGAGGCAATAACCAGTCCCGTGGTAATTCACAGAATCGTGGAAATAAC
1BV CG------ TGAAGGTTCGCGTGGTCGTAGAAGT -~ - ==~ GATTCTGGAGATGACCTTAT
*
TGE T~ =« CTTGCCGCACTT-~- - - AARAAGTTAGGTGTTGACACAGARAARCAACAGCA-ACG
PRCoV T---CTTGCCGCACTT----- AARAAAGTTAGGTCTTTACACAGAAAAACAACAGCA-ACG
CcoV T---CTTGCTGCACTC-~- -~ RARRAGTTAGGTGTTGACACAGARARACARA- - - CA- ARG
FCoV T---GTAGCCGTGCTT--- - - GARAAATTAGGTGTT- - - ACTGACARACAA- - - = =~ - AG
SARS-Urb C---CTCGC-G--CTA----- TTGCTGCTAGAC-AGATTGAACCAGCTTGAGAGCA- AAG
SARS-Tor C---CTCGC-G--CTA----- TTGCTGCTAGAC - RGATTGAACCAGCTTGAGAGCA-AAG
BcoV T---ATGGCTG--ATC----- ARATTGCTAGTC- TTGTTCTGGCAAAACTTG -GCA-AGS
HEV C---ATGGCTG- -ATC-- - - - AAATTGCTAGTC- TTGTTCTGGCAAAACTTG - GCA- AGG
MHV C---ATGGCCG- - AAG-- - - - AARTTGCTGCTC- TTGTTTTGGCTAAGCTTG-GTA-AAG
RtCoV T---ATGGCCG- -AAG----- AAATTGCTGCTC- TTGTTTTGGCTAATCTAG-GCA- AAG
HCoVOoCs3 T---GCTGCGGCTCTT----- AAATCTTTAGGTTTTGACAAGCCTCAGGARARAGATAAR
PEDV CAGGGTCGTGGAGCTTCTCAGAACAGAGGAGGCAATAATAARTAACARTARCAAGTCTCGT

IBV TGCTCGTGCAGCAARG------ ATAATCCAGGATCAGCAGAAAARGGGCTCTCGCA- - TT

* [ 4



TGE
FRCoV
CcoV
FCoV
SARS-Urb
SARS-Tor
Becov
HEV

MHV
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CTCTCGTTCTAAATCTAAAG- - AACGTAGTAACTCTARGAC - ARGA- - - - - - = -GATACT
CTCTCGTTCTAARTCTARAG- - AACGTAGTAACTCTAAAAC-AAGR- === =n=- GATACT
ATCTCGTTCCAAATCTARGG- - AACGTAGCAGCTCTARGAC-AAGR- - = - - === GATACT
GTCACGTTCTAAACCTAGAG- - ANCGTAGTGATTCCARACC-TAGG- -~ ===~ GACACA
TTTCTGGTRARGGCCAACAA- CARCAAGGCCAAACTGTCACTAAGA === caa. AATCTG
TTTCTGGTAAAGGCCAACAA- CARCAAGGCCARACTGTCACTAAGA- - - - - - - - AATCTG |
ATGCCACTARGCCACAGCAAGTAACTAAGC - AGACTGCCA« ~ARGA= = == === -AATCAG
ATGCCACTAAGCCTCAGCAAGTAACTAAGC - AGACTGCCA- -AAGA=- -~ -~ - GGTCAG
ATGCCGGCCAGCCCARGCAGETARCTARGC - AARGCGCCA - -AAGA =~ == === - AGTCAG
ATGCCGGACAGCCTAAGCARGTARCTAAGC - AAAGTGCCA - ~ARGA -~ -~ = - - - AGTCAG

RtCoV
HCoVOC43
PEDV
IBV

TGE
PRCoV
CcoVv
FCoV
SARS-Urb
SARS-Tor
BeoV
HEV

MHV
RtCoV
HCoVOC43
PEDV

1BV

TGE
PRCoV
CecoV
FCoV
SARS-Urb
SARS-Tor
BeoV

HEV

MHV

Rt CoV
HCoVOC43
PEDV

1BV

TGE
PRCoV
CcoV
FCoV
SARS-Urb
SARS-Tor
BcoVv
HEV

MHV
RtCoV
HCoVOC43
PEDV
1BV

TGE

ARGTCAGCGARAACGGGTAC- - TCCTAAGCCTTCTCGTAATCAGAGT - - ~ - CCTGCTTCT

AACCAGTCCAATARCAGGAACCAGTCAAATGACCGTGGTGGTGTARCATCACGCGATGAT

ACCAAGGCAAAGGCAGATGA- - AATGGCTCATCGCCGGTATTGCAAG- - - -CGCACTATC

ACACCTAAGAATGAARACAAACACACCTGGA- - - AGAGAACTGCAGGTAAA- - - GGTG- -
ACGCCTAAGAATGAARACAAACACACCTGGA- - - AGAGAACTGCAGGTAAA- - -GGTG- -
ACACCTARGAATGRARACAAACACACCTGGA- - - RGRGAACTGCAGGTAAA- - - GGTG- -
ACACCTRAGAATGCCAACAAACACACCTGGA- - - AGAAAACTGCAGGCAAG- - -GGAG- -
CTGCTGAGGCATCTAAR- AAGCCTCGCCAAA- - - RACGTACTGCCACARRAC- - RGTACA
CTGCTGAGGCATCTAAR- AAGCCTCGCCAARA- - - ARCGTACTGCCACAAAAC- - AGTACA
- -ACAGAAAATTTTGAATAAGCCCCGCCAGA - - - AGAGGAGCCCCAATAAAC- - ARTGCA
-~ =ACAGRAAATCTTGAATAAGCCCCGCCAGA - - - RGRAGGAGCCCCARCARAC- - AATGCA
- -GCAGAAAATTTTAACTAAGCCTCGTCAAA- - - AGAGGACTCCAAACAAGC - - AGTGCC
-=-GCAGAAAATTTTAAATAAGCCTCGCCAAA- - - RGAGGACTCCAAACAAGC- - AGTGCC
TCTCARACTTCTGCCAAGAGTCTTGCTCGTTCTCAGAGTTCTGAARCARAAG- - AACAAA
CTGGTGGCTGCTGTCARGGATGCACTTARATCTTTGGGTATTGGAGAAAATCCTGACAGS
CCACCTAATTATAGGGTTGATCAAGTGTTTGGTCCCCGTACTAAAGGTARGG - - AGGGGA

e

---ATGTGACA- - - AGATTTTATGGAGCTAGARGCAGTT - - CAGCC~- - - - - -~ ART-TTT
---ATGTGACA- - - AGATTTTATGGAGCTAGAAGCAGCT - -CAGCC- - - =~~~ AAT-TTT
== -ATGTGACA- - - AARATTTTATGGAGCTAGAAGTAGTT - - CAGCC------- AAT-TTT
- --ATGTGACA- - - ACTTTCTATGGTGCTAGARGTAGTT - - CAGCT -~~~ - - - ARC-TTT

A-CGTCACTCA- - - AGCATTTGGGAGACGTGGTCCAGAA - - CAAACCCAAGGAART - TTC
A-CGTCACTCA- - - AGCATTTGGGAGACGTGGTCCAGAA - - CAAACCCAAGGAAAT - TTC

C-TGTTCAGCA- - - GTGTTTTGGGAAGAGAGGCCCCART - -CAGA--~==~=-~-~ AT-TTT
C-TGTTCAGCA- - - GTGTTTTGGGARGAGAGGCCCCAAT - - CAGA--~----=-~ AT-TTT
C-AGTGCAGCA- - - GTGTTTTGGGAAGAGAGGCCCTAAT - - CAGA- -~~~ -~~~ AC-TTT
C-AGTGCAGCA- - ~-GTGTTTTGGAARGAGAGGCCCCAAT - -CAGA- -~ ~— =~~~ AT-TTT

AGCATGAAATGC- - AAAAGCCACGGTGGAAAAGACAGCC - - TAATGATGATGTGACATCT
CATAAGCAACAGCAGAAGCCTAAGCAGGAAAAGT CTGACAACAGCGGCAARAATACACCT
A--TTTTGGTG----- ATGACAAGATGAATGAGGAAGGTATTAAGGATG- - - - GGCGTGT

*

GGTGACACTGACCTCGTTGCCAAT - - - -GGGAGCAGTGCCAAGCATTACCCACARCTGGC
GGTGACAGTGACCTCGTTGCCAAT - - - - GGGAGCAGTGCCAAGCATTACCCACAATTGGC
GGTGACAGCGATCTTGTTGCCAAT - - - - GGGARCGGTGCCAAGCATTACCCACARCTGGC
GGTGATAGTGATCTCGTTGCCAAT - - - -GGTAACGCTGCCAAATGCTACCCTCAGATAGC
GGGGACCAAGACCTAATCAGACAA - - - -GGAACTGATTACAAACATTGGCCGCARATTGC
GGGGACCAAGACCTAATCAGACAA- - - -GGAACTGATTACAAACATTGGCCGCARATTGC
GGTGGTGGAGAAATGTTAAAACTT - - - -GGAACTAGTGACCCACAGTTCCCCATTCTTGC
GGTGGTGGAGAAATGTTAAAACTT - - - - GGAACTAGTGACCCACAGTTCCCCATTCTTGC
GGAGGCTCTGAAATGTTAAAACTT - - - -GGAACTAGTGATCCGCAGTTCCCCATTCTTGC
GGAGGCCCTGAAATGTTAAAACTT- - - - GGAACTAGTGATCCACAGTTCCCCATTCTTGE
AATGTCACACAATGTTTTGGCCCC- - - - AGAGACCTTGAC- - - CACAACTTTGGAAGTGC
AAGAAGAACARATCCAGGGCCACTTCGAAGGAACGTGACCTCAAAGACATCCCAGAGTGG
TACAGCAATGCTCAACCTAGTCCCT - - - AGCAGCCATGCT--- - - TGTCTTTTTGGAAGT

* *

TGAATGTGTT- CCATCTGTGTC - - TAGCATT- - - -CT- - GTTTGGAA - GCTATTGGACTT
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TGAATGTGTT - CCATCTGTGTC- - TAGCATT - - - - TT~ - GTTTGGAA - GCTATTGGACTT
TGAATGTGTT - CCATCTGTATC- - TAGCATT- - - - CT~ ~GTTTGGAA-GCCATTGGACTG
TGARTGTGTT- CCATCAGTGTC- - TAGCATA- - - - AT- - CTTTGGCA-GTCAATGGTCTG
ACAATTTGCT - CCAAGTGCCTC- - TGCA- -~ - -~ - TT- - CTTTGGAATGTCAC- - GCATT
ACAATTTGCT - CCARGTGCCTC- - TGCA~~= - -~ - TT- - CTTTGGAATGTCAC- -GCATT
AGAACTCGCA-CCCACAGCTGG- - TGCGTTT - - - - TT- - CTTTGGATCAAGATTAGAGTT
AGAACTCGCA - CCCACAGCTGG- - TGCGTTT - - ~ = TT~ - CTTTGGATCAAGATTAGAGTT
AGAGTTGGCT - CCARCACCTAG- - TGCCTTC- - - - TT- - CTTTGGATCTAAATTAGAATT -
AGAGTTGGCC-CCARCACCTGG- - TGCCTTC= = = = TT= - CTTTGGATCTAAATTAGRATT
AGGTGTTGTGGCCAATGGTGTT - - ARAGCTAAAGGCT - - ATCCACAATTTGCTGAGCTTG
AGGAGAATTC - CCAAGGGCGARARATAGCGTAGCAGCTTGCTTCGGACCCAGAGGGGGCTT

AGAGTGACACCCAAACTTCAAC- - TAGATGG- - GCTTCACTTGAGATTTGARTTTACTAC

* * *

CAAAGGAA- - GATGGCG- - - - ACCAGATAGAAGTCAC- - - -GTTCACACACAAATACC - -
CAAAGGAA- - GATGGCG - - - -ACCAGATRAGARGTCAC- - - - GTTCACACACARATACC- -
CTAAGGAA- - GATGGTG- - - -ACCAGATTGAAGTCAC- ~ - - ATTCACACACARATACC- -
CTGAAGRA- - GCTGGTG -~ - - ATCAAGTGAARAGTCAC- - - ~-GCTCACTCACACCTACT - -
GGCA----ccvcccmmeccncancnns TGGAAGTCAC- - - - ACCTTCGGGAACATG- - - -
GGCA-=-----ecccmer e e TGGAAGTCAC- - - - ACCTTCGGGAACATG- - - -
GGCCAARG- - TGCAGAA- - - - TTTGTCTGGGAATCTTGACGAGCCCCAGAAGGATGTTTA
GGCCAARG- - TGCAGAA - - - - TTTGTCTGGGAATCCTGACGAGCCCCAGAAGGATGTTTA
GGTCARAA- -~~~ AGAA----CT- - - CTGGTGGTGCTGATGAACCCACCAAAGATGTTTA
GGTCAAAA----- AGAA----TT- - - CTGGTGGCGTTGATGAACCCACCAARGATGTGTA
TGCCGTCA- - ACAGCTGCTATGCTGTTTGATAGTCAC - ATTGTTTCCAAAGAGTCAGGCA
CAAAARCTTTGGAGATGCGGAAT TTGTCGAAAARGCTGTTGATGCGTCAGGCTATGCTCA
TGTGGTCCCATGTGATGACCCGCAGTTTGATAATTATGTGAAAARTTTGTGATCAGTGT - -

- -ACT- TGCCARAGGATGA- - TCCTA- - AGACTGGACAATTCCTTCAGCAGATTAATGCC
- =ACT-TGCCAARGGATCA~ -TCCTA- - AAACTGAACAATTCCTTCAGCAGATTAATGCC
- -ACT- TGCCAAAGGATGA- - TCCTA- - AGACTGGACAATTCCTTCAGCAGATTAATGCA
- -ACC- TGCCAARGGATGA - ~TGCCA - - RARCTRGTCAATTCCTAGRACAGATTGACGCT
- - -GC-TGACTTATCATGG- - AGCCATTAAATTGGATGACAAAGATCCACAATTCAAAGA
- --GC- TGACTTATCATGG- - AGCCATTAAATTGGATGACAAARGATCCACARTTCAAAGA
TGAAT - TGCGCTATAATGG- - TGCAATTAGATTTGACAGTACACTTTCAGGTTTTGAGAC
TGAART - TGCGCTATAATGG - - CGCGATTAGATTTGACAGCACACTCTCAGGTTTTGAAAC
TGAAT - TGCAGTATTCAGG - - TGCAATTAGATTTGATAGTACTCTACCCGGTTTTGAGAC
TGAGC- TGCAATATTCAGG- - TGCAGTCAGATTTGATAGTACTCTACCTGGTTTTGAGAC
ACACTGTGGTCTTGACTTT - - CACTACTAGAGT - GACTGTGCCCAAAGACCATCCACACT
GATCGCCAGTTTAGCACCAAATGTTGCAGCATTGCTCTTTGETGGTAATGTGGCTGTTLCG
-GTCGATGGTGTAGGAACGCGTCCAA- - - AAGATGACGA - ACCARARCCAAAGTCACGCT

TATGCTCG- - TCCATCAGAAGTGGCAARRGAA - - CAGAGA~ ARAAGA = - - ~ - AAATCTCG
TATGCTAG- - CCCATCAGAATTGGCARAAGAA - - CAGAGA - AAAAGA- - - - - AAGTCTCG
TACGCCCG- - TCCATCAGAGGTGGCTARRGAR - - CAGAGA ~ CARCGC- ~ - - - ARAGCTCG
TACAAGCG- - ACCTTCTGAAGTGGCTARGGAT - - CAGAGG- CAAAGA- - - - - AGATCCCG
CAACGTCA- - TACTGCTGAACAAGCACATTGA- - CGCATA- CARRAC- - - - - ATTCCCAC
CAACGTCA- - TRCTGCTGAACAAGCACATTGA- - CGCATA - CAAAAC- = =~ - ATTCCCAC
CATAATGA- - AGGTGTTGAATGAGAATTTGAA- - TGCATATCAACAR- - - - - CA---AGAR
CATTATGA- - AGGTGCTTAACCAGAATTTGAR- - TGCCTATCAACAT- - - - - CAGGAAGR
TATCATGA- - ARGTGTTGACTGAGAATTTGAR - - TGCCTACCAGGAC- - - - - CARGCTGG
TATCATGA- - AAGTGTTGAATGAGAATTTGAA - - TGCCTACCAGAAT- - - - - CAAGCTGG
TG-GGTAA- - GTTTCTTGAGGAGTTARATGCAT TCACTAGAGAAATG- - - ~ - CAACAACA

TGAGCTAGCGGACTCTTACGAGATTACATACAACTATAAAATGACTGTGCCAARGTCAGA
CARGTTCAAGACCTGCTACAAGAGGAAATTCT - - CCAGCGCCAAGACAACAGCGCCCAAR

TTCTAAATCTGCAGAAAGGTCAGAGCAAGATGTGGTACCTGATGCATTAATAGAA-AATT
TTCTAAATCTGCAGAAAGGTCAGAGCAAGAGGTGGTACCTGATTCATTAATAGARA - ARCT

" TTCTRAATCTGTAGAAAGGGTAGRGCRAGAGGTTGTACCTGATGCATTARCAGAA- AATT

US 2006/0003340 A1
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FCoV TTCTAAGTCTGCTGATAAG- - - AAGCCTGAGGAGTTGTCTGTAACT CTTGTGGAG-GCAT
SARS-Urb CARCAGAGCCTAAAAAGGACARAARGAAARAGACTGATGARGCTCAGCCTTTGCC-GCAG
SARS-Tor CAACAGAGCCTARAAAGGACAARAAGARARAGACTGATGAAGCTCAGCCTTTGCC-GCAG
BcoV TGGTATGATGAATATGAGTCCARAACCACAGUGTCAGCGTGGTCAGAAG- -~ === AATG -
HEV TGGGATGATGAATATTAGTCCTAAACCACAGCGGCAGCGTGGTCAGAAG- -~ -~~~ AATG
MHV . TAGTGTAGATCTAGTGAGCCCARAGCCTCCAAGARGAGGTCGTAGACAGGCTCAA -GAAR
RtCoV TGGTGCAGATGTAGTGAGCCCAAAGCCCCAAAGAARGAGAGGGACGARACARACG -GCTC
HCoVOC43 TCCTCTTCTTAACCCTAGTGCACTAGRATTCARCCCATCTCARACTTCACCTGCA-ACTG |
PEDV TCCAAATGTTGAGCTTCT TG TTTCACAGGTGGATGCATTTAAAACTGGGAATGCARAACT
1BV GRAGGAGAAARAGCTRAAGAAGCAGGATGATGAAGCAGATARAGCATTGACCTCAGATGA
TGE ATACAGATGTGTTTGAT - GACACACAGGT- TGAGATAATTGATGAGGTA - ACGAACTAA-
PRCoV ATACAGATGTGTTTGAT - GACACACAGGT - TGAGATGATTGACGAGGTA-ACGAACTAA~
CcoVv ACACAGATGTGTTTGAT- GACACACAGGT - TGAGATTATTGATGAGGTA - ACGAACTAA-
FCoV ACACAGATGTGTTITGAT - GRCACACAGGT - TGAGATGATTGATGAGGTT - ACGAACTAA -
SARS-Urb. AGACAAAAGARGCAGCCCACTGTGACTCT - TCTT - - - CCTGCGGCTGAC - ATG- GATGAT
SARS-Tor - AGACAAAAGAAGCAGCCCACTGTGACTCT - TCTT- - - CCTGCGGCTGAC- ATG - GATGAT
Bcov GACRAGGAGAAARTGAT - ARTATARGTGT - TGCAGCGCCTAAARGCCGT - GTGCAGCAAR
HEV GACAAGTAGAAAATGAT - ARTGTAAGTGT - TGCAGCGCCTAAAAGCCGT - GTGCAGCAAA
MRV AGAAAGATGAAGTAGAT- AATGTAAGCGT - TGCAARGCCCAAAAGCTTG- GTGCAGCGAR
RtCoV AGAAAGAAGAATTAGAT - AGTATARGCGT - TGCAAAGCCCAARAGTGCC-GTGCAGCGAA
HCOVOC43 CTGARCCAGTGCGTGAT- GAAGTTTCTAT - TGAAA- - CTGACATAATTG - ATGAAGTAAA
PEDV CCAGAGAAAGAAGGAARAGAAGAACAAGCGTGAAACCACGCTGCAGCAGCATGARGAGGC
IBV GGAGAGGAACAATGCACAGCTGGAATTTTATGATGAGCCCAAGGTAATTAACTGGGGGGA
- *

TGE e m e e et reerecemee e ememmemmmeemceeea—a—e——en
PRCOV ettt r e rc e rectcrr e eeemmemresscescananannan
L =<
FCOV = ceececccceccmcecectemccacccmeccccccccccemcccccecccaceceenaan
SARS-Urb TTCTCCAGACAACTTCARAATTCCATGAGTGGAGCTTCTGCTGATTCAACTCAGGCATAR
SARS-Tor TTCTCCAGACAACTTCAARATTCCATGAGTGGAGCTTCTGCTGATTCAACTCAGGCATAA
Bcov ATAAGAGTAGAGAGTTGACTCCAGAGCACATCAGC - - CTTCTTAAGAAGAT - - -GGATGA
HEV ATARGAGTAGAGAGTTGACAGCAGAGGACATCAGC--CTTCTTARGAAGAT - - -GGATGA
MHV ATGTAAGTAGAGAATTAACCCCCGAGGATCGTAGC - - CTGCTGGCTCAGATCCTAGACGA
RtCoV ATGTAAGCAGAGAATTAACCCCAGAGGATAGAAGC - - CTGTTGGCGCAGATCCTAGATGA
HCoVOC43 CTAR--=ccoveccax L L L R L r T T
PEDV CATCTACGATGATGTGGGTGCGCCATCTGATETGACCCATGCCARTCTGGAATGGGACAC
isv : TGCAGCTCTAGGAGAGAATGAACTTTGA- - == == R it
TGE e ettt cr e e rrrrerresmsctecrasmssEmsssssmreesseraasn.e
PRCOV = eececrmecowtcmmmcmccncccccccccccnmenann B L T TP
€OV et i eeiemeccmeasaccacccecascaaecea-
"FCOV e i cdieercecemtccccccaacsesscsssssscmansansnnanann
SARS-Urb B e e L T T IR U S
SARS-TOY = =  -—-cccececcccccicccrcccraccccacatricereamrmmm e m——meacn ’
Bcov -~GCCCTATACTGAR=--====cvex GACACCTCAGAAATATAR----cccccmcnnaaa-—
HEV --GCCCTATACTGAR--~------~ GATACCTCAGAAATATAA-+~--cerecvoncnas
MHV TGGCGTTGTGCCAGATGGGTTGGAAGATGACTCTAATGTGTAAR m~ v = vnmmvmecmenn
RtCoVv TGGCGTTGTGCCTGATGGGETT - - - AGATGACTCTAATGTGTAA- ~ - -=c-m-=mveeun
HCOVOCY3 ccmeicrrcciciciecccinecrrreacasaasancacaacnmaccamcmenan-
PEDV AGCTGTTGATGGTGGTGATACGGCCGTTGAAATTATCAACGAGATCTTCGATACAGGAAA
-
TGE -e--

PRCoV LR

CeoV —ee-

FCoV cree

SARS-Urb ----

SARS-Tor .-
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Fiqure 16: List of Molecular Designs for N Gene

" LK261  5-FAM-CCTCCGTACCATCTGGGGCTGAGCTCTTTCATCGGAGG-3-
Dubcyl

LK261.N 5'-FAM-GCCTCCGTACCATCTGGGGCTGAGCTCTTTCATCGGAGGC-3’—
Dubcyl

LK262
5-ACCGAGTTCGTGGTGGTGACGGCAAAATGAAAGAGCTCAGCCCCAGAT
GGTACTTCTATTACCTAGGAACTGGCCCAGAAGCTTCACTTCCCTACG-3'
LK263  5- ACGAGTTCGTGGTGGTGAC -3'
LK263-T7 5-TAATACGACTCACTATAGGACGAGTTCGTGGTGGTGAC -3'

LK264  5- CGTAGGGAAGTGAAGCTTC- 3'

LK264-RT 5 GCCTTCTTTGTTAGCGTAGGGAAGTGAAGCTTC- 3'

N-RT 5 -GCCTTCTTTGTTAG-3'
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Flgure 17: Molecular Designs for Internal Positive Control (IPC)

NOTE: LK265 is a TET-molecular beacon, which recognizes an artificial target (scrambled
amplicon from S, E M and N genes of coronavirus (SARS-associated coronavirus
Tor2 and SARS strains). It will be used as an internal positive control (IPC) in a real-
time PCR diagnostic for the identification of SARS-associated coronavirus

RNA/DNA.
) Beacon LR265
[Dabey N c-Ei
G c
G c
d c
T A
G c
¢ G -
AR TCTCGGSETCTACCAT
5. .
%TATG!‘TTATMGGGC‘IATCMCQPATAGAWGCCCCAQMT 7 O T e P PO ] s i AT
-3
S GENE MGENE N GENE
Ampl:icon LK266 (S, M, N and E hybrid)
LK249

Q. Target recognition sequence: ‘ 24 nucleotides (11 GIC)

R. Length of the arms: 6 nucleotides (5 G/C)

S. Melting temperature of the beacon: dG=-2.37 dH=-463 d§=-1359 Tm=677°C

T. Melting temperature of target: °C

-LK251 5-CTCTATGTTTATAAGGGCTATCAACC-3’

Length: 26 nucleotides (10 G/C)
Tm: °C
Position: (see alignment below)

LK256 5 -AAGCGCAGTAAGGATGGCTA-3’

Length: 20 nucleotides (10 G/C)
Tm: °C
Position: (see alignment below)

LK266 Amplicon (98 nucleotides)
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5
CTCTATGTTTATAAGGGCTATCAACCTATAGATGCTGCTGTCTACAGCCCCAGA
TGGTAGTATTCTTGCTAGTCACACTAGCCATCCTTACTGCGCTT-3?
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Figure 18: List of Molecular Designs for IPC

LK265  5-FAM-GCCCACGTACCATCTGGGGCTGTAGACAGCAGCCGTGGGC-3*-

Dubcyl
LK266
- §-CTCTATGTTTATAAGGGCTATCAACCTATAGATGCTGCTGTCTACAGC
CCCAGATGGTAGTATTCTTGCTAGTCACACTAGCCATCCTTACTGCGCTT
-3 .
LK251 5-CTCTATGTTTATAAGGGCTATCAACC-3'

LK251-T7  5-TAATACGACTCACTATAGGCTCTATGTTTATAAGGGCTATCAACC-3'

LK256 5'- AAGCGCAGTAAGGATGGCTA - 3

LK256-RT  5'- TATTGCAGCAGTACAAGCGCAGTAAGGATGGCTA - 3'

E-RT S'-TATTGCAGCAGTAC-3'
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Figure 19: Molecular Beacon Melting Curves
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Figure 20: Uniplex Real-time PCR Amplifications (Serial Dilutions-
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MULTI-ALLELIC MOLECULAR DETECTION OF
SARS-ASSOCIATED CORONAVIRUS

[0001] This Patent Application is a Non-Provisional
Patent Application based on Provisional Patent Application
Ser. No. 60/496,995 (Attorney Docket 42392-191812) filed
Aug. 22,2003, and Provisional Application Ser. No. 60/576,
314 (Attorney Docket 42392-203685) filed on Jun. 3, 2004,
the contents of which are incorporated herein by reference in
their entirety

BACKGROUND OF THE INVENTION

[0002]

[0003] This invention is directed to methods for the detec-
tion and/or quantitation of the SARS virus, reagents and test
kits containing the same for use in the method.

[0004]

[0005] Severe acute respiratory syndrome (SARS) is one
of the most recent emerging infectious diseases. The cause
of SARS has been identified as a new coronavirus—a virus
within the family Coronaviridac—designated as the “SARS
coronavirus” (SARS-CoV) [1, 2] by the World Health
Organization, following assessment of causation according
1o Koch’s postulates, including monkey inoculation [3]. The
coronaviruses are enveloped positive single-stranded RNA
viruses with genomes approximately 30 kb in length—the
largest of any of the RNA viruses—that replicate in the
cytoplasm of host cells without going through DNA inter-
mediates. Coronaviruses have been reported to cause com-
mon colds in humans, and to cause respiratory, enteric, and
neurological diseases, as well as hepatitis, in animals.
Human coronaviruses are usually difficult to culture in vitro,
whereas most animal coronaviruses and SARS-CoV can
easily be cultured in Vero E6 cells [4]. There are three
groups of coronaviruses: Groups 1 and 2 encompass mam-
malian viruses, whereas Group 3 encompasses avian viruses.
Within each group, the coronaviruses are classified into
distinct species according to host range, antigenic relation-
ships, and genomic organization. Human coronaviruses
(HCoVs) were previously reported to belong in Group 1
(HCoV-229E) and Group 2 (HCoV-0C43), and are respon-
sible for mild respiratory illnesses.

[0006] Recently, two independent groups, one at the Brit-
ish Columbia Cancer Agency (BCCA) in Canada [5] (Tor2
isolate), and the other at the Centers for Disease Control and
Prevention (CDCP) in the United States [6] (Urbani isolate),
were first to obtain full genomic sequences of SARS-CoV.
Phylogenetic analyses, based on the genome sequences,
revealed that both isolates were distantly related to previ-
ously characterized coronaviruses, including the two previ-
ously isolated nonpathogenic human coronaviruses strains,
HCoV-0C43 and HCoV-229E. The genome of the Tor2 CoV
isolate is 29,751 nucleotides long, and the genome of the
Urbani CoV isolate is 29,727 nucleotides long, and their
sequences differ at only 24 nucleotide positions. The
genomic organization of both isolates is characteristic of
coronaviruses having the following typical gene order:
5'replicase (rep), spike (S), envelope (E), membrane (M),
and nucleocapsid (N). The SARS-CoV rep gene, which is
approximately 20,000 nucleotides long, is predicted to
encode two polyproteins (ORF1a and ORF1b) that undergo
proteolytic processing, resulting in several nonstructural
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proteins. There are four genmes downstream of rep that
encode the structural proteins S, E, M, and N.

[0007] The genome of SARS-CoV has several distinct
genomic characteristics that distinguish it from other coro-
navirus isolates and that could be of biological significance.
The gene encoding hemagglutinin-esterase, which is present
between ORFla and S in Group 2 coronaviruses (and in
some Group 3 coronaviruses) is absent, and so is the short
anchor of the S protein. Furthermore, the short anchor of the
S protein, the specific number and location of the small
ORFs, and the presence of only one copy of PLP PR provide
a combination of genetic features that readily distinguish
SARS-CoV isolates from previously the described coronavi-
ruses [5, 6]. There are several publications that describe
reverse-transcriptase polymerase chain reaction assays (R1-
PCR assays) for the detection of SARS-CoV.

[0008] Perris et al. [2] developed an RT-PCR assay that
identifies the virus from nasopharyngeal aspiration samples
obtained from patients infected with SARS-CoV. Total RNA
from clinical samples is reverse transcribed in the presence
of random hexamers, and the resulting cDNA is amplified
with primers 5'-TACACACCTCAGCGTTG-3' and 5-CAC-
GAACGTGACGAAT-3'". To determine the genetic sequence
of an unknown RNA virus, they perform a random RT-PCR
assay. Total RNA from virus-infected and virus-uninfected
fetal rhesus kidney cells were isolated, reverse transcribed
with primer 5-GCCGGAGCTCTGCAGAAT-
TCNNNNNN-3', and the resulting cDNA was amplified
with primer 5'-GCCGGAGCTCTGCAGAATTC-3".

[0009] Ksiazek et al. [1] developed a reverse transcription
and real-time PCR assay to identify SARS-CoV. Oligo-
nucleotide primers used for amplification and sequencing of
the SARS-related coronavirus were designed from align-
ments in open reading frame 1b of the coronavirus poly-
merase gene sequences. They used the primer pair IN-2 (+)
5-GGGTTGGGACTATCCTAAGTGTGA-3' and IN-4 (-)
5'-TAACACACAACICCATC ATCA-3', which was previ-
ously designed to hybridize to conserved regions of open
reading frame 1b (ORF1b), in order to achieve broad reac-
tivity with the coronavirus/genus. These primers were used
to amplify DNA from SARS isolates, and the amplicon
sequences obtained were used to design SARS-specific
primers Cor-p-F2 (+) 5'-CTAACATGCTTAGGATAATGG-
3, Cor-p-F3 (+) 5-GCCTCTCTTGTTCTTGCTCGC-3,
and Cor-p-R1 (-) 5-CAGGTAAGCG TAAAACTCATC-3',
which were used in turn to test patient specimens. Drosten
et al. [4] used a PCR-based random-amplification procedure
to genetically characterize a 300-nucleotide-long SARS-
CoV genomic segment. On the basis of the sequence that
was obtained, conventional and real-time PCR assays for
specific detectionSARS-CoV ORF1b were established.
Poon et al. [7] developed an RT-real-time-PCR assay. Total
RNA isolated from stool specimens from SARS-CoV-in-
fected individuals is reverse transcribed with random hex-
amers and the resulting cDNA is amplified with primers
coro3 5-TACACACCTCAGCGTTG-3' and coro4 5'-CAC-
GAACGTGACGAAT-3, which recognize a region of the
viral polymerase gene. It is important to note that these
authors acknowledged in their publication that the primers
that they use in their assay can cross-react with the non-
pathogenic human coronavirus strain HCoV-OC43.

[0010] SARS-specific PCR primers and diagnostic proce-
dures were developed in several World Health Organization
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network laboratories for the amplification of a region of the
open reading frame 1b (ORF1b) of the SARS-CoV poly-
merase gene sequence [8]. These primers are currently being
assessed to determine their relative performance and sensi-
tivity with different specimens obtained at different times
over the course of illness. Lipkin and Briese have announced
they develop a PCR-based SARS diagnostic that detects a
SARS-CoV gene that is present in multiple copies, but no
further information is available in the literature.

[0011] Problems with the prior art that the current inven-
tion is designed to solve. The main problems with current
molecular diagnostic assays are: a) failure to consider the
intrinsically polymorphic nature of coronaviruses, including
the current SARS-CoV strains originated from the Tor2 and
Urbani isolates—the ability of the virus to mutate and
recombine during the period of time it is within the infected
individual, and during horizontal transmission; and b) fail-
ure to account for the possibility of continuous and/or
multiple introduction of non non-genetically identical
SARS-CoV strains into the human population.

[0012] A characteristic of RNA viruses is their high rate of
genetic mutation, which leads to evolution of new viral
strains, and is a well-established mechanism by which
viruses escape the immune system. Coronaviruses, includ-
ing SARS-CoV, are quite sloppy when it comes to replicat-
ing their genetic material, producing one error for every
10,000 nucleotides that they copy, which is roughly the same
error rate as occurs during the replication of the human
immunodeficiency virus, HIV-1. Coronavirus RNA poly-
merase sometimes jumps between multiple copies of the
viral genome that are present in an infected cell. Therefore,
each new genome is actually copied from several templates,
reducing the chance that any given mutation will become
well established in the viral population. Moreover, if one of
these jumps is imprecise, a whole chunk of genome can get
skipped, resulting in the deletion of part of an important
gene. The consequences can be dramatic, particularly if the
change affects the protein spikes that enable the virus to bind
to the surface of the host’s cells. For example, in 1984 a new
respiratory sickness appeared on European pig farms. It
turned out to be a deletion mutant of a coronavirus that
previously had infected piglets” stomachs [9]. It possessed
an altered spike protein that enabled the virus to infect a
different cell type. Although the new disease was not gen-
erally lethal, it has since spread worldwide, and it has
complicated the diagnosis of the gut disease. Another
example is the recent introduction of SARS-CoV into the
human population. It is likely that a genetic deletion may
have helped the SARS virus to make the transition from its
animal reservoir to humans. Genetics analyses of the viral
strains found in animals for sale in Southern Chinese mar-
kets indicated that these SARS virus strains lack 29 nucle-
otides in the gene encoding a protein of unknown function,
and the protein product of this gene is attached to the inside
of the virus’ coat protein. Furthermore, in a recent publica-
tion, full genome sequences of 14 isolates from SARS-CoV-
infected patients in Singapore, Toronto, China, and Hong
Kong were compared, and 14 mutations were revealed [10].
In one respect, this finding may be viewed as indicating that
the SARS virus fails to mutate; however, this virus has so far
encountered little resistance from its new human hosts, and
there has, therefore, been little selective pressure to cause
new mutants to be retained. SARS-CoV will probably not
remain as stable as it has been so far. Our immune systems

Jan. 5, 2006

could force changes, similar to the changes that frequently
occur in flu viruses. In summary, we deemed it prudent to
develop a new SARS-CoV diagnostic assay that accounts
for the genetically polymorphic nature of coronaviruses,
including SARS-CoV.

SUMMARY OF THE INVENTION

[0013] The present invention includes a molecular-bea-
con-based multi-allelic RT-real-time-PCR assay for the
detection of and discrimination between SARS-associated
and other coronavirus isolates in clinical samples. The main
clements of the assay design are: a) mismatch-tolerant
molecular beacons; b) four sets of PCR primers for four
different viral genes, and four different molecular beacons
(each labeled with the same fluorophore, and each specific
for a different SARS-CoV gene); ¢) an exogenous RNA
standard that is added to the sample that can be reverse-
transcribed and amplified by one of the primer sets; and d)
a fifth molecular beacon that is labeled with a different
fluorophore that is specific for the exogenous RNA standard.
The assay further includes RNA isolation from clinical
samples (blood, tissue, sputum, nasopharyngeal aspiration
samples, and others), reverse transcription, PCR amplifica-
tion and simultaneous automated amplicon detection in a
spectrofluorometric thermal cycler that measures the fluo-
rescence intensity of each color during the annealing phase
of each thermal cycle.

[0014] Multiple target sequences within the SARS-CoV S,
E, M and N genes (Urbani and Tor2 strains) were identified.
The S, M, and E genes encode structural proteins that are
present on the outside of the virus, whereas the N gene
encodes a structural protein that is required for viral RNA
packaging inside the virion. The principle underlying the
selection of four target sequences that uniquely identify
SARS-CoV (rather than only one target sequence) is that the
use of four different targets enhances the likelihood that the
fundamental genetic drift of the virus will not lead to a false
negative result—that is, one has better chance of hitting a
moving target with a shotgun than with a rifle. Thus, by
detecting four different target alleles in the same assay tube,
and by using a single-fluorophore detection system, the
design of the assay significantly minimizes the likelihood of
missing the presence of the SARS-CoV in a clinical sample
due to the continuous viral evolution of the viral sequence.
Moreover, by simultaneously detecting four different target
sequences in the same assay tube, the intrinsic sensitivity of
the assay is enhanced.

[0015] Inorder to identify the best target sequences within
each viral gene that discriminate the SARS-Urbani and
SARS-Tor2 strains from other nonpathogenic human and
animal coronavirus strains, we used DNA alignments and
phylogenetic analysis of available coronavirus gene
sequences deposited in GenBank. DNA sequences of SARS-
CoV genes were compared with those from reference
viruses representing each species in the three known groups
of coronaviruses [group 1 (G1): human coronavirus 229E
(HCoV-229E), af304460; porcine epidemic diarrhea virus
(PEDV), af353511; transmissible gastroenteritis virus
(TGEV), 2j271965; canine coronavirus (CCoV), d13096;
feline coronavirus (FCoV), ay204704; porcine respiratory
coronavirus (PRCoV), 724675, —Group 2 (G2): bovine
coronavirus (BCoV), af220295; murine hepatitis virus
(MHV), af201929; human coronavirus OC43 (HCoV-
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0C43), m76373; porcine hemagglutinating encephalomy-
elitis virus (HEV), ay078417; rat coronavirus (RtCoV),
af207551; and—Group 3 (G3): infectious bronchitis virus
(IBV), m95169]. Sequence alignments were performed by
CLUSTALW, which is a multiple sequence alignment tool
that is commonly used in the bioinformatics community. It
produces global multiple sequence alignments through three
major phases: a) pairwise alignment, b) guide-tree construc-
tion, and ¢) multiple alignment. The guide tree generated by
CLUSTALW is an estimate of relationships between
sequences that are much like those shown by phylogenetic
trees.

[0016] The criteria for selecting SARS-CoV gene-specific
PCR primers were based on: a) the identification of genomic
regions in SARS-CoV that, as a result of an examination of
the sequence alignments, showed the highest genetic dis-
tance between SARS-CoV and other coronavirus strains; b)
selection of primer sequences for amplification of the
SARS-CoV targets that form primer-target hybrids whose
theoretical melting temperature maximizes the ability of the
primer to bind to the target even if nucleotide substitutions
are present (mismatch tolerance), and yet enable all of the
primers to hybridize to their targets at the same temperature
in a multiplex assay (T, approximately 60° C.); and c)
selection of primer sequences that enable the amplicons
containing each of the four target sequences to be approxi-
mately the same (relatively short) length (approximately 100
nucleotides long).

[0017] The criteria for selecting the molecular beacon
probe sequences, and their arm sequences, were based on: a)
the identification of approximately 30-nucleotide-long
regions in SARS-CoV (within the amplicons to be gener-
ated) that, as a result of an examination of the sequence
alignments, showed the highest genetic distance between
SARS-CoV and other coronavirus strains (with special
emphasis on probe target sequences that encompass gaps or
deletions in the SARS-CoV sequence compared to the
sequence of other coronaviruses); b) selection of probe
sequences that form probe-target hybrids whose theoretical
melting temperature maximizes the ability of the probe to
bind to the target sequence even if nucleotide substitutions
are present (mismatch tolerance), and yet enable all of the
probes to hybridize to their targets at the same temperature
in a multiplex assay (T, approximately 63° C.); and c)
selection of arm sequences that provide the same degree of
stability for the stem hybrids of all of the molecular beacon
probes (stem T, of approximately 70° C.).

[0018] The assays described herein can be performed in
either a heterogeneous or homogeneous format. The
reagents needed for performance of the assay can be sup-
plied in a kit format. The kit contains the detectants neces-
sary for measuring two or more of the coronavirus genes S,
E, M and N. It is recommended that the kit also contain an
internal standard IPC. The reagents including the detectants
can be separately packaged in individual ccontainers. The
kits may also contain a substrate including reaction tubes for
performing an assay for a given sample. The kit may also
contain additional reagents for performing amplification
reactions including PCR and also for saple pretreatment
including those reagent necessary to release and/or purify
the coronavirus.

[0019] When there is a need to perform two or more
different assays on the same sample, most of the time in a
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single vessel and at about the same time, a multiplex format
can be utilized. Such formats are known in the art. Multiplex
assays are typically used to determine simultaneously the
presence or concentratin of more than one molecule in the
samle being analyzed, or alternatively, several characteris-
tics of a single molecule.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 shows the DNA Sequence Alignment of
Coronavirus S Genes isolated from different species.

[0021] FIG. 2 shows the Phylogenetic Analysis of S Gene.
[0022] FIG. 3 shows molecular designs for SARS-Asso-
ciated S Gene.

[0023] FIG. 4 lists Molecular Designs for S Gene.
[0024] FIG. 5 shows the DNA Sequence Alignment of

Coronavirus E Genes isolated from different Species.

[0025] FIG. 6 shows the phylogenetic analysis of E Gene.
[0026] FIG. 7 shows molecular designs for SARS-Asso-
ciated E Gene.
[0027] FIG. 8 shows molecular designs for SARS-Asso-
ciated E Gene
[0028] FIG. 9 shows the DNA Sequence Alignment of

Coronavirus M Genes isolate from different species.

[0029] FIG. 10 shows the phylogenetic analysis of M
Gene
[0030] FIG. 11 shows the molecular designs for SARS-

Associated M Gene.
[0031] FIG. 12 lists molecular designs for M Gene.

[0032] FIG. 13 shows the DNA Sequence Alignment of
Coronavirus N Genes isolate from different species.

[0033] FIG. 14 shows the phylogenetic analysis of N
Gene.
[0034] FIG. 15 shows the molecular designs for SARS-

Associated N Gene.
[0035]

[0036] FIG. 17 shows molecular designs for Internal
Positive Control (IPC).

FIG. 16 list molecular designs for N Gene.

[0037] FIG. 18 lists molecular designs for IPC.
[0038] FIG. 19 shows Molecular Beacon Melting Curves.
[0039] FIG. 20 shows Uniplex Real-time PCR Amplifi-

cations (Serial Dilutions-Dynamic Range).

DETAIL DESCRIPTION OF THE INVENTION

[0040] The general steps for the assay involve the perfor-
mance of the following steps:

[0041] Step 1. An RNA standard that can be reverse-
transcribed and amplified by one of the primer sets is added
to each sample prior to isolation of RNA from the sample.
RNA is then extracted from each clinical sample (nasopha-
ryngeal aspirations, stool samples, or whole blood, obtained
from patients suspected of being infected with SARS-CoV).
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RNA is then purified, using a QIlAamp Viral RNA Kit
(Qiagen, Inc., Valencia, Calif.), according to the manufac-
turer’s instructions.

[0042] Step 2. The isolated RNA obtained from each
clinical sample is then reverse transcribed with four target-
specific primers (S Gene, S-RT 5-AGGCTGTAAGAA-3';
E-Gene, E-RT 5'-TATTGCAGCAGTAC-3'; M Gene, M-RT
5'-AAGCAACGAAGTAG-3"; N Gene, N-RT 5-GCCT-
TCTTTGTTAG-3'; Internal Positive Control, E-RT 5'-TAT-
TGCAGCAGTAC-3"). Reverse transcription with SARS-
CoV viral RNA from patient samples is performed by adding
20 uL viral RNA to a mixture of 0.125 uM of (each)
gene-specific primer and incubating at 80° C. for 5 minutes
to denature secondary structures. The tubes are then imme-
diately placed on ice for at least 2 minutes. Reverse tran-
scription reactions consist of PCR buffer II (Applied Bio-
systems), 3 mM MgCl,, 0.5 mM (each) dNTP, 10 mM
dithiothreitol, 20 Units ribonuclease inhibitor (Roche
Molecular Biochemicals, Indianapolis, Ind.) and 80 Units
SuperScript II Ribonuclease H-reverse transcriptase (Gib-
coBRL) in a final volume of 40 uL. The reactions are then
incubated at 42° C. for 50 minutes, followed by inactivation
at 70° C. for 15 minutes.

[0043] Step 3. Real-time PCR amplification of SARS-
CoV cDNA is performed using four primer pairs and five
molecular beacons in the same reaction, one primer pair for
each viral gene (amplification of the internal positive control
is enabled by one of the primer pairs that was designed to
enable the amplification of one of the for the viral gene
targets). Each PCR reaction consists of 20 4L of cDNA
products, 1xPCR buffer II (Applied Biosystems), 3.5 mM
MgCl,, 0.5 mM (each) dNTP, 0.4 uM of each primer, and 2.5
Units of AmpliTag Gold DNA polymerase (Applied Bio-
systems) in a final volume of 50 uL. Fifty cycles of ampli-
fication (94° C. for 15 seconds, 53° C. for 30 seconds, and
72° C. for 30 seconds) are performed in a 7700 Prism
spectrofluorometric thermal cycler (Applied Biosystems).
For quantitative measurements, duplicates of six-fold serial
dilutions (10° to 10 copies) of RNA standards are used as
quantitative controls along with the samples being tested for
a given experimental run. Viral RNA copy number for each
clinical sample is calculated by interpolation of the experi-
mentally determined threshold cycle for the test specimen
onto a standard regression curve obtained from the control
RNA standards (the logarithm of the number of genomic
copies present in the clinical sample is inversely propor-
tional to the observed threshold cycle).

[0044] Explanation of how the invention solves the prob-
lems of the prior art. The main problem with the prior art is
its failure to consider the intrinsically polymorphic nature of
coronaviruses and to account for the possibility of continu-
ous and/or multiple introductions of non non-genetically
identical SARS-CoV strains into the human population. The
present invention solves these problems by using multiple
genetic sequences as targets (the S, E, M, and N genes). The
primary principle of using four different genetic targets to
identify SARS-CoV is to evade the fundamental genetic
drift of the virus. Thus, by using four molecular beacons,
cach specific for a different amplified SARS-CoV target, and
each labeled with same colored fluorophore, the likelihood
of not detecting SARS-CoV due to continuous evolutionary
changes in the virus is minimized. Furthermore, the assay
design includes the presence of an internal positive control
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RNA, the reverse transcription and PCR amplification of
which generates a signal in a different color, thus assuring
that if there is an unexpected problem with RNA isolation,
reverse transcription, or target amplification, the absence of
the control signal will indicate that a problem occurred.

[0045] Summary of the features of other SARS nucleic
acid assays and description of the differences between those
assays and the current invention. As outlined in the previous
sections, there are five SARS nucleic acid assays: an RT-
PCR assay published by Perris et al. [2], an RT-real-time-
PCR assay published by Ksiazek et al. [1], a similar RT-real-
time-PCR assay published by Drosten et al. [4], another
RT-real-time-PCR assay published by Poon et al. [7], and a
PCR-based SARS diagnostic assay developed by Lipkin and
Briese—no publication is available describing this assay. All
of the published assays use RNA extracted from clinical
samples. In addition, all of the published assays initiate
reverse transcription of SARS-CoV RNA with random prim-
ers, and all of the published assays generate cDNA with
primers previously designed to enable the amplification of
conserved regions of open reading frame 1b (ORF1b), in
order to achieve broad reactivity with the coronavirus genus.
The present invention differs from these inventions in many
different ways. The present assay uses four different targets
instead of one and it has an internal positive RNA control
(artificial RNA molecule) that can be reverse-transcribed
and amplified with primers designed for the viral genes (it
possesses a unique target recognition sequence for detection
by a unique molecular beacon). This RNA molecule serves
as a control for RNA isolation, reverse transcription, and
PCR amplification. The present uses real-time PCR for
nucleic acid amplification and molecular beacons for real-
time detection. The present employs a dual-color detection
scheme, a yellow signal (tetrachlorofluorescein) for all four
SARS-CoV targets and a green signal (fluorescein) indicat-
ing that the internal positive control has been isolated,
reverse transcribed, and PCR amplified.

[0046] Another important aspect of our invention, which
is not an aspect of the published assays, is the construction
of four viral RNA targets that contain gene-specific reverse
transcription sequences built in to their 3' ends. Collectively,
these molecules serve as SARS-specific positive controls.
All of the present designs are thermodynamically compat-
ible to work together in a five-amplicon multiplex assay.

[0047] Also multiplex polymerase chain reaction (mPCR)
are envisioned. It is a procedure for simultaneously perform-
ing PCR on greater than two different sequences. A mPCR
reaction comprises: treating said extracted DNA to form
single stranded complementary strands, adding a plurality of
labelled paired oligonucleotide primers, each paired primer
specific for a different short tandem repeat sequence, one
primer of each pair substantially complementary to a part of
the sequence in the sense strand and the other primer of each
pair substantially complementary to a different part of the
same sequence in the complementary antisense strand,
annealing the plurality of paird primers to their complemen-
tary sequences, simultaneously extending said plurality of
annealed primers from the 3' terminus of each primer to
synthesize an extension product complementary to the
strands annealed to each primer, said extension products,
after separation from their complement, serving as templates
for the synthesis of an extension product for the other primer
of each pair, separating said extension products from said
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templates to produce single stranded molecules, amplifying
said single stranded molecules by repeating at least once
said annealing, extending and separating steps.

[0048] Lower stringent conditions are routinely used to
accommodate the capture of multiple target sequences that
contain variations in their nucleic acid sequences. The
stringency is reduced by either powering the temperature of
hybridization and wash or by modification of the buffer.
When the stringent conditions are reduced and the target
nucleic acid sequence is very similar to nucleic acid
sequences of another genus specificity of the capture probe
for the target genus can be lost.

[0049] When multiple capture probes are used and are
selected to compatible to variations in the target nucleic acid
sequences, the specificity under high stringent conditions
can be regained. The blending of multiple probes permits a
single positive response for the presence of a grou pf target
organisms.

[0050] In a multiplex assay, numberous conditions of
interest are simultaneously examined. Multiplex analysis
relies on the ability to sort sample components or the data
associated therewith, during or after the assay is completed.

EXAMPLES
Example 1

Design of SARS-CoV-Specific Molecular Beacons
and Primers for Reverse Transcription and for PCR

[0051] Purpose: The overall rationale in the design of
molecular beacons and oligonuclotides for our SARS assay
is to construct mismatch-tolerant molecular beacons that are
thermodynamically compatible to work in a five-amplicon
multiplex assay.

[0052] Design: The molecular beacons were designed so
that they are able to hybridize to their targets at the annealing
temperature of the PCR, while unbound molecular beacons
remain in the closed conformation. These basic aspects were
achieved by using coronavirus gene-specific multiple align-
ments and thermodynamic considerations to select the target
sequences, the identity and length of the PCR primers, the
identity and length of the probe sequences (target recogni-
tion sequences), and the length of the arm sequences.

[0053] Materials: In order to theoretically calculate the
melting temperatures of the PCR primers and the probe-
target hybrids, was used the Oligo Toolkit that is available
on the internet. The melting temperatures and secondary
structure predictions of the molecular beacons were calcu-
lated by using the DNA folding program developed by
Michael Zuker that is available on the internet.

[0054] Results: The theoretical melting temperatures of
the PCR primers was about 60° C.; the T, of the reverse
transcription primers was 47° C.; the T, of the probe-target
hybrid was about 63° C.; and the T, of the stem hybrids of
the molecular beacons was about 70° C.

[0055] Conclusion: The mismatch-tolerant molecular bea-
cons that are thermodynamically compatible are designed to
work in a final five-amplicon multiplex SARS-CoV assay.

[0056] Sce the following Figures: The molecular designs
for the S gene target of the SARS-CoV assay are described
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in detail in FIGS. 14; for the E gene target see FIGS. 3-8,
for the M gene target, see FIGS. 9-12; for the N gene target,
see FIGS. 13-16; and for the Internal Positive Control (IPC),
see FIGS. 17 and 18.

Example 2

Experimental Characterization of the Molecular
Beacons and the Molecular Beacon-Target
Complexes

[0057] Purpose: The overall rationale of these experiments
is to evaluate the thermodynamic properties of the con-
structed molecular beacons prior to carrying out real-time
PCR experiments.

[0058] Design: For each molecular beacon, we have deter-
mined two melting curves—one for beacon alone, and one
for the beacon-target complex—by using the ABI Prism
7700 spectrofluorometric thermal cycler.

[0059] Materials: For each molecular beacon, melting
curves were obtained by preparing two tubes containing 50
1L of 200 naM molecular beacon dissolved in 3.5 mM MgClL,
and 10 mM Tris-HCI, pH 8.0, and by adding a complemen-
tary oligonucleotide target to one of the tubes at a final
concentration of 400 nM.

[0060] The fluorescence of each solution was determined
as a function of temperature, using a thermal cycler with the
capacity to monitor fluorescence. Temperature was
decreased linearly with time from 80° C. to 10° C.in 1° C.
steps; with each holding period lasting one minute, and
fluorescence intensity was measured during each hold.

[0061] Results: The theoretical melting temperature of the
PCR primers was 60° C.£2° C; the theoretical T, of the
reverse transcription primers was 47+2° C.; the theoretical
T of the probe target-hybrids was about 63+3° C.; and the
theoretical T, of the stem hybrid of the molecular beacons
was 70+2° C.

[0062] Conclusion: The designed mismatch-tolerant
molecular beacons was determined to correctly recognize
their DNA targets, and to be thermodynamically compatible
to work together in a five-amplicon multiplex SARS-CoV
assay.

[0063] Figures: The melting curves of the molecular bea-
cons and the molecular beacon-target hybrids are shown in
FIG. 19.

Example 3

Uniplex SARS-CoV Viral and IPC PCR
Amplifications Using SYBR Green to Detect the
Amplicaons

[0064] Purpose: The overall rationale of these experiments
is 1o evaluate the PCR primers and PCR conditions.

[0065] Design: For each SARS-CoV gene-specific and
IPC amplification, a synthetic target DNA was used. PCR
reactions were performed using a spectrofluorometric ther-
mal cycler (Cepheid).
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[0066] Materials: The PCR protocols are shown in the  [0073]
following exhibits:

[0067] for S Gene:

[0068] (A) SYBR Green-Based Detection of S Gene Primary Amplification
Amplicon (LK250) of SARS-Associated CoV Cycles: 35
Denaturation: 95° C. 15 sec
Mistute Per reaction Annealing: 53°C. 15 sec Spectra ON
Extension: 72° C. 15 sec
dH,0 15 4l
10X PCR Buffer (10X) 2.5l
MgCl, (25 mM) 40l
Plat Taq DNA Pol (5 Ul ™) 0.3 ul .
dNTP (25 mM) 03l [0074J (C) SYBR Green-Based Detection of S Gene
LK251 (10 pmole/ul) 0.5ul Amplicon (T7- and RT-Amplicon)
1K252 (10 pmole/ud) 0.5 ul
Sybr Green DNA (25X) 1.0 ul
Target DNA SR Mixture Per reaction
TOTAL 25.0 ul dH,0 15 ul
10X PCR Buffer (10X) 2.5l
MgCl, (25 mM) 4.0 ul
[0069] Smart Cycler (Cepheid) Plat Tag DNA Pol (5 Upl™) 0.3 ul
dNTP (25 mM) 03 ul
LK251-T7 (10 pmole/ul) 0.5 ul
LK252-RT (10 pmole/ul) 0.5 ul
Sybr Green DNA (25X) 1.0 ul
DNA Denaturation & Enzyme Activation Target DNA 1.0 ul
Cycles: 1 -
- TOTAL 25.0 ul
Target Temperature (° C.): 95 120 sec
[0070] [0075] Smart Cycler (Cepheid)

DNA Denaturation & Enzyme Activation

Primary Amplification Cycles: 1
Cycles: 35 o
Target Temperature (° C.): 95 120 sec
Denaturation: 95° C. 15 sec
Annealing: 53°C. 15 sec Spectra ON
Extension: 72°C. 15 sec
[0076]
[0071] (B) Molecular-Beacon-Based Detection of S Gene _ —
Amplicon (LK250) of SARS-Associated CoV Primary Amplification
Cycles: 35
Denaturation: 95° C. 15 sec
Annealing: 3°C. 15 gec Spectra ON
Mixture Per reaction Extension: 72° C. 15 sec
dH,0 15.75 ul
10X PCR Buffer (10X) 2.5 4l )
MgCl, (25 mM) 40u [0077] (A) SYBR Green-Based Detection of E Gene
—1; N .
Plat Teq DNA Pol (5 Uul™) 0.3l Amplicon (LK254) of SARS-Associated CoV
dNTP (25 mM) 034l
LK251 (10 pmole/ul) 0.5 ul
LK252 (10 ptole/ul) 0.5 ul
LK249 Beacon (10 pmole/ul) 025l
Target DNA 1.0 gl Mixture Per reaction
TOTAL 25.0 ul dH,0 15u
10X PCR Buffer (10X) 2.5l
MgCl, (25 mM) 4.0 1l
. Plat Tag DNA Pol (5 Upl™ 0.3 ul
[0072] Smart Cycler (Cepheid) dI\?TPa(%S mM) ol (5 U™ 0a 'Zl
LK255 (10 pmole/ul) 0.5 ul
LK256 (10 pmole/ul) 0.5 ul
DNA Denaturation & Enzyme Activation Sybr Green DNA (25X) 104l
Cycles: 1 Target DNA 1.0 ul

Target Temperature (° C.): 95 120 sec TOTAL 25.0 ul
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[0078] Smart Cycler (Cepheid) -continued
Mixture Per reaction
DNA Denaturation & Enzyme Activation
Cycles: 1 MgCl, (25 mM) 4.0 ul
Plat Taqg DNA Pol (5 Upl™) 0.3 ul
o - 5
Target Temperature (° C.): 95 120 sec dNTP (25 mM) 03
LK255-T7 (10 pmole/ul) 0.5 ul
[0079] LK256-RT (10 pmole/ul) 0.5 ul
Sybr Green DNA (25X) 1.0 ul
Target DNA 1.0 ul
Primary Amplification TOTAL 25.0 ul
Cycles: 35
Denaturation: 95° C. 15 sec
Annealing: 53°C. 15 sec Spectra ON .
Extension: 72° C. 15 sec [0084] Smart Cycler (Cepheid)
[0080] (B) Molecular-Beacon-Based Detection of E Gene NAD en ot
. . enaturation nzyme Activation
Amplicon (LK254) of SARS-Associated CoV Cyeles: 1
Target Temperature (° C.): 95 120 sec
Mixture Per reaction
dH,0 15.75 ul [0085]
10X PCR Buffer (10X) 2.5 4l
MgCL, (25 mM) 40 ul
Plat Tag DNA Pol (5 Upl™) 0.3 ul
dNTP (25 mM 0.3 . . .
LKZSS( (10 pm)ole 1) 05 ;‘jl Primary Amplification
LK256 (10 pmolesd) 0.5 4l Cycles: 35
LK253 Beacon (10 pmole/ul) 0.25 ul Denaturation: 05° C. 15 sec
Terget DNA _ 10W Annealing: 3°C. 15 sec Spectra ON
Extension: 72° C. 15 sec
TOTAL 25.0 ul
[0081] Smart Cycler (Cepheid) for the M Gene
[0086] (A) SYBR Green-Based Detection of M Gene
Amplicon (LK258) of SARS-Associated CoV
DNA Denaturation & Enzyme Activation
Cyeles: 1
Target Temperature (° C.): 95 120 sec Mixture Per reaction
dH,0 154l
10X PCR Buffer (10X) 2.5l
[0082] MgCl, (25 mM) 4.0 ul
Plat Taqg DNA Pol (5 Upl™) 0.3 ul
dNTP (25 mM) 034l
LK259 (10 pmole/zl) 0.5 ul
Primary Amplification LK260 (10 pmole/sd) 0.5 4l
Cyeles: 35 Sybr Green DNA (25X) 1.0
Target DNA 1.0 ul
Denaturation: 95° C. 15 sec
Annealing: 53°C. 15 sec Spectra ON TOTAL 25.0 4l
Extension: 72° C. 15 sec

0087] Smart Cycler (Cepheid
[0083] (C) SYBR Green-Based Detection of E Gene [0087] yeler (Cepheid)

Amplicon (T7- and RT-Amplicon)

DNA Denaturation & Enzyme Activation
Mixture Per reaction Cyeles: 1

dH,0 15 ul Target Temperature (° C.): 95 120 sec
10X PCR Buffer (10X) 2.5 ul
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[0088] [0093] Smart Cycler (Cepheid)
Primary Amplification DNA Denaturation & Enzyme Activation
Cycles: 35 Cycles: 1
Denaturation: 95° C. 15 sec Target Temperature (° C.): 95 120 sec
Annealing: 53°C. 15 sec Spectra ON
Extension: 72°C. 15 sec
[0094]
[0089] (B)Molecular-Beacon-Based Detection of M Gene
Amplicon (LK258) of SARS-Associated CoV
Primary Amplification
Cycles: 35
Mixtuze Per reaction Denaturation: 95° C. 15 sec
Annealing: 3°C. 15 sec Spectra ON
dH,0 15.75 4l Extension: 72° C. 15 sec
10 x PCR Buffer (10x) 2.5 ul
MgCL, (25 mM) 40
1 .
gﬁgaé?zﬁf o (5 Upd™) g'g ﬁ [0095] (A) SYBR Green-Gased Detection of N Gene
1K259 (10 pmoled) 0.5 4l Amplicon (LK262) of SARS-Associated CoV
LK260 (10 pmole/zl) 0.5 ul
LK257 Beacon (10 pmole/ul) 0.25 ul
Target DNA 1.0 ul
Mixture Per reaction
TOTAL 250 ul
dH,0 15 ul
10 x PCR Buffer (10x) 2.5 ul
. MgCl, (25 mM) 4.0 ul
[0090] Smart Cycler (Cepheid) Plat Tag DNA Pol (5 U ™) 03 ul
ANTP (25 mM) 03l
LK263 (10 pmole/ul) 0.5 ul
LK264 (10 pmole/ul) 0.5 ul
DNA Denaturation & Enzyme Activation Sybr Green DNA (25x] 104
Cycles: 1 Target DNA 1.0 ul
Target Temperature (° C.): 95 120 sec TOTAL 25.0 il
[0091] [0096] Smart Cycler (Cepheid)
Primary Amplification DNA Denaturation & Enzyme Activation
Cycles: 35 Cycles: 1
Denaturation: 95° C. 15 sec Target Temperature (° C.): 95 120 sec
Annealing: 53°C. 15 sec Spectra ON
Extension: 72° C. 15 sec
[0097]
[0092] (C) SYBR Green-Based Detection of M Gene
Amplicon (T7- and RT-Amplicon)
Primary Amplification
Cycles: 35
. . Denaturation: 95° C. 15 sec
Mixture Per reaction Annealing: 3°C. 15 sec Spectra ON
dH,0 154 Extension: 72° C. 15 sec
10 x PCR Buffer (10x) 2.5 ul
MgCL, (25 mM) 404
1 .
g%\?"trga(% ?NQ)P ol (5 U™ g'g "% [0098] (B)Molecular-Beacon-Based Detection of N Gene
Sm 3u : .
1K259T7 (10 pmole/al) 05 4l Amplicon (LK262) of SARS-Associated CoV
LK260-RT (10 pmole/ul) 0.5 ul
Sybr Green DNA (25x) 1.0
Target DNA 104 Mixture Per reaction
TOTAL 25.0 dH,0 1575 ul

10X PCR Buffer (10X) 25 4l



-continued
Mixture Per reaction
MgCl, (25 mM) 40 pul
Plat Tag DNA Pol (5 Ul™) 0.3 ul
dNTP (25 mM) 0.3 ul
LK263 (10 pmole/sl) 0.5 ul
1K264 (10 pmole/ul) 0.5 ul
1K261 Beacon (10 pmole/ul) 0.25 ul
Target DNA 1.0
TOTAL 250 ul

[0099] Smart Cycler (Cepheid)

DNA Denaturation & Enzyme Activation

Cyeles: 1

Target Temperature (° C.): 95 120 sec
[0100]
Primary Amplification

Cycles: 35
Denaturation: 95° C. 15 sec
Annealing: 53°C. 15 sec Spectra ON
Extension: 72° C. 15 sec
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[0103]
Primary Amplification
Cycles: 35
Denaturation: 95° C. 15 sec
Annealing: 53° C. 15 sec Spectra ON
Extension: 72° C. 15 sec

[0101] (C) SYBR Green-Based Detection of N Gene
Amplicon (T7- and RT-Amplicon)

Mixture Per reaction
dH,0 15 ul
10X PCR Buffer (10X) 25 4l
MgCl, (25 mM) 40
Plat Tag DNA Pol (5 Ul ™) 0.3 ul
dNTP (25 mM) 0.3 ul
1K263-T7 (10 pmole/ul) 0.5 1l
1K264-RT (10 pmole/ul) 0.5 ul
Sybr Green DNA (25X) 1.0 gl
Target DNA 10 M
TOTAL 250 ul

[0102] Smart Cycler (Cepheid)

DNA Denaturation & Enzyme Activation
Cyeles: 1

Target Temperature (° C.): 95 120 sec

and for Internal Positive Control (IPC)

[0104] (A) SYBR Green-Based Detection of Internal Posi-
tive Control (LK266)

Mixture Per reaction
dH,0 15 4l
10X PCR Buffer (10X) 25 4l
MgCl, (25 mM) 40 ul
Plat Taq DNA Pol (5 Ul ™) 0.3 ul
dANTP (25 mM) 03 ul
LK251 (10 pmole/ul) 05 ul
LK256 (10 pmole/ul) 05 ul
Sybr Green DNA (25X) 1.0 ul
Target DNA 10 ul
TOTAL 250 ul

[0105] Smart Cycler (Cepheid)
DNA Denaturation & Enzyme Activation
Cycles: 1
Target Temperature (° C.): 95 120 sec
[0106]
Primary Amplification
Cycles: 35
Denaturation: 95° C. 15 sec
Annealing: 53°C. 15 sec Spectra ON
Extension: 72° C. 15 sec

[0107] (B) Molecular-Beacon-Based Detection of Internal
Positive Control (LK266)

Mixture Per reaction
dH,0 15.75 ul
10X PCR Buffer (10X) 25 ul
MgCl, (25 mM) 40 ul
Plat Taq DNA Pol (5 Uul™) 03 ul
dNTP (25 mM) 0.3 ul
LK251 (10 pmole/ul) 05 ul
LK256 (10 pmole/ul) 05 ul
LK265 Beacon (10 pmole/ul) 0.25 ul
Target DNA 1.0 ul
TOTAL 250 ul
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[0108] Smart Cycler (Cepheid)

DNA Denaturation & Enzyme Activation

Cycles: 1
Target Temperature (° C.): 95 120 sec
[0109]
Primary Amplification
Cycles: 35
Denaturation: 95° C. 15 sec
Annealing: 53°C. 15 sec Spectra ON
Extension: 72°C. 15 sec

[0110] (C)SYBR Green-Based Detection of Internal Posi-
tive Control (T7- and RT-Amplicon)

Mixture Per reaction
dH,0 15 ul
10x PCR Buffer (10x) 2.5 ul
MgCl, (25 mM) 4.0 ul
Plat Tag DNA Pol (5 Uul™) 0.3 u
dNTP (25 mM) 034l
LK251-T7 (10 pmole/ul) 0.5 ul
LK256-RT (10 pmole/ul) 0.5 ul
Sybr Green DNA (25X) 1.0 ul
Target DNA 1.0 ul
TOTAL 25.0 ul

[0111] Smart Cycler (Cepheid)

DNA Denaturation & Enzyme Activation

Cycles: 1
Target Temperature (° C.): 95 120 sec
[0112]
Primary Amplification
Cycles: 35
Denaturation: 95° C. 15 sec
Annealing: 53°C. 15 sec Spectra ON
Extension: 72° C. 15 sec
[0113] Results: Real-time PCR amplification curves were

consistent with the presence or absence of target DNA and
the amplicons that were synthesized in the PCR reactions
had the correct lengths.
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[0114] Conclusion: The synthesized primers work well
under uniform PCR conditions.

Example 4

Uniplex SARS-CoV Viral and IPC PCR
Amplifications Using Gene-Specific Molecular
Beacons

[0115] Purpose: The overall rationale of these experiments
is to evaluate the molecular beacons, using the uniform PCR
condition established in the tests with the PCR primers.

[0116] Design: For each SARS-CoV gene-specific and
IPC amplification, a synthetic target DNA and molecular
beacon are used. PCR reactions were performed using the
spectrofluorometric thermal cycler (Cepheid). For each
assay, utilized target dilutions are peformed to establish the
linearity and the dynamic range of the molecular beacon-
based real-time PCR assays.

[0117] Materials: The PCR protocols are shown above in
Example 3 for the S Gene, E gene, M Gene, N Gene, and the
Internal Positive Control (IPC).

[0118] Results: Real-time PCR amplification curves were
consistent with the presence or absence of target DNA.

[0119] Conclusion: The SARS-CoV-specific and IPC-spe-
cific molecular beacons work well in under uniform PCR
conditions. See FIG. 20 (Exhibit 25).

Example 5

Uniplex SARS-CoV Viral and IPC PCR
Amplifications Using Bacteriophage T7 RNA
Polymerase and Reverse Transcriptase Target PCR
Primers

[0120] Purpose: The overall rationale of these experiments
is for each of the five amplicons (SARS-CoV S, E, M, and
N genes and IPC) to produce dsDNA molecules that contain
a bacteriophage T7 promoter target recognition sequence at
their 5' ends and the gene-specific reverse transcriptase
primer-binding site at their 3' ends. The synthesized ampli-
cons are used for in vitro RNA production. The synthesized
RNA molecules have the specific reverse transcriptase
primer-binding site at their 3' ends.

[0121] Design: For each SARS-CoV gene-specific and
IPC amplification, a synthetic target DNA and bacteriophage
T7-RT-PCR primers are used. PCR reactions were per-
formed using the spectrofluorometric thermal cycler (Cep-
heid), using SYBR green to detect the amplicons.

[0122] Materials: The PCR protocols are shown in
Example 3.
[0123] Results: Real-time PCR amplification curves are

consistent with the presence or absence of target DNA and
the amplicons synthesized in the PCR reactions had the
correct lengths.

[0124] Conclusion: SARS-CoV-specific bacteriophage
T7-RT amplicons were generated for use as templates for in

vitro RNA transcription, in order to produce the target RNAs
that will be used to qualify the PCR assays. See FIG. 20.

Example 6
In Vitro RNA Transcription of SARS-CoV and
IPC-Specific RNA Molecules

[0125] Purpose: The overall rationale for these experi-
ments is to produce RNA molecules containing the specific
reverse transction primer-binding site at their 3' ends.
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[0126] Design: For each SARS-CoV gene-specific and
IPC amplification, a T7-RT-PCR dsDNA amplicon (gener-
ated from Experiment 5) is used.

[0127] Materials: RNA transcripts corresponding to the
four SARS-CoV-specific and IPC alleles were prepared by
in vitro transcription of PCR products that contain the T7
RNA polymerase promoter site, by using a MEGAscript T7
kit (Ambion, Houston, Tex.).

[0128] Results: RNA molecules had the correct lengths,
based on 8% polyacrylamide gel electrophoretic analysis of
the product strands.

[0129] Conclusion: SARS-CoV-specific T7-RT amplicons
were generated to be used for in vitro RNA transcription.

Example 7

Uniplex SARS-CoV-Specific and IPC-Specific
RNA Reverse Transcription and Molecular
Beacon-Based Real-Time PCR

[0130] Purpose: The overall rationale of these experiments
is to test whether the RNA molecules containing the specific
reverse transcription primer-binding site at their 3' ends can
be reverse transcribed and the generated cDNA can be
amplified and detected by real-time PCR.

[0131] Design: For each SARS-CoV gene-specific and
IPC amplification, a T7-RT-PCR dsDNA amplicon (gener-
ated from Experiment 5) is used.

[0132] Materials: Reverse transcription with viral and [PC
RNA was performed by adding 20 ul. of SARS-CoV-
specific and IPC-specific RNA to 0.125 uM of SARS-CoV-
specific and IPC-specific primers and incubated at 80° C. for
5 minutes. The PCR-tubes were then immediately placed on
ice for at least 2 minutes. the reverse transcriptase reactions
contained PCR buffer I (Applied Biosystems), 3 mM
MgCl,, 0.5 mM of each dNTP (GibcoBRL), 10 mM dithio-
threitol, 20 Units ribonuclease inhibitor (Roche Molecular
Biochemicals) and 80 Units SuperScript I RNase H-reverse
transcriptase (GibcoBRL) in a final volume of 40 uL. The
reactions were incubated at 42° C. for 50 minutes, followed
by inactivation at 70° C. for 15 minutes. Real-time PCR of
cDNA, using 10 ul. cDNA, 1xPCR buffer, 3.5 mM MgCl,
o.s mM of each ANTP, 0.4 uM of each molecular beacon, 0.4
uM of each PCR primer, and 2.5 Units AmpliTaq Gold DNA
polymerase in a final volume of 50 uL.. 35 cycles of
amplification (94° C. for 15 sec, 53° C for 30 sec, and 72°
C. for 30 sec) were performed in a 7700 Prism spectrofluo-
rometric thermal cycler (Applied Biosystems).

[0133] Results: SARS-CoV-specific and IPC-specific
RNA molecules can be reverse transcribed, and the gener-
ated cDNA can be amplified and detected by SARS-CoV-
specific and IPC-specific molecular-beacons in real-time
PCR assays.

[0134] Conclusion: SARS-CoV-specific RNA molecules
can be used as controls in the final assay.

Example 8

Multiplex SARS-CoV-Specific and IPC-Specific
RNA Reverse Transcription and Molecular
Beacon-Based Real-Time PCR

[0135] Purpose: The overall rationale of this experiment is
to multiplex the uniplex SARS-CoV-specific and IPC-spe-
cific RT-PCR reactions in a multiplex RT-PCR reaction.
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[0136] Design: All five RT-PCR reactions are incorporated
into one.
[0137] Materials: Identical to Experiment 7, with the

exception that all five RT primers, four sets of PCR primers,
and five molecular beacons are used in a single RT-PCR
reaction

[0138] Results: SARS-CoV-specific and IPC-specific
RNA molecules can be reverse transcribed and generate
¢DNA, and can then be amplified and detected by SARS-
CoV-specific and IPC-specific molecular beacons in a real-
time PCR assay.

[0139] Conclusion: SARS-CoV-specific RNA molecules
can be used as controls in a multiplex assay.

Example 9

Evaluate the Complete SARS-CoV Assay Using
Clinical Samples

[0140] Purpose: The overall rationale of these experiments
is to evaluate the SARS-CoV assay using real samples
(isolated SARS-CoV from cultures, primary patient isolates
from saliva, and whole blood and stool specimens).

[0141] Design: Identical to Experiment 8.
[0142] Materials: Identical to Experiment 8.
[0143] Results: SARS-CoV assay detects SARS-CoV and

discriminates between SARS-CoV and other non-patho-
genic coronaviruses.

[0144] Conclusion: SARS-CoV assay detects SARS RNA
extracted from cultured SARS strains and primary isolates.

Example 10

Clinical Evaluation

[0145] 64 samples collected from 23 individuals who were
clinically diagnosed to have SARS based on CDC, WHO
and Health Canada case definitions.

[0146] The sample types included: bronchial lavage and
sputnum (pre-mortem samples) as well as lung, liver, small
and large bowel, and spleen tissue (post mortem). 65
samples from 15 patients served as controls. 26 were bone
marrow samples sent for routing pathogen screening. 39
were post mortem organ samples from 10 patitnes who died
during the outbreak but whose deathes were attributed to
other causes including congestive heart failure, cerebrovas-
cular accidents, atherosclerotic heart disease, chomic
obstructive pulmonary disease, invasive Group A strepto-
coccal infection, amiodorone pulmonary toxicity, and pul-
monary fibrosis.

[0147] All samples were blind assayed by usng the devel-
oped assay (using all four genes: S, E, M, N) and the
specificity was 100%.

[0148] 1. Ksiazek, T. G, et al., A novel coronavirus
associated with severe acute respiratory syndrome. N
Engl J Med, 2003. 348(20): p. 1953-66.

[0149] 2. Peiris, I. S., et al., Coronavirus as a possible
cause of severe acute respiratory syndrome. Lancet, 2003.
361(9366): p. 1319-25.
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[0150] 3. Munch, R., Robert Koch. Microbes Infect, 2003.
5(1): p. 69-74.

[0151] 4. Drosten, C., et al., Identification of a novel
coronavirus in patients with severe acute respiratory syn-
drome. N Engl J Med, 2003.348(20): p. 1967-76.

[0152] 5.Marra, M. A, etal., The Genome sequence of the
SARS-associated coronavirus. Science, 2003. 300(5624):
p- 1399-404.

[0153] 6. Rota, P. A, et al,, Characterization of a novel
coronavirus associated with severe acute respiratory syn-
drome. Science, 2003. 300(5624): p. 1394-9.

[0154] 7. Poon, L. L., et al., Rapid diagnosis of a coro-
navirus associated with severe acute respiratory syndrome
(SARS). Clin Chem, 2003. 49(6 Pt 1): p. 953-5.
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[0155] 8. Organization, W. H., http://www.who.int/csr/
sars/primers/en/.

[0156] 9. Pensaert, M., P. Callebaut, and J. Vergote, Iso-
lation of a porcine respiratory, non-enteric coronavirus
related to transmissible gastroenteritis. Vet Q, 1986. 8(3):
p. 257-61.

[0157] 10. Ruan, Y. J, et al., Comparative full-length
genome sequence analysis of 14 SARS coronavirus iso-
lates and common mutations associated with putative
origins of infection. Lancet, 2003. 361(9371): p. 1779-85.

[0158] The content of each of the document identified
above and cited in the specification documents is expressly
incorporated herein by reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 94

<210> SEQ ID NO 1

<211> LENGTH: 4356

<212> TYPE: DNA

<213> ORGANISM: Canine coronavirus

<400> SEQUENCE: 1

atgattgtgc ttacattgtg ccttttcttg tttttgtaca gtagtgtgag ctgtacatca 60

aacaatgact gtgtacaagt taatgtgaca caactgcctg gcaatgaaaa tattatcaaa 120

gattttctat ttcagaactt taaagaagaa ggaagtttag ttgttggtgg ttattacccc 180

acagaggtgt ggtataactg ttccacaact caacaaacta ccgcttataa gtattttagt 240

aatatacatg cattttattt tgatatggaa gccatggaga atagtactgg caatgcacgt 300

ggtaaacctt tactagtaca tgttcatggt aatcctgtta gtatcattgt ttacatatca 360

gcttatagag atgatgtgca atttaggccg cttttaaage atggtttatt gtgtataact 420

aaaaatgaca ccgttgacta taatagcttt acaattaacc aatggcgaga catatgtttg 480

ggtgacgaca gaaaaatacc attctctgta gtacccacag ataatggtac gaaattattt 540

ggtcttgagt ggaatgatga ctatgttaca gcctatatta gtgatgagtc tcaccgtttg 600

aatatcaata ataattggtt taacaatgtt acactcctat actcacgtac aagcaccgcec 660

acgtggcaac acagtgctgc atatgtttat caaggtgttt caaattttac ttattacaag 720

ttaaataaaa ccgctggctt aaaaagctat gaattgtgtg aagattatga atactgcact 780

ggctatgcaa ccaatgtgtt tgctccgaca tcaggtggtt atatacctga tggattcagt 840

tttaacaatt ggtttatget tacaaacage tccacttttg ttagtggecag atttgtaaca 900

aatcaaccgc tgctagttaa ttgcttgtgg ccagtgccca gttttggegt cgcagcacaa 960

gaattttgtt ttgaaggtgc tcagtttagc caatgtaacg gtgtttcttt aaataataca 1020

gtagatgtta ttagatttaa ccttaatttc actacagatg tacaatctgg catgggtgcet 1080

acagtatttt cactgaatac aacaggcggt gtcattcttg agatttcttg ttataatgac 1140

acagtgagtg agtcgagttt ctacagttat ggtgaaattc cattcggegt aactgatgga 1200

ccacgttact gttatgtact ctacaatggc acagctctta agtatttagg aacattacca 1260

cctagtgtca aggaaattgce tattagtaag tggggacatt tttatattaa tggttacaat 1320
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ttotttagea cgtttceotat tgattgtata gettttaatt taaccactgg tgctagtgga 1380
gcattttgga caattgetta tacgtcgtac acagaageat tagtacaagt tgaaaacaca 1440
gctattaaaa aggtgacgta ttgtaacagt cacattaata acatcaaatg ttctcaactt 1500
actgctaatt tgcaaaatgg tttttaccct gttgcttcaa gtgaagttgg tcttgtcaat 1560
aagagtgttg tgttactacc tagtttctat tcacatacca gtgttaatat aactattgat 1620
cttggtatga agcgtagtgt tacggtcacc atagcctcac cattaagtaa catcacacta 1680
ccaatgecagg ataataacat agacgtgtac tgtattegtt ctaaccaatt ctcagtttat 1740
gttcattcca cttgcaaaag ttctttatgg gataacaatt ttaattcage atgtaccgac 1800
gttttagacg ccacagctgt tataaaaact ggtacttgtc ctttctcatt tgataaattg 1860
aataattact taacttttaa caagttctgt ttgtcgttga atcccgttgg tgccaactgt 1920
aagttagatg ttgccgecccg tacaagaacc aatgagcagg tttttggaag tttatatgta 1980
atatatgaag aaggagacaa catagtgggt gtaccgteotg ataatagtgg tttgcacgat 2040
ttgtcagtgt tgcacttaga ctcttgtaca gattacaata tatatggtag aactggtgtt 2100
ggtattatta gaaaaactaa cagcacacta cttagtggct tatattacac atcactatca 2160
ggtgatttgt taggttttaa aaatgttagt gatggtgttg tctactctgt aacgccatgt 2220
gatgtaagtg cacaagctgc tgttattgat ggtgeccatag ttggagetat gacttcocatt 2280
aatagtgaac tgttaggtct aactcattgg acaacaacac ctaattttta ttactactce 2340
atatataatt atacaaatgt gatgaatcgt ggcacqggcaa ttgataatga tattgattgt 2400
gaacctatca taacatattc taatataggt gtttgtaaaa atggagettt ggtttttatt 2460
aacgtcacac attctgatgg agacgttcaa ccaattagca ccggtaatgt cacgataccc 2520
acaaatttta ctatatctgt gcaagtcgaa tatattcagg tttacactac accagtttca 2580
atagactgtg caagatacgt ttgcaatggt aacccaagat gcaataagtt attaacacaa 2640
tacgtttctg catgtcaaac tattgagcaa gcgettgcaa tgggtgecag acttgaaaac 2700
atggagattg attccatgtt atttgtttcg gaaaatgccce ttaaattgge atctgttgaa 2760
gcattcaata gtacggaaaa tttagaccct atttataaag aatggcctaa cattggtggt 2820
tecttggetag gaggtttaaa agatatattg ccatctcata atagcaaacg taagtaccge 2880
tcggetatag aagacttget ttttgataag gttgtaacat ctggettagg tacagttgac 2940
gaagattaca aacgttctgc aggtggttat gacatagctg acttagtgtg tgcacgatat 3000
tacaatggca tcatggtgct acctggtgta gctaatgatg acaagatgac tatgtacact 3060
gcatctctta caggtggtat aacattaggt gcacttagtg gtggcgcagt ggctatacct 3120
tttgcagtag cagttcaggc tagacttaat tatgttgctc tacaaactga tgtattgaac 3180
aaaaaccaac aaatcttgge taatgetttc aatcaageta ttggtaacat tacacaggea 3240
tttggtaagg ttaatgacqc tatacatcaa acatcaaaag gtcttgctac tgttgctaaa 3300
gcattggcaa aggtgcaaga tgttgttaac acgcaaggtc aagctttaag ccacctaaca 3360
gtacaattgc aaaacaattt tcaagccatt agcagttcta ttagtgacat ttataacagg 3420
cttgatgaat tgagtgctga tgcacaagtt gacaggctga ttacaggacg acttacagca 3480
cttaatgeat ttgtgtctca gactttaacc agacaagrag aggttaggge tagtagacaa 3540

cttgctaaag acaaggttaa tgaatgcgtt aggtctcaat cccagagatt tggattctgt 3600
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ggtaatggta cacatttgtt ttcacttgeca aatgcggcac caaatggecat gattttettt 3660
cacacagtge tattaccaac agcttatgaa actgtgacgg cctggtcagg tatttgtgeg 3720
tcagatggca gtcgecacttt tggacttgtt gttgaggatg tccagetgac getatttege 3780
aatttagatg aaaaatttta tttgacgccc agaactatgt atcagcccag agttgcaact 3840
agttctgatt ttgttcaaat agaaggctgt gatgtgttgt ttgttaatgg aactgtaatt 3900
gaattgccta gtatcatacc tgactatatc gatattaatc aaactgttca ggacatatta 3960
gaaaatttca gaccaaattg gactgtacce gagttgeccac ttgacatttt tcatgcaacce 4020
tacttaaacc tgactggtga aattaatgac ttagaattta ggtcagaaaa gttacataac 4080
accacagtag aacttgctat tctcattgat aatattaata acacattagt caatcttgaa 4140
tggctcaaca gaattgaaac ttatgtaaaa tggccttggt atgtttgget actaattgga 4200
ttagtagtaa tattctgcat acccatattg ctattttgtt gttgtagtac tggttgttgt 4260
ggatgtateg ggtgtttagg aagetgttgt cattccatat gtagtagagg ccaatttgaa 4320
agttatgaac ctattgaaaa agttcatgtt cactga 4356
<210> SEQ ID NO 2

<211> LENGTH: 4359

<212> TYPE: DNA

<213> ORGANISM: Feline coronavirus

<400> SEQUENCE: 2

atgattgtgc tcgtaacttg cctcttgttg ttatgttcat accacacagt tttgagtaca 60
acaaataatg aatgcataca agttaacgta acacaattgg ctggcaatga aaaccttatc 120
agagattttc tgtttagtaa ctttaaagaa gaaggaagtg tagttgttgg tggttattac 180
cctacagagg tgtggtacaa ctgctctaga acagctcgaa ctactgcctt tcagtatttt 240
aataatatac atgcctttta ttttgttatg gaagccatgg aaaatagcac tggtaatgca 300
cgtggtaaac cattattatt tcatgtgcat ggtgagectg ttagtgttat tatatcgget 360
tatagggatg atgtgcaaca aaggcccctt ttaaaacatg ggttagtgtg cataactaaa 420
aatcgccata ttaactatga acaattcacc tccaaccagt ggaattccac atgtacgggt 480
gctgacagaa aaattccttt ctctgtcata cccacggaca atggaacaaa aatctatggt 540
cttgagtgga atgatgactt tgttacagct tatattagtg gtcgttetta tcacttgaac 600
atcaatacta attggtttaa caatgtcaca cttttgtatt cacgctcaag cactgctacc 660
tgggaataca gtgctgcata tgcttaccaa ggtgtttcta acttcactta ttacaagtta 720
aataacacca atggtctaaa aacctatgaa ttatgtgaag attatgaaca ttgcactggc 780
tatgctacca atgtatttgc tccgacatca ggtggttaca tacctgatgg atttagtttt 840
aacaattggt tecttgettac aaatagttcc acttttgtta gtggecaggtt tgtaacaaat 900
caaccattat tgattaattg cttgtggcca gtgcccagtt ttggtgtagc agcacaagaa 960
ttttgttttg aaggtgcaca gtttagccaa tgtaatggtg tgtctttaaa taacacagtg 1020
gatgttatta gattcaacct taatttcact gcagatgtac aatctggtat gggtgctaca 1080
gtattttcac tgaatacaac aggtggtgtc attcttgaaa tttcatgtta tagtgacaca 1140
gtgagtgagt ctagttctta cagttatggt gaaatcceogt teggeataac tgacggacca 1200

cgatactgtt atgtacttta caatggcaca gctcttaaat atttaggaac attaccaccce 1260
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agtgtaaagg aaattgctat tagtaagtgg ggccattttt atattaatgg ttacaatttc 1320
tttagcacat ttecctattgg ttgtatatet tttaatttaa ccactggtgt tagtggaget 1380
ttttggacaa ttgcttacac atcgtatact gaagcattag tacaagttga aaacacagct 1440
attaaaaatg tgacgtattg taacagtcac attaataaca ttaaatgttc tcaacttact 1500
gctaatttga ataatggatt ttatcctgtt gcttcaagtg aagtaggttt cgttaataag 1560
agtgttgtgt tattacctag ctttttcaca tacaccgctg tcaatataac cattgatctt 1620
ggtatgaage ttagtggtta tggtcaaccc atagectcga cactaagtaa catcacacta 1680
ccaatgcagg ataacaatac tgatgtgtac tgtattcgtt ctaaccaatt ctcagtttat 1740
gttcattcca cttgcaaaag ttctttatgg gacaatattt ttaatcaaga ctgcacggat 1800
gttttagagg ctacagctgt tataaaaact ggtacttgtc ctttctcatt tgataaattg 1860
aacaattact tgacttttaa caagttctgt ttgtcgttga gtcetgttgg tgctaattge 1920
aagtttgatg ttgctgcacyg tacaagaacc aatgagcagg ttgttagaag tctatatgta 1980
atatatgaag aaggagacaa catagtgggt gtaccqgtctg ataatagegg tctgcacgat 2040
ttgtcetgtge tacacctaga ctcoctgtaca gattacaata tatatggtag aactggtgtt 2100
ggtattatta gacgaactaa cagtacgcta cttagtggct tatattacac atcactatca 2160
ggtgatttgt taggctttaa aaatgttagt gatggtgtca tttattctgt gacgeccatgt 2220
gatgtaageg cacaagegge tgttattgat ggtgecatag ttggagetat gacttccatt 2280
aacagtgaac tgttaggtct aacacattgg acaacgacac ctaattttta ttactactct 2340
atatataatt acacaagtga gaggactcgt ggcactgcaa ttgacagtaa cgatgttgat 2400
tgtgaacctg tcataaccta ttctaatata ggtgtttgta aaaatggtgc tttggttttt 2460
attaacgtca cacattctga cggagacgtg caaccaatta gcactggtaa tgtcacgata 2520
cctacaaatt ttactatatc tgtgcaagtt gaatacatge aggtttacac tacaccagta 2580
tcaatagatt gtgcaagata cgtttgtaat ggtaacccta gatgtaacaa attgttaaca 2640
caatatgtgt ctgcatgtca aactattgaa caagcacttg caatgggtgc cagacttgaa 2700
aacatggagg ttgattccat gttgtttgtc tcggaaaatg cccttaaatt ggcatctgtt 2760
gaggcgttca atagtacaga aaatttagat cctatttaca aagaatggec tagcataggt 2820
ggttecttgge taggaggtct aaaagatata ctaccgtccce ataatagcaa acgtaagtat 2880
ggttctgeta tagaagattt getttttgat aaagttgtaa catctggttt aggtacagtt 2940
gatgaagatt ataaacgttg tactggtggt tacgacatag cagacttggt gtgtgctcaa 3000
tattacaatg gcatcatggt tctaccaggt gtagctaatg ctgacaagat gactatgtac 3060
acagcatcac ttgcaggtgg tataacatta ggtgcacttg gtggtggcge cgtggctata 3120
ccttttgeag tagcagtaca ggctagactt aattatgttg ctetacaaac tgatgtattg 3180
aataaaaacc aacagatcct ggctaatgct ttcaatcaag ctattggtaa cattacacag 3240
gcttttggta aggttaatga tgctatacat caaacatcac aaggtcttge cactgttget 3300
aaagcgttgg caaaagtgca agatgttgtc aacacacaag ggcaagcttt aagtcacctt 3360
acagtacaat tgcaaaataa ttttcaagcc attagtagtt ctattagtga tatttataac 3420
aggcttgacg aactgagtge tgatgcacaa gttgatagge tgattacagg tagacttaca 3480

gcacttaatg catttgtgtc tcagactcta accagacaag cagaggttag ggctagtaga 3540
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caacttgcca aagacaaggt taatgaatgt gttaggtctc agtctcagag attcggattce 3600
tgtggtaatg gtacacattt gttttcacta gcaaatgcag caccaaatgg catgatttte 3660
tttcatacag tactattacc aacagcttat gaaactgtaa cagecttggtce aggtatttgt 3720
gcttcagatg gegatcgcac tttcggactt gtcgttaaag atgtgcagtt gacgttgttt 3780
cgtaatctag atgacaagtt ctatttgacc cccagaacta tgtatcagcc tagagttgca 3840
actagttctg attttgttca aattgaaggg tgtgatgtgt tgtttgtcaa cgcgactgta 3900
attgatttge ctagtattat acctgactat attgacatta atcaaactgt tcaagacata 3960
ttagaaaatt acagaccaaa ctggactgta cctgaattta cacttgatat tttcaacgca 4020
acctatttaa atctgactgg tgaaattgat gacttagagt ttaggtcaga aaagctacat 4080
aacactacag tagaacttgc cattctcatt gataacatta ataatacatt agtcaatctt 4140
gaatggctca atagaattga aacttatgta aaatggcctt ggtatgtgtg getactgata 4200
ggtttagtag tagtattttg cataccatta ctgctatttt getgttttag cacaggttgt 4260
tgtggatgca taggttgttt aggaagttgt tgtcactcta tatgtagtag aagacaattt 4320
gaaaattatg aaccaattga aaaagtgcat gtccactaa 4359
<210> SEQ ID NO 3

<211> LENGTH: 4344

<212> TYPE: DNA

<213> ORGANISM: Transmissible gastroenteritis virus

<400> SEQUENCE: 3

atgaaaaaac tatttgtggt tttggtcgta atgccattga tttatggaga caattttect 60
tgttctaaat tgactaatag aactataggc aaccagtgga atctcattga aaccttcctt 120
ctaaactata gtagtaggtt accacctaat tcagatgtgg tgttaggtga ttattttcct 180
actgtacaac cttggtttaa ttgcattcge aatgatagta atgaccttta tgttacactg 240

gaaaatctta aagcattgta ttgggattat gctacagaaa atatcacttg gaatcacaga 300

caacggttaa acgtagtcgt taatggatac ccatactcca tcacagttac aacaacccgce 360
aattttaatt ctgctgaagg tgctattata tgcatttgta agggctcacc acctactacc 420
accacagaat ctagtttgac ttgcaattgg ggtagtgagt gcaggttaaa ccataagttc 480

cctatatgte cttctaattc agaggcaaat tgtggtaata tgctgtatgg cctacaatgg 540
tttgcagatg aggttgttge ttatttacat ggtgctagtt accgtattag ttttgaaaat 600
caatggtctg gcactgtcac atttggtgat atgcgtgcga caacattaga agtcgctgge 660
acgcttgtag acctttggtg gtttaatcct gtttatgatg tcagttatta tagggttaat 720
aataaaaatg gtactaccgt agtttccaat tgcactgatc aatgtgctag ttatgtggct 780
aatgttttta ctacacagec aggaggtttt ataccatcag attttagttt taataattgg 840
ttccttctaa ctaatagctc cacgttggtt agtggtaaat tagttaccaa acagccgtta 900
ttagttaatt gcttatggce agtccctage tttgaagaag cagettctac attttgtttt 960
gagggtgctg gctttgatca atgtaatggt gctgttttaa ataatactgt agacgtcatt 1020
aggttcaacc ttaattttac tacaaatgta caatcaggta agggtgccac agtgttttca 1080
ttgaacacaa cgggtggtgt cactettgaa atttcatgtt atacagtgag tgactcgage 1140

tttttcagtt acggtgaaat tccgttegge gtaactgatg gaccacggta ctgttacgta 1200
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cactataatg gcacagctct taagtattta ggaacattac cacctagtgt caaggagatt 1260
gctattagta agtggggcca tttttatatt aatggttaca atttetttag cacatttect 1320
attgattgta tatcttttaa tttgaccact ggtgatagtg acgttttctg gacaataget 1380
tacacatcgt acactgaagc attagtacaa gttgaaaaca cagctattac aaaggtgacg 1440
tattgtaata gtcacgttaa taacattaaa tgctctcaaa ttactgctaa tttgaataat 1500
ggattttatc ctgtttettc aagtgaagtt ggtcttgtca ataagagtgt tgtgttacta 1560
cctagetttt acacacatac cattgttaac ataactattg gtettggtat gaagegtagt 1620
ggttatggte aacccatagc ctcaacatta agtaacatca cactaccaat gcaggatcac 1680
aacaccgatg tgtactgtat tcgttctgac caattttcag tttatgttca ttctacttge 1740
aaaagtgctt tatgggacaa tatttttaag cgaaactgca cggacgtttt agatgccaca 1800
gctgttataa aaactggtac ttgtcettte tcatttgata aattgaacaa ttacttaact 1860
tttaacaagt tctgtttgte gttgagtecet gttggtgeta attgtaagtt tgatgtaget 1920
gccegtacaa gaaccaatga gcaggttgtt agaagtttgt atgtaatata tgaagaagga 1980
gacaacatag tgggtgtacc gtctgataat agtggtgtgce acgatttgtc agtgctacac 2040
ctagattcct gcacagatta caatatatat ggtagaactg gtgttggtat tattagacaa 2100
actaacagga cgctacttag tggcttatat tacacatcac tatcaggtga tttgttaggt 2160
tttaaaaatg ttagtgatgg tgtcatctac tctgtaacge catgtgatgt aagegecacaa 2220
gcagctgtta ttgatggtac catagttggg gctatcactt ccattaacag tgaactgtta 2280
ggtctaacac attggacaac aacacctaat ttttattact actctatata taattacaca 2340
aatgatagga ctcgtggcac tgcaattgac agtaatgatg ttgattgtga acctgtcata 2400
acctattcta acataggtgt ttgtaaaaat ggtgcttttg tttttattaa cgtcacacat 2460
tctgatggag acgtgcaace aattagcact ggtaatgtca cgatacctac aaactttace 2520
atatccgtge aagtcgaata tattcaggtt tacactacac cagtgtcaat agactgttca 2580
agatatgttt gtaatggtaa ccctaggtgt aacaaattgt taacacaata cgtttctgeca 2640
tgtcaaacta ttgagcaagc acttgcaatg ggtgccagac ttgaaaacat ggaggttgat 2700
tccatgttgt ttgtttoctga aaatgccctt aaattggeoat ctgttgaage attcaatagt 2760
tcagaaactt tagaccctat ttacaaagaa tggcctaata taggtggtte ttggectagaa 2820
ggtctaaaat acatacttcc gtcccataat agcaaacgta agtatcgttce agctatagag 2880
gacttgettt ttgataaggt tgtaacatct ggtttaggta cagttgatga agattataaa 2940
cgttgtacag gtggttatga catagctgac ttagtatgtg ctcaatacta taatggcatc 3000
atggtgctac ctggtgtggc taatgctgac aaaatgacta tgtacacagc atcccttgca 3060
ggtggtataa cattaggtge acttggtgga ggecgeegtgg ctataccttt tgcagtagea 3120
gttcaggceta gacttaatta tgttgctcta caaactgatg tattgaacaa aaaccagcag 3180
attctggeta gtgctttcaa tcaagctatt ggtaacatta cacagtcatt tggtaaggtt 3240
aatgatgcta tacatcaaac atcacgaggt cttgctactg ttgctaaagc attggcaaaa 3300
gtgcaagatg ttgtcaacat acaagggcaa gctttaagcc acctaacagt acaattgcaa 3360
aataatttece aageccattag tagttctatt agtgacattt ataatagget tgacgaattg 3420

agtgctgatg cacaagttga caggctgatc acaggaagac ttacagcact taatgcattt 3480
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gtgtctcaga ctctaaccag acaagcggag gttagggcta gtagacaact tgccaaagac 3540
aaggttaatg aatgegttag gtctcagtet cagagatteg gattetgtgg taatggtaca 3600
catttgtttt cactcgcaaa tgcagcacca aatggcatga ttttctttca cacagtgcta 3660
ttaccaacgg cttatgaaac tgtgactgct tggccaggta tttgtgette agatggtgat 3720
cgcacttttg gacttgtcgt taaagatgtc cagttgactt tgtttcgtaa tctagatgac 3780
aagttctatt tgacccccag aactatgtat cagcctagag ttgcaactag ttcotgacttt 3840
gttcaaattg aagggtgcga tgtgetgttt gttaatgraa ctgtaagtga tttgectagt 3900
attatacctg attatattga tattaatcag actgttcaag acatattaga aaattttaga 3960
ccaaattgga ctgtacctga gttgacattt gacattttta acgcaaccta tttaaacctg 4020
actggtgaaa ttgatgactt agaatttagg tcagaaaagc tacataacac cactgtagaa 4080
cttgccatte tcattgacaa cattaacaat acattagtca atcttgaatg gectcaataga 4140
attgaaacct atgtaaaatg gecttggtat gtgtggetac taataggett agtagtaata 4200
ttttgcatac cattactget attttgetgt tgtagtacag gttgetgtgg atgcataggt 4260
tgtttaggaa gttgttgtca ctctatatgt agtagaagac aatttgaaaa ttacgaacca 4320
attgaaaaag tgcacgtcca ttaa 4344
<210> SEQ ID NO 4

<211> LENGTH: 3678

<212> TYPE: DNA

<213> ORGANISM: Porcine respiratory coronavirus

<400> SEQUENCE: 4

atgaaaaaat tatttgtggt cttggttgta atgccattga tttatggaga caagtttcct 60
acttccgtag tttccaattg cactgatcaa tgtgctagtt atgtggctaa tgtttttact 120
atactaccag gaggetttat accatcagat tttagtttta ataattggtt cctectaact 180
aatagctcca cgttggttaa tggtaaatta gttaccaaac agcctctatt agttaattgce 240
ttatggccag tccctagett tgaagaagta gcttctacat tttgttttga aggtgctgac 300
tttgatcaat gtaatggtgc tgttttaaat aacactgtag acgtcattag gtttaacctt 360
aattttacta caaatgtaca atcaggtaag ggtgctacag tgttttcatt gaacacaacg 420
ggtggtgtca ctcttgaaat ctcatgttat aatgatacag tgagtgattc gagettttcce 480
agttacggtg aaattccgtt cggcgtaact aatggaccac ggtactgtta cgtactctat 540
aatggcacag ctcttaagta tctaggaaca ttaccaccta gtgtcaagga gattgctatt 600
agtaagtggg gccattttta tattaatggt tacaatttct ttagcacatt tcctattgat 660
tgtatatctt ttaatttgac tactggtgat agtgacgtct tctggacaat agcttacaca 720
tcgtacactg aagcattagt acaagttgaa aacacagcta ttacaaatgt gacgtattgt 780
aatagttatg ttaataacat taaatgctct caacttactg ctaatttgaa taatggattt 840
tatcctgttt cttcaagtga agttggttct gtcaataaga gtgttgtgtt actacctage 900
tttctgacac ataccattgt taacataact attggtcttg gtatgaagcg tagtggttat 960
ggtcaaccca tagcctcaac gctaagtaac attacactac caatgcagga taacaacaac 1020
gatgtgtact gtgttecgttc tgaccaattt tcagtttatg ttcattctac ttgcaaaagt 1080

gttttatggg acaatgtttt taagcgaaac tgcacggacg ttttagatgc cacagctgtt 1140
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ataaaaactg gtacttgtcc tttctcattt gataaattga acaattactt aacttttaac 1200
aagttetgtt tgtegttgag tccecgttggt getaattgta agtttgatgt agetgeecegt 1260
acaagaacca atgatcaggt tgttagaagt ttgtatgtaa tatatgaaga aggagacagc 1320
atagttggtg taccgtctga caatagtggt ttgcacgatt tgtcagtget acacctagat 1380
tcgtgcacag attacaatat atatggtaga actggtgttg gtattattag acaaactaac 1440
aggacgatac ttagtggctt atattacaca tcactatctg gtgatttgtt aggttttaca 1500
aatgttagtg atggtgttat ctactctgta acgecatgtg atgttagege acaageaget 1560
attattgatg gtaccatagt tggggctatc acttccatta acagtgaatt gttaggtcta 1620
acacattgga caacaacacc taatttttat tactactcta tatataatta cacaaatgat 1680
aagactcgtg gcactccaat tggcagtaat gacgttgatt gtgaacctgt cataacctat 1740
tctaacatag gtgtttgtaa aaatggtget ttggttttta ttaacgtcac acattctgat 1800
ggagacgtge aaccaattag cactggtaac gtcacgatac ctactaactt tactatatce 1860
gtgcaagtcg aatacattca ggtttacact acaccagtgt caatagactg ttcaagatat 1920
gtttgtaatg gcaaccctag gtgtaacaaa ctgttaacac aatacgtttc tgcatgtcaa 1980
actattgagc aagcacttgc aatgggtgcc agacttgaaa acatggaagt tgattccatg 2040
ttatttgttt ctgaaaatgc ccttaaattg gettectgteg aagcattcaa tagttcagaa 2100
actttagate ctatttacaa agaatggect aatataggtg gettttgget agaaggtcta 2160
aaatacatac ttccgtccga taatagcaaa cgtaagtatc gttcagetat agaggacttg 2220
ctttttteta aggttgtaac atctggttta ggtacagttg atgaagatta caaacgttgt 2280
acaggtggtt atgacatagc tgacttagta tgtgctcaat actataatgg cattatggtg 2340
ctacctggtg tggctaatgc tgacaaaatg actatgtaca cagcatccct cgcaggtggt 2400
ataacattag gtgcacttgg tggaggcgec gtggetatac cttttgecagt agcagttcag 2460
gctagactta attatgttgc tctacaaact gatgtattga acaaaaacca gcagatcctg 2520
gctagtgett ttaatcaagc tattggtaac attacacagt catttggtaa ggttaatgat 2580
gctatacatc aaacatcacg aggtcttaca actgttgcta aagcattggc aaaagtgcaa 2640
gatgttgtca acacacaagg tcaagcttta agacacctaa cagtacaatt gcaaaataat 2700
ttccaageca ttagtagtte tattagtgac atttataata ggcttgatga attgagtget 2760
gatgcacaag tcgacaggct gatcacagga agacttacag cacttaatgc atttgtgtet 2820
cagactctaa ccagacaagc cgaggttagg gctagtagac aacttgctaa agacaaggtt 2880
aatgaatgcg ttaggtctca gtctcagaga ttcggettct gtggtaatgg tacacatttg 2940
ttttcactcg caaatgcagc accaaatggc atgatcttct ttcacacagt gctattacca 3000
acggegtatg aaactgtgac tgettggtca ggtatttgtg ctttagatgt tgatcgeact 3060
tttggacttg tcgttaaaga tgtccagttg actttatttc gtaatctaga tgacaagttc 3120
tatttgacac ccagaactat gtatcagcct agagtggcaa ctagttctga ttttgttcaa 3180
attgaagggt gcgatgtgct gtttgttaat acaactgtaa gtgatttgcc tagtattata 3240
cctgattata ttgatattaa tcagactgtt caagacatat tagaaaattt tagaccaaat 3300
tggactgtac ctgagetgac attggacgtt tttaacgcaa cctatttaaa cectgactggt 3360

gaaattgatg acttagagtt taggtcagaa aagctacata acactactgt agaacttgcc 3420
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attctcattg acaacattaa caatacagta gtcaatcttg aatggcttaa tagaattgaa 3480
acttatgtaa aatggccttg gtatgtgtgg ctactaatag gettagtagt aatattttge 3540
ataccattac tgctattttg ctgttgtagt acaggttget gtggatgcat aggttgttta 3600
ggaagttgtt gtcactctat attcagtaga agacaatttg aaaattatga acctattgaa 3660
aaagtgcacg tccattaa 3678
<210> SEQ ID NO 5

<211> LENGTH: 3522

<212> TYPE: DNA

<213> ORGANISM: Human corcnavirus OC43

<400> SEQUENCE: 5

atgtttgttt tgcttgttgc atatgccttg ttgcatattg ctggttgtca aactacaaat 60
gggctgaaca ctagttactc tgtttgcaac ggetgtgttg gttattcaga aaatgtattt 120
gctgttgaga gtggtggtta tataccctec gactttgeat tcaataattg gttcctteta 180
actaatacct catctgttgt agatggtgtt gtgaggagtt ttcageccttt gttgcttaat 240
tgcttatggt ctgtttotgg cttgoggttt actactggtt ttgtctattt taatggtact 300
gggagaggtg attgtaaagg tttttcctca gatgttttgt ctgatgtcat acgttacaac 360
ctcaattttg aagaaaacct tagacgtgga accattttgt ttaaaacatc ttatggtgtt 420
gttgtgtttt attgtaccaa caacacttta gtttcaggtg atgetcacat accatttggt 480
acagttttgg gcaattttta ttgctttgta aatactacta ttggcaatga aactacgtct 540
gcttttgtgg gtgcactacc taagacagtt cgtgagtttg ttatttcacg cacaggacat 600
ttttatatta atggctatcg ctatttcact ttaggtaatg tagaagccgt taatttcaat 660
gtcactactg cagaaaccac tgatttttgt actgttgcgt tagcttctta tgctgacgtt 720
ttggttaatg tgtcacaaac ctctattget aatataattt attgcaacte tgttattaac 780
agactgagat gtgaccagtt gtcctttgat gtaccagatg gtttttattc tacaagccct 840
attcaatccg ttgagctacc tgtgtctatt gtgtcgctac ctgtttatca taaacatacg 900
tttattgtgt tgtacgttga cttcaaacct cagagtggcg gtggcaagtg ctttaactgt 960
tatcctgetg gtgttaatat tacactggec aattttaatg aaactaaagg gectttgtgt 1020
gttgacacat cacacttcac taccaaatac gttgctgttt atgeccaatgt tggtaggtgg 1080
agtgctagta ttaacacggg aaattgccct ttttettttg gcaaagttaa taactttgtt 1140
aaatttggca gtgtatgttt ttcgctaaag gatatacccg gtggttgege aatgectata 1200
gtggctaatt gggcttatag taagtactat actataggct cattgtatgt ttcttggagt 1260
gatggtgatg gaattactgg cgtcccacaa cctgttgagg gtgttagttc ctttatgaat 1320
gttacattgg acaaatgtac taaatataat atttatgatg tatctggtgt gggtgttatt 1380
cgocgttagea atgacacctt tcttaatgga attacqgtaca catcaacttce aggtaacctt 1440
ctgggtttta aagatgttac taagggcacc atctactcta tcactccttg taacccacca 1500
gatcagcttg ttgtttatca gcaagctgtt gttggtgcta tgttgtctga aaattttact 1560
agttacggct tttctaatgt tgtagaactg ccgaaatttt tctatgcgtc caatggcact 1620
tataattgca cagacgetgt tttaacttat tctagttttg gegtttgtge agatggttet 1680

ataattgetg ttcaaccacg taatgtttca tatgatagtg tttcagctat cgtcacaget 1740
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aatttgtcta taccttccaa ttggaccact tcggtccagg ttgagtattt acaaattaca 1800
agtacaccta tegtagttga ttgectccact tatgtttgea atggtaatgt gegetgtgtt 1860
gaattgctta agcagtatac ttctgettgt aaaactattg aagacgcctt aagaaatagce 1920
gccaggcetgg agtctgcaga tgttagtgag atgctcactt ttgacaagaa agcgtttaca 1980
cttgctaatg ttagtagttt tggtgactac aaccttagca gcgtcatacc tagcttgccce 2040
acaagtggta gtagagtggc tggtcgcagt gccatagaag acatactttt tagcaaactt 2100
gttacttetg gacttggcac tgtggacgca gactacaaaa agtgcactaa gggtetttee 2160
attgctgact tggcttgtge tcaatattat aatggcatta tggttttgec tggegtcget 2220
gatgctgaac gaatggccat gtatacaggt tctttaattg gtggaattge tttaggaggt 2280
ctaacatcag ccgtttcaat accattttca ttagcaattc aggcacgttt aaattatgtt 2340
gcattgcaga ctgatgtttt acaagaaaat cagaaaattc ttgctgcatc ttttaacaaa 2400
gcaatgacca acatagtaga tgcctttact ggtgttaatg atgetattac acaaacttca 2460
caagccctac aaacagttge tactgcactt aacaagatcce aggatgttgt taatcaacaa 2520
ggcaactcat tgaaccattt aacttctcag ttgaggcaga attttcaage tatctctage 2580
tctattcagg ctatctatga cagacttgac actattcagg ctgatcaaca agtagatagg 2640
ctgattactg gtagattggc tgetttgaat gtattegttt ctcatacatt gactaagtac 2700
actgaagtte gtgcttccag acagettgea caacaaaaag tgaatgagtg tgtcaaatce 2760
cagtctaage gttatggett ctgtggaaat ggcactcaca ttttctcaat tgttaatget 2820
gctocctgagg ggettgtttt tcotccacact gtettgttge cgacacaata taaggatgtt 2880
gaagcgtggt ctgggttgtg cgttgatggt acaaacggtt atgtgttgcg acaacctaat 2940
cttgctcttt acasagaagg caattattat agaatcacat ctcgcataat gtttgaacca 3000
cgtatteeta ccatggecaga ttttgttcaa attgaaaatt gecaatgtcac atttgttaac 3060
atttcteget ctgagttgca aaccattgtg ccagagtata ttgatgttaa taagacgcetg 3120
caagaattaa gttacaaatt gccaaattac actgttccag acctagttgt cgaacagtac 3180
aaccagacta ttttgaattt gaccagtgaa attagcaccc ttgaaaataa atctgcggag 3240
cttaattaca ctgttcaaaa attqcaaact ctgattgaca acataaatag cacattagtc 3300
gacttaaagt ggctcaaccg ggttgagact tacatcaagt ggcegtggtg ggtgtggttg 3360
tgcatttcag tcgtgctcat ctttgtggtg agtatgttge tattatgttg ttgttctact 3420
ggttgctgtg gettetttag ttgttttgeca tcottetatta gaggttgttg tgaatcaact 3480
aaacttcctt attacgacgt tgaaaagatc cacatacagt aa 3522
«210> SEQ ID NO 6

<211> LENGTH: 4152

<212> TYPE: DNA

<213> ORGANISM: Porcine epidemic diarrhea virus

<400> SEQUENCE: 6

atgaggtctt taatttactt ctggttgctc ttaccagtac ttccaacact cagcctacca 60
caagatgtca ctaggtgcca gtctactact aactttaggc ggttcttttc aaaatttaat 120
gttcaggcac ctgccgtegt cgttttgggt ggttacctac ctagtatgaa ctettctage 180

tggtactgtg gcacaggcat tgaaactgct agtggcgttc atggtatttt tctcagcetac 240
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atcgattectg gtcagggett tgagattgge atttcgcaag agecegtttga tectagtggt 300
taccagcttt atttacataa ggccactaat ggtaacacta atgetattge acgactgege 360
atttgccagt ttcccgataa taaaacattg ggccctactg ttaatgatgt tacaacaggt 420
cgtaactgcc tattcaacaa agccattcca gcttatatge gtgatggaaa agatattgtt 480
gtcggcataa catgggataa tgatcgtgtc actgtttttg ctgacaagat ctatcatttt 540
tatcttaaaa atgattggtc ccgegttgeg acaagatgtt acaatcgcag aagttgtget 600
atgcaatatg tttatacacc tacctactac atgettaatg ttactagtge aggtgaggat 660
ggcatttatt atgaaccctg tacagctaat tgcactggtt acgctgccaa tgtatttgcec 720
actgattcca atggccatat accagaaggt tttagtttta ataattggtt tcttttatce 780
aatgactcca ctttgttgca tggtaaagtg gtttccaacc aacccttgtt ggtcaattgt 8B40
cttttggcca ttcctaagat ttatggacta ggccaatttt tctcattcaa tcacacgatg 900
gatggcgttt gtaatggage tgctgtggat cgtgcecccag aggetctgag gtttaatatt 960
aatgacacct ccgtcattct tgctgaagge tcaattgtac ttcatactge tttaggaaca 1020
aatctttett ttgtttgcag taattcctca gatecctcatt tagecatctt tgccatacct 1080
ctgggtgcta ctgaagtacc ctactattgc tttcttaaag tggatactta caactccact 1140
gtttataaat tcttggetgt tttacctccet actgtcaggg aaattgtcat caccaagtat 1200
ggtgatgttt atgtcaatgg gtttggetat ttgeatcteg gtttgttgga tgectgtcaca 1260
attaatttca ctggtcatgg cactgacgat gacgtttcag gtttectggac catagcatcg 1320
actaattttg ttgatgcact catcgaggtt caaggaactt ccattcagcg tattctttat 1380
tgtgatgatc ctgttagcca actcaagtgt tctcaggttg cttttgacct tgacgatggt 1440
ttttacccca tctcttctag aaaccttectg agtcacgaac agccaatttc ttttgttact 1500
ttgccatcat ttaatgatca ttettttgtt aatattactg tetetgegge ttttggtggt 1560
cttagtagtg ccaatctegt tgcatctgac actactatca atgggtttag ttctttetgt 1620
gttgacacta gacaatttac cattacactg ttttataatg ttacaaacag ttatggttat 1680
gtgtctaaat cacaggatag taattgtcct ttcaccttgc aatctgttaa tgattacctg 1740
tecttttagea aattttgtgt ttcaaccage cttttggeotg gtgettgtac catagatett 1800
tttggttace ctgcgttegg tagtggtgtt aagttgacgt ccctttattt tcaattcaca 1860
aaaggtgagt tgattactgg cacgcctaaa ccacttgaag gtatcacaga cgtttetttt 1920
atgactctgg atgtgtgtac caagtatact atctatgget ttaaaggtga gggtattatt 1980
acccttacaa attctagcat tttggcaggt gtttattata catctgattc tggacagttg 2040
ttagccttta agaatgtcac tagtggtgct gtttattctg tcacgccatg ttoctttttcea 2100
gagcaggetg catatgttaa tgatgatata gtgggtgtta tttetagttt gtctaactece 2160
acttttaaca atactaggga gttgcctggt ttcttetacce attctaatga cggctccaat 2220
tgtacagagc ctgtgttggt gtatagtaac ataggtgttt gtaaatctgg cagtattgge 2280
tatgttccat ctcagtatgg ccaagtcaag attgcaccca cggttactgg gaatattagt 2340
attcccacca actttagtat gagtattaga acagaatatt tacagcttta caacacgcct 2400
gttagtgttg attgtgectac atatgtttgt aatggtaact ctegttgtaa acaattacte 2460

acccagtaca ctgcagcatg taagaccata gagtcagcat tacaactcag cgctaggett 2520
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gagtctgttg aagttaactc tatgcttacc atttctgaag aggcetttaca gttagcoctacc 2580
atcagttegt ttaatggtga tggatataac tttactaatg tgetgggtge ttecgtgtac 2640
gatcctgecaa gtggcagggt ggtacaaaaa aggtctgtta ttgaagactt getttttaat 2700
aaagtggtta ctaatggcct tggtactgtt gatgaagact ataagcgetg ttctaatggt 2760
cgctctgtgg ctgatctagt ctgtgegecag tattactctg gtgtcatggt actacctgge 2820
gttgttgacg ctgagaagct tcacatgtac agtgegtctc tcataggtgg tatggcogeta 2880
ggaggtataa ctgctgcage ggcattgect tttagetatg ctgttcaage gagactcaat 2940
tatcttgett tacagacgga tgttctacag cggaaccage aattgettge tgagtetttt 3000
aactctgeta ttggtaatat aacttcagcc tttgagagtg ttaaagaggc tattagtcaa 3060
acttccaagg gtttgaacac tgtggctcat gcgcttacta aggttcaaga ggttgttaat 3120
tcgecagggtt cagectttgaa ccaacttacc gtacagetge aacacaactt ccaagccatt 3180
tctagtteta ttgatgacat ttatteccga ctggacatte tttecagecga tgttcaggtt 3240
gatcgtcteca tcaccggcag attatcagca cttaatgeott ttgttgecca aaccctcact 3300
aagtatactg aggttcaggc tagcaggaag ctagcacagc aaaaggttaa tgagtgcgte 3360
aaatcgcaat ctcagcgtta cggtttttgt ggtggtgatg gcgagcacat tttctctetg 3420
gtacaggccg cacctcaggg cctgetgtte ttacatacag tacttgtacc gggtgatttt 3480
gtaaatgtte ttgeccatcge tggettatge gttaatggtg aaattgectt gactctacgt 3540
gagcctgget tagtettgtt tacgcatgaa cttcaaactt atactgegac ggaatatttt 3600
gtttcatege gacgtatgtt tgaacctaga aaacctaccg ttagtgattt tgttcaaatt 3660
gagagttgtg tggtcaccta tgtcaatctg actagcgacc agctaccaga tgtaatccca 3720
gattacatcg atgttaacaa aacacttgat gagattttag cttctctgcc caatagaact 3780
ggtccaagte ttcceoctaga tgtttttaat gecacttate ttaatettac tggtgaaatt 3840
gcagatctag agcagcgttc agagtctctc cqtaatacta cagaagaget ccgaagtctce 3900
attaacaaca tcaacaacac acttgttgac cttgagtggce tcaaccgagt tgagacatac 3960
atcaagtggc cgtggtgggt ttggttgatc attgttattg ttctcatctt tgttgtgtca 4020
ttactagtgt tctgetgeat ttccacgggt tgttgtggat getgeggttg ctgeggtget 4080
tgtttttcag gttgttgtag gggtcectaga cttcaacctt acgaagettt tgaaaaggte 4140
cacgtgcagt ga 4152
<210> SEQ ID NO 7

<211> LENGTH: 3768

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus urbani

<400> SEQUENCE: 7

atgtttattt tcttattatt tcttactctc actagtggta gtgaccttga ccggtgcacc 60
acttttgatg atgttcaagc tcctaattac actcaacata cttcatctat gaggggggtt 120
tactatcctg atgaaatttt tagatcagac actctttatt taactcagga tttatttctt 180
ccattttatt ctaatgttac agggtttcat actattaatc atacgtttgg caaccctgtc 240
atacctttta aggatggtat ttattttget gccacagaga aatcaaatgt tgtecgtggt 300

tgggtttttg gttctaccat gaacaacaag tcacagtcgg tgattattat taacaattct 360
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actaatgttg ttatacgagc atgtaacttt gaattgtgtg acaacccttt ctttgotgtt 420
tctaaaccca tgggtacaca gacacatact atgatattcg ataatgcatt taattgcact 480
ttcgagtaca tatctgatge cttttegett gatgtttcag aaaagtcagg taattttaaa 540
cacttacgag agtttgtgtt taaaaataaa gatgggtttc tctatgttta taagggctat 600
caacctatag atgtagttcg tgatctacct tctggtttta acactttgaa acctattttt 660
aagttgcete ttggtattaa cattacaaat tttagagcca ttcttacage cttttcacct 720
gctcaagaca tttggggcac gtcagcetgeca gecctattttg ttggectattt aaagecaact 780
acatttatgc tcaagtatga tgaaaatggt acaatcacag atgctgttga ttgttctcaa 840
aatccacttg ctgaactcaa atgctctgtt aagagectttg agattgacaa aggaatttac 900
cagacctcta atttcagggt tgttccctca ggagatgttg tgagattccc taatattaca 960
aacttgtgtc cttttggaga ggtttttaat gctactaaat tccettetgt ctatgeatgg 1020
gagagaaaaa aaatttctaa ttgtgttgct gattacteotg tgctctacaa ctcaacattt 1080
ttttcaacct ttaagtgeta tggcgtttcet geccactaagt tgaatgatet ttgettetcee 1140
aatgtctatg cagattcttt tgtagtcaag ggagatgatg taagacaaat agcgccagga 1200
caaactggtg ttattgctga ttataattat aaattgccag atgatttcat gggttgtgtc 1260
cttgettgga atactaggaa cattgatget acttcaactg gtaattataa ttataaatat 1320
aggtatctta gacatggcaa gettaggece tttgagagag acatatctaa tgtgecttte 1380
tcccctgatg gcaaaccttg caccccacct getcttaatt gttattggec attaaatgat 1440
tatggttttt acaccactac tggcattggc taccaacctt acagagttgt agtactttct 1500
tttgaacttt taaatgcacc ggccacggtt tgtggaccaa aattatccac tgaccttatt 1560
aagaaccagt gtgtcaattt taattttaat ggactcactg gtactggtgt gttaactcct 1620
tcttcaaaga gatttcaace atttcaacaa tttggecgtg atgtttetga tttecactgat 1680
tccegttcegag atcctaaaac atctgaaata ttagacattt caccttgete ttttgggggt 1740
gtaagtgtaa ttacacctgg aacaaatgct tcatctgaag ttgctgttcet atatcaagat 1800
gttaactgca ctgatgtttc tacagcaatt catgcagatc aactcacacc agcttggcge 1860
atatattcta ctggaaacaa tgtattccag actcaagcag gectgtcttat aggagcoctgag 1920
catgtcgaca cttcttatga gtgcgacatt cctattggag ctggecatttg tgctagttac 1980
catacagttt ctttattacg tagtactagc caaaaatcta ttgtggetta tactatgtcet 2040
ttaggtgctg atagttcaat tgcttactct aataacacca ttgctatacc tactaacttt 2100
tcaattagca ttactacaga agtaatgcct gtttctatgg ctaaaacctc cgtagattgt 2160
aatatgtaca tctgcggaga ttctactgaa tgtgctaatt tgcttctcca atatggtage 2220
ttttgcacac aactaaatcg tgcactctca ggtattgetg ctgaacagga tcgecaacaca 2280
cgtgaagtgt tcgctcaagt caaacaaatg tacaaaaccc caactttgaa atattttggt 2340
ggttttaatt tttcacaaat attacctgac cctctaaage caactaagag gtcttttatt 2400
gaggacttgc tctttaataa ggtgacactc gctgatgctg gcttcatgaa gcaatatgge 2460
gaatgcctag gtgatattaa tgctagagat ctcatttgtg cgcagaagtt caatggactt 2520
acagtgttge cacctectget cactgatgat atgattgetg cctacactge tgetctagtt 2580

agtggtactg ccactgetgg atggacattt ggtgetggeg ctgctettca aatacctttt 2640
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gctatgcaaa tggcatatag gttcaatgge attggagtta cccaaaatgt tctectatgag 2700
aaccaaaaac aaatcgccaa ccaatttaac aaggegatta gtcaaattca agaatcactt 2760
acaacaacat caactgcatt gggcaagctg caagacgttg ttaaccagaa tgctcaagca 2820
ttaaacacac ttgttaaaca acttagctct aattttggtg caatttcaag tgtgctaaat 2880
gatatccttt cgcgacttga taaagtcgag gcggaggtac aaattgacag gttaattaca 2940
ggcagacttc aaagccttca aacctatgta acacaacaac taatcaggge tgctgaaatc 3000
agggcttetg ctaatcttge tgctactaaa atgtetgagt gtgttettgg acaatcaaaa 3060
agagttgact tttgtggaaa gggctaccac cttatgtcet tcccacaage agccccgeat 3120
ggtgttgtet tcctacatgt cacgtatgtg ccatcccagg agaggaactt caccacagceg 3180
ccagcaattt gtcatgaagg caaagcatac ttccctcgtg aaggtgtttt tgtgtttaat 3240
ggcacttett ggtttattac acagaggaac ttcttttotc cacaaataat tactacagac 3300
aatacatttg tctcaggaaa ttgtgatgtc gttattggea tcattaacaa cacagtttat 3360
gatcctetge aacctgaget cgactcattc aaagaagage tggacaagta cttcaaaaat 3420
catacatcac cagatgttga tcttggcgac atttcaggca ttaacgette tgtcgtcaac 3480
attcaaaaag aaattgaccg cctcaatgag gtcgctaaaa atttaaatga atcactcatt 3540
gaccttcaag aattgggaaa atatgagcaa tatattaaat ggccttggta tgtttggetce 3600
ggcttecattg ctggactaat tgccatecgte atggttacaa tettgetttg ttgeatgact 3660
agttgttgeca gttgectcaa gggtgcatge tcettgtggtt cttgetgcaa gtttgatgag 3720
gatgactctg agccagttct caagggtgtc aaattacatt acacataa 3768
<210> SEQ ID NO 8

<211> LENGTH: 3768

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus Tor2

<400> SEQUENCE: 8

atgtttattt tcttattatt tcecttactctc actagtggta gtgaccttga ccggtgcacc 60
acttttgatg atgttcaagc tcctaattac actcaacata cttcatctat gaggggggtt 120
tactatcctg atgaaatttt tagatcagac actctttatt taactcagga tttatttett 180
ccattttatt ctaatgttac agggtttcat actattaatc atacgtttgg caaccctgte 240
atacctttta aggatggtat ttattttgct gccacagaga aatcaaatgt tgtccgtggt 300
tgggtttttg gttctaccat gaacaacaag tcacagtcgg tgattattat taacaattct 360
actaatgttg ttatacgagc atgtaacttt gaattgtgtg acaacccttt ctttgctgtt 420
tctaaaccca tgggtacaca gacacatact atgatattcg ataatgcatt taattgcact 480
ttcgagtaca tatctgatge cttttegett gatgtttcag aaaagtcagg taattttaaa 540
cacttacgag agtttgtgtt taaaaataaa gatgggtttc tctatgttta taagggctat 600
caacctatag atgtagttcg tgatctacct tctggtttta acactttgaa acctattttt 660
aagttgccte ttggtattaa cattacaaat tttagagcca ttcttacage cttttcacct 720
gctcaagaca tttggggcac gtcagctgca gcctattttg ttggctattt aaagccaact 780
acatttatge tcaagtatga tgaaaatggt acaatcacag atgctgttga ttgttctcaa 840

aatccacttg ctgaactcaa atgctctgtt aagagctttg agattgacaa aggaatttac 900
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cagacctcta atttcagggt tgttccctca ggagatgttg tgagattcce taatattaca 960
aacttgtgte cttttggaga ggtttttaat gectactaaat tccettetgt ctatgeatgg 1020
gagagaaaaa aaatttctaa ttgtgttgct gattactctg tgctctacaa ctcaacattt 1080
ttttcaacct ttaagtgcta tggcgtttcet gccactaagt tgaatgatct ttgettetcec 1140
aatgtctatg cagattcttt tgtagtcaag ggagatgatg taagacaaat agcgccagga 1200
caaactggtg ttattgctga ttataattat aaattgccag atgatttcat gggttgtgtce 1260
cttgettgga atactaggaa cattgatget acttcaactg gtaattataa ttataaatat 1320
aggtatctta gacatggcaa gcttaggccc tttgagagag acatatctaa tgtgectttce 1380
tcccctgatg gcaaaccttg caccccacct gotcttaatt gttattggec attaaatgat 1440
tatggttttt acaccactac tggcattggc taccaacctt acagagttgt agtactttct 1500
tttgaacttt taaatgcacc ggccacggtt tgtggaccaa aattatccac tgaccttatt 1560
aagaaccagt gtgtcaattt taattttaat ggactcactg gtactggtgt gttaactecet 1620
tcttcaaaga gatttcaacc atttcaacaa tttggccgtg atgtttectga tttcactgat 1680
tccgttcegag atcctaaaac atctgaaata ttagacattt caccttgege ttttgggggt 1740
gtaagtgtaa ttacacctgg aacaaatgct tcatctgaag ttgctgttct atatcaagat 1800
gttaactgca ctgatgtttc tacagcaatt catgcagatc aactcacacc agecttggege 1860
atatatteta ctggaaacaa tgtattccag actcaagrag getgtettat aggagetgag 1920
catgtcgaca cttcttatga gtgcgacatt cctattggag ctggecatttg tgctagttac 1980
catacagttt ctttattacg tagtactagc caaaaatcta ttgtggetta tactatgtct 2040
ttaggtgctg atagttcaat tgcttactct aataacacca ttgctatacc tactaacttt 2100
tcaattagca ttactacaga agtaatgcct gtttctatgg ctaaaacctc cgtagattgt 2160
aatatgtaca tectgeggaga ttctactgaa tgtgetaatt tgettetcca atatggtage 2220
ttttgcacac aactaaatcg tgcactctca ggtattgetg ctgaacagga tcgcaacaca 2280
cgtgaagtgt tcgctcaagt caaacaaatg tacaaaaccc caactttgaa atattttggt 2340
ggttttaatt tttcacaaat attacctgac cctctaaagc caactaagag gtcttttatt 2400
gaggacttgc tctttaataa ggtgacactc gctgatgetg gettcatgaa gcaatatgge 2460
gaatgcctag gtgatattaa tgctagagat ctcatttgtg cgcagaagtt caatggactt 2520
acagtgttge cacctctget cactgatgat atgattgcoctg cctacactge tgctctagtt 2580
agtggtactg ccactgetgg atggacattt ggtgctggeg ctgctettca aatacctttt 2640
gctatgcaaa tggcatatag gttcaatggc attggagtta cccaaaatgt tctctatgag 2700
aaccaaaaac aaatcgccaa ccaatttaac aaggcgatta gtcaaattca agaatcactt 2760
acaacaacat caactgcatt gggcaagetg caagacgttg ttaaccagaa tgctcaagea 2820
ttaaacacac ttgttaaaca acttagctct aattttggtg caatttcaag tgtgctaaat 2880
gatatccttt cgcgacttga taaagtcgag gcggaggtac aaattgacag gttaattaca 2940
ggcagacttc aaagccttca aacctatgta acacaacaac taatcagggc tgctgaaatc 3000
agggcttctg ctaatcttgc tgctactaaa atgtctgagt gtgttcttgg acaatcaaaa 3060
agagttgact tttgtggaaa gggctaccac cttatgteocet tecccacaage agececgeat 3120

ggtgttgtet tcctacatgt cacgtatgtg ccatcccagg agaggaactt caccacageg 3180
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ccagcaattt gtcatgaagg caaagcatac ttccctegtg aaggtgtttt tgtgtttaat 3240
ggcacttett ggtttattac acagaggaac ttetttteote cacaaataat tactacagac 3300
aatacatttg tctcaggaaa ttgtgatgtc gttattggeca tcattaacaa cacagtttat 3360
gatcctetge aacctgaget tgactcattc aaagaagagce tggacaagta cttcaaaaat 3420
catacatcac cagatgttga tcttggcgac atttcaggca ttaacgcttc tgtcgtcaac 3480
attcaaaaag aaattgaccg cctcaatgag gtcgectaaaa atttaaatga atcactcatt 3540
gaccttcaag aattgggaaa atatgagcaa tatattaaat ggeettggta tgtttggete 3600
ggcttcattg ctggactaat tgccatcgtc atggttacaa tcttgetttg ttgcatgact 3660
agttgttgca gttgectcaa gggtgcatge tottgtggtt cttgctgcaa gtttgatgag 3720
gatgactctg agccagttct caagggtgtc aaattacatt acacataa 3768
<210> SEQ ID NO 9

<211> LENGTH: 4092

<212> TYPE: DNA

<213> ORGANISM: Bovine coronavirus

<400> SEQUENCE: 9

atgtttttga tacttttaat ttccttacca atggcttttg ctgttatagg agatttaaag 60
tgtactacgg tttccattaa tgatgttgac accggtgcte cctectattag cactgatatt 120
gtcgatgtta ctaatggttt aggtacttat tatgttttag atcgtgtgta tttaaatact 180
acgttgttgc ttaatggtta ctaccctact tcaggttcta catatcgtaa tatggcactg 240
aagggaactt tactattgag cagactatgg tttaaaccac cttttetttce tgattttatt 300
aatggtattt ttgctaaggt caaaaatacc aaggttatta aaaagggtgt aatgtatagt 360
gagtttcctg ctataactat aggtagtact tttgtaaata catcctatag tgtggtagta 420
caaccacata ctaccaattt ggataataaa ttacaaggtc tcttagagat ctetgtttge 480
cagtatacta tgtgcgagta cccacatacg atttgtcatc ctaagctggg taataaacgc 540
gtagaactat ggcattggga tacaggtgtt gtttcctgtt tatataagcg taatttcaca 600
tatgatgtga atgctgatta cttgtatttc catttttatc aagaaggtgg tactttttat 660
gcatatttta cagacactgg tgttgttact aagtttctgt ttaatgttta tttaggcacg 720
gtgctttecac attattatgt cctgecetttg acttgttcta gtgetatgac tttagaatat 780
tgggttacac ctctcactte taaacaatat ttactagctt tcaatcaaga tggtgttatt 840
tttaatgctg ttgattgtaa gagtgatttt atgagtgaga ttaagtgtaa aacactatct 900
atagcaccat ctactggtgt ttatgaatta aacggttaca ctgttcagcc aattgcagat 960
gtttaccgac gtatacctaa tcttcccgat tgtaatatag aggcttgget taatgataag 1020
teggtgeect ctecattaaa ttgggaacgt aagacctttt caaattgtaa ttttaatatg 1080
agcagcctga tgtcttttat tcaggcagac tcatttactt gtaataatat tgatgctget 1140
aagatatatg gtatgtgttt ttccagcata actatagata agtttgctat acccaatggt 1200
aggaaggttg acctacaatt gggcaatttg ggctatttgc agtcttttaa ctatagaatt 1260
gatactactg ctacaagttg tcagttgtat tataatttac ctgctgctaa tgtttctgtt 1320
agcaggttta atccttctac ttggaatagg agatttggtt ttacagaaca atttgttttt 1380

aagcctcaac ctgtaggtgt ttttactcat catgatgttg tttatgcaca acattgtttt 1440
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aaagctccca aaaatttetg tcegtgtaaa ttggatgggt ctttgtgtgt aggtaatggt 1500
cctggtatag atgetggtta taaaaatagt ggtataggea cttgtectge aggtactaat 1560
tatttaactt gccataatge tgcccaatgt gattgtttgt gcactccega ccccattaca 1620
tctaaatcta cagggcctta caagtgcccc caaactaaat acttagttgg cataggtgag 1680
cactgttcgg gtcttgctat taaaagtgat tattgtggag gtaatccttg tacttgccaa 1740
ccacaagcat ttttgggttg gtetgttgac tcttgtttac aaggggatag gtgtaatatt 1800
tttgctaatt ttattttteca tgatgttaat agtggtacta cttgttetac tgatttacaa 1860
aaatcaaaca cagacataat tcttggtgtt tgtgttaatt atgatcttta tggtattaca 1920
ggccaaggta tttttgttga ggttaatgcg acttattata atagttggca gaacctttta 1980
tatgattcta atggtaatct ctatggtttt agagactact taacaaacag aacttttatg 2040
attcgtagtt gctatagegg togtgtttca geggecttte atgectaacte ttcegaacca 2100
gcattgetat ttecggaatat taaatgcaat tacgttttta ataatactet ttcacgacag 2160
ctgcaaccta ttaactattt tgatagttat cttggttgtg ttgtcaatge tgataatagt 2220
acttctagtg ttgttcaaac atgtgatctc acagtaggta gtggttactg tgtggattac 2280
tctacaaaaa gacgaagtcg tagagcgatt accactggtt atcggtttac taattttgag 2340
ccatttactg ttaattcagt aaatgatagt ttagaacctg taggtggttt gtatgaaatt 2400
caaatacctt cagagtttac tataggtaat atggaggagt ttattcaaac aagetctect 2460
aaagttacta ttgattgttc tgcttttgtc tgtggtgatt atgcagcatg taaatcacag 2520
ttggttgaat atggtagett ctgtgacaat attaatgcta tactcacaga agtaaatgaa 2580
ctacttgaca ctacacagtt gcaagtagct aatagtttaa tgaatggtgt cactcttagce 2640
actaagctta aagatggcgt taatttcaat gtagacgaca tcaatttttc ccctgtatta 2700
ggttgtttag gaagegettyg taataaagtt tccageagat ctgetataga ggatttactt 2760
ttttctaaag taaagttatc tgatgtcggt ttcgttgagg cttataataa ttgtactgga 2820
ggtgccgaaa ttagggacct catttgtgtg caaagttata atggtatcaa agtgttgect 2880
ccactgctct cagtaaatca gatcagtgga tacactttgg ctgccacctc tgctagtctg 2940
tttecteoett tgtcagcage agtaggtgta ccattttatt taaatgttca gtatcgtatt 3000
aatgggattg gtgttaccat ggatgtgtta agtcaaaatc aaaagcttat tgctaatgca 3060
tttaacaatg ctcttgatge tattcaggaa gggtttgatg ctaccaattc tgctttagtt 3120
aaaattcaag ctgttgttaa tgcaaatgct gaagctctta ataacttatt gcaacaactc 3180
tctaatagat ttggtgctat aagttcttct ttacaagaaa ttctatctag actggatget 3240
cttgaagcgce aagctcagat agacagactt attaatgggc gtcttaccgc tcttaatgtt 3300
tatgtttete aacagettag tgattctaca ctagtaaaat ttagtgeage acaagetatg 3360
gagaaggtta atgaatgtgt caaaagccaa tcatctagga taaatttttg tggtaatggt 3420
aatcatatta tatcattagt gcagaatgct ccatatggtt tgtattttat ccactttage 3480
tatgtcccta ctaagtatgt cactgcgaag gttagtcceg gtctgtgcat tgctggtgat 3540
agaggtatag cccctaagag tggttatttt gttaatgtaa ataatacttg gatgttcact 3600
ggtagtggtt attactaccc tgaacccata actggaaata atgttgttgt tatgagtacce 3660

tgtgctgtta actatactaa agecgeccggat gtaatgctga acatttcaac acccaaccte 3720
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catgatttta aggaagagtt ggatcaatgg tttaaaaacc aaacatcagt ggcaccagat 3780
ttgtcacttg attatataaa tgttacattec ttggacctac aagatgaaat gaataggtta 3840
caggaggcaa taaaagtttt aaatcagagc tacatcaatc tcaaggacat tggtacatat 3900
gagtattatg taaaatggcc ttggtatgta tggcttttaa ttggetttge tggtgtaget 3960
atgcttgttt tactattctt catatgctgt tgtacaggat gtgggactag ttgttttaag 4020
atatgtggtg gttgttgtga tgattatact ggacaccagg agttagtaat taaaacatca 4080
catgacgact aa 4092
<210> SEQ ID NO 10

<211> LENGTH: 4050

<212> TYPE: DNA

<213> ORGANISM: Porcine hemagglutinating encephalomyelitis coronavirus
<400> SEQUENCE: 10

atgtttttta tacttttaat ctccectgecet tetgettttg cagttatagg ggatttaaag 60
tgtactactt cattaattaa tgacgttgac actggtgtge catctattag ctctgaagtt 120
gttgatgtca ctaatggttt ggggactttc tatgttttag atcgtgtceta tttaaatacc 180
acattgttgc tcaatggtta ttacccaatt tcaggtgcta catttcgtaa tatggctctg 240
aaaggaactc gattattgag caccttgtgg tttaagccge cttttttatc accttttaat 300
gatggtattt ttgccaaggt taaaaacage agattttcota aagatggtgt tatttatagt 360
gagtttcetg ctattactat aggtagtact tttgtaaata cttecctatag catagtagta 420
gagcctcata cctcacttat taatggtaat ttacaaggtt tgttgcaaat ttetgtttgt 480
caatacacta tgtgtgaata cccacatact atttgtcatc ctaatttggg taatcaacgc 540
atagaattat ggcattatga cacagatgtt gtttcttgtt tatacaggcg taatttcaca 600
tatgatgtga atgctgatta tttatatttt cacttttate aggaaggtgg cactttttat 660
gcatacttta cagatactgg ttttgtgacc aagtttctgt ttaagttgta tttaggcact 720
gtgctgtcac attattatgt tatgccattg acttgtaata gcgetttatce tttagaatac 780
tgggttacac ctctcactac tagacaattt cttctagcct ttgaccagga tggtgtttta 8B40
taccatgcetg ttgattgtge tagtgatttt atgagtgaga ttatgtgtaa aacttcttca 900
attacaccac ctactggtgt ttatgaacta aacggttaca cagttcaacc tgttgccact 960
gtatatcgta gaatacctga tttacccaat tgcgatatcg aagettgget taattctaag 1020
accgtttett cgectecttaa ttgggaacgt aaaatttttt ctaattgtaa ttttaacatg 1080
ggcaggctga tgtcttttat tcaggctgac tcttttggtt gtaacaatat tgatgcttcet 1140
cgcttatatg gtatgtgttt tggtagcatt actattgata agtttgctat acccaatagt 1200
agaaaggttg atctgcaagt gggtaaatct ggttatttac aatcttttaa ttataagatt 1260
gacactgctg ttagcagttg tcaactctat tatagtttge ctgcagcaaa cgtatctgte 1320
actcattata atccttcatc ttggaataga aggtatgggt ttaataatca gagttttggt 1380
tccagaggee ttcatgatge tgtttattca cagcaatgtt ttaatacacc taacacatat 1440
tgtccttgta gaacaagtca atgcataggt ggtgcaggca caggaacttg tcctgtagge 1500
accactgtge geaagtgttt tgctgcagtt acaaaageta ctaagtgtac ttgetggtgt 1560

caaccagatc cttccacata taaaggtgta aacqgcctgga cttgtccgeca atctaaagtt 1620
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tctatacaac caggtcagca ttgccetggt ttgggtcttg tggaggatga ttgcotctgge 1680
aacccttgea cttgtaaacc acaggettte ataggetgga gttcagaaac ttgtttgeaa 1740
aatggtaggt gtaatatttt tgctaatttt attctgaatg atgttaatag cggtacaacc 1800
tgttctactg atttacaaca gggtaatact attattacta ctgatgtttg tgttaattat 1860
gacctatatg gcattacagg ccagggcata cttatagaag ttaatgccac ttattataat 1920
agttggcaga atcttcttta tgattctagt ggtaatctct atggectttag agattattta 1980
tcaaatagaa cttttettat tegtagetge tatagtggaa gagtttcage agttttteat 2040
gctaactcat ctgaaccagc tttgatgttt cqtaatctta aatgcagcca cgtttttaat 2100
aataccattt taagacaaat acagcttgtt aactattttg atagttacct tggttgtgtt 2160
gttaatgctt ataataatac agctagtgct gtaagtactt gtgatttaac cgttggtagce 2220
ggctattgtg ttgattatgt tacagcactt agatcacgta gatcttttac tacaggttat 2280
cgctttacta attttgaacc atttgecget aatttggtaa atgatagtat agaacctgtt 2340
ggtggtttgt atgaaataca gataccttca gagtttacca ttggtaattt agaagagttc 2400
attcaaacga gatcccctaa ggttactata gactgtgcocta catttgtttg tggtgactat 2460
gcagcatgta gacaacagtt agctgagtat ggtagttttt gtgagaacat taatgctata 2520
ctcacagaag taaatgaact acttgacact acacagttgc aagtagctaa tagtttaatg 2580
aatggagtca cccttagtac caagattaag gatggcatta atttcaatgt tgacgatate 2640
aacttctece ctgtattagg ttgtttagga agcgaatgta atagagettce cactagatct 2700
gctatagagg atttactttt tgataaagta aaattgtctg atgtcggett tgtacaggec 2760
tataataact gcactggagg tgccgaaatt agggatctca tttgtgtgca aagttataat 2820
ggtatcaaag tgttgcctcc attgttatct gaaaatcaga tcagtggcta cactttggca 2880
gccaccgetg ctagettatt ccctecettgg acagetgrag caggtgtace attttattta 2940
aatgttcagt atcgtataaa tgggcttgge gtcactatqgg atgtgctaag tcaaaaccaa 3000
aagcttattg ctagtgcatt taacaatgct cttgatgcta tccaggaagg gttcgacgca 3060
accaattctg ctttagttaa aattcaggct gttgttaatg caaatgctga agcacttaat 3120
aacttattgc agcaactctc taacagattt ggtgccataa gtgectcttt acaagaaatt 3180
ttatccagge tcgatgetet tgaagetaaa getcagatag acagacttat caatgggegt 3240
ctcaccgete ttaatgetta tgtttctcag cagettagtg attctacact agtaaaattt 3300
agtgcagcac aagctattga gaaagttaat gaatgtgtta aaagccaatc atctaggata 3360
aatttctgtg gtaatggtaa tcatattata tcattagtac agaatgctcc atatggtttg 3420
tattttatcc attttagcta tgtccccacc aagtatgtta cagcaaaggt tagtcctggt 3480
ttgtgcattg ctggegatat aggaatatcg cctaagagtg gttattttat taatgtaaat 3540
aattcttgga tgttcactgg tagtagctat tactaccctg aacctataac ccaaaataat 3600
gttgttgtga tgagtacctg tgctgttaat tatactaaag caccggatct aatgctgaac 3660
acatcgacac ccaaccttcc tgacttcaag gaagaattgt atcaatggtt taaaaaccaa 3720
tcttcagtgg caccagattt gtcacttgat tatattaatg ttacgttctt ggacctacaa 3780
gatgaaatga ataggttaca agaggctata aaagttttaa atcagagecta catcaatcte 3840

aaggacattg gtacatatga gtattatgtg aaatggcctt ggtatgtatg gettttaatt 3900
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ggccttgetg gtgtagetat geottgtttta ctattettca tatgetgetg tacaggatgt 3960
gggactagtt gttttaagaa atgtggcggt tgttgtgatg attatactgg acaccaggag 4020
tttgtaatca aaacttcaca tgacgattaa 4050
<210> SEQ ID NO 11

<211> LENGTH: 4086

<212> TYPE: DNA

<213> ORGANISM: Murine hepatitis virus

<400> SEQUENCE: 11

atgctattcg tgtttttaac cttgttgcce tcttctctag ggtatattgg tgattttaga 60
tgtatccaac ttgtaaatac cgacacctct aatgccagcg ctccaagcgt tagtacagag 120
gtagttgatg tttccaaagg gattggtact tattatgttt tagatcgagt ctatttaaat 180
gcracactat tgcttactgg ttattaccct gtagatgggt ccatgtatag aaacatgget 240
ctaacgggaa ttaataccat aagccttaat tggtacaaac cacccttttt atcagagttt 300
aatgatggca tatttgctaa ggtaaagaac cttaaagcat ctttgcccaa agattctatt 360
tcatatttcc ctactataat tataggtagt aattttgtca ccacttccta tactgtagta 420
ttggaaccgt ataatggtat aattatggca tccatttgcc agtataccat ttgtcaacta 480
ccgtacacgg attgcaaacc gaatacggge ggtaataagt taattggett ttggcacaca 540
gagctaaaat cccctgtgtg cattttaaag cgtaatttta cgtttaatgt taatgccgaa 600
tggctttatt ttcattttta ccagcagggt ggtacttttt atgegtatta tgcggatgtt 660
tcottotgota ctacgttttt gtttagtatg tatattggtg atgtgttaac acaatatttt 720
gtgttgcett atatgtgtac tctcactaca acaggtgtct tttcaccgca gtattgggtt 780
acacctcttg tcaagcgcca atatttattt aattttaatc aaaagggtat tattactagt 840
gctgttgatt gtgctagtag ttataccage gaaataaagt gtaagaccca aagtatgaat 900
cccaatacgg gagtttatga tttatccggt tacaccgtcc aacctgtagg attagtgtac 960
cggegtgtta gaaatttgec tgattgtaaa attgaggaat ggctaactgc taagtctgta 1020
ccttctecte tcaattggga gocgcaaaaca tttcaaaatt gtaacttcga cctgagcagt 1080
ctattaagat ttgttcaggc tgagtcactc tcatgtagta atatagatgc ttccaaggtt 1140
tatggtatgt gctttggtag tatatctata gacaagtttg cgatacccaa tagacgccga 1200
gttgatttge agctaggcaa ctctgggttt ttgcaatcet ttaattacaa aatagataca 1260
agagctactt cgtgtcaget ctattatagt cttgcaaaaa ataatgtcac tgtcaataac 1320
cataacccgt cctcttggaa caggcgttat gggttcaatg atgtggctac atttggaact 1380
ggtaaacatg acgttgctta tgctgaggct tgttttaccg tgggagcatc atattgccct 1440
tgcgegaace ccageatagt gtegecatgt accactggaa aacctaactt tgecaattge 1500
cctacaggeca cctcgaatcg tgagtgcact gttatgecat tggctaataa tcaatttaag 1560
tgtgattgca cttgtaacce tagtcctcta accacctatg atcttagatg tctccaagea 1620
agaagcatgc ttggcgtagg tgatcattgt gaaggtctag gagttttaga agataaatgt 1680
ggtggcagca acacctgcaa ttgttctget catgecctttg ttggctggge taaggatagt 1740
tgettggeta atggeegetg tcacattttt agtaatttga tgttaaatgg cattaatagt 1800

ggtactacat gttccatgga tttgcaattg cctaatactg aagtggtcac tggecgtctge 1860
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gtcaaatatg acctctacgg tataacaggc caaggtattt ttaaggaggt taaggctgac 1920
tattatcata gttggcaaaa cctettatat gatgttaatg gcaacttaat cggatttege 1980
gattttgttg ctaataagag ttatactatt cgaagttget atagtgggeg ggtctcgget 2040
gcatatcatc aagatgcacc agaaccagcg ctactatatc gcaatttaaa atgtgactat 2100
gtctttaaca acaacatatc ccgtgaggag acaccactta actatttcga tagttatctt 2160
ggttgtgttg ttaatgectga caactcaact gaagaagctg ttgacgegtg tgatttgegt 2220
atgggtagtg ggctttgtgt caactattca acgtectcacce gegetegeag ctetgteage 2280
acgggttata aattaactac ttttgaacca tttacagtcc gcattgtcaa tgatagtgtt 2340
gagtctgttg atgggttata tgagctgcaa ataccaacca actttactat agctagccat 2400
caggagttcg ttcaaacgag gtctccaaag gttactatag actgtgctge atttgtetgt 2460
ggtggccaca cagcatgccg tcagcagttg gttgagtacg getcattetg tgataatatt 2520
aatgeccatte ttggegaggt aaataacctc atagatacta tgcaacttca agttgcaagt 2580
gctttaatce aaggtgtcac gttaagctca cgettatcgg atggecattgg tggtcaaata 2640
gatgatatta attttagtcc tctgettggt tgtttaggtt ctgactgtgg cgaagttacce 2700
atggcagctc aaaccggacg atctgctata gaggatgtat tatttgacaa agtcaaactc 2760
tctgatgttg geotttgtcga agcatataac aattgcactg gaggccaaga agttagagac 2820
ctactttgtg tgcaatcttt taatggcatc aaagtgetac cgeetgtgtt gtectgagaat 2880
caaatttetg gttatacage gggagctact gtatctgcocta tgttcccatg gtctgcaget 2940
gcaggtgtge cattttettt aagtgttcaa tatagaatta atggtcttgg tgtcactatg 3000
aatgttctta gtgaaaatca gaaaatgata gcaagtgcat ttaacaacgc gataggtgct 3060
atacaggaag ggtttgctgc aaccaattct gccttagcaa aaatgcagtt cgttgtcaat 3120
gcaaatgegg aagcactcaa taatttatta aaccagettt ccaataggtt tggtgcaatt 3180
agtgcttett tacaagaaat tctatctcge ctagatgcocte ttgaagecgeca ggctcagata 3240
gaccgtctta ttaatggcag attaactgca cttaatgcat atgtctctaa gcagectgagt 3300
gacatgaccc ttgttaaggt gagtgcagcc caggctatag agaaagttaa tgagtgtgtt 3360
aaaagccaat catctaggat aaatttctgt ggcaatggca atcatatatt gtcattagtce 3420
cagaatgege cttatggttt atattttatt catttcaget atgtgectac ttcctttaca 3480
acggcaaatg tgagtcctgg gctatgcatt tctggtgata gaggattage acctaaaget 3540
ggatattttg ttcaagatga tggagagtgg aagttcacag gtagtaatta ttattaccct 3600
gaacccatta cagataaaaa tagtgtcgtg atgagtagtt gcgcagcaaa ctacacaaag 3660
gcacctgaag ttttcttgaa cacttcaata cctaatctac ccgactttaa ggaggagtta 3720
gataaatggt ttaaaaatca gacgtctatt gegectgatt tatectetega tttcgagaaa 3780
ttaaacgtta ccctecctgga cctgactgat gagatgaaca ggattcagga tgcaattaag 3840
aagttaaatg agagttacat caacctcaag gacgttggca catatgaaat gtatgtgaaa 3900
tggccttggt atgtgtggtt gctaattgga ttagectggtg tagetgtttg tgtgttgtta 3960
tttttcatat gttgctgcac gggttgtgge tcatgttgtt tcaagaagtg tggaaattgt 4020
tgtgatgagt gtggaggaca ccaggacagt attgtgatac ataatattte ctetcatgag 4080

gattga 4086
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<210> SEQ ID NO 12

<211> LENGTH: 4083

<212> TYPE: DNA

<213> ORGANISM: Rat coronavirus

<400> SEQUENCE: 12

atgctattcg tgtttttaac cctattgccce tcttgtctag ggtatattgg tgattttaga
tgtatcaacc ttgtaaacac ccgcatttct aatgcgegeg cacccagtgt tagcacagag
gtagttgatg tttctaaagg tcttggtaca tattacgttt tagatcgtgt ttatttaaat
gccacgttat tgcttactgg ttactaccct gtagatgggt ccatgtatcg taacatggcet
ctaatgggta ctaatacctt aagccttaat tggtttgaac cgcccttttt atcagagttt
aacgatggca tatatgctaa ggtaaagaac ctcaaagcat ctttgcccat aggctcggect
tcatacttte ctactataat tataggtagt aattttgtta atacttccta tactgtagta
ttggaaccat acaatggtat tattatggca tctatttgec agtataccat ttgtcaatta
ccgcacacgg attgcaaacc taacacgggc ggtaacacgc taattggttt ttggcacaca
gatttaaggc ctccggtgtg cattttaaag cgtaatttta cgtttaatgt taatgccgaa
tggctttatt ttcattttta ccagcagggt ggtacttttt atgcgtatta tgcagatgtt
tecttetgeca ctacgttttt gtttagttcg tatattggtg ctgtgttaac acagtatttt
gtgttgecett atatgtgtag tcccactacc tcaggtgttt cctcaccgea gtattgggtt
acaccacttg ttaagcgcca atatttattt aattttaacc aaaagggtat tattactagc
gctgttgatt gtgctagtag ttataccagt gaaataaagt gtaagactca aagtatgaat
cccaatacgg gagtctatga tttatccggt tacaccgtcc aacctgtagg actagtgtac
cggcgtgtta gaaatttgcc tgattgtaaa attgaggaat ggttggctgc taacacagta
cccteteete tcaattggga gegcaaaaca tttcaaaatt gtaacttcaa ccetgageagt
ctattaagat ttgttcaggc tgagtcactc tcatgtagta atatagatgc ttccaaggtt
tatggaatgt gctttggtag catatctata gataaatttg caatacccaa cagtcgccgt
gttgatcttc agctaggtaa atcgggtctt ttgcaatctt ttaattataa aattgataca
agagcgacct cgtgtcaget ctattacagt cttgcacaag ataatgtcac tgtcattaac
cacaacccat cctcctggaa taggcgttat ggatttaatg acgtggctac atttcatagt
ggtgaacatg acgttgctta tgcagaggca tgtttcactg ttggagcttc atattgccct
tgtgcgaagce ccagcacagt ctattcatgt gtcacaggta aacctaagtc tgctaattge
ccaacaggta cctcgaatcg tgagtgtaat gttcaggctt caggttttaa gtctaagtgce
gattgcacat gtaaccctag tcctctaacc acctatgatc ctagatgtct tcaagcgegg
agcatgettg gegtaggtga tcattgtgaa ggtctaggta ttttagaaga taaatgtggt
ggcagcaaca tatgcaattg ttcggctgat gcctttgttg gectgggctat ggacagetgt
ctatctaatg cccgetgeca tatttttagt aatttgatgt taaatggcat taatagtggt
actacatgtt ccacggattt tcaattgcct aatacggaag tggtcactgg cgtttgtgtc
aagtatgacc tctacggtag tacaggccaa ggtgttttta aggaggttaa ggctgattat
tacaatagtt ggcagaacct cttatatgat gttaatggta acttaaatgg tttcegtgac

attgttacca ataagactta tttattaaga agttgctata gtgggcgegt ttcggctgcea

300

360

420

480

540

600

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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tatcatcaag atgcacctga accagcgcta ctatatcgeca atttaaaatg tgattatgtg 2100
tttaataaca acatatceceg tgaggagaca ccacttaact attttgatag ttatttgggt 2160
tgtgttatta atgctgataa ctcaactgag cagtctgttg acgegtgtga tttgcgtatg 2220
ggtagtggge tttgtgtcaa ctattcaatc gctcaccgtg cgegecaggte tgtcagtacg 2280
ggttataaat taactacttt tgaaccattt acagtcagca ttgtcaatga tagtgttgag 2340
tectgttggtg gattatatga gatgcaaata cctactaatt ttactatage tagccatcag 2400
gagttcatte aaacgaggtc tccgaaggtt actatagatt gtgetgeatt tgtetgtggt 2460
gattatacag cgtgtagaca acagttggtt gattatgget ctttttgtga taatattaat 2520
gccattettg gogaggtgaa taacctcata gatactatge aattacaagt tgctagtget 2580
ctgatccaag gtgtcacgct aagttcacgc ttggcagatg gcatctcagg tcagattgat 2640
gatattaatt ttagtcctct tctaggttge cttggetcag attgtagega aggcaccaag 2700
gcagegeaag ggcgatctge tatagaggat gtattatttg ataaggtcaa actctetgat 2760
gttggctttg tcgaatcata taataattgc actggaggtc aagaagttag agacctactt 2820
tgtgtgcaat cttttaatgg cattaaagtg ctaccgcctg tattatccga gagtcaaatc 2880
tctggttata cagcgggage tactgcatct gctatgttecce ctccatggtc tgcagctgea 2940
ggtgtgccat ttgctttaag tgttcaatat agaattaatg gtcttggtgt cactatgaat 3000
gttettagtg aaaaccagaa aatgataget agttcattta acaacgegat aggtgetata 3060
caggaagggt tcgatgcaac caattctgct ttagcgaaaa ttcagtcegt tgtcaacgca 3120
aatgcagaag cactcaataa ccttttgaat cagctttcca ataggtttgg tgcaattagt 3180
gcttctttac aggaaattct atctcgeccte gatgetcttg aagctcagge tcagatagac 3240
cgtcttatta atggcagatt aactgcactt aatgcatatg tctctaagca gctgagcgac 3300
atgaccctta ttaaggtgag tgctgecccag gectatagaga aagttaatga gtgtgttaaa 3360
agccaatcac ctaggataaa tttctgtgge aatggcaatc atatattgtce attagtccag 3420
aatgcgeett acggtttata ttttattcat ttcagcetatg tgcctacatc ctttacaacg 3480
gtaaatgtga gtcctggact atgcatttct ggtgatagag gattagcacc taaagctgga 3540
tattttgtte aagatcatgg agaatggaag ttcacaggta gcaattatta ctaccctgaa 3600
tccattacag ataaaaacag tgtcgtgatg agtagttgeg cagtaaacta cacaaaggca 3660
cctgaagttt tcttgaacac ttcaataact aatctacccg actttaagga ggagttagat 3720
aaatggttta agaatcagac gtctattgtg cctgatttat ctttecgatat cgggaaatta 3780
aatgttacat tccttgacct gtcctatgag atgaacagga ttcaggatgc aattaagaat 3840
ttaaatgaga gttacatcaa cctcaaggaa attggcacat atgagatgta tgtgaaatgg 3900
ccttggtatg tttggetget aattggatta getggtgtag ctgtttgtgt tttgttattt 3960
tttatatgtt gctgcacagg ttgtggetct tgttgtttta agaaatgtgg aaattgttgt 4020
gatgagtatg gaggacgtca ggcaggtatt gtgatacata atatttcctc tcatgaggat 4080
tga 4083
<210> SEQ ID NO 13

<211> LENGTH: 3489

<212> TYPE: DNA
<213> ORGANISM: Infectious bronchitis virus
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<400> SEQUENCE: 13

atgttggtaa cacctctttt actagtgact cttttgtgtg cactatgtag tgctgttttg 60
tatgacagta gttcttacgt ttactactac caaagtgcct tcagaccacc tagtggttgg 120
catttacaag ggggtgctta tgcggtagtt aacatttcta gcgaatttaa taatgcaggce 180
tcttcatcag ggtgtactgt tggtattatt catggtggtc gtgttgttaa tgcttottet 240
atagctatga cggcaccgte atcaggtatg gecttggtcocta gcagtcagtt ttgtactgea 300
cactgtaatt tttcagatac tacagtgttt gttacacatt gttataaaca tggtgggtgt 360
cctttaactg gcatgcttca acagaatctt atacgtgttt ctgctatgaa aaatggccag 420
cttttctata atttaacagt tagtgtagct aagtacccta cttttagatc atttcagtgt 480
gttaataatt taacatccgt atatttaaat ggtgatcttg tttacacctc taatgagacc 540
atagatgtta catctgcagg tgtttatttt aaagetggtg gacctataac ttataaagtt 600
atgagagaag ttaaagccct ggettatttt gttaatggta ctgcacaaga tgttattttg 660
tgtgatggat cacctagagg cttgttagca tgccagtata atactggcaa tttttcagat 720
ggcttttate cttttactaa tagtagttta gttaagcaga agtttattgt ctatcgtgaa 780
aatagtgtta atactacttg tacgttacac aatttcattt ttcataatga gactggcgcc 8B40
aaccctaatce ctagtggtgt tcagaatatt caaacttacc aaacaaaaac agctcagagt 900
ggttattata attttaattt ttcctttetg agtagttttg tttataagga gtctaatttt 960
atgtatggat cttatcaccc aagttgtaaa tttagactag aaactattaa taatggcttg 1020
tggtttaatt cactttcagt ttcaattget tacggtcctce ttcaaggtgg ttgcaagcaa 1080
tctgtcttta aaggtagagc aacttgttgt tatgcttatt catatggagg tccttcgetg 1140
tgtaaaggtg tttattcagg tgagttagat cataattttg aatgtggact gttagtttat 1200
gttactaaga geggtggete tcgtatacaa acageccactg aaccgecagt tataactcaa 1260
aacaattata ataatattac tttaaatact tgtgttgatt ataatatata tggcagaact 1320
ggccaaggtt ttattactaa tgtgaccgac tcagctgtta gttataatta tctagcagac 1380
gcaggtttgg ctattttaga tacatctggt tccatagaca tctttgttgt acaaggtgaa 1440
tatggtctta attattataa ggttaaccct tgecgaagatg tcaaccagca gtttgtagtt 1500
tctggtggta aattagtagg tattcttact tcacgtaatg agactggtte tcagettett 1560
gagaaccagt tttacatcaa aatcactaat ggaacacgtc gttttagacg ttctattact 1620
gaaaatgttg caaattgccc ttatgttagt tatggtaagt tttgtataaa acctgatgge 1680
tcaattgcca caatagtacc aaaacaattg gaacagtttg tggcaccttt atttaatgtt 1740
actgaaaatg tgctcatacc taacagtttc aacttaactg ttacagatga gtacatacaa 1800
acgegtatgg ataaggtcca aattaattge ctgeagtatg tttgtggecag ttetetggat 1860
tgtagaaagt tgtttcaaca atatgggcct gtttgcgaca acatattgtce tgtagtaaat 1920
agtgttggtc aaaaagaaga tatggaactt ttgaatttct attcttctac taaaccgget 1980
ggttttaata caccagttct tagtaatgtt agcactggtg agtttaatat ttctcttetg 2040
ttaacaaatc ctagtagtcg tagaaagcgt tctcttattg aagaccttct atttacaagce 2100
gttgaatetg ttggactacc aacaaatgac gcatataaaa attgcactge aggaccttta 2160

ggctttttta aggaccttge gtgtgetegt gaatataatg gtttgettgt gttgectect 2220
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atcataacag cagaaatgca agctttgtat actagttctc tagtagettc tatggotttt 2280
ggtggtatta ctgcagetgg tgctatacct tttgecacac aactgeagge tagaattaat 2340
cacttgggta ttacccagtc acttttgttg aagaatcaag aaaaaattgc tgcttccttt 2400
aataaggcca ttggtcatat gcaggaaggt tttagaagta catctctage attacaacaa 2460
attcaagatg ttgttagtaa acagagtgct attcttactg agactatggc atcacttaat 2520
aaaaattttg gtgctatttc ttetgtgatt caagaaatct accagcaatt tgacgccata 2580
caagcaaatg ctcaagtgga tcgtcttata actggtagat tgtcatcact ttetgtttta 2640
gcatctgeta agcaggegga gtatattaga gtgtcacaac agecgtgagtt agctactcag 2700
aaaattaatg agtgtgttaa gtcacagtct attaggtact ccttttgtgg taatggacga 2760
catgttctaa ccataccgca aaatgcacct aatggtatag tgtttataca cttttcttat 2820
actccagata gttttgttaa tgttactgeca atagtgggtt tttgtgtaaa geccagctaat 2880
gctagtcagt atgcaatagt gcccgetaat ggtaggggta tttttataca agttaatggt 2940
agttactaca tcactgcacg agatatgtat atgccaagag ctattactgc aggagatgta 3000
gttacgctta cttecttgtca agcaaattat gtaagtgtaa ataagaccgt cattactaca 3060
ttcgtagaca atgatgattt tgattttaat gacgaattgt caaaatggtg gaatgatact 3120
aagcatgagc taccagactt tgacaaattc aattacacag tacctatact tgacattgat 3180
agtgaaattg atcgtattca aggcgttata cagggtctta atgactctet aatagacctt 3240
gaaaaacttt caatactcaa aacttatatt aagtggcctt ggtatgtgtg gttagccata 3300
gcttttgeca ctattatctt catcttaata ctaggatggg ttttettcat gactggttgt 3360
tgtggttgtt gttgtggatg ctttggcatt atgecctctaa tgagtaagtg tggtaagaaa 3420
tcttettatt acacgacttt tgataacgat gtggtaactg aacaatacag acctaaaaag 3480
tetgtttga 3489
<210> SEQ ID NO 14

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus GD69

<400> SEQUENCE: 14

cccacgccag aaggtagatc acgaactaca cgtggg 36
<210> SEQ ID NO 15

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus GD69

<400> SEQUENCE: 15

ctctatgttt ataagggeta tcaacctata gatgtagttc gtgatctace ttetggtttt 60
aacactttga aacctatttt taagttgcct cttgg 95
<210> SEQ ID NO 16

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
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<400> SEQUENCE: 16

ctetatgttt ataagggeta tcaacc 26

<210> SEQ ID NO 17

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 17

ccaagaggca acttaaaaat aggtttc 27

<210> SEQ ID NO 18

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 18

aggctgtaag aa 12

«210> SEQ ID NO 19

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 19

gcccacgcca gaaggtagat cacgaactac acgtgggce 38

<210> SEQ ID NO 20

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 20

taatacgact cactataggc tctatgttta taagggctat caacc 45

<210> SEQ ID NO 21

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 21

aggctgtaag aaccaagagg caacttaaaa ataggtttc 39
<210> SEQ ID NO 22

<211> LENGTH: 231

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus urbani

<400> SEQUENCE: 22
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atgtactcat tcgtttcgga
cttgettteg tggtattett
gcgtactgct gcaatattgt
cgtgttaaaa atctgaactc
<210>
<211>

<212>
<213>

SEQ ID NO 23
LENGTH: 231
TYPE: DNA

<400> SEQUENCE: 23

atgtactcat tcgtttcgga
cttgcttteg tggtattctt
gcgtactget gcaatattgt
cgtgttaaaa atctgaactc
<210>
<211>

<212>
<213>

SEQ ID NO 24
LENGTH: 234
TYPE: DNA
ORGANISM: Human

<400> SEQUENCE: 24

atgttcectta agctagtgga
gtgcttatag tgatactact
acttgccata tgttttgtaa
taccaatcat atatgcacat
<210>
<211>

<212>
<213>

SEQ ID NO 25
LENGTH: 231
TYPE: DNA

<400> SEQUENCE: 25

atgctacaat tagtgaatga

ctotttttee tgettattat

tgtcaccggt tgtgtaatag

aagtcttaca tgcgaattga

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

SEQ ID NO 26
LENGTH: 249
TYPE: DNA

<400> SEQUENCE: 26

agaaacaggt
gctagtcaca
taacgtgagt

ttctgaagga

ORGANISM: SARS coronavirus

agaaacaggt
gctagtcaca
taacgtgagt

ttectgaagga

acgttaatag
ctageccatee
ttagtaaaac

gttcctgatce

Tor?2

acgttaatag
ctagccatcc
ttagtaaaac

gttectgate

corconavirus 0C43

tgatcatget
agtgtgtatt
tagaacagtt

agacccttte

ORGANISM: Porcine epidemic

taatggtcta
aagcattacc
cgcagtttat

cccccteecce

ttggttgtta
acaataatta
tatggcccca

cctaaacgag

ttaatagegt acttettttt
ttactgeget tegattgtgt
caacggttta cgtctactcg

ttctggtceta a

ttaatagcgt acttettttt

ttactgecget tcgattgtgt
caacggttta cgtctactcg

ttctggteta a

atgtactact ctggtgtgtg

aactaattaa gctttgtttc
ttaaaaatgt gtaccacatt

ttattgattt ctaa

diarrhea virus

gtagttaatg
ttcgtecaat
acacctatag

agtactgtta

ttatactttg gcttttcgta

tggttaatct gtgcttcact
ggcgectgta tagagtttat

ttgacgtata a

ORGANISM: Transmissible gastroenteritis virus

atgacgtttc
ttctggttee
aagctatgca
gcttacgatg

cttgettga

ctagggcatt gactgtcata
tgttgataat tatattgata
tggtgtgttg caatttagga

cctataagaa ttttatgcga

gatgacaatg gaatggtcat
ttactttcaa tagcattgct
aggacagtta ttattgttcc

attaaagcat acaaccccga

taacatcatt
aaatataatt
agcgcaacat

tggagcactc

60

120

231

60

120

180

231

60

120

180

60

120

180

231

60

120

180

249
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<210> SEQ ID NO 27

<211> LENGTH: 249

<212> TYPE: DNA

<213> ORGANISM: Porcine respiratory coronavirus

<400> SEQUENCE: 27

atgacgtttc ctagggcatt gactgtcata gatgacaacg gaatggtcat tagcatcatt
ttttggttce tgttgataat tatattgata ttactttcaa tagcattgct aaatataatt
aagctatgca tggtgtgttg caatttagga aggacagtta ttattgttcc agtgcaacat
gcttacgatg cctataagaa ttttatgecga attaaagcat acaaccctga tggagcactce
cttgtttga

<210> SEQ ID NO 28

<211> LENGTH: 249

<212> TYPE: DNA

<213> ORGANISM: Canine coronavirus

<400> SEQUENCE: 28

atgacgttcc ctcgggcatt gactgtcata gatgacaatg gaatggtcat tagtatcatt
ttctggttee tgttgataat tatattgata ttattttcaa tagcattgct aaatataatt
aagctatgca tggtatgttg caatttagga agaacagtta ttattgttcc agctcgacat
gcoctatgatg cctataagaa ttttatgcaa attagagcat acaaccctga tgaagcactce
cttgtttga

<210> SEQ ID NO 29

<211> LENGTH: 249

<212> TYPE: DNA

<213> ORGANISM: Feline coronavirus

<400> SEQUENCE: 29

atgacgttce ctagggcatt tactatcata gatgaccatg gecatggttgt tagegtette
ttctggetee tgttgataat tatattgata ttgttttcaa tagcattgct aaatgttatt
aaattgtgca tggtatgttg caatttgggt aagactatta tagtactacc tgcacgccat
gcatatgatg cctataagac ctttatgcaa accaaggcat ataatcccga cgaagcattt
ttggtttga

<210> SEQ ID NO 30

<211> LENGTH: 267

<212> TYPE: DNA

<213> ORGANISM: Murine hepatitis virus

<400> SEQUENCE: 30

atgtttaatt tattccttac agatacagta tggtatgtgg ggcagattat ttttatagtc
gcagtgtgtt tgatggtcac cataatagtg gttgcecttec ttgegtctat caaactttgt
attcaacttt gcggtttgtg taatactttg ttgctgtctc cttctatttg tgtgtataat
aggagtaagc agctttataa gtattataat gaagaagtga gaccgccccc gttagaggtg
gatgatataa taatccaaac attatga

<210> SEQ ID NO 31

<211> LENGTH: 267

<212> TYPE: DNA
<213> ORGANISM: Rat coronavirus

60

120

240

249

60

120

180

267
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<400> SEQUENCE: 31

atgtttaatt tattccttat agacacagta
gcagtgtgtt tgatggtcac cataattgtg
attcaacttt gcggtttgtg taatactttg
aggagtaagc agctttataa gtattataat
gatgatataa taatccaaac attatga
<210> SEQ ID NO 32

<211> LENGTH: 255
<212> TYPE: DNA

tggtacgtgg ggcagattat ttttatagte
gttgccttece ttgegtctat taaactttgt
ttgctgtcote cttetattta tgtgtataat

gaagaagtga gaccgccccc gttagaggtg

<213> ORGANISM: Bovine coronavirus

<400> SEQUENCE: 32

atgtttatgg ctgatgctta ttttgcagac
atagttgcca tttgtttatt ggttataata
ttgtgtattc aactttgcgg tatgtgtaat
tttaatagag gtaggcagtt ttatgagttt
gtggatgacg tttag

<210> SEQ ID NO 33

<211> LENGTH: 327
<212> TYPE: DNA

actgtgtggt atgtggggca aataattttt
gttgtagtgg catttttggc aacttttaaa
accttagtac tgtccccttc tatttatgtg

tacaacgatg taaaaccacc agttcttgat

<213> ORGANISM: Infectious bronchitis virus

<400> SEQUENCE: 33

atgaatttat tgaataagtc gctagaggag
attgtaggat ttttagcact ttatcttcta
gctgatgett gttgtttatt ttggtataca
gcctttgtat acaagtatac atatggtaga
attgttaacg agtttcctaa gaacggttgg
gcccaacgag acaaattgta ctcttga
<210> SEQ ID NO 34

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus
<400> SEQUENCE: 34

cctcecgecacg aaagcaagaa aaagaagtac
<210> SEQ ID NO 35

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus
<400> SEQUENCE: 35

cggaagaaac aggtacgtta atagttaata
tcttgctagt cacactagcc atccttactg

<210> SEQ ID NO 36
<211> LENGTH: 24

aatggaagtt ttctaacagc gctttacata
ggtagagcac ttcaagcatt tgtacaggct
tgggtagtaa ttccaggage taagggtaca
aaacttaaca atccggaatt agaagcagtt

aataataaaa atccagcaaa ttttcaagat

GD69

gccggagg

GD69

gcgtacttet ttttcttget ttcgtggtat

cgctt

60

180

240

60

120

180

240

38

60

95

Jan. 5, 2006
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 36

cggaagaaac aggtacgtta atag 24

«210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 37

aagcgcagta aggatggeta 20

<210> SEQ ID NO 38

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 38

tattgcagca gtac 14

<210> SEQ ID NO 39

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 39

gcctecgeac gaaagcaaga aaaagaagta cgccggagge 40

<210> SEQ ID NO 40

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 40

taatacgact cactataggc ggaagaaaca ggtacgttaa tag 43

<210> SEQ ID NO 41

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 41

tattgcagca gtacaagegc agtaaggatg gcta 34
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<210> SEQ ID NO 42
«211> LENGTH: 789

«212> TYPE:

DNA

<213> ORGANISM: Transmissible gastroenteritis virus

<400> SEQUENCE: 42

atgaagattt
gctatgaaat
tgcttcaacg
atattgatcg
tatggcatta
tttaatgcat
ggtgcaattg
agaaggacta
gcattaggaa
ttgctttcag
aatttaccaa
ggcaagaagt
ggtgattact

atggtataa

tgttaatatt
ccgatacaga
gaggcgatct
tttttataac
aaatgcttat
actcggaata
ttacatttgt
agtcttggtg
gaagctatgt
ggaatttgta
aatacgtaat
tgaaagcaag

caacagaggc

<210> SEQ ID NO 43
<211> LENGTH: 789

<212> TYPE:

DNA

agcgtgtgtg
tttgtcatgt
tatttggcat
tgtgctacaa
aatgtggcta
ccaagtgtcce
actctggatt
gtctttcaac
gettecetete
cgctgaaggg
ggttgcatta
tagtgcgact

aagaactgat

attgcatgcg
cgcaatagta
cttgcaaact
tatggaagac
ttatggcceg
agatatgtaa
atgtattttg
cctgaaacta
gaaggtgtge
ttcaaaattg
cctagcagga
ggatgggctt

aatttgagtg

catgtggaga
cagcgtctga
ggaacttcag
ctcaattcag
ttgttttgge
tgttcggett
taagatccat
aagcaattet
caactggtgt
caggtggtat
ctattgtcta
actatgtaaa

agcaagaaaa

<213> ORGANISM: Porcine respiratory coronavirus

<400> SEQUENCE: 43

atgaagattt
gctatgaaag
tgcttcaaca
atattgatca
tatggcatta
tttaatgcat
ggtgcaattg
agaaggacta
gcattaggaa
ttgctttcag
aatttgccaa
ggcaagaagt
ggtgattact

atggtataa

tgttgatatt
acgatacagg
gaggcgatct
tttttattac
aaatgcttat
actcggaata
ttacatttgt
agtcttggtg
gaagctatgt
ggaatttgta
aatacgtaat
tgaaagcaag

caacagaggc

<210> SEQ ID NO 44
<211> LENGTH: 789

<212> TYPE:

DNA

agegtgtgeg
tttgtcatgt
tatttggett
tgtgctacaa
aatgtggeta
ccaagtgtce
actctggatt
gtccttcaac
gcttectete
cgctgaaggg
ggttgcatta
tagtgcgact

aagaactgat

attgcatgea
cgcaatggca
cttgcaaact
tatggaagac
ttatggccga
aggtatgtaa
atgtattttg
cctgaaacta
gaaggtgtgc
ttcaaaattg
cccagcagga

ggatgggctt

aatttgagtg

<213> ORGANISM: Canine coronavirus

catgtggaga
cggcgtctga
ggaacttcag
ctcaattcag
ttgttttggce
tgttceggett
taagatccat
acgcaattct
caactggtgt
caggtggtat
ctattgttta
actatgtaaa

agcaagaaaa

acgctattgt
ttgtgagtca
ctggtctata
ctggttegtg
tcttacgatt
tagtattgca
tcagttgtac
ttgcgttagt
cactctaact
gaacatcgac
cacacttgtt
atctaaagct

attattacat

acgctattgt
ttgtgagtca
ctggtctata
ctggttcgtg
tcttacgatt
tagtattgca
tcagttgtac
ttgcgttagt
cactctaact
gaccatcgac
cacacttgtt
atctaaagct

attattacat

360

420

480

540

600

660

60

120

240

300

360

420
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<400> SEQUENCE: 44

atgaagaaaa ttttgttttt actagcgtgt gcaattgcat gegtctatgg agaacgetat 60
tgtgccatga ctgaaagttc tacgtcatgt cgtaatagca cggctggcaa ctgtgcttca 120
tgcttcgaaa caggtgatct tatttggcat cttgcaaact ggaacttcag ctggtctgta 180
atattgatca tttttataac agtgttacaa tatggaagac ctcaatttag ctggttcgtg 240
tgtggcatta aaatgcttat tatgtggetg ttatggccca ttgttttage tettacgatt 300
tttaatgcat acctggaata ccgagtttcc agatatgtaa tgttecggett tagtgttgea 360
ggtgcaactg ttacatttat actttggatt atgtattttg ttagatccat tcagttatac 420
agaaggacta agtcttggtg gtctttcaac cctgaaacta gcgcaattct ttgcgttagt 480
gcgttaggaa gaagctatgt gcttcctett gaaggtgtge caactggtgt cactctaaca 540
ttgctttecag ggaatttgtg tgctgaaggg ttcaaaattg caggtggtat gaacatcgac 600
aatttaccaa aatatgtaat ggttgcatta cctgtcagaa ccatagtcta cacacttgtt 660
ggcaagaaat tgaaagcaag tagtgcaaca ggatgggctt actatgtaaa gtctaaagct 720
ggtgattact caacagatgc acgaactgat aatttgagtg agcatgaaaa attattacat 780
atggtataa 789
<210> SEQ ID NO 45

<211> LENGTH: 870

<212> TYPE: DNA

<213> ORGANISM: Feline coronavirus

<400> SEQUENCE: 45

atgcatatga tgcctataag acctttatgc aaaccaaggc atataatccc gacgaagcat 60
ttttggtttg aactaaacaa aatgaagtac attttgctaa tactcgcgtg cataattgca 120
tgegtttatg gtgaacgeta ctgtgeccatg caagacagtg gettgcagtg tattaatgge 180
acaaattcaa gatgtcaaac ctgctttgaa cgtggtgatc ttatttggca tcttgctaac 240
tggaacttca gctggtctgt aatattgatt gtttttataa cagtgttaca atatggcaga 300
ccacaattta gctggctcgt ttatggcatt aaaatgctga tcatgtgget attatggect 360
attgttctag cgettacgat ttttaatgeca tactctgagt accaagtttc cagatatgta 420
atgttcgget ttagtgttge aggtgcagtt gtaacgtttg cactttggat gatgtatttt 480
gtgagatctg ttcagctata tagaagaacc aaatcatggt ggtcttttaa tcctgagact 540
aatgcaattc tttgtgttaa tgcattgggt agaagttatg tgctteccctt agatggtact 600
cctacaggtg ttacccttac tctactttca ggaaatctat atgctgaagg tttcaaaatg 660
gctggtggtt taaccatcga gcatttgcct aaatacgtca tgattgctac acctagtaga 720
accatcgttt atacattagt tggaaaacaa ttaaaagcaa ctactgccac aggatgggcet 780
tactacgtaa aatctaaagc tggtgattac tcaacagaag cacgtactga caatttgagt 840
gaacatgaaa aattattaca tatggtgtaa 870
<210> SEQ ID NO 46

<211> LENGTH: 678

<212> TYPE: DNA

<213> ORGANISM: Human corcnavirus 0C43

<400> SEQUENCE: 46
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atgtcaaatg acaattgtac gggtgacatt gtcacccatt tgaagaattg gaattttggt 60
tggaatgtta ttctaaccat attcattgtt attcttcagt ttggacacta taaatactce 120

agattgtttt atggtttgaa gatgcttgta ctgtggette tttggeccact cgtacttget 180
ttgtcaatct ttgacacctg ggctaattgg gattctaatt gggectttgt tgcatttage 240
ttttttatgg ccgtatcaac actcgttatg tgggtgatgt acttcgcaaa cagtttcaga 300
cttttececgac gtgctcgaac tttttgggeca tggaatcctg aggttaatge aatcactgtce 360
acaaccgtgt tgggacagac atactatcaa cccattcaac aagctccaac aggcattact 420
gtgaccttgce tgagcggegt gectttacgtt gacggacata gattggettc aggtgttcag 480
gttcataacc tacctgaata catgacagtt gccgtgccga gcactactat aatttatagt 540
agagtcggaa ggtccgtaaa ttcacaaaat agcacaggct gggttttcta cgtacgagta 600
aaacacggtg atttttctge agtgagctct cccatgagca acatgacaga aaacgaaaga 660
ttgettcatt ttttetaa 678
<210> SEQ ID NO 47

<211> LENGTH: 681

<212> TYPE: DNA

<213> ORGANISM: Porcine epidemic diarrhea virus

«<400> SEQUENCE: 47

atgtctaacg gttctattce cgttgatgag gtgattgaac accttagaaa ctggaatttce 60
acatggaata tcatactgac gatactactt gtagtgcttc agtatggcca ttacaagtac 120
totgtgttet tgtatggtgt caagatgget attctatgga tactttggec tettgtgttg 180
gcactgtcac tttttgacgc atgggctagc ttccaggtca actgggtctt tttcgetttce 240
agcatcctta tggcttgcat cactcttatg ctgtggataa tgtattttgt caatagcatt 300
cggttgtgge gcaggacaca ttettggtgg tcetttcaate ctgaaactga cgcgettete 360
actacttctg tgatgggccg acaggtctgc attccagtgc ttggagcacc aactggtgta 420
acgctaacac tccttagtgg tacattgett gtagaggget ataaggttgc tactggcgta 480
caggtaagtc aattacctaa tttcgtcaca gtcgccaagg ccactacaac aattgtctac 540
ggacgtgttg gtcgttcagt caatgettca tctggecactg gttgggettt ctatgtecegg 600
tcaaaacacg gcgactattc agctgtgagt aatccgagtg cggttctcac agatagtgag 660
aaagtgctte atttagtcta a 681
<210> SEQ ID NO 48

<211> LENGTH: 693

<212> TYPE: DNA

<213> ORGANISM: Bovine coronavirus

<400> SEQUENCE: 48

atgagtagtg taactacacc agcaccagtt tacacctgga ctgctgatga agctattaaa 60
ttcctaaagg aatggaactt ttotttgggt attatactac tttttattac aatcatattg 120
caatttggat atacaagtcg cagtatgttt gtttatgtta ttaagatgat cattttgtgg 180
cttatgtggce cccttactat catcttaact attttcaatt gecgtgtatgc gttgaataat 240
gtgtatettg gettttetat agttttcact atagtggeoca ttatcatgtg gattgtgtat 300

tttgtgaata gtatcaggtt gtttattaga actggaagtt ggtggagttt caacccagaa 360
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acaaacaact tgatgtgtat agatatgaag ggaaggatgt atgttaggcc gataattgag 420
gactaccata cccttacggt cacaataata cgtggtcatc tttacatgca aggtataaaa 480
ctaggtactg gctattcettt gtcagatttg ccagettatg tgactgttge taaggtctca 540
cacctgctca cgtataageg tggttttett gacaagatag gcgatactag tggttttget 600
gtttatgtta agtccaaagt cggtaattac cgactgccat caacccaaaa gggttctgge 660
atggacaccg cattgttgag aaataatatc taa 693
<210> SEQ ID NO 49

<211> LENGTH: 693

<212> TYPE: DNA

<213> ORGANISM: Porcine hemagglutinating encephalomyelitis coronavirus
<400> SEQUENCE: 49

atgagtagtc caactacacc agtaccagtt attagctgga ctgctgatga agctattaaa 60
ttcctaaagg aatggaattt ttetttgggt ataatagtac tetttatcac aatcatactt 120
caatttggat atacaagtcg cagtatgttt gtttatgtta ttaagatggt tattctgtgg 180
ctcatgtgge ctcottactat aattttaact atcttecaact gocgtatacge gttgaataat 240
gtgtaccttg gcttctctat agtttttact atagtggcca ttattatgtg ggttgtttat 300
tttgtgaata gtatcaggtt gtttattaga actggaagtt ggtggagttt caacccagaa 360
acaaacaact tgatgtgtat agatatgaag ggaagaatgt atgttaggecc gattattgag 420
gactaccaca cccttactgc cacaataata cgtggccacc tctacatcca aggtataaaa 480
ctaggtactg gctattcottt gtcagatttg cctgcettatg tgaccgttge taaggttaca 540
cacctgtgca catataagcg tggttttctt gataggatag gcgatactag tggttttgect 600
gtttatgtta agtccaaagt cggtaattat cgattgcctt caacccataa gggctcaggce 660
atggacaccg cattgttgag aaataatatc taa 693
<210> SEQ ID NO 50

<211> LENGTH: 687

<212> TYPE: DNA

<213> ORGANISM: Murine hepatitis virus

<400> SEQUENCE: 50

atgactagta ccactcaggc tccacagcct gtttatcagt ggacggctga tgaggcaatt 60
cgattcctta aggaatggaa tttctctetc ggcattatac tactttttgt tactatcata 120
ctacagttcg gttacacgag ccgtagcatg tttgtttatg ttgtgaaaat gatacttttg 180
tggcttatgt ggccactaac tattgttttg tgtattttta actgcgtcta tgcgctaaat 240
aatgtgtatc ttggattttc tatagtgttt actatagtgt ccattataat gtggattatg 300
tattttgtta atagcatcag gttgtttatc aggactggeca gectggtggag cttcaaccce 360
gaaacaaaca acctaatgtg tatagatatg aaaggtactg tgtatgttag acccattata 420
gaggattacc atacactaac agccactatc attcgtggtc acctctatat gcaaggtgtt 480
aagctaggca ctggcttctc tttgtctgat ttgcctgett atgttacagt tgctaaggtg 540
tctcaccttt gcacttataa gcgcgcattc ttagacaagg tagacggtgt tagcggtttt 600
gctgtttatg tgaagtccaa ggtcggaaat taccgactge cctcaaataa accgagtgge 660

atggacaccg cattgttgag aatctaa 687
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<210> SEQ ID NO 51

<211> LENGTH: 687

<212> TYPE: DNA

<213> ORGANISM: Rat coronavirus
<400> SEQUENCE: 51

atgagtagta ccactccagc cccccagact
cgattcctta aggaatggaa cttettgttg
ctacagttcg gttacacgag ccgtagcatg
tggttaatgt ggccactgac tattgttttg
aatgtgtatc ttggattttc tatagtgttt
tattttgtta atagcataag gttgtttatc
gaaacaaaca acctaatgtg tatagatgtg
gaagattacc atacactaac agccacaaat
aagctaggca ctggcttectc tttgtctgat
tcgcaccttt gcacttataa gcgcgcattt
gctgtttatg tgaagtccaa ggtcggtaat
gcggacaccg cattgttgag aatctaa
<210> SEQ ID NO 52

<211> LENGTH: 675

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus
<400> SEQUENCE: 52

ttgcttatca tggcagacaa cggtactatt
caatggaacc tagtaatagg tttcctattc
tattctaatc ggaacaggtt tttgtacata
ccagtaacac ttgcttgttt tgtgcttgct
gggattgcga ttgcaatggc ttgtattgta
tccttcagge tgtttgeteg tacccgetcea
cttctcaatg tgecctetecg ggggacaatt
gtcattggtg ctgtgatcat tcgtggtcac
tgtgacatta aggacctgcc aaaagagatc
tacaaattag gagcgtcgca gcgtgtaggce
taccgtattg gaaactataa attaaataca
ttgctagtac agtaa

<210> SEQ ID NO 53

<211> LENGTH: 675

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus
<400> SEQUENCE: 53

ttgettatca tggcagacaa cggtactatt

caatggaacc tagtaatagg tttcctattc

gtctatcaat ggacggccga tgtggcagtt
ggcattatac tactctttat tactatcata
tttatatatg ttgtgaaaat gataatcttg
tgtattttta attgcgtgta tgcgctaaat
actatagtgt ccattgtaat gtggattatg
aggactggta gctggtggag cttcaaccct
aaaggtactg tgtatgttag acccattatt
gtacgtggee acctttatat gcaaggtgtt
ttgccegett atgttacagt tgctaaggtg
ttagacaagg ttgacggtgt tagcggtttt

taccgactgc cctcaaataa accgagtggce

urbani

accgttgagg agcttaaaca actcctggaa
ctagcetgga ttatgttact acaatttgece
ataaagcttg ttttcctetg getettgtgg
gctgtctaca gaattaattg ggtgactgge
ggcttgatgt ggcttagcta cttcgttget
atgtggtcat tcaacccaga aacaaacatt
gtgaccagac cgctcatgga aagtgaactt
ttgcgaatgg ccggacaccc cctagggcge
actgtggcta catcacgaac gctttcttat
actgattcag gttttgctgc atacaaccgce

gaccacgccg gtagcaacga caatattgct

Tor?2

accgttgagg agcttaaaca actcctggaa

ctagcctgga ttatgttact acaatttgcce

300

360

420

480

540

600

687

300

360

420

480

60

120
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tattctaate ggaacaggtt tttgtacata ataaagcttg ttttcetetg getettgtgg 180
ccagtaacac ttgcttgttt tgtgettget getgtetaca gaattaattg ggtgactgge 240
gggattgega ttgcaatgge ttgtattgta ggcttgatgt ggettageta cttegttget 300
tccttcagge tgtttgctcg tacccgetca atgtggtcat tcaacccaga aacaaacatt 360
cttctcaatg tgcctcteccg ggggacaatt gtgaccagac cgctcatgga aagtgaactt 420
gtcattggtg ctgtgatcat tcgtggtcac ttgecgaatgg ccggacacte cctagggege 480
tgtgacatta aggacctgcc aaaagagatc actgtggcta catcacgaac getttettat 540
tacaaattag gagcgtcgca gcgtgtaggc actgattcag gttttgctge atacaaccgce 600
taccgtattg gaaactataa attaaataca gaccacgccg gtagcaacga caatattgct 660
ttgctagtac agtaa 675
<210> SEQ ID NO 54

<211> LENGTH: 678

<212> TYPE: DNA

<213> ORGANISM: Infectious bronchitis virus

<400> SEQUENCE: 54

atgcccaacg agacaaattg tactcttgac tttgaacagt cagttcagct ttttaaagag 60
tataatttat ttataactgc attcttgttg ttcttaacca taatacttca gtatggetat 120
gcaacaagaa gtaaggttat ttatacactg aaaatgatag tgttatggtg cttttggece 180
cttaacattg cagtaggtgt aatttcatgt acatacccac caaacacagg aggtcttgtc 240
gcagcgataa tacttacagt gtttgegtgt ctgtecttttg taggttattg gatccagagt 300
attagactct ttaagcggtg taggtcatgg tggtcattta atccagaatc taatgccgta 360
ggttcaatac tcctaactaa tggtcaacaa tgtaattttg ctatagagag tgtgccaatg 420
gtgetttete caattataaa gaatggtgtt ctttattgtg agggtcagtg gettgetaag 480
tgtgaaccag accacttgcc taaagatata tttgtttgta caccggatag acgtaatatc 540
taccgtatgg tgcagaaata tactggtgac caaagcggaa ataagaaaag gtttgctacg 600
tttgtctatg caaagcagtc agtagatact ggcgagctag aaagtgtagc aacaggagga 660
agtagtcttt acacataa 678
<210> SEQ ID NO 55

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus GD69

<400> SEQUENCE: 55

cctcecgacce aattaattct gtagacagca gccggagg 38
<210> SEQ ID NO 56

<211> LENGTH: 107

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus GD69

<400> SEQUENCE: 56

cttgttttcec tctggectectt gtggccagta acacttgcectt gttttgtget tgctgctgte 60

tacagaatta attgggtgac tggecgggatt gecgattgcaa tggettg 107
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<210> SEQ ID NO 57

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 57

cttgttttce tctggetett g 21

<210> SEQ ID NO 58

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 58

caagccattg caatcgcaat ¢ 21

<210> SEQ ID NO 59

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 59

aagcaacgaa gtag 14

<210> SEQ ID NO 60

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 60

gcectecgace caattaattc tgtagacage agccggagge 40

<210> SEQ ID NO 61

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 61

taatacgact cactataggc ttgttttect ctggetettg 40

<210> SEQ ID NO 62

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 62

aagcaacgaa gtagcaagcc attgcaatcg caatc 35
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<210> SEQ ID NO 63

<211> LENGTH: 1149

<212> TYPE: DNA

<213> ORGANISM: Transmissible gastroenteritis virus

<400> SEQUENCE: 63

atggccaacc agggacaacg tgtcagttgg ggagatgaat ctaccaaaac acgtggtegt
tccaattecce gtggtcggaa gaataataac atacctcttt cattcttcaa ccccataacc
ctccaacaag gttcaaaatt ttggaactta tgtccgagag actttgtacc caaaggaata
ggtaacaggg atcaacagat tggttattgg aatagacaaa ctcgctatcg catggtgaag
ggccaacgta aagagcttcc tgaaaggtgg ttcttctact acttaggtac tggacctcat
gcagatgcca aatttaaaga taaattagat ggagttgtct gggttgccaa ggatggtgcec
atgaacaaac caaccacgct tggtagtcegt ggtgctaata atgaatccaa agetttgaaa
ttcgatggta aagtgccagg cgaatttcaa cttgaagtta atcaatcaag agacaattca
aggtcacgct ctcaatctag atctcggtct agaaatagat ctcaatctag aggcaggcaa
caattcaata acaagaagga tgacagtgta gaacaagctg ttcttgccgc acttaaaaag
ttaggtgttg acacagaaaa acaacagcaa cgctctcgtt ctaaatctaa agaacgtagt
aactctaaga caagagatac tacacctaag aatgaaaaca aacacacctg gaagagaact
gcaggtaaag gtgatgtgac aagattttat ggagctagaa gcagttcage caattttggt
gacactgacc tcgttgccaa tgggagcagt gccaagcatt acccacaact ggctgaatgt
gttccatctg tgtctagcat tectgtttgga agctattgga cttcaaagga agatggcgac
cagatagaag tcacgttcac acacaaatac cacttgccaa aggatgatcc taagactgga
caattccttc agcagattaa tgcctatgct cgtccatcag aagtggcaaa agaacagaga
aaaagaaaat ctcgttctaa atctgcagaa aggtcagagec aagatgtggt acctgatgca
ttaatagaaa attatacaga tgtgtttgat gacacacagg ttgagataat tgatgaggta
acgaactaa

<210> SEQ ID NO 64

<211> LENGTH: 1149

<212> TYPE: DNA

<213> ORGANISM: Porcine respiratory coronavirus

<400> SEQUENCE: 64

atggccaacc agggacaacg tgtcagttgg ggggatgaat ccaccaaaat acgtggtcgce
tccaattcce gtggtcggaa gattaataac atacctcttt cattcttcaa ccccataacc
ctccagcaag gtgcaaaatt ttggaactca tgtccgagag attttgtacc caaaggaata
ggtaataggg atcaacagat tggttattgg aatagacaaa ctcgctateg catggtgaag
ggccaacgta aagagcttcc tgaaaggtgg ttcttttact acttaggcac tggacctcat
gcagatgcca aatttaaaga taaattagat ggagttgtct gggttgccaa ggatggtgcec
atgaacaaac caaccacgct tggtagtcgt ggtgctaata atgaatccaa agctttgaaa
ttcgatggta aagtgccagg cgaatttcaa cttgaagtta accagtctag ggacaactca
aggtcacgct ctcaatctag atcgeggtet agaaacagat ctcaatctag aggtaggcaa

caatccaata acaagaagga tgacagtgta gaacaagctg ttcttgccgc acttaaaaag

300

360

420

480

540

600

1020

1080

1140

1149
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ttaggtgttt acacagaaaa acaacagcaa cgctctcgtt ctaaatctaa agaacgtagt 660
aactctaaaa caagagatac tacgcctaag aatgaaaaca aacacacctg gaagagaact 720
gcaggtaaag gtgatgtgac aagattttat ggagctagaa gcagctcagc caattttggt 780
gacagtgacc tcgttgccaa tgggagcagt gccaagcatt acccacaatt ggctgaatgt 840
gttccatctg tgtctagcat tttgtttgga agctattgga cttcaaagga agatggcgac 900
cagatagaag tcacgttcac acacaaatac cacttgccaa aggatcatcc taaaactgaa 960
caattcette agcagattaa tgcctatget ageecatcag aattggecaaa agaacagaga 1020
aaaagaaagt ctcgttctaa atctgcagaa aggtcagage aagaggtggt acctgattca 1080
ttaatagaaa actatacaga tgtgtttgat gacacacagg ttgagatgat tgacgaggta 1140
acgaactaa 1149
<210> SEQ ID NO 65

<211> LENGTH: 1146

<212> TYPE: DNA

<213> ORGANISM: Canine coronavirus

<400> SEQUENCE: 65

atggcctctec agggacaacg tgtcagttgg ggagatgaat ccaccaagag acgcggtegt 60
tctaattete gtggeccggaa gaataatgat atacctecttt cattcttcaa ccecccattacce 120
ctcgagcaag gatcaaagtt ttgggactta tgtccgagag actttgtacc caaaggaata 180
ggtaataagg atcaacaaat tggttattgg aacaggcaaa cccgttatcg catggtgaag 240
ggtcgacgta aaaatcttcc tgaaaagtgg ttcttctact atttaggaac tggacctcat 300
gctgatgcca aatttaagca aaaattagat ggagttgtct gggttgctag gggagattcc 360
atgactaagc caacaactct tggtactcgt ggcactaata atgaatcaaa ggctttgaaa 420
ttcgatgtca aagtaccatc agaatttcac cttgaagtga accaattaag ggacaattca 480
aggtctaggt ctcaatctag atctcagtcc agaaataggt ctcaatctag aggaaggcaa 540
ctatccaata ataagaagga tgacaatgtt gaacaagctg ttcttgctgce actcaaaaag 600
ttaggtgttg acacagaaaa acaacaaaga tctcgttcca aatctaagga acgtagcagce 660
tctaagacaa gagatactac acctaagaat gaaaacaaac acacctggaa gagaactgca 720
ggtaaaggtg atgtgacaaa attttatgga gctagaagta gttcagccaa ttttggtgac 780
agcgatcttg ttgccaatgg gaacggtgcc aagcattacc cacaactggc tgaatgtgtt 840
ccatctgtat ctagcattct gtttggaage cattggactg ctaaggaaga tggtgaccag 900
attgaagtca cattcacaca caaataccac ttgccaaagg atgatcctaa gactggacaa 960
ttcecttcage agattaatgc atacgccecgt ccatcagagg tggctaaaga acagagacaa 1020
cgcaaagete gttctaaatc tgtagaaagg gtagagcaag aggttgtace tgatgcatta 1080
acagaaaatt acacagatgt gtttgatgac acacaggttg agattattga tgaggtaacg 1140
aactaa 1146
<210> SEQ ID NO 66

<211> LENGTH: 1134

<212> TYPE: DNA

<213> ORGANISM: Feline coronavirus

<400> SEQUENCE: 66
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atggccacac agggacaacg cgtcaactgg ggagatgaac cttccaaaag acgtggtegt 60
tctaactete gtggtcggaa gaataatgat atacctttgt cattctacaa ccccattacce 120

ctcgaacaag gatctaaatt ttggaattta tgtccgagag accttgttcc caaaggaata 180
ggtaataagg atcaacaaat tggttattgg aatagacaga ttcgttatcg tattgtaaaa 240
ggccagcgta aggaactcgc tgagaggtgg ttcttttact tcttaggtac aggacctcat 300
gctgatgcta aattcaaaga caagattgat ggagtcttet gggttgcaag ggatggtgec 360
atgaacaagc ccacaacgct tggcactcgt ggaaccaata acgaatccaa accactgaga 420
tttgatggta agataccgcc acagtttcag cttgaagtga accgttctag gaacaattca 480
aggtctggtt ctcagtctag atctgtttca agaaacagat ctcaatctag aggaagacac 540
cattccaata accagaataa taatgttgag gatacaattg tagccgtgct tgaaaaatta 600
ggtgttactg acaaacaaag gtcacgttct aaacctagag aacgtagtga ttccaaacct 660
agggacacaa cacctaagaa tgccaacaaa cacacctgga agaaaactgc aggcaaggga 720
gatgtgacaa ctttctatgg tgctagaagt agttcagcta actttggtga tagtgatctc 780
gttgccaatg gtaacgctgc caaatgctac cctcagatag ctgaatgtgt tccatcagtg 840
tctagcataa tctttggcag tcaatggtct gctgaagaag ctggtgatca agtgaaagtc 900
acgctcactc acacctacta cctgccaaag gatgatgcca aaactagtca attcctagaa 960
cagattgacg cttacaageg accttetgaa gtggetaagg atcagaggeca aagaagatcce 1020
cgttctaagt ctgctgataa gaagcctgag gagttgtcoctg taactettgt ggaggcatac 1080
acagatgtgt ttgatgacac acaggttgag atgattgatg aggttacgaa ctaa 1134
<210> SEQ ID NO 67

<211> LENGTH: 1269

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus urbani

<400> SEQUENCE: 67

atgtctgata atggacccca atcaaaccaa cgtagtgccc cccgcattac atttggtgga 60
cccacagatt caactgacaa taaccagaat ggaggacgca atggggcaag gccaaaacag 120
cgecegaccece aaggtttacc caataatact gegtettggt tcacagetet cactcageat 180
ggcaaggagg aacttagatt ccctcgaggce cagggegttc caatcaacac caatagtggt 240
ccagatgacc aaattggcta ctaccgaaga gctacccgac gagttcgtgg tggtgacggce 300
aaaatgaaag agctcagccc cagatggtac ttctattacc taggaactgg cccagaagcet 360
tcacttcecct acggcgctaa caaagaaggc atcgtatggg ttgcaactga gggagccttg 420
aatacaccca aagaccacat tggcacccgc aatcctaata acaatgctgc caccgtgcta 480
caacttcete aaggaacaac attgccaaaa ggcttectacg cagagggaag cagaggcgge 540
agtcaagcct cttctcgetc ctcatcacgt agtcgeggta attcaagaaa ttcaactcct 600
ggcagcagta ggggaaattc tcctgctecga atggctageg gaggtggtga aactgcectce 660
gcgctattge tgctagacag attgaaccag cttgagagca aagtttctgg taaaggccaa 720
caacaacaag gccaaactgt cactaagaaa tctgctgctg aggcatctaa aaagcctcegce 780
caaaaacgta ctgccacaaa acagtacaac gtcactcaag catttgggag acgtggtcca 840

gaacaaaccc aaggaaattt cggggaccaa gacctaatca gacaaggaac tgattacaaa 900
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cattggccge aaattgcaca atttgctcca agtgeccteotg cattetttgg aatgtcacge 960
attggcatgg aagtcacacc ttcgggaaca tggetgactt atcatggage cattaaattg 1020
gatgacaaag atccacaatt caaagacaac gtcatactgc tgaacaagca cattgacgca 1080
tacaaaacat tcccaccaac agagcctaaa aaggacaaaa agaaaaagac tgatgaagct 1140
cagcctttge cgcagagaca aaagaagcag cccactgtga ctcttcottec tgcggcotgac 1200
atggatgatt tctccagaca acttcaaaat tccatgagtg gagcttctge tgattcaact 1260
caggcataa 1269
<210> SEQ ID NO 68

<211> LENGTH: 1269

<212> TYPE: DNA

<213> ORGANISM: SARS coronavirus Tor2

«<400> SEQUENCE: 68

atgtctgata atggacccca atcaaaccaa cgtagtgccc cccgecattac atttggtgga 60
cccacagatt caactgacaa taaccagaat ggaggacgca atggggcaag gccaaaacag 120
cgcecgaccece aaggtttacc caataatact gecgtcttggt tcacagctect cactcagcat 180
ggcaaggagg aacttagatt ccctcgaggc cagggcgttc caatcaacac caatagtggt 240
ccagatgacc aaattggcta ctaccgaaga gctacccgac gagttcgtgg tggtgacgge 300
aaaatgaaag agctcagcce cagatggtac ttctattacc taggaactgg cccagaagcet 360
tcacttccct acggcgctaa caaagaaggc atcgtatggg ttgcaactga gggagccttg 420
aatacaccca aagaccacat tggcacccgc aatcctaata acaatgctgce caccgtgcta 480
caacttcctc aaggaacaac attgccaaaa ggcttctacg cagagggaag cagaggcggce 540
agtcaagcct cttctcgete ctcatcacgt agtcgecggta attcaagaaa ttcaactect 600
ggcagcagta ggggaaattec tcectgcetcga atggetageg gaggtggtga aactgceccte 660

gcgctattge tgctagacag attgaaccag cttgagagca aagtttctgg taaaggccaa 720

caacaacaag gccaaactgt cactaagaaa tctgctgctg aggcatctaa aaagcctege 780
caaaaacgta ctgccacaaa acagtacaac gtcactcaag catttgggag acgtggtcca 8B40
gaacaaaccc aaggaaattt cggggaccaa gacctaatca gacaaggaac tgattacaaa 900
cattggccge aaattgcaca atttgctcca agtgcctetg cattctttgg aatgtcacge 960

attggcatgg aagtcacacc ttcgggaaca tggctgactt atcatggagce cattaaattg 1020
gatgacaaag atccacaatt caaagacaac gtcatactgc tgaacaagca cattgacgca 1080
tacaaaacat tcccaccaac agagcctaaa aaggacaaaa agaaaaagac tgatgaagct 1140
cagcctttge cgcagagaca aaagaagcag cccactgtga ctcttcttec tgcggcotgac 1200
atggatgatt tctccagaca acttcaaaat tccatgagtg gagettetge tgattcaact 1260
caggcataa 1269
<210> SEQ ID NO 69

<211> LENGTH: 1347

<212> TYPE: DNA

<213> ORGANISM: Bovine coronavirus

<400> SEQUENCE: 69

atgtctttta ctcctggtaa gcaatccagt agtagagcgt cctttggaaa tcgttctggt 60



US 2006/0003340 A1 Jan. 5, 2006
53

-continued

aatggcatcc ttaagtgggc cgatcagtcc gaccaatcta gaaatgttca aaccaggggt 120
agaagagctc aacccaagca aactgctact tctcagetac catcaggagg gaatgttgta 180
ccctactatt cttggttectc tggaattact cagtttcaaa aaggaaagga gtttgaattt 240
gcagagggac aaggtgtgcc tattgcacca ggagtcccag ctactgaagc taaggggtac 300
tggtacagac acaacagacg ttcttttaaa acagccgatg gcaaccagcg tcaactgctg 360
ccacgatggt atttttacta tcttggaaca ggaccgcatg ccaaagacca gtatggcacc 420
gatattgacg gagtcttetg ggtcgetagt aaccaggctg atgtcaatac cccggetgac 480
attctcgatc gggacccaag tagcgatgag gctattccga ctaggtttcc gecctggcacg 540
gtactcccte agggttacta tattgaaggc tcaggaaggt ctgctcctaa ttccagatct 600
acttcacgcg catccagtag agcctctagt gcaggatcge gtagtagagc caattctgge 660
aacagaaccc ctacctetgg tgtaacacct gatatggotg atcaaattge tagtcttgtt 720
ctggcaaaac ttggcaagga tgccactaag ccacagcaag taactaagca gactgccaaa 780
gaaatcagac agaaaatttt gaataagccc cgccagaaga ggagccccaa taaacaatgc 840
actgttcagc agtgttttgg gaagagaggc cccaatcaga attttggtgg tggagaaatg 900
ttaaaacttg gaactagtga cccacagttc cccattcttg cagaactcgc acccacagct 960
ggtgegtttt tetttggatc aagattagag ttggeccaaag tgcagaattt gtetgggaat 1020
cttgacgage cccagaagga tgtttatgaa ttgegetata atggtgecaat tagatttgac 1080
agtacacttt caggttttga gaccataatg aaggtgttga atgagaattt gaatgcatat 1140
caacaacaag atggtatgat gaatatgagt ccaaaaccac agcgtcageg tggtcagaag 1200
aatggacaag gagaaaatga taatataagt gttgcagcgc ctaaaagccg tgtgcagcaa 1260
aataagagta gagagttgac tgcagaggac atcagccttc ttaagaagat ggatgagccc 1320
tatactgaag acacctcaga aatataa 1347
<210> SEQ ID NO 70

<211> LENGTH: 1350

<212> TYPE: DNA

<213> ORGANISM: Porcine hemagglutinating encephalomyelitis coronavirus
<400> SEQUENCE: 70

atgtctttca ctcctggcaa gcagtccage agtagagcgt cctetggaaa tegttetggt 60
aatggcatcc ttaagtgggc cgatcagtcc gaccagtcta gaaatgttca aaccaggggt 120
agaagagttc aatccaagca aactgctact tctcagcaac catcaggagg gactgttgta 180
ccctactatt cttggttete tggaattact cagtttcaaa agggaaagga gtttgaattt 240
gcagagggac aaggtgtgcc tattgcacca ggagtcccat ctactgaagc taaggggtac 300
tggtacagac acaacagacg ttcttttaaa acagccgacg gcaatcageg tcaactgetg 360
ccacgatggt acttttacta cctgggaaca ggaccqcatg ccaaagacca gtacggcacc 420
gacattgacg gagtcttctg ggtcgectagt aaccaggctg atattaatac cccggctgac 480
attgtcgatc gggatccaag tagcgatgag gctattccga ctaggtttce gecctggcacg 540
gtactccctc aaggttacta tattgaaggc tcaggaaggt ctgctcctaa ttccagatct 600
acttcgegtg cacccaatag agecccctagt gcaggatcge gtagtagage caattctgge 660

aatagaacct ctacccctgg tgtaacacct gacatggctg atcaaattgc tagtcttgtt 720
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ctggcaaaac ttggcaagga tgccactaag cctcagcaag taactaagca gactgccaaa 780
gaggtcagac agaaaatctt gaataagccc cgccagaaga ggagccccaa caaacaatge 840
actgttcagc agtgttttgg gaagagaggc cccaatcaga attttggtgg tggagaaatg 900
ttaaaacttg gaactagtga cccacagttc cccattcttg cagaactcgc acccacagct 960
ggtgcgtttt tctttggatc aagattagag ttggccaaag tgcagaattt gtctgggaat 1020
cctgacgage cccagaagga tgtttatgaa ttgegetata atggecgegat tagatttgac 1080
agcacactet caggttttga aaccattatg aaggtgetta accagaattt gaatgectat 1140
caacatcagg aagatgggat gatgaatatt agtcctaaac cacagcggca gegtggtcag 1200
aagaatggac aagtagaaaa tgataatgta agtgttgcag cgcctaaaag ccgtgtgcag 1260
caaaataaga gtagagagtt gacagcagag gacatcagcc ttcttaagaa gatggatgag 1320
ccctatactg aagatacctc agaaatataa 1350
<210> SEQ ID NO 71
<211> LENGTH: 1356
<212> TYPE: DNA
<213> ORGANISM: Murine hepatitis virus
<400> SEQUENCE: 71
atgtcttttg ttecctgggeca agaaaatgec ggtagcagaa gectcctetgg aaaccgeget 60
ggtaatggca tcctcaagaa gaccacttgg gctgaccaaa ccgagcegtgg aaatagagge 120
agaaggaacc atcccaagca gactgcaact actcagccca atgccgggag tgtggttccc 180
cattactctt ggttttcggg catcacccag tttcaaaagg gaaaggagtt ccagtttgca 240
caaggacagg gagtgcctat tgccagtgga atccccgctt cagagcaaaa gggatattgg 300
tatagacaca accgacgttc ttttaaaaca cctgatggcc agcacaagca gctactgccce 360
agatggtatt tttactatct tggaacaggg ccccatgctg gegcagagta tggegacgat 420
atcgaaggag ttgtctgggt cgcaagccaa caggccgaca ctaagaccac tgccgatgtt 480
gttgaaaggg acccaagcag tcatgaggct attcctacta ggtttgcecgec cggcacggta 540
ttgcctcagg gettttatgt agaaggctcg ggaaggtctg cacctgctag tecgatctggt 600
tcgeggtecac aatccegtgg gccaaataat cgegectagaa gecagttccaa ccagegecag 660
cctgectetg ctgtaaaacce tgacatggec gaagaaattg ctgetcttgt tttggctaag 720
cttggtaaag atgccggcca gcccaagcag gtaactaagc aaagcgccaa agaagtcagg 780
cagaaaattt taactaagcc tcgtcaaaag aggactccaa acaagcagtg cccagtgcag 840
cagtgttttg ggaagagagg ccctaatcag aactttggag gctctgaaat gttaaaactt 900
ggaactagtg atccgcagtt ccccattctt gcagagttgg ctccaacacc tagtgeccttce 960
ttetttggat ctaaattaga attggtcaaa aagaactctg gtggtgetga tgaacccace 1020
aaagatgttt atgaattgca gtattcaggt gcaattagat ttgatagtac tctacccggt 1080
tttgagacta tcatgaaagt gttgactgag aatttgaatg cctaccagga ccaagctggt 1140
agtgtagatc tagtgagccc aaagcctcca agaagaggtc gtagacaggc tcaagaaaag 1200
aaagatgaag tagataatgt aagcgttgca aagcccaaaa gcttggtgca gcgaaatgta 1260
agtagagaat taacccccga ggatcgtage ctgetggeote agatcctaga cgatggegtt 1320
gtgccagatg ggttggaaga tgactctaat gtgtaa 1356
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<210> SEQ ID NO 72

<211> LENGTH: 1365

<212> TYPE: DNA

<213> ORGANISM: Rat coronavirus

<400> SEQUENCE: 72

atgtcttttg ttcccggaca agaaaacgcc ggtagcagaa gctcctctgg aaaccgeget
ggtaatggaa tcctcaagaa gaccacttgg gctgaccaaa ccgagcgcgg acaaaataat
ggaaatagag gcagaaggaa tcagcccaag cagactgcaa ctactcagec caataccggg
agtgtggttc cccattactc ttggttttcg ggcattaccc aattccagaa gggaaaagag
ttccagtttg caggtggaca aggagtgcct attgccaatg gaatcccacc ttctgagcaa
aagggatatt ggtatagaca caaccgtcgt tcttttaaaa cacctgatgg gcagcagaag
caactactcc ccagatggta tttttactat cttgggacgg gecccccatge tggagecagt
ttecggagaca gcattgaggg agtcttetgg gttgcaaata gtcaggegga taccaacacce
tctgctgaca ttgttgaaag ggacccaagt agccatgagg ctattcctac taggtttgeg
cccggtacgg tattgcctca gggtttoctat gttgaagget cgggaaggtc tgcacctgct
agtcgatctg gttcgcggtc acaatcccgt gggccaaata atcgcgectag aagcagttcec
aaccagcgece agcectgecte tactgtaaaa cctgatatgg ccgaagaaat tgctgectett
gttttggeta atctaggcaa agatgccgga cagcctaage aagtaactaa gcaaagtgcece
aaagaagtca ggcagaaaat tttaaataag cctcgccaaa agaggactcc aaacaagcag
tgcccagtge agcagtgttt tggaaagaga ggccccaatc agaattttgg aggccctgaa
atgttaaaac ttggaactag tgatccacag ttccccattc ttgcagagtt ggccccaaca
cctggtgect tettetttgg atctaaatta gaattggtca aaaagaattc tggtggegtt
gatgaaccca ccaaagatgt gtatgagctg caatattcag gtgcagtcag atttgatagt
actctacctg gttttgagac tatcatgaaa gtgttgaatg agaatttgaa tgcctaccag
aatcaagctg gtggtgcaga tgtagtgagc ccaaagcccc aaagaaagag agggacgaaa
caaacggctc agaaagaaga attagatagt ataagcgttg caaagcccaa aagtgccgtg
cagcgaaatg taagcagaga attaacccca gaggatagaa gcctgttgge gcagatccta
gatgatggcg ttgtgcctga tgggttagat gactctaatg tgtaa

<210> SEQ ID NO 73

<211> LENGTH: 1111

<212> TYPE: DNA

<213> ORGANISM: Human corcnavirus OC43

<400> SEQUENCE: 73

atggctacag tcaaatggge tgatgcatct gaaccacaac gtggtcgtca gggtagaata
ccttattcte tttatageccc tttgcttgtt gatagtgaac aaccttggaa ggtgatacct
cgtaatttgg tacccatcaa caagaaagac aaaaataagc ttataggcta ttggaatgtt
caaaaacgtt tcagaactag aaagggcaaa cgggtggatt tgtcacccaa gctgcatttt
tattatcttg gcacaggacc ccataaagat gcaaaattta gagagcgtgt tgaaggtgtc
gtctgggttg ctgttgatgg tgctaaaact gaacctacag gttacggtgt taggcgcaag

aattcagaac cagagatacc acacttcaat caaaaqctcc caaatggtgt tactgttgtt

300

360

420

480

540

600

1020

1080

1140

1200

1260

1320

1365
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gaagaacctg actcccgtge tccttecegg tctcagtcga ggtegcagag tegeggtegt 480
ggtgaatcca aacctcaatc tcggaatcct tcaagtgaca gaaaccataa cagtcaggat 540
gacatcatga aggcagttgc tgcggctctt aaatctttag gttttgacaa gcctcaggaa 600
aaagataaaa agtcagcgaa aacgggtact cctaagcctt ctcgtaatca gagtcctget 660
tcttectcaaa cttctgeccaa gagtcttget cgttctcaga gttctgaaac aaaagaacaa 720
aagcatgaaa tgcaaaagcc acggtggaaa agacagccta atgatgatgt gacatctaat 780
gtcacacaat gttttggecce cagagacctt gaccacaact ttggaagtge aggtgttgtg 840
gccaatggtg ttaaagctaa aggctatcca caatttgctg agcttgtgcc gtcaacagcet 900
gctatgetgt ttgatagtca cattgtttcc aaagagtcag gcaacactgt ggtcttgact 960
ttcactacta gagtgactgt gcccaaagac catccacact tgggtaagtt tcttgaggag 1020
ttaaatgcat tcactagaga aatgcaacaa cactgaacca gtgcgtgatg aagtttctat 1080
tgaaactgac ataattgatg aagtaaacta a 1111
<210> SEQ ID NO 74

<211> LENGTH: 1326

<212> TYPE: DNA

<213> ORGANISM: Porcine epidemic diarrhea virus

<400> SEQUENCE: 74

atggcttetg tcagetttca ggatcgtgge cgcaaacggg tgccattate tetetatgee 60
cctcttaggg ttactaatga caagcccctt tctaaggtac ttgcaaacaa cgctgtaccc 120
actaacaagg ggaataagga ccagcaaatt gggtactgga atgagcaaat tcgctggege 180

atgcgccgtg gtgagcgaat tgaacaacct tccaattgge atttctacta cctcggaaca 240
ggacctcacg gcgacctccg ttataggact cgtactgagg gtgttttctg ggttgctaaa 300
gaaggcgcaa agactgaacc cactaatttg ggtgtcagaa aggcgtctga aaagccaatce 360
attccaaaat tctctcaaca gctccccagt gtagttgaga ttgttgaacc taacacacct 420
cctgcttecac gtgcaaattc gcgtagcagg agtcgtggca atggcaacaa taggtctaga 480
tctccaagta acaacagagg caataaccag tcccgtggta attcacagaa tcgtggaaat 540
aaccagggtce gtggagecttc tcagaacaga ggaggcaata ataataacaa taacaagtct 600
cgtaaccagt ccaataacag gaaccagtca aatgaccgtg gtggtgtaac atcacgcgat 660
gatctggtgg ctgctgtcaa ggatgcactt aaatctttgg gtattggaga aaatcctgac 720
aggcataagc aacagcagaa gcctaagcag gaaaagtctg acaacagcgg caaaaataca 780
cctaagaaga acaaatccag ggccacttcg aaggaacgtg acctcaaaga catcccagag 8B40
tggaggagaa ttcccaaggg cgaaaatagc gtagcagctt gecttcggacc cagagggggce 900
ttcaaaaact ttggagatgc ggaatttgtc gaaaaaggtg ttgatgegtc aggctatget 960
cagatcgeca gtttagcacc aaatgttgca geattgetet ttggtggtaa tgtggetgtt 1020
cgtgagctag cggactctta cgagattaca tacaactata aaatgactgt gccaaagtca 1080
gatccaaatg ttgagcttct tgtttcacag gtggatgcat ttaaaactgg gaatgcaaaa 1140
ctccagagaa agaaggaaaa gaagaacaag cgtgaaacca cgctgcagca gcatgaagag — 1200
gccatctacg atgatgtggg tgcgeccatet gatgtgacce atgecaatet ggaatgggac 1260

acagctgttg atggtggtga tacggccgtt gaaattatca acgagatctt cgatacagga 1320
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-continued
aattaa 1326
<210> SEQ ID NO 75
<211> LENGTH: 1230
<212> TYPE: DNA
<213> ORGANISM: Infectious bronchitis virus
<400> SEQUENCE: 75
atggcaagcg gtaaagcagc tggaaaaaca gacgccccag cgccagtcat taaactagga 60
ggaccaaaac cacctaaagt cggttcttet ggaaatgcat cttggtttca agcaataaaa 120
gccaagaagt taaatacacc tccgcccaag tttgaaggta gcggtgttcc tgataacgaa 180
aacattaagc caagccagca acatggatac tggagacgcc aagccaggtt taagccaggce 240
aaaggtggaa gaaaaccagt cccagatgct tggtactttt actatactgg aacaggacct 300
gcogetgace tgaactgggg tgatactcaa gatggtatag tgtgggttge tgectaagggt 360
gctgatacta aatctagatc caatcagggt acaagagatc ctgataagtt tgaccaatac 420
ccactacgat tctcggatgg cggacctgat ggtaatttcc gttgggactt cattcccctg 480
aaccgtggta ggagtggaag atcaacagca gcttcatcag cagcagctag tagagcacca 540
tcacgtgaag gttcgcgtgg tcgtagaagt gattctggag atgaccttat tgctcgtgca 600
gcaaagataa tccaggatca gcagaaaaag ggctctcgeca ttaccaaggce aaaggcagat 660
gaaatggecte atcgccggta ttgcaagege actatcccac ctaattatag ggttgatcaa 720
gtgtttggtc cccgtactaa aggtaaggag gggaattttg gtgatgacaa gatgaatgag 780
gaaggtatta aggatgggcg tgttacagca atgctcaacc tagtccctag cagccatget 840
tgtctttttg gaagtagagt gacacccaaa cttcaactag atgggcttca cttgagattt 900
gaatttacta ctgtggtccc atgtgatgac ccgcagtttg ataattatgt gaaaatttgt 960
gatcagtgtg tecgatggtgt aggaacgegt ccaaaagatg acgaaccaaa accaaagtca 1020
cgctcaagtt caagacctgc tacaagagga aattctccag cgccaagaca acagcgccca 1080
aagaaggaga aaaagctaaa gaagcaggat gatgaagcag ataaagcatt gacctcagat 1140
gaggagagga acaatgcaca gctggaattt tatgatgagc ccaaggtaat taactggggg 1200
gatgcagctce taggagagaa tgaactttga 1230
<210> SEQ ID NO 76
<211> LENGTH: 38
<212> TYPE: DNA
<213> ORGANISM: SARS coronavirus GD69
<400> SEQUENCE: 76
cctcegtace atctgggget gagectcttte atcggagg 38
<210> SEQ ID NO 77
<211> LENGTH: 95
<212> TYPE: DNA
<213> ORGANISM: SARS coronavirus GD69
<400> SEQUENCE: 77
acgagttcgt ggtggtgacg gcaaaatgaa agagctcagc cccagatggt acttctatta 60
cctaggaact ggcccagaag cttcacttee ctacg 95
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-continued

<210> SEQ ID NO 78

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 78

acgagttcgt ggtggtgac 19

<210> SEQ ID NO 79

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 79

cgtagggaag tgaagette 19

<210> SEQ ID NO 80

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 80

gccttetttg ttag 14

<210> SEQ ID NO 81

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 81

gcectecgtac catctgggge tgagectcttt catcggagge 40

<210> SEQ ID NO 82

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 82

taatacgact cactatagga cgagttcgtg gtggtgac 38

<210> SEQ ID NO 83

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 83

gccttetttg ttagegtagg gaagtgaage tte 33
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<210>
<211>
<212>
<213>

<400>

SEQ ID NO 84

LENGTH: 40

TYPE: DNA

ORGANISM: SARS coronavirus GD69

SEQUENCE: 84

gccecacgtac catctgggge tgtagacage agccgtggge 40

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

<400>

SEQ ID NO 85

LENGTH: 98

TYPE: DNA

ORGANISM: SARS coronavirus GD69Y

SEQUENCE: 85

ctctatgttt ataagggcta tcaacctata gatgctgctg tctacagccc cagatggtag 60

tattecttget agtcacacta gccatcctta ctgegett 98

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 86

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

SEQUENCE: 86

tacacacete agegttg 17

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 87

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

SEQUENCE: 87

cacgaacgtg acgaat 16

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 88

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

FEATURE:

NAME/KEY: modified base

LOCATION: (21)..(26)

OTHER INFORMATION: a, ¢, ¢, t, unknown, or other

SEQUENCE: 88

gceocggagete tgeagaatte nhnhnhn 26

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 89

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

SEQUENCE: 89
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gccggagete tgcagaatte 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 90

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic

primer

SEQUENCE: 90

gggttgggac tatcctaagt gtga 24

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
«222>
<223>

<400>

SEQ ID NO 91

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

FEATURE:

NAME/KEY: modified base
LOCATION: (11)

OTHER INFORMATION: i

SEQUENCE: 91

taacacacaa ncccatcatc a 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 92

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

SEQUENCE: 92

ctaacatget taggataatg g 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 93

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

SEQUENCE: 93

gcctetettg ttettgeteg ¢ 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 94

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

SEQUENCE: 94

caggtaagcg taaaactcat ¢ 21
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1. In an assay for coronaviruses wherein the improvement
comprises detectants specific for at least two genes selected
from the group consisting of spike (S), envelope (E), mem-
brane (M), and nucleocapsid (N).

2. The assay of claim 1 wherein the corona virus is a
SARS virus.

3. The assay of claim 2 wherein the SARS virus is
SARS-CoV.

4. The assay of claim 1 wherein the assay is a molecular-
beacon-based multi-allelic RT-real-time-PCR assay.

5. The assay of claim 4 wherein the detectant is a
molecular-beacon.

6. The assay of claim 5 wherein the molecular beacon is
a mismatch-tolerant molecular beacons.

7. The assay of claim 1 wherein the assay is a PCR assay.

8. The assay of claim 7 wherein there are four sets of PCR
primers for four different viral genes, and four different
molecular beacons.

9. The assay of claim 8 wherein each molecular beacon is
labeled with the same fluorophore.

10. The assay of claim 8 wherein each molecular beacon
is specific for a different SARS-CoV gene.

11. The assay of claim 7 wherein the improvement further
comprises an exogenous RNA standard that is added to the
sample that can be reverse-transcribed and amplified by one
of the primer sets.

12. The assay of claim 11 wherein the improvement
further comprises the inclusion of a fifth molecular beacon
that is labeled with a different fluorophore that is specific for
the exogenous RNA standard.

13. The assay of claim 1 wherein the improvement further
comprises RNA isolation from clinical samples

14. The assay of claim 13 wherein the sample includes
blood, tissue, sputum, or nasopharyngeal aspiration samples.

15. The assay of claim 1 or 12 wherein the improvement
further includes reverse transcription, PCR amplification
and simultaneous automated amplicon detection in a spec-
trofluorometric thermal cycler that measures the fluores-
cence intensity of each color during the annealing phase of
each thermal cycle.

16. The assay of claim 1 wherein the improvement further
comprises the selection and detection of four target
sequences that uniquely identify SARS-CoV.

17. The assay of claim 1 wherein the improvement further
comprises including specific amplicon, primers and IPC
standard along with the detectant for each gene.

18. The assay of claim 17 wherein the primers, amplicon
and detectant include those having the formulas shown in
FIGS. 3, 7, 11 and 15 for each gene and an IPC standard
selected from those shown in FIG. 17.

19. The assay of claim 17 wherein the primers, amplicon
and detectant include those having the formulas shown in
FIGS. 4, 8, 12 and 16 for each gene and an IPC standard
selected from those shown in FIG. 18.

20. The assay of claim 1 wherein the improvement further
comprises a PCR multiplex format.

21. A kit for performing the assay of any one of claims
1-20.

22. The kit of claim 21 wherein the reagents are contained
in individual containers.
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23. The kit of claim 22 wherein the reagents are sufficient
in amount to perform an assay of single sample.

24. The kit of claim 21 wherein the kit contains written
instructions.

25. A reagent composition comprising one or more of the
following reagent groups

S Gene
LK249 5 ' -FAM-CCCACGCCAGAAGGTAGATCACGAACTACA

CGTGGG-3'-Dubcyl

LK249.N 5'-FAM-GCCCACGCCAGAGGTAGATCACGAACTACA
CGTGGGC-3 "' -Dubeyl

LK250 5'~CTCTATGTTTATAAGGGCTATCAACCTATAGATGTAGTT
CGTGATCTACCTTCTGGTTTTAACACTTTGAAACCTATTTTT
AAGTTGCCTCTTGG-3'

LK251 5 ' ~CTCTATGTTTATAAGGGCTATCAACC-3'

LK251-T7 5 ' -TAATACGACTCACTATAGGCTCTATGTTTATAAGGGCTAT
CAACC-3'
LK252 5 '~CCAAGAGGCAACTTAAAAATAGGTTTC-3'

LK252-RT 5 ' -AGGCTGTAAGAACCAAGAGGCAACTTAAAAAT
AGGTTTC-3'

S-RT 5'-AGGCTGTAAGAA-3';

E Gene
LK253 5 ' -FAM-CCTCCGCACGAAAGCAAGAAAAAGAAGTACGC

XCGGAGG-3"'-Dubcyl

LK253.N 5'-FAM-GCCTCCGCACGAAAGCAAGAAAAAGAAGTACGC
CGGAGGC-3'-Dubcyl

LK254 5'~CGGAAGAAACAGGTACGTTAATAGTTAATAGCGTACTTC
TTTTTCTTGCTTTCGTGGTATTCTTGCTAGTCACACTAGCCA
TCCTTACTGCGCTT-3"'

LK255 5 '-CGGAAGAAACAGGTACGTTAATAG-3"'

LK255-T7 5 '-TAATACGACTCACTATAGGCGGAAGAAACAGGT
ACGTTAATAG-3'

LK256 5'~AAGCGCAGTAAGGATGGCTA-3'
LK256-RT 5 ' -TATTGCAGCAGTACAAGCGCAGTAAGGATGGCTA-3'
E-RT 5'-TATTGCAGCAGTAC-3';

M Gene
LK257 5 ' -FAM-CCTCCGACCCAATTAATTCTGTAGACAGCAGC

CGGAGG-3'-Dubcyl

LK257.N 5'-FAM-GCCTCCGACCCAATTAATTCTGTAGACAGCAGC
CGGAGGC-3'-Dubcyl

LK258 5'-CTTGTTTTCCTCTGGCTCTTGTGGCCAGTAACACTTGCT
TGTTTTGTGCTTGCTGCTGTCTACAGAATTAATTGGGTGACT
GGCGGGATTGCGATTGCAATGGCTTG-3'

LK259 5'-CTTGTTTTCCTCTGGCTCTTG-3"
5'-TAATACGACTCACTATAGGCTTGTTTTCCT
CTGGCTCTTG-3'

LK260 5'-CAAGCCATTGCAATCGCAATC-3"'

LK260-RT 5 '~ AAGCAACGAAGTAGCAAGCCATTGCAATCGCAATC-3"'
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M-RT
or

IpC
LK265

LK266

LK251

-continued
5' -AAGCAACGAAGTAG-3';

5' -FAM-GCCCACGTACCATCTGGGGCTGTAGACAGCAGC

CGTGGGC-3 "' -Dubeyl

5' -CTCTATGTTTATAAGGGCTATCAACCTATAGATGCTGCT
GTCTACAGCCCCAGATGGTAGTATTCTTGCTAGTCACACTAG
CCATCCTTACTGCGCTT-3'

5' -CTCTATGTTTATAAGGGCTATCAACC-3"'
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62

-continued
LK251-T7 5 ' -TAATACGACTCACTATAGGCTCTATGTTTATAAGGGCTA
TCAACC-3'

LK256 5 ' ~AAGCGCAGTAAGGATGGCTA-3'
LK256-RT 5 ' -TATTGCAGCAGTACAAGCGCAGTAAGGATGGCTA-3'
E-RT 5'-TATTGCAGCAGTAC-3'.

26. Akit containing the reagent composition of claim 25.
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