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POVF /LD 70— = PICERETHWET S w—0R 7 L EF PRSI

BIUOF T4 < —DOME

TIAw—

PCV1-3
PCV1-4
PCV2-1
PCV2-2
PCV2-3
PCV2-4
PCV4.1
PCV4-2
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PCV7-2
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b

9
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14
15
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17

FIAe—DiB T4 —ORI v FF FRF

(X4 LAFE)°

37-56
1605-1624
1076-1093
679-660
7-24
1657-1640
611-629
1100-1079
1597-1617
87-68

STACTCCTCAACTGCTGTCCCS'
STCCATCCCACCACTTATTTCS
S'ACGCTGAATAATCCTTCCY
S'CCAACAAAATCTCTATACCCY
S'ATTACCAGCAATCAGACCY
S'AACAACCACTTCCTICACCS
5'AGCAGGGCCAGAATTCAACS
S'CGTCTTCGGAAGGATTATTCAGS!
S'GCCTAGTAGAAATAAGTGGTGS
SAGTAATCCTCCGATAGAGAGS'
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SEQUENCE LISTING

<110> Suresh Kumar Mittal
Gregory Wayne Stevenson

Jiwon Choi

Matti Kiupel
Charles Lee Kanitz

1
<120> DIAGNOSIS AND TREATMENT OF PROCINE

CIRCCOVIRUS ASSOCIATED CONGENITAL TREMORS AND OTHER DISORDERS

<130

«150>
<151>

<160
<170>

<210>
<«211>
<212»
<213>

<400>
abttctgatta
gtagaagete
tcecatggagg
gzaataaatt
ttaagtgggg
ttgtagtcct
tttctagagg
tcaatagtgg
tgggggattyg
tttggtacaa
gtgatggggg
ggtatagaga
atcatgtcca
gtgcgggaga
acgagooagy
ctgeggtaac
ttaccagcoyge
caagaagaat
tcecttcegaa
tattgttgge
ttttgtgaag
cgagaaagec
acttattgaa
gagtacctty
tgtcagaaat
tgattggaag
ggctgctaat
ggatggttac
ggatgatcta
tgtacotttt

<210>

3759/27429

60/211,710
2000-06-15

17

-WO

FagtSEQ for Windows Version 3.0

i
1762
DNA

PMWS-PCV-P1

1
ccagcaatca
tctatcggag
aagggggeca
actgagtcett
ggtotttaag
ggtcgtattt
tttgtageet
agtcaagaac
tatggcggga
agttatcatc
agcagggcca
ttttattagt
cogoccacga
ggcgggtatt
ggeggeqggeg
gcctecttgg
acttoggeag
ggaagaagcg
gacgagcgca
gaggagggta
aagcaaactt
aaaggaactg
tgtggagete
ttggagageg
ttoogogage
accaatgtac
tttgeagacce
catggtgaag
ctgagactgt
ttggccocgea

2

gacccegteg
gattacttce
gttcgteacc
ttttatcact
attaaattct
actgtttteg
cagecaaage
aggtttgggt
gaagtagtktt
tagaataaca
gaattcaacc
ccececctece
gggcgttgtg
aaagatgcca
gaggatctgg
atacgtcata
cggcagcacc
gacceccaacc
ataaaatacy
atgaggaagg
ttaatasagt
atcagcagaa
ctcgatctca
ggagtctggt
tagctgaact
acgtcattgt
cggaaaccac
aagtggttgt
gtgategata
gt

gaatggtact
ttggtatttt
ctttececeoc
togtaatggt
ctgaattgta
aacgcagtoc
tgattecttt
gtgaagtaac
acatatagot
gcagtggage
ttaacttttc
gggggaacaa
actgtggtac
ttttteectte
cocaagatgge
gctgaaaacg
teggeoageac
acataaaagg
ggagctocea
acgaacacct
gaagtggtat
taaagaatat
aggacaacgg
gaccgttgea
tttagaaagtyg
ggggccacct
atactggaaa
tattgatgac
tcecattgact

cctcaactge
ggaagaatgc
catgececctyga
ttttattttt
catacatggt
cgaggcctac
tgttatttgyg
gggagtggta
cataggttag
ccacteceet
ttattctgta
agtcocgtoaag
gcttgacagt
tccaacggty
tgegggggeg
aaagaagtgc
ctcagcagea
tgggtgttca
akctecoctat
cacctocagg
ttgggtgcec
tgcagtaaag
agtgacctgt
gagcagcace
agcgggaaaa
gggtgtggta
ccagctagaa
tttiatggct
gtagagacta

JP 2004-503234 A 2004.2.5

tgteccaget
tacagaacaa
atttccatat
catttagggyg
tacacggata
gtggtccaca

ttggaagtaa

ggagaagggt
ggcattggce
atcacccotgy
gtattcaaag
cttaaatete
atatccgaag
gcgagggtag
gtgteottett
gctgtaagta
acatgccecag
cgctgaataa
ttgattattt
ggttcgetaa
gctgccacat
aaggcaactt
ctactgetgt
ctgtaacgtt
tgecagasgceg
aaagcaaatg
acaagtggty
ggetgcogty
aaggtggaac

&0
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960

1020
1080
114¢
1200
1280
1320
1380
14490
1500
1560
1620
1680
17490
1762
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<211> 1766
<212> DNA

g — ™ ™ M M M Moo 1

<213> PMWS-PCV-B2

<4 00>
attctgatta
gtagaagcta
tccacggagy
gaaataaatt
ttaagtgggg
ttgtagtect
tttetagagy
tecaatagtgg
tgggggatty
tttoggaaaaa
gtgatggagyg
ggtatagaga
atcatgtecca
gtgegggaga
gggtggacga
cttetictge
taagtattac
gcocagceaag
gaataatcct
ttattttatt
cgctaatttt
ccacatcgaqg
caacttactt
tgctgtgagt
aacgtttgte
gaagcgtygat
caaatggget
gtggtgggat
gecgtgggat
tggaactgta

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

<400>
attctgatta
gtagaagetce
tccacggagg
gaaatazaatt
ttaagtgggg
ttgtagtcct
tttctagagy
tcaatagltgg
tgggggattiyg
tttggtacaa
gtgatgggag
ggtatagaga
atcatgtcca
gtgcgggaga
gggtggacga
cttettetge
taagtattac
gcccagoaag

4
ccagcaatca
tctateggag
aagggggcca
actgagtctt
ggtctttaag
ggtegtattt
tttgtagect
agtcaagaac
tatggeggga
agttatcatc
agcagggcca
ttttgttggt
cogcoccagga
ggegggtgtt
gcecagyggygey
ggtaacgcoct
cagegeactt
aagaatggaa
tccgaagacy
gttggcgagg
gtgaagaagc
aaagccaaag
attgaatgtyg
accttgttgy
agaaatttcc
tggaagacca
gotaattttg
ggttaccatyg
gatctactga
cottetttgyg

3
1768
DNA

gaccecegttyg
gattacttce
gttegtcacce
ttttatcact
attaaattct
actgttttcg
cagecazage
aggtttgggt
ggagtagttt
tagaataaca
gaatteczace
cceecectece
gggegtigty
gaagatgcca
gedycggagy
ccttggatac
cggcagegge
gaagcggacce
agcgcaagaa
agggtaatga
aaacttttaa
gaactgatca
gagctccteg
agagegggag
gogggetgge
atgtacacgt
cagacccgga
gtgaagaagt
gactgtgtga
ccegcagt

PMWS-PCV-P3

3
ccagcaatca
tctatcggayg
aagggggcca
actgagtctt
ggtctttaag
ggtcgtattt
tttytageet
agtcaagaac
tatggeggyga
agttatcate
agcagggeccea
ttttgttggt
cogoocagyga
ggcgggtgtt
goccagygggeyg
ggtaacgect
cagcgcactt
aagaatggaa

gaccececgttyg
gattacttec
gkttegtcace
ttttatcact
attaaattcet
actatttteg
cagccaaage
aggtttgggt
ggagtagttt
tagaataaca
gaattcaace
cececctoee
gggcgttgtyg
gaagatgcea
goeggeggaygy
ccttggatac
cggcagogge
gaageggace

gaatggtact
ttggtatttt
cttteccece
tcgtaatggt
ctgaattgta
aacgcagtge
tgattecttt
gtgaagtaac
acatatgggt
gcagtggagco
ttaaccttte
gggggaacaa
actgtggtag
tttttcette
atctggccaa
gtcatagctyg
agcacctegg
ccaaccteat
aatacqgggag
ggaaggacga
taaagtgaag
gcagaataaa
atctcaagga
tetgygtgace
tgaacttttyg
cattgtgggg
aarcacatac
ggttgttatt
tcgatatcea

gaatggtact
ttggtatttt
cttteccecec
toegtaatggt
ctgaattgta
aacgcagtge
tgattcecttt
gtgaagtaac
acatatgggt
gcagiggagc
ttaacttttc
gggggaacaa
actgtggtac
tttrtcette
atctggecaa
gtcatagctyg
agcacctogg
ccaaccacat

cctcaactge
ggaagaatgc
catgcectga
ttttattatt
catacatggt
cgaggcectac
tgttatttgg
gggagtgygta
cataggttag
ccactccect
ttattetgta
agtcgtcaat
cecttgacagt
tccazcggta
gatggctygcyg
aaaacgaaaqg
cagcacctca
aaaaggtygqgy
ctecccaatcet
acacctcacc
tggtatttgg
gaatattgca
caacggagtg
gttgcagage
aaagtgagceg
ccacctgagt
tggaaaccac
gatgactttt
ttgactgtag

cctecaactge
ggaagaatge
catgccectga
ttttattttt
catacatggt
cgaggcectac
tgttatitgg
ggaagtggta
cataggttag
ccactecect
ttattectgta
agtcgtecaag
gcetbtgacagt
tcecaacggta
gatggctgeg
azaacgaaaqg
cagcacctca
aaaaggtggyg

tgtccecaget
tacagaacaa
atttcecatat
catttagggt
tacacggata
gtggtecaca
ttggaagtaa
ggagaagggt
ggctgtgete
atcaccctgy
gtattcazag
cgtaaatctc
atatcegaag
geggtggegy
ggggcggtat
aagtgegctyg
gcagcaacalt
tgttcacget
cectatttga
tccaggggtt
gtgceegety
gtaaagaagg
acctgtctac
agecaccctgt
ggaaaatgca
gtggtaaaag
ctagaaacaa
atggetgget
agaclaaagyg

tgtccecaget
tacagaacaa
atttcecatat
catttagggyg
tacacggata
gtggtccaca
ttggaagtaa
ggagaagggt
ggcattggec
atcaccctgg
gtattcaaag
cttaaatcktc
atatcegaag
gcggtggegg
ggggeqatgt
aagtgegekg
gcagcaacat
tgtteacget

&0
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1768

60
120
i80
240
300
360
420
480
540
€00
660
720
780
640
800
96¢C
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gaataatect
ttattttatt
cgetaattitt
ccacatcgag
caacttactt
tgctgtgagt
aacgtttgte
gaagcgtgat
caaatggget
gtggtgggat
gocgtgggat
tggaactgta

<216G>
<211>
<212>
<213>

<400>
atictgatta
gtagaagctc
tecacggagy
gaaataaatt
ttaagtaggg
ttgtagtoct
tttctagagy
tcaatagtgg
tgggggattyg
tttgttacaa
gtgatggggg
ggtatagaga
atcatgtcea
gtgcgggaga
gggtggacga
cttettetge
taagtattac
gcccagceaay
gaataatcct
ttattttatt
cgetaatbtt
ccacatcgag
caacttactt
tgctgtgagt
aacgtttgte
gaagcgtoat
caaatgggcet
gtggtgggat
geegtgggat
tggaactgta

<210>
<211>

tcecgaagacg
gttggcgagg
gtgaagaagc
anagccaaaqg
attgaatgtg
accttgitgyg
agaaatttec
tggaagacca
gctaattttg
ggttaccatg
gatctactga
ccitttttgg

4
1768
DNA

agcgcaagaa
agggtaatga
aaactttcaa
gaactgatca
gagcteotog
agagcgggayg
gcgggetgge
atgtacacgt
cagacccgga
gtgaagaagt
gactgtgtga
ccegeagt

PMWS-PCV-~P4

4
cgagcaatcea
tctatcggag
aagggageca
actgagtctt
ggtctttaag
ggtcgtattt
titgtatcet
agtcaagaac
tatggcgygga
agttatcatc
ageagggoca
ttttgttggt
cegeccagga
ggcgggtatt
gecagygggeg
ggtaacgcet
cagegcactt
aagaaktggaa
tcecgaagacg
gttggcgagg
gtgaagaagc
aaagccaaadg
attgaatgtg
accttgttgy
agaaatttce
tggaagacca
gctaattttg
ggttacecaty
gatctactga
cettttttgyg

5
1768

<212> DNA

<213>

CT-pCy~P5

<400> 5

attctgatta
gtagaagete
tccacggagyg
gaaataaatt

ccagcaatca
tectateggag

aagggggeca
actgagtett

gaccccegttg
gattacttcc
gttcgtcace
ttttatecact
attaaattct
actgttttcg
catccaaage
aggrttgggt
ggagtagttt
tagaataaca
gaattcaace
ccecectece
gggegttgtg
gaagatgcca
gcggeggayqg
ccttggatac
cggcagedggce
gaagtcggace
agcgcaagaa
agggtaatga
aaacttttaa
gaactgateca
gagctecteg
agagcgggay
gcgggetgge
atgtacacgt
cagacccygga
gtgaagaagt
gactgtgtga
ccogeagt

gaccecogtiyg
gattacttec
gtiegteacc
ttttatcact

(47)

aatacgggag
ggaaggacya
taaagtgaag
gcagaataaa
atctcaagga
tctggtgace
tgaacttttg
cattgtgygy
aaccacatac
ggttgttatt
tcgatateca

gaatyggtact
ttggtatttt
ctttecececece
tcgtaatggt
ctgaattgta
aacgcagtgco
tgattccttt
gtgaagtaac
acatatgggt
gcagtggage
ttaactttlc
gggggaacaa
actgtggtag
tttttectte
atctggccaa
gtcatagctyg
agcacctegg
ccaaccacat
aatacgggag
ggaaggacga
taaagtgaag
gcagaataaa
atctcaagga
tctggtgace
tgazscttttyg
cattgtggyy
aaccacatac
ggttgttatt
tcgatatceca

gaatggtact
tiggtatttt
cttteccoceo
tcgtaatggt

ctcccaatct
acacctcacc
tggtatttgy
gaatattgca
caacggagtg
attgcagagce
aaagtgagcg
ccacctgggt
tggaaaccac
gatgactttit
ttgactgtag

ccbtecaactge
ggaagaatgce
catgecetga
ttttattatt
catacatggt
cgaggcctac
tgttatttgg
gggagtggta
cataggttag
cractceect
ttattctgta
agtcgtcaat
ccttgacagt
tccaacggta
gatggctgegq
aaaacgaaayg
cagcacctca
aaaaggtggg
ckteccaatet
acacctcace
tggtatttgg
gaatattgea
caacggagtg
gttgcagage
aaagtgageg
ccacctgggt
tggaaaccac
gatgactttt
ttgactgtag

cctcaactgc
ggaagaatgc
catgcectga
ttttattttt

JP 2004-503234 A 2004.2.5

ccctattiga
tccaggggtt
gtgccogetg
gtaaagaagyg
acctgtetac
agcaccctgt
ggaaaatgca
gtggtaaaag
ctagaaacaa
atggclggot
agactaaagg

tgtcccaget
tacagaacaa
attteccatat
catttagggt
tacacggata
gtggtctaca
ttggaagtaa
ggagaagggt
ggctgaggec
atcaccctgg
gtattcaaag
attaaatctc
atatccgaag
gcggtagegy
ggggeggtgt
aagtgoegetyg
gcagcaacat
tgtteacget
ccckatttga
tcecaggggtt
gtgeeegetyg
gtaaagaagg
acctgtctac
ageaccetgt
ggaaaatgea
gtggtaaaag
ctagaaacaa
atggctgget
agactaaagqg

tgtcecaget
tacagaacaa
atttccatat
catttagggyg

1140
1200
1260
1320
1380
1440
1500
1560
16290
1680
1740
1768

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
560

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
16B0
1740
1768
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ttaagtgggg
ttgtagtect
tttctagagyg
traatagtgg
tgggggattyg
tttggtacaa
gtgatygggyg
ggtatagaga
atcatgtcca
gtgcgggaga
gggtggacga
cttecttctge
taagtattac
goccagcaayg
gaataatcet
ttattctatt
cgctaatttt
ccacatcgag
caacttactt
tgectgtgagt
aacgtttgte
gaagcgtgat
caaatgggct
gtggtgggat
gcegtgggat
tggaactgta

<210>
<211>
<Z212>
<213>

<400>
attctgatta
gtagaagctc
teccacggaqgy
gaaataaatt
ttaagtgggg
ttgtagtect
tttctagagy
teaatagtgyg
tgoggggattg
tttggtacaa
gtgatggggyg
ggtatagaga
atcatgteca
gkgcgggaaa
gggtggacga
cttcttcige
taagtattac
gcecagoaag
gaataatcct
ttatttratt
cgctaatttt
ccacatcgag
caackttactt
tgetgtgagt
aacgtttgte
gaagcgtgat
caaatgggcet

ggtctttaag
ggtcgtattt
tttgtageoet
agtcaagaac
tatggcggga
agttatcatc
agcagggeea
ttttgttggt
ccgococoagga
ggegggtgtt
gccaggggeg
ggtaacgcct
cagegoactt
aagaatggaa
toccgaagacyg
gttggcgagg
gtgaagaagc
azagccsaag
attgaatgtg
accttgttgg
agaaatttcc
tggaagacea
gctaatttty
ggttaccatg
gatctactga
cettititgg

6

1768

DNA
CT-PCV-P6

3
ccagcaatca
tetateggag
aagggggoeca
actgagtctt
ggtctttaag
ggtcgtattt
tttgtagect
agtcaagaac
tgtggeggga
agttatcatc
agcagggeca
ttttgttggt
cegcoecagga
gocgggtgtt
gecaggggcy
ggtaacgecet
cagcgeactt
aagaatggaa
tccgaagacyg
gttggegagyg
gtgaagaagc
aaagccaaag
attgaatgtg
accttgttgg
agaaatttcc
tggaagacca
gctaattttg

attaaatict
actgtttteg
cagccaaadc
aggtttgggt
ggagtagttt
tagaataaca
gaattcaacc
ccececteece
gggcgttgtg
gaagatgcea
gcggegygagy
cettggatac
cggcagegge
gaagcggacce
ageogcaagaa
agggtaatga
aaactttcaa
gaactgateca
gagctecctcy
agagcgggay
gegggcetgge
atgtacacgt
cagacccgga
gtgaagaagkt
gactgtgtga
ccegeagt

gacccegttg
gattacttce
gttegtcacc
ttttatcact
attamattct
actgttticg
cagccaaage
aggtttgggt
ggagtagttt
tagaataaca
gaatteaacc
cegeactece
ggycgtigty
gaagatgeea
gcggcggagyg
ccttggatac
cggoageyggce
gaageggacc
agcgcaagaa
agggtaatga
aaacttttaa
gaactgatca
gagctoctceg
agagcgggag
gcgggetgge
atgtacacgt
cagaccegga

(48)

ctgaattgta
aacgcagtgc
tgattcettt
gtgaagtaac
acatatgggt
gcagtggagce
ttaactttte
gggggaacaa
actgtggtac
ttttteette
atctggccaa
gtcatagetg
agcaccicgg
cecaaccacat
aatacgggag
gJaaggacga
taaagtgaag
gcagaataaa
atctcaagga
tetggtgacc
tgaactttitg
cattgtggqg
aaccacatac
ggttgttatt
tegatateca

gaatggtact
ttggtatttt
ctttcceoceee
tegtaatggt
ctgaattgta
aacgcagtge
tgattecttt
gtgaagtaac
acatatgggt
gcagtggagce
ttaaccttte
gggggaacaa
actgtggtac
tttttectte
atctggcocaa
gtcatagetyg
agcaectcogg
ccaaccacat
aatacgggag
ggaaygacyga
taaagtgaag
gragaataaa
atctcaagga
tetggtgace
tgaacttttg

cattgtgggg
aaccacatac

catacatggt
cgaggectac
tgttatttgy
gggagtggta
cataggttag
ccactccect
ttattctgta
agtcgtcaag
gcttgacagt
tccaacggta
gatyggctgeyg
aaaacgaaag
cagcacctca
aaaaggtggy
ctcececaatet
acacctecace
tggtatttgg
gaatattgca
caacqggagty
gttgcagagc
aaagtgagcyg
ccacctgggt
tggaaaccac
gatgactttt
ttgactgtag

cctecaactge
ggaagaatgc
catgcectga
ttttattatt
catacatggt
cgaggectac
tgttatttgg
gggagtggta
cataggttag
ccackcecct
ttattetgta
agtcgtcaag
gcttgacagt
tccaacggta
gatggetgeg
aaaacgaaag
cagcacctea
aaaaggtqggg
ctcecaatet
acacctcacc
tggtatttgg
gaatattgca
caacggagtg
gttgecagagc
aaagtgagcg
ccacctgggt
tggaaaccac

JP 2004-503234 A 2004.2.5

tacacggata
gtggtccaca
ttggaagtaza
ggagaagggt
ggecattggec
atcaccctgg
gtattcaaag
cttaaatctc
atatcecgaag
gcggtggeqy
ggggcggtgt
aagtgcgctg
gcagcaacat
tgttcacget
ccetatttga
tccagygggtt
gtgcecegety
gtaaagaagg
acctgtaetac
agcaccctgt
ggaaaatgca
gtggtazaaag
ctagaaacaa
atggetgget
agactaaagyg

tgtcecaget
tacagaacaa
atttccatat
catttagggt
tacacggata
gtggtccaca
ttggaagtaa
ggagaagggt
ggetgtggee
atcacccetqyg
gtattcaaag
cttaaatctc
atatcegaag
geggtggcegyg
ggggegatat
aagtgegctg
goagcaacat
tgktteacget
ccctatttga
tccaggggtt
gtgecegetg
gtaaagaagy
acctgtctac
agcaccctgt
ggaaaatgca
gtggtaaaag
ctagaaacaa

300
360
420
480
540
600
660
720
780
840
300
860
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1768

60
120
180
240
300
360

480
540

660
720
780
840
900
960
1029
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
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20
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gtggtgggal
gcegtgggat
tggaactgta

ggttaccatg
gatctactga
cctrrttegy

<210> 7

<211> 1759
<212> DNA
<213> CT-PCV-P7

<400>

attttgatta
gtagaagetc
tccacggagg
tataaaataa
atttagagygg
ataattttgg
ggtgtgggta
aattgtttgy
ccttatggty
ggttacaaag
gatggggtct
taggggtagg
gtggttaaca
agaaaggcgyg
ggggtgtace
celttecttetg
tgectgtagta
gocecageaay
ttccgaggag
ttgtggagag
tgctaagaag
gaaagocgaaa
tatcgagtge
tacccttttg
gagaaatttc
ttggaagaca
ccgtaatttt
tggatatcat
tgatctactg
teettitttg

q
ccagcaatca
tetatcggag
taccecgaagg
attactgagt
totttcagga
gectgtgtctg
tttaaatgga
tecageteag
tggcyggagy
ttggecatcea
ctggggtaaa
gggttggtge
ttecaagatyg
gaattgaaga
aaatatggte
cggtaacgec
ttaccagege
aaaagcggec
gagaaaaaca
gaaggttigg
cagaccttta
ggaaccgace
ggagctcege
gagacggagt
cgegggetygg
gctgtacacg
getgagecta
ggagaagaay
agactgtgtyg
geccgeagt

<210> 8
<211> 20
<212> DNA
<213> Artificial Seqguence

<220>
<223»> primer

<400> B

tactcctcaa

ctgectgteee

<210> 9
<211> 20
<212> DNA
<213> Artificial Seguence

<220>
<223> primer

gtgaagaagt
gactgtgtga
ccogeagt

ggccecccadg
gattactact
ccgatttgaa
cttttttgtt
taaattctet
cattttggag
gccacagctg
gtttgggggt
agtagttaat
agataacaac
attcatattt
cgcecgaggy
gotgegagtg
tacccttett
tteotecggag
tecttggeca
actteggeag
cgcaaccoca
aaatacggga
aagagggtag
acaaggtgaa
agcagaataa
ggaaccaggy
ctttyggtgac
ctgaactttt
tcatagtggy
gggacaccta
ttgttgtett
accggtatcece

(49)

ggttgttatt
tegatatcca

gaatggtact
ttgcaatttt
gcagtggacc
atcacatecgt
gaattgtaca
cgcaaagccy
gtttctttta
gaagtacctg
ataggggtca
agtggaccet
agcctticta
ggggaggaac
tecectectttt
tcggegecat
gatgtticca
cgtcatccta
cggcagceacce
taagaggtygy
gctteccaate
aactcctcac
gtggtatttt
agaatactge
gaagcgcage
tgtagccgag
gaaagtgagc
cecgeoeyggt
ctggaageet
ggatgatttt
attgactgta

gatgactttt
ttgactgtag

cctecaactge
ggaagaatge
caccetgtge
aatggttttt
taaatagtca
aggcctgtgt
ttatttgget
gagtggtagy
taggccagot
acacctettt
atacggtagt
tggcocegatgt
atggtgagta
ctgtaacggt
agatggctgc
taaaagtgaa
tcggeagegt
gkgttcacce
tcectttttyg
ctocaggggt
ggtgceoceget
agtaaagaag
gacctgtcta
cagttcectg
gggaagatgce
tgtgggaaga
agtagaaata
tatggctggt
gagactaaag
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atggctgget
agactaaagqg

tgtoccaget
tggagaacaa
ccttttcceca
atttttatte
gecttacceac
getcgacatt
ggaaccaatc
taaagggttg
tggtggaggy
gattagaggt
attggaaaqg
tgaatcotgag
caaattctet
ttetgaagge
gggggcegagt
agaagtgcge
cagtgaaaat
ttaataatec
attattttgt
tigcgaattt
gccacatcga
gecacatact
ctgctgtgag
taacgtatgt
agcagcgtga
gccagtggge
agtggtggga
taccttggga
ggggtactgt

1680
1740
1768

60
120
180
240
300
360
420
480
540
600
660
720
780
840

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1759
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<400> 9
tecateccac cacttattte 206

<210> 10

<211> 18

<212> DNA

<213> Artificial Sequence

<220> -
<223> primer

<400> 10
acgctgaata atccttee 18

<210> 11

<211> 20

<212> DNA

<213> artificial Sequence

<220>
<223> primer

<400> 11
ccaacaaaalt ctetataccce 20

<210> 12

<211> 18

<212> DHA

<213> Artificial Sedquence

<220>
<223> primer

<400> 12
attaccagca atcagacco 18

<210> 13

<211>» 18

<212> DHWA

<213> Artificial Sequence

<220>
<223> primer

<400> 13
aacaaccact tcttcace 18

<210> 14

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 14
agcagggcea gaattcaac 19

<210> 15
<211> 22
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Artificial Seguence
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Artificial Sequence
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paaly peptices encndil by these seguences, s well as
1his rew POV dsnkites and inniunogenic preparions
thersof,
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VACCINE FOR CONGENITAL TREMORS IN PIGS

This application claims priority to U.S. Provisionel Application Serlal No.
80/211,710, filed June 15, 2000 under 35 U.S.C. § 119(e), which is incorporated herein by

" reference in its entirety.

EL)| ™
‘The present ivention relates to the identiFeation of an association between
porcine sireovirus (PCV) and congenital fremors in pigs and to related diagnostic and
therapeutic compositions and metheds. The invention more parlicularly provides specific

congenital tremors associated PCV mueleic acids and polypeptides.

BACKGROUND OF TIIE INVENTION

Porcine circovirus (PCV) was initially discovercd as a noncytopathic
contaminant of PX.-15, a porcine kidney cell line (Tischer eial., Medizinische Mikrobiologie
und Parasitologie 326: 153-167, 1974). This virus was churacterized in 1982 (Tischer ef ol.,
Mahure, 295-:64-66, 1982) and classified ameng the circoviridse with the chicken anemia virus
{Yuasa ef al., Avian Diseases 23; 366, 1975), the psittactie beak and feather disease virus
{Pass & Perry, Austrial Veterinary Journal, 61:69-74, 1954) and the pigeon circovirs {Woods
et ., Joutnal of Veterinary Diagnostic [nvestigations: 5:609-612, 1%83). Clrcoviral geneme
consists of a single copy of circular single-stranded ambisense DMA genome (Lukert e/ o,
Sixth Report of the Interpational Committes on Taxonomy of Viruses, 166-168, 1995). The
size of the penome varies between 1.7 and 2.3 kb. Circoviruses ave non-enveloped and have
icosabedsal symmetry. The PCV, derived from the PK-15 cells has first been considered nat
to be pathogenic. Its complete genome was sequenced {(Meehan et al., Journal of General

Virology 78:221-227 1997) and it has been characterized electron microscopically (Stevenson
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et al., Veterinary Pathology 30:368-378, 1999). PK-15-PCV bas never been associated with
2 naturally oecurring disease and experimental inocalation of pigs did not result in clinical
disease (Tischer et ul., Archives of Virology 90:271-276, 1986; Allan ct al., Journal of
Cemparative Pathology 121: 1-11, 19935).

Phylogenetic analysis of PK-13-PCV, chicken and psittacine aoimal
circoviruges, plant geminivirases and nanovituses (previeusly known as plant circovirses)
classified PK-15-PCY as most closely relaied ic psittacine beak and feather disease virus,
both PK-15-PCV and psittacine circovirus shared features with and were intennsediate
hetween the 2 plant viral groups (Wiagro et al, Archives of Virology 143:1723-1744, 1698).
Additional analyses sugpested that a predecessor to PK-15-PCV andlor psatticine circovirus
originated [rom 2 plant manovirus that infecled a vertebrate host and recombined with a
vertebrate-infecting RINA, virus, most likely 2 calicivirus (Gibbs & Weiller, Proceedings of
the National Academy of Scicnces, TJSA, 96:8022-8027, 1999).

[nfection by PCV has been associated with postweaning mullisystemic wasting
syndrome (PMWS), that is clinically characterized by progressive weight loss, dyspnea,
tachypnca and icterus in postweaned pigs (Dall et al, Meeting of the American Association
of Veterinary Laboratory Diagnosticians, Tittle Rock, AR, USA, p32, 1996; Clark,
Procesdings of the 28th Armual Mesting ofthe American Association of Swine Practitioners,
Quebse City, Quebsc, pp. 499-301 1997; Kiupel et al., IudianalVeterinary Patholopy
35:303-307, 1098, Ellis 2t al., Canadian Veterinay Journal 38:44-51, 1998 Allun & Ellis,
Journal of Veteriary Diagnostic Investigations 12:3-14, 2000). The conplete genonde
sequences of 2 pumber of PCV associated with PMWS are available {(Hamel et al., Journal
of Virology 72:3262-5267, 1998; Meehan et al., Jownal of Gencral Viralogy 79:2171-2179,
1998; Morozov et 2l., Journal of Clinical Microbiclogy 9:2535-2541, 1998; Mankertz el af.,
Virus Research, 6665-77, 2000; WO 8518214, WO 99/45956, 1.8, Patent No. 6,217,883).
Isolates of PMWS-PCV differ from PK-15-PCV antigenically and genetically (Allan ct al.,
Jownal of Veternimy Diagnostic Investigations 10:3-10, 1998; Hamel el al, Journal of
Virology 72:5262-5267, 1998). Those PMWS-associated PCV were thus referred to as PCV2
as apposed to the original FK-15 cell culture jsolate referred to as PCV 1 (Mechan et al.,
Journal of General Virclogy 79:2171-2179, 1898},

Conpenity) tremuors (CT) in pigs are associated with myelin deficiency and may
be caused by genetic abnormalities (Harding ei al., Vet Rec 92:527-529, 1973; Patterson ot
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al., J Meutochem 26:481-485, 1976), in-utera trichlorfon toxicity (Knox et al., Nord
Veterinaermed 30:538-545, 1978) and In-utero jnfection with classfeal swine fever virus
(Harding et al., Vet Rec 79:388-390, 1966} or Anjeszky's virus (Mare et al., ] Am Vet Med
Assoc 164:309-310, 1974). The most commumon form of CT inNorth America is iransmissible
and classified as lype AZ (Done et al, Vcterinery Annwal 16:98-102, 1976). The
epidemiclogy of CT type A2 has been reviewed {Bolin et al,, eds. Leman AlY, Straw BE,
Mengeling WL, D'Allaire 8, Taylor D), Ttk ed., pp.247-248, 1962). Disease occeurs in all
breeds, is not ssasonal, is more common in litters of Hrst parity sows and is frequently
associated with the introduction of replacement breeding stock from an outside sowrce
(Stromberp et al., Am. J Vet Res 19:377-382, 1958). Prevalenes among and within affected
litters varies from 0-100%. Qutbreaks usually last for -8 weeks. but the disease rately may
be endemic. Aftectied pigs exhibit clonic contractions of skeletal muscles of varying severity
that usually diminish and reschve by 4 wecks-of-age but that may continue vntil slaughter-age,
Myoclonus abates when pigs are resting and is exacerbated by external sthmuli (Christensen
etal,, Nord Veterinaermed §:921-943, 1956; Stremberg et al., Am J Vet Res 20: pp. 319-323
and 627-633, 1959, Mortality in aflected pigs may be as kigh as 50% and is caused by an
inability ta suckle.

The association of a virus with CT type A2 has been known for many years,
but the virus strains have so far not been identified. The first studies deseribed an unidentified,
approximately 20 s, cuboidal viras in filtrates from primary kidoey cell cultures derived
from neonatal pigs with CT tvpe A2 (Kanitz CL: 1972, Mycclonia congenita: Studics of the
resistance to viral infection of tissue cullure ¢ell Iines detived from myelonie pigs. ThId
dissertation, Purdue University, West Tafayetts, IN}. These studies included intramuscular
inpoulation of pregoant sows with the cuboidal viras preparcd as a filtrate of kidncy
cell-culturs supernatant, which resulied in the birth of litters with eongenital tremors. Other
researchers puritied a virus on cesium chluride gradients from primary kidney cell culfures

oblained (fom a pig with CT iype A2 and identified the virus as PCV-based on morphology

_ and indircat immunologic methods (Hines RK: 1994. Porcine circovirus causes congenital

tremors type A-11 proved by fulfilling Koch's postulates. PhiD dissertation, University of
Georgia, Athens, GA). Subsequent subcutaneous, intranasal and oral inocnlation of progrant
sipws in, the [ast third of gestation with this purified virus resulied in the birth of pigs with

congenital fremors. PCV was re-isolated from infestinal tissues but not nervous tissues of pigs
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with CT and not from tissues of normal control pigs derived from sham-inaculaled dams.
PCV DINA was also found in samplos from swine herds with CT, using PCR primers sets
designed to amplify a PMWS PCV isclate (G.W. Sievenson et al. TX Inicrnational
Sympesium, College Station, Texas, June 1999).

However genetiv analysis of PCV isolates associated wilh CT has not been
rported yet. Thus there is a need (o condivm the assaciation of PEV with cengenital tremors
and {o previsely identify what types of PCV are involved in the disease. Indeed enly such an
analysis may atlow to produce diagnostic and therapeutic teols against congenital tremors in
pigs, a8 cprently no effective diagnostic tests nor vaecines for congenital tremors are

available.

SUMMARY OF THE INVENTION

The invention is based on the clening of poreine circavirus (PCV) swains from
pigs with congenilal iremors.

These results provide a first step for the development of diagnostic and
therapentic applications.

Accordingly, the present invention provides a mcthod of diagnosis a
pathologizal cause of vongerital wemors in a pig, which method comprises determining
whether the pig has been infected by a porcine cireoviras strain of type T er type 2,

The invention further provides a method for the prevention or treatment of
congenital remors in 2 pig, which method comprises admimstering to the pig an effective
amount of an ymmunogenic PCV 1 or PCV 2 polypeptide or of a nucloic acid encoding this
polypeptide.

Another subject of the invention is the new PCV nucleic acid sequences
identified by the inventors and the polypeptides encoded by these sequences, as well as the
new PCV isolates and immunogenic preparations thereof.

Accordingly, the invention relates to an isolated pereime circovirus (PCV),
which nucleic acid bas a ssquence that Is identical to a sequence selscled from the group
consisting of SEQ 1D NQ. 1 10 SEQ ID NO., 7.

The invention further relates to an isvlated nucleic acid from porcine
cirgovirug (PCV), which nucleic acld comprises a sequence coding for a circovirs

polypeptide having a sequence selected fiom the group vonsisting of sequences coded by any
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of ORF] to ORF1] of any of the sequences of SEQ ID NO. 1 to SEQ INNC. 7.

Another subject of the invention is an expression vector comprising this
nueieic acid operatively associated with an expression control sequence.

This sxpression vector may be associated to & phatmaceutically acceptable
excipient to form a vaccing, that also is part of the invention.

The invention is further dircoted to a host cell comprising this expression
vectar,

The inventien also provides a methed for producing 2 PCV protein, which
method comprises culturing this host cel] under conditions that result in expression of the
pucleic acid coding {or a circovirus.

The polypeptides comprising the amino acid sequences encoded by any of
QRF to ORF11 of SEQ IDMO: T to NO:T are alse described herein, as well as the antibodics
dirceted against these polypeptides.

A further subjeci of the invention is a method for culturing a porcine circoviras
strain which method comprises infreducing a nueleic acid comprising a sequence selected
fiom the group consisting of SEQ [0 Nk 1 TO SEQ 1D NC:6 inlo a suitable host cell under
conditions that result in the production of porcine circovirus particles having a genorne that
comprises a sequence selected from the group consisting of SEQ D ™0:1 TO BEQ ID NO:6.

The inveotion akso encompasses The fsolated PCV strajns which have a

gename comprising a sequence selecied from SEQ D NC:1 to SEQ 1D NO:6.

DEAWIN

Figure 1 1s a nucleotide sequence compatison of PMWS-PCV-P1, P2, P3, P4,

and CT-PCV-PS, -P6, -P7.

- TIndicates the same nucleotids.

« Indivates 4 deleted nuclectide.

The nuclectide sequence of PMWS-PCV and PE-15-PCV were taken from Hamel ot al, 1998
and Meehan et 2l., 1997, respectively.

Figute 2 is a scheimatic representation of 11 (IRFs of PMWS-PCV-P1 (Figure
2A) and CT-PCV-P7 (Figure 2B}, The size of genome of PMWS-PCV-PLand CT-PCY-P7
is 1768 and 1759 nucleotides, respectively. The direction ofarrows indicates the orientation
of each ORF,
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Figure 3 shows a distance raatrix analysis of the full genotmie of porcine and
bovine circovirus isolatos. Branch lengfh is propartional to the phylogenetic distance of the
isolates. The har represents 10% ditference beiweon two sequences. Utrooted tree; the type
1 straing (CT-P7, PMWS-AF012107, and the PX-15 cell line derived sirains) were used as
outgroup, Bootstrap values (for 100 data sets) are showrt (excepi in the cuse of PCV 2-B when
the tree topology gained by the full-length alignment has not been continmed). Virus slains
aje represented by the caused disease (ifknown) and the strain name (f availuble, otherwise
by the accession number or the proposed restriction enzyme fragmentation type). Stains
(other than ours) and their GenBank accesston numbers ure as follows. PK-15 cell line
derived strains: PK-ISA (U491 86), PK-13B (Y09921), FK-15C (AFU7187%); FMWS strains:
PMWS-AF012107, P/48121 (Imp. 1011 48121, AFG53393), P/ISU-31 (AT223183), /48285
(Imp. 1011 48283, AF055394), D/ARDR7217, PASUVIL (TSUVDL 98-15237, AF147731),
(Imp. 999 {AF035391), P/Iwp. 1010 (Inp, 1010-Stoen, AFDS5392), strains without described
discase: Tainan (AF166328), ML.TWO8 (AF154679), B9 {AF08G834), 9741 (AF086835),412
450 (AF083693), MI226 (AFUR6836), strains with type names referrirg to rostriction cnzyme
{ragmentanion pattern: PCV 2-B (AFT12862), PCYV 2-C(AF103398), PCV 2-D (AF117753),
PCV 2-E (AF109399), bovine circovirus: Bovine CV (AF109397).

Figure 4 is & protein homology compurison of open reading frame 1 (ORI1)
of PMWS§- and CT-PCV isolates of the invention with the published sequences of a PWMS-
PCV and the FK-15-PCV.

Pigure 5 is 2 protein homelogy comparison of open reading fame 2 (ORFY)
af PMWS- and CT-PCYV iselates of the invention with the published sequences of a PWMS-
PCV and the PK-15-PCV.

Figure 6 is a protein homology compatisen of open reading frame 3 (ORF3)
of PMWS- and CT-PCV isolates of the invention with the published sequences of a PWMS-
PCV and the PK-15-PCV.

Figure 7 is a protein homology comparison of open reading frame 4 (ORF4)
of PMWS- anid CT-PCV isolates of the invention with the published sequences of a PWMS-
PCV and the PK-15-PCY.

Fljure § is 4 protein homology comparison of open reading frame 5§ (ORES)
of PMWS- and CT-PCYV isolates of the invention with the published sequences of a PWMS-
PCV and the PK-15-PCV.
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Figure ¥ is & protein hemology comparison of open reading frame 6 (ORT6)
of PMWE- and CT-PCV isolates of the invention with the published sequences of a PWMS-
PCV and the PR-15-PCV.

Figure 10 is a protein homology comparison of apen readiog frame 7 (ORF7)
of PMWS8- and C'T-PCV isolates of the invention with the published sequences of & FWMS-
PCV and the PE-15-FCV.

Figure 11 15 a profein homelogy comparison of open reading frame 8 (ORFE)
of PMWS- and CT-PCV isclates of the invention with the published sequences of 2 PWMS-
PCV and the PR-15-PCV.

Figure 12 is a protein homology comparison of open reading frame 9 (ORF9)
of PMWS- and CT-PCV isclates of the invention with the published sequences of a PWMS-
PCY and the PE-15-PCV.

Figrwe 13 i35 a protein homology comparison of open reading frame 10
{ORT10) of PMWS- and CT-PCV isolates of the invention with the published sequences of
a PWMS-PCY and the PK-15-PCV.

Figure 14 iz a protein bomology comparison of open reading fame 11
(ORFI1} of PMWS- and CT-PCV izolates of the invention with the published sequences of
a PWMS-PCV and the PK-15-FCV.
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LED DESC TON OF THE [NVE? N

The present invention solves the proablem of identifying with cenainty the
strains of ctinlogical agent for congenital tramors. Cloning and scquencing poreine circovirus
(PCV) stiains from pigs with congenital tremors and comparing them with PCV strains
associzted wilh PMWS have resulted in the development ol many nseful materials available,
such as primers, probes of viral strains. The invention permits cloning strains and culturing
virus of known CT pathegenicity.

The invention fs based, in part, ou the discovery that PCV genoric DNA
present in neurons urnd, o a lesser degree, plial cells in the brain and spinal chord of pigs
shared very closc sequence similasity, greater than sbout 359, to the penomic DNA ofu strain
associated with postweaning multisystemic wasting syndrome (MW} The entire genomes
of seven isolates of PCV from pigs with congenital tremors (CT) or PMWS were cloned and
sequenced. De iselafe was from & neonatal pig with CT type AZ that was isolated in the
late]960s, Two recent POV isolates were from two affected nconatal pigs froin different farms
with unrelated outbreaks of CT type A2, Four isolates originated from four diffcrent farms
from pigs with PMWS. The comparative analysis of the four PMWSE-PC Vs demonstrated that
they share 99% sequence identity with cach other, and over 96% with previously sequenced
PMWE-PCVS. The two new CT-PCVS, however, shared 99% identity with sach other and
interestingly, also wilh the pew PMWS-PCV jsolates. There wee no consistent genomic
differences between FMWS and new CT isolates. The old CT-PCV showed 98% identity to
PK- 1 5-derived PCV strains and demonslraled only 72% identliy {o the new CT-PCVE,
Phylogenetic analysis confirmed that PCV isolates could-be divided into two groups. PCV
ype 1 s composed of PE-15-PCVs and our old iselate of CT-PCV, and PCV type 2 contains
PMWS and our new CT isolates.

Additional work established the tissve distribution and genetic type of PCV
in 1-2 day-old pigs with natarally ocourring CT type A2 using in-~sity hybridization,
polymezase chainreaction (PCR} and frozen-tissue-section indirect fluerescent antibm_{y tests.
C1 aftected and clindcally normal pigs originating {rom four Midwestern U. 8. farms
undergoing outbreaks of CT type A2 wers selected. All CT and most normal pigs were
inflected with PCV. PCV was widely distributed in tissues of infeeted pigs and was most
commen in central ncrveus tissucs and liver. Tn all infected pigs, there were more PCV-

infected cells in brain and spinal cord than in non-pewral Gssues, CT' pigs had many more
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PCV-infected cells in the brain and spixal cord than did clinically normal pigs duc @ a more
diffuse distribution and a larger proportion of infecied cells. The cells most commonly
infected with PCV in brain and spinal cerd were large neurons. In non-neural tissues
macrophages were the most frequent cell type infected. PCR tosts demonstrated onty PCY
type 2 and not PCV type Linall PCV-infected pigs on ull four famms.

The invention If further based on evidence that PCV2 can be transoiited from
an infected sow to its litter i uters. PCV2 zlone or in combination of a co-factor therefore
can be congenitally transmitted.

As noted above, these discoveries resolve ambiguity concering ihe eticlogical
relationship of PCV with (T, as well a5 the relationship batween PCV virus that is associated
with PMWS (prior work, for cxample, loft open the possibility that another FCV virus strain
was associated with CT, if indeed PCV was the eflological agent for CT). Thus, in addition
to the novel PCV strains described herein {e.g., PMWS-FCV-P], PMWS-PCY-P2, PMWS-
PCV-P3, PMWS-PCV P4, CT-PCV-P3, CT-PCV.PE, and CT-PCV-PT), the nvention
provides diagnostic and therapeutic methads znd materfals based on these reagents, and
identifies PCV, particularly PCV type 2, as a target for diagnostic ovaluation and therapeutic,
particularly immunologieal, ntervention.

As used herein, the term “PCV” refers specifically lo a pig circovirus, e g, 85
shown in the distance matrix analysis of the full genome of porcine and bovine circovirus
tsolates (Figure 3). In particular, the term PCV means PMWS-PCV-P1 (SEQ D NG:1),
PMWS-PCY-P2 (SEQ ID NO:2), PMWS-PCV-P3 (SEQ 1D NO.3), PMWS-PCV-P4 (8EQ
T NO:4), CT-PCY-P5 (SEQ I NO:5), and CT-PCY-PE (SEQ 1D NO:6). To addition, PCV
includes CT-PCV-P7 (SEQ [0 NQ-7), PK-15 PCY (Meehan et al., 1997), and PMWS-PCV
(Hamel e/ !, 1998),

A “PCY polypeplide” (or “PCV profein®) refers to u polypeptide gene product
encoded by a PCV open reading frame (ORT). Cach PCV has 11 ORFs, and thus there is an.

QRF1, ORF2, ORF3, ORF4, ORF5, ORF6, ORF7, ORFE, ORF9, ORF10, and CRF11 for

each sivain, as set fonth above, The characteriztios of the ORFs and polypeptides they eneode
aze set forth in the Tables in Example 1, infra, and in Figures 4-14.

The tenn "vaccine” refers to a composition (protemn or vector; the latter ay
also be loosely termed 2 "DINA vaccine”, although RMA vectors can be used as well} that can

he used to elicit protective immunity in a recipient. It should be nofed that ta be effective, a
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vaceine of the jnvention can elicit Immunity in a portion of the population, as some
individuals may fail to mount axobust or protective immune response, or, in SOME CASCS, any
immunc response.  This inability may stem from the lndividual's penetic backgreund or
because of an immunodeficiency condition (either acquired or congenital) or
mmunosuppression (e, reatment with unmunosuppressive drugs to prevent organ rejection
of suppress an auloimmuns condition).

The term "immuncthesapy” refers to & treatment regitaen based on activation
of a pathogen-specific immune response. A vaccine can be one form of immunotherapy.
Charping dendritic cells with PCV polypeptide (a “PCY antigen™), optionally with a
stimulatory cytokine such as GM-CSF or FLt3 ligand ex wiva (followed by transplantation into
the subject) or i vive Is also a form of immumetherapy.

The term "protect” is used herein fo mean prevent or tieaf, or both, as
apprapriate, an PCV infection in a subject. Thus, prophylactic administration of the vaceine
can prolect the recipisnt subject from PCV infection, ¢.g., to prevent infectious monenucleosis
oz lymphoproliferative diseases. Therapeutic administration of the vaccine or immunotherapy
can protect the recipient from PCV-infection-mediated pathogenesis, e.£.. to freai a disease
or diserder such as PMWS or CT.

The term “subject” as used herein refers to an animal that supports PCV. In
particular, the term refers to a pig.

Theterm "vector for expression in pigs” or “porcine expression vector™ as used
herein means that the veetor ot least includes a promoter that is effective in porcine ceils, and
preferably that the vector is safe und effective in pigs. Such a vector will, for example, omit
cxtrangous genes not involved in developing immunity. If it is a viral vector, it will omii
repions that permit replication and development of a robust infection, and will be engineered
to avoid development of replicafion competencs in viva. Such vectors are preferably safe for
use in pigs on a fim; in a more preferred embodiment, the vector is approved by &
government regulatory agency {such as the United States Department of Agriculture (USDAY)
for clinical testing or use in pigs. Specific veetors are described in greater detail below,

As used herein, the term “immunogenic polypeptide” meuns that the
polypepiide is capable of eliciting 2 humoxal or cellular imnune response, and preferably
both. Animmunogenic polypeptide is alse antigenic, A molecule is "antigenie” when it is

capable of specifically interacling with an antigen recognition wolecule of the immune
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system, such as an immunoglobulin (antibody) or T cell entigen reeeptor.  An antigenic
polypeptide contains ai epitope of at least about 5, and preferably at Jeast about 10, amino
ackds. An antigenic portien of a polypepltide, alse called berein the epitope, can be that
portion that is immunodominant for antibody or T cell receptor recognition, ox it can be a
portion used to generate an antibody to the molecule by conjugating the antigenic portion to
a carrier polypeptide for mowmization. A molecule that is antigenic need net be itself
immunogenic, 1., capable of eliczting an immune response without a caroer.

The tevm "adjuvant" refers to 2 compound or mixture that enhances the
immune response to an antigen. An adjuvant can serve as a tissue depot that slowly releases
the antigen and alsoas & lymphoid system activator that non-specifieally enhances the immune
respanse (Hood et al., Damunalogy, Second Bd, 1984, Benjamin/Cummings: Menlo Park,
Californiz, p. 384), Often, a primary challenge with an #oligen alone, n the absence of an
adjuvant, will fail to clicit a bumoral ar cellular immunc response. Adjuvants include, but arc
not lmited to, complete Freund's adjuvant, incomplete Freund's adjuvant, saponin, mineral
gels such as eluminum hydraxide, surfsce active subslances such as lysolocithin, plurenic
polyals, polyaniens, peptides, oil or hydrocarbon emulsions, and potentietly usefil human
adjuvapts such as BCG (bacille Colmette-Gueri) and Corynebacterium  parvum.
Alternatively, or in addition, immunostimulatory proteins, as deseribed below, can. be
provided as an adjuvant or to increase the immune response to a vaccine. Preferably, the
adjuvant ig phavmaccutically aceeptable.

The phrase "pharmaceutically acceptable™ or * veterinary acceptable™ refers
to melecular entities and compositions that are physiologically tolerable and do not typically
praduce an allergic or similar untoward reaction, such as gastric upset, dizziness and the like,
when administered to an animal. Preferably, as used herein, the term "pharmaceutically
aceeptable” means approved by a regulatory agency of the Federal or a state government o
listed in the U.S. Pharmacopeia or other gencrally recognized pharmacopeia for usc in
animals. The term. “carrier” refers (o & diluent, adjuvant, excipient, or vehicle with which the
compound is administered. Sterile water or aquenus solution saline solutions and aqueous
dextrose and lycerol solutions are preferably employed as carriers, particularly for injectable
solutions. Suitable pharmaceutical carriers are described in "Remington's Pharmaccutical
Sciences” by B.W. Martin,

As used herein, the term “isolated” means that the referenced material 1s
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remeved Fom its native environment, e g, 4 cell. Thus, an isolated biological material can
be fiee of some or all cellular components, 1.¢., companents of the cells in which the native
matertal occurs naturally (e.g., cytoplasmic or membrane component). A material shall be
deemed isolated if it is present in a cell extract or if it is present in a heterologous cell or cell
extract, In the ease of mueleje acid molgeules, an isolated nueleic weid includes 2 PCR
product, an isclated mBNA, a ¢DKA, or a restricion fagment. lselated nacleic acid
molecules include sequences inscrted info plasmids, cosmids, artificial chromosomes, and the
like, ie., whep it forms part of a chimeric recombiant nucleic aid constniet. Thus, ina
specific embodiment, a recombinant nuclete acid is an isolated nuclelc acid. An isolated
protein may be assocfated with other proteins or nueleic acids, or both, with which it
associates in the cell, or with cellular membranes if it is a membrane-associated protein. An
isolated crganelle, cell, or tissue 1s vemoved from the anatomical sitc in which it is found in
a0 organism, An isolated material may be, but peed not be, purified.

‘Phe term “purified” es used herein refers to malerial that has been solated
under conditions that veduce or climinate the prescuce of unrelated materials, ie,
contaminants, incleding native materials from which the material is obtained. For example,
apurified protein Is preferably substamtially free of other proteins or puclelc acids with which
it is assoctated fn a cell; a purified nucleic acid molecule is preferably substantially free of
prateing or other unrelated nueleic acid melecules with which, it can be found within a cell.
As used herein, the term “substantially free” is used operationally, in the context of apalytical
{esting of the muterial. Preferably, purified material substaniially free of contaminants is ot
least 50% pure. Purity can be evaluated by chromatography, gel electrophoresis,
immunoassay, composition analysis, biclogical assay, and other methods known in the art.

In accordance with the present invention there may be employed eonventienat
molecular biology, microbiology, and recermbinant DNA fechniques within the skill of the art.
Such techniques are explained fully in the litcrature. Sce, £.g., Sambrook, Fritsch & Maniatis,
Molecular Cloring: 4 Laboratory Manual Secend Edition (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York {herein "Sambrook er &, 1989"); DNA
Cloning: 4 Practical Approach, Volumes I and 11 (D.N. Glover ed. 1985); Gligonucieotive
Synthresiy (M1, Gaited. 1984Y, Nuclele deid Hybridization [B.D. Hames & 5.J. Higgins eds.
(1985)]; Transcription And Translatior [B.D. Hames & 8.J. Higgins, eds. (1984)]; Arimal
Cell Culture [R.L Freshney, ed. {1986)]; fromabilized Ceils And Enzvmes [[RL Press, (1 986)];
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3. Perbal, 4 Practical Guide to AMoleculor Cloning (1984); F M. Ausubel e al {(eds.),
Current Protecals in Moleculor Biolagy, John Wiley & Sons, Tnc. {1994).

An “open-reading frame”, “coding sequence™ or a sequence “encoding™ an
expression product, such as a RNA, polypeptide, protein, or enzyme, is a nncleotide sequence
that, when expressed, results n the production of that RNA, polypeptide, protein, or enzyime,
i, the nucleotide sequence oncodos an amino acid sequence for that pelypeptide, pratein or
enzyme. A coding segquenee for ¢ protein may include a start codon (usually ATG) and a stop
codon.

A coding sequence iz "under the control of” or "operatively associated with"
transcriptional and translational contrel sequences ina cel] when RNA polymerase transcribes
the coding sequence info RIA, particularly mRMNA, which is then trans-IIVA spliced (f it
contains in!lmns} and translaled into the protein encoded by the coding sequence.

‘The “expression control sequences™ are transeriptional or translational control
sequences inchiding cnhancer, repressar of prometer sequences.

A “prumoter” or "promoter sequence” is 2 DA regulatory region capable of
binding RNA polymerase in a cell and inifiating iranscription of a downstream (3 dirsction)
coding sequence. Ior purpeses of defining the present invention, the promoler sequence is
bounded at its 3' terminus by the transeription initation sitc and extends upsiream {3'
direction) to include the minimam number of bases or elements necessary to initiate
transcription at levels detectable above background. Withix the promoter sequence will be
found & franscriplion initiation site (conveniently defined for cxample, by mapping with
ruclease §1), as well as protein binding domains (consensus sequences) respansibla for the
hinding of RNA. potymerase.

The terms "vector”, "cluming vecior” and “expression vector” mean the vehicle
by which a DMA or RNA sequence (e.g. a foreipn gene) can be introdueed into & host cell, so
as to transfiorm the host and promete expressiov (e g transeripiion and tsanslation) of the
ntroduced sequence. Vectors melude plasmids, phages, viruses, sic.; they are discussed
preater detail below.

Vectors typically comprise the DNA of a transmissible agent, into which
foreign DNA Is inserted. A conmmon way to insert onie segmeitt of DMNA mto another segmeant
of DWNA involves the use of enzymes called restriction enzymes that cleave DNA at specific

sites (specific groups of pucleotides) called resiriction sites.
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A "cassette” refers to a DNA coding sequence of segment of ONA that codes
for an expression product that ean be inserted into a vector at dofined restrietion sites. The
cassetie restriction siles are designed to ensure insertion of the cassette in the praper reading
frame. Generally, foreign DNA is inserted af one ox more restriction sites of the vector DNA,
and then is carried by the vector inte a host cell along with the transmissible vector DNA. A
segment ot sequence of DNA having inserted or added DNA, such as an expression vector,
cun also be called a “DNA construct,” A common type of veclor is a “plasmid”, which
generally is a self contained molecule of doubls-stranded DINA, usually of bacterial origin,
ihat can readily accept additional (foreign) DNA and which carn readily ivtroduced into a
suitable host cell. A plasntid vector often contains coding DNA and promoter DNA and has
one or mare resiriction siles suitable for inserting forefgn DNA. Coding DNA is a DNA
sequence that cncodes a particular amine acid sequence for 2 particular protein or enzyme.
Promoter DNA is &8 DNA sequence which initiates, regulates, or otherwise mediates or
conirols the expression of the coding DNA. Prometer DNA and coding DNA may be frern
the same gene or from different penes, and may be from the same or different organisms. A
large number of veciors, including plasmid and fungal vectors. have been described for
replication and/or expression in a variety of eukaryotic and prokaryotic hosts. Non-limiting
exatnples include pKE. plasmids (Clonstech), pUC plasmids, pET plasmids (Nevagen, Ine.,
Madison, WI), pRSET or pREP plasmids {Invitrogen, San Diego, CA), or pMAL plasmids
(Wew England Biclebs, Beverly, MA), and many appropriate host cells, using methods
disclosed or cited herein or otherwise known to these skilled in the relevant axt. Recomnbingnt
cloning vectors will often include one or more replication systems for cloning or axprassion,
one or more markers for selection in the host, ¢.g. antibiotic resistance, aod one or more
cxpression casscties.

The torms “"cxpress” and “expression” mean allowing or causing the
information in a gene or DINA, sequenee to becotne meanifist, for esample producing a protein
by acireating the cellular funetions involved i transeraption and translation of s comresponding
gene or DINA sequence. A DNA sequence is expressed in or by a cell to torm an “expression
product” such as a protein. The expression product itself |, e g the resulting protein, may also
be said fo be “expressed” by the cell. An expression product can be characterized ag
intracellular, extracellular orsecreled. The term “intracellular” means something that isinside

a ¢ell. The term “extracellular® means something that is vutside a cell. A substance is
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“scereted” by a cel] if it appears in significant measure outside the cell, from somewhere on
or inside the cell.

The term "translection” means the ntroduction of a foreign nucleie acid into
2 cell. The term “transformation” means the introduction of a “foreign” (ie. extrinsic or
extracellular) gene, DNA or RINA sequence to 2 hast celi, so that the host cell will express the
introduced gene or sequence to produce a desired substance, lypically a protefn or enzyme
coded by the introduced gene or sequence. The introduced gene of sequence may also be
called a “cloned ™ or “foreign” gene or sequence, may include regulatory or cantrol scqucnces,
such as starf, stop. promoter, signal, secretion, or other sequences used by a cell’s genetic
machinery. The gene or sequence may include nonfunctional sequences or sequonees with
no known function. A host cell that receives and expresses introduced DN A or RNA hasbeen
“transformed”™ and is a "transformant” or a "clone.” The DNA or RMA introduced to a host
cell can come from any source, including cclls of the same genus or specics as the host cell,
or cells of a different genus or species.

“The term "host cell” means any cell of iy organism that is selected, modificd,
transformed, grown, or used or manipulated in any way, for the production of a subslance by
the ¢eli, {or example the expression by the cell of a gene, a DNA or RMA sequence, a protein
ar un engyme. Suitable host cells include primary mactophbages, partisularly porcine
macropheges, or such a macrophage ce!l line, porcine kidney cells, or other mammalian cells
1n which PCV can produce virus, or that support a viral infection, or both.

The term "expression system' means a host cell and compatible vector under
suitable conditions, 2.g for the sxpression of a protein coded for by foreign IINA, carried by
the veetor and introduced to the host cell. Common expression systems include E. cofi host
cells and plasmid vectors, ingeot host cells and Beculpviris vectors, und mammalian host cells
and vectors, In a specific embodiment, the protein of interest is expressed in COS-Lor C,C,,
cells, Other suitable cells include CHO cells, BelLa cells, 2937 (human kidrey celis), mouse
primary niyeblasts, and NIT13T3 cells.

"Sequence-conservative variants”® of a polynucieotide sequence are those in
which a change of onc ar mare nucleotides in & given codon position results in ne alteration
in the amine acid encoded at that position.

"Function-canservative variants” are those in which a given amtine acid residue

in & protein or ewzyme has been changed without allering the overall cenformation and
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function of the polypeptide, including, but nat limited to, replacement of an amino acid with
one having similar properties (such as, for example, polarity, hydrogen bonding potential,
acidic, bazic, hydrophobic, aromatic, and the like). Amino acids with similar properties are
well known in the art. For example, arginine, histidine and lysine are hydrophilic-basic amine
acids and may be interchangeable. Similarly, isoleucine, a hydrophobic amino acid, may be
replaced with leucing, methiomee or valine. Such changes are expected to have litte or no
effect on the apparent melecular weight or iscelectric point of the pratein or polypeptide.
Amina agids othet than those indicated as conserved may differ in a protein or enzyme so that
the percent protein or amino acid sequence similarity between any two proteins of similar
function may vary and may be, for example, from 70% fo 99% us determined according w an
alighment scheme such as by the Cluster Method, wherein similarity is based on the
MEGALIGN algorithin. A "function-conservative variant” also includes a polypeptide or
enzyme which has at least 60 % amino acid identity as determined by BLAST or FASTA
algorithms, preferably at least 75%, most preferably at least 85%, and even more preferably
at Jeasi 0%, and which has the same or substantially similar properties or functions as the
pative or parent protein or enzyme to which it is compared.

Ag used herein, the term "homelogous" in all its grammatical forms and
spelling variations refers to the relationslip between proteins ibat possess a "common
evolutionary origin," including proteius from superfamilies {e.g., the immunoglobulin
superfamily) and homelogous proteins from different species {e.g., myosin light chain, etc.)
(Reeck ef al., Cell 50:667, 1987}, Such proteins (and their encoding genes) have saquence
homology, as reflecied by their sequence similarity, whether in tenms of percent similarity or
the presence of specific yesidues or motifs at conserved positions.

Accordingly, the term "sequence stmilarity™ in all itz prammatical forms refers
to the degree of identity or correspondence between nucleie asid or amine acid sequences of
proteins that may or may not share a commeon evelutionary erigin (see Roedk ef al., supra).
However, in common usage and in the instant application, the term "homologous,” when
medified with an adverb such as "highly," may refer to sequence similarity and may or may
nat relate to a campion evolutionary origin.

In a specific embadiment, two DN A sequences are “substantially homologous”
or "substantially similar" when at least about 80%, and most preferably at least about %0 or
95%) of the nuclectides match over the defined length of the DNA sequences, as detcrmined
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by sequence comparison algorithms, such as BLAST. FASTA, DNA Strider. cte. Anexample
of such a sequence is an allelic or species vagiant of the specific genes of the nvention.
Sequences that are substantially homologous can be identified by comparing the sequences
using standard software avatlable in sequence data banks, or in 2 Southern hybridization
experiment woder, [or example, stongent conditions as defimed for that particular system.

Similarly, in 2 parlicular embodiment, two amino acid seguences are
"substantially homologous" or "substantially similar” when greater than $0% of the amine
acids are identical, or greater than about 90% are similar (functionally identical). Preferably,
the similar or homelogous sequences are identificd by alignment using, for exannple, fire GCG
{Genetics Computer Group, Program Manual for the GCG Packaye, Version 7, Madison,
Wisconsing plleup program, or any of the programs deseribed above (BLAST, FASTA, ete.),

A nucleic acid molecule is "hybridizable” o another nucleic acid relecule,
such as a cDNA, gengmic DNA, or RNA, when a single stranded form of the nucleic acid
molecule can anneal to the other nucleie acid molecule under the appropriate conditions of
temperature and selution ionic strength (see Sambrook et al., supra). The conditions of
temperature and ionic swrength determine the “stringency” of the hybiidization. For
preliminary screening for homologous nucleie acids, low siiingency hybaidization conditions,
corresponding to a |, (melting temperature) of 55°C, can be used, e.g., 5x 38C, (.1% SD§,
025% milk, and ne formamide; or 30% formamide, 5x S8C, 0.5% 3SDS). Moderate
stringency hybrdization conditions correspond to a hipher T, ¢ g, 40% formamide, with 5x
or 6x 8CC. High stringency bybridization conditiens coprespond to the highest T, 2.2, 30%
formamide, 5x ot 6x SCC. SCCisa0.[SMNaCl, 0.015M Na-ciirate. Hybridization requires
that the two nueleie acids contain complementary sequences, although depending on the
stringency of the hybridization, mismatehes between bases are possible, The appropriate
stringency for bybridizing nucleic acids depends on the length of the nucleic acids and the
degree of complementation, variables well known in the arf. The grealer the degree of
similasity or homology between two nuclectide sequences, the greater the valus of T, for
hybrids of nueleic acidg having those sequences. The relative siability {corrzsponding to
higher T} of nucleic acid hybridizations decreases in the following order: RNA:RNA,
DNARNA, DNA:DNA. For hybrids of greater than 100 aucleotides in length, equations for
calculating T,, have been derived {see Sumbrook et al, supra, 9.58-9.51). For hybridization

with shorter oucleic acids, i.e., oligonucleotides, the position of mismatches becomes more
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important, and the length of the oligonueleotide determines its specificity (vee Sambrook et
al., supra, 11.7-11.8). A minimum Jength for a hybridizable nucleic acid is at least about 10
nucleotides; preferably atleast about [ 3 puclectides; and more preferably the length is at least
about 20 nucleotides.

In a speeific embadiment, the term "standerd hybridization conditions refers
to & T,, of 55°C, and utilizes conditions as set forth above. Tn a preferred cmbodiment, the
T, is 60°C; in a more preferred embodiment, the T, 13 85°C, Tna specific embodinent, “high
stringeney™ refers to hybridization and/or washing conditions at 68°C in 0.2X5S8C, 2t 42°C
in 50% formamide, 4XS$3C, or under conditions that attord levels of liybridization equivalent
1o those observed under either of thess two conditions.

As used herein, the term “oligonucleotids” refers fo a nuclefe acid, senevally
of at least 10, preferably at least 15, and more preferably at least 20 nucleotides, proferably
no more than 100 nucleotides, that is hybridizable to a genomic DNA molecule, 2 cDNA
molecule, or an mRNA molecule encoding a gene, mRNA, cDNA, or other nucleic acid of
interest. Qligonuclectides can be labeled, e.g.. with *P-uuclentides or nucleotides to which
a label, such as biotin, has been covalenily conjugated. In one embodiment, & labeled
oligonuclentide can be uscd as a probs to detect the prosence of & nucleic acid. In another
embodiment, oligonucleotides (one or both of which may be labeled) can be used as PCR
primeis, either for cloning full length or a fragment of the gene, or to deteat the presence of
nueleic acids encoding the protein. In a further embodiment, an oligonucleotide of the
invention can form a triple helix with a DMA molecule. Generally, oligonucleotides are
prepured  synihetically, preferably on a nuclejc acid syothesizor.  Accordingly,
oligonucleotides van be prepaved with nen-naturally occutring phosphoester analog bonds,

such as thioester bonds, stc.

Cloning and Expression of PCV
Tbe inventors have succscded in cloning and sequencing scven porcine
circovirus (PCV) strains: one of a virus strain isolated in the late 1960's {hercin vamed CT-
PCV 7)and originated from neonatal pigs with congenital tremors (CT) of Type A2, two new
PCV isolates from pigs showing CT (hersin named CT-PCV-P3, and CT-PCV-PE); and four
PCV strains cbisined ffom pigs showing signs of postweaning multisystemic wasting
syndrome (PMWS) (herein named PMWS-PCV-P1, PMWS-PCV-P2, PMWS-PCV-P'3, and
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PMWS-PCV-Pa).

Ttwas discavered Uiat the PMWS-PCV isolates yielded an approximately 99%
nucleatide sequence identity with each other. Furthenmore although the new CT-FCV isolates
from the late 19905 and the 0ld CT-PCV isolate from the late 1960's originated from neonatal
pige with C'L fype A2, they shared only 72% nucleotide sequence identity. The genomes of
the 2 new CT-PCVs share high sequence homology with the type 2 PMWS-PCV isolates. On
the other hand the C1-PCV-7 strain was found to be very close fo type | PK-15-PCV
variants, ’

A subject of the present mvention g, thus, an isolated nuelcie zeid from PCY,
which nueleic acid comprises a sequence selected from the group consisting of $EQ ID MO,
110 SEQIDNO. 7

Another subject of the inventiion. 1s an isolated nucleic acid from PCV which
has a sequence identrcal to a sequence selected from the group consisting of SEQ IDNO. 1
to SEQ ID NQ. 7.

The nueleie acid sequences of the invemion may be useful te design probes
or primers for detecting the presence of 2 PCV nucleic acid in a biclogical sample. Such
probes or primer tmay be more patticalarly in the form of oligonucleatides, that specifically
hybridize to PCV nucleic acid sequences wnder conditions of bigh siringeney. Such
oliponucleotides, which preferably comprise at least about 20 bases that has a sequence found
in 20 contiguous bases of SEQ IDNO. 1 to SEQ I NO. 7 or a complernent thereof.

Eleven open-reading frame (ORF) sequences have been determined and are
presented in Tables 2 and 4 of the Examples. The comrespondiug polypeptide sequences are
also shown on Figures 4 to 14,

Theinvention, thus, also providesa nucleic acid from PCV, which nuclcic acid
comprises & sequence coding for a circovirus polypeptide having a sequence selected from the
group consisting of the aminoacid sequences coded by any of ORF1 to ORF11 of any of the
sequences of SEQ ID NO. 1 to SEG ID NO. 7. More partioularly the nucleic acid of the
invention comprises a sequence seleeted ffom any of ORFI to ORF1 1 of any of the sequences
of SEQ I NO. 1 to BEQ ID NG. 7. Among these, CRFs 1, 2, 3 or 4, ate particularly
interesting.

‘The present invention encompasses conservative sequences, that is to say the

sequences which do not change the functionelity or the straln-speetfivily of the sequence
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described ot of the polypeptides encaded by this sequence. These sequences are also called
“Rinetion-conservative variants”. The sequences differing by degeneracy of the code, which
ere called “scquence-conscrvative variants”, also arc cncompassed.

The invention also covers the equivalent sequences in the sense that they are
capable of hybridizing with the above sequence under high stringency conditions andfor have
avery high homology with the strains of the invention.

Cloning veetors comptising any of these nuclefc acid sequences are also part
of the invention. The preparation of such vectors is well-knovwn by one skiiled in the art and
is desoribed in the above definitions.

These nucleic acid sequences and their fragments caa be advantageously used
for in vitre or in vive expression of a polypeptide with the aid of appropriate expression
veclors.

These vectors more particularly comprise a sequence selecied from the group
consisting of any of ORF1 to ORF11 of any of the sequenses of SEQ D NO. [ to SEQ ID
WO. 7., operatively associated with an expression conire] sequence.

The vectors of the Invention way be used to transfecthost cells, which ave alse
part of the present invention. Vectors arc introduscd inte the desired bost cells by methods
known in the art, e.z., transfection, cleetroporation, microinjection, transduction, cell fuston,
DEAE dextran, calcium phosphate precipitation, lipefection (fysome fision), use of a pene
pun, or & DN A vector transporler (see, e.g.. Wu gral., J. Biol. Chem. 267:963-967, 1992; Wu
and Wu, I. Riol. Chem. 263:14621-14624, 1988; Hartnut ef o/, Capadiun Patenl Application
Mo. 2,012,311, fited March 15, 1990).

The mvention further provides 2 method for producing & PCV protein, which
method comprises culturing & cell transfected with an expression vector as above-defined
under conditions that result in expressien of the rucleic acid coding for a circovirus protein.
E. coli or baculovirus are the expression sysiers that may be used (17.8. PatentNo. 4,745,051}
for that purpose. The coding sequences may be integrated inte the baculevirus genome (2.8
(he baculovirus Autographa cali fornica Nuclear Polybedrosis Yirus AcNP V) and the latter caty
bethen propagated on inssetcells, & g Spodoptera frugiperda % (depusit ATCCCRL 1711).

More generally the invention is directed to the cxpression of PCV polypeptides

or protelws i wilro, i vive or ex wive, For these various purposes, one skitled in the art may
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scloct any sujtable expression systern, as derailed helow.

Expression Svsfems

A wide variety of host/gxpression vector combinations (i.e., cxpression
systems) may be employed in expressing the polypeptides of this jnvention. Useful
expression vectors, for example, may consist of segments of chromosornal, non-chromosomal
and synthetic DNA sequences. Suitable vectors include derivatives of V40 and known
bacterial plasmids, e.g., B. coliplasmids col Bl pCR1, pBR3I22, pMal-C2, pET, pGEX (Smith
et al, Gene 67:31-40, 1988), pMi0 and their derivatives, plasmids such as RP4; gram
positive vectors suchas Strep. gardonii; phage DNAS, e.g., the numerous derivatives of phage
1, 'e.g., NM989, and other phage DIV A, ¢.g.. M13 and filamentous single stranded phage DMA;
veast plasmids such as the 2p plasmid or derivatives thercof, vectors useful in eukaryoiic
cells, such as vectors useful in insect or mammalian cells; vectors derived from combinations
of plasmids and phage DINAS, such as plasmids that have been modified o employ phage
TNA, or other expression control sequences; and the like.

Expression of the protein or polypeptide may be contolled by any
promoterenbancer element knownin the art, but these regulatory elemensts must be functional
in the host selected for expression. Promoters which may be used to control gene expression
inglude, but are not limited to, eytomegalovirus {CMV) promoter, the SV40 early promoter
region (Benoist and Chambon, 1981, Natuge 299:304-310), the promoter contained in the 3'
long terntinal repeat of Kous sarcoma virus (Yamaemoto, ef af., Cell 22:737-797, 1980), the
herpes thymidine kinase promoter (Wagmer ef al., Proc. Natl. Acad. Sci. U.8.A. 78:1441-
1445, 1981), the regulatory sequences of the metaliothionein gene (Brinster ef al., Nature
206:39-42, 1982); prokaryutic expression vectors such as the b-lactamase promater (Villa-
Komarofl, et @f, Prec. Natl. Acad. Sei. US.A, 75:3727-3731, 1978), or the tac promoter
(DeBaoer, at ai., Proc. Natl, Acad. Sci. U.S.A. 80:21-25, 1983); see also "Uselul proleins from
recornbinant bacteria® in Scientific American, 242:74-94, 1980; promoter elements from yeast
or other fungt such as the Gal 4 promoter, the ADC (aleohol delrydrogenase) promaoter, PGE
(phosphoglycerol kinase) promoter, alkaline phosphatase promoter; and control regions that
exhibit hemalopofetic tissue specificity, in particular: beta-globin gene contral region which
is active in myeloid cells (Mopramn er &f., Nature 315:338-34¢0, 1935; Kollias ¢f af, Cell
46:89-64, 1986), hemalopoietic stem cell differentiation factor promoters, erythropoietin
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receptor promoter {Maouche er i, Blood, 15:2557, 1991, efc; and control regions that
exhibil mucosal epitheliail cell specificity.

Preferred vectors, particularly for cellular assays iz vire and vaccination ir
vive or ex vive, are viral vectors, such as lentiviruses, retroviruses, herpes viruses,
adenoviruses, adenc-associated viruses, vaccinia viruses, baculovivuses, and other
recombinant virses with desirable cellular tropison. Thus, avector encoding an immunogenic
polvpeptide cem be intraduced i vive, ex vive, or ir vitre using o viral vector or through divect
infroduction of DNA. Expression in targeted tissues can be effected by targeting the
transgenic vector to specitic cells, such as with a viral vector or ateceptor ligand, or by using
atissue-specific promoter, or bolb. Targeted gone delivery s deseribed in International Patent
Publication WO 95/28494, published October 1995,

Viral veetors commonly used for i vivo or ex vivo targeting end vaccination
procedures are DN A -based vectors and retroviral veotors. Methods for constructing and using
viral vevtors are known in the arl (see, e g., Miller and Rosman, BioTcchnigues, 7:980-890,
1992). Preferably, the viral vectors are replication defective, that is, they are nnable to
replicate sutonomously in the target cell. Preferably, the replication defective virus is
minimal virus, i.e., it rctains onfy the sequences of ifs genome which are necessary for
encapsidating the geneme to produce viral particles.

DNA viral veclors include an atlenuated or defective DINA virus, such as but
not limited to herpes simplex virus (HSV), papillomavirus, Epstein Darr virus (EBV),
adenovirus, adepo-associaicd virus (AAV), vaccinia virus, and the like. Examples of
pariicular vectors include, but are not limited to, a detective berpes virus [ {HSV1) vector
(Kaplitt ef al., Molec. Cell, Nevrosel, 2:320-330, 19921; Tnternational T'atent Publication No.
W0 94/21807, published Scpicmber 29, 1994; International Patent Publication No. WO
92/05263, published April 2, 1994}, an attenuated adenovims vector, such as the vector
described by Stratford-Perricaudet 24 al. (1. Clin. Invest, 90:626-630, 1992, see also La Salle
et al., Science 259:088-990, 1993); and a defeciive adeno-assosiated virus vector (Samulski
etal T Viral. £1:3096-1101, 1987; Samuiski ef /., J. Virol. 3:3822-3828, 1989; Lebkowski
ef al., Mol. Cell. Biol. 8:3988-3996, 1988).

Various companies produce vizal vectors commercially, including but by no
means limited to Avigen, Tne. (Alaneda, CA; AAV vectors), Cell Genesys (Foster Cily, CA;

rewmeviral, adenoviral, AAV vectors, ayd lentiviral vectors), Clontech (retroviral and
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baculoviral vectors), Genovo, Inc, {Sharon Hill, PA; adenoviral and AAY vectors), Genvee
(acenoviral vectors), IntroGene (Leiden, Netherlands: ademoviral veciors), Molecular
Miedicine (retroviral, adenoviral, AAY, and herpes viral vectors), Norgen {adenovirel vectors),
Oxford BioMedica (Oxford, United Kingdom; lentiviral vectors), and Transgene (Strasbourg,
France; adenoviral, vaccinia, retroviral, aod lentiviral vectors).

Aderoviras vectors, Adenoviruses are eukaryotic DMA vitases that can be
madified to efficiently deliver a nuoleic acid of the invention to a variety of cell types.
Varions serotypes of adenovirus exist Of these serotypes, preference is given, within the
scope of the present invention, 10 usiug type 2 or type § human adenoviruses (Ad 2 or Ad 5)
or adenoviruses of animal ovigin (sce WQ84/26514). Those adenoviruses of sramal origin
which can be used within the scope of the present invention include adepoviruses of canine,
bavine, murine (example: Mav!, Board ef of, Virology 73 (1990) 81}, ovine, porcine, avian,
and simian {example: SAV) origin, Preferably, the adenovirus of amimal origin is a canine
adenovirug, more preferably a CAV2 adenovirus (¢.g. Manhattan or A26/61 struin (ATCC
VR-800), for example). Varicus replication defeetive adenovirus and mininum edenovings
veetors have been described {(W(094/26%14, WO95/02697, WOS4/28538, WOS4/28152,
W094/12649, WQY5/02697 W0O96/22378).  The. replication defective recombinant
adenoviruses according to the invention can be prepared by any technigue kuewn te the
person skilled in the art (Levrero ef of., Gene 101:195 1991; EP 183 573; Graham, CMBO 1.
3:2017, 1984; Graham ef «f , 1. Gen. Virol. 36:59, 1977). Recombinant adenoviruses are
recovered and punfied using standand molecular biological techniques, which are well known
1o one of ordinary skill in the art.

Adeno-associated viruses. The adeno-assooiated viruses (AAV) are DNA
viruses of relatively small stze which can integtate, in a stable and site-specific manner, into
the genome of the cells which they infecl, They are able to infeat a wide spectrom of cells
without inducing any effects on cellular growth, morphology or differentiation, and they de
not appear fo be involved in human pathologics. The AAV genome has been cloned,
sequenced and characterized. The use of vectors derived from the AAVS for fransferring
genes in pitro and fn vivo hos been described (see WO 91/18088; WO 93/09239; US
4,797,368, US 5,139,541, EP 4838 528). The replication defective recombinant AAVs
according to the invention can be prepared by cotransfecting 2 plesmid contaiving the vucleic
acid sequence of interost flanked by two AAY inverted lerminal vepeat (ITR) regions, and a
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plusmid carryiog the AAV encapsidation genes (rep and cap genes), tntn a coll line which is
infaeted with a human helper virus (for exaple an adenovirus). The AAV recambinants
which are produced are then purified by standard techniques.

Retroviras vectors. [n another embodiment the gene can be introduced io a
retrovirel vecter, e.g., as described in Anderson et al., U.S. Patent Nov. 5,399,346, Mann ez /.,
Cell 53:155 1983, Temin et af., (LS. Patent No. 4,630,764; Tentin ef of., U.5. Patent No.
4,980,239; Markowitzef al, I. Virol. 62:1120 1983, Tomin ef 4, 1).8. BatentNo. 5,124,263,
EP 453242, LP178220; Bemstein ef of. Genmet. Eng. 7 (1985) 235 MeCormick,
BioTechnelogy 3 (1985) 689; International Patent Publication No. WO 95/07358, published
March 16, 1995, by Dougherty ef &f.; and Kuo ¢f af,, Blood §2:845, 1993, Thk: relroviruses
are integraiing viruses which infect dividing cells. The retrovirus genome includes two LTRs,
an encapsidation sequence and three coding regions {gag, pol and env). In recombinant
rettoviral vectors, the gag, pel and env genes ate generally deleted, in whele or in part, and
replaced with a beterclogous nuclcic acid sequence of interest. These veciors can be
constueted firom different 1ypes of retrovirus, such as, HIV, MoMuLV ("murine Moloney
lcukacmia virus" MEV {"muine Moloney sacoma virus"), HaSV {"Harvey sarcoma virus™),
SKV [{"spleen necrasis virus"); REV ("Rous sarcoma virus") and Friend viius. Suitable
packaging ¢l Tines have been described in the prior art, in particular the eell line PA317 (U8
4,861,719} the PsiCRIP cell line (WO 90/02806) and the GP+envAm-12 gell ling (WO
89/07150). In addition, the recombinunt retrovirzl vectors can contain modifications within
the LTRs for suppressing transcriptional activity as well as extensive encapsidation sequences
which may include a parc of the gag gene (Bender er o, J. Viral. 61:1639, 1987).
Recorbinent refroviral vectors are putilied by standard teckniques knows to these having
ordinary skill in the art.

Retrovirus vectors can also be infreduced by DINA viruses, which permits one
cyele of wiroviral rephication and amplifies franfection elliciency (ree WO 95122617, WO
95/26411, WO 96/39035, WO 97/19182).

Lentiviras vectars. In anather cmbodiment, lentiviral vecters can be used as
agents for the divect delivery and sustained expression of a transgene in several tissuc types,
including brain, rcting, muscle, Ever and blood. Thevectors can efficiently transdece dividing
and nondividing cells in these tissucs, and maintain long-term expression of the genc of

interest. For a review, see, Maldini, Cwr, Opin, Biotechnol., 9:437-63, 1998; sez also
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Tufferey, et @l ,J. Virol., 72:9873-80, 1598). Lentiviral packagimg cell lines are available and
Imown genexally in the art. They tacilitate the production of high-titer lentivirus vectors for
gene therapy.  An example is a lewacycline-inducible VSV-G pseudatyped lentivirus
packaging celf line which can generate virusparticles at titers greater than 106 IU/ml for at
least 3 to 4 days (Baftl, e of., J. Virol,, 73: 576-584, 1999). The vector produced by the
mducible cell line can be conventrated as needed for efficiently trmsducing nendividing cells
i vitro and in vive.

Now-viral vectors. In another embodiment, the vector can be introduced in
vivo by lipofection, a5 naked DMA, or with other franstection facilitating agents (peptides,
polymers, etc.). Synihetic cationic lipids can be uvsed to prepare liposomes for n vive
transfection of a gene encoding a mazker (Felgner, et. al., Proc. Nail. Acad. Sci. U.S.A
§4:7413-7417, 1987, Felgner and Ringold, Science 137:387-388, 1989; see Mackey, ef af.,
Proc. Natl, Acad, Sci. U5, A. 85:8027-8031, 1988; Ulmer er oi., Scicnee 259:1745-1748,
1693}, Useful lipid compounds and compositions for transfer of nucleic acids ave described
in International Patent Publications WO95/18863 and WO96/17823, and in 1.8, Patent No.
5,459,127, Lipids may be chemically coupled to other molecules for the purpose of targeting
(see Mackey, of al, supra). Targeted .pcptides, ¢.g., honmones or nourotransimitiers, and
proteins such as antibodies, or non-peptide molecules could be coupled to fiposomes
chemically.

Other molecules are also useful for facilitating transfection of a nucleic acid
Izt vive, such as a cationic cligopeptide (e.2., International Patent Publication W(Q95/21031),
pepides dexived from DINA. binding proteins (e, Internationa) Patent Publication
WO%6/25508), or 2 cationic pelymer {e.z, International Patent Publication W025/21931).

It is also possible to introduce the vector in vivo as o naked DNA plasmid.
Naked DNA vectors for gene therapy can be introduced into the desired host eells by methods
known in the art, e.g, electroporation, microinjection, cell fusion, DEAE dextran, calcium
phosphate precipitation, use of a yene gun (ballistic wansfection), or usc of a DNA vector
transporter {see, e.g., Wu f &l I. Biol. Chem. 267:963-967, 1992; Wu and Wu, ), Biol.
Chem, 263:14621-14624, 1988; Herimut ef ¢l , Canadian Patent Application Ne. 2,012,311,
filed March 15, 1999, Williams ef af, Proc. Natl. Acad. 8ci. USA 88:2726-2730, 1591).
Receptor-mediated DNA delivery approaches canalse be used (Curiel ez al,, Hum. Gene Ther.
3:147-154, 1992; Wu and Wu, I. Biol. Chem. 262:4429-4432, 1987), US TPatent Nos.
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5,580,859 and 5,389,466 disclose delivery of exogenous DNA sequences, frec of transfecton
facilitating agents, in a mammal, Receurly, & rslatively low voltape, high efficiency is vive
DINA transfer technique, termed clectrotransier, has been described (Mir ef o, C.I Acad,
Sei,, 321:893, 1998; WO 99/01157; WO 99/01158; WO 99/01175).

Purifleation of the PCV palypeptides

The polypeptide that is so produced may be recavered and preferably purified.
Methods for purification are well-known in the art. The purification rmethods including,
without limitation, prepatative disc-gel electrophoresis and iscelectric focusing; affinity,
HPLC, reversed-phase BPLC, gel filtration or size exclusion, Ion exchange and partition
chromatography; precipiiation and salting-ouf chromatography; extraction; and comntercurrent
disteibution. For seme puzposes, it is preferable to produce the polypeptide in a recombinant
system in which the protein contains an additional sequence tag that facilitates purification,
such as, but not limited to, a polyhistidine sequence, or a sequence that specifically binds to
an antibody, sueh as FLAG and GST. The pelypeptide can then be purified from a crude
lyswls of the bost cel} by chromatugraphy vn an appropriate selid-phase mattx, Mternatively,
untibodies produced against the protein or against peptides derived therefrom can be used as

purification reagents.

Anti-PCV antibodies

Such antibodies include but are not limited to polyclonal, monoclenal,
chimeric, single chain, Fab fragments, and an Fab expression library.

Various procedures known in the art may b uzed for the production of
polyclonal antibodies to PCV polypeptides or derivative or analog theraof. For the
preduction of antibody, various host aninals can be immmized by injection with the
antigenic pelypeptide, including but not Jimited to rabbits, mice, raty, sheep, goats, ete,
Preferably, the immunized animal is of the same specics as the anfmal who will receive the
antibodies in passive mmrounizaiion, o avoid allergic reaciions (o the anttbedies.

For preparation of monoelonal antibodies directed toward the PCV
pelypeptides, any teehnique that provides for the production of antibody molecules by
continuous cell lines m culture may be used. These include but are not limdted to the

hybridoma technique originally develeped by Kohler and Milstein (Nature 256:495-497,
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1973), as well as the trioma technique, the human B-cell hybridoma technique (Kozbor ef
al., Immunclogy Today 4:72, 1983; Cote et al., Proc. Natl. Acad. Sci. U.S.A, 80:2026-
2030, 1983}, and the EBV-hybridoma technique to produce human monaclonal antibediss
(Cole et al., m Monoclona) Antibodies aod Cancer Therapy, Alan R. Liss, Tno., pp. 77-96,
1985). In an additional embodiment of the invention, monoclonal antibodies can be
produced in germ-free animals (International Patent Publication No. WO §4/12690,
published 28 December, 1989).

According to the invenfion, technigues deseribed for the production of
single chain antibodies (U.5. Patent Nos. 5,476,786 and 5,132,405 to Husten; UL.S. Patent
4.946,778) can be adapted to produce the PCV polvpeptide-specifie single chain
antibadies. Indecd, those genes can be delivered for expression ir vive. An additional
embodiment of the invenlion ulilizes the rechniques described for the construciion of Fab
erpression librades {Huse et al, Science 246:1275-1281, 1985} to allow rapid and easy
identification of monoclonal Fab fragments with the desired specificity for a PCV
polypeptide, or its derivatives, or analogs.

Antibedy fragments which contain the idiotype of the aotibody moleeule
can be generated by known techniques. For example, such fragmeats include but are not
limited to: the FlabY), fragment which can be produced by pepsin digestion of the antibody
molecule; the Fab® fragmenis which can he generated by redueing the disulfide bridges of
the F{ab™), fiagment, and the Fab fragments which can be generated by treating the
antibody molecole with papam and a reducing agent.

Tn the produetion of antibodies, screening for the desired antibudy can be
aceomplished by techniques known in the art, ¢ g, radioimmuncnssay, ELISA (enzyme-
linked immunosorbant assay), "sandwich" imunoassays, immumeradiometric assays, gel
diffusien precipifin reactions, immunodiffusien assays, i sifx imnunoassays {using
colloidal gold, enzyme or radicisotope lzbels, for example), western blots, precipifation
reactions, agglutination assays {c.z., gel apelutination assays, hemagglutination assays),
complement [ixafion assays, immunoftuorescence assays, profein A assays, aud
immunoeelecirophoresis assays, ete. In one embodiment, antibody binding is detected by
deiecting a label on the primary antibody. In another embodiment, the primary antibody is
detected by detecting binding of a secondary antibody or reagent to the primary aniibody.
In & further embediment, the secondary antibody is labeled. Many menns are kmown in the
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art for detecting binding in an immunoassay and are within the scope of the present
invention.
Culturing PCV In Vitro

The present invention further relates to 2 method of culturing a porcine
wireovirns strain which method comprises introducing a nucleic acid comprising a
sequence selected from the group consisting of SEQ 1D NO:1 TO SCQ ID NO:6 into a
auftable hoat cell under conditions that result in the production of porcine circovirus
pariicles having a genome that comprises a sequence selecied from the group consisting of
SEQ D NO:1 TO 8LQ [0 NC:6.

Uninfected cells of any type, preferubly pig cells (e g, cells denved from
Sus scrafn or Tapassu fajoren), more preferably neuronatly derived pig cells (e. g, glial
cells), pig kidney cells (2.g., PK-13 cells) or pig macrophage cells may be infected by
introduction of PCY nucleic acids of the invention (2.2, single or preferably double
stranded genomic DNA ar one or more plasmids comprising PCV genomic IDINA) inta the
cells. Infection or transfection of a host cell line is  technigue which is commonly known
in the arl aid may be performed by any practitioner of ordinary skill in the art. For
exumple, Dxamnple 1 includes a procedure for transfecting PE-15 cells with PCV DNA
(see Transfection of cloned PCY DM.As and detection of PCV).

Once infected, one or more elones from the infected cell line may be
selected and propayated. The cells from the selecied clones may be stored (e.g, frozen)
and nsed as o master cell bank from which samples may be taken and used to generate
maliiple working coll lincs. Viral particles which are used for vaccine production and as a
source of viyal proteins may be obtained from the working cell lines. Specifically, a
working el ling may be produced by thawing a sample of a frozen master cell line and
expanding the cells in culture; the cells in the expanded cell culture are used as the
working eell line. For exantple, the master cell [ine may be thawed and grown. in 2 Nunc
Cell Factory (Malge Nune Interpational; Rochester, NY) for praduction of « large quantity
of cells.

Viral particles may be obtained from the working ccll Bnes by methods
which are commonly kmown to those of ordinary skill in the art. Tor exampic, viral
particles in the culture supernatant of the working cell lnes may be barvested, filtered,

purified (e.g, by gradient centrifugation} and used for vaccine generation.
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Dingnosis of Congenital Tramors

The evidence of an association between porcine circovirus and congenital
tremors (CT) allows the inventors to present a method for diagnosing a patholegical cause
of congenital tremors (L) in a pig or its progeny, which methed comprises determining
whether the pig has been infected by a porcine circovirus,

Az uged herein, the term “diagnosi=™ refers to the tdentification of the
disease at any stage of its development, and &lso includes the derermination of a
predisposition of a foetus or new-bom piglet to develop the disease or a predisposition of a
sow to transmit the disease to the foetus.

The diagnostic method of the invention may involve the detection of &oy
PCV sirain of Type 1 ox Type 2. The repartition of PCV strains between the two lypes is
shown in Figure 3. PCV strains of Type | more particulardy include PK-15 PCY or the so-
called “C’I-PCV-7" sfrain that comprises nucleic acid sequence SEQ ID NO. 7. PCV
straing of Type 2 more particularly include the streins that comprise a nucleic acid
sequence of any of SEQ 1D NO. | 1o SEQ ID NO. 6. PCV strains that are associated with
PMWSE (“PMWS-PCV") are also included in the target PCV strains.

The diagnostic method of the invention may be performed by any standard
technique well-known by one skilled in the art, as reviewed for exmnple, in the
International Application WO 99/18214.

In a {irst embodiment, the determination of the infection may encompass
detecting the presence of & PCY nucleic acid in a biological sample of the tesi pig.

1 a second embodimant, the determination of the infection may encompass
detecting the presence of a PCV polypeptide in a biological sample of the tost pig

In a third embodiment, the determination of the infeetion may be effected
by detecting the presence of an antibody directzd against a PCV palypeptide {n a biological
sample of the test pig.

The biologival sample may be of any kind, including a fluid sample (blood,
plasian, serum, cerebrospingl fluid, efc.) or an organ or tissue samnple (ganglions, liver,
etc.). Cells or cell extracts ffom the central nervous system may be used more particulanly
for post-mortem diagnosis.

However preferred test samples and methods are those that can be easily
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implemented by 4 veterinavian or the animal breeder on the farm.  Accordingly, Westein
Blot, immunoflnorescence, ELISA or immunochramatagraphy suit these applications very
well.

I BLISA assays, a polypsptide of the inveniion or epitopic fragment
thereof are immabilized onto a selected surface, for exanple, a surface capable of binding
proteins such as the wells of a polystyrene microtiter plate. After washing to remove
inecmpletely adsorbed polypeptides, a2 nonspecific protein such as & soluiion of bovine
serum albumin {(BSA) that is known to be antigenically neutral with regurd to the test
sample may be bound to the selected surface. This allows for blocking of nonspecific
adsorption sites on the immobilizing surface and thus reduces the background caused by
nenspecific bindings of antisera ontg the surface. The immobilizing surface is then
contacted with a sample, such as clinical or biolegical materials, to be tested In @ mauner
conductive to immune complex (antigen/antibody) formation. This may include dilrting
the sarople with diluents, such as selutions of B34, bovine gamma globulin (BGEG) andfor
phosphate buflered saline (PBS) Tween. The sample is then allowed e incubate for from
2 to 4 howrs, at temperatures such as of the order of about 257 to 37°C. Following
incubation, the sample-contacted surface is washed to remove non-mmunecomplexed
material. The washing procedure may include washing wilit a solution, such as
PBS/Tween or borate buffer. Following formation of specific immunocomplexes between
the test sample and the bonnd polypeptide, and subscquent washing, the occurrence, amd
an even amout of immunocomplex formation may be determined by subjecting the
immounocomplex to a second antibedy having speeificity for the first antibody, To provide
detecting means, the second antibody may have an associated activity such as an
enzymatic activity that will generate, for example, a coler development upon incubating
with an appropriate chromogenic substrate. Quantification may then be achieved by
measuring the degree of color generation using, for example, 2 visible speetra
specirophotomneter.

As 1o immunochromatography techniques, one skilled in the art may find
detailed information in F. Zurk ef al., Clin. Chem. 31/7, 1144-1150 {1985}, as well as in
patents or patent applications WO-88/08 534; W(-21/12528; EP 291 17¢; CF 299 428; EP
201 194; EP 284 232, US 5,120,643, U8 5,030,358; US 5,266,497; US 4,740,468, US
5,266,497, US 4,855,240; US 5,451,504; US 5,141,850; US 5,232,835; US 5,238,652,
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Alternative metheds include the usc of nucleic acid scquences such as
oligonucleotides to detect the presence of a PCV nucleic acid in a biological sample.

Far that purpose, one skilled in the @t may use hybridization probes in
salution hybridizations and in embodiments employing solid-phase precedures. o
embodiments involving solid-phase procedures, the test is adsorbed or otherwise affixed to
a seleeted matris or surface. The fixed, single-stranded nucleic acid is then subjected to
specific hybridization with selected probes.

In another embodiment, one skifled in the art may use oligonuclestide
primers in an amplification techrigue, such as PCR ("polymerase chain reaction™), to
specifically amplify the targei PCV nucleic acid potentially present in the biological

sample. Exaroples of such primers are given in Table 1 of Bxample 1.

Prevention and treatment of Congenital Trentors

The present invention contemplates vaccination or passive inumunization to
prevent of treat congenital trenrors. The anfigenic or immunogenic compositions of the
invenfion are broadly applicable 1o profect a pig o its progeny {rom infection by porcine
circavirus. The term "protect” is used herein (o imean for the treatment or prevention of
PCV infection, and congenital tremaors. Thus, any animal suscoptible to this type of
infeation can be vaceinated, Pigs may be treated at any ape, and include new-born piglets.
Treatment of sows is particularly useful to protect foetus.

“The present invention more pariicularly relates to antigenic or
immunogenic compaositions that conmprisc a circovirus entigen, a veterinary acceptable
vehicle or excipient and generally a veterinary acoeptzble adjuvant,

An immunogenic composition elicits an immunelogical response which
con, bul need not be, protective. A vaceine composition elicifs a protective response.
Accordingly, the term "immunogenic compositton” includes a vaceine composition (as the
former term can be protective coraposition).

‘The subject of the invention alsa is a moethod of mupization or of
vaccinalion against congenital tremors, comprising the administration of an immunogenic
compesition or a vaceine apainst the porcine circovirus. This method of immunization or
vaccination uses in particular the vaccines as defined below.

A subject of the present invention is thus an antigenic preparation directed
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against eongemtal tremors (CT), comprising at (east ane porcine circovirus (PCV) antigen.
This antigen may consist of an attcnuated live whole PCY, an inactivated whole PCY, 2

subunit antigen, a recomhbinant live vecior, or a DNA vector,

Hiple PCV vaccines

A subject of the invention is an isolated porcine circovirus strain, which has
a genome comprising a nuelcie acid sequence selected from the group consisting of any of
ORF1 1o ORF11 of arty of the sequences of SEQ IDNQ. 1 to SEQ ID NO. 7. Purified
preparations of virions may be obtained by cne skilled in the #rt knowing these sequencas.

‘These virus may be used in an antigenic composition for vaccinating pigs
against congenital fremors. For that purpose the virus particles may be atteqnated,
inactivated, or killed. according to standurd technigues well known by one skilled in the
art, as desetibed below.

For the production of circovirus antigentc preparations, the circoviruses
may he ubtained after passage in cells, in particular coll lines, e.g. PK/15 cells. The culture
superpatants of extracts, optionally pwrified by standard techniques, may be used as
antigenic preparation.

In the context of attenuated antigevic preparations and attenuated
mmunogenic compositions or vaceings, the attenuation may be carried ot secording to
the customary methods, e.g. by passage on cells, preferably by passags on pig cells,
especially cell lines, such as PE/15 cells (for example from 59 to 156, especially of the -
order ef 100, passages). These immunogenic compositions and vaccines comprive
genera) a veterinary aceepiabte vehicle or a diluent, with optionally in addition a veterinary
aocéptable adjuvanl as well as optionally a freeze-drying stabilizer,

These antigenic preparations, junnunogenic compoesitions and vaceines will
preforably comprise from 107 to 107 TCID50 of the aitenuated virus in question.

They may be antigenic preparations, immunogenic compositions and
vacetnes based on inactivated whole antigen. The fnastivated immunogenic compositions
and vuccines comprise, in addifion, 2 veterinary acceptable vehicle or a diluent, with
optionally in addition & veterinary acceptable adjuvant.

The circoviruses according to the invention, with the fractions which may

be present, are inactivated according to techniques kuown to persons skilled in the art. The
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inactivatiog will be preferably carricd out by the chemical route, .2, by exposing the
antigen e a chemical agent such as formaldehyde (formaliny, paraformaldebyde,
beta-propiolactone or ethyleneimine or its derivatives. The preterred method of
mactivaiion will be herein the exposure to a chemical agent and n particular to
ethyleneimine or to .heta.-propiclactone.
The antigenic preparations, immunagenic compositions and vaccines will
preferably comprise from 10 10 10° TCIDS50 of the inactivated whole virus in question.
Preferably, the attenuated or inactivated antigenic prepurations and the
allennated or nactivated immunogenic compositions and vaccines according to the
invention will be supplemented with adjuvant, advantageously by being provided in the
form uf emulsions, for example water-in-oil or oil-in-water, accerding to techmques well

known to persons skilled in the art. It will be possible for the adjuvant chatacter to also

come from the incorporation of a customary adjuvant compound inte the active ingredient.

Among the adjuvants which may be used, there may he mentioned by way
of example aluminivm hydroxide, the saponines (¢.g Quillaia saponin or Quil A; see
Vaccine Design, The Subunit und Adjuvant Approach, 1595, edited by Michael T. Powel
and Mark J. Newman, Plennum Press, New-York and Londor, p.210), Avridine RTM.
(Vaceine Design p. 148), DDA (Dimethyldioctadeoyl-ammonium bromide, Vaccine
Design p. 157}, Polyphosphazene (Vaceing Design p. 204), or alternatively oil-in-water
emulsions based on mineral oil, squalene (e.g. SPT emulsion, Vaccine Design p. 147),
squalene {e.g. MF39, Vaccine Design p. 183}, or water-in-oil emulsions based on
metabolizable oil {preferably according to WO 94/20071) as well as the emulsions
deseribed in U.8. Pal, No. 5,422,109, It is also possible 1o choose combinations of
adjuvants, for example Avridine. RTM. or DDA combined with an emlsion,

As freeze-drying stabilizer, there may be mentioned by way of example
SPGA (Bovarnik et al., T. Bacteriology 59, 509, 930, varbobydrates such us sorbitol,
manxitol, starch, sucrose, dextran or glucese, profeins suck as albwmin or easein,

derivatives of these compounds, or buffers such as alkall metal phosphates.

Subynit and vector yaccines
As used herein, the tern *subwnt antigen” refers (o an antigenic PCV

polypeptide or an antigenic fragment thercof. The icrm *subunit or pelypeptide vaccine”
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refers to a vaceine comprising an immunogenic polypeptide and, generally, an adjuvant.

A “vector vaccine” comprise “recombinant live vectors™ or “DNA vectars™.

As used herein the term “recombinant Bve vector” refers to the veetors nsed
to CXpross an antigenic or immunogenic pelypeptide for in vive or ex vive vaccination.
Preferred vectors are viral vectors, such as DNA-based vectors aud retroviral vectors. As
appropriate live vectors, there may be used preferably live viruses, preferably capable of
multiplying in pigs, nonpathogenic for pigs (naturally nonpathogenic or rendered as sach),
zeeording to techniques welt kmown to persons skilled in the art. There may be used in
particular parvoviruses (US 6,217 883), pig herpesvirases such as Aujeszhy's disease
virus, porvine adenovirus, poxviruses, especially vaccinia virus, avipox virug, canarypox
virus, swinepox vitus. DNA veetors can alse be uscd as veetors (WO 90/11092, W0
93719813, W0 94721797, WO 95/20660}. Generally, the vester is administered i vivo, but
ex viva fransduction of nppropriate antigen presenting cells, such as dendritic cells, with
administration of the transduced cells in vive, is also contemplated.

In anether embodiment, the vector may be in the form of a DNA molecule
that can be introduced in vivo by lipafection, as naked DNA, ot with other transfection
facilitating agents (peptides, polymers, ete.]. This embodiment is herein referred to as the
“DINA vector” technology. Synthetic cationic lipids van be used to prepare liposomes for
in vivo transfeetion (Felgrer, et. al., Proc. Natl. Acad. Sci. U.S.A. 84:7413-7417, 1987,
Felgner and Ringold, Science 337.387-388, 1989; see Mackey, e af., Proc. Natl. Acad.
Sci, U.8.A, 85;8027-8931, 1988; Ulmer ef a., Science 259:1745-1748, 1993). Uscful lipid
compounds and.composiﬁons for transfer of nucleie acids are deseribed in International
Patent Publications WOOS/1 8863 and W096/17423, and in ULS, Patent Mo. 5,459,127,
Lipids may be chemically coupled to other molecules for the purpose of targeting (see
Mackey, et al., supra). Targeted peplides, e.g, bormones or neurotransmitters, and
profeins such as antibodies, or nop-peptide imolecules could be coupled to liposomes
chemicatly. Other molecules are also useful for facilitating transfection of 2 mucleic acid
in vive, such as a cationic oligopentide (e.2., International Patent Publication
W093/21931), peptides dertved from DMA binding proteins (e.g., International Patent
Publicution WO96/25508), or a catiomic pulymer {e.g, International Patent Publicaiion
WO95/21931). It s also possible to Introduce the vector in vivo as a paked DNA plasmid.
Naked DNA veotors for gene therapy can be introduced into the desired haost cells by
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methods known in the art, e.g., clectroporation, microinjection, el fusion, DEAE dexiran,
caleium phosphate procipitation, use of & gene gun (baltistic transfection), ar use ofa DNA
vector fransporter (see, e.g., Wo et ol J. Riol. Chem. 267:963-967, 1992; Wu and Wu, 1.
Biol. Chem. 263:1462]1-14624, 1983; Hactmut ef o, Canadian Patent Application No.
2,012,311, filed March 135, 1990; Williawms e/ af., Proc. Matl. Acad. Sci, USA 88:2726-
2736, 1991). Reccptor-mediated DNA delivery approaches can also bo used (Curiel ef al.,
Hum, Gene Ther, 3:147-154, 1992; Wu and W, 1, Biol. Chem. 262:4420-4432, 1987).
LIS Patent Nos. 5,580,859 and 5,589,466 disclose delivery of exogenons DA sequences,
free of transfection facilitating apents, in a mammal. Recenily, a relatively low voltage,
high efficiency in vivo DNA transfer technique, termed eectrotransfer, has been described
(Mix ef af., CP. Acad. Sci., 321:893, 1998, WO 99/01157, WO 29/01158; WO 99/01 175},

Vaccinafion Strafegies

Various strategies can be employed to vaccinate subjects against congenital
tremors. The polypeptide vaccine formulations can be delivercd by subcutancous s.c.),
intraperitoneal (i.p.), intramuscular (i.m.), subdermal {s.d.), intradermal {i.d.), or by
administration te anttgen presenting cells ex vivo followed by administration of the cells to
the subject. ’

Similaaly, any of the gene delivery methods deseribed above can be used to
administer a vector vaceine to 4 subject, such as naked DNA and RNA delivery, e.g, by
gene gun or direct injection.

Vaccination cffectivencss may be enhanced by co-administration of an
immunastimulatory metecule, such as an immunostimulatory or immunopotentiating,
cytoking, lymphokine, or chemokine with the vaceine, particularly with a vector vaccine.
Far example, cylokines or cytokine genes such ay interleukin {IL}-1, IL-2, TL-3, 1[.-4, II.-
12, 1L-13, granulocyte-macrophage (GM)-colony stimulating factor (CSF), macrophage
inflammatory factor, as well s some key costimulatory molecules or thelr gones (e.g
B7.1, B7.2) can be used.

Mucesal Vaccination. Mucosal vaceine sirategios are particularly offcetive
for many pathogenic bacteria, since infection often occurs via the mucosa.. Thus, mucosal
vaccination strategies ot both pelypeptide and DNA vaccives ave contemplated. While

the inucosa can be targeted by lacal delivery of a vaceine, various strategics have been
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employed io deliver immunogenic proteins to the mucoza (these strategics include delivery
of DNA vaccines as well, e.g., by using the specitic mucosal targeting proteins as vector
targeting proteins, or by delivering the vaccine vector in an adwixlure with the mucosal
targeting protein),

For example, in & specific embodiment, the immunogenic polypeptide oo
vector vaceing can be administered in an admixture with, or as a conjugate or chimeric
fustion protein with, cholers toxin, such as cholera toxin B or a cholera toxin A/B chimera
(Majishengallis af l.. J Imruwnel.,154:4322-32, 1995; Jobling and Holmes. Infect Immun. ,
60:4815-24 , 1992). Mucosal vaccines based on use of the cholers toxin B subunit have
been deseribed {I.cbens and Holmgren, Dev Biol Stand 82:215-27, 1994), In ancther
embodiment, an admixture with heat labile enteratoxin (LT) can be prepared for mucosal
vaccination.

Other mucosal immupization strategies include encapsulating the
Inmunegen in microcapsules (U.S. Patents Mo. 5,075,109, INo. 5,820,883, and No.
5,853,763) upd using an immunopotentiating membranous carrier (WO 98/358).
Immunegenicity of orally administered inununogens can be enhanced by using red blood
cells (rbe) or rbe ghosts {U.S. Patent No. 5,643,577), or by using blue fongue antigen (U8,
Patemt No. 5,690,938). Systemic edministration of a targeted immunogen can also
produge muccsal immunization {see, U.S. Patent No, 5,51 8,725).

Various stralepies can be vsed to deliver genes for expression in mucosal
tissues, such as using chimeric rhinovizuses (U.8. Palent Ko, 5,714,374}, adenoviruses, or
specific targeting of a nucleic acid (WG 97/05267).

Payyive Innnunization

In addition to the active immunization vaccination strategies described
above, the present invention further contemplates passive inumunization with an. antibody
reactive with, and preferably generated against a PCV antigen. Passive immunization is
particnlarly effective for an incipient or established infection, before the host's immune
system can respond.

One source of antibodies for use in passive immunization is from
convalescent serum of affected animals of the sawe species as the infected host, Thus, for

example, antibodics from pig sera can be isolated, preferably by affinity purification
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against a PCV polypeptide and used to passively immunize newly infected pigs.
Alternatively, antibodies can be generated ageinst the immunogenic
polvpeptide, i.e.. the vaccine strategy can also be used to generate antibodics for passive
jmmunization.
The anti-PCV antibodies of the Invention may be cross reactive, e.g., they
may recognize various PCV sirains. Palyclonal antibodics have greater likelihood of cross

reaclivily.

munoassay for Protective Tmmuenity to Congenital Tremors

In another embodiment, an immunogenic polypeptide of the invention can
be used in an immunoassay to detect protective antibodies against Congoepital Tremors in
apig. Based on the discoveries of the present invention, a high titer of antibody reactive
with (specific for) 8 PCVY antigen indicates that the individual may be protecied from an
infection by PCY, and consequently from congendtal fremors. Low or no detectable
antibodies reactive with a PCV antigen indicates that the individual may not be protected
from infection.

The inmunoassay of the invention can be used to detect antibody levels in
subjects who have been exposed toa PCV infection. ¢.g., in convalescent serum. It can
also be used to detect entibodies in subjects of unknown: status. High level antibody titers
in such subjects would indicate prior exposure, smd possibly protective Immunity, i PCY,
Finally, the tmnunoassay can be used (o evaloate the effectiveness of a vaccine of the
mvention.

Any of the immunoassay formats described above can be used in an
immunoassay of the invention. Preferably, an ELISA assay is used in which a PCV
polypeplide is adsorbed to the sulid phuse, sera {(preferably in serial dilution) is contacted
with the solid phase, and antibedy binding is detected, ¢.g., with a labeled antibody
specific for antibodics in the serum. Alternatively, 2 comrpetitive HLISA. format could be
used, in which anti-PCV antibodies in the serum sample compete for binding to the solid
phase polypeptide against labeled antihodies specitic for a PCV polypeptide, e.g., propaved
as described above. In another altemnative, the polvpepiide is labeled, and amtibody
specific Tor the polypeptide adsorbed to the solid phase support. The presence of

antibadics in the biological sample {z.g , serum) will result in competition for the
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polypeplide, preveniing binding of the label (o the adsorbed antibodies. Inaddition,
convenient chromatographic immunoassay formats, as described below, can be used.
Although the immunosssays deseribed here refer @ testing for the presence
of anti-PCV antibodies in seram, any biclogical sample that provides aniibodies, can be
tusted, including witheut Limitation, blood, seruim, plasma, tssoe samples, lymph, mucosal

socretions, sputum, synovial fluid and othey inflammatory fluids, and the like.

Kits

The components for practicing the imniuncassays can be conveniently
provided in a kit form. In its simplesl embodiment, a kit of the invention provides a PCV
polypeptide and an antibody detector, such as a lubelsd antibody specilic for antibodies
from the subject 1o be tested. The amounts of each can be pre-measured to provide &
specified number of assays. )

In g further embodiment, tie kit will include an assay container, such as =
plaic, preferably of plastic or a material weated to aveid non-specific binding of protein.

As used herein, the term container has its broadest meaning, i.e., any receptacle for holding
material or reagents, Tt cap be fabricated from glass, plasiie, ceramie, metal, ete.

I still a further embodimend, the kit includes an immunachromatographic
membrane or support, to which one reagent, either a PCV polypeptide or an aotibody
specific for the PCV polypeptide haz been irreversibly coupled. Numerous methods and
devices known in the art for imnunochromatographic assays can be emploved in the
invention. As noted above, immunaechrematographic assays are particularly useful under
field conditions, whers laboratory equipment is not available. Examples of such assays ave
provided in U.S. Patents No. 3,248,619, No. 5,451,504, No. 5,500,375, No. 5,624,809, and
Ne. 5,658,801,

A kit of the invention preferably includes packaging and instractions for its

use, e.g, on the packaging or package insert.

Combined stritegios
In the context of combined immunizaiion or vaccination programs, it is also
possible to combine the immunization or vaccinaton against the porcinc eircovirus with

an immunization or vaceination against ather pig pathogens, in particular those which

JP 2004-503234 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

(94)

WO 0146377 PCTUSOLAG220
238-

could be associated with the PMWS syndrome. The immunogenic composiiten or vaceing
according to the invention may therefore comprise another valency cotresponding to
another pig pathogen chosen from parvovirus (US 6,217,883}, from PRRS (Pureine
Reproductory and Respiratory Syndrome) and/or Mycoplasma hyopneumaniae, andfor E.
coli, and/er Atrophic Riunitis, and/or Pseudorabies {Anjesziy's disease) virus andfor
porcine influcnza and/or Actinobacillus pleuropnewmoniae andfor Hog cholers, and
combinafions thereof. Preferably, the programme of immunization or vaccination and the
vaccines according to the invention will combine immunizations or vaccinations against
the circovirus, and the PRRS (WO 93/07898, WO 94/18311, FR-A-2 709 966 ; C.
Charreyre et al., Proceedings of the 15.sup.th [PVS Congress, Biminghaim, England, Tul,
5-9, 1998, p 139, andfor Mycoplasma hyoprewmnoniac (BP-A-597 852, TP-A-530 477,
EP-AS571 648 ; O. Martinon et al. p.lST, 284, 285 and (5. Reynaud et al,, p 150, all in the
above-referenced Proceedings of the 15.sup.th IPVS Congress) und/or porcine inffuenza. Tt
is thus possible to use any approprigte form of Imnunegenic composition or vaceline, in
particular any available commercial vaceine, so 2s to combine it with the immucogenic
composition or vaccine against the porcine circovirus as described here.

The subject of the present iovention is therefore also multivalent
immunogenic compositions and vaceines, multivaccine kits, and combined imumunization
or vaceination methods which makes it possible tn use such combined immunization or
vaccination programs.

The peesent invention will be better understoad by eference to the
following examples, which avc provided by way of exemplification and are not intended to

limit the invention.
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EXAMPLIES:

Example [:  Sequence Analysis of Foreine Circovirns Asseciated With Congenital
Tremors In Pigs.

Methods

Tissue samples and a cell line infected with PCV. Pigs infected with PCY
were obtained thor farms in Indiuns, USA. Pigs were initially idemtified by signs of eithar
PMWS or CT, followed by microscopic sxaminalion of tissue sections. Presence of PCV
in tissue was further confirmed by ire sifr hybridization using PCV-specific
oligenuclentide probe, indirect fluorescent assay (IFA) using antiserum aguinst PCV and
PCR using primers specific to PCV. Four FCV [solates collected from pigs showing signs
of PMWS were named as PMWS-PCV-PL, PMWS-PCV-P2, PMWS-PCV-PI, and
FMWS-PCV-P4. Two PCV isolates collected from pigs showing signs of C1 were named.
as CT-PCV-P3, and CT-PCV 6.

For the isolation of a historic PCV isolate, a POV contantinated cell line
(PCNS) was derived from the brain of a pig showing signs of CT. A pregnant sow was
experimentally incculzted with the eell culwure supernatant from CT pig kidney celis
(Gustatzon & Kanitz, 1974). PCNS cells were grawn in Eagle’s minimum essential
medium (EMEM) [Life Technologies, Ine.] containing [0% FezlClone 1T (HyClone,
Inc.). Cells wers harvested and tested for PCVY by in sifu hybridization using a
POV-speeitic oligonuelcotide probe, electronmicroscopy (EM), and by PCR using
PCV-specific primers, This POV isolate was named as CT-PCV-P7.

DNA isalation and PCR. PUNS cells grown in BMEM were harvested
when cells stacted floating in the medium. The cell pellet was lysed by STS-pronase (500
we/ml pronase in 10 oM [vis, pH7.4, 10 mM EDTA, and ©.5 % SDS}) and incubated at
37°C overnight. The total cellular DINA was fsolated by phenol exfraction followed by
cthanol precipitation.

Lymih nodes for PMWS-PCV-P [, -P2, -P3. -P4, and CT-PCV-PG and liver
for CT-PCV-F3 were homogenized in EMEM using a tissumizer followed by sonication.
using 2 sonicator. Tissue homwogenates were meubated with the equal volume of
SDS-pronase (1 mgfml pronase in 20 mM Tris, pH7.4, 20 mM EDTA, and 1 % SDS) at
37°C overnight. Total ceilnlar DNA was obtained by phenol extraction and etlrano!

precipitation. The DNA was used as a template for PCR using Vent DNA polymerase
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(New Bngland Biolab) with twa pairs of primers to amplify the entire PCY genome. For
PMWE-PCV-P L, -P2, and -P3, CT-PCV-P5, and -P6; PCV2-1 & PCV22and PCY2 3 &
PCV2-4 sets of primors were used (Lable 1). For PMWS-PCV-P4, PCV2-1 & PCV2-2 and
PCV4-1 & PCV4-2 sets of primers were used (Table t). For CI-PCV-P7, PCVI-3 &

POV -4 pod POVT-1 & PCVT-2 sets of primers were wsed (Table [). PCR products were

analyzed on 1% agorose gel and visualized with an UV transifluminator.

TARBLE1  Nucleolide sequence and the locafion of primers
used in this study For the cloning of PCY genome

Mame of primer SEQIDNO  Logation of primer neieotid of primer
{muciegtide)?

PCVI1-3 3 ’ 3756 STACTCCTCAACTGCTGTCCCY
PCVI-4 9 1805-1624 STCCATCCCACCACTITATIICSY
PCV2-1 10 1076-1093 SACGUTGAATAATCCTTOCY
PCV2-2 [ 679-660 SCCAACAAAATCTCTATACCCY
PCV2-3 12 7-24 FATTACCAGCAATCAGACCS
PCVI-4 13 1637-1640 SAACAACCACTICCTTCALCSY
FCV4-) 14 611-629 SAGCAGGGCCAGAATTCAACY
PCY4-2 I3 1100-1079 SCGTCTICGGAAGGAT TATTCAGS
PCY7-1 16 1597-1617 SGOCTAGTAGAAATAAGTGGTGY
PCVI-2 17 §7-68 SACTAATCCTCCGATAGAGAGS'

*The location of primers PCV2-1. 22, 2.3, 2-4, 4-1 4-2 and primers PCY [- 1, -2, 7-1, 7-2 15 based upon
the sequence of PMIWS-PCV (Hamel ef f.; 1999) and PE-1 5-PCY (Mechan of ul. 1997). respeelively.

Cloning af PCR praducts. The PCR products were cloved inlo the §mal
site of pUC1E by blunt-end ligation using T4 DMNA ligase (Mew England Bie Lab}. To
construct the entire penome of PMWS-PCV-P I, -P2, and-P3, pUCIS containing PCR
products from nf 1076-679 amplified with PCV2-1 & 2 primexs and PCR products fram nt
7-1657 amplified with PCV2-3 & 4 primers were digested witl Sl and Epnl. Uhe 4 kb
Stul - Kpal fragment from pUC 18 containing PCV2-1 & 2 amplified PCR product was
usced to insert a {.3 kb Stul - Kpnl fregment from pUCH§ containing PCV2-3 & 4
amplified PCR. produet to result in pUC 18 containing PCY genome from nuclectide
1076-1768 and 1- 1657, The resultant plasmids containing the genome of either
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PMWS-PCV-P [, -PZ or -P3 were named pPCV-PL pPCV-FZ and pPCV-F3, respectively.
these plasmids when digested with %acll 135 praduced the linearized-form of complete
PCV genomes. Similatly PCR preduets obtained from other PCY strains were alse
eloned at the Smalsite of pUCTE by blunt-end ligation. Plasmid DINA was purified by
isopyemic centrifugation in cestum chloride-ethidium bromide gradients (Sambrook et f.,

Molecular cloning: A laboratory manual. Cold Spring Harbor Laboratory Press, |969).

Transfection of cloned PCY DNAs and defection of PCV. Plasmids
containing enfite penome of PCV DNA (FPCV-P 1,-P2, and -P3)} were digested with
Sacll to result in two fragments, the full-PCV genemic DINA and plIC 13 plus a part of
PCV DNA. Semi-coniluent monoclayers of PCV-frec PK- 15 cells in 6-wll plates wore
transfected with, Iug of the ligated PCV genome using Lipofectin-mediated transfection
protocol (Life Technclogics, Inc.). Cells were passaged three times. After the third
passage, cells were hacrvested, cytaspined and fixed witit acefone. Polyclonal antibedy
apainsi PMWE-PCY raised in a rabbit (Morozov and Paul, lowa State University, Ames,
lowa) was used for [FA. For EM. waler was added (o cell pellets and the eell contents were
centrifuged at 10,000 RPM for S min. Supernatants were collected and cenfrifuged at
20,000 RPM for 40 min. The cell peilets wers resuspended in water containing 3%
phosphotungstic acid and 1% bewine sexam albumin. Samples were nebolizod onta the

carbon-coated grids and examined with a Philips 201 electronmicroseape.

DNA sequencing and sequence analysis. Plasmids contairing PCV DNA
werg sequenced using universal and reverse primers. Subscquently, both strands of DNA
weye sequenced by primer walking nsing an applied Biosystems 373A automated
sequencer. The entire genomes of 7 PCV jsolates (PMW -PCV-P1, -P2, 13, -P4, and
CT-FCV-PS, -Pe, and -P7) were analyzed using the GG sequence analysis sofltware
(Wisconsin packapc).

Phylogenctic calealafions. The sequence alignments were gained by the
ClustalW program. The phylopenetic ealeulations were performed by the PHYLIP
propram package version 3.572¢ (Felsenstein, Cladistics 5:164-166, 1989). For the

parsimony analysis, the programes Protpars or DMApars were used. For the distance
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analysis, the Pratdist (Dayhell's PAM 001 matrix} or DN Adist (Kimura 2-petameter}
followed by Titch (with global rearangements) were applied. During the bootstrap
analysts, the ahowve caloulations were preceded by the Seqboot (100 datascts) and followed
by the Consensus progran 1o get the consensus tree. Finally, the resulls were visualized
by the [teeView program (Page, Computer Applications in the Biosciences [2:357-358,
1996}, A mare detailed deseription of the applied methods has been published elscwhere
(Harzach & Benkd, Adenovitus Methods and Protecols Methods in Molecslar Medicing,
21:305-339, 1598).

Resulis

Transfeciion of PCV-free PK- [5 cells with PCV DNAs. Iniially, the
entire genomes of three POV 1olales associated with PMWS (PMWS-PCV-PL, -P2, and
-PY) were amplified by PCR using twa sefs of primers. PCR generated fragments were
used to cpnstruct plasmids (pPCV-P [, -P2 and -P3) containing PCV genomes. These
plavmids, on digestion with Secll, resulted in a linear-farm of complete PCV genome. To
test whether the cloned PCV genomes were infecticus, the Sacll-digested-religated or
unligated pPCV-P 1, -P2 and -P3 were used to transfect PUV-free PX-1 5 vells. Cells were
harvested after third passage and analyzed for the presence of PCV antigen by IFA. A
number of cells transfocted with Sacll-digested religated PCY DNA were positive for PCV
antigen, whereas cells transfected with Sacll-digested unligated PCV DNA were negative
for PCV antigen by IFA. 1o fsther determine whether iransfection with PCV DNA
resulted in the production of PCV vition, PK-15 cells transfecfed with PCV DNA were
analyzed by EM. Small apherical viruses, approximately 17mn in diameter, were observed.
The detection of PCV anfigen and the observation of virug particles in cells transfected
with PCV DNA indicated that the cloned full-length eircular PCV DNA results in viral
replication and produciion of virus particles. Since the full-length PCV genemes amplificd
by PCR were infectious, the inventors used PCR echuigue to amplify genomes of other
POV feld strains.

Scquence comparison of PMIS-PCV, and old and new CT-PCV isolutes.
The inventors sequenced the entire genomes of 4 PCV isolates associated with PMWS
(EMWS-PCV P [, -P2,-P3 and -P4), 2 POV isalaies associated with CT in the late 1990

JP 2004-503234 A 2004.2.5
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{CT-FCV-PS5 and -P6)), and ane PCV isolate asseciated with CT in the [ate 1960s

{CT-PCV-PT). Sequences of these isolates were compared with that of be previously
described PMWS-FCV isolate (Humel e/ af., 1998) and PK-~13-PCV fsolate (Meehan e
al., Tournal of General Viro!ogy 78:221-227, 1997). Genomes of PMWS-PCV-PI, -P2, and
-P4 were 1768 nucleotides (nt) long, whereas PMWS-PCV-P3 was 6 nucleotides shorter

than the rest of PMWS PCV isolates due (o a 6-nt deletion between 820 to §25 nf (Fig. 1.

All the PMWS-PCV isolates of the invention had an overall 99% nt sequence identity with
each other. The orientation and the relative length of eachh ORF of PMWS-PCV-Pl are

shown (Figr 2A). The coding steand, nunber of amino acids, and the Iocation of cach ORF

in the genomes of PMWS-PCVs are listed {Table 2).

TABLE 2. Compaiison of ORFs of PMWS-PCVs and new CT-PCVS*

ORF

ORFI
ORF2
ORF3
ORF4
ORES
ORFa
ORF?
CRF§
ORF?
ORF10

GORTIIT

PMWS-PCY-IL
Coding  Number of

strand

¥
C

[
C
v
C
v
c
[
v
&

amina fcids

314
235
104
5
53
®
19
21
42
35
14

PMWS-PCV-P2
Number of

Lucation

(mucleotide)

1619-149%
935234
1639-1325
1333-1354
216-377
a11-72¢
842941
1721-1856
1061-932
124931
233-189

aming acids

231

61

PMW-PCY-P4
Lacation™umber Logation

of (nucleotide)  amino acids (Mucleotide)

1915-195 - -
926-234 - -
1633-1319 - -
1327-1348 - -

- 104 216-350
876935 - -
1715-1650 - -
1055-928 - -
724909 - -

are dentical W those of PMWS-PCV-P].

® Mumber of amina acids and the location of each ORT of PMWS-PCV-P3, CT-PCV-P5, and CT-PCV-Fi

W indicate viral strand that is encapsidated into vires patticles and . indicates the complementary sirand to

viral strand.

- [ndicates same as the conesponding of PMWS-PCV-P1I

The amino acid sequonce of ORF1 was highly homolngous {approximately
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949% homology at amino acid leve)) among all these PMWS-PCV isolaies. Observed

changes in amino acid residues in various ORFs of these PMWS-PCV isolates are listed

(Table 3). The ORF2 had more amino acid changes than ORF1 among PMWS-PCVS, but

still had an approximately 97% homelogy. Open reading [rames 3, 4, 7, aud 4 were

identical among PMWS-PCV ianlates and there were only few changes in the rest of ORFs
(Tablc 3).

TABLE 3. Amino acid sequence comparisar of ORFs of various PCVs with those of
PMWS-PCV-P { or PR-15-PCV*

PMWS-PCV-  PMWS-PCYV-  PMWS-PCV-  CT-POV-PG PMWS-PCV®  CT-PCV-PT
2 B3 B4
ORF) E30N, T282M 1182 T2EIN
QRF2 P39, K73T, R35dV3ad R34, K73K. NI4T N2-32K RIVA, T63F, A30V 144K,
L7541, VI30F, L7261, P131T, KTSN, L761, T353R, Y63H
A1335, N1245. FI13(T, N134T, Y72H, K74R,
N134T, LISSK LIS, WIRIT, K208, HIT60,
N23ZK KISZK N232E Y20(F,
A207D, K23IE
QORF3 - - - 2139G,
AlG3IT,
Wai3G
ORF4 - - - - -
ORFs  F51, VOF F3I, V9F, F&l, VoF VT, F33Y  VI2LN6SY
HAgY
ORF& SI7P, VISL PSR SL7RVISL ATG, 88F SITR, VI8L, MNeD, (18R,
QI2E L351stop
ORE? - - K480
QRFE§ - - - - - -
ORTS  W2R, - - - - QasH
ORFL0 RI3A Q5H RI13A R23% VILRI3A -
ORF11 2N - K2N L - -

* ORFs of PMWS-PCV-P2, -F3, -P4, PMWS-PCYV, and CT-PCV-P6 wore compared with those of
PMWS-PCV- 1, whareas ORFs of CT-PCV-PT wera compured with those of PE-15-PCV.

* Aming acid change s depicted as aming acid present in the PMWS-PCV-P1, the location and the chaoged
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amine acid
* The sequence of PMWS-PCV has beon published (Hamel ¢f &7, Toumal of Virclogy 72:3262-5267 1998},
< Indicates the deleted amine acid.

Stop: Indivales the stop codon resuliing in the end of ORF,

The ORFs of PMWS-PCV-P4 and ORT10 of PMWS-PCV-P3 were 54 and
26 amine acids longer, respectively than their counterpait in the rest of qur PMWS-PCV
isolates.

Two new CT-PCV isolates (CT-PCV-PS5 and -P6), which were isalated in
1he late 19905, were 1768 nt long (Fig, 2}, These CT-PCVs had approximately 99% nt
sequence identity. Intorestingly, new CT-PCY isalates also demonstrated an
approximately 99% nt sequence identity with the new PMWE-PCV isolates. The genomes
of PMWS-PCV-P1 and CT-PCV-PS were identical, Both PMWS-PCV and new CT-PCV
genomes encode 11 potential ORFs. The amine acid changes in the varicus ORFs of new
CT-PCV compared to those of PMWS-PCY-P1 arc listed (Table 3).

The genome af the old CT-PCV (CT-PCV-P7) was 1759 nucleotides lony
(TFig. 1). The CT PCV-F7 genome also encoded t | potential ORFs. The orientation and
relative ength of each ORF are showa in g, 23,

The numbers of amino acids and the location of each ORF of CT-FCV-1'7
are shown (Table 4).

JP 2004-503234 A 2004.2.5
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TFABLE 4. Comparisan of ORF of FK-13-PCV and ofd CT-PCV

PK-15-PCY CT-PCV-PT

ORF Coding Nugber of [Loeation Number of Location
Strand* amino acids  (nucleotids)  amino avids  (nuclenfids)

ORFI v 302 1019-198 - -
ORF2 [ 233 036-235 - -
ORF3 < 206 1630-1010 - -
ORF4 C 115 1524-1177 - -
ORFS v 93 376-663 - -
OEF6 C 62 T31-543 30 731579
ORF7 A 56 ¥¥3-(053 - -
ORF3 C 37 1712-159% - -
ORF9 C 31 181-86 - -
ORF1¢ v 7 553-968 - -
QRF11 ' 23 [620-1601 - -

* V indicates viral strand that is encapsidated Into virus particles and C indicates the
complementary strand 10 viral strand.
- Indicates same as the corssponding of PR-1 5-PCY.

The genome of CT-PCV-P7 hud only approximately 72% nt sequence
identity with PMWS-PCVs and both new CT-PCVE, but shared a surprising
approximately 98% mt sequence idsutity with PK-15-PCV. Amino acid sequences of all
QRI's of CT-PCV-PT were also highly hemologous to those of PX-15-PCY. Amine -acid
clhianges in various ORFs of C'T-PCY-P7 compared to their countzrpart m PK- 15 -PCY
are listed (Table 3).

Meshan, ef al., } Gen Virol 78:221-227, 1997 observed the presence of a
nonanucleotide sequence al the apex of the stero loop steucture o0 PE-15-PCY which was
similar to that described in nanoviruses and geminiviruses of plants. All our PCV isolates
had the conserved stem-loop structure and nonanucleotide (A/TAGTATTAC),
representing the origin of rolling-circle DNA replication (Mankertz, ¢f al., Journal of
Virology 71:2562-2506, 1997, Jounal of General Virology 79:381-384, [998). The

polential glycosylation sites (N-X-T or N-X-5, where ' is any aming acid), which were

JP 2004-503234 A 2004.2.5
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previously reported by Hamel e af.. (1998), were conserved in afl cur PCV isolates except
ORFG of CT-PCV-P7 where the amino acid residue 'N' at number 6 was replaced with 'D'.

Plrplogeneric analysis, When cither the deduced amino acid sequences of
individual proteins, such a8 the veplication associated protein
(ORFlreplicasetepiooat/P35 8 prolein) snd the prolein P27.9 (ORF2), or the nucleotide
sequence of (he full genome were used for phylogenetic analysis, both the distance matrix
and the parsimony analyses yvietded two distinet clusters of fairly similar topology. Since
the dillerences betwesn the strains were moderate, and the distance matrix analysis
seemed to vield the more consistent daia (Harrach & Benkd, Adenovirus Methods and
Protocols Methods in Molecular Medicing, 21:308-339, 1993}, the inventows chose to
present thelr findings by the distance matrix analysis of the foll genomes (Fig. 3).

The mest evident result of the distance matrix analysis of various porcine
and bovine clreovirus genomes was the clear separation of the isolates into two clusters
{Fig. 3). Ne intermediaic genotypes were [ound though the number of the examined
genomes (including the 7 new sequences) included 25, and the origin of the isolates
cavered geographically distant regions.

The smaller cluster (type 1) contained the isolies from the different
lineages of the PK.-15 cell ling, and 2 circovirus strains (PMWS aceession number
AFO12107 and CT-PCV-PY) isolated from different pathological entitics (PMWS and
CT). The otiret Fairly large cluster (type 2) contained the remaining 2¢ isolales, including
2] from pigs with PMWS, the 2 recent CT isolates (CT-PCV-P3 & -P6} and a bovine
isolate (AP109397). Based on this phylogenetic tree, the penctic relatedness of the

circovirus strains seems nol o be directly connected 1o ihe pathegenic ability.

Discussion
The goal of this study was to determine genetic variability in PCV
associated with CT. The PMWS-PCV isolates yielded an approximately 99% at sequence
identity with sach other and also 96% ot identity to PMWS-associated PCVs {solated in
the UK., Canada, France, and U.8. (Meehan et al, Journal of General Virology
79:2171-2179, 1998; Morozov et a/., Journal of Clinieal Microbiolopy 9:2535-2541, 1958;
Humel et af, Journal of Virology 72:5262-5267, 1998; Mankertz e/ «. Vicus Research,

JP 2004-503234 A 2004.2.5
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6665-77, 2000) indicating that various PMWS-PCV isolates are highly homologous
regardless of their piace of origin.

Although ihe new CT-PCV isolates trom the latc 1990s and the old
C1-PCV isolate from the lafe [960s ariginated from neonatal pigs with CT type A2, they
shared only 72% nt sequence identity. The genonies of the 2 newr CT-PCVs weye rather
similar ta the receut isolates of PMWS POV, whereas the old CT-PCV isolale was very
close to FX-15-PCY variants. Based oo exfensive phylogenctic calculations, different PCV
isolates can be divided into 2 groups. PE-15-PCVY variants, our old CT-PCV-P7 and a
single uncharacterized PMWS isolate (AF012107) comprise PCV 1ype 1 (PCV1) and the
remaining 26 recent PMWS-PCVs and the 2 new CT-PCV field isolates (CT-PCV-P5 &
-6) comprise MCV type 2 (PCV2), On the basis of sequence analysis of » PR-15-PCV and
4 PMWS assoctated PCV isolates, a preliminary proposal to classify PK-15-PCV as PCY
1 and PMWS-PCV isolates as BCV2 was suggested (Meehan ef af., 1998).

PK-15-PCV (a PCV 1 iselate) was clinically nonpathogenic in inoculation
studies in weaned pigs (Tischer ar al.. Archives of Virology $1:271-276, 1986; Allan et o/,
Veterinary Microbiology 44:49-64, 1995), whereas the CT-PCV-P7 isolate {also a PCV1)
was derived from a neonatal pig with CT in the late 19605 and seemingly eaused
congenital tremors in progeny when inoculated inte & pregrant sow at 70 days-ol-gestation
(K anitz, Ph.D. Dissertaion, Purdue University, 1972). [t is unclear whether PK-13-FCV
could also cause CT or whether CT-PCV-P7 is pathogenic in weaned pigs. The age, roule
of infection andfor some other factors may determine the pathogenicity and clinical
manifestations of PCY 1 and PCY2. The presence of an approximate 99% nt sequence
identity among the new CT-PCV and PMWS-PCV strains indicates that recent eutbreaks
of PMWS and CT are essociated with the same type of PCV (i.e., PCV2). The reported
age of pigs withh PMWS is 6-12 weeks (Ellis ¢f al., Canadian Veterinury Journal 39:44-31,
1998, Kiupel ef al., Indiana. Veterinary Pathology 35:303-307, 1998; Rosell et of , Journal
of Comparative Pathology 120:59-78, 1999}, whereas CT is a disease of newborn pigs
(Stevenson ¢ af., Joumal of Veterinary [Magnostic Investigations, in press). [t appears that
age plays a critical role in determining the type of syndrome caused by PCV. The presence
of PCV2 IDNA has recently been demonsirated in large numbers of neurons i brain and
spinal cord of neonatal pigs with naturally occurring CT. Nowral cell division oceurs

exclusively during fetal development. Thus, during fetal development may be the only
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perind when PCY could replicate in nervous tissucs lcading to signs of CT, because PCV
requires celf division for its replication (Tischer, ot al., Archives of Virology 96:39-57,
1987), When PCVZ is inoculated into germ-lree pigs, lesians but not clinical disease
typical of PMWS develop by 35 days postinoculation. However, when PCV2 is inoculated
with poreine parvovirus or porcine reproductive and respiratory syndrome virs,
replication of PCV is enhanced and PMWS i3 reproduced {Allan ef al., Jaurnal of
Cemparative Pathology 121, 1-11, 1998). Cther viruses might enbance PCV replication by
divectly or indirectly causing division of PCV-target cells.
POV was first identified during the 1960s and 70s (Tischer ef af.,

Zentralblatt fur Bakteriologie, Parasitenkunde, Infektionskrankheiten, und Hygiene — Hrste
Abteilung Originale - Reihe A: Medizinische Mikrobiologie und Parasitalogic
226:153-167, 1974; Mechan ef f, Jowrnal of General Virology 78:221-227, 1957, this
study), whereas PCVZ was identified in the late 1990s (Hamel et al,, Journal of Virology
72:53262-3267, 199%; Meehan er al, Journal of General Virology 79:2171-2179, 1998;
Mankeriz ef al., Virus Research, 6665-77, 2000). On the basis of sequence analysis, it
appears that PCY2 may have derived from PCVIL Towever, the large phylopenetic
distance between the two types and the seeming total lack of intennediates contradicts a
direct and recent cormention between the two types. These findings do not support a role of
the PI-15 cell line as origin of 4 wide spread PCV infection (2 4., vaccivg bewne discasc).
The clusier of type 2 PCVs includes a single bovine-origin citcovirus isolate. It s
unknown haw widespread circoviral infection is in bovids, Based on the high similarity
between this single boving isolate and PCV2's, the tempting speculation that the two
different PCV lineages previously and simultaneously evolved in poreine and bovine hosts
as seen in the case of adenoviruses (Russell & Benkd, Encyelopedia of Virology, pp.
14-21, 1999} iz contradicted. However, such PCV1 und PCV2 strain evolution may have

aceurred i 2 o move yet unidentified host species.

Example IT: Tissoe distribution and Genetic Typi i
In Pigs With Naturally Occurring Cangenital Tremors.
Materials and Mcthods
Study design . Pigs less than 2 days-ol-age were selocted from 4 farms in

the Midwestem United States that were experiencing outbreaks of disease consistent with

JP 2004-503234 A 2004.2.5
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CT type A2 From each farm, 2-4 prgs with CT {n = 13} and 1-2 clinically normal pigs (n
= &) were transported o Purdue Animal Discase Diagnastic Laborutory, Lafayctte, IN
where they were suthanized with pentobarbital. Necropsy examinations were perfommed
and tissues were collected for testing. Samples of cerebrum, cergbellum, pois, spinal cord
sugrmenis Cl, €4, C7, T3, Té, T9, T12, 1.2, 1.5 and 32, lung, liver, kidoey, spleen, tonsil,
mesenienc and inguinal lymph podes were collected in neutral buffered formalin or fTozen
at -20°C for testing.

Histopathology and in-siti hvbridization. Tissues were fixed at room
temperature for 24 hours then were embedded in paraffin, sectioned and stained with
bematoxylin and eosin by routine methods. All tissues were evaluated for microseopie
lesions. fr situ hybridization was sccomplished using & PCV aligonucieotide probe knowao
to hybridize with bath PCV1 and PCV2 as previously described (Kiupel ef al., Eur | Vet
Pathal., 1999; Rossell et al., Encyelopedia of Virology, pp. 14-21, 1999}, The
PCV-specific oligonueleotide was 3-end labcled with digoxigenin (Boehringer Mannheim
Biochemica, Indiagapslis, [IN). After deparaffinization, proieolytic digestion with 0.25%
pepsia for & min at 105°C followed by 10 nun at 37°C, washes 11 avtomation buffer and
prehybridization with 100% formamide for 5 min at 163°C, hybridization was performed
for 8 minutes at 105°C and 60 minutes at 37°C with a probe concentration of 5 pl/ml
using a commercial workstation (Fisher Seientific, Pittsburgh, PA). High stringency
washes were made with saline sodivm citrate buffer to ensure binding of probe and target.
The detection system consisted of the antidigoxigenin antibody conjugated with, alkaline
phosphatase {dilution 1:500) (Boehringer Mannheim Biochemica, Indianapolis, IN)
applied a1 37°C for 45 min and the substrates "NBT/X-Phos"(Nitra-blue tetrazoliun
5-Broma-4-chloro-3-indolylphosphate} {Bochringer Mannheim Riochemica, Indianapalis,
TN). Diye reduction to insoluble blue onmazan was allowed for 45, 60 and 186 min on
serial scctions. Controls included dot-blot slides of PCV 1 - infected PK-15 Cells
(Stevenson ¢f al., Vetermary Dathology 36:368-378, 1999) brain, spinal cord, and
lympheid tissue from PCV2- infected Pig (Kinpel o af., Indiana. Veterinary Pathology
35:303-30%, 1998} and from PCV-frec gootobiotic pigs. Slides incubated with
hybridization sohtion without probe were used as negative rezgent controfs.

Polymerase chain reaction (PCR) festing. PCR festing of cerebe]lum and
liver samiples from all pigs was accomplished to determine the genotype of PCV ag type 1

JP 2004-503234 A 2004.2.5
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ot type 2. Controls were the sarte as used for in situ Liybridization testing. Tissues were
homaogenized in egual volume of TE (10 mM Tris-Hcl, | mM EDTA, pH 7.5) using a.
tissumizer. Tolal cellular [DNA was extracted using a standard protocol (Sambrook ef af.,
Muolecular Cloning: A Laboratory Manual. Cold Spring Harbor. 1989). Primer sets were
designed to be specific for POV (Meehan ef af., Tournal of General Virology 78:221-227,
1997) or PCV2 (Hame] er al., Tournal of Virology 72:5262-5267, 1998) and were used 1o
amplify PCV sequences by PCR using Vet N4, polymerase (New England Biolab, Inc.,
Beverly, MA). PCR amplified DINA samples were analyzed on 1 % agarose gel by
electrophoresis and the bands of the expected size were visualized with an 1TV
transilluminator. Specificity of PCR results was confinmed by sequence analysis.

Frozen-section indireci I iflnarescent antib

Iy testing. Samples of
liver and cerebellum that had previously tested positive for PCV by in-gitu hybridization
were selected from one pig from each herd. Indirect fluorescent antibady testing was
completed fo confirm the presence af PCV-specific antigen. Frozen tissue sections were
prepared and indireet fuerescent etibody tests were performed by routine methods using
a commercially available polyclonal antibody {Morozov and Paul, lowa State University,
Ames, IA) produced against puritied PCV2 raised tn a rabbit at a 1:500 dilution and
ﬂnom.sccin-conjugaied muring anti-rabbit [gG at 1:250 dilutien.

Festing for ather ageats. Routine testing using indireet
immunofluorescence for other swine viral agents, including pscudorabies virus (NYSL,
Ames, TA), swine influenzz viruse (NYSL, Awnes, [A), porcing rotavirus (NYSL, Ames,
IA), porcine hemagglutinating encephalomyelitis virus (NYSL, Ames, [A), porcine
parvovinus {American Bloresearch, Sevicrville, TNN) and transmissible, gastroenteritis virus
(American Bioresearch, Sevierville, TN) was completed at Purdue Animul Disease
Diagnostic Laboratory, Lafayette, IN using commercially available diagnostic tests.
Samples of serum, spleen and lung were tested by virus isolation in swine primary alveslar
macrophage cell cultures for porcine reproductive and respiratory syndrome (PRRS) virus.
Samples of brain, splecn and tonsil wer tested by direct fluorescent antibody tests and
virus isolition in swine turbinate cells for pseudorabies virus. Samples of brain, spleen and

tonsit were lested in swine turbingte and swine testiculas cells for cytopatlic vimses.
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Resulis

All 4 farms experiencing outbreaks of CT purchased all replacement
brecding stock from oulside sources. Scurces of breeding stock were different for each
farm and no farms shared commen genciics. On the three farms, where pigs wore retained
to slaughter age, there was no recent history of PMWAS. All pips with CT that were
seleeted for study were 248 hours old and had moderate to severe fremors that were most
severe when pigs attempted voluntary movements. Tremots partially abated when pigs
rested. All pips selecfed as age-matched, cliniea/ly normal, control pigs originated from
Hifters with no CT pigs. All pigs seleoted for testing weee alert, active and otherwise
clinically normal.

There wege 11p fross or microscopic lesions in any CT or nonmnal pigs. Al
lests for PRRS virus, pseudorabies virus and other cytopathic viruses were negalive, PCY
was demonstrated by in sifi hybridization, PCR and iFA testing in {issuesin 13 ' 13 CT
pigs and in 5 of & clinically normal pigs. Central nervous tissues and liver were the tissues
most commenly infecied with PCV in bathy CT and elinically nommal pigs. fr sifu

. hybridization demonstrated PCV in PCV-positive pigs in the central nervous tissues of
12/13 CT and 5/6 clinicaily normal pigs, in the liver of 11 /13 CT and 2/6 clinically
nofrnal pigs and in a lower proportion of all other tissues in CT and 5/6 clinfeally nonmal
pigs. Few scattered ¢ells that were morphalogically fypical of macrophages were positive
in liver and other non-nervous tissues. PCV nucleie acid was only in the eytoplasm of
most positive macrophages and in the nuclai of few positive macropbages. There were
mare PCV-positive cells in the central nervous tissues of both CT"and clinically normal
pig.s tharl in other yssues. Positive eslls In the brain and spinal cord were predominantly
Jarge neurons with fewer positive sinall neucons and care positive oligodendrocytes. Large
neurons in cerebral and meduliar noclei were pasitive, Purkinje eclls in the cerebellum
were positive and large neurons in the spinal pray matier were posilive, especially lower
muotor newrons. Like macrophages, positive neurons usualy had PCVnucleic acid only in
the cytoplasm and rarely in the gueleus.

PCYV [nfected cells in the central nervous system were more numerots and
more widely distributed {Table 5} in CT pigs than in elinically normal pigs. Generelly, CT
pigs hasd large numbers of positive, Jarge nevrony diffecely distributed in the brain and

spinal cord. Clinically normal pigs had fewer PCY-pusifive, large neurons distributed
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multifocally in the brain and spinal cord.

Table 5. Proportion of sampling sites positive for PCV by in-situ hybridization jn 1-2

day-old PCV-infected pigs that had congenital tremors (CT) o were clinically normal. Wa.

positive { No. sampling sites examined

Cercbrum Cerabellum Medulia Corvical TheracicLumbo-
Total
card cord sueral cord
cr 8/12 o3 &713 20033 20444 17133 83/149
=13 (69 (459 (62) [X33) (45) (52) (58
Muormal® 145 3% 5 1115 120 315 11/63
N=8) (20 1.68) (40) o7 (.03) (20 (I

*unly the § clinically normal pigs thal were PCV positive are included in the table, ane cltnically narmal pig
was negative for PCV with all test methods applied in this sudy

Indirect fluorescent anlibody lesting vn froxen sections of cerebellum and

liver from a single pig from each herd confirmed the results of in sifi hybridization lesting.

PV -specific antgens were demonstrated in approximately the same number and type of
cells and in the same cellular locations as were PCV-speetfic nucleic acids with in situ
hybridization. PCR testing of cerebeliwm and liver from all pigs demonstrated
araplification of PC V2 specific sequences but not PCV1 specific sequences in all positive

pigs from all 4 Grms.

Discossion

During ocuibreaks of CT type AZ, both clinically normal and C'I pigs wers
infected with PCVZ at 1-2 days-of-gire. It is likely thal boih were bom virus-infected.
PCV2 was widely distibuted in all infecred pigs and was maost common in central nerveus
tissues.

However, there were many more PCV-infested cells in the brain and spinal
cord of CT pigs when compared to ciinically normal pigs due to mare diffuse distribution
and a larger proporiion of infected cefls. The most commonly infeeted cells were large

neurcns in the brain and spinal cord and macrophages in non-newral tissucs. Few

JP 2004-503234 A 2004.2.5



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

(110)

WO 0146377 PCTUSOLAG220
55
aligedendrocytes were infected.

Previous studics have demonstrated that CT pigs are born with deficient
myelin in the brain and spinal cord (Cliristenscn, Nard Veterinaermed 8:921-943, 1936).
Other studies demonstrated that CT pips had abnonmally immature myelin composed of
disproportionately low cercbroside and high chelestere] esters relative to
age-and-genetically matehed narmal control pigs (Patterson, J Neurochem 26:481-485,
1976). The hypothesis prior 1o this study was that oligodendrocytes would be the primary
cell infected with PCY in the CNS accounting for reduced and abnormal myelin synthesis.
The finding of large numbers of PCV-inlected aurons in the brain and spinal cord was
surprising and may be a signiticant causs of CT apart from, or in addition te, myelin
deficiency. Provious studies determined that the degree of miyelin deficiency in CT pigs
was variable and not closely correlated with the severity of tremars (Fletcher, J Am Vet
Med Assoe 29(12):2255-2262. 1968). This finding sugaests that dysmyelinogenesis alane
cannot aceount for CT. Tn one study, surgical ablations were performed on the nervous
systern of CT und control pigs including decerebration, unilateral labyrinthectamy,
unilateral rhizotomy of lumbosacrat reots and transeetion of the thoracic spinal cord and it
was determined by post-surgical neurclogical exarinations that the cause of tremors is
located at the spinal cord level. Others determined that the spinal refles tn CT pigs is
manosynaplically hyperexcitable (Stromberyg, Am J Vet Res 20:319-323, 1959). It may be
that PCV infection of motor newrons i the spinal cord has a dircet affset on function,
rendering them more oxcitabls and thus influencing spinal reflex ares.

The paucity of PCV2-infected oligadendrocytes does not support the
hypothesis of dysfunction of PCV2-infected oligodendrocytes as the cause of my«lin
deficiency in CT type A2. However, the inventors did not confiom myelin deficiency in
Ihese pigs, so it is possible that none existed. In addjtion, previous PCV-induced loss and
removal of oligodendrocytes in these pigs cannot be ruled ouf. The granulomatous
inflammatory reaction that is associated with PCV2 infection in pigs with PMWS was not
nbserved in 2ny PCV2-infeeted tissues of these CT pigs. The reason for a lack. of

inflammation is not clear, but iz utzro infection with PCV might induce immunetolerance.

Example II1; Cengeital transmissisn of PCY2
Methods
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Eight pregnant high parity sows {rom a high-hcalth-status commercial
swioe farm, seroncgative 10 porciae tespiratory and teproductive svndrome virus
{PRRSV), were used to produce caesarian-derived/eolostrums-deprived (CIYCD) pigs. All
sows were moved into isolation rovms at Purduc University prior to 90 days of gestation
and on day 34 of gestation 4 sows were inoculated intramuscalarly and intranasally with
1.0 i (107 TCLD50/m) of tissue culure-adapted PCVZ (PMWS-PCV-P4). Caesarian
surgery followed by enthanasia was performed on the 4 PCV inoculated sows and 4
non-PCY-inaculated sows on day 114 of gestation to preduce PCV2 congenitally exposcd
CD/CD pigs (C+ pigs) and PCV2 congemitally free CD/CD pigs (C- pigs). Necropsy
examinations were performed on sows and samples of seram, brain, spinal cord, liver,
tung, spleen, tracheobronchial fymph nade ayd inguinal lymph node were collected for
icating for various porcine viruses. Three neonatal pigs from each litler were eutlianized 3
duys after birth, The remaining neonatal pigs were ased in an experiment to produce
fesions of PMWS. Complete necropsy exanmations of euthanized pigs and pigs that died
during the first 2 weeks after cacsarian section were performed. Samples of brain, spinal
cord, liver, lung, kidney, spleer, tonsil. bone marrow, thymus, tracheebronchial lymph
node and inguinal lymph node were collected from each pig and preserved at -20°C and or
in neutral bullered formalin (except serum and blood). Higtopathology and PCY in-situ
hybridization were completed on all tissues to evaluate microscapie lesions and PCV
distribution. FCV2 PCR was performed on selected ponled samples.

Results

Fifteen pipe derived from 4 C+ yows died and 3 more pigs were euthanized
during the first 2 weeks after caesarian section, Four pias that died during the first 3 days
and one sdditional piglet that wus bom dead, had dome shaped heads, werz small, weak
and had diffieulties to orientate themselves in their envirorunent. All ather 11 C+ pigs
lacked vigor and sewveral dicd due to bacterial septicemia. Generally, C+ pigs lacked vigor
and failed to thrive for the first 2 weeks afior hirth compared to C- pigs. Ne gross lesions
chacacteristic of PMWS were idemtified in 19 C+ pigs that were necropsied during the fiest
3 weelks of the study.

Microscopically, 8 C+ pigs that died during the first 3 weeks of ape had a
severc interstitial prenmonia suggesting of bacterial septicemia, No other microscopic

lesions were found in these pips, Sections of [ymph nodes from 5 of the C+ pigs that died
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during the first 3 weeks of age, sections of liver fram 1 pig, sections of lugs from 2 pigs,
and sactions of heart from 1 pig wers suspeet for PCV2 by in-sitn hybridization. Pools of
Iymphoid tissues including spleen. tensils, bronchial, snd mesenteric ymph nodes Fom
individual pigs were positive for PCV2 by PCV in 7 of 10C+ pigs. Samples of ung,
spleen, and bronchial lvmph node from all C+ pigs were negaiive by virus isolation anil
FA tests for pscudorabies virus (PRV), swine influenza virus (SIV), parcine teprodustive
and respiratory syndrome virus (PRRSV), porcine parvovirus (PPV) ar transmissible
pastroenteritis virus {TGEY). The available blood samples from 3 of the C+ pigs that bled
duzing the first 3 weeks of age were serolugically ncgative for PCV2 and for PPV, The
PCV2 insoulum was found to be contamsinated with PPV,
Discussion
These results suggest PCV2 can be transmitted from an infected sow to its

litter. PCY2 alone or in cambination of a co-factor could be congenitally transmitted.

Example TV: Raising PCV-specific Antiboadics in Rabbits

The open reading frames {ORFs) representing PMWS-PCV-P1 ORF1
{314R}, PMWS-PCV-P1 ORF2 carboxy region (129R), CT-PCV-P6H ORF3 (104R),
CT-PCV-PE& ORFA (39R), CT-PCY-P7 QRIZ (carboxy part) were amnplified by PCR
using suitable primers, PCR products were inserted into a bacterial expression and
purification vector pET30a that drives the expression of the foreign insert fised to the
histidine cassette. Expression of PCV proteins in bacteria was very cfficient suggesting
that these ORFs have the potential to code for [unctional proteins. PCV-specific proteins
as fusion proteins were putified by Ni++ affinity chromatography. These purified proteins

were usedt e immunize rabbits fo raise antibodies.

Example V: Development of ELISA to screen for ECV2 aptibody

‘The inventors have more particularly developed ax BLISA, assay for
sereening pig sera ta detsct antibody against PCY2 by using bacterialiy expressed
PMWS-PCV-PT ORF2 carhoxy-partion purified protein to coat the plates,

X EE Y
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The present invention is not to e limited in scope by 1he specific
embadiments described herein. [ndeed, varieus modifications of the invention i addition
to those described bercin will become apparent te those skilled in the art from the
foregoing description and the accompanying figures. Such modifications are intended o
fall within the scope ol the appended claims.

It is further to be understood that all values are approximate, and are
provided for deseription.

All patents, patent applications, publications, and other materials cited

lierein are hereby meorporated herein reference in their entirebies.
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WHAT IS CLAIMED I8:

1. An isolated nucleic acid from a porcine circovirus (POV), which
nuclsic acid has a sequence that is identical to a sequence selected from the group

consisting ol SEQ IDNQ. [ to SEQ ID KO, 7.
2. A nucleie acid cormprising the isolated mucleic scid of claim 1.

3 An iselated nucleic acid from porcine circovirus (PCV), which
nucleic acid comprises a sequence voding for a circovitus polypeptide having a scquence
selected from the group consisting of sequences coded by any of ORF1 to ORF1] of any
of the sequences of $EQ INNO. 1 ta SEQ ID NO. 7.

4, ‘The nucleic acid of claim 3 having a nucleotide sequence selected
from the group consisiing of sequencas ORF1 to ORF11 of any of the sequences of SEQ
ID NQ. 1 to SEQ [D NO. 7.

5. An expression veclor comprising the nucleic acid of claim 3

operalively associated with an expression confrol sequence.

6. A vaccine comprising the expression vector of ¢laim 5 and a

pharmacentically aceeptahle excipfent,
7. A host cell comprising the expression vector of claim 5.

8. A method for producing 2 PCV protein, which methad comprises
culturing a host cell of claim 7 under conditions that result in sxpression of the nueleic

acid coding for a eircovirus protein.

9. The method according to claim &, whercin the PCV protein has an
amino acid sequence selected from the group consisting of sequences saded by any of
DORF1 to ORTF1T of sequences added by any of the sequences of SEQ ID NO, [ to 8EQ 1D

JP 2004-503234 A 2004.2.5
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ORF1 to CRFI} of sequences added by any of the sequences of SEG IR MO. 1 to SEQ ID
NO. 7.

10.  The isolated polypeptide from a porcine cireovitus {PCV) which has
a geguence selected from the group consisting of sequences coded by any of ORF] to

ORF11 of any of the sequences of SEQ [D NO. [ to SEQ I NO. 7.

Jl. A vaccine comprising the isolated polypeptide of claim 10 and an

adjirant.

12.  Anisclared porcine circovirus strain, which has a genome
comprising a sequence selected from the group consisting of sequences of SEQ ID NO. 1
1o SEQ ID NO. 6.

13. The poreine eiroovirus of claim 12 which is altenuated, inactivated,

or killed.

14, A vaccine comprising 4 parcine circovirus of claim 13 and an

adjuvant,

15. A melhod of diagnosing a pathalogical cause of congenital tremors
in 3 pig, which method comprises determining whether the pig has been infected by a

porcine circovirus strain of type 1 or type 2.

16,  ‘'The method according to claim 15, wherein the porcine circovinus
bas a genonie vemprising a sequence selected from the group consisting of sequences SEC)

IDNO:1 to 8EQ ID N6,

17. A method of diapnosing a pathological cause of congenital tremors
in a pig, which method comprises delermining whether the pig has been nfected by a
porcine cireovirus strain has a genome comprising a sequancs selected from the group

consisting of sequences SEQ ID NO; 1 to SEQ ID NO:6.
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18, The method according to claim 17, whercin the determination of the
infection is effected by detecting the presencs of a PCV nueleie acid in a biological sample

from the pig.

19. The method according ro claim 18, which comprises detecting
hybridization of an oligenucleotide of at [east about 20 bases that has a sequence found in

20 contiguous bases of SEQ I NO:{ to SEQ ID NO:6 or a complement (hereol.

20 The method according to ¢laim 17, whercin the determination of the
infection is effected by detecting the presence of a PCV polypeptide in a biclogical sample
from the pig.

Z1. The method according io claim 20, which cornprises detecting
binding of an anbibody that specifically binds & polypeptide which has a sequence selected
from the proup consisting ot scquences coded by any of ORFI 10 ORF11 of any of the
sequences of SEG 1D N1 to SEQ ID NO:6.

22, The method according to claim 17, wherein the detenmination of the
infection is elfecied by detecting the presence of antibodies directed against a PCV

polypeptide in a biclogical sample of the pig.
23, Anantibody direcled agains( the polypeptide of claim 10.

24, A method for the prevention or feeatment of congenital tremors in a
pig or its progeny, which method comprises administering to a pig in nzed of such
treatmient an immunoprotective amount of a vaceine comprising an immunogenic

pelypeptide of a type 1 or type 2 PCV strain and an adjuvant.

25,  The method according to claim 24 wherein the PCV polypeptids has
an amino acid sequence selected from the group consisting of sequerces coded by any of

QRF1 to ORF1] of any of the sequences of SEQ D NO:T to SEQ ID NO:G.

JP 2004-503234 A 2004.2.5
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26. A method for the prevention ar teeatment of congenital tremors ina
pig or its progeny, which methed comprises administering o a pig in need of such
teeatment an immupoprotestive amount of a vaccine comprising au fmmunogenic
polypeplide that has an amino scid sequence sefected from the group consisting of
sequences coded by any of ORT1 to ORF11 of any of the scquences of SEQ ID N[ to
SEQ ID MNO:S and an adjuvant.

27 A methad for the preventian or treatment of congenital tremors in 2
pig or its progeny, which method cornprises administering to 2 pig in need of such
treatment an Immuneprotective ameunt amount of a PCV mucleie acid that encodes an
inmumogenic polypeptide of a type | ar type 2 PCY strain, with « pharmaceutically

aceeplable carrier.

28, The method according to claim 27 wherein the PCV polypeptide
has an amino acid sequence selected fom the group consisting of seguences coded by any

of ORK1 to ORF11 of any of the sequences of SEQ 1D NO:1 tw SEQ ID NO:6.

29. A methed for the prevention or eatment of congenital tremors in a
pig or it3 progeny, which method comprises administering to a pig in need of such
trealment an inmunaprotective amoust amount of 2 POV nucleic acid that encodes an
immunogenic polypeptide that hag an amine acid sequence sclected from the group
consiusting of ssquences coded by any of ORF1 to ORF1I of any of the sequences of SEQ)
13 MO to SEQ ID NO:6 with # pharimaceutically aceeplable carries.

3. A method for the prevention or treatment of congenital tremors in a pig
or its progeny, which method comprises administering to 4 pig in need of such trratment

an immunopiotective amount of ean antibody of claim 23.

31, Amethod of culuring a percine sircovirus strain, which method
comprises introducing 2 nucleic acid comprising a sequence selected [rom the group

consisting of SEQ ID NO:1 10 8EQ (D NO:6 into a suitable host cell under conditions that

JP 2004-503234 A 2004.2.5
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result in the production of poreine ejrcovirus particles having a genome that conprises a

sequence selested from the group consisting of SEOQ ID NO:{ 10 8EQ 1D NOC-6.

32, The method according 1o claio 31, wherein the host cell is a PK-15

cell.

33,  The method of claim 31, wherein the nucleic acid 1s mtroduced in

the form of a cloned double-stranded DNA.
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SEQUENCE LI1STING

Suresh Kumar Mittal
Gregory Vayne Steveneson
Jivwon Choi

Matti Kiupel

Charles Les Kanltz

'
«120> DIAGNDSIS AND TREATMENT OF PROUTNR
CIRCOVIRUS RSSOCIATED CONGENITAL TREMORS BWD OTHER RISORDERS

=130z

2150
=151~

clB0>
<170=

<210
=211:=
<212
<212=

400>
atbcbgatta
gtagsagora
tocatggagg
gaaatazatt
ttaagtoggg
ttgtagtosk
ttrctagagy
tcaatagtgg
tgogggatty
thtagbacas
stgatadagy
gotatagaga
atcatgbcea
gtgegggaga
acgagocags
ctgogglaac
ttaccagogo
caagaagaat
tacthcogaa
tattgtigoo
ttttgtoaag
cgagaangoc
acttatigaa
gagtacotky
tgtoagaaat
tgakiggaag
ggctgockaat
ggatggttac
ggatgateota
tatacecttt

210>

2759/27429-W0

£0/211, 714
Z000-0E-15

17

PastSEQ for Windowa Version 3,0

1

1762

DWA

IMHS -POV-PL

1

ccagcaatca gaccoegktyg gaatggtact

tctatoggay gattacttes toggratebt
aagggggoca gtrogheace otttcocnoc
actgagtett ttttakcack togtaatggo
ggtctbtasy attaastbor ctgaskigba
ggtcgtattt actghitteg aacgeagtgc
coigtagroet cagocaaage tgatteckbt
agtcaagaac aggtitgogt groaagtaac
taktggeggua goagtagbth acatatggatb
agttatente tagastasca goaghggago
agcagoggeca gaaktcaacc ttaactkthke
bttiuttogt coocoocotooc gggggaacaa
ccgoccacga gggogttgty actgtggtac
FJCTIYLITL yaagatgoeoa CLLLLOCERE
ggcggeggcy gaggatckgg coaagatggo
gecheocttgg atacgtoata gohgaasacg
actboggeag cgooagoace toggoageac
ggaagaagcyg DacooCaact acataaaagg
gacgagogoa ataaaatacg ggagotooom
gaggagggta atgaggaagg acgaacacot
aagezaactt traataaagh gaagogctat
raaggaactg atcagcagaa tamagaalbat
tgtggagete ctegatctea aggacaacgg
ttggagaaeo ggagtotggt gaccgtitges
ttocgogggr tgoctgaact tttgaaagtg
accaatgtac acgtoattgt ggggoozoot
tttgcagace oggaaacoac atactygaas
catggtgaag aagtggttgh tatbtgatgac
ctgagactgh gtgatcgata Lecattgack
ttgaeoogeoa gt

2

ccteaacktge
gyaagaatgs
catgooctga
ttttatthtt
catacatggt
cgaggcoctac
rgttattrogg
gggagtggta
cataggttag
coactecoct
ttaktctgka
agtogtcaag
gettgacagt
Tacaacgaty
tgoggyagog
asagaaghgc
ctcagoagca
tgggroctoea
atctocctat
cacetocagg
ttgggtgeoe
tgeagtaaag
agtgacctgt
gagcagcacs
agegggaaaa
gggtgtggta
cdatdtagaa
tttratgget
gtagagacta
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tgtcococaget
tacagaacaa
atttecatat
catttagggg
tacacqoata
gbyggtacaca
ttaogaagraa
ggagaagagt
wgoatbggea
atcaccotgg
gtattcaaag
cttaaatoto
atatcagaay
5099999ty
grtgtattott
grigtaagta
acatgoccag
cgergaataa
ttgattattt
ggttegetaa
getgocadat
aaggoaacth
ctactgekbgl
ctagtaacgth
tgoagaageg
aaageazaty
actaagtggty
ggetgeeaty
aaggtggaac

&0
120
180
240
300
380
420
480
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w2ilx 1768
“X12x RNA

<213» PMWE-TPCV-PZ

460> 2
atbotgatita ceagzaatca
gtagaagote tctatoggag
ESCcEIQYAsY AgSIaIonn
yasatanatt actgagtett
rttasghagyg patoittaag
thgtegtost ggtogtaltt
thletagagy tt
teaatagigg

tatapoct

tgggggarty t
thbyoadaas

agoagyey
agta tritghtae
ateatg COPCCraggE
ghECOgraga Ggrgognett
ggytggacya gecaguggey
o gyraangset
cagogaach

taht gutggegagg
matbtf gtyaagaige
¢ nasfcoaiag
athgaalatg

ciligtigg
agaaaltheos
gaocgocgipat tggaagaceoa
capatggechk gotaattitig
gtogbyyget gyttaceaty
gecatgggat ototasten
lguasctota cortthttoag

<210 3
<211» 1748
<212 UNA

gacceegbly
gattactboc
gttogtcase
fratcace
saattot
actgteticy
CAagucaxagr
aggtitaggt
goagtagrit
tagaataaca
gaattoaace
[Elet ety e
gugeytty
gaagatgeoea
gegycygagy
sotbggatac
nggragargs
PEEL falois Blals]
agogoadgas
ayggtaatge
asaetittaa
gractgatoa
gagrltucteg
agsgeygsag
gugggelggo
atgtacacgt
cagaccoggs
gtoaagaagt
qactgrgtaqa
coegoagh

«213» PUWS-PIU-23

<dC0>
alteigakts coagoaalea
stagmageots tcoctatoggag
tocacggagy aagguggccs
geaataaztt actgagtath
ttaagtyggys sgtotbtaag
thgtegteat gqghogbattt
ttictagagg tiightagect
tcaataghgy agtcaagsac
Eagyqgatty catygeggga
ttrgghacaa agttatcate
gtgatyggey agoagygoca
ggtatagags ttibtgriggh
attabtgicea cogGocsya
atgogugags §aogoatats
QUgLggacys gooaggoycy
ctrottotoe pgiaavguct
tazgtatk, cagogeacht
Tetalel zagaatggaa

gaccorglig
gettackeoe
gttogtoaco
ttthateach
attassteet
aclgitticy
CAQUCARAGE
aggtttgggh
gyagragrtt
taguataaza
gaattzargo
coencoioon
gugcgttgty
gaagatgoeoa
g°93°g929g
cctbggatac
cggaagegge
GABTOLY

paatgglact
thggtathit
chitocezce
togtaatggt
ctgastigha

geagt.ggags
ttaacobtta
GUydgaacas
ackglggta
thottockh
atctggeeas
gtcatagetg
agracctegy
ouaacotoat
aatacggaag
ggraggacea
taaagtgasng
gragaatana
alctcaggga
telggtgace
tyaactibiyg
cattgtggea
aaccaceatac
gotbkgtiatt
togatatcoa

gaatggract
thygghetlic
ctttococeece
togtaatogt
atgaattgta
agcgragige
tgatioctit
gtgaagtaac
acatatggge
goagtygags
trtasckltlc
quyIgRAcaa
actgbgytac
ttbttortic
atcotggocas
gtoatagetg
agoacotegyg
coaaccacat

evtoaactge
gpaagazkoc
catgoookga
frersccact
catasarggt

(136)
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tytooca
Lzcagas
phitecatet
casttagsgk
tacaccgata

¢ tiguaagtas

gogegtagta
taggitag
coactoooet
thattergta
agtogicaat
cottgacagt
tovascggta
qeELogoigeg
azazcgazag
cagracteca
aazgutgyy
cteoecaatch
acaccheace
togtaticgg
gaatatigos
cascgyagly
cthgoagage
aaagigaycyg
ceaectGagl
togaaaccac
gatgachitt

ttgactgtag

coteaarigo
ggasgaalygc
catgtookga
Tettatbtth
antacategn
cyaggosetas
Totiatitagy
aggagtagta
cataggetag
cecactoroct
thabtotgla
agtogtnaag
gotiyasagt
Tocaacysts
aatggobgeg
AB320TAALT
cagcaccteoa
2233991899

FEugaaguyl
ogetgtgcke
atonceatgy
groattoaaay
cgtasateta
afatcoyaag
graglggoyg
ggggeogtal
azgtgcyctg
geageaacat
tghftaacget
coctatilgs
tocagyaalt
gtgecegots
gtanagaagy
auctytetac
ageacectgh
guadaatges
gtootaaaag
ctagacdcad
atggotgget
agactasagy

Tgioccagst
tacaguacas
2tttooatal
cettbnyagy
tacacggata
gtggtaonaca
thgoaaytan
ggsgangagt
ggeattygeos
atcaccotoy
gtat
criaaateh

ataboogang
yoggtaygcag
ggggcugtar
zagtgogotg
FJoagoaacat
wgtteanget

g

6CT

2h
e
24D
200
269
1023
1080
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gaatsatcoek tocgaagzog
ttatkitatt gttggngagg
cgttaathbtt gtgoagasge
CCRCATOYAY Aalagocasag
caschfacth attgaatgby
scuttattga
i zgaealiios
waegegtgal tgyaagecca
caaatggget gctaatthbig
gtagtaggst ggrtaccatg
ghtGgugat gatslaciga
ggamclyla cotititiyg

T

210 L
<Flix> 1748
<2lz» DNR

agoguaagaa
agygctzalga
aaactttcaa
gaactgateca
gageteatoy
AGATSGITAY
gogggetoas
atglacacat
cagaccoyga
gtgaagangt
gazlgtghga
coogragl

<215y PMWS-PCV-P4

<i00» 4
atheipalia coageastsa
gragaagste totatcggag
aagguygoca
actgagreEl
ttaagtyg ggtctitaag
thgractoet ggtogtattt
ctigagy tbtghateet
tozataghgy aghoasgasc

Lgggggatty Tatggoegga
titghiacaz agthateate
o APUAGIUTCE
g Tage thrtghteggt

Sreatgtoca coguecagga
gtgcgegage gycygyLgtt
g9gigganga gecagygygsy
cilortbotae ygtaacgoct
taagkattac cageoygzacth
guccagesad 2agaatgyaa
T tocgaagacy
ot 2GR FY

2 adagroaday
L oattgaabghg
anci:tgh

L EEY
gaggecptgat tggaagaceoa
caaatggget gotaazbrhy
gtggtaggat ggttacoatg
geogioggal gelctactga
tggaaclyta cottitotyg

<21%h CT-BCOV-PB3

<400> 5
gtictgatna ceageaztoa
gragasycic botavogyay
tacacggagy 2agggggoca
gaaatzaatt astgagreth

gtgaagangs

- gey

gaserently ga

gattacttoo
gttegtoacs

titatcact
aktaaatiot
AT

aggrrtyggt

guagraghtit =

taguatoaca
gamttoaacs

ggucgbioty
yaagatgeea
gegacggady

{EET

Jaagoggase

geastgatos
[FEXTod datehntals]
ATEFCHGUAY
cLage
atgtacacyt
cageccogyga
te ARGE
gactototya
ooogoagt

gaceoegthyg
gatiacitoo
gktegteace
nrhtatcact

gthtitey «
caterazage &

aatacuygaq
gyasygacga
tanagtgasg
gcagagtasa
atotoangga
taotggtgace
tyaacttttg
catlglgggy
aaccacatac
auttgtiatt
togatau

stogtact
Etggratict
cttbocence
toghaatggt
ctanatbgta

ttazsritto

GEHggaAcad

atctggooasa
ghoatagotg
ageacetogy
ccaaccacat
aztacgggayg

ggaaggacua 2
tazagtgamg
gorgaataaa
ststosagya

cattgugagsg
anceocatas
gartgtTant
begatabicea

gadtggiact
Luggrabity
cuhiccoooo
toghaztogt

(137)
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clecraatel ceoctettiga
acacctrace tocagggght
tgguattingg gLycccgotg
geatattyca ghtaasgazyg
caacggagty acctgtetac
gttgeagaga ageaccchgt
azzgtgaqoy ggaaaatgo:s
coarotg ghugbaaaayg
TyFazaC0st CLIAYAA4CAR
gahtgactrtt anggcotgsot
tigactghag

Lytogoaget
ggeagautgs Lacwgaacad
catgcectya attteocatat
trriattatt cetthagagt

catacalgyl tacacy
zggentac yhgghe
Tgrtatttgyg Ttguaaghas
gagtggta ggagaaggyt
faggttag ggrtgagges
coectoocot atcaccotgg
ttattetota ghartcaaag
axtegtesat attaartcte
entbaacagt abatocgaay
tooaacgyla gogotoyugy
gatggetgeg ggggogahgh
andatcazay aagtgngetd
czycacetca
azaagstzgg <
ccetatltga
¥ aggggtt
tggtatttog grgocogoty
gratattgoas gtaazgaagg
cascqgaghs accltgkotac
gttygcagage agcaccohat

stygtaaasg
tgyaanceac ctagasacas
gatgackitt atggetgger
ttgaotgtag agactanagg

cotcaactge bgtovsados
gaaagaaler Latagsacas
stttocatal
. catttaggyg

ann

450
600

720
T
d45
300
960
1oz2n
1080
1140
izes
1260
1320
1352
1445
1500
1500
1824
1600
e i
1768

L
260
>80
240
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ttasghgggg
thatagtoot
(AR AR
Leaatagtgy
tgggggatty
triggtacaa
grgatggned
gutal

FrgcgeIAgR
gygtggacga

o
Laagtatiss
JoCcagcaag
gzatzalcct
tlaltitatt
cgotantthd
csoacatogay
aclta
igckgtg
aacgtthghc
gnagagh
QsaztggyoT
alaggal
segtogpat
fggaantyta

ggtetttrag
agtogbabit
tlhylagoot
aylosagaas
Latgecgses
agttatcata
AgCAgHHCoa
fLitgktgyt
cogecragga
ggcgggagnt
Qeragguges
ggtaacgret
Gagrgaucit
Asgaatggaa
tocgeagacy
ytiggogeoy
atgaagaage
arageoraay
sttgaatgrg

: auvchtgtigg

agaaatites

% tggaagacca

getaatioih
gytiacoatg

gatcbsciga ¢

arctittitgg

<210 B

<2ilx 17&8
<212> DNA
<213» CT-PCV-PE

<400> &

attotgat

gazaleazstl

tttogtacaa
YEgRtyeygy
gotatagugs

gogkggacya
silrtivige
taagtaztac
groragoEag
gaatastoct
ttatittats
cgetaatttt

CCAgoARtea
tetabeggag
FAYGGGHOCD
actgagteott
g5k aag
ggtogtattt
thtgtagect
agtcaagaac
tytygosgga
agttatcato
ageaggynea
ttttgitggl
cogoocagoa
gotggghatt
QOCAGEIGEG
gglaacgrck
cagogeasth
aagaacggaa
toogaagacg
attggegagg
gtyazgaaye
gaggocraag
attgasbtgty
ancrtgbtay
agasatitco
tggazgacca
gotzatrtty

attaaattel
actgtty
CAYOCHARUL

agglituegt
ggagtaght
tagastaaca
gaattoaacs
ceseectues
gygegtighy
gazgatgoea

SagrayCHye
gaagogganc
EqCyCaayns
aggytaatyga

gaactgatoa
gagotootoy
2gaptaugay
gegT

atgtacasge
cagaoooggs

tttoo

tlogtoeace
ththatoa
attasattot
actoci

aggttiggs:t
ggagtagtet
tagaataaca
gaatteaace
croocctooe
gyecgtigty
gaagatgeos
grgacgeayd
coilggatac
COGeRICYYT
Qaagcggacc
agugeaagas
agggtaatga
asacttitna
gaactgatsa
gagctoctog
agageoyggag
gegggetagy
atgtacacyt
saguecegga

ctyaattgta
aacgoaghtgn
tgaticelth
gtgaaghzac
acatatgggt
gnagtgyage
btaactttic
g99ggeacas
actgiggtac
tietoectte
atctggocaa
gloatagoty
agcecrtogy
ceazccacak
aaticggyag
YFRAIELUTA
teaagrgaag
gragaataaa
atotaaaggs
totgytgacs

gaactitty
cattgtygog

tegataktcoa

gzatggiact

ctgaaltgta
aszgoagkge
tgalicoelt
shogaagtaac
acatatgggt
goagtggagsa
thzacctitso

SEFYgancea
actghygghac
thrbnoette
alotogocaa
ghieatagety
agrucchoogy
ccaaccacat
azbacgagag
2gazggacya
taaagtysag
gnagasrass
atatoangaa
tetguligace
tgzacttity
cattgtogss
zaccacatac

catacatggh
cpAaggoctans
tLayg
zgtggta
cataggttay
coactancot
ttattc
actoghoaay
gohtgdcagh

ABAGCHARDY
cagouccton
aaaaggtgyy
ctoccastot

agacclcast
tggrattkbgg
gaaz=attgea
caacggaghg
sFligeagags
asagtgageg
gezcatgygr
tagaaancac
galgashist
tryackgtas

setoaactgo
ggzagaaLyc
catgaonhga
tttrathatl
catacalogl
caaggontac
Lotrattiog
gggagtgsta
cataggttag
ccastetent
trattctgta
aghoutcuay
gottgacagh
tacasnggna
tagotgog
I EEEY]
cagracckos
L (Sielal) (v
clteccaatot
czcotoace
Zggtattipy
gastattgea
casnggaghyg
gtigcapage
zaagtyagoy
ccacctggogt
tggzazceac

w
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tacanggata 304
gtogtecana 360
klggaagbea 420
Fuagaagggl 180
gacetigyec 340
atcaccetya 600
ghatteanag 660
chianaloete 720
Tgo
ac55t99cyg 940
5ggYTgytat 4o
angigoacte B£0
gragoaacat 1020
tgttaacgah 2080
cocctatitgs 140
toeagaanil 1200
ohgeccycly 1260
gtzasgaagy 1320
atotgretac 13e0
ageacootgt 1440
azutgua 1500
gtggtanaag 1560
ctaganacea 1627
atggotgget 1680
sgactaaayy 11431
1788
tgtcermagoh 1)
Tacagaacaa 120
tEooatat 180
cattiagggt 240
tacavgyats 3CC
gtagrocaca 360
thygaaghaa 420
ggagaaggat 480
ggetghgyen 540
atecaceetyy 500
grattcaniag 60
chiaaatols 7Za
atatoogzay T80
geagtaycyy 40
ggagaggtot 2ca
aagtoogoty 860
geagceaacal nza
tottcecgot 1080
cootatitge 1340
tecaggugll 128
grtgceayoty 1260
gtaragaegy 1329
ctgtotac 2383
bt 1443
pgagaaigea 1503
goggtaanay 1583
ctayaaacaz 1623
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Jtygtoyzet

tgaaachata

<210>
211
<E12»
<EZl3»

gtagaagete
tocozoggagy
tatnaaataa

gatgygokeh
tagggutags

gcocagoasg
Tiocgagead
“gbggagag

Taagaas

gagagogaad
Latogaglat
tavocetiooy
gagzaattte

tgatotacty
boctiitbty

<210
<23
<212»
213>

<220
<ZEI>

<400
CToRE

<21
<211
<Z12»
213>

<AZ0o
223>

gattiaccaty gtgasgaagh
gactgtghon
cebtitltgy ccogcagh

K

1152

MA
CT-0CV-F7

ccagmealca ggocoocooag
totateggay mattactaot
tacoogadgg =ttbgaz
antactgagh trehght
tctitcagga tazmatuctch
gutytgtely catbitygag
cttapatgga cocacagotg
tocagetsag gtitggguat
tysogugagy agiagttaat
Loee agatascazs
cyggoaaa attcatatil
GgYLEgYtys CYcecyRggy
getgcyaghy
tacoclicht
Tooygag

aaztaggte
cggtoangon cttggoon
ttacoagogs acttoggoag
Easagcgycc cgcaacoooa
gagaazaaco zaatavgyga
gaaggtttyy =agagggtag
accriba atmagotoas
gEaREegacs agcagaatic
CAGUECHOT JRARGTATEY
gsganggggt ctitgghbya
ogogggetyy ctgaacttet
ecatagtogy
5o gggacacota
ggagadgasq Ligiighbict
agactgigta sccggtatco
qorogoagh

@

20

B

Aztilficial Seguence

primar

)
ctgotatoee

3

2t

DNA

mrtificial Seguence

r lmer

gottgttatt
tegatatesa

gaakgyt
ttgoaa
goaghgas

ahoacatogt
geattytaca
CHCAARZTrg
ghttoctette
gaagtacoty
atagagyt.o

agteguooct
agookbtota
Jgggaggaac
“octoobbis
Loggogona
gotgtito
cgteatact

COYCagcasc
‘taagaggtgg
goitocast

zactoeoteas
ghygghattth
agaataclye
QAAYCTORUC
tgtagoegag
Jamagrgaygc
aoegoecgyt
chggangoot
ggatgathtt
attgactgta

t
t

gatgacttth
ttaactgtag

ecteaackyc
ggaagaatgc

cecconghgo
-

aatggbithy
teaatagtcoa
aguooky
wtettiggek
gaghggtagy
Lagyocadat
acapcloltt
altacggtagt
tggeocgatgs
atguytgasta
mtgtaanygt
agatgpotan
tasaaytgaa
teggoagogh
gtgttoacce

agtasagaay
gacotalketa
cagttucchg
gggaagatye
cgtgggaacs
agtagaar
tatguctogt
gagactaaag
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atygetgget
agactaaagyg

Lgtectaget
tagagascaa
titocca
atifitarlc
gecthaccas
gutogauail
ggagccesic
taasgygotty
tagtggagag
gottagagyt
akiggaaagy

z2agyc
egIgt
agsagtgoge
caghkgazaat
Ltzataatce
atiotuzlat
trgogaatie
goaacataga
goeroztact
chazlylgag
tascgtatgh
agtagegryga
tggas
; gg9a
taccttyyga
gaggtacigt

1680
740
1768

20
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<213» Artificizl

=Z223> primer

<dg0n 10
acyctzasta atecttcoe

<210x I

<211x 20

<2L2> WA

«213» Artificial

<Z20>
<ZL3> primer

<4005 17
scaavaszat clotatacoc

<21l0m 12

<Z211» 1%

=Zl2» DR

«213» Briificial

<2200
<2232 primex

400> 1%
af.taccagca atoagacs

«zloz L3

<Zi1> 18

<2177 UMA

<21%r Artifigial

<220>
<Z23I» primec

<400 13
aacaacesct tcktcace
RN
<21l 12

T229>
<3235 primes

<400n 24
ageagggees gzattoaac
<210 15
<Zlix A2

Seguence

Serrence

Bagquence

Seguance

Seghence
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“202% ONE

«233» Arkaflcial Sequence
»

> primer

<aiD> ik
agtottongy aggatbabte ag 2z

«<Z1Z>» DR
<233» Ertificia) Sequerce

<2200
<223 primer

400> 1§
gectastaga zataagtggt o 21

<210» 17

<zZllr 24

<21?7> ORA

«F13> Aviificisl Seguencs

«220%
<223 primer

402> 17
egtaatccots cgatagagag 20
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