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The genome sequences and the nucleotide sequences coding 
for the PWD circovirus polypeptides, such as the circovirus 
structural and non-structural polypeptides, vectors including 
the sequences, and cells and animals transformed by the 
vectors are provided. Methods for detecting the nucleic acids 
or polypeptides, and kits for diagnosing infection by a PWD 
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pounds capable of modulating the viral infection are further 
provided. Pharmaceutical, including vaccine, compositions 
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Leu-Ala Ser Arg. CyS Arg, CyS CyS Arg, PrOleUThr, Leu, Ser Phe-Ala Leu. CyS 
Tro Arg Val Glula Ala Ala Ala Gly Arg, CyS Arq*** His Phe EiS Trp-Ala 

Gly Ala CyS LyS Pro Leu Pro Leu Val Glu Ala Ala ASO. Thr Phe Ile Gly lieu 
TGG TCG ce, GAA GCC G. GCC GIC g GAGCCG T CAG TCA C. TTA CCG T 
ACC AGC GCA CTT CGC CAG CGG CAG CAC CTC GGC ACC GTC AGT GAA AAT GCC AAG 

Thr Ser Ala Let Arg Gin Arg Gin His Leu Gly Ser Wal Ser Glu ASn Ala YS 
PC Ala His Phe GIy Ser GIy Ser Thr Ser iiala Seria. LyS Met Prg Ser 
Glin Arg Thr Ser Aa Ala Ala Ala Pro Arg Glin Arg Glin * * * LyS CyS Glin Ala 
Ser Phe-Arg-Gly-Ala Wall GlyTyr Ser Thr Pr0. Thr Gly *** Tyr Aspiys 

Leu Phe-Ala Ala Arg Le Gly Mei Lipi Pr0. His Glt, GlyLyS, Ile-Ile Ar 
Leu Phe Leu Pro Gly CyS GlyTrp Leu Leu His Thr ASn WalArt Leu Leu Gly 
GTT CTT TTC GCC GGG CGT TGG GCT ATT CTC CAC CCA CAA GTG (GGA ATT AT AGG 

63 72 81 90 99 108 
CAA GAA AAG CGG CCC GCA ACC CCA TAA GAG GTG GGT GTT CAC CCT TAA TAA TCC 

Gin Gu Lys Arg Pro Ala Thr Pro ** Glu Val Gly, Val His Pro * * * * Ser 
g LyS Ser Gy PO Glin Pro His LyS ig T. Val Phe Thr Leu Asn. As PO rgyS Ala Ala Arg ASn Pro Ile Arg GIy Gly CyS Ser Pro Leu Ile Ile lieu 
Arg-Pro PrO. Ser Phe CyS Phe Val PrO Ala Glu, Leu, Arg Gly LyS, Gln ASn ASn GlyLeu-Leu-Leu Phe Val Pheyr-Proleu-Lys-Trp-Asp GlyLys-Lys-Ile, Ile 

Glu Ser Ser Ser Phe Phe Leu Ilé Arg Ser Ser Gly Ile Glu Art Lys Ser *** 
AAG GCT CCT CCT CTI TTT GTTTIA TGC CCT CGA AGG TAGAGGGA AAA ACT AAT 117 126 135 144 153 162 
TTC CGA. GGA GGA GAA AAA CAA AAT ACG GGA GCT TCC AAT CTC CCT TTT TGA TTA 

Ple Ag GYGY Glu, LyS, GIAST Gly Ala SASOLeu Pro Pegu Sciutius AS) LyS Ile Arg Giu Leu Pro Ile Ser Leu Phe As Tyr 
Pro Arg Arg Arg Lys Thrys Tyr Gly Ser Phe Gin SerPro Phe Leuille Ile 
GlnyS. His Arg-PIOLeu ASn ProLeu Pro Tyr Phe-Glu-Glu-Gly-Gly-Pro Thr 

LyS, Ash Thr Ala Leu Phe Thr-Gln-Pheleu Thir Ser Ser Arg Val Glu Leu Pro 
Lys Thr Glin Pro Ser Ser Pro Lys Ser Ser Pro Leu Val Gly Arg Trp Pro 
AAA ACA AAC ACC GCI CCT ICC AAA CC, TCT CCC AT TIG AGG AGT CGA GCI CCC 171 18O 189 198 2O7 216 
TTT TGT TTG TGG CGA. GGA AGG TTT GGA AGA. GGG TAG AAC TCC TCA CCT CCA. GGG 

Phe CVS Leu Tro Ar y Ard Phe GV hy Gly ** Asn Ser Ser Pro Pro Gly 
She vil CyS Gly Gu Glu GIy Leu Gu Gu Gly hy Thr Pro His Leu Cin Gly 
Lieu. Phe Val Ala Arc LyS Val Trp LyS Arg Val GIll Leu Leu. Thr Ser Arg Gly 
Glin Ser ASn, Gln Ser Ala Ser Lys * **CyS Pro Ser Thr. Thr ASn, Gln His LyS. Arg-Ile-LyS. Ser-Leu-Leu-Leu-Ser-LyS vii. Leu. HiS-Leu, Pr0. Ile-LyS. Thr 

Ash Ala Phe Lys Ala Leu Phe CyS Val lys Leu Lleu Thr Phe His Tyr Lys Pro 
CAA ACGCT AAA ACC ATT. CTTCCT. CTG AAA ATT GT CCA CT CAC CAT AAA AC. 225 234 243 252 261 270 
GTT TGC GAA TTT TGC TAA GAA GCA GAC TTT TAA CAA. GGT GAA GTG CTA TTT TGG 

Val CyS Glu Phe Cys * * Glu Aa AS Phe Gin Gly, Glu Val Val Phe Trg 
Sheila Asn fie Ala LYSLYSeln Th Phe ASLYS Wallys Ep Tyr Phe Gly Leu. Arg Ile Leu Let Arg Ser Arg Leu Let Thr Arg *** Ser Gly fie Leuvil 

FIG.2a 
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Gly, Serly . Arg-Ser-Leu-Ser-Leu-Phe-Arg-Gly-Ala Ser Tyr Leule. Ser 
GlyAla Ala WalASOLeu Phe-Arg-Phe-Ser GlyWall Let Let Ile Phe Phe Wal 

Ala' Arg Gln Trp Met Ser Phe Ala Phe Pro Val Ser Trp CyS Phe Leu Ser Tyr 
ACG GGC GA. GGT GTA GCT. CTT TCGCT, TCC TTG GCT GGT CGT CT ATT ICT TAT 

279 288 297 306 315 324 
TGC CCG CTG CCA CAT CGA GAA AGC GAA AGG AAC CGA CCA GCA GAA AA AGA ATA 

CyS 2.0 Leu PC His Arg Glu Ser Gill. Arg ASI. Arg Pro Ala Glu * * ig Ile 
ld igg CyS His Ile Gu - Ala LyS Gy. Thr AS Gin Glin ASI. LyS GL. Tyr 
Pro Ala Ala Thr Ser Arg LVS Arg is Glu Pro Thr Ser Arg Ile Eis ASn fir 
CySyr-Leu-Leu, Gly. CyS Val *** Arg-Thr EiSeu Glu, Ala Ser Gly-Pro Ser 

Ala Thr Phe-Phe-Ala Val Tyr Lys-Asp(Leu, Thr Ser Ser Arg, Pro Val Leu Pro 
Gln Leu Leu Ser Pro Trp Met Ser Ile Ser His Pro Ala Gly Arg Phe rp Pro 
GAC GTCAT, TCT TCC GGT GTA TGA ATA CCT CAC ACC TCG AGG CGC CTT CGT CCC 333 342 351 36C 369 373 
CTG CAG TAA AGA AGG CCA CAT ACT TAT CGA GTG TGG ACC TCC GCG GAA CCA GGG 

Leu Gln Arg Arg Pro His Thr Tyr Arg Val TE Ser Ser Ala Glu PrO Glv 
CyS Ser LyS Gu Giy HiS Ile Leu is Siu CS G1y Ala PrO AC AST Glin Giv 
Ala Wall is Lys Ala Thr Tyr Leu Ser Ser Val Giu lieu Arg GIy Thr Arg City 
Ala CyS Arg, Gly. Thr Gin Gin Ser Tyr Gly yS. Pro Ser Pro Thr LyS. Pro 
Leu-Ala-Ala Val Glin Arg. Ser Ser HiS. Thi Cly LyS, Gln Let AC Pr0, Arc. Glin 
Phe Arg Leu Ser Arg ASQVal Ala Thr Leu Val Art Lys Ser WalPro Asp Lys 
CTT CGC GTC GCT GGA CAG ATG ACG ACA CTC ATG GGA AAA CCT CTG CCC CAG AAA 

387 396 405 414 423 432 
GAA GCG CAG CGA CCT GTC TAC TGC TGT GAG TAC CCT TTT GGA GAC GGG GTC TTT 

Glu Ala Glin Arg PrO Val Tyr CyS CyS.G. TWr PrO Phe Gly ASO GV Wall Phe LyS Arg Ser ASO Leu Ser Thr Ala Val Ser irisutility'ss. Liu 
Ser Ala Ala Thr CyS Leu Leu Leu * * * Val Pro Phe Trp Arg Arg Giy Leu Trp 
Ser Gln Leu Arg-Ala Thr-Glu, Gin Leu Thr BiS. Ser Phe ASn Gly Arg Ala PrO 

His Ser Tyr Gly. Leu LeuyS. Arg Tyr, Arg. Ile His Ser Ile-Glu Ala PrOGln 
Thr Val Thr Ala Ser CyS Ash GlyThr WalTyr Thr Leu Phe Lys Arg Pro Ser 
CCA CTG ACA TCG GCT CGT CAA AGG ACA TTG CAT ACA CTC TTT AAA GGC GCC CGA 

441 450 459 468 4. 486 
GG GAC TGT AGC CGA GCA GTTTCC TGT AAC GTA TGT GAG AAA ITT CCG CGG GCT 

Gly ASE CyS. Ser Arg Ala Wal Ser CYS.A.S. Wall CVS Glu LVS Phe PrO Arc Ala 
Wall Thr vil Ala GIU Glin Phe PrC Wall Thr TWr Wall Ar in Phe ArC GIW Leu 
*** Leu *** Pro Ser Ser Phe Leu *** Arg Met *** GIu Ile Ser Ala Giy Trp 
Gln-Wally SSer Le Ser Arg Ser Ser Ala-Ala-Ala HiSASn Ser Ser Leu Glin 

Ser Phe LyS, Gln Phe His Ala ProLeu HiSLeu Leu Thir Ile Pro Leu. CyS Ser 
Ala Ser Ser Lys Phe Thr Leu Pro Phe Ile CyS CyS Arg Ser Glin Phe Val Ala 
CCG ACTTGAAAA CT TCA CTC GCC CTT CTA CGT CGT CGC ACT AAC CTT CTG TCG 495 504 513 522 531 540 
GGC TGA ACT TTT GAA AGT GAG CGG GAA GAT GCA GCA GCG TGA TTG GAA GAC AGC 

Gly Tr Phe Glu Ser Glu Ag Gl. Asp, Ala Ala Ala * * Lieu Glu Asp Ser 
Ala Gu Leu Leu LyS Val Ser GIy LyS Met Gin Glin Arg As Tr Lys Thr Ala 
Leu ASn Phe *** Lys *** Ala Gy Big CyS Ser Ser Val Ile Gly Arg Glin Leu 

FIG.2b 
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WalArg, * * * Lieu Pro Gly-Ala Arg. Asn His Ser Ser Gly. Thr Pro GlyTyr ASn 
Tyr ValASO, Tyr HiS Ala Arg GlyThir Thr ProLeu Ala Leu Pro GlyTh? Ile 

Thi CyS Thr Met Thr Pro GlyGlyPro Glin Pro Phe Leu Trp His Ala Arg Leu 
ACA TGT GCA CTA TCA CCC (CGG CCG GCC AAC ACC CT. CTC CCT CAC CCG GCC ATT 

549 558 567 576 585 594 
TGT ACA CGT CAT AGT GGG CCC GCC CGG TTG TGG GAA GAG CCA GTG GCC CCG TAA 

CyS Thr Arg, His Ser Gly PO Ala Ag Leu TE Clu Glu Pro Wall G 
Wall His Wall Ile Val G Y PIO PO Gy. CyS Gly LyS Ser Gin Tr iia AICAS) 
Tyr Thr Ser *** Trp Ala Arg Pro Val Val Gly Arc Ala Ser Gly Pro Vál Ile 

Pro kirk 

Glin Gln, Ala Pro. CyS Arg. Ser Ser Alayr Phe Tyr. Thr. Thr PrOHis 
LyS, Ser Let Arg?rC Vic Val ProLeu Arg-Thr Serlé. Leu ProPro Ile 

Lys Ala Ser Gly Leu Ser Val Glin Phe GyLeu Leu Phe Leu His His Ser 
AAA ACG ACT CGG ATCCC, CTG GAT GAC CT CGG AT, AICTTAT CAC CAC CT 603 62 621 63 639 648 
TTT TGC TGA CCC TAG GCA CAC CTA CTG GAA GCC TAG TAG AAA TAA GTG GTG (GGA 

Ple CYS Ala Giy His Leulu Glu Aa yS Val Val Gly Phe Ala Glu Pro Arc. A Thrir Trpiys Pro Ser i. AS LyS Trg TE: AS 
Le Leu Ser Lev GIy Thr PrO r y Ser Leu Val Gu Ile Ser Gly Cly Met 
Ile A.Sp. HiSLeu-Leu-Leu-Gln, Gln LyS. Pro HiSASn LyS. His Ser Thr Wall LyS 

Ser Ile Met Ser2he Phe ASI ASn Ash Gln-Ile Ilie LyS, Ile Ala Pro *** Arg 
Pro Tyr *** Pro Ser Ser Thr Thr Thr Lys Ser Ser Lys * * * Pro Glin ASn Gly 
ACC AT AG ACC CCTTC, TCA ACA ACA AAA CCT AC AAA AAT ACC GAC CAA TGG 657 666 65 684 693 | O2 
TCC ATA TCA TCC ACA ACA ACT TCT TOT TTT CCA TCA TTTTTA TCC CTC CTT ACC 

Trp le Ser Trg Arg Arg Ser. CyS. CyS Phe Gly ** Phe Leu Trp Leu Val Thr 
Gly Tyr HiS Gly Gu Gu Val Val Val Let ASOAS.p. Phe “E i. Trg Leu PO 
Asp Ile Mel Glu Lys Lys Leu Leu Phe Trp Met 1e Phe Flet A1a Gly Tyr Leu 
Pro His Asp Wal Ser Val Thr. His Gly. Thr Asp Met Ser Gln-Leu-Ser Leu 

Pro Ile-Ile *** Gln-Ser Gin Thr Val Prole Trp, Glin Ser Tyr Let Ser Phe 
Glin Ser Ser Arg Ser Leu Ser His Ser Arg Tyr Gly ASn Val Thr Ser Val Leu 
AAC CCT ACT AGA TGA CTC TGA CAC ACT GGC CAT AGG TAA CTG ACA TCT CTG AT 711 72O 729 738 747 756 
TTG GGA TGA TCT ACT GAG ACT GTG TGA CCG GA ICC AT GAC TGT AGA GAC TAA 

lieu Cly Ser Thr Gu Thr Val ** Pro Val Ser Ile is: CySEASE" T ASCAS) Leu Leu Arg Leu CYS Asp Argyr Pro Leu. Thr Val Gu. Thr yS Gly Jal Thr Gly iiesiikiik Arg Lel. Lis 
Pr0 Tyr Gln-Glu-Lys-LyS PrOGly. CyS Tyr. LyS. Ser. ** Trp. CyS.A.Sp. PO Gly 
PrOThis Ser ASnAir LyS, Gln GlyAla Thi ASf. Gin ASn Gly. Ala Ile Leu Gly 

Pro Pro Val Thr Gly-Lys Lys Ala Arg Lieu. Ie Lys Ile Val Leu Leu *** Ala 
TCC CCC ATG ACA AGG AAA AAA CCG GGC GTCAA AAA CIA ATG GTC GTT AGT CCG 

765 774 783 792 8O 81C 
AGGGGG TAC TGT ICC TTT TTT GCC CCG CAG TAT TT GAT TAC CAG CAA TCA. GGC 

Ag Gly Ty CyS Ser Pie Phe Gly PO Gln Tyr Phe Asp Tyr Gin Gin Ser Gly Gy Gly fir Wilso the feuiia ; : Serle Leu, Ile Thr Ser AS Glin Ala 
City Val Leu Phe Leu Phe Trp Pro Ala Val Phe * * * Lieu Pro Ala Ile Arg Pro 

FIG. 2C 

Met Ile Tyr *** A.Sp. CyS 
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Gly-Pro Ile Thr. Ser Arg, Leu Gln Clin Gly. Let Glineu. Leu Glu Arg A.Sp. Ser 
Gly. Leu Phero Val Gly. Ser Ser ASpTrp, Ser Tyr Phe Ser Glue Pro 
GlyTrp Ser His Tyr Glu Glu Val Ala Thr Gly Ala Thr Ser Ala Arg *** Arg 
GGGGGT CCTTAC CAT GAG GAG TTGACG ACA GGG TCG ACA TCT TCG AGA GAT AGC 

819 828 837 846 855 864 
CCC CCA (CCA ATC CTA CTC CTC AAC TCC TCT CCC ACC TCT ACA ACC TCT CTA TCC 

PrO PrC Gy Met Wall Let Leu ASnCVS Cys Pro Ser CyS Arg Ser Ser Leu Ser 
PrO Gin Clu T Tyr Ser Ser Thr Ala Val Pro Ala Val Gu Ala Leu Tyr g 

r0 Arg ASn Gly. Thr Pro Gin Leu Leu Ser Glin Leu * * * LyS Leu Ser lie, y 
Ser* * * * * * Lys Ala Ile LyS. Ser Ser Glin Gln LeuVal. Ile Trp-Pro Pro Val PIOASI). Ser. Ser GlI. LeuySPIO-Leu-Ser-Ser-Ser Phe-Leu-Gly-Agaleury I 

Leu Ile Val Val Lys CyS Ash Gln Phe Val Ala 2ro Ser CyS ASpVal Ser Thr 
CTC CTA AG ATG AAA CGT TAA AAC CT. CIG ACG ACC TCT TCT TAG GTG CCTCCA 873 882 891 9 OO 209 918 
GAG GAT TAC TAC TTT GCA ATTTTG GAA GAC TGC TGG AGA ACA ATC CAC GGA GGT 

Glu AS Tyr Tyr Phe Ala Ile Leu Glu ASp CyS Tip i. Thr Ile His Gly Gly i. Ile thr thru"Gin Bie T g iriavelein's "Firefusal 
GIy Leu Leu Leu CyS ASn Phe Gly Arg Leu Let Giu ASn ASn Pro Arg Arg Tyr 
Arg-Leu-Gly-Ile-Gln-lieu-Leu, Pr0. Cly WalArC. His Gly-LVS Gly. Yet Tyr-Phe 
GlyPhe-Ala Ser LySPhe, CyS. His Walrp GlyThr GlyLyS, GluTrp. IléPhe 

Gly Ser Pro Arg Ash Ser Ala Thr Ser Gly GlyGln Ala Arg Lys Gly Tyr Leu 
TGG GCT TOC GGC TAA ACT TCG TCA CCI GGG TGG GAC ACG GCA AAA GGG TATATT 927 936 945 954 963 972 
ACC CGA AGG CCG AT TGA AGC AGT GGA CCC ACC CTG TGC CCT TTT CCC ATA TAA 

TI Air ity PO Ile Ser Ser Gly PO Tir Lieu CyS PO Phe PIO Ile ** 
Pro Gu Giy Arg Phe Glu Ala Val ASE Pro 20 CyS Ala Leu Phe Pro Tyr LyS 
Pro Lys Ala Asp Leu Lys Gin Trp Thr His Pro Val Pro Phe Ser His i 
Leu Asn. Ser Leu, ArgyS. Gin * * * * ** Met Thrille Thr-Lys. Ile LyS, Ile * * 

Tyr Ile Val Ser ASOLySYSASI ASDCyS Arg Leu PrOLyS. * * * LyS*** Glu 
Ile Phe *** Gln Thr Lys Lys Thr Ile vii ASpTyr HiS ASn Lys ASn LyS ASn 
TTA TTI AAT CAC TCA GAA AAA ACA ATA GTG TAG CAT TAC CAAAAA TAA AAATAA 981 99C 999 1OO8 1017 1026 
AA AAA TIA CTG ACT CTTTTTTCT TAT CAC ATC CTA ATG GTTTTT ATI ITT ATT 

Asn LVS Leu Lleu Ser Lel. Phe CVS. Tyr His Ile Wal Met Wall Phe Ile Phe Ile 
Ile AS Tyr * Val Phe Phe Val Ile II Ser ** Trg Pne Leu Phe Leu Phe 
*** Ile Thr Glu Ser Phe Leu Leu Ser His Arg ASn Gly Phe Tyr Phe Tyr Ser 
LyS. Ser Pr0 Arg-Glu-PrOTyrille Arg-Gln-Ile Thr YS Leu-Tyr-Asp-Val LyS 
AshLeu PrOASpLyS, Leu Ile-Phe-Glu Arghe Gin WalTyr Ile ThrLeu-Arg 

Met * * * Leu Thr Lys * * * Ser Leu ASn Glu Ser ASn Tyr Met Phe Leu *** Gly 
GTA AAT. CTC CCA GAA, AGT CCT ATTTAA GAG ACT TAA CAT GTATTT ATC AGTTGG 

1035 104.4 1053 1062 101 108O 
CAT TTA GAC (GGT CTT TCA (GGA TAA ATT CTC TCA ATT GTA CAT AAA TAG TCA ACC 

His Leu Gu Gly-Leu Ser Gly Ile Leu Ile Val His Lys * * Ser Thr 
Ie kikk ag Val Phe Gin ASp 's Phe Ser Gu Let Tyr Ile isn Ser Gln PrO 
Phe Arg Gly Ser Phe Arg Ile ASn Ser Leu ASI. CyS thr *** Ile Wall ASn Lel. 

le LyS 

FIG. 2d 
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Gly. CySLeu-LyS, Pr0, Ser HiSASnCySLyS. Pro Ala CyS. Leu Gly-Pro Arc. His 
vivify ASf Glin Ala Thr. Thrala, Ash Gln Leu, Ala, Tyr GlyLeu, GlyThr 

*** Trp Met Ile lys Pro Gln Pro Gln Met LyS Ser Arg Met Ala Trp Ala Glin 
AAT GGT, GTATTA AAA, GAC ACCAAC GTA AAA, CCT CGC GTATCGGGT CCGGA 

1089 1098 107 -111 1125 1134 
TTA CCA CAT AAT TTT CCC CTG TCC TTC CAT ITT CCA CCC CAT ACC CCACCC CTC 

Leu Pro His AS Phe Leu Trp Leu. His Phe Gly Ala His Ser Pro Gly Leu 
Wr HiS Ile Ile Let Gly Cys Gly Cys lieu Giu igg Ile Ala Glin Ala CS 
Thr Thr *** Phe Trp iia Val Val Ala Phe Trp Ser Ala *** Pro Arg Pro Val 
Ala Arg. CyS Gln His Pro Tyr, LyS, Phe Pro Ala Wal-Ala ProLyS, LyS. * * * * * * 
His GluVal. ASn Thr. His Thr AshLeu. His Leu-Trp. Leu Gln Ash Ari LySASn 

Thr Ser Ser Met Pro Thr Pro Ile *** Ile Ser Gly CyS Ser Thr Gu Lys Ile 
ACA CGA, GC GTA ACCACA CCC ATAAAT TTA. CCT, CGG TGT CGACCA. AAGAAAATA 

1143 1152 161 117 O 112 -- 1188 
TCT CCT CGA CAT TCG TCT GGG TAI TTA AAT CCA GCC ACA CCT GGTTC TTT TAI 

CyS Ala Ag His T. CVS Gy Tyr Leu. ASI Gly Ala Thr Ala Gly-Phe Phe Tyr 
Vil Leu Asp Ile Gly, Val Gylle Met Gu Pro Gin Leu Val Ser Phe Te 
CyS Ser Thr Leu Val Trp Val Phe Lys Trp Ser His Ser Trp Phe Leu Let Leu 

LyS Ala Pro Wall eu *** ASI ASn Pro AC Ala i. Thr Glin PrO HS Leu Val 
AS 29 Glin Phe Trp Asp Ile Thr Glin ASO Leu Gu PIQ LyS PIC -hr Phe Tyr 
Ile Glin Ser Ser Gly Ile Leu Gin Lys Thr *** Ser Glin in PrC Pro Ser Thr 

AIA AAC, CGA CCTTGGTA GTT AACAAA CCA CAT, CGA GAC CAA, ACC CCC ACT, TCA 1197 12O6 215 1224 1233 1242 
TAT TTC CCT CCA ACC AAT CAA TTC TTT CGT CTA CCT CTC CTT TCG CCG TCA ACT 

Tyr Leu Ala Cly Thr ASn Gin Leu Phe Cly Leu Ala Leu Val Trp Cly Ser 
Ile T Leu Glu Pro Ile AS CyS. Leu Val * * Leu T Phe Gly Gly-Gly Val 
Phe Gly Trp ASn Glin Ser Ile Val Trp Ser Ser Ser Cly Leu Gy Wall Lys lyr 
Gln-Leu, Pro Leu Tyr LeAla Ala LySEiS. His Pro PrOLeu-Leu-Leu, * * *-yr 

Arg Ser HiS Tyr Thr Phe PrO Gln Arc. Ile Thr HiS Arg Ser Ser yr ASn Illé 
Gly-Pro Thr Thr Pro Leu Pro Ser Glyk Pro Thr Ala Pro Pro Thr Thr Leu 
TGG ACC. TCA CCA TCC AT TCC CGA, CGG AAT ACCACA CCG CCC. TCC TCA TCAAT. 1231 1260 269 128 1287 1296 
ACC TGG AG GGT AGG TAA AGG GCT GCC TA GG TGT GGC GGG AGG AGT AGT TAA 

Thr Trp Ser Gly Arg Ag Ala Ala Leu. Irg CYS Gly Gly Arg Ser Ser * 
PrO G I Val Val Gy G Leu Pro Tyr Gly, Val Ala Giv GIy Wall Val ASn 
Leu Glu Trp *** Val Lys Gly CyS Leu Metvil Trp Arg Giu Glu * * * Let le 
Leu Pro** Leu, Gly-Leu, Gln HiSLeu PrOASnCySLeu, Gln CyS Gly-Levyr 
lyr?rOASC, Tyr Ala Leu. ASn Thr Ser PrOThr Wall Phe ASn Ala ASOLeu Ilé 

Ilé Pro Thr Met Pro Tro Thr Pro Pro Pro Pro *** Leu Thr Pro Met Trp Ser 
ATA TCC, CCA GTA TCCGGTTCA ACCACC TCC CCCAAT GTTTCA, ACC GIA GGTTC 1395 1314 323 1332 1341 1350 
TAT AGG (GGT CAT AGG CCA AGT TGG TGG AGG GGG TTA CAA AGT TGG CAT CCA AGA 

Tyr ig Gly. His Arg Pro Ser Tg TrD Arc GlV Leu Gln Ser T. His Pro Arg le Giy Val Ile Giy Glin Val Gly-Gly G. Gly Tyr LyS Val Gly Ile Glin ASp 
k . . City Ser *** Ala Lys Leu Val y Wal th LyS Leu Ala Ser LyS le 

FIG.2e 
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CyS Ys His Val Trp. CyS Arg, LyS. Ser Leu. His HiS Pr0 Arg, Gln PrOLeu 
vi Wal-Thr Ser Gly Wall GlyAre Glin ASn Ser Thr Ile PrOASpArg-Pro Iyr 
Leu Lleu Leu Pro Gly-Leu Val Glu Lys Ile Leu Pro Ser Pro Thr Glu Pro Thr 
ATT GTT, GC ACC TGGGT, GTG GAGAAA CTA ATCTCC ACT ACC, CCA GAG ACCCCA 

1359 1368 1377 1386 1395 1404 
TAA CAA CAG TGG ACC CAA CAC CTC TTT GAT TAG AGG TGA TGG GGT CTC TGG GGT 

Gln Gin T Thr Gln His Leu Phe ASO * * * i. ** Trp Gly-Leu Trp Gly 
ASI ASn Ser Gly PrO ASn Thr Ser Leu, Ile Arg GIy Asp Gly Val Ser Gly Wall 
Thr Thr Val Asp Pro Thr Pro Leu * * Leu Gu Vâl Met Giy Ser Leu Gly * * * 
Ile Ile *** Gly-Lys yr Pro Leu. Ile Pro-Phe-Thr Pro Thr Pro Pro Phe Glu y LyS, AlayS. Arg. Ié Arg Tyr Tyr Glin Phe ProLeu ProLeu Pro 

Phe ASn Met ASn lieu Arg Glu Leu Val Thi Th ASn Ser Leu Tyr Pro Tyr Pro 
TTT TAAGTA TAAATCGGA AAG ATAG CCA TCATAA CCTTTC CAT CCC CATCCC 

1413 1422 1431 1440 1449 1458 
AAA ATT CAT ATT TAG CCT TTC TAA TAC GGT AGT ATT CGA. AAG GTA. GGG (GTA GGG 

LyS Ile His Ile ** Pro Phe ** Tyr Gly, Ser. Ile Gly LyS Val Gly Val Gy LyS Phe le Phe Ser Le Ser AS Thr Val Val Leu Giu ity's 
ASn Ser Tyr Leu Ala Phe Leu le Arg *** Tyr Trp yS Gly Arg ity Arg Sty 
Gln His irg ig Le Pro Pro Pro Wa Pro Arg His Glin Ile Glu Aa Arc. * * * 

ASI. Thr Gly-Gly SerPro PrOLeu Phe-Gln Gly Ile ASn, Phe Arg, Leu Glu ASI. 
Thr Pro Ala Ala Glin Pro Pro Ser Ser Ser Ala Ser Thr Ser Asp Ser Thr 
CCA ACCACG GCG GAC. TCC CCC CCCCTTGA CCGGCT ACA ACTTAG ACT CGA, GCA 

1467 1476 1485 1494 1503 1512 
GCT TGG TGC CGC CTG AGG GGG GGA GGA ACT GGC CGA TGT TGA ATC TCA GCT CGT 

Gly CVS g le, Arg Gly Gly Gly. Thr Gly Arg CYS * Ile Ser Ala Arg 
Val Gly-Ala AIa Gy Gu Gu Leu Ala ASpVal Glu Ser Gin Leu Vâl 
Leu Val Pro PrO Glu Gly Gly Arg ASn Trp Pro Met lieu ASn Leu Ser Ser Leu 
CyS Glu, Leu. Ile Ala Ala Leuhr Arg ArgyS. His FiS Thr. CyS Ile AIQ 

Val ASn Trp. SerPro Glin Ser. His GlyGlyArg, Ile Thr Leu Val Phe, Glu Arg 
Leu Met Gly Leu His Ser Arg Thr Asp Glu Glu ** Pro Ser Tyr Leu ASn Glu 
AIT GTAAGGTTC TAC CGA CGC TCA CAG GAG GAGAAT ACC ACT CAT GTT AAGAG 

1521 1530 1539 1548 1557 1566 
TAA CAT TCC AAG ATG GCT GCG AGT GTC CTC CTC TTA TGG TGA GTA CAA ATT CTC 

* * * His Ser LYS Met Ala Ala Ser Val Leu Leu Leu TE *** Wall Glin le Leu 
ASn Ile Pro Arg E. €. hig Val Ser Ser Ser Tyr Gly-Glu Tyr s Phe Ser Thr Phe Glin Asp Gly CyS Giu fir": 
Phe Pr0, PrOPhe, Gln Let Tyr Gly-Asp LyS, PrO Ala Met, Gln Leu, PrOLyS, Gln 

Ser Leu, Arg Ser ASn Phe-Ile, GlyThrys Arg, Arg Trp, Arg Tyr ACASh-Arg 
Leu Phe Ala Pro Ile Ser Ser WalArg Ari Glu Ala Cly Asp Th Valar Glu 

CyS Pro Pro Leu Met Val Ser Sn Ser Leu 

ATC TTTCCG CCC TTA, AC, TCT ATGGGC AGA AAGCCS CGG TAGACA TTG CCAAAG 1575 1584 1593 16C2 1611 1620 
TAG AAA GGC GGG AAT TGA AGA TAC CCG TCT TTC GGC GCC ATC TGT AAC GGTTTC 

* * * Liv's i Gly AS Arg Yi Pro Ser Phe Gly Ala Ile CySASn Gly-Phe 
ArC LWS Ala G Ile Gl As hr Arg, Leu Ser Ala Pro Ser Val Thr Val Ser 
Gu ig Arg Glu Leu Lys Ile Pro Val Phe Arg Arg His Leu *** Arg Phe Leu 

FIG.2f 
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Leu-Arg-Pr0. Thr. Gly-Phe-Ile Thr. LyS, Glu2O.PrOHiSLYSTrp. Ser. PrO Glin 
Phe-AllarOHis Wall Leu-Tyr-Pr0Ar Arg Arg Leulle ASh-Gly-Leu-HiS Ser 

Ser Pro Pro Thr Tyr Trp Ilé His AspGlu-Gly Ser Ser Thr Glu"Leu Ile Ala 
ACT TOC GCC CCA CAT GGTTTA TAC CAG AAG AGC CCT CCT ACA AAG GTT CTA CCG 

1629 1638 1647 1656 1665 1674 
TCA AGG CCG (GGT GTA CCAAAT ATG GTC TTC TCC GGA GGA TGT TTC CAA. GAT GGC 

kkk Air ig Gly Val PIO ASn Met Val Phe Ser y Gly CyS Phe Glin ASD Gly 
Clu G C I Wall TVr Glin Ile T. Ser Ser PrO Glu ASC Val Ser LyS Mel Ala Lys Ala Gly CyS Thr LyS Tyr Gly lieu Leu Arg Arg Met Phe Pro Arg Trp Leu 
Pro Pro PrOAS). Thr, LyS, Gln ProLeu, Ala Glu, Lys Ala Wall ASOAS.p. Leu Arg-Pr0, Arg-Thr Arg-Arg-Arg-Arg-Tyr-Arg-Arg-Arg-Pro Trp-Thr MetArg-Tyr 

Ala Pro Ala Pro Gly AspGlu Ala Thr Val Gly Gly Glin Gly Arg *** Gly Ilé 
ACG CCCCCG CCC ACG. CAG AAG ACGCCA TG CGG, AGG AAC CGG, TG, AGT AGGATA 1683 1692 1701 1710 1719 1728 
TCC GGG GCC GGG TCC GTC TTC TGC GGT AAC GCC TCC TTG GCC ACG TCA TCC TAT 

CVS y Gl Gy Ser Wal Phe CyS Gly. Asn Ala Ser Leu Ala Thr Ser Ser Tyr 
ia G Ala Gly-Pro Ser Ser Ala Val Thr Pro Pro TE: PIQ Arg, His PrC Ile 
Arg Gly Arg Val Arg Leu lieu Arg *** Arg Leu Leu Cly HiS Val Ile Leu *** 
Leu Serieu Leu, Ala Ser Ser Tyr Tyr 
Phe HiSPhe Phe HiS Ala Ala Thir Thr ASn 

Phe Thr Phe Ser Thr Arg Glin Gln Leu Ile 
TTTTCACTT TCT TCACGC GAC GAC, ATCATA A 5' 1737 1746 1755 
AAA AGT GAA AGA ACT GCG CTG CTG TAG TAT T 3 

LVS Ser Glu g Ser Ala Leu Leu ** Tyr 
is Wall LyS Gu Val Arg s C. Serle yS *** lys LyS CyS CSS Ala Ala Val Val 

FIG.2g 
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61O 62C 63 640 650 
Circopormank 601 TGAGCCTAGCGACACCTACTGGAAGCCTAG TAGAAATAAGGGGGGATG 
Circoportineeh 601|TGAGCCTAGGGACACCTACT SE TAGAAATAACTGGGGGATG 

is Circop Ordfp 601 TGAGCCTAGGGACACCTACTGGAAGCC TAGAAAAACTGGIGGGATG 

660 67 C. 68O 29, as a 
Circoportman 651 GATATCATGGAGAAGAACTTGTTGTTTTGGATGATTTTTATCACTCCTTA 7 OO 
Circop Ormco 651 GAIATCAIGGAGAAGAACTTGTTGTTTTGGAIGATTTTTATGACTGGTTA 700 
circoordi 651 GAIATCATGGAGAAGAACTTGTTGTTTTGGATGATTTTTAGACTGCTTA 7 OO 

710 72C 730 7AO 750 
cit copo Ilan 701 CCTTGGGATGATCTACTGAG ACTGTGTGACCCGTATCCATTGACTGTAGA 750 
circornee 701 CCTTGGGATG ACTACTGAG ACTGTGTGACCGGTATCCATGACTGTAGA 12. 
Circopor (if p 701 CCTGGGATGATCTACTGAGACTGTGTGACCGGTATCCATTGACTGTAGA 750 

760 770 780 790 3CO 
circoporinar 751CACAAACCCCCTACTGTTCCTTTTTTCGCTCGCAGTATTGATTACCA 8O 
CircCCorrileeh 751. IGACTAAACGGGGTACTGTTCCTTTTTTCGCCCGCAGTATT|TTGATTACCA 8 OO 
circopordfp 751 GACTAAACGGGGTACTGTTCCTTTTTTGGC CCGCAGTATT|TTGATTACCA 8O 

810 82C 83 O 84 O 350 
air orgriman 8O1 GCAATCAGGCCCCCCAGGAA TGGTACTCCT CAACTGCTGTCCCAGCTGTA 85 
circop creeh 801 GCAATCACGC CCCCCAGGAATCGTACTCCT CAACTGCTGTCCCAGCTGTA 85 
air cop ordfry 801 GCAATCACGC CCCCCAGGAATGGTACTCCT CAACTGCTGICCCAGCTGTA 85 

86C 37C 88O 890 9CO 
CircOpCrIIlari. 851 GAAGCTCTCTATCGGAGGATTACTACTITGICAATTTTGGAAGACTGCTGG 
circopormeeh 851 GAAGCTCTCTATCGGAGGATTACTACTITG CAATTGGAAGACTGCTGG 
CircOpCr(f) 851 GAAGCTCTCTATCGGAGGATTACTACTTTGICAATTTTGGAAGACTGCTGG 8 : 

91C 92C 93O 94 O 39 
Ci op. In all 901AGAAAACAAGGAGGIACCCGAAGGCCGATTGAAGCASIGCACCCA 95 
circorormee 901. AGAACAATCCACGGAGGIACCCGAAGGCCGATTTGAAGCAGTGCACCCAC 950 
Circop Erdfp 901 AGAACAATCCACGGAGGTACCCGAAGGCCGATTTGAAGCAGTGGACCCAC 950 

a 29-28, 289 in a 29, 1999 Circoporman 951 CCTCTCCCCTTTCCCATAAAAATAAATTACTCACTCTTTTTTCTTAC 1 OOO 
circo Creeh 951 ICCIGIGCCCTTTTCCCATATAAAATAAATTACGAGICTTTTTIGITATC 88: 
circopordfp 951 CCTGIGCCCTTTTCCCAIATAAAATAAATTACTGAGTCTTTTTTGTTATC 1 OO 

101C 1O2C 1939 - 1939 150 
CircOCrillar 1991 ACACGTAATGSTITIATITATATTAGAGGGTCITTTAGGATA 1959 circop. Inee OO1 ACACGTAATGGTTTTTATTTTTATTTATT|TACAGCCTCTTTTAGGATAA 5. 
circopord fp 1001 ACACGTAATGGTTTTTATTTTTATCATTTAGAGGGTCITICAGGATAA 1050 

1060 107C 18O 19 O 11CO 
circopo Ilan 1051ATTCTCTCAATCTACATAAATAGTCACCCTTACCACATALTTTCCGCT 110 
circopormee 1951 ATICICISAAISTACAIAAAIAGICAGCCITIACCACAIAATITSSSCI 12. 
CircOpor if p 1051ATTCTCTCAATTCTACATAAATAGTCAACCTTACCACATAATTTTGCGCT 11 OO 

111C 112C 1130 1140 1150 fy 
circoportank 1101GGGCGCATIGGAGCGCAAGCCGAGCCSIGGCCGACAGST 1159 circoporteeh 111 GTGGCTGATTTTGGAGCGATAGCCAGSC GTGIGCTCGACATIGGT 115 Circoporcifp 1101 GTGGTTGCATTTTGGAGCGCATAGCCCAGGCCTGTGTGCCGACATTGGT 1150 

1160 117C 118O 119 O 1499, an 
Circoportman 1151 ICTCGCTATTTAAATCCACCCACAGCTGGTTTCITATTATTTCCGTCCA 29. 
circoporiucc 1151 GTCGGTATTT|AAATCGACCCACAGCCGTTTCTTTATTATTTCGGTGGA 22. 
Circopordfp 1151 GTGGGTATTTAAATCGAGCCACAGCTGGTTTCTTTTATTATTGGCIGGA 1200 

FIG. 3b 
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1250 
ACCATTCAAT 
ACCAATCAAT 
ACCAATCAAT 

CTTTCCTCC AGCTCAGGTT 
AGCTCAGGTT CTTTCCTCC 

GTTTCCTCT AGCTCTCCTT 

TGGGGGTGAA 
TGGGGGIGAA 
TGGGGGTGAA 

GTACCTGGAG 
CTACCTGGAG 
CTACCTGGAG 

1260 127 O 128O 1290 13 OO 
TGGIAGGTAA 
TGGTAGGTAA 
TGGTAGGTAA 

AGGGCTGCCT 
AGGGCTGCCT 
AGGGCTGCCT 

TATGGTGTGG 
TATGGTGTGG 
TATGGTGTGG 

CCGGAGCACT 
CGGGAGGAGT 
CGGGAGGAGT 

ACTTAATATA 
AGTTAATATA 
AGTTAATATA 

1310 132O 1340 1350 
GGGGTCATAG 
GGGTCATAG 

GGGGTCATAG 

GCCAAGTTGG 
GCCAAGTTGG 
GCCAAGTTGG 

TGGAGGGGGT 
TGGAGGGGGT 
TGGAGGGGGT 

TACAAACTTC 
TACAAACTTG 
TACAAACTTG 

CCATCCAAGA 
CCATCCAAGA 
CCATCCAAGA 

1360 

TAACAACAGT 
TAACAACAGT 

1370 
CCACCCAACA 
GGACCCAACA 
GGACCCAACA 

138O 
CCCTTGAI 
CCTCTTTGA 
CCCTTGAT 

1390 
TAC GGICAI 
TAGAGGIGAT 
TAGAGGTGAT 

14 OO 
C CCC I C I C W G 
CGGGTCTCTG 
CCCCTCTCTG 

1410 
GGTAAAATT 

GGGTAAAATT 
GGGIAAAATT 

142O 
CATATTACC 
CATATTTAGC 
CATATTTAGC 

1430 1440 145 
CTTCTAATA 
CTTTCTAATA 
CTTTCTAATA 

CCCTAGTATT 
CGGTAGTATT 
CGGTAGTATT 

CGAAAGGTAG 
GGAAAGGTAG 
CGAAAGGTAG 

46 
GGGTAGGGG 
GGGTAGGGG 
GGGTAGGGG 

anaan. TGGTCCCCC 
TTCGTCCCCC 
TTGGTGCCGC 

1480 
CTGAGGGGGG 
CTGAGGGGGG 
CTGAGGGGGG 

1490 
GAGGAACTGG 
GAGGAACTGG 
GAGGAACTGG 

1500 
CCCATGTTCA 
CCCATGTTCA 
CCGATGTTGA 

151 
AICICACGT 
ATTTCACGT 
ATCTCAGCT 

152 O 
CTTAACATCC 
CTTAACATTC 
GTTAACATTC 

153O 
CAAGATGGCT 
CAAGATGGCT 
CAAGATGGCT 

1540 
CCGAGTATCC 
GCGAGTATCC 
GCGAGTGTCC 

1550 
ICCITTTATC 
ICCITT TATC 
TCCTCTTATG 

560 
GTGATTACAA 
GTGAGTACAA 
GTGAGTACAA 

1570 
CTTACA 

ATTCTCTACA 
ATTCTCTACA 

158O 
AACCCCCCAA 
AAGGCGGGAA 
AAGGCGGGAA 

1590 
TGAAGATAC 
TGAAGATAC 
TTGAAGATAC 

16OO 

CCCTCTTTCC 
CCCTCTTTCC 

1610 162O 1630 1640 1650 
CCCCCACTC TAACGGTTTC 

TAACGGTTTC 
TAACGGTTTC 

TGAACGCGC 
TGAAGGCGGG 
TGAAGGCGGG 

CTCCCAAA 
GGTGCCAAA 
GTGTACCAAA 

IAICCTCTC 
TATCCTCTC 
TATCCTCTTC 

1660 
ICCCCACCAT 5633 
TCCCGAGGAT 

1670 168O 1690 17 OO 
CTTTCCAAGA 
GTTTCCAAGA 
GTTTCCAAGA 

TGGCTCCGGC 
TGGCTGCGGG 
TGGCTGCGGG 

CCCCCCICCI 
GGCGGGTCCT 
GCCGGGTCCG 

ICTCTCCCC 
TCTTCTCCCC 
ICTTCTCCCC 

1710 
701 (TAACGCCTCC 
7 C1 TAACGCCTCC 
7 O1 TAACGCCTCC 

1720 
TTGGCCACGT 
TTGGCCACGT 
TTGGCCACCT 

1730 
CATCCTATAA 
CATCCTATAA 
CATCCTATAA 

1740 
AAGTGAAAGA 
AAGTGAAAGA 
AAGTGAAAGA 

1750 
AGTGCGCT 
AGTGCGCTCC 
AGTGCGCTGC 

1760 
ul. i. 

TGTAGTATT, 
1 TGTAGTATT, 

1770 1780 1790 

& s & & & 

:s:: {::: 88888888{ 
: : 

i : : 
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1NPSKKSSPHKRWFTLNNPSEEKNKIRELPISLFDYEVCSEEGLEEG 50 
NPSKKSG2PHKRWWFTLNNPSEEKNKIRELPISLFDYWCGEEGLEEG 50 
NPSKKSGPOPHKRWWFTLNNPSEEEKNKIRELPISLFDYFWCGEEGLEEG 50 

60 I9 30 9 O 100 
RT E. EAKKINKWKNEGARCIEEAGDNKEYCSKEGE 1 OO 
RIPHLOGEANFAKKTNKWKWYFGARCHIEKAKGDONKEYCSKEGH 1 OO 

LRTPHLOGEANFAKKOTENKWKWYFGARCHIEKAKGDONKEYCSKEGHI 1 OO 

19 129-13 Arc---.S. 
LIECGAPRNOGKRSLSTAVSTLETGSIWVAECFPWTYWRNERGLAEL 150 
LIECGAPRNGKRSDLSTAVSTLLETGSLYWAECFPWTWRNRGLAEL 15 O 
LIECGAPRNOGKRSDLSTAVSTLLETGSLWTVAECFPWTYWRNERGLAEL 150 

160 19 18O 130-40 
LKYSGKMORDKAYHWIWGPPGCGKSWARNEAEPSOTYNKSRNKNH 2. 
LKNSGKMCRDWKTASHVIWGPPGCGKSWARNEAEPROTYNKBSRNKE 2OO 
LKWSGKMCORDWKTAVHWIWGPPGCGKSCWARNEAEPROTYWKSRNKWH 2OO 

2O 22O 43-24 250 
DGHGEENVYLDDFYGLPDDLRLCDRYPLIVEKGGTVPFLARSIL 25 O 
DGHGEENVYLDDFYGIRLPWDDLLRLCDRYPLIVEKGGTPFLARSILI 25 
DGYHGEEWWWLDDFYGLPWDDLLRLCDRYPLTWETKGGT WPFLARSIL 25 O 

al-A89-29-...----439,... --20-30 
ISNAPENYSSTANPAVEALYRRITTLENKIAGE STEVPEGRFEAWD 3OO 
SEER, SSTANPAWEA ESE WKTAGEOSTEVPEGRFEAWD 3OO ISEEK: SSTAVPAVEALYRRITTLOFWKTAGEOSTEVPEGRFEAWD 3OO 

30 32O 33C 3AO 35C 
PPCALFPY KINY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35C 
PPCALFPYKINY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350 
EPCALFPYKINY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350 
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10 2. 39. 40 n 
1.WPRRRRRRRTRERSHLGNRRRELAEARNRRRREISENCR 50 
YTWERRRYRRRRTRERSHLGNILRRRELAEAERNRYRWRRKIGIFNSR 50 
MTWPRRRYRRRRTRPRSHLGNILRRRPYLN HPAERNRYRWRRKTGIFNSR 50 

---g -la. 8O -20 1CO 
LLSKEFVTTKGGYSOPSWIV SEFENSE LPPSGGTNPPLPFCYYRIR 100 
LSEFWLTIKGGYSPSNVNLKFNIGFLPPSGGTNPPLPFCYYRIR 100 

LLSREFWLTRGGISOPSWNWNELRENIGFLPPSGGTNPPLPFCYYRIR 100 
arris-49-30 140 150 

KAYEFYPRDPITSNERGWGSTWWILDANEWTPSTNLAYDPYINYSSRHT 15 
EAKEEERPITSNRSVGSTWILDANEWTSINLAYDENYSSRT 15 
KAKYEFYPRDPITSNORGVGSTVWILDANFVTPSTNLAYDPYINYSSRHT 150 

16C 1. -89-30 2CO 
EYs YFTPKPEDOTIENFENNKRNOLLHINTHTNVEHTGG 200 
IROPFTYHSRYFTPKPELDOTIDWFHPNNK SELENERVERSE 2OO IROPFTYHSRYFTPKPELDCTIDWFOPNNKRNOLWLHLNTHTNVEHTGLC 200 
---20-22-430- 240 250 
YALQNAATANYWRITIVEREFLEPPLNS, . . . . . . . . . . . . . . . 25 O 

201 YALNAATANY WRITIYVFREFILKPPLNK. . . . . . . . . . . . . . . . 250 
1YALONATANYWRITIYVFREFILKDPLNE". . . . . . . . . . . . . . . . 250 

0-4-3-3-3 
MSPPLISTRLPWGARLSKIGRALPTIGRAYDWYSCPITLLHP 
MISIPPISTRIPWGNPRLSEITGEALPTTGRAYDNSCPITLLP 
MISIPPLISTRLPWGWPRLSKTGPALPTTGRAHYDWYSCLPITLLHP 50 

20- 19-e-r- 9 O 1 OO 
AHE KESQEAESHIRY RELLGYSHRPR 3:58, AALPLWPRSS 1) ESSEESE LGVSHRPRICKETESSROVALPLWPRSS 19 AHERESPAESERYRKLGVSHRPRRTSSRVAAPIWPRSS 100 

110 20 3-49- 150 R TLKYVAFAWFFILVSFREDVAGIKIPELVSILSKISSE 12. LEASEAVEEILIVESERENAASTRIPLINESLLISKIREE 129 Rii Fi WEEILVSFREIGipfivKSISIRIE 150 
160 ...) 130,- 19C 2OO 

VSSSTFOLSANKIIKKDNKLEYE WEIGRIIKGEPPIMGLRAE 229 WESSTLFOTELSANKIIKKDNKLEYEVEIGRIKEHPIGIRAAF 29 VRSSniff Fiftikiikkö5.ii.57 viiiri RöEppiirii El 200 
210 22O 23C 240 250 

LAHFH. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229 
LAWHFE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 
LAWHFH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 
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eu-Ala Ser Arg, CyS Arg, CyS CyS Arg, ProleuVal. Glu-Ala-Ala-Val. His Gly 
Trp, Arg Wall Clula Ala Ala Ala GlyArg, CyS. CyS Arg, Leu Leu Leu Met Gly 

Gly, AlaCyS Lys Pro Leu Pro Leu Wall CluAla Ala Gly CyS CyS CyS Ala 
TGG TCG ce, GAA GCC G. GCC GTC G.; GAGCCG 7. TGG AGT C?. CCT TCT A. 
ACC AGC GCA CTT CGG CAG CGG CAG Cic CTC GGC AGC ACC TCA GC, GCA ACA TCC 
Thr Ser Ala Leu Arg Gin Arg Gln His Leu Gly Ser Thr Ser Ala Ad Thr Cys 
Pro Ala His Phe GIy Ser GIy Ser Thr Ser Ala Ala PrO Gln Gin Gln HiS Ala 
Gln Arg Thr Ser ia Ala Ala Ala Pro Arg Gln His Leu Ser Ser ASn Met Pro 
Ala-Leu-Leu-Ile Ser Ser Ala Ser Gly-Leu-Gly Met Phe Pr0. Pro HiS Glu Ser 
Leu Leu Phe Phe Pro Leu Leu PrO. GlyTrp. GlyTrp. Leu Leu. HiS Thr ASn. Wall 

Trp. CyS Ser Ser His Phe Phe Arg Val Cly Val GlyTyr Phe Thr Pro Thr *** 
CCT CCT TCT TCT TAC CTT CTT CCC CTC CCC TTC GCC TAT TTT CCACCC ACA ACT 

63 72 81 9 O 99 108 
CCA GCA AGA AGA ATG GAA GAA GCG GAC CCC AAC CCC ATA AAA GGT GGG TCT TOA 

PrO Ala i. Arg Met Gu Glu Ala AS.p. PrO ASI) PrO Ile LyS Gly CY.S.S. Gln Glin Gu Gu LVS ArC Thr Pro Thr Pr0 kx t Val Gly, Wall His 
Ser LyS LyS ASn Gly Arg rg Trp Val Phe Thr 
Gln-Ile-Ile Arg Gly Phe Wall Leu, Alaleu Phe Tyr PrOIle LyS, Trp Tyr Gly 

Arg Phe Leu Cly Glu Ser Ser Ser Arg Leu Phe Ilé Arg Ser Art Gly. Ile ASp 
Glu Ser Tyr ASpLys Arg Leu Arg Ala CyS Ser Phe Val Pro ASQ Glu Leu Ile 
GAG ACT TAT TAG GAA. GGC TTC TCC TCG CCT TCT TTT ATG CCC TAG AAC CTTATA 

117 126 135 144 153 162 
CTC TGA ATA ATC CTT CCG AAG ACG AGC GCA AGA AAA TAC GGG ATC TTC CAA TAT 

Leu *** Ile Ile Let PrO s Thr Ser Ala Air s TE Gli Ile Phe Glin y 
Ser Glu * * Ser Phe hy C ig Ala Gin Gu AS Thr Cly Ser Ser ASn Ile eu ASn ASI) PrO Ser Glu ASp Glu Arg LyS LyS Ile Arg ASp Leu PrO Ile Ser 
*** LySIle Ile LySASn ASn Ala Leu Leu Thir Ile Leu Phe Ser Ser. CyS Arg 
ArgASn Ser *** LySle Thr Pro Ser SerPro Le Ser SerPro Argyal Gly 

Gly. Ile Glin ASn Ash Glin Glin Arg Pro Pro Tyr His Pro Leu Val Phe Val 
GGG ATA AAC TAA TAA AAT AAC AAC CGC TCC TCC CAT TAC TCC TTC CTG CTT GTG 

171 18O 189 198 2O7 216 
CCC TAT TTGATT ATT TTA TTG TTG GCG AGG AGG GTA ATG AGG AAG GAC GAA CAC 

PrO y Leu, Ile Ile Leu Leu Leu Ala Arg i. Wal Met Ar g ASE Glu His 
Pro Ile * * Leu Phe T CVS. Trp Arg GIy *** * * * Gy. Aro. Thr ASn Thr 
euphe ASOTyr Pheifle Val Gly Giu Glu Giy ASn Glu Giu Giy Arg Thr Pro 
Wal-Glu-Leu-PrO. Glu, Ser-Ile-Lys HiSLeu-Leu-Leu-Ser-LyS-Ile-Phe-His-Leu 
*** Arg Trp PrOASn Ala Leu LyS, Thr Phe Phe CyS Val LyS, Leu Leu Thr Phe 

Glu Gly Gly Pro Thr Arg *** Ash Gln Ser Ser Ala Ser Lys *** Tyr Leu Ser 
CAC TCC ACC TCC CCA ACC CAT TAA AAC ACT TCT TCG TCT CAA AAT TAT TTC ACT 

225 234 243 252 261 27C 
CTC ACC TCC AGG GGT TCG CTA ATT TTG TGA AGA AGC AGA CTT, TTA ATA AAG TGA 

Leu Thr Ser Arg Gly Ser Leu, Ile Leu * * ig Ser Arg Lieu Let Ile LyS 
Ser Pro PIO GIy Wall g * * * Phe Cy: Glu Gu Ala As Phe xxx x * * Sir Glu 
His Lev Glin Gly Phe Ala ASn Phe Wall Lys LyS Gln Thr Phe ASn LyS Val Lys 

FIG. 8a 

er GIy Pro Gln Pro His LyS 
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Pro Ile-Gln Thr Gly-Ala Ala WalASplieu Phe ArCPhe As Ile Leu Leu 
His Tyr, LyS, PrOAla Arg, Gln Trp-Met Ser Phe-Ala Phe PrOVal Ser***CyS 

Thr Thr Ash Pro His Gly Ser Gly CyS Arg Ser Leu Ser Leu Phe Leu Asp Ala 
TCA CCA TAA ACC CAC GGG CGA CGG TGT AGC TCT TTC GCTTTCCTT GTC TAG TCG 

279 288 297 3O6 315 324 
AGT GGT ATT TGG GTG CCC GCT GCC ACA TCG AGA AAG CGA AAG GAA CAG ATC AGC 

Ser Gly, Ile Tip Val PO Ala Ala Thr Ser A IS g IVS Gl. Glin Ile Ser 
Wall Val Phe G1W CVS PrO Le PrO HiS i. Gu Ser Gu g AS AC Ser Ala 
Trp Tyr Leu u Lys Ala LyS GIy Thr ASO Glin Glin 
Ile Phe Phe Val Ala Thr Phe Phe Ala Val *** Gln. His Leu. Thr Ser Ser Arg 

Phe-Leu-Ser Tyr Gln-Leu-Leu-Ser-Proleu LyS. Ser HiS-Ser HiS. Pr0. Ala Gly 
Ser Tyr Let Ilé Ser CyS Tyr Leu Leu CyS Ser Val Ser Pro Thr His Leu Glu 
TCT TAT TTC TTA TGA CGT CAT ITC TTC CGT TGA ATG ACT ACC TCA CAC CTC GAG 333 342 351 360 369 378 
AGA ATA AAG AAT ACT GCA GTA AAG AAG GCA ACT TAC TGA TGG AGT, GTG GAG CTC 

ag Ile LyS ASI. Thir Ala Wall LyS I Ala Thr ". ** Trg Ser Val Gu Leu 
Cu k* * g Ile Le Gin * * * i. arg Gin Leu Thr ASp Gy Wall Ser Ser 
ASn LyS GIu Tyr CyS Ser LyS GIu GIy ASn Leu Leu Met Glu CyS Cly Ala Pro 
Ser Arg, Leu Ser Leu Pro-Thr Val Glin Arg, Ser Ser His Thr Gly-Gln, Gln Leu 
Leu-Asp-Pro. CySAIg Leu, Ser Arg. ASpWal-Ala Threu Vally SASI). Ser 

*** Ile Glu Pro Val Val Ser His GlyThr *** Gin Glin Ser Tyr Arc. Thr Pro 
GAT CTA GAG TCC CTG TTG CCT CAC TGG ACA GAT GAC GAC ACT CAT GGA ACA ACC 387 396 405 414 423 4.32 
CTA GAT CTC AGG GAC AAC GGA CTG ACC TGT CTA CTG CTG TGA GTA CCI TGT TGG 

y Ala Arg CyS His Ile G 

Leu ASO Lell Air is: ASn Gly Val Thr CVS Leu Leu lieu ** Wall Pro CVS T 
Ile Ser G : Thr Thr Glu Pro Val Tyr CVS CVS. Glu IV. Leu Val Gly 

Arg Ser Glin Gly Glin Arc Ser ASO Leu Ser Thr Ala Wal Ser firiSuisulu 
Ala-PIO-Thr-Gln His Gly ASI). CySLeu-Leu-Val-Arg-Tyr-Arg-LySASQ.. Serle 
Leu ProLeu, Arg Thr Val Thr Ala Ser. CyS. CyS GlyThr Val Ash Thr Leu Phe 

Ser Arg Ser Asp Pro Ser Arg Cln Leu Ala Ala GlyGln Leu Thr Glin *** Phe 
TCT CGC CCT CAG ACC ACT GGC AAC GTC TCG TCG TGG GAC ATT GCA AAC AGT CT 

441 450 459 468 477 486 
AGA GCG GGA GTC TGG TGA CCG ITG CAG AGC AGC ACC CTG TAA CGT TTG TCA GAA 

Agg Ala Gly Wall T ** PO Leu Gin Ser Ser Thr leu ** A.C. Leu Ser Glu 
Gu Ar (in Ser Gly is: AC Cs hy Ala Ala PrO CySASn Wall CYS Gln LVS 
S Thr Wall Ala Gu Gln His PrO Wall Thr Phe W er GIy Ser Leu Val al Arg ASn 
Glu Ala Pro-Gln Ser Phe-Lys. Glin Phe His Ala Pro Phe His Leu Lleu. Thrille 

LyS Arg, Pr0, Ser Ala Ser Ser-LySPhe-Thr Leu, PrO Phelle. CyS Phe, Arg, Ser 
Ash Gly Arg Ala Pro Glin Wall Lys Ser Leu Ser Arg Ser Phe Ala Ser Ala His 
TAA AGG CGC CCG ACC GAC TTGAAA ACT TTC ACT CGC CCTTTT ACG TCI TCG CAC 

495 504 513 522 531 540 
ATT TCC GCG GGC TGG CTG AAC TTT TGA AAG TGA GCG GGA AAA TGC AGA AGC GTG 

Ile Ser Ala Gly Trp Leu ASn Phe * * * Lys Ala Gy IWS Ci Ard Ser Wall 
Phe PrO h; Ala G1W ** Thir Phe Glu Ser Glu ig Glu in la GL Ala *** 
Phe Arg Gly l y LyS Met Gln LyS Arg ASp lieu Ala Gl. Leu Leu LyS Val Ser G 

FIG. 8b 
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ProLeu, Serie Tyr Val ASCASn. His PrOTrp-Arg-Pro. Thr. Thr Phe-Ala-Phe 
Gln Phe Wall Leu Thi Is Thr Met Thr Pro Sly GlyPro. His Pro Leuleu Leu 

ASn Ser Ser *** His Val Arg *** Gln Pro Ala Val Gin Thr His Tyr Phe Cys 
TAA CCTTCT GATTAC AT TGC AGT AAC ACC CCG GIG GAC CCA CAC CAT TTT CGI 549 558 567 576 585 594 
ATT GGA AGA CTA ATG TAC ACG TCA TTG TGG GGC CAC CTG (GGT GTG GTA AAA GCA 

Ile Gly Arg Le Met Tyr Thr Ser Leu g Gy. His Leu Gly Val Val LyS Ala 
eu. Glu ASp CyS Thr Arg. His CyS Gly ila Thir Tro Val E. * x -S Glin 
Trp Llys Thr ASn Val His Val Ile Val ity Pro Pro Gly CyS Gly yS Ser Lys 
Pro Ser Ser Ilie LyS, CyS Val Arg Phe-Gly CyS Val Pro Phe Trp Arg Ser Wal HiS Ala Ala Leu Lys Ala Ser Gly Serval Vinciph Gly-Glyleu Phe 

Ile Pro Gln * * * Ash Gln Leu GlyPro Phe Trp Meiser"servival: ph 
TTA CCC GAC GAT TAA AAC GTC TGG GCC TTT GGT GTA TGA CCT TIG GTG GAT CT, 603 612 621 63O 639 648 
AAT GGG CTG CTA ATTTTG CAG ACC CGG AAA CCA CAT ACT GGA AAC CAC CTA GAA 

ASn Gly Leu Let Ile Leu Gin Thr Arg Llys Pro His Thr Gly Asn His Leu Glu 
Metely Cys *** Phe s ArC PrO G isn His Ile Leu Gu Thr Thr * * * LVS 
Trp ita Ala ASn Phe u Thr Thr Tyr Trp Llys Pro Pro Arg ASn 
Leu, PrO.PrO. Ile Ihr Wal Met Thr Phe Phe HiSASn ASn ASn Ile Wall LyS, Ile 

Leu. His His SerPro *** Trp-Pro Ser Ser Thr. Thir Thr, Ile Ser Serys * * * 
CyS Thr Thr Pro His ASn Gly. His His Leu Lleu Pro Gin *** Gin His Ser Lys 
TGTTCACCACCC TAC CAA TGG TAC CAC TTC TC ACC AAC AAT AAC TAC TGA AAA 657 666 675 684 693 C2 
ACA AGT GGT GGG ATC GTT ACC ATG GTG AAG AAG GG TTG TTA TTG ATG ACT TTT 

Tir Ser Gly-Gly Met Val Thr Met Wall LyS LyS rp Leu Leu Leu Met Thr Phe 
Glin Val Val Gly Trp Leu Pro Trp *. i. Ser Gly CyS Tyr * * * * lieu Leu LyS Trp Trp Asp Cly Tyr His Gly Clu Gu Val Val Val Ile Asp Asp Phe Tyr 
Ala PrCGln-Gly-Pro Ile Ile *** Gln Ser Glin. Thr Ile Ser Ile Trp, Gln, Ser 
Pro Clin Ser GlyGln Ser Ser Arg. Ser Leu Ser HiS. Ser Arg Tyr Gly. ASn Val 

His Ser Ala Ala Arg Pro His ASpVal Ser Val nr. His Asp Ile Asp Met Ser 
TAC CGA CCG ACG GGA CCC TAC TAG ATG ACT CG ACA CAC TAG CTA TAG GTA AC. 

711 2O 729 738 747 756 
ATG GCT GGC GC CCT GGG ATG ATC TAC TCA GAC GT GTG ATC CAT ATC CAT TGA 

Met Ala Gly CyS PrO Gly Met Ile Tyr Asp CyS Valle Asp Ile His * * TrO Lell ita ia Leu Gly * * Ser thr Clifix "Serie Serie is: 
Gly Trp Leu Pro Trp Asp Asp lieu Leu Arc Leu CyS ASp Arg Tyr Pro Leu Thr 

la A.Sp. PrOG 

Tyr Leu Ser. Phe-Thr Ser Ser Tyr Arg. LyS, Gln Gly-Ala Thr ASn Gin ASn Gly 
Thir Ser Wall Leu PrO Pro Wal-Thr GlyLyS, LSS Ala Arg Leu Ile Arg Ile Val 

Gln Leu Ser * * * Lieu. His Phe Glin Val Lys Lys Pro Gly CyS Tyr Glu Ser *** 
GAC ATC TCT GAT TTC CAC CTTGAC ATG GAA AAA ACC GGG CGT CAT AAG ACT AAT 

765 774 783 792 8O1 81O 
CTG TAG AGA CTA AAC GTG GAA CTG TAC CTT TT GG CCC GCA GTA TTC TGA TTA 

Leu ** Arg Leu Ly Wall Glu Leu Tyr Leu Pher) PrO Ala Val Phe * * Lieu 
CVS i. ASO *** Ar Tip ASr. CYS hr Phe Phe G PrO Gin Tyr Ser Asp Tyr 
Val Gu Thr Lys Cly Gly. Thr Val Pro Phe Leu Ala Arg Ser iie eu. Ile Thr 

FIG. 8C 
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Ala Ile Leu Gly Arg, Gln Phe Pro Val Gly * * Ser Ser ASO Trp Ser Tyr Phe 
Leu Leu, * * * Val GlyASn Ser. His Tyr Glu (Glu-Val Ala Thr Gly. Ala Thr Ser 
Trp CyS Asp Ser GlyThr PrO Ile Thr Ser Arg Leu Glin Gln Cly Leu Gin Leu 
GGT CGT AG TCT GGG GCA ACC TTA. CCA TGA GGA GT, GAC GAC AGG GTC GAC AC 819 828 837 846 855 864 
CCA GCA ATC AGA CCC CGT TGG AAT GGT ACT CCT CAA CTG CTG TCC CAG CTG TAG 

Pro Ala Ile Arg Pro Arg, Trp ASn Gly. Thr Pro Glin Leu Leu Ser Gln Leu * * 
GRG). Ser A$3.2 V3 Gly, Met. Vagalg ASCSCSS, PE2 Ser C.S.A. Ser ASn Gin Thr Pro Leu Glu Trp Tyr Ser Ser Thr Ala Val Pro Ala Val Gu 
Ser LyS, Ile PrO PrOASn, Ser Gly-Gln-Tyr-LyS, PrOLeu-Ile, Ser s Phe Leu 

Ala Art Arg Leule Val Glu Lys. Thr Ash Gln Phe Phe, Ala Wal Ser. CyS Leu Gl. Lys Asp Ser Ser Lys Arg Prole Lys Ser Ser His Leu Val 
TTC GAG AAA TAG CCT CCT AAT GAA GGA ACC ATA AAA CCTTCT TAC GAT GTC TG 873 882 891 9 OO 909 98 
AAC CTC TTT ATC GCA CGA TTA. CTTCCT. TCC TAT TTT CCA ACA ATG CTA CAC AAC 

LyS Le 2he Ile Gly Gly Le Le PO Ep Tvr Phe Glv Arc Met Leu Glin ASn 
Ser Ser Leu Ser Clu As Phee Gylle Leu Gu GI C. i ArC Thr 
Ala Leu Tyr Arg Arg Ile Thr Ser Leu Val Phe Trp LyS ASn Ala Thr Clu Glin 
Gly. Arg-Leu-Phe-Pr0 Ala Leu. Glu ASD. Gly-LyS, Gly-Gly Trp. Ala Arg-Phe-LYS 
ASpVal Ser SerPro Pro Trp ASn Thr WalArg-Glu Cly Gly. His Gly Ser ASh 
Ile Trp aro Pro Leu Pro Gly. Thr Arg * * * Gly LyS GlyGly Met GlyGln Ie 
TTA GGT CCC TCC TTC CCC CGG TCA AGC ACT GGG AAA GGG GGG GTA CGG GAC TTA 

927 936 945 954 963 972 
AAT CCA CGG AGG AAG GGG GCC AGT TCG TCA CCC TTT CCC CCC CAT GCC CTG AAT 

ASn Pro Ar g LVS Ala Ser Ser Ser Pro Phe Pro Pro His Ala Leu Asn 
Ile His Gy G { ArC G . Pro Val Arc. His Pro Phe PIO Pro Met PrO le 
Ser Thr Glu Glu GIy Gly Glin Phe Vål Thr Leu Ser Pro Pro CyS Pro Glu Phe 
Trp, Ile Phe Tyr Ile Wal Ser Asp LySLySAS) Ser Arg Leu PrOLyS. * * * * * * 
GlyTyr Ser Ilé Phe *** Gln Thr Lys-Lys Ile Val GluTyr His AshLySASn 

Glu Mst His Phe Leu ASn Ser Leu Arg Lys * * * * Lys Thr Ile Thr Lys Ie 
AAG GTA IAC TTT ATT TAA TGA CTC AGA AAA AAT AG GAA GCATTACCAAAAAA 981 990 999 1OO3 1017 1026 
TTC CAT ATG AAA TAA ATT ACT GAG TCI TTT TTA TCA CTT CGT AAT GGTTTT TAT 

Phe His Met Lys * * Ile Thr Gu Ser Phe Leu Ser Leu Arg, ASn Gly, Phe Tyr 
Ser Ile AS LyS Leu Leu Ser Le Phe y His Phe Val Met Val Phe le 
Pro Tyr Glu Ile ASn Tyr *** Val Phe Phelle Thr Ser *** Trp Phe Leu Leu 
Glu ASn-Leu-Threu. His Pro-Thr-LySLeu-Ile Leu ASn Glu Ser ASnIyr Met 

ASn Met Leu Pro*** Thr Pro Pr0Ar. *** Phe, Ile Arg, Gln-Ile Thr. CyS Ile ****** Pro ASn Leu ProPro Asp Lys Phe ASn Phe Glu Arg Phe Glin Val 
ATA AGT AAT TCC CAA TTC ACC CCC CAG AAA TTT TAA TTT AAG AGA CTT AAC ATG 

1035 1044 1053 1062 1071 108O 
TAT TCA ITA ACC CTT. AAC TCC GCC CTC TTT AAA ATT AAA TTC TCT CAA TTC TAC 

Tyr Ser Leu hy Wall LVS g Gly Val Phe LyS Ile LyS Phe Ser Glu. Leu Tyr 
Ile His G I Leu Ser Gly. Giv Ser Leu LVS Leu ASn Ser Leu ASn Cys Thr 
Phe Ilie Lys Cly * * * Val Gly Cly Leukir Asniki Ile Leukix Ile, 

FIG. 80 
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Ys Pr0 * * * Val Ser Ile Thr ASn Arg. Thr.Thr Tyr Val Thr. LyS, Ser Arg Leu Wal HiSASnCyS Pro Tyr Gln-Ile-Gly-Pro Arg Ile Tyr Gln LyS. Arg Val CyS 
Tyr Met Tar vil Arg Ile ASn Tyr Glu Glin Asp Tyr Ile Ser Ash Glu Phe Ala 
TAT GTA, CCA ATG TGCCA TAA CATAAG GAC CAG. CAT ATA TGA, CAA AAG CT, GCG 189 1098 1107 1116 1125 1134 
ATA CAT GGT TAC ACG GAT ATT GIA TTC CTG GTC GTA TAT ACT GTTTTC GAA CGC 

Ile HiS Gly I Thr ASO Ile Wall Phe Let Wal Wal Ty Thr Wall Phe Gu Ar 
T Met Val Thr Ag Ile Leu Tyr Ser g Ser Tyr lie Leu Phe Ser ASD Ala hr Irp Leu His Giy Tyr CyS iie PrO G1y Arg Ile Tyr CyS Phe Arg Thr Glin 
Ala Ser Ala Thr. Thr Met Gu Leu Leu Lys Tyr Asp" Gly Is Ser 
HiS Arg-Pr0 Arg. AIC. Pr0, Arg. CyS LySrp. CySASf. Thi-Thr Glu Ala Wal-Ala 

Thr Gly Leu GlyVal His ASO vii.5 Gly Ala Thr Gln Leu Arg Leu Trp Leu 
TCACGC, CTC CGG ATG CA CAG AIG TAA ACG TCG TCA AAC ATC. AGA CTC GGTGT 

1143 1152 1161 117O 1179 1188 
AGT GCC GAG GCC TAC GTG GTC TAC ATTTCC AGC ACT TTG TAG TCT CAG CCA CAG 

Ser Ala Glu Ala T. Val Val Tyr Ile Ser Ser Ser Leu * * Ser Gln PIO Glin 
Wall Pro Arg Pro Thr TE: Ser Thr Phe Prg Ala Val CyS Ser Leu Ser HS Ser 
CyS Arg GIy lieu Arg Cly Leu HiS Phe Glin Gln Pne Val Val Ser Ala Thr Ala 
Thr Clu. LyShrihr Glin ASn Ser Thr-Ile Leu Leu Ser Ile *** Ser Leu. ASn 
PrOLySLyS, Gln, Gln LyS. Thr PrOLeu-Leu, *** Tyr HiSPne Arg-Pr0. CyS Thr 

Glin Ash Arg Lys ASn Ash Pro Glin Phe Tyr Asp Ilé Thr Phe Aspel Val Pro 
GAC CAAAGAAAA CAA CAA ACC AAC CT CAT TAG, TTA TCA CTTAG ATC CGTCC 1197 12O6 1215 1224 1233 1242 
CTG (GTTTCT TTT GTT GIT TGG TTG GAA GTA ATC AAT AGT CAA ATC TAG GAC AGG 

Leu Val Ser Phe Wal Wall Tro Leu Glu Val Ile ASn Ser Glu Ile *** AS g 
g Phe Leu Let Leu Phe Gly TE: LVS *** Ser Ile Wall LVS Ser g The Gy 
Gly Phe Phe CyS CyS lieu Val Gly Ser ASn Gin *** * * * isn Leu Giy Glin Val 
Pro ProLeu Thr Gly-Pro. Thr. Thr Pro SerPro Ser PrC*** PrOIle Ala PrO 

Gln PrO Tyrel Val PrOLeu, PrOLeu-Leu-Leu-Ala PrOASn HiS Tyr. PrC PrO 
Lys Pro Thr Phe Tyr Arg Ser His Tyr Ser Phe PrO Gln Thr Ile Thr His Arg 
AAA CCCCCA TTT CAT GGC CCT CAC CAT CCT CTTCCC GAC CCAATA CCA TAC CGC 1251 1260 1269 1278 1287 1296 
TTT GGG (GGT AAA GTA CCG GGA GTG GTA GCA GAA GGG CTG (GGT TAT (CGT ATG GCG 

Pne Gly Gly s Val Pro Gly Val Val Gly Glu Gly Leu Gly R. Gly. Met Ala 
Leu C1V Wal s f AE Glu TE Ciu LVS cy Tro Wal Met Wall g Agg Trp (iy *** Ser Thr GIy Ser Gly Arg Arg Arg Ala Gly Leu Trp Tyr Gly Gly 
Pro. Thr. Thr. Met Pro Thr Met Pro SerPro Gln Pro Arg, Gln, Leu. Thr Leu-Leu-Leu-LyS Ys Leu PrO Leu. HiSPIO, Ser HiS GlyLySASnCySLeu 

Ser Ser Tyr Ash Wall Tyr Pro Asp Tyr Thr Leu Ala Thr Ala Lys Thr Val Phe 
CCT CCT CAT CAA ATG TAT CCC CAG TAT CCA CTCCCG ACA CCG GAA ACA AG. TTT 

1305 1314 1323 1332 1341 1350 
GGA. GGA GTA GTT TAC ATA GGG GTC ATA GCT GAG GGC TGT CGC CTT TGT TAC AAA 

Gy Glv Wal Wal T Ile Gly Wal Ile Gly-Glu Gly CyS Gly Le CyS Tyr LyS 
Glu Giu ** Phe Thr ** Gly Ser Val ig ia al ia Phe Wall Thr l 
Arg Ser Ser lieu HiS Arg Giy HiS Arg *** GIy Leu Trp Pro Leu Leu Glin Ser 

FIG. 8e 
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Ile Met *** Phe-Leu-Leu-Val Pro Ala Trp. Glu Gly. Thr WalArq PrO. Ser ArC *** *** Arg Phe Tyr. CyS. CysG in Leu Giy Ser GlyGln, 'GlyPro. His ASp 
ASI Asp ASpLeu Ilé Wall Ala Ser Ser Gly Val Gly Arg ASQ GlyGln Thr le 
CAA TAG TAG ATTTTATTG TCG TGA, CCT CGGGTG. AGGGGA CAG, TGG GAC CCACTA 1359 1368 1377 1386 1395 1404 
GTT ATC ATC TAA AAT AAC AGC ACT GGA GCC CAC TCC CCT GTC ACC CTG (GGT GAT 

Val Ile Ile ** Asn. Asn Ser Thr Gly Ala His Ser Pro Val Thr Leu Gly. As 
Leu Ser Ser LyS Ile Thr Ala Leu Gu PIO Tr PIO Leu Se PO Wall Ile 
Tyr His lieu Lys * * * Gln His rp Ser Pro Leu Pro CyS His Pro Gly *** Ser 
ProAla-Pro Gly Ser ASn Leu Arg, Leu Arg-Glu Glu Thr. Thr ASn Leu Pro 

Pr0 Leu Leu Alaleulle Gly-Gly-LySLySASn-Gln-Leu, Ile Leu 
Pro Ser Cys Pro Trp Phe Gl. Val LyS Val Lys Arg Ile Arg Tyr Tyr Glu Phe 
GCC CCT CGT CCC GCT. CT AAG TTG GAA TTG CAA AGA ATA AGA CAT CAT AAG TTT 

1413 1422 1431 1440 1449 1458 
CGC GGA GCA GGG CCA GAA TTC AAC CTT AAC CTT TCT TAT TCT GTA GTA TTC AAA 

Arg Gly Ala Gly PQ Glu Phe ASn Leu ASI) Leu Ser Tyr Ser Val Val Phe ls 
y Gu Gin Gly Clin ASI Ser Thr Leu Thr 21e Leu leisui is ty. Ser 

Eiy Ser Arg Ala Arg Ile Gin Pro *** Pro Phe Leu Phe CyS Ser Ile Gin Arg 
CySLeu-Ala-Pro-Thr-Gln-Gly-Gly-Glu-Gln-Pro Phe Phe-Thr Met Le LIle Ser 

Ala CyS Leu, Pro ProLyS, Val GyArg Arg?r.0. Ser Ser Leu, * * * * * * Tyr Glin 
Pro Wal Ser Arg Pro Ash Ser GlyGlyGly-Pro Pro lieu Phe ASO ASn Ilé ASn 
CCC GTG. TCT CGC CCCCAA ACT GGGGGG AGG ACCCCC ITC TTT CAG TAA TTACAA 

1467 1476 1483 1494 1503 1512 
GGG CAC ACA GCG GGG GTTTGA CCC CCC TCC TGG GGG AGG AAA GTC ATT AAT ATT 

Gly HiS Ag Ala Gly Val ** PIO PIO Ser Trp Gly yS LyS Val Ile ASI) -le 
giv Thr Gu Ag Cly Phe Asp PIO PrO PIO G { r s Ser Leu Ilie Let 
iia Gln Ser Gy Giy Leu Thr Pro Leu Leu Gly Glu Gu Ser His *** Tyr * * * 
Asp *** ThrTrp-Arg-Gly-PrCPro, Arg, Glu Ser Glin PrO. Glu, Ser Ser Leu 
Ile Glu, A.Sp. HiS Cly GlyGlyLeu-Leu-Ala ASn, Gln, Ser HiSASn, Ala Glin As 

Phe Arg Met Met Asp Wall Ala Trp Ser Pro Thr Arg Val Thr Tar Arg Lys Wa 
CCT AGA GTA GTA CAGGTG GCGGGT CCT CCC GCA AGA CTG ACA, CCA AGC GAACTG 

1521 1530 1539 1548 1557 1566 
GAA TCT CAT CAT GTC CAC CCC CCA CGA. GGG CGT TCT CAC TGT (GGTTCG CTTGAC 

Glu Ser His HiS Wal His Arg Pro Cly Gly Arg, Ser ASO CyS Gly, Ser Leu AS initie"Mit"Sir"ri"Ala Engiu Wall Leu Thr Val Val g Leu Thr 
Ile Ser Ser CyS Pro Pro Pro Arg Arg Ala Phe * * * Lieu Trp Phe AIa *** Gin 
Ile-Asp Ser Pro Ala Pro Ser Ala Pro. Thr Ser Ser Ala Met LyS, Gly-Glu Gly 

Tyrille Arc Leu. His ProLeu PrO PrO. HiS Gln Leu. HiS Trp, LyS. GlulyS. Glu 
Th Tyr Gly Phe Thr Arg Ser Leu Arg Thr ASn Phe Ile Gly Ash Lys Art Arg 
CA. TATAGG CTT CCA, CGC CCTCTCCGC CCA CAACTT CTA CGG, TAA AAA GGAAGA 

1575 1584 1593 16O2 1611 162O 
AGT ATA TCC GAA GCT GCG GGA GAG GCG GGT CTT GAA GAT GCC ATTTTT CTT CT 

Ser, Ile Ser Glu Gly, Ala Gly Glu Ala Gly, Val Glu ASO Ala Ile Phe PrO Ser 
Wall T Pro LVS Wall ig (i. ig ag Wall Leu LVS Met Pro Phe Phe Leu Lell 

y Uly Tyr Ile Arg Arg CyS Gly Arg Gly CyS *** Arg CyS His Phe Ser Phe Ser 

FIG. 8f 
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Ala Thr Val Thr Ala PrOThr Ser Ser Gly-PrOAla-Ala-Ala Ser Ser Arg Ala 
Leu, Pro Leu, PrO. PrO Pro PrO.Pr0. Arg-Ala Leu PrO PrO Pr0, Pr0. PrOASOPr0 Irp Arg Tyr Arg HiS Arg PrO HiS Wall Leu Trp Pro Arg Arg Arg Leu Ile Glin 

GGT CGC CAT TGC CACCGC CCC CAC CTG CTC GGTCCC CGC CGCCGC CTC CTAGAC 
1629 1638 1647 1656 1665 1674 

CCA GCG GTA ACG GIG GCG GGG GTG GAC GAG CCA. GGG GCG GCG GCG GAG (GAT CTG 

PrO Ala Wall Thr Wall Ala Wall ASC Glu Pro Ala Ala Ala Glu ASO Leu 
Gln i. kkk Air T. Arg G . Tip Thr Ser Glin G i: hy AE i. Ile Tr Ser Gly ASn Gly Gly Gy. Gly G1y Arg Ala Arg Gly GIy Gly GIy Gly Ser Gly 
Leule Ala Ala Pr0 Ala Thr ASO Clu Glu-Glu-Thr Wal-Gly-Gly-Gln-Ile, Arg 

Trp Ser. PrO Gln PIO PIO Pr0. Thr LyS, LyS, LyS, PrOLeu-Ala GluLyS. Ser Val 
Gly. Leu His Ser Arg Pro Arg HiS Arg Arg Are Arg Tyr Arg Arg Art PrO lyr 
CGGTTC, TAC CGA CCCCC. CGC CACAGA AGA AGA AG CAT TGCGGA GGA ACCAT 1683 1692 1701 1710 1719 1728 
GCC AAG ATG GCT GCG GGG GCG GIG TCI TCT TCT TCG GTA ACG CCT CCT TGG ATA 

Ala s Met Ala Ala Gy Ala Wal Ser Ser Ser Ser Wall Thr Pro Pro Thr Ile 
Pro Arg TE Leu hy Gly Arg Cys Leu Leu Leu Ag ** Arg Leu Leu Gly I Glin Asp Gly CyS GIy Gly Giy Val Phe Phe Phe GIy ASn Ala Ser Leu Asp Thr 
***Ile, Gln-Phe-Arg-Phe-Phe-HiS Ala Thr-Leu-Ile 

ASpTyr-Arg-Phe-Val Phe-Ser-Thr Arg, Gln Leu Tyr 
ThrMet Asp Ser Phe Ser Leu Leu Ala Ser Tyr Thr ASn 
CCA GTA, TAG ACT TTT GCT TTC TTCACG CGA CAT, TCA TAA 5' 

1737 1746 1755 1764 
CGT CAT ATC TGA AAA CGA AAG AAG TGC GCT GTA AGT ATT 3 

Arg, His Ile * IS AO LVS | s Ala Wal Ser Ile 
Wall Ie Ser Glu ASn Gu Arc Ser Ala Leu * * Wall 
Ser Tyr Leu Lys Thr LyS Gu Val Arg CyS LyS Tyr 

FIG.8g 
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CIRCOVIRUS SEQUENCES ASSOCIATED 
WITH PGLETWEIGHT LOSS DISEASE 

(PWD) 

INFORMATION ON RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/588,237, filed Oct. 27, 2006, now 
U.S. Pat No. , which is a divisional of U.S. patent 
application Ser. No. 10/718,264, filed Nov. 21, 2003, now 
U.S. Pat. No. 7,179,472, which is a divisional of U.S. patent 
application Ser. No. 09/514,245, filed Feb. 28, 2000, now 
U.S. Pat. No. 6,703,023, which is a continuation-in-part of 
International Patent Application No. PCT/FR98/02634, filed 
Dec. 4, 1998, published in a non-English language, and now 
abandoned, which claims priority to French Application No. 
97/15396, filed Dec. 5, 1997, the specifications of which are 
incorporated herein by reference in their entireties for all 
purposes. 

BACKGROUND OF THE INVENTION 

0002 The invention relates to the genomic sequence and 
nucleotide sequences coding for polypeptides of PWD cir 
covirus, such as the structural and nonstructural polypeptides 
of said circovirus, as well as vectors including said sequences 
and cells or animals transformed by these vectors. The inven 
tion likewise relates to methods for detecting these nucleic 
acids or polypeptides and kits for diagnosing infection by the 
PWD circovirus. The invention is also directed to a method 
for selecting compounds capable of modulating the viral 
infection. The invention further comprises pharmaceutical 
compositions, including vaccines, for the prevention and/or 
the treatment of viral infections by PWD circovirus as well as 
the use of a vector according to the invention for the preven 
tion and/or the treatment of diseases by gene therapy. 
0003 Piglet weight loss disease (PWD), alternatively 
called fatal piglet wasting (FPW) has been widely described 
in North America (Harding, J. C., 1997), and authors have 
reported the existence of a relationship between this pathol 
ogy and the presence of porcine circovirus (Daft, B. et al., 
1996: Clark, E. G., 1997: Harding, J. C., 1997: Harding, J. C. 
and Clark, E. G., 1997: Nayar, G. P. et al., 1997). A porcine 
circovirus has already been demonstrated in established lines 
of cell cultures derived from pigs and chronically infected 
(Tischer, I., 1986, 1988, 1995: Dulac, G. C., 1989; Edwards, 
S., 1994; Allan, G. M., 1995 and McNeilly, F., 1996). This 
virus, during experimental infection of piglets, does not prove 
pathogenic for pigs (Tischer, I., 1986, Homer, G. W., 1991) 
and its nucleotide sequence has been determined and charac 
terized (Tischer, I., 1982: Meehan, B. M. et al., 1997: Man 
kertz., A., 1997). The porcine circovirus, called PCV virus, is 
part of the circovirus genus of the circoviridae family (Mur 
phy, F. A. et al., 1995) whose virion has a circular DNA of size 
between 1.7 and 2.3 kb, which DNA comprises three open 
reading frames (ORF1 to ORF3), coding for a replication 
protein REP involved in the initiation and termination phase 
of rolling circular replication (RCR) (Heyraud-Nitschke, F., 
et al., 1995; Harding, M. R. et al., 1993; Hanson, S. F. et al., 
1995: Fontes, E. P. B. et al., 1994), coding for a capsid protein 
(Boulton, L. H. et al., 1997: Hackland, A. F. et al., 1994; Chu, 
P. W. G. et al., 1993) and coding for a nonstructural protein 
called a dissemination protein (LaZarowitz., S. G. et al., 
1989). 
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0004. The inventors of the present invention have noticed 
that the clinical signs perceptible in pigs and linked to infec 
tion by the PWD circovirus are very distinctive. These mani 
festations in general appear in pigs of 8 to 12 weeks of age, 
weaned for 4 to 8 weeks. The first signs are hypotonia without 
it being possible to speak of prostration. Rapidly (48 hours), 
the flanks hollow, the line of the spine becomes apparent, and 
the pigs “blanch. These signs are in general accompanied by 
hyperthermia, anorexia and most often by respiratory signs 
(coughing, dyspnea, polypnea). Transitory diarrhea can like 
wise appear. The disease state phase lasts approximately one 
month at the end of which the rate of mortality varies from 5 
to 20%. To these mortalities, it is expedient to add a variable 
proportion (5-10%) of cadaveric animals which are no longer 
able to present an economic future. It is to be noted that 
outside of this critical stage of the end of post-weaning, no 
anomaly appears on the farms. In particular, the reproductive 
function is totally maintained. 
0005. On the epidemiological level, the first signs of this 
pathology appeared at the start of 1995 in the east of the Cotes 
d'Armor region in France, and the farms affected are espe 
cially confined to this area of the region. In December 1996, 
the number of farms concerned could not be evaluated with 
precision because of the absence of a specific laboratory 
diagnostic method or of an epidemiological Surveillance sys 
tem of the livestock. Based on the clinical facts as well as on 
results of postmortem examinations Supplied by Veterinar 
ians, it is possible to estimate this number as several dozen 
(80-100). The contagiousness of the disease is weak to mod 
erate. Cases are being reported outside the initial area and for 
the majority are following the transfer of animals coming 
from farms familiar with the problem. On the other hand, a 
characteristic of the condition is its strong remanence. Thus, 
farms which have been affected for a year are still affected in 
spite of the massive administration of therapeutics. Farms 
with clinical expression are drawn from various categories of 
specialization (breeders/fatteners, post-weaners/ fatteners) 
and different economic structures are concerned. In addition, 
the disorders appear even in farms where the rules of animal 
husbandry are respected. 
0006 Numerous postmortem examinations have been car 
ried out either on farms or in the laboratory. The elements of 
the lesional table are disparate. The most constant macro 
scopic lesions are pneumonia which sometimes appears in 
patchy form as well as hypertrophy of the lymphatic ganglia. 
The other lesions above all affect the thoracic viscera includ 
ing, especially, pericarditis and pleurisy. However, arthritis 
and gastric ulcers are also observed. The lesions revealed in 
the histological examination are essentially situated at the 
pulmonary level (interstitial pneumonia), ganglionic level 
(lymphoid depletion of the lymph nodes, giant cells) and 
renal level (glomerulonephritis, vasculitis). The infectious 
agents have been the subject of wide research. It has been 
possible to exclude the intervention of pestiviruses and 
Aujeszky's disease. The disorders appear in the Seropositive 
PDRS (Porcine Dysgenic and Respiratory Syndrome, an 
infection linked to an arteriovirus) herds, but it has not been 
possible to establish the role of the latter in the genesis of the 
disorders (the majority of the farms in Brittany are PDRS 
Seropositive). 
0007. The inventors of the present invention, with the aim 
of identifying the etiological agent responsible for PWD, 
have carried out “contact’ tests between piglets which are 
obviously “ill' and SPF pigs (specific pathogen-free) from 
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CNEVA (Centre National d'Etudes Vétérinaires et Alimen 
taires, France). These tests allow the development of signs 
comparable to those observed on the farm to be observed in 
protected animal houses. The discrete signs such as moderate 
hyperthermia, anorexia and intermittent diarrhea appeared 
after one week of contact. It must be noted that the PDRS 
virus only diffused Subsequent to the clinical signs. In addi 
tion, inoculations of organ homogenates of sick animals to 
healthy pigs allowed signs related to those observed on the 
farms to be reproduced, although with a lower incidence, 
linked to the favorable conditions of upkeep of the animals in 
the experimental installations. 
0008 Thus, the inventors of the present invention have 
been able to demonstrate that the pathological signs appear as 
a well-defined entity affecting the pig at a particular stage of 
its growth. 
0009. This pathology has never been described in France. 
However, sparse information, especially Canadian, relates to 
similar facts. 
0010. The disorders cannot be mastered with the existing 
therapeutics. 
0011. The data collected both on the farm and by experi 
mentation have allowed the following points to be high 
lighted: 

0012 PWD is transmissible but its contagiousness is 
not very high, 

0013 its etiological origin is of infectious and probably 
viral nature, 

0014 PWD has a persistent character in the affected 
farms. 

0015 Considerable economic consequences ensue for the 
farms. 
0016. Thus, there is currently a significant need for a spe 

cific and sensitive diagnostic, whose production is practical 
and rapid, allowing the early detection of the infection. 
0017. A reliable, sensitive and practical test which allows 
the distinction between strains of porcine circovirus (PCV) is 
thus strongly desirable. 
0.018. On the other hand, a need for efficient and well 
tolerated treatment of infections with PWD circovirus like 
wise remains desirable, no vaccine currently being available 
against PWD circovirus. 
0019 Concerning PWD circovirus, it will probably be 
necessary to understand the role of the immune defense in the 
physiology and the pathology of the disease to develop satis 
factory vaccines. 
0020 Fuller information concerning the biology of these 
strains, their interactions with their hosts, the associated 
infectivity phenomena and those of escape from the immune 
defenses of the host especially, and finally their implication in 
the development of associated pathologies, will allow a better 
understanding of these mechanisms. Taking into account the 
facts which have been mentioned above and which show in 
particular the limitations of combating infection by the PWD 
circovirus, it is thus essential today on the one hand to develop 
molecular tools, especially starting from a better genetic 
knowledge of the PWD circovirus, and likewise to perfect 
novel preventive and therapeutic treatments, novel methods 
of diagnosis and specific, efficacious and tolerated novel vac 
cine strategies. This is precisely the Subject of the present 
invention. 

SUMMARY OF THE INVENTION 

0021. The present invention relates to vaccines compris 
ing a nucleotide sequence of the genome of Porcine circovirus 
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type B, or a homologue or fragment thereof, and an accept 
able pharmaceutical or veterinary vehicle. In one embodi 
ment of the invention, the nucleotide sequence is selected 
from SEQID No. 15, SEQID No. 19 SEQID No. 23, or SEQ 
ID No. 25, or a homologue or fragment thereof. In another 
embodiment of the invention, the homologue has at least 80% 
sequence identity to SEQID No. 15, SEQID No. 19, SEQID 
No. 23 or SEQ ID No. 25. In yet another embodiment, the 
vaccines further comprising an adjuvant 
0022. The present invention also relates to vaccines com 
prising a polypeptide encoded by a nucleotide sequence of the 
genome of PCVB, or a homologue or fragment thereof, and 
an acceptable pharmaceutical or veterinary vehicle. In one 
embodiment, the homologue has at least 80% sequence iden 
tity to SEQID No. 15, SEQID No. 19, SEQID No. 23 or SEQ 
ID No. 25. In another embodiment of the invention, the nucle 
otide sequence is selected from SEQID No. 23 or SEQID No. 
25, or a homologue or fragment thereof. In still another 
embodiment, the polypeptide has the amino acid sequence of 
SEQ ID No. 24 or SEQ ID No. 26. In yet another embodi 
ment, the homologue has at least 80% sequence identity to 
SEQ ID No. 24 or SEQID No. 26. In another embodiment, 
the polypeptide has the amino acid sequence of SEQID No. 
29, SEQID No. 30, SEQID No. 31, or SEQID No. 32. 
0023. A further aspect of the invention relates to vaccines 
comprising a vector and an acceptable pharmaceutical or 
Veterinary vehicle, the vector comprising a nucleotide 
sequence of the genome of Porcine circovirus type B, or a 
homologue or fragment thereof. In one embodiment, the vac 
cine further comprises a gene coding for an expression prod 
uct capable of inhibiting or retarding the establishment or 
development of a genetic or acquired disease. 
0024. The present invention also relates to vaccines com 
prising a cell and an acceptable pharmaceutical or veterinary 
vehicle, wherein the cell is transformed with a nucleotide 
sequence of the genome of Porcine circovirus type B, or a 
homologue or fragment thereof. 
0025 Still further, the present invention relates to vaccines 
comprising a pharmaceutically acceptable vehicle and a 
single polypeptide, wherein the single polypeptide consists of 
SEQID No. 26. 
0026. Additionally, the present invention relates to meth 
ods of immunizing a mammal against piglet weight loss dis 
ease comprising administering to a mammal an effective 
amount of the vaccines described above. 
0027. These and other aspects of the invention will 
become apparent to the skilled artisan in view of the teachings 
contained herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1: Experimental scheme which has made it 
possible to bring about the isolation and the identification of 
the circovirus associated with PWD of type A and B. 
(0029 Test 1: experimental reproduction of the PWD by 
inoculation of pig organ homogenates from farms affected by 
PWD. 
0030 Test 2: experimental reproduction of PWD. 
0031 Test 3: experimental reproduction of PWD. 
0032 Test 4: no experimental reproduction of PWD. 
0033 FIG. 2: Organization of the genome of the circovirus 
associated with PWD of type A (PCVA) 
0034) strand of (+) polarity (SEQID No. 1); 
0035 strand of (-) polarity (SEQ ID No. 5, represented 
according to the orientation 3'->5'); 
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0036 sequences of amino acids of proteins encoded by the 
two DNA strands in the three possible reading frames SEQID 
NOS: 2-4 and 6-8 respectively. 
0037 FIG.3: Alignment of the nucleotide sequence SEQ 
ID No. 1 of the PWD circovirus of type A (PCVA) and of the 
MEEHAN SEQID No. 163 strain and MANKERTZ SEQID 
No. 164 strain circoviruses of the porcine cell lines. 
0038 FIG. 4: Alignment of the sequence of amino acids 
SEQ ID No. 10 of a polypeptide encoded by the nucleotide 
sequence SEQ ID No. 9 (ORF1) of the PWD circovirus of 
type A (PCVA) and of corresponding nucleotide sequences of 
the MEEHAN SEQID No. 165 strain and MANKERTZSEQ 
ID No. 166 strain circoviruses of the porcine cell lines. 
0039 FIG. 5: Alignment of the sequence of amino acids 
SEQ ID No. 12 of a polypeptide encoded by the nucleotide 
sequence SEQID No. 11 (ORF2) of the PWD circovirus of 
type A (PCVA) and of corresponding nucleotide sequences of 
the MEEHAN SEQID No. 167 strain and MANKERTZSEQ 
ID No. 168 strain circoviruses of the porcine cell lines. 
0040 FIG. 6: Alignment of the sequence of amino acids 
SEQ ID No. 14 of a polypeptide encoded by the nucleotide 
sequence SEQID No. 13 (ORF3) of the PWD circovirus of 
type A (PCVA) and of corresponding nucleotide sequences of 
the MEEHAN SEQID No. 169 strain and MANKERTZSEQ 
ID No. 170 strain circoviruses of the porcine cell lines. 
0041 FIG. 7: Western blot analysis of recombinant pro 
teins of the PWD circovirus of type A (PCVA). 
0042. The analyses were carried out on cell extracts of Sf9 
cells obtained after infection with recombinant baculovirus 
PCF ORF 1. 
0043 FIG. 8: Organization of the genome of the circovirus 
associated with the PWD of type B (PCVB) 
0044) strand of (+) polarity (SEQID No. 15); 
0045 strand of (-) polarity (SEQID No. 19, represented 
according to the orientation 3'->5'); 
0046 sequence of amino acids of proteins encoded by the 
two DNA strands in the three possible reading frames SEQID 
NOS: 16-18 and 20-22 respectively. 
0047 FIG.9: Evolution of the daily mean gain (DMG) of 
pig farms affected by piglet weight loss disease (PWD), 
placed under experimental conditions. 
0048 FIG. 10: DMG compared for the 3 batches of pigs 
(F1, F3 and F4) calculated over a period of 28 days, after 
vaccination test. 
0049 FIG. 11: Hyperthermia greater than 41° C., 
expressed as a percentage compared for the 3 batches of pigs 
(F1, F3 and F4) calculated per week over a period of 28 days, 
after vaccination test. 
0050 FIG.12: Membranes of peptide spots corresponding 

to the ORF2s revealed with the aid of an infected pig serum, 
originating from a conventional farm. 
0051. The numbers of specific peptides of the circovirus of 
type B as well as their nonreactive homologs (type A) are 
indicated in bold. 
0052. The nonspecific immunogenic peptides are indi 
cated in italics. 
0053 FIG. 13: Alignment of amino acid sequences of 
proteins encoded by the ORF2 of the PWD circovirus of type 
A SEQID No. 12 and by the ORF2 of the PWD circovirus of 
type BSEQID No. 26. The position of 4 peptides correspond 
ing to specific epitopes of the PWD circovirus of type B is 
indicated on the corresponding sequence by a bold line, their 
homolog on the sequence of the PWD circovirus of type A is 
likewise indicated by an ordinary line. 
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0054 FIG. 14: Charts the results of experiments that dem 
onstrate, in terms of percent hyperthermia, that vaccination 
with ORF1 and ORF2 of PCV-B enhances the level of pro 
tection in Swine challenged with PCV-B (Percent hyperther 
mia: >40.5 C, control: not vaccinated and not challenged, 
ORF1: vaccinated and challenged, ORF2: vaccinated and 
challenged, ORF: not vaccinated, challenged). 
0055 FIG. 15: Charts the results of experiments that dem 
onstrate, in terms of animal growth, that vaccination with 
ORF1 and ORF2 of PCV-B enhances the level of protection 
in Swine challenged with PCV-B (Control: not vaccinated, not 
challenged, ORF1: vaccinated and challenged, ORF2: vac 
cinated and challenged, ORF: not vaccinated, challenged). 
0056 FIG. 16: Immunoperoxidase staining of PK15 cells 
at 24 h post-transfection with the pcDNA3/ORF2 plasmid. 
Expression of PCVBORF2 was confirmed by IPMA follow 
ing incubation in the presence of the Swine anti-PCVB mono 
specific serum. 

DETAILED DESCRIPTION OF THE INVENTION 

0057 The present invention relates to nucleotide 
sequences of the genome of PWD circovirus selected from 
the sequences SEQID No. 1, SEQID No. 5, SEQID No. 15, 
SEQID No. 19 or one of their fragments. 
0058. The nucleotide sequences of sequences SEQID No. 
1 and SEQID No. 5 correspond respectively to the genome 
sequence of the Strand of (+) polarity and of the strand of (-) 
polarity of the PWD circovirus of type A (or PCVA), the 
sequence SEQID No. 5 being represented according to the 
orientation 5'-->3'. 
0059. The nucleotide sequences of sequences SEQID No. 
15 and SEQID No. 19 correspond respectively to the genome 
sequence of the Strand of (+) polarity and of the strand of (-) 
polarity of the PWD circovirus of type B (or PCVB), the 
sequence SEQID No. 19 being represented according to the 
orientation 5'-->3'. 
0060. The present invention likewise relates to nucleotide 
sequences, characterized in that they are selected from: 

0061 a) a nucleotide sequence of a specific fragment of 
the sequence SEQID No. 1, SEQID No. 5, SEQID No. 
15, SEQID No. 19 or one of their fragments: 

0062 b) a nucleotide sequence homologous to a nucle 
otide sequence such as defined in a); 

0.063 c) a nucleotide sequence complementary to a 
nucleotide sequence Such as defined in a) or b), and a 
nucleotide sequence of their corresponding RNA; 

0.064 d) a nucleotide sequence capable of hybridizing 
under Stringent conditions with a sequence Such as 
defined ina), b) or c): 

0065 e) a nucleotide sequence comprising a sequence 
Such as defined in a), b), c) or d); and 

0.066 f) a nucleotide sequence modified by a nucleotide 
sequence such as defined in a), b), c), d) or e). 

0067. Nucleotide, polynucleotide or nucleic acid 
sequence will be understood according to the present inven 
tion as meaning both a double-stranded or single-stranded 
DNA in the monomeric and dimeric (so-called in tandem) 
forms and the transcription products of said DNAs. 
0068. It must be understood that the present invention does 
not relate to the genomic nucleotide sequences taken in their 
natural environment, that is to say in the natural state. It 
concerns sequences which it has been possible to isolate, 
purify or partially purify, starting from separation methods 
Such as, for example, ion-exchange chromatography, by 
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exclusion based on molecular size, or by affinity, or alterna 
tively fractionation techniques based on solubility in different 
Solvents, or starting from methods of genetic engineering 
Such as amplification, cloning and Subcloning, it being pos 
sible for the sequences of the invention to be carried by 
VectOrS. 

0069. The nucleotide sequences SEQ ID No. 1 and SEQ 
ID No. 15 were obtained by sequencing of the genome by the 
Sanger method. 
0070 Nucleotide sequence fragment according to the 
invention will be understood as designating any nucleotide 
fragment of the PWD circovirus, type A or B, of length of at 
least 8 nucleotides, preferably at least 12 nucleotides, and 
even more preferentially at least 20 consecutive nucleotides 
of the sequence from which it originates. 
0071 Specific fragment of a nucleotide sequence accord 
ing to the invention will be understood as designating any 
nucleotide fragment of the PWD circovirus, type A or B. 
having, after alignment and comparison with the correspond 
ing fragments of known porcine circoviruses, at least one 
nucleotide or base of different nature. For example, the spe 
cific nucleotide fragments of the PWD circovirus of type A 
can easily be determined by referring to FIG.3 of the present 
invention in which the nucleotides or bases of the sequence 
SEQID No. 1 (circopordfp) are shown which are of different 
nature, after alignment of said sequence SEQID No. 1 with 
the other two sequences of known porcine circovirus (circo 
pormeeh and circopormank). 
0072 Homologous nucleotide sequence in the sense of the 
present invention is understood as meaning a nucleotide 
sequence having at least a percentage identity with the bases 
of a nucleotide sequence according to the invention of at least 
80%, preferably 90% or 95%, this percentage being purely 
statistical and it being possible to distribute the differences 
between the two nucleotide sequences at random and over the 
whole of their length. 
0073 Specific homologous nucleotide sequence in the 
sense of the present invention is understood as meaning a 
homologous nucleotide sequence having at least one nucle 
otide sequence of a specific fragment, Such as defined above. 
Said “specific' homologous sequences can comprise, for 
example, the sequences corresponding to the genomic 
sequence or to the sequences of its fragments representative 
of variants of PWD circovirus of type A or B. These specific 
homologous sequences can thus correspond to variations 
linked to mutations within strains of PWD circovirus of type 
A and B, and especially correspond to truncations, Substitu 
tions, deletions and/or additions of at least one nucleotide. 
Said homologous sequences can likewise correspond to 
variations linked to the degeneracy of the genetic code. 
0074 The term “degree or percentage of sequence homol 
ogy” refers to “degree or percentage of sequence identity 
between two sequences after optimal alignment” as defined in 
the present application. 
0075. Two amino-acids or nucleotidic sequences are said 

to be “identical” if the sequence of amino-acids or nucleotidic 
residues, in the two sequences is the same when aligned for 
maximum correspondence as described below. Sequence 
comparisons between two (or more) peptides or polynucle 
otides are typically performed by comparing sequences of 
two optimally aligned sequences over a segment or "compari 
son window' to identify and compare local regions of 
sequence similarity. Optimal alignment of sequences for 
comparison may be conducted by the local homology algo 
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rithm of Smith and Waterman, Ad App. Math 2: 482 (1981), 
by the homology alignment algorithm of Neddleman and 
Wunsch, J. Mol. Biol. 48: 443 (1970), by the search for 
similarity method of Pearson and Lipman, Proc. Natl. Acad. 
Sci. (U.S.A.) 85: 2444 (1988), by computerized implementa 
tion of these algorithms (GAP, BESTFIT. FASTA, and 
TFASTA in the Wisconsin Genetics Software Package, 
Genetics Computer Group (GCG), 575 Science Dr. Madison, 
Wis.), or by visual inspection. 
0076 “Percentage of sequence identity” (or degree or 
identity) is determined by comparing two optimally aligned 
sequences over a comparison window, where the portion of 
the peptide or polynucleotide sequence in the comparison 
window may comprise additions or deletions (i.e., gaps) as 
compared to the reference sequence (which does not com 
prise additions or deletions) for optimal alignment of the two 
sequences. The percentage is calculated by determining the 
number of positions at which the identical amino-acid residue 
or nucleic acid base occurs in both sequences to yield the 
number of matched positions, dividing the number of 
matched positions by the total number of positions in the 
window of comparison and multiplying the result by 100 to 
yield the percentage of sequence identity. 
0077. The definition of sequence identity given above is 
the definition that would use one of skill in the art. The 
definition by itself does not need the help of any algorithm, 
said algorithms being helpful only to achieve the optimal 
alignments of sequences, rather than the calculation of 
sequence identity. 
0078 From the definition given above, it follows that there 

is a well defined and only one value for the sequence identity 
between two compared sequences which value corresponds 
to the value obtained for the best or optimal alignment. 
0079. In the BLASTN or BLASTP “BLAST 2 sequence”, 
software which is available in the web site http://www.ncbi. 
nlm.nih.gov/gorf7b12.html, and habitually used by the inven 
tors and in general by the skilled man for comparing and 
determining the identity between two sequences, gap cost 
which depends on the sequence length to be compared is 
directly selected by the software (i.e. 11.2 for substitution 
matrix BLOSUM-62 for length>85). 
0080. In the present description, PWD circovirus will be 
understood as designating the circoviruses associated with 
piglet weight loss disease (PWD) of type A (PCVA) or type B 
(PCVB), defined below by their genomic sequence, as well as 
the circoviruses whose nucleic sequences are homologous to 
the sequences of PWD circoviruses of type A or B, such as in 
particular the circoviruses corresponding to variants of the 
type A or of the type B. 
I0081 Complementary nucleotide sequence of a sequence 
of the invention is understood as meaning any DNA whose 
nucleotides are complementary to those of the sequence of 
the invention, and whose orientation is reversed (antiparallel 
sequence). 
I0082 Hybridization under conditions of stringency with a 
nucleotide sequence according to the invention is understood 
as meaning a hybridization under conditions of temperature 
and ionic strength chosen in Such a way that they allow the 
maintenance of the hybridization between two fragments of 
complementary DNA. 
I0083. By way of illustration, conditions of great strin 
gency of the hybridization step with the aim of defining the 
nucleotide fragments described above are advantageously the 
following. 
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0084. The hybridization is carried out at a preferential 
temperature of 65° C. in the presence of SSC buffer, 1xSSC 
corresponding to 0.15 M NaCl and 0.05 M. Na citrate. The 
washing steps, for example, can be the following: 

I0085 2xSSC, at ambient temperature followed by two 
washes with 2XSSC, 0.5% SDS at 65° C.; 2x0.5xSSC, 
0.5% SDS; at 65° C. for 10 minutes each. 

I0086. The conditions of intermediate stringency, using, 
for example, a temperature of 42° C. in the presence of a 
2xSSC buffer, or of less stringency, for example a tempera 
ture of 37° C. in the presence of a 2xSSC buffer, respectively 
require a globally less significant complementarity for the 
hybridization between the two sequences. 
0087. The stringent hybridization conditions described 
above for a polynucleotide with a size of approximately 350 
bases will be adapted by the person skilled in the art for 
oligonucleotides of greater or Smaller size, according to the 
teaching of Sambrook et al., 1989. 
0088 Among the nucleotide sequences according to the 
invention, those are likewise preferred which can be used as a 
primer or probe in methods allowing the homologous 
sequences according to the invention to be obtained, these 
methods, such as the polymerase chain reaction (PCR). 
nucleic acid cloning and sequencing, being well known to the 
person skilled in the art. 
0089 Among said nucleotide sequences according to the 
invention, those are again preferred which can be used as a 
primer or probe in methods allowing the presence of PWD 
circovirus or one of its variants such as defined below to be 
diagnosed. 
0090 The nucleotide sequences according to the inven 
tion capable of modulating, of inhibiting or of inducing the 
expression of PWD circovirus gene, and/or capable of modu 
lating the replication cycle of PWD circovirus in the host cell 
and/or organism are likewise preferred. Replication cycle will 
be understood as designating the invasion and the multiplica 
tion of PWD circovirus, and its propagation from host cell to 
host cell in the host organism. 
0.091 Among said nucleotide sequences according to the 
invention, those corresponding to open reading frames, called 
ORF sequences, and coding for polypeptides, such as, for 
example, the sequences SEQID No. 9 (ORF1), SEQID No. 
11 (ORF2) and SEQ ID No. 13 (ORF3) respectively corre 
sponding to the nucleotide sequences between the positions 
47 and 985 determined with respect to the position of the 
nucleotides on the sequence SEQID No. 1, the positions 1723 
and 1022 and the positions 658 and 38 with respect to the 
position of the nucleotides on the sequence SEQ ID No. 5 
(represented according to the orientation 3'->5'), the ends 
being included, or alternatively the sequences SEQID No. 23 
(ORF1), SEQ ID No. 25 (ORF2) and SEQ ID No. 27 
(ORF3), respectively corresponding to the sequences 
between the positions 51 and 995 determined with respect to 
the position of the nucleotides on the sequence SEQID No. 
15, the positions 1734 and 1033 and the positions 670 and 
357, the positions being determined with respect to the posi 
tion of the nucleotides on the sequence SEQID No. 19 (rep 
resented according to the orientation 3'->5"), the ends being 
included, are finally preferred. 
0092. The nucleotide sequence fragments according to the 
invention can be obtained, for example, by specific amplifi 
cation, Such as PCR, or after digestion with appropriate 
restriction enzymes of nucleotide sequences according to the 
invention, these methods in particular being described in the 
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work of Sambrook et al., 1989. Said representative fragments 
can likewise be obtained by chemical synthesis when their 
size is not very large and according to methods well known to 
persons skilled in the art. 
0093 Modified nucleotide sequence will be understood as 
meaning any nucleotide sequence obtained by mutagenesis 
according to techniques well known to the person skilled in 
the art, and containing modifications with respect to the nor 
mal sequences according to the invention, for example muta 
tions in the regulatory and/or promoter sequences of polypep 
tide expression, especially leading to a modification of the 
rate of expression of said polypeptide or to a modulation of 
the replicative cycle. 
0094) Modified nucleotide sequence will likewise be 
understood as meaning any nucleotide sequence coding for a 
modified polypeptide such as defined below. 
0.095 The present invention relates to nucleotide 
sequences of PWD circovirus according to the invention, 
characterized in that they are selected from the sequences 
SEQID No. 9, SEQID No. 11, SEQID No. 13, SEQID No. 
23, SEQID No. 25, SEQID No. 27 or one of their fragments. 
0096. The invention likewise relates to nucleotide 
sequences characterized in that they comprise a nucleotide 
sequence selected from: 

0097 a) a nucleotide sequence SEQID No. 9, SEQID 
No. 11, SEQID No. 13, SEQID No. 23, SEQID No. 25, 
SEQID No. 27 or one of their fragments: 

0.098 b) a nucleotide sequence of a specific fragment of 
a sequence such as defined in a); 

0099 c) a homologous nucleotide sequence having at 
least 80% identity with a sequence such as defined ina) 
or b); 

0.100 d) a complementary nucleotide sequence or 
sequence of RNA corresponding to a sequence such as 
defined in a), b) or c); and 

0101 e) a nucleotide sequence modified by a sequence 
Such as defined in a), b), c) or d). 

0102. As far as homology with the nucleotide sequences 
SEQID No. 9, SEQID No. 11, SEQID No. 13, SEQID No. 
23, SEQID No. 25, SEQID No. 27 or one of their fragments 
is concerned, the homologous, especially specific, sequences 
having a percentage identity with one of the sequences SEQ 
ID No. 9, SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 23, 
SEQ ID No. 25, SEQID No. 27 or one of their fragments of 
at least 80%, preferably 90% or 95%, are preferred. Said 
specific homologous sequences can comprise, for example, 
the sequences corresponding to the sequences ORF1, ORF2, 
ORF3, ORF1, ORF2 and ORF3 of PWD circovirus variants 
of type A or of type B. In the same manner, these specific 
homologous sequences can correspond to variations linked to 
mutations within strains of PWD circovirus of type A or of 
type B and especially correspond to truncations, Substitu 
tions, deletions and/or additions of at least one nucleotide. 
0.103 Among nucleotide sequences according to the 
invention, the sequence SEQID No. 23 which has a homol 
ogy having more than 80% identity with the sequence SEQID 
No. 9, as well as the sequence SEQID No. 25, are especially 
preferred. 
0104 Preferably, the invention relates to the nucleotide 
sequences according to the invention, characterized in that 
they comprise a nucleotide sequence selected from the fol 
lowing sequences: 



US 2010/0189735 A1 

a) SEQ ID No. 33 170 5' TGTGGCGA 3'; 

b) SEQ ID No. 34 450 5' AGTTTCCT 3"; 

c) SEQ ID No. 35 026 5' TCATTTAGAGGGTCTTTCAG 3 '; 

d) SEQ ID No. 36 O74 5' GTCAACCT 3"; 

e) SEQ ID No. 37 101 5' GTGGTTGC 3'; 

f) SEQ ID No. 38 123 5' AGCCCAGG 3 '; 

g) SEQ ID No. 39 19 2 5' TTGGCTGG 3 '; 

h) SEQ ID No. 40 218 5' TCTAGCTCTGGT 3"; 

i) SEQ ID No. 41 5O1 5' ATCTCAGCTCGT 3"; 

j) SEQ ID No. 42 536 5' TGTCCTCCTCTT 3'; 

k) SEQ ID No. 43 563 5' TCTCTAGA 3"; 

l) SEQ ID No. 44 623 5' TGTACCAA 3 '; 

m) SEQ ID No. 45 686 5' TCCGTCTT 3"; 

and their complementary sequences. 
0105. In the list of nucleotide sequences a)-m) above, the 
underlined nucleotides are mutated with respect to the two 
known sequences of circovirus which are nonpathogenic to 
pigs. The number preceding the nucleotide sequence repre 
sents the position of the first nucleotide of said sequence in the 
sequence SEQID No. 1. 
0106 The invention comprises the polypeptides encoded 
by a nucleotide sequence according to the invention, prefer 
ably a polypeptide whose sequence is represented by a frag 
ment, especially a specific fragment, of one of the six 
sequences of amino acids represented in FIG. 2, these six 
amino acid sequences corresponding to the polypeptides 
which can be encoded according to one of the three possible 
reading frames of the sequence SEQ ID No. 1 or of the 
sequence SEQID No. 5, or a polypeptide whose sequence is 
represented by a fragment, especially a specific fragment, of 
one of the six sequences of amino acids shown in FIG. 8, these 
six sequences of amino acids corresponding to the polypep 
tides which can be encoded according to one of the three 
possible reading frames of the sequence SEQID No. 15 or of 
the sequence SEQID No. 19. 
0107 The invention likewise relates to the polypeptides, 
characterized in that they comprise a polypeptide selected 
from the amino acid sequences SEQID No. 10, SEQID No. 
12, SEQID No. 14, SEQID No. 24, SEQID No. 26, SEQID 
No. 28 or one of their fragments. 
0108. Among the polypeptides according to the invention, 
the polypeptide of amino acid sequence SEQID No. 24 which 
has a homology having more than 80% identity with the 
sequence SEQ ID No. 10, as well as the polypeptide of 
sequence SEQID No. 26, are especially preferred. 
0109 The invention also relates to the polypeptides, char 
acterized in that they comprise a polypeptide selected from: 

0110 a) a specific fragment of at least 5 amino acids of 
a polypeptide of an amino acid sequence according to 
the invention; 

0111 b) a polypeptide homologous to a polypeptide 
Such as defined in a); 

0112 c) a specific biologically active fragment of a 
polypeptide Such as defined in a) or b); and 
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0113 d) a polypeptide modified by a polypeptide such 
as defined ina), b) or c). 

0114. Among the polypeptides according to the invention, 
the polypeptides of amino acid sequences SEQ ID No. 29, 
SEQID No. 30, SEQID No. 31 and SEQID No. 32 are also 
preferred, these polypeptides being especially capable of spe 
cifically recognizing the antibodies produced during infec 
tion by the PWD circovirus of type B. These polypeptides 
thus have epitopes specific for the PWD circovirus of type B 
and can thus be used in particular in the diagnostic field or as 
immunogenic agent to confer protection in pigs against infec 
tion by PWD circovirus, especially of type B. 
0.115. In the present description, the terms polypeptide, 
peptide and protein are interchangeable. 
0116. It must be understood that the invention does not 
relate to the polypeptides in natural form, that is to say that 
they are not taken in their natural environment but that they 
can be isolated or obtained by purification from natural 
Sources, or else obtained by genetic recombination, or alter 
natively by chemical synthesis and that they can thus contain 
unnatural amino acids, as will be described below. 
0117 Polypeptide fragment according to the invention is 
understood as designating a polypeptide containing at least 5 
consecutive amino acids, preferably 10 consecutive amino 
acids or 15 consecutive amino acids. 
0118. In the present invention, specific polypeptide frag 
ment is understood as designating the consecutive polypep 
tide fragment encoded by a specific fragment nucleotide 
sequence according to the invention. 
0119 Homologous polypeptide will be understood as des 
ignating the polypeptides having, with respect to the natural 
polypeptide, certain modifications such as, in particular, a 
deletion, addition or Substitution of at least one amino acid, a 
truncation, a prolongation, a chimeric fusion, and/or a muta 
tion. Among the homologous polypeptides, those are pre 
ferred whose amino acid sequence has at least 80%, prefer 
ably 90%, homology with the sequences of amino acids of 
polypeptides according to the invention. 
I0120 Specific homologous polypeptide will be under 
stood as designating the homologous polypeptides such as 
defined above and having a specific fragment of polypeptide 
according to the invention. 
0.121. In the case of a substitution, one or more consecutive 
or nonconsecutive amino acids are replaced by “equivalent 
amino acids. The expression “equivalent” amino acid is 
directed here at designating any amino acid capable of being 
substituted by one of the amino acids of the base structure 
without, however, essentially modifying the biological activi 
ties of the corresponding peptides and such that they will be 
defined by the following. 
0.122 These equivalent amino acids can be determined 
either by depending on their structural homology with the 
amino acids which they substitute, or on results of compara 
tive tests of biological activity between the different polypep 
tides, which are capable of being carried out. 
I0123. By way of example, the possibilities of substitutions 
capable of being carried out without resulting in an extensive 
modification of the biological activity of the corresponding 
modified polypeptides will be mentioned, the replacement, 
for example, of leucine by valine or isoleucine, of aspartic 
acid by glutamic acid, of glutamine by asparagine, of arginine 
by lysine etc., the reverse Substitutions naturally being envis 
ageable under the same conditions. 
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0.124. The specific homologous polypeptides likewise cor 
respond to polypeptides encoded by the specific homologous 
nucleotide sequences such as defined above and thus com 
prise in the present definition the polypeptides which are 
mutated or correspond to variants which can exist in PWD 
circovirus, and which especially correspond to truncations, 
Substitutions, deletions and/or additions of at least one amino 
acid residue. 
0.125 Specific biologically active fragment of a polypep 
tide according to the invention will be understood in particu 
lar as designating a specific polypeptide fragment, Such as 
defined above, having at least one of the characteristics of 
polypeptides according to the invention, especially in that it 
1S 

0.126 capable of inducing an immunogenic reaction 
directed against a PWD circovirus; and/or 

I0127 capable of being recognized by a specific anti 
body of a polypeptide according to the invention; and/or 

I0128 capable of linking to a polypeptide or to a nucle 
otide sequence of PWD circovirus; and/or 

I0129 capable of exerting a physiological activity, even 
partial. Such as, for example, a dissemination or struc 
tural (capsid) activity; and/or 

0.130 capable of modulating, of inducing or of inhibit 
ing the expression of PWD circovirus gene or one of its 
variants, and/or capable of modulating the replication 
cycle of PWD circovirus in the cell and/or the host 
organism. 

0131 The polypeptide fragments according to the inven 
tion can correspond to isolated or purified fragments naturally 
present in a PWD circovirus or correspond to fragments 
which can be obtained by cleavage of said polypeptide by a 
proteolytic enzyme, such as trypsin or chymotrypsin or col 
lagenase, or by a chemical reagent, such as cyanogen bromide 
(CNBr) or alternatively by placing said polypeptide in a very 
acidic environment, for example at pH 2.5. Such polypeptide 
fragments can likewise just as easily be prepared by chemical 
synthesis, from hosts transformed by an expression vector 
according to the invention containing a nucleic acid allowing 
the expression of said fragments, placed under the control of 
appropriate regulation and/or expression elements. 
0132) “Modified polypeptide' of a polypeptide according 
to the invention is understood as designating a polypeptide 
obtained by genetic recombination or by chemical synthesis 
as will be described below, having at least one modification 
with respect to the normal sequence. These modifications will 
especially be able to bear on amino acids at the origin of a 
specificity, of pathogenicity and/or of virulence, or at the 
origin of the structural conformation, and of the capacity of 
membrane insertion of the polypeptide according to the 
invention. It will thus be possible to create polypeptides of 
equivalent, increased or decreased activity, and of equivalent, 
narrower, or wider specificity. Among the modified polypep 

a) SEQ ID 
SEO ID No. 

b) SEQ ID 
SEO ID No. 

c) SEQ ID 
SEO ID No. 

d) SEQ ID 
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tides, it is necessary to mention the polypeptides in which up 
to 5 amino acids can be modified, truncated at the N- or 
C-terminal end, or even deleted or added. 
0.133 As is indicated, the modifications of the polypeptide 
will especially have as objective: 

0.134 to render it capable of modulating, of inhibiting or 
of inducing the expression of PWD circovirus gene and/ 
or capable of modulating the replication cycle of PWD 
circovirus in the cell and/or the host organism, 

0.135 of allowing its incorporation into vaccine compo 
sitions, 

0.136 of modifying its bioavailability as a compound 
for therapeutic use. 

0.137 The methods allowing said modulations on eukary 
otic or prokaryotic cells to be demonstrated are well known to 
the person skilled in the art. It is likewise well understood that 
it will be possible to use the nucleotide sequences coding for 
said modified polypeptides for said modulations, for example 
through vectors according to the invention and described 
below, in order, for example, to prevent or to treat the patholo 
gies linked to the infection. 
0.138. The preceding modified polypeptides can be 
obtained by using combinatorial chemistry, in which it is 
possible to systematically vary parts of the polypeptide before 
testing them on models, cell cultures or microorganisms for 
example, to select the compounds which are most active or 
have the properties sought. 
0.139 Chemical synthesis likewise has the advantage of 
being able to use: 

0140 unnatural amino acids, or 
0.141 nonpeptide bonds. 

0142. Thus, in order to improve the duration of life of the 
polypeptides according to the invention, it may be of interest 
to use unnatural amino acids, for example in D form, or else 
amino acid analogs, especially Sulfur-containing forms, for 
example. 
0.143 Finally, it will be possible to integrate the structure 
of the polypeptides according to the invention, its specific or 
modified homologous forms, into chemical structures of 
polypeptide type or others. Thus, it may be of interest to 
provide at the N- and C-terminal ends compounds not recog 
nized by the proteases. 
0144. The nucleotide sequences coding for a polypeptide 
according to the invention are likewise part of the invention. 
(0145 The invention likewise relates to nucleotide 
sequences utilizable as a primer or probe, characterized in 
that said sequences are selected from the nucleotide 
sequences according to the invention. 
0146 Among the pairs of nucleotide sequences utilizable 
as a pair of primers according to the invention, the pairs of 
primers selected from the following pairs are preferred: 

No. 4 6 5 ' GTG TGC TCG ACA TTG GTG TG 3 ' , and 
47 5' TGG AAT GTT AAC GAG CTG AG 3 '; 

No. 4 6 5 ' GTG TGC TCG ACA TTG GTG TG 3 ' , and 
48 5' CTC GCA GCC ATC TTG GAA TG 3' ; 

No. 49 5' CGC GCG TAA TAC GAC TCA CT 3", and 

No. 49 5' CGC GCG TAA TAC GAC TCA CT 3", and 
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- Continued 
SEO ID No. 48 5' CTC GCA GCC ATC TTG GAA TG 3 '; and 
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e) SEO ID No. 5O 5' CCT GTC TAC TGC TGT GAG TAC CTT GT 3' and 
SEO ID No. 51 s' GCA GTA GAC AGG TCA CTC CGT TGT CC 3' . 

0147 The cloning and the sequencing of the PWD circovi 
rus, type A and B, has allowed it to be identified, after com 
parative analysis with the nucleotide sequences of other por 
cine circoviruses, that, among the sequences of fragments of 
these nucleic acids, were those which are strictly specific to 
the PWD circovirus of type A, of type B or of type A and B, 
and those which correspond to a consensus sequence of por 
cine circoviruses other than the PWD circoviruses of type A 
and/or B. 
0148. There is likewise a great need for nucleotide 
sequences utilizable as a primer or probe specific to the whole 
of the other known and nonpathogenic porcine circoviruses. 
0149 Said consensus nucleotide sequences specific to all 
circoviruses, other than PWD circovirus of type A and B, are 
easily identifiable from FIG.3 and the sequence SEQID No. 
15, and are part of the invention. 
0150. Among said consensus nucleotide sequences, that 
which is characterized in that it is part of the following pair of 
primers is preferred: 

a) SEO ID No. 4 6 5' GTG TGC TCG ACA TTG GTG TG 3', 
and 

SEO ID No. 52 s' TGG AAT GTT AAC TAC CTC AA 3 '' . 

0151. The invention likewise comprises a nucleotide 
sequence according to the invention, characterized in that said 
sequence is a specific consensus sequence of porcine circovi 
rus other than PWD circovirus of type B and in that it is one 
of the primers of the following pairs of primers: 

a) SEQ ID No. 53 5 GGC GGC GCC ATC TGT AAC GGT 
TT 3' and 

SEO ID No. 54 5 GAT GCC GCC GAA. AGA CGG GTA 
TC 3 

0152. It is well understood that the present invention like 
wise relates to specific polypeptides of known porcine cir 
coviruses other than PWD circovirus, encoded by said con 
sensus nucleotide sequences, capable of being obtained by 
purification from natural polypeptides, by genetic recombi 
nation or by chemical synthesis by procedures well known to 
the person skilled in the art and Such as described in particular 
below. In the same manner, the labeled or unlabeled mono- or 
polyclonal antibodies directed against said specific polypep 
tides encoded by said consensus nucleotide sequences are 
also part of the invention. 
0153. It will be possible to use said consensus nucleotide 
sequences, said corresponding polypeptides as well as said 
antibodies directed against said polypeptides in procedures or 
sets for detection and/or identification such as described 
below, in place of or in addition to nucleotide sequences, 
polypeptides or antibodies according to the invention, spe 
cific to PWD circovirus type A and/or B. 
0154 These protocols have been improved for the differ 
ential detection of the circular monomeric forms of specific 
replicative forms of the virion or of the DNA in replication 
and the dimeric forms found in so-called in-tandem molecu 
lar constructs. 

0155 The invention additionally relates to the use of a 
nucleotide sequence according to the invention as a primer or 
probe for the detection and/or the amplification of nucleic 
acid sequences. 
0156 The nucleotide sequences according to the inven 
tion can thus be used to amplify nucleotide sequences, espe 
cially by the PCR technique (polymerase chain reaction) 
(Erlich, 1989; Innis et al., 1990; Rolfs et al., 1991; and White 
et al., 1997). 
0157. These oligodeoxyribonucleotide or oligoribonucle 
otide primers advantageously have a length of at least 8 nucle 
otides, preferably of at least 12 nucleotides, and even more 
preferentially at least 20 nucleotides. 
0158 Other amplification techniques of the target nucleic 
acid can be advantageously employed as alternatives to PCR. 
0159. The nucleotide sequences of the invention, in par 
ticular the primers according to the invention, can likewise be 
employed in other procedures of amplification of a target 
nucleic acid, such as: 

0.160 the TAS technique (Transcription-based Amplifi 
cation System), described by Kwoh et al. in 1989; 

(0161 the 3SR technique (Self-Sustained Sequence 
Replication), described by Guatelli et al. in 1990; 

0162 the NASBA technique (Nucleic Acid Sequence 
Based Amplification), described by Kievitis et al. in 
1991; 

0.163 the SDA technique (Strand Displacement Ampli 
fication) (Walker et al., 1992); 

0.164 the TMA technique (Transcription Mediated 
Amplification). 

0.165. The polynucleotides of the invention can also be 
employed in techniques of amplification or of modification of 
the nucleic acid serving as a probe. Such as: 

0166 the LCR technique (Ligase Chain Reaction), 
described by Landegren et al. in 1988 and improved by 
Barany et al. in 1991, which employs a thermostable 
ligase; 

0.167 the RCR technique (Repair Chain Reaction), 
described by Segev in 1992: 

0168 the CPR technique (Cycling Probe Reaction), 
described by Ducket al. in 1990; 

0.169 the amplification technique with Q-beta repli 
case, described by Miele et al. in 1983 and especially 
improved by Chu et al. in 1986, Lizardi et al. in 1988, 
then by Burg et al. as well as by Stone et al. in 1996. 

0170 In the case where the target polynucleotide to be 
detected is possibly an RNA, for examplean mRNA, it will be 
possible to use, prior to the employment of an amplification 
reaction with the aid of at least one primer according to the 
invention or to the employment of a detection procedure with 
the aid of at least one probe of the invention, an enzyme of 
reverse transcriptase type in order to obtain a cDNA from the 
RNA contained in the biological sample. The cDNA obtained 
will thus serve as a target for the primer(s) or the probe(s) 
employed in the amplification or detection procedure accord 
ing to the invention. 
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0171 The detection probe will be chosen in such a manner 
that it hybridizes with the target sequence or the amplicon 
generated from the target sequence. By way of sequence, Such 
a probe will advantageously have a sequence of at least 12 
nucleotides, in particular of at least 20 nucleotides, and pref 
erably of at least 100 nucleotides. 
0172. The invention also comprises the nucleotide 
sequences utilizable as a probe or primer according to the 
invention, characterized in that they are labeled with a radio 
active compound or with a nonradioactive compound. 
0173 The unlabeled nucleotide sequences can be used 
directly as probes or primers, although the sequences are 
generally labeled with a radioactive element (‘P, S, H, 
'I) or with a nonradioactive molecule (biotin, acetylami 
nofluorene, digoxigenin, 5-bromodeoxyuridine, fluorescein) 
to obtain probes which are utilizable for numerous applica 
tions. 

0.174 Examples of nonradioactive labeling of nucleotide 
sequences are described, for example, in French Patent No. 
78.10975 or by Urdea et al. or by Sanchez-Pescador et al. in 
1988. 

0.175. In the latter case, it will also be possible to use one of 
the labeling methods described in patents FR-2422956 and 
FR-2 518 755. 

0176 The hybridization technique can be carried out in 
various manners (Matthews et al., 1988). The most general 
method consists in immobilizing the nucleic acid extract of 
cells on a Support (Such as nitrocellulose, nylon, polystyrene) 
and in incubating, under well-defined conditions, the immo 
bilized target nucleic acid with the probe. After hybridization, 
the excess of probe is eliminated and the hybrid molecules 
formed are detected by the appropriate method (measurement 
of the radioactivity, of the fluorescence or of the enzymatic 
activity linked to the probe). 
0177. The invention likewise comprises the nucleotide 
sequences according to the invention, characterized in that 
they are immobilized on a Support, covalently or nonco 
valently. 
0178. According to another advantageous mode of 
employing nucleotide sequences according to the invention, 
the latter can be used immobilized on a Support and can thus 
serve to capture, by specific hybridization, the target nucleic 
acid obtained from the biological sample to be tested. If 
necessary, the Solid Support is separated from the sample and 
the hybridization complex formed between said capture 
probe and the target nucleic acid is then detected with the aid 
of a second probe, a so-called detection probe, labeled with an 
easily detectable element. 
0179 Another subject of the present invention is a vector 
for the cloning and/or expression of a sequence, characterized 
in that it contains a nucleotide sequence according to the 
invention. 

0180. The vectors according to the invention, character 
ized in that they contain the elements allowing the expression 
and/or the secretion of said nucleotide sequences in a deter 
mined host cell, are likewise part of the invention. 
0181. The vector must then contain a promoter, signals of 
initiation and termination of translation, as well as appropri 
ate regions of regulation of transcription. It must be able to be 
maintained stably in the host cell and can optionally have 
particular signals specifying the secretion of the translated 
protein. These different elements are chosen as a function of 
the host cell used. To this end, the nucleotide sequences 
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according to the invention can be inserted into autonomous 
replication vectors within the chosen host, or integrated vec 
tors of the chosen host. 
0182. Such vectors will be prepared according to the 
methods currently used by the person skilled in the art, and it 
will be possible to introduce the clones resulting therefrom 
into an appropriate host by standard methods, such as, for 
example, lipofection, electroporation and thermal shock. 
0183 The vectors according to the invention are, for 
example, vectors of plasmid or viral origin. 
0184. A preferred vector for the expression of polypep 
tides of the invention is baculovirus. 

0185. The vector pBS KS in which is inserted the in 
tandem DNA sequence of the PWD circovirus type A (or 
DFP) as deposited at the CNCM on 3 Jul. 1997, under the 
number I-1891, is likewise preferred. 
0186 These vectors are useful for transforming host cells 
in order to clone or to express the nucleotide sequences of the 
invention. 
0187. The invention likewise comprises the host cells 
transformed by a vector according to the invention. 
0188 These cells can be obtained by the introduction into 
host cells of a nucleotide sequence inserted into a vector Such 
as defined above, then the culturing of said cells under con 
ditions allowing the replication and/or expression of the 
transfected nucleotide sequence. 
0189 The host cell can be selected from prokaryotic or 
eukaryotic systems, such as, for example, bacterial cells 
(Olins and Lee, 1993), but likewise yeast cells (Buckholz, 
1993), as well as animal cells, in particular the cultures of 
mammalian cells (Edwards and Aruffo, 1993), and especially 
Chinese hamster ovary (CHO) cells, but likewise the cells of 
insects in which it is possible to use procedures employing 
baculoviruses, for example (Luckow, 1993). 
0190. A preferred host cell for the expression of the pro 
teins of the invention is constituted by Sf9 insect cells. 
0191) A more preferred host cell according to the inven 
tion is E. coli, such as deposited at the CNCM on 3 Jul. 1997, 
under the number I-1891. 

0.192 The invention likewise relates to animals compris 
ing one of said transformed cells according to the invention. 
0193 The obtainment of transgenic animals according to 
the invention overexpres sing one or more of the genes of 
PWD circovirus or part of the genes will be preferably carried 
out in rats, mice or rabbits according to methods well known 
to the person skilled in the art, such as by viral or nonviral 
transfections. It will be possible to obtain the transgenic ani 
mals overexpressing one or more of said genes by transfec 
tion of multiple copies of said genes under the control of a 
strong promoter of ubiquitous nature, or selective for one type 
of tissue. It will likewise be possible to obtain the transgenic 
animals by homologous recombination in embryonic cell 
strains, transfer of these cell strains to embryos, selection of 
the affected chimeras at the level of the reproductive lines, 
and growth of said chimeras. 
0194 The transformed cells as well as the transgenic ani 
mals according to the invention are utilizable in procedures 
for preparation of recombinant polypeptides. 
0.195. It is today possible to produce recombinant 
polypeptides in relatively large quantity by genetic engineer 
ing using the cells transformed by expression vectors accord 
ing to the invention or using transgenic animals according to 
the invention. 
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0196. The procedures for preparation of a polypeptide of 
the invention in recombinant form, characterized in that they 
employ a vector and/or a cell transformed by a vector accord 
ing to the invention and/or a transgenic animal comprising 
one of said transformed cells according to the invention, are 
themselves comprised in the present invention. 
0.197 Among said procedures for preparation of a 
polypeptide of the invention in recombinant form, the prepa 
ration procedures employing a vector, and/or a cell trans 
formed by said vector and/or a transgenic animal comprising 
one of said transformed cells, containing a nucleotide 
sequence according to the invention coding for a polypeptide 
of PWD circovirus, are preferred. 
0198 The recombinant polypeptides obtained as indi 
cated above can just as well be presentinglycosylated form as 
in nonglycosylated form and can or cannot have the natural 
tertiary structure. 
0199. A preferred variant consists in producing a recom 
binant polypeptide used to a “carrier protein (chimeric pro 
tein). The advantage of this system is that it allows a stabili 
Zation of and a decrease in the proteolysis of the recombinant 
product, an increase in the solubility in the course of renatur 
ation in vitro and/or a simplification of the purification when 
the fusion partner has an affinity for a specific ligand. 
0200 More particularly, the invention relates to a proce 
dure for preparation of a polypeptide of the invention com 
prising the following steps: 

0201 a) culture of transformed cells under conditions 
allowing the expression of a recombinant polypeptide of 
nucleotide sequence according to the invention; 

0202 b) if need be, recovery of said recombinant 
polypeptide. 

0203 When the procedure for preparation of a polypep 
tide of the invention employs a transgenic animal according to 
the invention, the recombinant polypeptide is then extracted 
from said animal. 

0204 The invention also relates to a polypeptide which is 
capable of being obtained by a procedure of the invention 
Such as described previously. 
0205 The invention also comprises a procedure for prepa 
ration of a synthetic polypeptide, characterized in that it uses 
a sequence of amino acids of polypeptides according to the 
invention. 

0206. The invention likewise relates to a synthetic 
polypeptide obtained by a procedure according to the inven 
tion. 
0207. The polypeptides according to the invention can 
likewise be prepared by techniques which are conventional in 
the field of the synthesis of peptides. This synthesis can be 
carried out in homogeneous solution or in Solid phase. 
0208 For example, recourse can be made to the technique 
of synthesis in homogeneous solution described by Houben 
Weyl in 1974. 
0209. This method of synthesis consists in successively 
condensing, two by two, the Successive amino acids in the 
order required, or in condensing amino acids and fragments 
formed previously and already containing several amino 
acids in the appropriate order, or alternatively several frag 
ments previously prepared in this way, it being understood 
that it will be necessary to protect beforehand all the reactive 
functions carried by these amino acids or fragments, with the 
exception of amine functions of one and carboxyls of the 
other or vice-versa, which must normally be involved in the 
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formation of peptide bonds, especially after activation of the 
carboxyl function, according to the methods well known in 
the synthesis of peptides. 
0210. According to another preferred technique of the 
invention, recourse will be made to the technique described 
by Merrifield. 
0211 To make a peptide chain according to the Merrifield 
procedure, recourse is made to a very porous polymeric resin, 
on which is immobilized the first C-terminal amino acid of the 
chain. This amino acid is immobilized on a resin through its 
carboxyl group and its amine function is protected. The 
amino acids which are going to form the peptide chain are 
thus immobilized, one after the other, on the amino group, 
which is deprotected beforehand each time, of the portion of 
the peptide chain already formed, and which is attached to the 
resin. When the whole of the desired peptide chain has been 
formed, the protective groups of the different amino acids 
forming the peptide chain are eliminated and the peptide is 
detached from the resin with the aid of an acid. 
0212. The invention additionally relates to hybrid 
polypeptides having at least one polypeptide according to the 
invention, and a sequence of a polypeptide capable of induc 
ing an immune response in man or animals. 
0213 Advantageously, the antigenic determinant is such 
that it is capable of inducing a humoral and/or cellular 
response. 
0214. It will be possible for such a determinant to com 
prise a polypeptide according to the invention in glycosylated 
form used with a view to obtaining immunogenic composi 
tions capable of inducing the synthesis of antibodies directed 
against multiple epitopes. Said polypeptides or their glyco 
Sylated fragments are likewise part of the invention. 
0215. These hybrid molecules can be formed, in part, of a 
polypeptide carrier molecule or of fragments thereof accord 
ing to the invention, associated with a possibly immunogenic 
part, in particular an epitope of the diphtheria toxin, the teta 
nus toxin, a Surface antigen of the hepatitis B virus (patent FR 
79.2 1811), the VP1 antigen of the poliomyelitis virus or any 
other viral or bacterial toxin or antigen. 
0216. The procedures for synthesis of hybrid molecules 
encompass the methods used in genetic engineering for con 
structing hybrid nucleotide sequences coding for the 
polypeptide sequences sought. It will be possible, for 
example, to refer advantageously to the technique for obtain 
ment of genes coding for fusion proteins described by Minton 
in 1984. 
0217 Said hybrid nucleotide sequences coding for a 
hybrid polypeptide as well as the hybrid polypeptides accord 
ing to the invention characterized in that they are recombinant 
polypeptides obtained by the expression of said hybrid nucle 
otide sequences are likewise part of the invention. 
0218. The invention likewise comprises the vectors char 
acterized in that they contain one of said hybrid nucleotide 
sequences. The host cells transformed by said vectors, the 
transgenic animals comprising one of said transformed cells 
as well as the procedures for preparation of recombinant 
polypeptides using said vectors, said transformed cells and/or 
said transgenic animals are, of course, likewise part of the 
invention. 
0219. The polypeptides according to the invention, the 
antibodies according to the invention described below and the 
nucleotide sequences according to the invention can advan 
tageously be employed in procedures for the detection and/or 
identification of PWD circovirus, or of porcine circovirus 
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other than a PWD circovirus, in a biological sample (biologi 
cal tissue or fluid) capable of containing them. These proce 
dures, according to the specificity of the polypeptides, the 
antibodies and the nucleotide sequences according to the 
invention which will be used, will in particular be able to 
detect and/or to identify a PWD circovirus or a porcine cir 
covirus other than a PWD circovirus or other than the PWD 
circovirus of type B. 
0220. The polypeptides according to the invention can 
advantageously be employed in a procedure for the detection 
and/or the identification of PWD circovirus of type A, of type 
B, of type A or B, or porcine circovirus other than the PWD 
circovirus of type B, or of porcine circovirus other than the 
PWD circovirus of type A or B, in a biological sample (bio 
logical tissue or fluid) capable of containing them, character 
ized in that it comprises the following steps: 

0221) a) contacting of this biological sample with a 
polypeptide or one of its fragments according to the 
invention (under conditions allowing an immunological 
reaction between said polypeptide and the antibodies 
possibly present in the biological sample); 

0222 b) demonstration of the antigen-antibody com 
plexes possibly formed. 

0223) In the present description, PWD circovirus, except 
if a particular mention is indicated, will be understood as 
designating a PWD circovirus of type A or of type B, and 
porcine circovirus other than PWD, except if a particular 
mention is indicated, will be understood as designating a 
porcine circovirus other than a PWD circovirus of type A and 
B. 
0224 Preferably, the biological sample is formed by a 

fluid, for example a pig serum, whole blood or biopsies. 
0225. Any conventional procedure can be employed for 
carrying out Such a detection of the antigen-antibody com 
plexes possibly formed. 
0226 By way of example, a preferred method brings into 
play immunoenzymatic processes according to the ELISA 
technique, by immunofluorescence, or radioimmunological 
processes (RIA) or their equivalent. 
0227 Thus, the invention likewise relates to the polypep 
tides according to the invention, labeled with the aid of an 
adequate label Such as of the enzymatic, fluorescent or radio 
active type. 
0228 Such methods comprise, for example, the following 
steps: 

0229 deposition of determined quantities of a polypep 
tide composition according to the invention in the wells 
of a microtiter plate, 

0230 introduction into said wells of increasing dilu 
tions of serum, or of a biological sample other than that 
defined previously, having to be analyzed, 

0231 incubation of the microplate, 
0232 introduction into the wells of the microtiter plate 
of labeled antibodies directed against pig immunoglo 
bulins, the labeling of these antibodies having been car 
ried out with the aid of an enzyme selected from those 
which are capable of hydrolyzing a substrate by modi 
fying the absorption of the radiation of the latter, at least 
at a determined wavelength, for example at 550 nm, 

0233 detection, by comparison with a control test, of 
the quantity of hydrolyzed substrate. 

0234. The invention likewise relates to a kit or set for the 
detection and/or identification of PWD circovirus, of porcine 
circovirus other than a PWD circovirus or of porcine circovi 
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rus other than the PWD circovirus of type B, characterized in 
that it comprises the following elements: 

0235 a polypeptide according to the invention, 
0236 if need be, the reagents for the formation of the 
medium favorable to the immunological or specific reac 
tion, 

0237 if need be, the reagents allowing the detection of 
the antigen-antibody complexes produced by the immu 
nological reaction between the polypeptide(s) of the 
invention and the antibodies possibly present in the bio 
logical sample, these reagents likewise being able to 
carry a label, or to be recognized in their turn by a labeled 
reagent, more particularly in the case where the polypep 
tide according to the invention is not labeled, 

0238 if need be, a biological reference sample (nega 
tive control) devoid of antibodies recognized by a 
polypeptide according to the invention, 

0239 if needbe, a biological reference sample (positive 
control) containing a predetermined quantity of antibod 
ies recognized by a polypeptide according to the inven 
tion. 

0240. The polypeptides according to the invention allow 
monoclonal or polyclonal antibodies to be prepared which are 
characterized in that they specifically recognize the polypep 
tides according to the invention. It will advantageously be 
possible to prepare the monoclonal antibodies from hybrido 
mas according to the technique described by Kohler and 
Milstein in 1975. It will be possible to prepare the polyclonal 
antibodies, for example, by immunization of an animal, in 
particular amouse, with a polypeptide or a DNA, according to 
the invention, associated with an adjuvant of the immune 
response, and then purification of the specific antibodies con 
tained in the serum of the immunized animals on an affinity 
column on which the polypeptide which has served as an 
antigen has previously been immobilized. The polyclonal 
antibodies according to the invention can also be prepared by 
purification, on an affinity column on which a polypeptide 
according to the invention has previously been immobilized, 
of the antibodies contained in the serum of pigs infected by a 
PWD circovirus. 

0241 The invention likewise relates to mono- or poly 
clonal antibodies or their fragments, or chimeric antibodies, 
characterized in that they are capable of specifically recog 
nizing a polypeptide according to the invention. 
0242. It will likewise be possible for the antibodies of the 
invention to be labeled in the same manner as described 
previously for the nucleic probes of the invention, such as a 
labeling of enzymatic, fluorescent or radioactive type. 
0243 The invention is additionally directed at a procedure 
for the detection and/or identification of PWD circovirus, of 
porcine circovirus other thana PWD circovirus, or other than 
the PWD circovirus of type B, in a biological sample, char 
acterized in that it comprises the following steps: 

0244 a) contacting of the biological sample (biological 
tissue or fluid) with a mono- or polyclonal antibody 
according to the invention (under conditions allowing an 
immunological reaction between said antibodies and the 
polypeptides of PWD circovirus, of porcine circovirus 
other than a PWD circovirus, of porcine circovirus other 
than the PWD circovirus of type B, possibly present in 
the biological sample); 

0245 b) demonstration of the antigen-antibody com 
plex possibly formed. 
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0246. Likewise within the scope of the invention is a kit or 
set for the detection and/or the identification of PWD circovi 
rus, of porcine circovirus other than a PWD circovirus or of 
porcine circovirus other than the PWD circovirus of type B, 
characterized in that it comprises the following components: 

0247 a polyclonal or monoclonal antibody according 
to the invention, if need be labeled; 

0248 if need be, a reagent for the formation of the 
medium favorable to the carrying out of the immuno 
logical reaction; 

0249 if need be, a reagent allowing the detection of the 
antigen-antibody complexes produced by the immuno 
logical reaction, this reagent likewise being able to carry 
a label, or being capable of being recognized in its turn 
by a labeled reagent, more particularly in the case where 
said monoclonal or polyclonal antibody is not labeled; 

0250) if need be, reagents for carrying out the lysis of 
cells of the sample tested. 

0251. The present invention likewise relates to a proce 
dure for the detection and/or the identification of PWD, of 
porcine circovirus other than a PWD circovirus or of porcine 
circovirus other than the PWD circovirus of type B, in a 
biological sample, characterized in that it employs a nucle 
otide sequence according to the invention. 
0252 More particularly, the invention relates to a proce 
dure for the detection and/or the identification of PWD cir 
covirus, of porcine circovirus other thana PWD circovirus or 
of porcine circovirus other than the PWD circovirus oftype B, 
in a biological sample, characterized in that it contains the 
following steps: 

(0253) a) if need be, isolation of the DNA from the bio 
logical sample to be analyzed; 

(0254 b) specific amplification of the DNA of the 
sample with the aid of at least one primer, or a pair of 
primers, according to the invention; 

0255 c) demonstration of the amplification products. 
0256 These can be detected, for example, by the tech 
nique of molecular hybridization utilizing a nucleic probe 
according to the invention. This probe will advantageously be 
labeled with a nonradioactive (cold probe) or radioactive 
element. 
0257 For the purposes of the present invention, “DNA of 
the biological sample' or “DNA contained in the biological 
sample' will be understood as meaning either the DNA 
present in the biological sample considered, or possibly the 
cDNA obtained after the action of an enzyme of reverse 
transcriptase type on the RNA present in said biological 
sample. 
0258 Another aim of the present invention consists in a 
procedure according to the invention, characterized in that it 
comprises the following steps: 

0259 a) contacting of a nucleotide probe according to 
the invention with a biological sample, the DNA con 
tained in the biological sample having, if need be, pre 
viously been made accessible to hybridization under 
conditions allowing the hybridization of the probe with 
the DNA of the sample: 

0260 b) demonstration of the hybrid formed between 
the nucleotide probe and the DNA of the biological 
sample. 

0261 The present invention also relates to a procedure 
according to the invention, characterized in that it comprises 
the following steps: 
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0262 a) contacting of a nucleotide probe immobilized 
on a Support according to the invention with a biological 
sample, the DNA of the sample having, if need be, 
previously been made accessible to hybridization, under 
conditions allowing the hybridization of the probe with 
the DNA of the sample: 

0263 b) contacting of the hybrid formed between the 
nucleotide probe immobilized on a support and the DNA 
contained in the biological sample, if need be after elimi 
nation of the DNA of the biological sample which has 
not hybridized with the probe, with a nucleotide probe 
labeled according to the invention; 

0264 c) demonstration of the novel hybrid formed in 
step b). 

0265 According to an advantageous embodiment of the 
procedure for detection and/or identification defined previ 
ously, this is characterized in that, prior to step a), the DNA of 
the biological sample is first amplified with the aid of at least 
one primer according to the invention. 
0266 The invention is additionally directed at a kit or set 
for the detection and/or the identification of PWD circovirus, 
of porcine circovirus other than the PWD circovirus or of 
porcine circovirus other than the PWD circovirus of type B, 
characterized in that it comprises the following elements: 

0267 a) a nucleotide probe according to the invention; 
0268 b) if need be, the reagents necessary for the car 
rying out of a hybridization reaction; 

0269 c) if need be, at least one primer according to the 
invention as well as the reagents necessary for an ampli 
fication reaction of the DNA. 

0270. The invention likewise relates to a kit or set for the 
detection and/or the identification of PWD circovirus, of por 
cine circovirus other than a PWD circovirus or of porcine 
circovirus other than the PWD circovirus of type B, charac 
terized in that it comprises the following components: 

0271 a) a nucleotide probe, called a capture probe, 
according to the invention; 

0272 b) an oligonucleotide probe, called a revealing 
probe, according to the invention, 

0273 c) if need be, at least one primer according to the 
invention, as well as the reagents necessary for an ampli 
fication reaction of the DNA. 

0274 The invention also relates to a kit or set for the 
detection and/or identification of PWD circovirus, of porcine 
circovirus other than a PWD circovirus or of porcine circovi 
rus other than the PWD circovirus of type B, characterized in 
that it comprises the following elements: 

0275 a) at least one primer according to the invention; 
0276 b) if need be, the reagents necessary for carrying 
out a DNA amplification reaction; 

0277 c) if need be, a component allowing the sequence 
of the amplified fragment to be verified, more particu 
larly an oligonucleotide probe according to the inven 
tion. 

0278. The invention additionally relates to the use of a 
nucleotide sequence according to the invention, of a polypep 
tide according to the invention, of an antibody according to 
the invention, of a cell according to the invention, and/or of an 
animal transformed according to the invention, for the selec 
tion of an organic or inorganic compound capable of modu 
lating, inducing or inhibiting the expression of genes, and/or 
of modifying the cellular replication of PWD circovirus or 
capable of inducing or of inhibiting the pathologies linked to 
an infection by a PWD circovirus. 
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0279. The invention likewise comprises a method of selec 
tion of compounds capable of binding to a polypeptide or one 
of its fragments according to the invention, capable of binding 
to a nucleotide sequence according to the invention, or 
capable of recognizing an antibody according to the inven 
tion, and/or capable of modulating, inducing or inhibiting the 
expression of genes, and/or of modifying the cellular repli 
cation of PWD circovirus or capable of inducing or inhibiting 
the pathologies linked to an infection by a PWD circovirus, 
characterized in that it comprises the following steps: 

0280 a) contacting of said compound with said 
polypeptide, said nucleotide sequence, or with a cell 
transformed according to the invention and/or adminis 
tration of said compound to an animal transformed 
according to the invention; 

0281 b) determination of the capacity of said com 
pound to bind to said polypeptide or said nucleotide 
sequence, or to modulate, induce or inhibit the expres 
sion of genes, or to modulate the growth or the replica 
tion of PWD circovirus, or to induce or inhibit in said 
transformed animal the pathologies linked to an infec 
tion by PWD circovirus (designated activity of said 
compound). 

0282. The compounds capable of being selected can be 
organic compounds Such as polypeptides or carbohydrates or 
any other organic or inorganic compounds already known, or 
novel organic compounds elaborated by molecular modeling 
techniques and obtained by chemical or biochemical synthe 
sis, these techniques being known to the person skilled in the 
art 

0283. It will be possible to use said selected compounds to 
modulate the cellular replication of PWD circovirus and thus 
to control infection by this virus, the methods allowing said 
modulations to be determined being well known to the person 
skilled in the art. 

0284. This modulation can be carried out, for example, by 
an agent capable of binding to a protein and thus of inhibiting 
or of potentiating its biological activity, or capable of binding 
to an envelope protein of the external Surface of said virus and 
of blocking the penetration of said virus into the host cellor of 
favoring the action of the immune system of the infected 
organism directed against said virus. This modulation can 
likewise be carried out by an agent capable of binding to a 
nucleotide sequence of a DNA of said virus and of blocking, 
for example, the expression of a polypeptide whose biologi 
cal or structural activity is necessary for the replication or for 
the proliferation of said virus host cells to host cells in the host 
animal. 

0285. The invention relates to the compounds capable of 
being selected by a selection method according to the inven 
tion. 

0286 The invention likewise relates to a pharmaceutical 
composition comprising a compound selected from the fol 
lowing compounds: 

0287 a) a nucleotide sequence according to the inven 
tion; 

0288 b) a polypeptide according to the invention; 
0289 c) a vector, a viral particle or a cell transformed 
according to the invention; 

0290 
0291 e) a compound capable of being selected by a 
Selection method according to the invention; 

d) an antibody according to the invention; 
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possibly in combination with a pharmaceutically acceptable 
vehicle and, if need be, with one or more adjuvants of the 
appropriate immunity. 
0292. The invention also relates to an immunogenic and/or 
vaccine composition, characterized in that it comprises a 
compound selected from the following compounds: 

0293 a) a nucleotide sequence according to the inven 
tion; 

0294 b) a polypeptide according to the invention; 
0295 c) a vector or a viral particle according to the 
invention; and 

0296 d) a cell according to the invention. 
0297. In one embodiment, the vaccine composition 
according to the invention is characterized in that it comprises 
a mixture of at least two of said compounds a), b), c) and d) 
above and in that one of the two said compounds is related to 
the PWD circovirus of type A and the other is related to the 
PWD circovirus of type B. 
0298. In another embodiment of the invention, the vaccine 
composition is characterized in that it comprises at least one 
compound a), b), c), or d) above which is related to PWD 
circovirus of type B. In still another embodiment, the vaccine 
composition is characterized in that it comprises at least one 
compound a), b), c), or d) above which is related to PWD 
circovirus of type B ORF2. 
0299. A compound related to the PWD circovirus of type 
A or of type B is understood here as respectively designating 
a compound obtained from the genomic sequence of the 
PWD circovirus of type A or of type B. 
0300. The invention is additionally aimed at an immuno 
genic and/or vaccine composition, characterized in that it 
comprises at least one of the following compounds: 

0301 a nucleotide sequence SEQ ID No. 23, SEQ ID 
No. 25, or one of their fragments or homologues; 

0302) a polypeptide of sequence SEQID No. 24, SEQ 
ID No. 26, or one of their fragments, or a modification 
thereof; 

0303 a vector or a viral particle comprising a nucle 
otide sequence SEQID No. 23, SEQID No. 25, or one 
of their fragments or homologues; 

0304 a transformed cell capable of expressing a 
polypeptide of sequence SEQ ID No. 24, SEQ ID No. 
26, or one of their fragments, or a modification thereof; 
O 

0305 a mixture of at least two of said compounds. 
0306 The invention also comprises an immunogenic and/ 
or vaccine composition according to the invention, character 
ized in that it comprises said mixture of at least two of said 
compounds as a combination product for simultaneous, sepa 
rate or protracted use for the prevention or the treatment of 
infection by a PWD circovirus, especially of type B. 
0307. In a preferred embodiment, the vaccine composition 
according to the invention comprises the mixture of the fol 
lowing compounds: 

0308 a pcDNA3 plasmid containing a nucleic acid of 
sequence SEQID No. 23; 

0309 a pcDNA3 plasmid containing a nucleic acid of 
sequence SEQID No. 25; 

0310 apcDNA3 plasmid containing a nucleic acid cod 
ing for the GM-CSF protein; 

0311 a recombinant baculovirus containing a nucleic 
acid of sequence SEQID No. 23; 

0312 a recombinant baculovirus containing a nucleic 
acid of sequence SEQID No. 25; and 



US 2010/0189735 A1 

0313 if need be, an adjuvant of the appropriate immu 
nity, especially the adjuvant AIFTM. 

0314. The invention is likewise directed at a pharmaceu 
tical composition according to the invention, for the preven 
tion or the treatment of an infection by a PWD circovirus. 
0315. The invention is also directed at a pharmaceutical 
composition according to the invention for the prevention or 
the treatment of an infection by the PWD circovirus of type B. 
0316. The invention likewise concerns the use of a com 
position according to the invention, for the preparation of a 
medicament intended for the prevention or the treatment of 
infection by a PWD circovirus, preferably by the PWD cir 
covirus of type B. 
0317 Under another aspect, the invention relates to a vec 

tor, a viral particle or a cell according to the invention, for the 
treatment and/or the prevention of a disease by gene therapy. 
0318 Finally, the invention comprises the use of a vector, 
of a viral particle or of a cell according to the invention for the 
preparation of a medicament intended for the treatment and/ 
or the prevention of a disease by gene therapy. 
0319. The polypeptides of the invention entering into the 
immunogenic or vaccine compositions according to the 
invention can be selected by techniques known to the person 
skilled in the art Such as, for example, depending on the 
capacity of said polypeptides to stimulate the T cells, which is 
translated, for example, by their proliferation or the secretion 
of interleukins, and which leads to the production of antibod 
ies directed against said polypeptides. 
0320 In pigs, as in mice, in which a weight dose of the 
vaccine composition comparable to the dose used in man is 
administered, the antibody reaction is tested by taking of the 
serum followed by a study of the formation of a complex 
between the antibodies present in the serum and the antigen of 
the vaccine composition, according to the usual techniques. 
0321. The pharmaceutical compositions according to the 
invention will contain an effective quantity of the compounds 
of the invention, that is to say in Sufficient quantity of said 
compound(s) allowing the desired effect to be obtained, such 
as, for example, the modulation of the cellular replication of 
PWD circovirus. The person skilled in the art will know how 
to determine this quantity, as a function, for example, of the 
age and of the weight of the individual to be treated, of the 
state of advancement of the pathology, of the possible sec 
ondary effects and by means of a test of evaluation of the 
effects obtained on a population range, these tests being 
known in these fields of application. 
0322. According to the invention, said vaccine combina 
tions will preferably be combined with a pharmaceutically 
acceptable vehicle and, if needbe, with one or more adjuvants 
of the appropriate immunity. 
0323 Today, various types of vaccines are available for 
protecting animals or managainst infectious diseases: attenu 
ated living microorganisms (M. bovis—BCG for tuberculo 
sis), inactivated microorganisms (influenza virus), acellular 
extracts (Bordetella pertussis for whooping cough), recom 
bined proteins (surface antigen of the hepatitis B virus), 
polysaccharides (pneumococcal). Vaccines prepared from 
synthetic peptides or genetically modified microorganisms 
expressing heterologous antigens are in the course of experi 
mentation. More recently still, recombined plasmid DNAS 
carrying genes coding for protective antigens have been pro 
posed as an alternative vaccine Strategy. This type of vacci 
nation is carried out with a particular plasmid originating 
from a plasmid of E. coli which does not replicate in vivo and 
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which codes uniquely for the vaccinating protein. Animals 
have been immunized by simply injecting the naked plasmid 
DNA into the muscle. This technique leads to the expression 
of the vaccine protein in situ and to an immune response of 
cellular type (CTL) and of humoral type (antibody). This 
double induction of the immune response is one of the prin 
cipal advantages of the vaccination technique with naked 
DNA. 
0324. The Vaccine compositions comprising nucleotide 
sequences or vectors into which are inserted said sequences 
are especially described in the international application No. 
WO 90/11092 and likewise in the international application 
No. WO95/11307. 
0325 The constitutive nucleotide sequence of the vaccine 
composition according to the invention can be injected into 
the host after having been coupled to compounds which favor 
the penetration of this polynucleotide into the interior of the 
cell or its transport to the cell nucleus. The resultant conju 
gates can be encapsulated in polymeric microparticles, as 
described in the international application No. WO94/27238 
(Medisorb Technologies International). 
0326. According to another embodiment of the vaccine 
composition according to the invention, the nucleotide 
sequence, preferably a DNA, is complexed with DEAE-dex 
tran (Pagano et al., 1967) or with nuclear proteins (Kaneda et 
al., 1989), with lipids (Felgner et al., 1987) or encapsulated in 
liposomes (Fraley et al., 1980) or else introduced in the form 
of a gel facilitating its transfection into the cells (Midoux et 
al., 1993, Pastore et al., 1994). The polynucleotide or the 
vector according to the invention can also be in Suspension in 
a buffer solution or be combined with liposomes. 
0327 Advantageously, such a vaccine will be prepared 
according to the technique described by Tacson et al. or 
Huygen et al. in 1996 or alternatively according to the tech 
nique described by Davis et al. in the international application 
No. WO95/11307. 
0328. Such a vaccine can likewise be prepared in the form 
of a composition containing a vector according to the inven 
tion, placed under the control of regulation elements allowing 
its expression in man or animal. It will be possible, for 
example, to use, by way of in vivo expression vector of the 
polypeptide antigen of interest, the plasmid pcDNA3 or the 
plasmid pcDNA1/neo, both marketed by Invitrogen (R&D 
Systems, Abingdon, United Kingdom). It is also possible to 
use the plasmid V1Jns.ta, described by Shiveretal. in 1995. 
Such a vaccine will advantageously comprise, apart from the 
recombinant vector, a saline Solution, for example a sodium 
chloride solution. 
0329 Pharmaceutically acceptable vehicle is understood 
as designating a compound or a combination of compounds 
entering into a pharmaceutical composition or vaccine which 
does not provoke secondary reactions and which allows, for 
example, the facilitation of the administration of the active 
compound, an increase in its duration of life and/or its effi 
cacy in the body, an increase in its solubility in Solution or 
alternatively an improvement in its conservation. These phar 
maceutically acceptable vehicles are well known and will be 
adapted by the person skilled in the art as a function of the 
nature and of the mode of administration of the chosen active 
compound. 
0330. As far as the vaccine formulations are concerned, 
these can comprise adjuvants of the appropriate immunity 
which are known to the person skilled in the art, such as, for 
example, aluminum hydroxide, a representative of the family 
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of muramyl peptides such as one of the peptide derivatives of 
N-acetyl muramyl, a bacterial lysate, or alternatively Fre 
und's incomplete adjuvant. 
0331. These compounds can be administered by the sys 
temic route, in particular by the intravenous route, by the 
intramuscular, intradermal or Subcutaneous route, or by the 
oral route. In a more preferred manner, the vaccine composi 
tion comprising polypeptides according to the invention will 
be administered by the intramuscular route, through the food 
or by nebulization several times, staggered over time. 
0332 Their administration modes, dosages and optimum 
pharmaceutical forms can be determined according to the 
criteria generally taken into account in the establishment of a 
treatment adapted to an animal such as, for example, the age 
or the weight, the seriousness of its general condition, the 
tolerance to the treatment and the secondary effects noted. 
Preferably, the vaccine of the present invention is adminis 
tered in an amount that is protective against piglet weight loss 
disease. 

0333 For example, in the case of a vaccine according to 
the present invention comprising a polypeptide encoded by a 
nucleotide sequence of the genome of PCV, or a homologue 
or fragment thereof, the polypeptide will be administered one 
time or several times, spread out over time, directly or by 
means of a transformed cell capable of expressing the 
polypeptide, in an amount of about 0.1 to 10 ug per kilogram 
weight of the animal, preferably about 0.2 to about 5 g/kg, 
more preferably about 0.5 to about 2 ug/kg for a dose. 
0334. The present invention likewise relates to the use of 
nucleotide sequences of PWD circovirus according to the 
invention for the construction of autoreplicative retroviral 
vectors and the therapeutic applications of these, especially in 
the field of human gene therapy in vivo. 
0335 The feasibility of gene therapy applied to man no 
longer needs to be demonstrated and this relates to numerous 
therapeutic applications like genetic diseases, infectious dis 
eases and cancers. Numerous documents of the prior art 
describe the means of employing gene therapy, especially 
through viral vectors. Generally speaking, the vectors are 
obtained by deletion of at least some of the viral genes which 
are replaced by the genes of therapeutic interest. Such vectors 
can be propagated in a complementation line which Supplies 
in trans the deleted viral functions in order to generate a 
defective viral vector particle for replication but capable of 
infecting a host cell. To date, the retroviral vectors are 
amongst the most widely used and their mode of infection is 
widely described in the literature accessible to the person 
skilled in the art. 

0336. The principle of gene therapy is to deliver a func 
tional gene, called a gene of interest, of which the RNA or the 
corresponding protein will produce the desired biochemical 
effect in the targeted cells or tissues. On the one hand, the 
insertion of genes allows the prolonged expression of com 
plex and unstable molecules such as RNAS or proteins which 
can be extremely difficult or even impossible to obtain or to 
administer directly. On the other hand, the controlled inser 
tion of the desired gene into the interior of targeted specific 
cells allows the expression product to be regulated in defined 
tissues. For this, it is necessary to be able to insert the desired 
therapeutic gene into the interior of chosen cells and thus to 
have available a method of insertion capable of specifically 
targeting the cells or the tissues chosen. 
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0337 Among the methods of insertion of genes, such as, 
for example, microinjection, especially the injection of naked 
plasmid DNA (Derse, D. et al., 1995, and Zhao, T. M. et al., 
1996), electroporation, homologous recombination, the use 
of viral particles, such as retroviruses, is widespread. How 
ever, applied in vivo, the gene transfer systems of recombi 
nant retroviral type at the same time have a weak infectious 
power (insufficient concentration of viral particles) and a lack 
of specificity with regard to chosen target cells. 
0338. The production of cell-specific viral vectors, having 
a tissue-specific tropism, and whose gene of interest can be 
translated adequately by the target cells, is realizable, for 
example, by fusing a specific ligand of the target host cells to 
the N-terminal part of a surface protein of the envelope of 
PWD circovirus. It is possible to mention, for example, the 
construction of retroviral particles having the CD4 molecule 
on the Surface of the envelope so as to target the human cells 
infected by the HW virus (YOUNG, J. A.T. et al., Sciences 
1990, 250, 1421-1423), viral particles having a peptide hor 
mone fused to an envelope protein to specifically infect the 
cells expressing the corresponding receptor (KASAHARA, 
N. et al., Sciences 1994,266, 1373-1376) or else alternatively 
viral particles having a fused polypeptide capable of immo 
bilizing on the receptor of the epidermal growth factor (EGF) 
(COSSET. F. L. et al., J. of Virology 1995, 69, 10, 6314 
6322). In another approach, single-chain fragments of anti 
bodies directed against Surface antigens of the target cells are 
inserted by fusion with the N-terminal part of the envelope 
protein (VALSESIA-WITTMAN, S. et al., J. of Virology 
1996, 70, 3, 2059-2064; TEARINA CHU, T. H. et al., J. of 
Virology 1997, 71, 1,720-725). 
0339 For the purposes of the present invention, a gene of 
interest in use in the invention can be obtained from a eukary 
otic or prokaryotic organism or from a virus by any conven 
tional technique. It is, preferably, capable of producing an 
expression product having a therapeutic effect and it can be a 
product homologous to the cell host or, alternatively, heter 
ologous. In the scope of the present invention, a gene of 
interest can code for an (i) intracellular or (ii) membrane 
product present on the surface of the host cellor (iii) secreted 
outside the host cell. It can therefore comprise appropriate 
additional elements such as, for example, a sequence coding 
for a secretion signal. These signals are known to the person 
skilled in the art. 

0340. In accordance with the aims pursued by the present 
invention, a gene of interest can code for a protein corre 
sponding to all or part of a native protein as found in nature. 
It can likewise beachimeric protein, for example arising from 
the fusion of polypeptides of various origins or from a mutant 
having improved and/or modified biological properties. Such 
a mutant can be obtained, by conventional biological tech 
niques, by Substitution, deletion and/or addition of one or 
more amino acid residues. 

0341. It is very particularly preferred to employ a gene of 
therapeutic interest coding for an expression product capable 
of inhibiting or retarding the establishment and/or the devel 
opment of agenetic or acquired disease. A vector according to 
the invention is in particular intended for the prevention or for 
the treatment of cystic fibrosis, of hemophilia A or B, of 
Duchenne's or Becker's myopathy, of cancer, of AIDS and of 
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other bacteria or infectious diseases due to a pathogenic 
organism: virus, bacteria, parasite or prion. The genes of 
interest utilizable in the present invention are those which 
code, for example, for the following proteins: 

0342 a cytokine and especially an interleukin, an inter 
feron, a tissue necrosis factor and a growth factor and 
especially a hematopoietic growth factor (G-CSF, GM 
CSF), 

0343 a factor or cofactor involved in clotting and espe 
cially factor VIII, von Willebrand's factor, antithrombin 
III, protein C, thrombin and hirudin, 

0344 an enzyme or an enzyme inhibitor such as the 
inhibitors of viral proteases, 

0345 an expression product of a Suicide gene Such as 
thymidine kinase of the HSV virus (herpesvirus) of type 
1 

0346 an activator or an inhibitor of ion channels, 
0347 a protein of which the absence, the modification 
or the deregulation of expression is responsible for a 
genetic disease, such as the CFTR protein, dystrophin or 
minidystrophin, insulin, ADA (adenosine diaminose), 
glucocerebrosidase and phenylhydroxylase, 

0348 a protein capable of inhibiting the initiation or the 
progression of cancers. Such as the expression products 
of tumor suppressor genes, for example the P53 and Rb 
genes, 

0349 a protein capable of stimulating an immune oran 
antibody response, and 

0350 a protein capable of inhibiting a viral infection or 
its development, for example the antigenic epitopes of 
the virus in question or altered variants of viral proteins 
capable of entering into competition with the native viral 
proteins. 

0351. The invention thus relates to the vectors character 
ized in that they comprise a nucleotide sequence of PWD 
circovirus according to the invention, and in that they addi 
tionally comprise a gene of interest. 
0352. The present invention likewise relates to viral par 

ticles generated from said vector according to the invention. It 
additionally relates to methods for the preparation of viral 
particles according to the invention, characterized in that they 
employ a vector according to the invention, including viral 
pseudoparticles (VLP. virus-like particles). 
0353. The invention likewise relates to animal cells trans 
fected by a vector according to the invention. 
0354) Likewise comprised in the invention are animal 

cells, especially mammalian, infected by a viral particle 
according to the invention. 
0355 The present invention likewise relates to a vector, a 
viral particle or a cell according to the invention, for the 
treatment and/or the prevention of a genetic disease or of an 
acquired disease Such as cancer oran infectious disease. The 
invention is likewise directed at a pharmaceutical composi 
tion comprising, by way of therapeutic or prophylactic agent, 
a vector or a cell according to the invention, in combination 
with a vehicle acceptable from a pharmaceutical point of 
V1eW. 

0356. Other characteristics and advantages of the inven 
tion appear in the examples and the figures. 
0357 The invention is described in more detail in the 
following illustrative examples. Although the examples may 

Jul. 29, 2010 

represent only selected embodiments of the invention, it 
should be understood that the following examples are illus 
trative and not limiting. 

Examples 
Example 1 

Cloning, Sequencing and Characterization of the 
PWD Circovirus of Type A (PCVA) 

0358 1. Experimental Procedures 
0359 Experimental reproduction of the infection and its 
syndrome are provided (cf. FIG. 1). 
0360. A first test was carried out with pigs from a very 
well-kept farm, but affected by piglet weight loss disease 
(PWD), likewise called fatal piglet wasting (FPW). Tests 
carried out with SPF (specific pathogen-free) pigs showed a 
transfer of contaminant(s) finding expression in a complex 
pathology combining hyperthermia, retardation of growth, 
diarrhea and conjunctivitis. The PDRS (porcine dysgenic and 
respiratory syndrome) virus, an infectious disease due to an 
arteriovirus) was rapidly isolated from breeding pigs and 
contact pigs. It should have been possible to attribute all the 
clinical signs to the presence of the PDRS virus. However, 
two farm pigs presented signs of FPW without the PDRS 
virus being isolated. The histological analyses and blood 
formulas, however, showed that these pigs were Suffering 
from an infectious process of viral origin. 
0361. In a second test, 8-week SPF pigs were inoculated 
by the intratracheal route with organ homogenates of two 
farm pigs suffering from FPW. The inoculated pigs exhibited 
hyperthermia 8 to 9 days post-infection, then their growth was 
retarded. Other SPF pigs, placed in contact, had similar, 
attenuated signs 30 days after the initial experiment. No sero 
conversion with respect to a European or Canadian strain of 
PDRS virus was recorded in these animals. 
0362. A third test allowed the syndrome to be reproduced 
from samples taken from the pigs of the second test. 
0363 Conclusion 
0364 The syndrome is reproduced under the experimental 
conditions. It is determined by at least one infectious agent, 
which is transmittable by direct contact. The clinical con 
stants are a sometimes high hyperthermia (greater than or 
equal to 41.5°C.) which develops 8 to 10 days after infection. 
Retardation of the growth can be observed. The other signs 
are a reversal of the blood formula (reversal of the lympho 
cyte/polynuclear ratio from 70/30 to 30/70) and frequent 
lesions on the ganglia, especially those draining the respira 
tory apparatus (ganglionic hypertrophy, loss of structure with 
necrosis and infiltration by mononucleated or plurinucleated 
giant cells). 

2. Laboratory Studies 
0365 Various cell supports including primary pig kidney 
cells or cell lines, pig testicle cells, monkey kidney cells, pig 
lymphocytes, pigalveolar macrophages and circulating blood 
monocytes were used to demonstrate the possible presence of 
a virus. No cytopathic effect was demonstrated in these cells. 
On the other hand, the use of a serum of a pig sick after 
experimental infection allowed an intracellular antigen to be 
revealed in the monocytes, the macrophages and approxi 
mately 10% of pig kidney (PK) cells infected with organ 
homogenates. This indirect revealing was carried out kineti 
cally at different culture times. It is evident from this that the 
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antigen initially appears in the nucleus of the infected cells 
before spreading into the cytoplasm. The Successive passages 
in cell culture did not allow the signal to be amplified. 
0366 Under electron microscopy on organ homogenates, 
spherical particles labeled specifically by the serum of sick 
pigs, infected under the experimental conditions, were visu 
alized. The size of these particles is estimated at 20 nm. 
0367. After two passages of these organ homogenates over 
pig lymphocytes and then three passages over pig kidney or 
testicle cells, a cytopathic effect developed and was ampli 
fied. An adenovirus was visualized in the electron micro 
Scope, which, under the experimental conditions, did not 
reproduce FPW (only a hyperthermia peak was noted 24 to 48 
hours after infection, and then nothing more). 
0368. It has been possible to demonstrate DNA bands in 
certain samples of pigs infected under the experimental con 
ditions and having exhibited signs of the disease (results not 
shown). A certain connection exists between the samples 
giving a positive result in cell culture and those having a DNA 
band. 

0369 Conclusion 
0370. At least two types of virus were demonstrated in the 
organ homogenates from pigs Suffering from FPW. One is an 
adenovirus, but by itself alone it does not reproduce the dis 
ease. The other type of virus is a circovirus and is associated 
with FPW. This circovirus, of which two types have been 
isolated and sequenced, designated below PWD circovirus 
type A (or PCVA) and PWD circovirus of type B (or PCVB) 
have mutations with respect to the known sequences of cir 
covirus which are nonpathogenic for the pig. 

3. Cloning and Sequencing of the DNA of the PWD Circovi 
rus of Type A 
0371 Cloning and sequencing of the DNA of PHD cir 
covirus Type A is accomplished by extraction of the replica 
tive form (RF) DNA, followed by cleavage by the Kpn I 
enzyme and amplification by a pair of primers flanking the 
Kpn I restriction site. The two strands of DNA are sequenced 
at least twice by the Sanger method. 
0372. The nucleic sequence of the strand of (+) polarity of 
the genome of the PWD circovirus of type A (or PCVA), 
strain FPW, is represented by the sequence SEQID No. 1 in 
the list of sequences, the nucleic acid sequence of the strand 
of (-) polarity of the genome of the PWD circovirus of type A 
(or PCVA) being represented by the nucleic acid sequence 
3'->5' of FIG.3 or by the sequence SEQID No. 5 (represented 
according to the orientation 5'-->3') in the list of sequences. 
0373 The amino acid sequences SEQID No. 10, SEQID 
No. 12 and SEQ ID No. 14 of the list of sequences respec 
tively represent the sequences of proteins encoded by the 
nucleic sequences of the 3 open reading frames SEQID No. 
9 (ORF1), corresponding to the REP protein, SEQID No. 11 
(ORF2) and SEQ ID No. 13 (ORF3), determined from the 
sequence SEQID No. 1 of the strand of (+) polarity or of the 
nucleic sequence SEQID No. 5 of the strand of (-) polarity of 
the genome of the PWD circovirus of type A. 
4. Comparison of the Nucleotide Sequences and Amino Acids 
of the PWD Circovirus of Type A (or Associated with PWD) 
which are Obtained with the Corresponding Sequences of 
MEEHAN and MANKERTZ Circoviruses of Porcine Cell 
Lines. 

0374 
Wa. 

DNA sequences are analyzed using, DNASIS soft 
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Sequences of Oligonucleotides Used as Primers or Probes in 
the Detection and/or Identification Procedures 

1. Specific Detection of the PWD Circovirus of Type A: 
0375 

SEQ ID No. 46 
primer PCV 5: 5' GTG TGC TCG ACA TTG GTG TG 3 '; 

SEQ ID No. 47 
primer PCV 10: 5' TGG AAT GTT AAC GAG CTG AG 3 '; 

2. Specific Detection of the Circovirus of the Cell Lines: 
0376 

SEO ID No. 46 
primer PCF 5: 5' GTG TGC TCG ACA TTG GTG TG 3 '; 

SEO ID No. 52 
primer MEE 1: 5' TGG AAT GTT AAC TAC CTC AA 3 '; 

3. Differential Detection: 

0377 the pairs of primers used are those described, for 
example, in the paragraphs 1 and 2 above; 

4. Detection of the Monomeric Circular Replicative Forms 
RF: 

0378 

SEO ID No. 46 
primer PCV 5: 5' GTG TGC TCG ACA TTG GTG TG 3 '; 

SEO ID No. 48 
primer PCV 6: 5' CTC GCA GCC ATC TTG GAA TG 3 '; 

5. Detection of the Vectors Carrying the Dimers in Tandem: 
0379 

Nair dimer: 
SEQ ID No. 49 

primer KS 62o : 5' CGC GCG TAA TAC GAC TCA CT 3"; 
SEQ ID No. 46 

primer PCV 5: 5' GTG TGC TCG ACA TTG GTG TG 3 '; 

Kpn dimer: 
SEQ ID No. 49 

primer KS 62o : 5' CGC GCG TAA TAC GAC TCA CT 3"; 
SEQ ID No. 48 

primer PCV 6: 5' CTC GCA GCC ATC TTG GAA TG 3 '; 

6. Differential Detection: 

0380. The pairs of primers used are those described, for 
example, in paragraphs 4 and 5 above. 
0381. The procedures using the pairs or primers described 
in paragraphs 4 and 5 are of particular interest for differen 
tially detecting the circular monomeric forms of specific rep 
licative forms of the virion or of the DNA in replication and 
the dimeric forms found in the so-called in-tandem molecular 
COnStructS. 

0382. The in-tandem constructs of the viral genome 
(dimers) Such as the constructs used for the preparation of the 



US 2010/0189735 A1 
18 

pBS KS+tandem PCV Kpn I vector, deposited at the CNCM 
under the number I-1891, 3 Jul. 1997 (E. coli transformed by 
said vector) are very interesting for their use in methods of 
production of Sufficient quantity of an inoculum formed of 
DNA, intended for the virus production, this in the absence of 
a satisfactory virus production protocol in a cell system. 
These said methods of production using in-tandem constructs 
of the viral genome will allow the virulence factors to be 
studied by mutation and by way of consequence will be able 
to be used for the production of a collection of viruses carry 
ing the mutations indicated in the construction of vectors 
which will have the appropriate tropism and virulence. These 
vectors with autoreplicative structure have the sought gene 
transfer properties, especially for their applications in gene 
therapy, and in vaccinology. 
0383 Western-Blot Analysis of Recombinant Proteins of 
the PWD Circovirus of Type A 
0384 The results were obtained using a specific antiserum 
of the PWD circovirus produced during test 1 (cf. FIG. 1). 
0385 Type of Products Analyzed 
0386 The analyses were carried out on cell extracts of Sf9 
cells obtained after infection by the recombinant baculovirus 
PCV ORF 1. 
(0387. The culture of Sf9 cells was carried out in a 25 cm 
Petridish according to the standard culture methods for these 
cells. After centrifugation, the cell pellets are taken up with 
300 ul of PBS buffer (phosphate saline buffer). 
0388 Electrophoresis (PAGE-SDS) 
0389. The electrophoresis is carried out on the cell extracts 
of Sf9 cells obtained previously on 5 samples (cf. Table 1 
below) under the following conditions: 
0390 % polyacrylamide gel: 8%; conditions: denaturing 
0391 Voltage: 80 V: duration: 135 mn. 

TABLE 1. 

Nature of the samples Subiected to electrophoresis 

Well No. 

1 2 3 4 5 

Sample applied PM Raoul Raoul Raoul Raoul 
Rainbow 24h 48 h. 72 96h 

ul of sample 10 15 15 15 15 
ul of Laemmli O 5 5 5 5 

Legends to Table 1: 
Laemmli 4X: loading buffer 
PMRainbow; molecular-weight markers (35, 52, 77,107,160 and 250 kD) 
Raoul 24h, 48 h, 72 hand96 h; expression products of the ORF1 of the PWD circovirus of 
type A, 

0392 Western Blot 
0393. After electrophoresis, the bands obtained in the dif 
ferent wells are transferred to nitrocellulose membrane for 1 
hat 100 V in a TGM buffer (tris-glycine-methanol). 
0394. The Western blot is carried out under the following 
conditions: 

0395. 1) Saturation with a solution containing 5% of 
skimmed milk; 0.05% of Tween 20 in a TBS 1xbuffer 
(tris buffer saline) for 30 min. 

0396 2) 1st antibody: 
0397 10 ml of PWD anticircovirus antibody of type 
A are added diluted to /100, then the reaction mixture 
is incubated for one night at 4°C. Three washes of 10 
min in TBS 1x are carried out. 
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0398. 3) 2nd antibody: 
0399. 10 ml of pig rabbit P164 antibody anti-immu 
noglobulins, coupled to peroxidase (Dakopath), are 
added diluted to /100, then the reaction medium is 
incubated for 3 hours at 37° C. Three washes of 10 
min in TBS 1x are carried out. 

(0400. 4) Visualization 
04.01 The substrate 4-chloro-1-naphthol in the pres 
ence of oxygenated water is used for visualization. 
Results 

0402. The results are shown in FIG. 7. 
Kinetics of Appearance of Antibodies Specific for the REP 
Recombinant Protein of the PWD Circovirus of Type A 
Expressed in Baculovirus After Infection of Pigs by the PWD 
Circovirus of Type A (test 4, cf. FIG. 1) 
0403. After infection of the pigs, a sample of serum of 
each of the infected pigs is taken at different periods 
expressed in the table by the date of taking (carried out here in 
the same year) and is then analyzed by Western blot. 
04.04 The visualization of the specific antibodies is car 
ried out in the manner described previously. 
04.05 The results obtained are shown by Table 2 below. 

TABLE 2 

Kinetics of appearance of specific antibodies 

Sample Pigs 10/6 1606. 23,06 O1 O7 O8.07 15.07 21 O7 

A3 1 Neg. 
Control 2 Neg. 
B2 Infec. 1 Neg. Neg. Neg. + -- ---- ------ 
RP- 2 Neg. Neg. Neg. Neg. Neg. Neg. Neg. 

3 Neg. Neg. Neg. Neg. + -- -- 
4 Neg. Neg. Neg. Neg. Neg. Neg. ++ 

Legends to Table 2: 
A3 control: uninfected control animals; 
B2 Infec. RP+: animals infected with pig kidney (PK) cells containing the circovirus; 
Neg.: negative; 
+, ++, +++: intensity scale of the positive reaction; 
10.06, 1606,23/06, 01:07, 08/07, 1507,21:07: dates expressed in day month on which the 
different withdrawals of serum were carried out. 

Example 2 

Cloning, Sequencing and Characterization of the 
Type B PWD Circovirus (PCVB) 

0406. The techniques used for cloning, sequencing and 
characterization of the type B PWD circovirus (PCVB) are 
those used in Example 1 above for the type APWD circovirus 
(PCVA). 
0407. The nucleic acid sequence of the strand of (+) polar 
ity of the genome of the PWD circovirus of type B (or PCVB) 
is represented by the sequence SEQID No. 15 in the sequence 
listing, the nucleic acid sequence of the Strand of (-) polarity 
of the genome of the PWD circovirus of type B (or PCVB) 
being represented by the nucleic acid sequence 3'->5' of FIG. 
8 or by the sequence SEQID No. 19 (represented according 
to the orientation 5'-->3') in the sequence listing. 
(0408. The amino acid sequences, SEQID No. 24, SEQID 
No. 26 and SEQ ID No. 28 of the sequence listing, respec 
tively, represent the sequences of the proteins encoded by the 
nucleic sequences of the 3 open reading frames SEQID No. 
23 (ORF1), corresponding to the REP protein, SEQID No. 
25 (ORF2) and SEQID No. 27 (ORF3), determined from the 
sequence SEQID No. 15 of the strand of (+) polarity or from 
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the nucleic sequence SEQ ID No. 19 of the strand of (-) 
polarity of the genome of the PWD circovirus of type B. 

Example 3 

Comparative Analysis of Nucleotide Sequences 
(ORF1, ORF2 and Genomic) and Amino Acid 

Sequences Encoded by the ORF1 and the ORF2 of 
the PWD Circoviruses of Type A (PCVA) and of 

Type B (PCVB) 
04.09. The results expressed in % of homology are shown 
in Tables 3 and 4 below. 

TABLE 3 

Compared analysis of the amino acid sequences 

% homology ORF1 ORF2 

PCVAPCVB 80.4 56.2 

TABLE 4 

Compared analysis of the nucleotide sequences 
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Example 4 
Observation of the Disease and Reproduction of the 

Disease Under Experimental Conditions 
0410 a) Test No. 1: Observation of the Disease 
0411. The objective is to take breeding animals at the start 
of disease and to place them under experimental conditions to 
follow the progression of the pathology and describe all the 
clinical signs thereof. This first test was carried out on 3 
breeding pigs aged 10 weeks of which 2 were already ill 
(Suffering from wasting), and on 3 other pigs aged 13 weeks, 
not having signs of disease. The clinical observation was 
spread over a period of 37 days. Two pigs of 10 weeks wasted 
rapidly (pigs 1 and 2, FIG.9) and had to be painlessly killed 
5 and 6 days after their arrival. A single pig exhibited hyper 
thermia over 5 days and diarrhea. Two other pigs exhibited 
dyspnea and cough, of which one additionally had hyperther 
mia, greater than 41° C., for the two first days of its stay. 
Another pig had retarded growth in the second week (pig 6. 
FIG. 9), without any other clinical sign being recorded. On 
the lesional level, 5 pigs out of 6 exhibited macroscopic 
lesions of gray pneumonia, the sixth exhibited cicatricial 
lesions on the lung. 
0412 b) Test No. 2: Reproduction of the Disease from 
Inocula Prepared in Farm Pigs. 
0413. The two sick pigs in test 1 served to prepare inocula 
which were tested in test 2 on specific-pathogen-free (SPF) 
pigs. The SPF pigs were aged 9 weeks at the time of inocu 
lation. The clinical and lesional results are shown in Table 5. 

TABLE 5 

Summary of the measurements carried out during experimental reproduction of PWD. (The values of the control animals are 
reported in brackets, the underlined values indicate a difference between infected animals and control animals 

Test Measurement 

% homology Genomic ORF1 ORF2 The remainder 

PCVAPCVB 704 804 60.1 66.1 

2 3 

Status of the pigs SPF SPF 
CNEVA field 

Age 9 weeks 6 weeks 
Number 4 6 
Inoculation route Intratracheal route Intratracheal route 

4 5 6 7 

SPF SPF Conventional Conventional 
CNEVA CNEVA 
5 weeks 5 weeks 5 weeks 6-7 weeks 

12 8 8 8 
Intratracheal + 

intramuscular route 
Intratracheal + 

intramuscular route 
Intratracheal + 

intramuscular route 
Intratracheal + 

intramuscular route 
Inoculum titer per pig ND: ND: 104.53 TCID, 104.53 TCID, 104.53 TCID, 10453 TCID, 

per ml. 1 ml per ml: 1 ml per ml: 1 ml per ml. 1 ml 
IM+ 5 ml IT IM+ 5 ml IT IM+ 5 ml IT IM+ 5 ml IT 

Start of hyperthermia 10 days 9-13 days 12-13 days 9-14 days 8-12 days 12 days 
post-infection post-infection post-infection post-infection post-infection post-infection 

% of pigs in 100% 83% 92% 100% 75% 88% 
hyperthermia 
Number of days of 7 4.5 3.3 5.8 7.5 11.6 
hyperthermia per 
pig 
Maximum 40.4 to 41.7°C. 40.6 to 42.3°C. 40.2 to 41.6°C. 40.3 to 40.8° C. 40.6 to 42°C. 40.2 to 41.9°C. 
temperatures*** 
Hyperthermia *** 
% per week 

W1 3.5 (3.5) 17 (36) 7 (5) 37 (17) 16 (17) 20 (28) 
W2 42 (3.5 7 (13) 13 (1 21 (3 S2 (10 37 (28) 
W3 35 (3.5 33 (10 28 (7 62 (2 34 (12 79 (17 
W4 21 (3.5 28 (7 5 (O) 6 (3) 25 (22) 55 (3 
DMG: 

W1 928 (1053) 417 (357) 564 (620) 650 (589) 401 (407) 509 (512) 
W2 678 (1028 428 (6.17 503 (718 612 (584) 294 (514 410 (310) 
W3 661 (1OOO 771 (642) 381 (657 520 (851 375 (586 435 (440) 
W4 786 (1100 550 (657 764 (778) 641 (696) 473 (610 451 (681 
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TABLE 5-continued 

Summary of the measurements carried out during experimental reproduction of PWD. (The values of the control animals are 
reported in brackets, the underlined values indicate a difference between infected animals and control animals 

2 3 

Contact pigs Yes to 100% Yes to 75% 
transmission 
% of pulmonary 25 75 
lesions 
% of ganglionic 17 33 
lesions 

*ND; not determined, 
**hyperthermia when the temperature is greater than 40°C., 
***range of maximum temperatures recorded at the individual level, 

Not tested 

Test Measurement 

5 6 7 

Not tested Not tested Not tested 

25 25 12 

25 50 12 

****the percentage corresponds to the number of temperature recordings greater than 40°C. divided by the total number of temperature recordings in the week on all of the pigs. 

0414. In this test, there was no wasting, at the very most a 
retardation of the growth in the second, third or fourth week 
after infection. These data illustrate that certain breeding 
conditions probably favor the expression of the disease. 
0415 c) Tests No. 3 to No. 7: Reproduction of the Experi 
mental Tests 
0416) The increase in the number of the experimental tests 
on pigs had the mastering and better characterization of the 
experimental model as an objective. All of the results are 
presented in Table 5. 
0417 Under the experimental conditions, PWD is thus 
characterized by a long incubation, of 8 to 14 days, true 
hyperthermia over 2 to 8 days, a decrease in food consump 
tion and a retardation of the increase in weight on the second, 
third or fourth week post-infection. The lesional table asso 
ciated with this clinical expression includes, in the main, 
ganglionic hypertrophy and lesions of pneumonia. 
0418 Conclusion 
0419. The perfection of this experimental model allows 
the direct etiological role of the PWD circovirus in the disease 
to be indisputably demonstrated. In addition, this model is an 
indispensable tool for the understanding of pathogenic 
mechanisms and the study of future vaccine candidates. 

Example 5 
Demonstration of the Vaccine Composition Protec 
tive Efficacy Produced from Nucleic Fragments of 

PWD Circovirus Sequence 
0420 1) Animals Used for the Study 
0421 Piglets having the PWD disease, reproduced under 
experimental conditions described in paragraph c) of 
Example 4, were used in a protocol for evaluating the vaccine 
composition efficacy, comprising nucleic fragments of PWD 
circovirus sequence. 
0422, 2) Tested Vaccine Composition and Vaccination 
Protocol 
0423 a) Components Used for the Study 
0424 The plasmids were obtained from the pcDNA3 plas 
mid of INVITROGENE 
0425 pcDNA3ORF-Plasmids 
0426. These plasmids are plasmids which do not carry a 
PWD circovirus nucleic acid insert and are used as a negative 
control plasmid. 
0427 pcDNA3ORF1 + Plasmid and pcDNA3ORF2+ 
Plasmid 

0428. ThepcDNA3ORF1+ and pcDNA3ORF2+ plasmids 
are plasmids which carry a nucleic acid insert of the sequence 
of the PWD circovirus of TYPE B, and an insert comprising 
the nucleic acid fragment SEQID No. 23 (ORF1) coding for 
the Rep protein of sequence SEQ ID No. 24 and an insert 
comprising the nucleic acid fragment SEQID No. 25 (ORF2) 
coding for the protein of sequence SEQID No. 26, probably 
corresponding to the capsid protein, respectfully. These 
nucleic constructs further comprise the ATG initiation codon 
of the coding sequence of the corresponding protein. 
0429 GMCSF+ Plasmid 
0430 GM-CSF (granulocyte/macrophage colony stimu 
lating factor) is a cytokine which occurs in the development, 
the maturation and the activation of macrophages, granulo 
cytes and dendritic cells which present an antigen. The ben 
eficial contribution of the GM-CSF in vaccination is consid 
ered to be a cellular activation with, especially, the 
recruitment and the differentiation of cells which present an 
antigen. 
0431. This pcDNA3-GMCSF+ plasmid carries a nucleic 
acid insert coding for the granulocyte/macrophage colony 
stimulation factor, the GM-CSF protein. 
0432. The gene coding for this GM-CSF protein was 
cloned and sequenced by Inumaru etal. (Immunol. Cell Biol. 
1995, 73 (5), 474-476). The pcDNA3-GMCSF+ plasmid was 
obtained by Dr. B. Charley of NRA of Jouy-en-Josas (78. 
France). 
0433 Recombinant Baculoviruses 
0434. The so-called ORF-baculoviruses are viruses not 
carrying any insert comprising a nucleic acid fragment 
capable of expressing a PWD circovirus protein. 
0435 The so-called ORF1+ (BAC ORF1+) or ORF2+ 
(BAC ORF2+) baculoviruses are recombinant baculoviruses 
carrying an insert comprising a nucleic acid fragment SEQID 
No. 23 (ORF1) and an insert comprising the nucleic acid 
fragment SEQID No. 25 (ORF2), respectively. 
0436 Adjuvant 
0437. The adjuvant supplied by the Seppic Company, a 
subsidiary of AIRLIQUIDE, is the adjuvant corresponding to 
the reference AIF SEPPIC. 

0438 b) Vaccination Protocol 
0439 Weaned piglets aged 3 weeks are divided into four 
batches A, B, C and D each comprising 8 piglets. 
0440 Batches A, B and C, aged 3 weeks, each receive a 

first injection (injection M1) of 1 ml containing 200 micro 
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grams of plasmids (naked DNA) in PBS, pH: 7.2, by the 
intramuscular route for each of the plasmids mentioned below 
for each batch, then, at the age of 5 weeks, a second injection 
(injection M2) comprising these same plasmids. A third injec 
tion is carried out simultaneously on the other side of the 
neck. This third injection comprises 1 ml of a suspension 
containing 5x10 cells infected by recombinant baculovi 
ruses and 1 ml of AIF SEPPIC adjuvant. 
0441 Batch A (F1) (Control Batch): 

First Injection 
0442 pcDNA3ORF1-plasmid, pcDNA3ORF2-plasmid 
and GMCSF+ plasmid. 

Second and Third Injection (Simultaneous) 
0443 pcDNA3ORF1-plasmid, pcDNA3ORF2-plasmid 
and GMCSF+ plasmid; 
0444 Cells transformed by baculoviruses not containing 
any nucleic acid insert coding for a PWD circovirus protein; 
0445 AIF SEPPIC adjuvant. 
0446 Batch B (F2) (Control Batch): 

First Injection 
0447 pcDNA3ORF1-plasmid, pcDNA3ORF2-plasmid 
and GMCSF+ plasmid; 

Second and Third Injection (Simultaneous) 
0448 pcDNA3ORF1-plasmid, pcDNA3ORF2-plasmid 
and GMCSF+ plasmid; 
0449 Cells transformed by baculoviruses not containing 
any nucleic acid insert coding for a PWD circovirus protein; 
0450 AIF SEPPIC adjuvant. 
0451 Batch C (F3): 

First Injection 
0452 pcDNA3ORF1 + plasmid, pcDNA3ORF2+ plasmid 
and GMCSF+ plasmid; 

Second and Third Injection (Simultaneous) 
0453 pcDNA3ORF1 + plasmid, pcDNA3ORF2+ plasmid 
and GMCSF+ plasmid; 
0454) Cells transformed by BACORF1+ and BACORF2+ 
recombinant baculoviruses capable of respectively express 
ing the Rep protein of sequence SEQ ID No. 24 and the 
protein of sequence SEQID No. 26 of the PWD circovirus of 
TYPE. B. Batch D (F4) (control batch): no injection 
0455 The batches of piglets B, C and D are infected 
(tested) at the age of 6 weeks although batch A is not sub 
jected to the test. 
0456) 3) Observation of the Batches 
0457 counting of coughing/sneezing: 15 minutes/batch/ 
day; 

0458 consistency of fecal matter: every day; 
0459 regular recordings: weekly taking of blood, weigh 
ing: 

0460 weighing of food refuse: 3 times per week; 
0461 calculation of the daily mean gain in weight (dmg); 
0462. The daily mean gains were calculated for each of the 
batches over a period of 28 days following testing (cf. FIG. 
10), an intermediate calculation of the dmg was likewise 
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carried out for each of the batches over the first and second 
periods of 14 days. The results obtained are reported below in 
Table 6. 

TABLE 6 

Daily mean gains 

F1 F2 F3 F4 

d0-d14 411 g 450 g 511 g 461 g 
d14-d28 623g 362g 601 g 443g 
d0-d28 554g 406 g 556 g 452g 

0463 Measurement of hyperthermia 
0464. The measurement of hyperthermia, of greater than 
41° C. (cf. FIG. 11) and greater than 40.2°C., was carried out 
for each of the batches over a total period of 28 days following 
testing. The results obtained, corresponding to the ratio 
expressed as a percentage between the number oftemperature 
recordings of greater than 41° C. (or greater than 40.2°C.) 
and the total number oftemperature recordings carried out on 
all of the pigs per one-week period are reported below in 
Tables 7 and 8, respectively, for the hyperthermia measure 
ments of greater than 41° C. and greater than 40.2°C. 

TABLE 7 

Hyperthernia 41° C. 

W1 4.1 O O O 
W2 10.7 16. O 8.9 
W3 4.7 27. O 45. 
W4 O O O 7.5 

TABLE 8 

Hyperthernia - 40.2 

F1 F2 F3 F4 

W1 29.1 10.41 29.1 20.8 
W2 28.5 39.2 10.7 37.5 
W3 14.3 68.7 2S.O 81.2 
W4 3.3 17.5 2O.O 55 

0465. 4) Conclusion 
0466. The recordings carried out clearly show that the 
animals which received the three injections of a vaccine com 
position comprising nucleic acid fragments of PWD circovi 
rus according to the invention and/or capable of expressing 
recombinant proteins of PWD circovirus, in particular of type 
B, did not exhibit hyperthermia (cf. FIG. 10). These animals 
additionally did not experience a decline in their growth, the 
dmgs being comparable to those of uninfected control ani 
mals (cf. FIG. 9). They did not exhibit any particular clinical 
sign. 
0467. These results demonstrate the efficacious protection 
of the piglets against infection with a PWD circovirus of the 
invention, the primary agent responsible for PWD or FPW, 
provided by a vaccine composition prepared from a nucleic 
acid fragment of the nucleic sequence of PWD circovirus 
according to the invention, in particular of type B, and/or from 
recombinant proteins encoded by these nucleic acid frag 
mentS. 
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0468. These results in particular show that the proteins 
encoded by the ORF1 and ORF2 of PWD circovirus accord 
ing to the invention are immunogenic proteins inducing an 
efficacious protective response for the prevention of infection 
by a PWD circovirus. 

Example 6 
Serological Diagnosis of PWD Circovirus by Immu 
nodetermination Using Recombinant Proteins or 

Synthetic Peptides of PWD Circovirus 
0469 A. Serological Diagnosis with Recombinant Pro 
teins 
0470 The identification and the sequencing of porcine 
PWD circovirus allow recombinant proteins of PWD circovi 
rus to be produced by the techniques of genetic recombina 
tion well known to the person skilled in the art. Using these 
techniques, recombinant proteins encoded, in particular, by 
the ORF2 of the PWD circovirus, type B, were expressed by 
transformed Sf9 insect cells and then isolated. 
0471. These recombinant proteins encoded by the ORF2 
are extracted, after culture of the transformed Sf9 cells, by 
thermal cell lysis by means of 3 cycles of freezing/thawing to 
–70° C./+37° C. Healthy Sf9 cells or nontransformed control 
Sf9 cells are also lysed. 
0472. Two antigenic fractions originating from nontrans 
formed control Sf9 cells and Sf9 cells expressing the ORF2 
are precipitated at 4°C. by a 60% plus or minus 5% saturated 
ammonium sulfate solution. Determination of total proteins 
is carried out with the aid of the Biorad kit. 500 ng of control 
Sf9 proteins and of semipurified Sf9 proteins expressing the 
ORF2, in solution in 0.05 Mbicarbonate buffer pH 9.6, are 
passively adsorbed at the bottom of 3 different wells of a 
Nunc Maxisorp microplate by incubation for one night at +4 
C. 
0473. The reactivity of pig sera with respect to each of 
these antigenic fractions is evaluated by an indirect ELISA 
reaction of which the experimental protocol is detailed below: 
0474 Saturation step: 200 ul?well of PBS1x/3% semi 
skimmed milk, 1 h 30 incubation at 37° C. 

0475 Washing: 2001/well of PBS1X/Tween 20: 0.05%,3 
rapid washes. 

0476 Serum incubation step: 100 ul/well of serum diluted 
to /100 in PBS1x/semi-skimmed milk, 1%f Tween 20: 
0.05%, 1 h incubation at 37° C. 

0477 Washing: 2001/well of PBS1X/Tween 20: 0.05%, 2 
rapid washes followed by 2 washes of 5 min. 

TABL 
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0478 Conjugate incubation step: 50 ul/well of rabbitanti 
pig conjugate diluted to /1000 in PBS1X/semi-skimmed 
milk, 1%/Tween 20: 0.05%, 1 h incubation at 37° C. 

0479 Washing: 2001/well of PBS1X/Tween 20: 0.05%, 2 
rapid washes followed by 2 washes of 5 min. 

0480 Visualization step: 100 ul/well of OPD substrate/ 
citrate buffer/HO, 15 min incubation at 37°C. 

0481 Termination: 50 ul/well of 1 NHSO. 
0482 Read optical density in a spectrophotometer at 490 

. 

Results 

0483. The results obtained are shown below in Table 9. 

TABLE 9 

Reactivity 
of Pig Serum 

not inoculated with 
Circovirus 

Reactivity of Pig Serum 
inoculated with 

Antigens Circovirus 

Purified Sf9 control 
Sf9 expressing purified 
ORF2 

O.O88 
1.035 

0484 The results are expressed in optical density mea 
Sured in a spectrophotometer at 490 nm during analysis by 
ELISA of the reactivity of pig sera which are or are not 
inoculated with the type B PWD circovirus according to the 
protocol indicated above. 
0485 B. Serological Diagnosis by Synthetic Peptide 
0486 The epitopic mapping of the proteins encoded, for 
example, by the nucleic sequences ORF1 and ORF2 of the 
two types of PWD circovirus (types A and B) additionally 
allowed immunogenic circoviral epitopes to be identified on 
the proteins encoded by the nucleic sequences ORF1 and 
ORF2 as well as the specific epitopes of the protein encoded 
by the nucleic acid sequence ORF2 of the type B PWD 
circovirus. Four specific epitopes of the type B PWD circovi 
rus and one epitope common to the two types of PWD cir 
covirus situated on the protein encoded by the nucleic 
sequence ORF2 were synthesized in peptide form. The 
equivalent peptides in the circovirus of type A were likewise 
synthesized. All peptides were evaluated as diagnostic anti 
gens within the context of carrying out a serological test. 

Results 

0487. The results obtained are shown in Table 10, below. 

E 1 O 

Results of the evaluation as a diagnostic antigen of synthetic peptides encoded by 
the nucleic sequences ORF2 and ORF' 2 of PWD circovirus of type A and B. 

Infected pig serum 
Type reactivity Circovirus B 

PWD SPF Conventional Conventional Epitopic 
Peptide circovirus PositionAA sequence DOAD54 1 DOAD42 2 DOAD42 specificity 

SEQ ID NO : 29 121 B 71 - 85 WDMMRFNINDFLPPG +/-, +++ +/-, +++ -, +++ Circovirus 

SEO ID NO : 55 177 B 70-84 NVNELRFNIGOFLPP +/-, + +/-, +/- +/-, - B 

SEQ ID NO : 30 132 B 115-129 QGDRGWGSSAVILDD +/-, +/- ++, ++ +/-, + Circovirus 
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TABLE 1 O - continued 

Results of the evaluation as a diagnostic antigen of synthetic peptides encoded by 
the nucleic secluences ORF2 and ORF 2 of PWD circovirus of type A and B. 

Infected pig serum 
Type - reactivity Circovirus B 

PWD SPF Conventional Conventional Epitopic 
Peptide circovirus PositionAA sequence DOAD54 1 DOAD42 2 DOAD42 specificity 

SEO ID NO: 56 188 A. 114-127 TSNORGWGSTVWIL +/-, - -, +/- +/-, +/- B 

SEO ID NO: 31 133 B 119-134 GWGSSAVILDDNWFTK -, ++ ++, +++ +/-, ++ 

SEO ID NO: 57 189 A. 118-132 RGWGSTWWILDANFV +/-, - -, +/- +/-, +/- 

SEO ID NO: 58 146 B 171-185 FTIDYFQPNNKRNOL -, +/- -, ++ -, ++ Circovirus 

SEO ID NO. 59 2O2 A. 170-184 DQTIDWFQPNNKRNO +++, +++ +/-, ++ +, ++ A&B 

SEO ID NO: 32 152 B 195-209 WDHWGLGTAFENSIY -, ++ +++, +++ +/-, + Circovirus 

SEO ID NO: 60 2O8 A. 194-2O8 NWEHTGLGYALONAT - - - - - - B 

+/-, +, ++, +++. Increasing intensities of the reactivities observed in Spot peptides on a nitrocellulose membrane. The porcine 
Sera tested are from animals experimentally infected with the Circovirus of type B within the animal houses of the CNEVA. Samples 
are taken from the animals before inoculation on d0 and 42 days or 54 days after inoculation, on d42, d54. 

Example 7 
Characterization of the Specific Epitopes of the 

PWD Circovirus of type B 
0488. The proteins encoded by the ORF2 of the porcine 
circoviruses of type A and B were chosen for this study. For 
each of the ORF2s (types A and B), 56 peptides of 15 amino 
acids which overlap every 4 amino acids were synthesized, 
thus covering the whole of the protein (cf. Table 11 below). 

TABL E 11 

Sequence of amino acids of the 56 peptides of 15 amino acids 
synthesized from the nucleic sequence ORF'2 (type B) and ORF2 (type 

A) of PWD circovirus with their correspondind Soot number (cf. FIG. 12 

Type B ORF2 Type A ORF2 

Spot No. Sequence Spot No. Sequence 

SEO ID NO: 171 O4 MTYPRRRYRRRRHRP SEO ID NO : 175 60 MTWPRRRYRRRRTRP 

SEO ID NO: 172 O5 RRRYRRRRHRPRSHL SEO ID NO : 176 61 RRRYRRRRTRPRSHL 

SEO ID NO: 173 O6 RRRRHRPRSHLGOIL SEO ID NO : 177 62 RRRRTRPRSHLGNIL 

SEO ID NO: 61 O7 HRPRSHLGOILRRRP SEQ ID NO: 84 63 TRPRSHLGNILRRRP 

SEO ID NO: 62 O8 SHLGOILRRRPWLVH SEQ ID NO: 85 64 SHLGNILRRRPYLWH 

SEO ID NO: 63 O9 OILRRRPWLVHPRHR SEQ ID NO: 86 65 NILRRRPYLWHPAFR 

SEO ID NO: 64 10 RRPWLVHPRHRYRWR SEQ ID NO : 87 66 RRPYLWHPAFRNRYR 

SEO ID NO: 65 11 LVHPRHRYRWRRKING SEO ID NO: 88 67 LWHPAFRNRYRWRRK 

SEO ID NO: 66 12 RHRYRWRRKINGIFNT SEO ID NO: 89 68 AFRNRYRWRRKTGIF 

SEO ID NO: 67 13 RWRRKINGIFNTRLSR SEQ ID NO: 9 O 69 RYRWRRKTGIFNSRL 

SEO ID NO: 68 14 KNGIFNTRLSRTFGY SEO ID NO: 91 70 RRKTGIFNSRLSREF 

SEO ID NO: 69 15 FNTRLSRTFGYTVKR SEQ ID NO: 92 71. GIFNSRLSREFWLTI 
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Sequence of amino acids of the 56 peptides of 15 amino acids 
synthesized from the nucleic sequence ORF'2 (type B) and ORF2 (type 

A) of PWD circovirus with their corresponding spot number (cf. FIG. 12) 

Type B ORF' 2 

Spot No. Sequence 

SEO ID NO: 127 50 LRLOTAGNWDHVGLG SEQ ID NO : 

SEO ID NO: 128 51 TAGNVDHVGLGTAFE SEO ID NO : 

SEO ID NO: 32 52 WDHVGLGTAFENSIY SEO ID NO : 

SEO ID NO: 129 53 GLGTAFENSIYDOEY SEO ID NO : 

SEO ID NO: 130 54 AFENSIYDOEYNIRV SEO ID NO : 

SEO ID NO: 131 55 SIYDOEYNIRVTMYW SEO ID NO : 

SEO ID NO: 132 56 OEYNIRVTMYWOFRE SEO ID NO : 

SEO ID NO: 133 57 IRVTMYWOFREFNFK SEO ID NO : 

SEO ID NO: 134 58 MYWOFREFNFKDPPL SEO ID NO : 

SEO ID NO: 135 59 WOFREFNFKDPPLNP SEO ID NO : 

0489. These peptides were synthesized according to the 
“spot' method which consists of simultaneous synthesis of a 
large number of peptides on a cellulose solid support, each 
site of synthesis of a peptide constituting a spot (Synt:em, 
NIMES). This method involves orientation of the peptides on 
the plate, these being fixed covalently by the carboxy-termi 
nal end. A spot represents approximately 50 nmol of peptide. 
0490 The reference of the spots and corresponding pep 
tide sequences is given in Table 11. 
0491. These membranes were used for immunoreactivity 

tests with respect to serum of SPF pigs which were or were 
not infected experimentally with the type B PWD circoviral 
strain as well as with respect to sera of infected pigs from 
conventional farms (conventional farms 1 or 2). This study 
allowed specific immunoreactive peptides of the circovirus of 
type B corresponding to the spots No. 121, No. 132, No. 133 
and No. 152 (respectively of amino acid sequences SEQID 
No. 29, SEQID No. 30, SEQID No. 31 and SEQID No. 32) 
to be demonstrated. An illustration is shown in FIG. 12 where 
the membranes are visualized with an infected pig serum 
coming from a conventional farm. Nonspecific immunoreac 
tive peptides of type lacuna were likewise demonstrated, 
among which we shall keep the peptide No. 146 SEQID No. 
123 which is strongly immunogenic. 
0492. A comparison between the peptide sequences of 
circoviruses of type A and B (FIG. 13) indicates a divergence 
ranging from 20 to 60% for the specific immunoreactive 
peptides of the type B, and a weaker divergence (13%) 
between the nonspecific peptides. 

Example 8 
Protection of Swine From Post-Weaning Multisys 
temic Wasting Syndrome (PMWS) Conferred by 

Procine Circovirus Type B (PCV-B) ORF2 Protein. 
0493. The ORF1-encoded protein (REP) and ORF2-en 
coded putative capsid protein of PCV-B were expressed, 
either in insect cells by recombinant baculovirus vectors, or in 

53 

54 

55 

56 

f 

58 

59 

6 O 

61 

62 

Type A ORF2 

Spot No. Sequence 

2O6 WLHLNTHTNWEHTGL 

2O7 NTHTNWEHTGLGYAL 

2O8 NVEHTGLGYALONAT 

209 TGLGYALONATTAON 

210 YALONATTAONYVWR 

211 NATTAONYVVRLTIY 

212 AONYVWRLTIYVOFR 

213 VWRLTIYVOFREFIL 

214 TIYVOFREFILKDPL 

215 YWOFREFILKDPLNE 

mammalian cell lines by transfection with plasmidic expres 
sion vectors. These two circovirus-derived proteins were 
detectable in both expression systems. As evaluated by 
weight gains, hyperthermia and absence of lesions following 
challenge, the pigs were protected against a virulent circovi 
rus challenge after one first DNA immunization with plas 
mids directing ORF2 protein and GM-CSF expression and a 
second injection, 15 days later, with the same plasmid prepa 
ration plus the ORF2 recombinant protein. A lower level of 
protection was observed when the pigs were vaccinated with 
ORF1 protein, as opposed to pigs vaccinated with ORF2 
protein. 

A. Development of an Experimental Model of PMWS in 
Swine: 

0494. Eight 3 week-old SPF pigs were inoculated intratra 
cheally (5 ml) and intramuscularly (1 ml). 
B. Production and Control of PCV-B Plasmids: 

0495 PCV-B ORF1 and ORF2 genes, isolated from 
PCV-B challenge strain, was cloned into vector plasmid 
pcDNA3.1. All constructs were validated through a partial 
sequencing of the PCV-B genes in the final plasmids and 
expression control by immunoperoxidase on PK15 cells 
respectively transfected with each plasmid, using Swine poly 
clonal antibodies. 
0496 Plasmid encoding GM-CSF has been co-adminis 
tered. 

C. Construction of Recombinant Baculoviruses: 

0497 ORF1 and ORF2 proteins were expressed under 
polyhedrin promoter control. Recombinant proteins were 
detected by western-blot using Swine polyclonal antibodies. 
D. Vaccination and Challenge: 
0498 Four groups of 7 pigs were vaccinated intramuscu 
larly at day 0 (Do), two weeks later, they received the same 
plasmid preparation plus the recombinant baculovirus. 
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E. Monitoring: 
0499 All groups of pigs were housed in isolated experi 
mental units with air filtration and low air pressure. Clinical 
observations and rectal temperatures were recorded every 
day. The pigs were weighed weekly. 

F. Conclusions 

(0500 Expression of PCV-B ORF2 or PCV-B ORF1 in 
Swine resulted in a significantly enhanced level of protection 
as evaluated by weight evolution and body temperature evo 
lution following challenge with PCV-B circovirus. These 
results are summarized in FIGS. 14 and 15. 
0501. The invention described herein may be embodied in 
other specific forms without departing from the spirit or 
essential characteristics thereof. The specific embodiments 
previously described are therefore to be considered as illus 
trative of, and not limiting, the scope of the invention. Addi 
tionally, the disclosure of all publications and patent applica 
tions cited above and below, including International Patent 
Application No. PCT/FR98/02634, filed Dec. 4, 1998, and 
published as International Publication No. WO99/29871 on 
Jun. 17, 1999, are expressly incorporated herein by reference 
in their entireties to the same extent as if each were incorpo 
rated by reference individually. 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 177 

<21 Os SEQ ID NO 1 
&211s LENGTH: 1759 
&212s. TYPE: DNA 

<213> ORGANISM: Type A PWD circovirus 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (78) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (82) ... (99 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (106) . . (156) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (160) . . (195) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (199) . . (231) 
22 Os. FEATURE: 
221 NAMEAKEY: CDS 

<222s. LOCATION: (235) . . (246) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (250) ... (315) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (319) . . (330) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (334) . . (489) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (493) . . (525) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (529) . . (591) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (595) . . (600) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (604) . . (606) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (610) . . (627) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (634) . . (636) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (640) . . (681) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (685) . . (708) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (712) . . (726) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (730) . . (753) 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
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- Continued 

Phe Lieu. Phe Cys Lieu. Trp Arg Gly Arg Phe Gly Arg Gly Asn. Ser Ser 
SO 55 6 O 

Pro Pro Gly Val Cys Glu Phe Cys Glu Ala Asp Phe Glin Gly Glu Val 
65 70 7s 8O 

Val Phe Trp Cys Pro Leu Pro His Arg Glu Ser Glu Arg Asn Arg Pro 
85 90 95 

Ala Glu Arg Ile Lieu. Glin Arg Arg Pro His Thr Tyr Arg Val Trp Ser 
1OO 105 11 O 

Ser Ala Glu Pro Gly Glu Ala Glin Arg Pro Val Tyr Cys Cys Glu Tyr 
115 12 O 125 

Pro Phe Gly Asp Gly Val Phe Gly Asp Cys Ser Arg Ala Val Ser Cys 
13 O 135 14 O 

Asn Val Cys Glu Lys Phe Pro Arg Ala Gly Thr Phe Glu Ser Glu Arg 
145 150 155 160 

Glu Asp Ala Glu Ala Lieu. Glu Asp Ser Cys Thr Arg His Ser Gly Pro 
1.65 17O 17s 

Ala Arg Lieu. Trp Glu Glu Pro Val Gly Pro Phe Cys Ala Gly. His Lieu 
18O 185 19 O 

Lieu. Glu Ala Lys Val Val Gly Trp Ile Ser Trp Arg Arg Ser Cys Cys 
195 2OO 2O5 

Phe Gly Phe Leu Trp Leu Val Thr Lieu. Gly Ser Thr Glu Thr Val Pro 
21 O 215 22O 

Val Ser Ile Asp Cys Arg Asp Arg Gly Tyr Cys Ser Phe Phe Gly Pro 
225 23 O 235 24 O 

Gln Tyr Phe Asp Tyr Glin Glin Ser Gly Pro Pro Gly Met Val Lieu. Leu 
245 250 255 

Asn Cys Cys Pro Ser Cys Arg Ser Ser Leu Ser Glu Asp Tyr Tyr Phe 
26 O 265 27 O 

Ala Ile Lieu. Glu Asp Cys Trp Arg Thir Ile His Gly Gly Thr Arg Arg 
27s 28O 285 

Pro Ile Ser Ser Gly Pro Thr Lieu. Cys Pro Phe Pro Ile Asn Llys Lieu. 
29 O 295 3 OO 

Lieu. Ser Leu Phe Cys Tyr His Ile Val Met Val Phe Ile Phe Ile His 
3. OS 310 315 32O 

Lieu. Glu Gly Lieu. Ser Gly Ile Lieu. Ile Val His Llys Ser Thir Lieu Pro 
3.25 330 335 

His Asn Phe Gly Lieu. Trp Lieu. His Phe Gly Ala His Ser Pro Gly Lieu. 
34 O 345 35. O 

Cys Ala Arg His Trp Cys Gly Tyr Lieu. Asn Gly Ala Thr Ala Gly Phe 
355 360 365 

Phe Tyr Tyr Lieu Ala Gly Thr Asn Glin Lieu. Phe Gly Lieu Ala Lieu Val 
37 O 375 38O 

Trp Gly Ser Thir Trp Ser Gly Arg Arg Ala Ala Lieu. Trp Cys Gly Gly 
385 390 395 4 OO 

Arg Ser Ser Tyr Arg Gly His Arg Pro Ser Trp Trp Arg Gly Lieu. Glin 
4 OS 41O 415 

Ser Trp His Pro Arg Glin Gln Trp Thr Glin His Leu Phe Asp Arg Trp 
42O 425 43 O 

Gly Leu Trp Gly Lys Ile His Ile Pro Phe Tyr Gly Ser Ile Gly Lys 
435 44 O 445 
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- Continued 

Val Gly Val Gly Gly Trp Cys Arg Lieu. Arg Gly Gly Gly Thr Gly Arg 
450 45.5 460 

Cys Ile Ser Ala Arg His Ser Lys Met Ala Ala Ser Val Lieu. Lieu. Lieu. 
465 470 47s 48O 

Trp Val Glin Ile Lieu Lys Gly Gly Asn Arg Tyr Pro Ser Phe Gly Ala 
485 490 495 

Ile Cys Asn Gly Phe Arg Arg Gly Val Pro Asn Met Val Phe Ser Gly 
SOO 505 51O 

Gly Cys Phe Glin Asp Gly Cys Gly Gly Gly Ser Val Phe Cys Gly Asn 
515 52O 525 

Ala Ser Lieu Ala Thir Ser Ser Tyr Lys Ser Glu Arg Ser Ala Lieu. Lieu 
53 O 535 54 O 

Tyr 
5.45 

<210s, SEQ ID NO 3 
211 LENGTH: 577 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 3 

Pro Ala His Phe Gly Ser Gly Ser Thr Ser Ala Ala Ser Val Lys Met 
1. 5 1O 15 

Pro Ser Lys Llys Ser Gly Pro Gln Pro His Lys Arg Trp Val Phe Thr 
2O 25 3O 

Lieu. Asn. Asn Pro Ser Glu Glu Glu Lys Asn Lys Ile Arg Glu Lieu Pro 
35 4 O 45 

Ile Ser Lieu. Phe Asp Tyr Phe Val Cys Gly Glu Glu Gly Lieu. Glu Glu 
SO 55 6 O 

Gly Arg Thr Pro His Lieu. Glin Gly Phe Ala Asn. Phe Ala Lys Lys Glin 
65 70 7s 8O 

Thr Phe Asn Llys Val Lys Trp Tyr Phe Gly Ala Arg Cys His Ile Glu 
85 90 95 

Lys Ala Lys Gly Thr Asp Glin Glin Asn Lys Glu Tyr Cys Ser Lys Glu 
1OO 105 11 O 

Gly His Ile Lieu. Ile Glu. Cys Gly Ala Pro Arg Asn Glin Gly Lys Arg 
115 12 O 125 

Ser Asp Lieu. Ser Thr Ala Val Ser Thr Lieu. Lieu. Glu Thr Gly Ser Lieu. 
13 O 135 14 O 

Val Thr Val Ala Glu Glin Phe Pro Val Thr Tyr Val Arg Asn Phe Arg 
145 150 155 160 

Gly Lieu Ala Glu Lieu Lleu Lys Val Ser Gly Lys Met Gln Lys Arg Asp 
1.65 17O 17s 

Trp Llys Thr Ala Val His Val Ile Val Gly Pro Pro Gly Cys Gly Lys 
18O 185 19 O 

Ser Glin Trp Ala Arg Asn. Phe Ala Glu Pro Arg Asp Thr Tyr Trp Llys 
195 2OO 2O5 

Pro Ser Arg Asn Llys Trp Trp Asp Gly Tyr His Gly Glu Glu Val Val 
21 O 215 22O 

Val Lieu. Asp Asp Phe Tyr Gly Trp Lieu Pro Trp Asp Asp Lieu. Lieu. Arg 
225 23 O 235 24 O 

Lieu. Cys Asp Arg Tyr Pro Leu. Thr Val Glu Thir Lys Gly Gly Thr Val 
245 250 255 
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- Continued 

Pro Phe Leu Ala Arg Ser Ile Lieu. Ile Thr Ser Asn Glin Ala Pro Glin 
26 O 265 27 O 

Glu Trp Tyr Ser Ser Thr Ala Val Pro Ala Val Glu Ala Lieu. Tyr Arg 
27s 28O 285 

Arg Ile Thir Thr Lieu. Glin Phe Trp Llys Thr Ala Gly Glu Glin Ser Thr 
29 O 295 3 OO 

Glu Val Pro Glu Gly Arg Phe Glu Ala Val Asp Pro Pro Cys Ala Lieu. 
3. OS 310 315 32O 

Phe Pro Tyr Lys Ile Asn Tyr Val Phe Phe Val Ile Thr Ser Trp Phe 
3.25 330 335 

Lieu. Phe Leu Phe Ile Arg Val Phe Glin Asp Llys Phe Ser Glu Lieu. Tyr 
34 O 345 35. O 

Ile Asin Ser Glin Pro Tyr His Ile Ile Leu Gly Cys Gly Cys Ile Leu 
355 360 365 

Glu Arg Ile Ala Glin Ala Cys Val Lieu. Asp Ile Gly Val Gly Ile Met 
37 O 375 38O 

Glu Pro Gln Leu Val Ser Phe Ile Ile Trp Lieu. Glu Pro Ile Asin Cys 
385 390 395 4 OO 

Lieu Val Lieu. Trp Phe Gly Gly Glu Val Pro Gly Val Val Gly Lys Gly 
4 OS 41O 415 

Lieu Pro Tyr Gly Val Ala Gly Gly Val Val Asn. Ile Gly Val Ile Gly 
42O 425 43 O 

Glin Val Gly Gly Gly Gly Tyr Llys Val Gly Ile Glin Asp Asn. Asn. Ser 
435 44 O 445 

Gly Pro Asn. Thir Ser Lieu. Ile Arg Gly Asp Gly Val Ser Gly Wall Lys 
450 45.5 460 

Phe Ile Phe Ser Lieu. Ser Asn Thr Val Val Lieu. Glu Arg Gly Val Gly 
465 470 47s 48O 

Ala Ala Gly Gly Glu Glu Lieu Ala Asp Val Glu Ser Glin Lieu Val Asn 
485 490 495 

Ile Pro Arg Trp Lieu. Arg Val Ser Ser Ser Tyr Gly Glu Tyr Llys Phe 
SOO 505 51O 

Ser Arg Lys Ala Gly Ile Glu Asp Thr Arg Lieu. Ser Ala Pro Ser Val 
515 52O 525 

Thr Val Ser Glu Gly Gly Val Tyr Glin Ile Trp Ser Ser Pro Glu Asp 
53 O 535 54 O 

Val Ser Lys Met Ala Ala Gly Ala Gly Pro Ser Ser Ala Val Thr Pro 
5.45 550 555 560 

Pro Trp Pro Arg His Pro Ile Llys Val Lys Glu Val Arg Cys Cys Ser 
565 st O sts 

Ile 

<210s, SEQ ID NO 4 
&211s LENGTH: 553 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 4 

Glin Arg Thir Ser Ala Ala Ala Ala Pro Arg Glin Arg Gln Lys Cys Glin 
1. 5 1O 15 

Ala Arg Lys Ala Ala Arg Asn Pro Ile Arg Gly Gly Cys Ser Pro Lieu 
2O 25 3O 
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- Continued 

Lieu Pro Arg Arg Arg Llys Thr Lys Tyr Gly Ser Phe Glin Ser Pro Phe 
35 4 O 45 

Lieu. Ile Ile Lieu. Phe Val Ala Arg Llys Val Trp Lys Arg Val Glu Lieu. 
SO 55 6 O 

Lieu. Thir Ser Arg Gly Lieu. Arg Ile Lieu. Lieu. Arg Ser Arg Lieu. Lieu. Thir 
65 70 7s 8O 

Arg Ser Gly Ile Lieu Val Pro Ala Ala Thir Ser Arg Lys Arg Lys Glu 
85 90 95 

Pro Thir Ser Arg Ile Lys Asn. Thir Ala Wall Lys Lys Ala Thir Tyr Lieu. 
1OO 105 11 O 

Ser Ser Val Glu Lieu. Arg Gly Thr Arg Gly Ser Ala Ala Thir Cys Lieu. 
115 12 O 125 

Lieu. Leu Val Pro Phe Trp Arg Arg Gly Leu Trp Leu Pro Ser Ser Phe 
13 O 135 14 O 

Lieu. Arg Met Glu Ile Ser Ala Gly Trp Lieu. Asn. Phe Lys Ala Gly Arg 
145 150 155 160 

Cys Arg Ser Val Ile Gly Arg Glin Lieu. Tyr Thir Ser Trp Ala Arg Pro 
1.65 17O 17s 

Val Val Gly Arg Ala Ser Gly Pro Val Ile Lieu Lleu Ser Lieu. Gly Thr 
18O 185 19 O 

Pro Thr Gly Ser Lieu Val Glu Ile Ser Gly Gly Met Asp Ile Met Glu 
195 2OO 2O5 

Lys Llys Lieu. Leu Phe Trp Met Ile Phe Met Ala Gly Tyr Lieu. Gly Met 
21 O 215 22O 

Ile Tyr Asp Cys Val Thr Gly Ile His Lieu. Arg Lieu Lys Gly Val Lieu. 
225 23 O 235 24 O 

Phe Leu Phe Trp Pro Ala Val Phe Leu Pro Ala Ile Arg Pro Pro Arg 
245 250 255 

Asn Gly Thr Pro Gln Lieu Lleu Ser Glin Lieu Lys Lieu. Ser Ile Gly Gly 
26 O 265 27 O 

Lieu. Lieu. Lieu. Cys Asn. Phe Gly Arg Lieu. Lieu. Glu Asn. Asn Pro Arg Arg 
27s 28O 285 

Tyr Pro Lys Ala Asp Leu Lys Gln Trp Thr His Pro Val Pro Phe Ser 
29 O 295 3 OO 

His Ile Lys Ile Thr Glu Ser Phe Lieu. Leu Ser His Arg Asn Gly Phe 
3. OS 310 315 32O 

Tyr Phe Tyr Ser Phe Arg Gly Ser Phe Arg Ile Asn Ser Lieu. Asn Cys 
3.25 330 335 

Thir Ile Val Asn Lieu. Thir Thr Phe Trp Ala Val Val Ala Phe Trp Ser 
34 O 345 35. O 

Ala Pro Arg Pro Val Cys Ser Thr Lieu Val Trp Val Phe Llys Trp Ser 
355 360 365 

His Ser Trp Phe Leu Lleu Lleu Phe Gly Trp Asn Glin Ser Ile Val Trp 
37 O 375 38O 

Ser Ser Ser Gly Lieu. Gly Wall Lys Tyr Lieu. Glu Trp Val Lys Gly Cys 
385 390 395 4 OO 

Lieu Met Val Trp Arg Glu Glu Lieu. Ile Gly Ser Ala Lys Lieu Val Glu 
4 OS 41O 415 

Gly Val Thr Lys Lieu Ala Ser Lys Ile Thr Thr Val Asp Pro Thr Pro 
42O 425 43 O 
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- Continued 

agt caccalaa gaccc.cgt.ct C caaaagggit act cacagda gtaga Caggit cqctg.cgctt 1380 

cc cctdgttc cqcggagctic cacact cqat aag tatgtgg cct tc.tttac togcag tatt c 144 O 

tittatt ctogc tiggtcggttc ctitt.cgctitt citcgatgtgg cagcgggcac caaaatacca 15OO 

citt caccittgttaaaagt cit gctitcttagc aaaatticgca aaccoct gga gotgaggagt 1560 

tctaccct ct tccaaacct t c ct cqccaca aacaaaataa totaaaaaggg agattggaag 162O 

citcc.cg tatt ttgtttitt ct c ct cotcgga aggattatta agggitgaaca cccacct citt 168O 

atggggttgc gggcc.gcttt t cttgcttgg catttitcact gacgctg.ccg aggtgctgcc 1740 

gctg.ccgaag togctggit 1759 

<210s, SEQ ID NO 6 
&211s LENGTH: 567 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 6 

Gly Ala Cys Llys Pro Lieu Pro Lieu Val Glu Ala Ala Asp Thr Phe Ile 
1. 5 1O 15 

Gly Lieu. Lieu. Phe Lieu Pro Gly Cys Gly Trp Lieu. Lieu. His Thr Asn. Wall 
2O 25 3O 

Arg Lieu. Lieu. Gly Glu Ser Ser Ser Phe Phe Lieu. Ile Arg Ser Ser Gly 
35 4 O 45 

Ile Glu Arg Llys Ser Lys Thr Glin Pro Ser Ser Pro Llys Ser Ser Pro 
SO 55 6 O 

Lieu Val Gly Arg Trp Pro Asn Ala Phe Lys Ala Lieu. Phe Cys Val Lys 
65 70 7s 8O 

Lieu. Lieu. Thr Phe His Tyr Lys Pro Ala Arg Gln Trp Met Ser Phe Ala 
85 90 95 

Phe Pro Val Ser Trp Cys Phe Leu Ser Tyr Gln Leu Lleu Ser Pro Trp 
1OO 105 11 O 

Met Ser Ile Ser His Pro Ala Gly Arg Phe Trp Pro Phe Arg Leu Ser 
115 12 O 125 

Arg Asp Wall Ala Thr Lieu Val Arg Llys Ser Val Pro Asp Llys Thr Val 
13 O 135 14 O 

Thr Ala Ser Cys Asn Gly Thr Val Tyr Thr Lieu Phe Lys Arg Pro Ser 
145 150 155 160 

Ala Ser Ser Llys Phe Thr Lieu Pro Phe Ile Cys Cys Arg Ser Glin Phe 
1.65 17O 17s 

Val Ala Thr Cys Thr Met Thr Pro Gly Gly Pro Gln Pro Phe Leu Trp 
18O 185 19 O 

His Ala Arg Lieu Lys Ala Ser Gly Lieu. Ser Val Glin Phe Gly Lieu. Lieu. 
195 2OO 2O5 

Phe Lieu. His His Ser Pro Tyr Pro Ser Ser Thr Thr Thr Lys Ser Ser 
21 O 215 22O 

Llys Pro Glin Asn Gly Glin Ser Ser Arg Ser Lieu. Ser His Ser Arg Tyr 
225 23 O 235 24 O 

Gly Asn Val Thir Ser Val Lieu Pro Pro Val Thr Gly Llys Lys Ala Arg 
245 250 255 

Lieu. Ile Lys Ile Val Lieu. Lieu Ala Gly Trp Ser His Tyr Glu Glu Val 
26 O 265 27 O 

Ala Thr Gly Ala Thir Ser Ala Arg Arg Lieu. Ile Val Val Lys Cys Asn 
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- Continued 

27s 28O 285 

Glin Phe Val Ala Pro Ser Cys Asp Val Ser Thr Gly Ser Pro Arg Asn 
29 O 295 3 OO 

Ser Ala Thir Ser Gly Gly Glin Ala Arg Lys Gly Tyr Lieu. Ile Phe Glin 
3. OS 310 315 32O 

Thir Lys Llys Thir Ile Val Asp Tyr His Asn Lys Asn Lys Asn Met Lieu. 
3.25 330 335 

Thr Lys Ser Lieu. Asn Glu Ser Asn Tyr Met Phe Leu Gly Trp Met Ile 
34 O 345 35. O 

Llys Pro Gln Pro Gln Met Lys Ser Arg Met Ala Trp Ala Glin Thir Ser 
355 360 365 

Ser Met Pro Thr Pro Ile Ile Ser Gly Cys Ser Thr Glu Lys Ile Ile 
37 O 375 38O 

Gln Ser Ser Gly Ile Leu Gln Lys Thr Ser Glin Asn Pro Pro Ser Thr 
385 390 395 4 OO 

Gly Pro Thir Thr Pro Leu Pro Ser Gly Pro Thr Ala Pro Pro Thr Thr 
4 OS 41O 415 

Lieu. Ile Pro Thr Met Pro Trp Thr Pro Pro Pro Pro Leu. Thr Pro Met 
42O 425 43 O 

Trp Ser Lieu. Lieu Lleu Pro Gly Lieu Val Glu Lys Ile Lieu Pro Ser Pro 
435 44 O 445 

Thr Glu Pro Thr Phe Asn Met Asn Lieu. Arg Glu Lieu Val Thr Thr Asn 
450 45.5 460 

Ser Leu Tyr Pro Tyr Pro Thr Pro Ala Ala Gln Pro Pro Ser Ser Ser 
465 470 47s 48O 

Ala Ser Thr Ser Asp Ser Thr Lieu Met Gly Lieu. His Ser Arg Thr Asp 
485 490 495 

Glu Glu Pro Ser Tyr Lieu. Asn Glu Lieu Phe Ala Pro Ile Ser Ser Val 
SOO 505 51O 

Arg Arg Glu Ala Gly Asp Thr Val Thr Glu Ser Pro Pro Thr Tyr Trp 
515 52O 525 

Ile His Asp Glu Gly Ser Ser Thr Glu Lieu. Ile Ala Ala Pro Ala Pro 
53 O 535 54 O 

Gly Asp Glu Ala Thr Val Gly Gly Glin Gly Arg Gly Ile Phe Thr Phe 
5.45 550 555 560 

Ser Thr Arg Glin Gln Lieu. Ile 
565 

<210s, SEQ ID NO 7 
&211s LENGTH: 58O 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

<4 OO > SEQUENCE: 7 

Trp Arg Val Glu Ala Ala Ala Ala Gly Arg Cys Arg His Phe His Trp 
1. 5 1O 15 

Ala Lieu. Phe Ala Ala Arg Lieu. Gly Met Lieu Pro Pro His Glu Gly Lys 
2O 25 3O 

Ile Ile Arg Gly Lieu Lleu Lleu Phe Val Phe Tyr Pro Lieu Lys Trp Asp 
35 4 O 45 

Gly Lys Lys Ile Ile Lys Asn Thr Ala Leu Phe Thr Glin Phe Lieu. Thr 
SO 55 6 O 
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- Continued 

Ser Ser Arg Val Glu Lieu Pro Lys Arg Ile Llys Ser Lieu. Lieu. Lieu. Ser 
65 70 7s 8O 

Llys Val Lieu. His Lieu Pro Ile Llys Thr Gly Ala Ala Val Asp Lieu. Phe 
85 90 95 

Arg Phe Ser Gly Val Lieu. Lieu. Ile Phe Phe Val Ala Thr Phe Phe Ala 
1OO 105 11 O 

Val Tyr Lys Asp Lieu. Thir Ser Ser Arg Pro Val Lieu Pro Lieu Ala Ala 
115 12 O 125 

Val Glin Arg Ser Ser His Thr Gly Lys Glin Lieu. Arg Pro Arg Gln His 
13 O 135 14 O 

Ser Tyr Gly Lieu Lleu Lys Arg Tyr Arg Ile His Ser Ile Glu Ala Pro 
145 150 155 160 

Gln Ser Phe Lys Glin Phe His Ala Pro Leu. His Leu Lleu. Thir Ile Pro 
1.65 17O 17s 

Lieu. Cys Ser Tyr Val Asp Tyr His Ala Arg Gly Thr Thr Pro Leu Ala 
18O 185 19 O 

Lieu Pro Gly. Thir Ile Llys Ser Lieu. Arg Pro Val Gly Val Pro Lieu. Arg 
195 2OO 2O5 

Thir Ser Ile Lieu Pro Pro Ile Ser Ile Met Ser Phe Phe Asn. Asn. Asn 
21 O 215 22O 

Glin Ile Ile Lys Ile Ala Pro Arg Pro Ile Ile Glin Ser Glin Thr Val 
225 23 O 235 24 O 

Pro Ile Trp Glin Ser Tyr Lieu Ser Phe Pro Thr Ser Asn Arg Lys Glin 
245 250 255 

Gly Ala Thr Asn Glin Asn Gly Ala Ile Lieu. Gly Gly Lieu. Phe Pro Val 
26 O 265 27 O 

Gly Ser Ser Asp Trp Ser Tyr Phe Ser Glu Ile Pro Pro Asn Ser Ser 
27s 28O 285 

Glin Lieu Lys Pro Lieu. Ser Ser Ser Phe Lieu. Gly Arg Lieu. Tyr Gly Phe 
29 O 295 3 OO 

Ala Ser Llys Phe Cys His Val Trp Gly Thr Gly Lys Glu Trp Ile Phe 
3. OS 310 315 32O 

Tyr Ile Val Ser Asp Llys Lys Asn Asp Cys Arg Lieu Pro Llys Lys Glu 
3.25 330 335 

Asn Lieu Pro Asp Llys Lieu. Ile Phe Glu Arg Phe Glin Val Tyr Ile Thr 
34 O 345 35. O 

Lieu. Arg Val Val Tyr Asn Glin Ala Thir Thr Ala Asn Gln Lieu Ala Tyr 
355 360 365 

Gly Lieu. Gly Thr His Glu Val Asn Thr His Thr Asn Lieu. His Leu Trp 
37 O 375 38O 

Lieu. Glin Asn Arg Lys Asn. Asn Pro Glin Phe Trp Asp Ile Thr Glin Asp 
385 390 395 4 OO 

Lieu. Glu Pro Llys Pro Thr Phe Tyr Arg Ser His Tyr Thr Phe Pro Glin 
4 OS 41O 415 

Arg Ile Thir His Arg Ser Ser Tyr Asn. Ile His Pro Asp Tyr Ala Lieu 
42O 425 43 O 

Asn Thr Ser Pro Thr Val Phe Asn Ala Asp Lieu. Ile Val Val Thr Ser 
435 44 O 445 

Gly Val Gly Arg Glin Asn Ser Thr Ile Pro Asp Arg Pro Tyr Phe Glu 
450 45.5 460 

Tyr Lys Ala Lys Arg Ile Arg Tyr Tyr Glin Phe Pro Leu Pro Leu Pro 
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- Continued 

465 470 47s 48O 

Asn Thr Gly Gly Ser Pro Pro Leu Phe Glin Gly Ile Asn Phe Arg Lieu. 
485 490 495 

Glu Asn Val Asn Trp Ser Pro Glin Ser His Gly Gly Arg Ile Thr Lieu. 
SOO 505 51O 

Val Phe Glu Arg Ser Lieu. Arg Ser Asn. Phe Ile Gly. Thir Lys Arg Arg 
515 52O 525 

Trp Arg Tyr Arg Asn Arg Phe Ala Pro His Val Lieu. Tyr Pro Arg Arg 
53 O 535 54 O 

Arg Lieu. Ile Asin Gly Lieu. His Ser Arg Pro Arg Thr Arg Arg Arg Arg 
5.45 550 555 560 

Tyr Arg Arg Arg Pro Trp Thr Met Arg Tyr Phe His Phe Phe His Ala 
565 st O sts 

Ala Thir Thir Asn 
58O 

<210s, SEQ ID NO 8 
211 LENGTH: 557 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 8 

Lieu Ala Ser Arg Cys Arg Cys Cys Arg Pro Lieu. Thir Lieu. Ser Phe Ala 
1. 5 1O 15 

Lieu. Cys Ser Phe Arg Gly Ala Val Gly Tyr Ser Thr Pro Thr Gly Tyr 
2O 25 3O 

Asp Lys Arg Pro Pro Ser Phe Cys Phe Val Pro Ala Glu Lieu. Arg Gly 
35 4 O 45 

Lys Glin Asn. Asn. Glin Llys His Arg Pro Lieu. Asn. Pro Lieu Pro Tyr Phe 
SO 55 6 O 

Glu Glu Gly Gly Pro Thr Glin Ser Asn Glin Ser Ala Ser Lys Cys Pro 
65 70 7s 8O 

Ser Thir Thr Asn Gly His Gly Ser Gly Cys Arg Ser Leu Ser Leu Phe 
85 90 95 

Arg Gly Ala Ser Tyr Lieu. Ile Ser Cys Tyr Lieu. Lieu. Gly Cys Val Arg 
1OO 105 11 O 

Thr His Leu Glu Ala Ser Gly Pro Ser Ala Cys Arg Gly Thr Glin Glin 
115 12 O 125 

Ser Tyr Gly Llys Pro Ser Pro Thr Llys Pro Ser Gln Lieu. Arg Ala Thr 
13 O 135 14 O 

Glu Glin Lieu. Thr His Ser Phe Asin Gly Arg Ala Pro Glin Val Lys Ser 
145 150 155 160 

Lieu. Ser Arg Ser Ser Ala Ala Ala His Asn. Ser Ser Lieu. Glin Val Arg 
1.65 17O 17s 

Lieu Pro Gly Ala Arg Asn His Ser Ser Gly Thr Pro Gly Tyr Asn Glin 
18O 185 19 O 

Glin Ala Pro Cys Arg Ser Ser Ala Tyr Phe Tyr Thr Thr Pro His Ile 
195 2OO 2O5 

Asp His Lieu. Lieu. Lieu. Glin Glin Llys Pro His Asn Llys His Ser Thr Val 
21 O 215 22O 

Llys Pro His Asp Val Ser Val Thr His Gly Thr Asp Met Ser Gln Leu 
225 23 O 235 24 O 
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Ser Leu Pro Tyr Glin Glu Lys Llys Pro Gly Cys Tyr Lys Ser Trp Cys 
245 250 255 

Asp Pro Gly Gly Pro Ile Thir Ser Arg Lieu. Glin Glin Gly Lieu. Glin Lieu 
26 O 265 27 O 

Lieu. Glu Arg Asp Ser Ser Lys Ala Ile Llys Ser Ser Glin Glin Lieu Val 
27s 28O 285 

Ile Trp Pro Pro Val Arg Lieu. Gly Ile Glin Lieu Lleu Pro Gly Val Arg 
29 O 295 3 OO 

His Gly Lys Gly Met Tyr Phe Lieu. Asn Ser Lieu. Arg Lys Glin Met Thr 
3. OS 310 315 32O 

Ile Thir Lys Ile Lys Ile Llys Ser Pro Arg Glu Pro Tyr Ile Arg Glin 
3.25 330 335 

Ile Thr Cys Lieu. Tyr Asp Wall Lys Gly Cys Lieu Lys Pro Ser His Asn 
34 O 345 35. O 

Cys Llys Pro Ala Cys Lieu. Gly Pro Arg His Ala Arg Cys Gln His Pro 
355 360 365 

Tyr Llys Phe Pro Ala Val Val Pro Llys Llys Lys Ala Pro Val Lieu. Asn 
37 O 375 38O 

Asn Pro Arg Ala Arg Thr Glin Pro His Lieu Val Glin Lieu Pro Lieu. Tyr 
385 390 395 4 OO 

Lieu Ala Ala Lys His His Pro Pro Lieu. Lieu. Lieu. Tyr Lieu Pro Lieu. Gly 
4 OS 41O 415 

Lieu. Glin His Lieu Pro Asn. Cys Lieu. Glin Cys Gly Lieu. Tyr Cys Cys His 
42O 425 43 O 

Val Trp Cys Arg Llys Ser Lieu. His His Pro Arg Glin Pro Lieu. Ile Ile 
435 44 O 445 

Gly Lys Tyr Pro Leu. Ile Pro Phe Thr Pro Thr Pro Pro Glin His Arg 
450 45.5 460 

Arg Lieu Pro Pro Pro Val Pro Arg His Glin Ile Glu Ala Arg Cys Glu 
465 470 47s 48O 

Lieu. Ile Ala Ala Lieu. Thir Arg Arg Llys His His Thr Cys Ile Arg Phe 
485 490 495 

Pro Pro Phe Glin Lieu. Tyr Gly Asp Llys Pro Ala Met Gln Leu Pro Llys 
SOO 505 51O 

Gln Leu Arg Pro Thr Gly Phe Ile Thr Lys Glu Pro Pro His Llys Trp 
515 52O 525 

Ser Pro Gln Pro Pro Pro Asp Thr Lys Glin Pro Leu Ala Glu Lys Ala 
53 O 535 54 O 

Val Asp Asp Lieu Lleu Ser Lieu. Lieu Ala Ser Ser Tyr Tyr 
5.45 550 555 

<210s, SEQ ID NO 9 
&211s LENGTH: 939 
&212s. TYPE: DNA 

<213> ORGANISM: Type A PWD circovirus 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (936) 

<4 OOs, SEQUENCE: 9 

atg cca agc aag aaa agc ggc ccg caa ccc cat aag agg tog gtg tt C 48 
Met Pro Ser Lys Lys Ser Gly Pro Gln Pro His Lys Arg Trp Val Phe 
1. 5 1O 15 

acc Ctt aat aat cct tcc gag gag gag aaa aac aaa at a cqg gag Ctt 96 
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<210s, SEQ ID NO 10 
&211s LENGTH: 312 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 10 

Met Pro Ser Lys Lys Ser Gly Pro Gln Pro His Lys Arg Trp Val Phe 
1. 5 1O 15 

Thir Lieu. Asn. Asn. Pro Ser Glu Glu Glu Lys Asn Lys Ile Arg Glu Lieu. 
2O 25 3O 

Pro Ile Ser Leu Phe Asp Tyr Phe Val Cys Gly Glu Glu Gly Lieu. Glu 
35 4 O 45 

Glu Gly Arg Thr Pro His Lieu. Glin Gly Phe Ala Asn. Phe Ala Lys Llys 
SO 55 6 O 

Gln Thr Phe Asn Llys Val Lys Trp Tyr Phe Gly Ala Arg Cys His Ile 
65 70 7s 8O 

Glu Lys Ala Lys Gly Thr Asp Glin Glin Asn Lys Glu Tyr Cys Ser Lys 
85 90 95 

Glu Gly. His Ile Lieu. Ile Glu. Cys Gly Ala Pro Arg Asn Glin Gly Lys 
1OO 105 11 O 

Arg Ser Asp Lieu. Ser Thr Ala Val Ser Thr Lieu. Lieu. Glu Thr Gly Ser 
115 12 O 125 

Lieu Val Thr Val Ala Glu Glin Phe Pro Val Thr Tyr Val Arg Asn Phe 
13 O 135 14 O 

Arg Gly Lieu Ala Glu Lieu Lleu Lys Val Ser Gly Llys Met Glin Glin Arg 
145 150 155 160 

Asp Trp Llys Thr Ala Val His Val Ile Val Gly Pro Pro Gly Cys Gly 
1.65 17O 17s 

Llys Ser Glin Trp Ala Arg Asn. Phe Ala Glu Pro Arg Asp Thir Tyr Trp 
18O 185 19 O 

Llys Pro Ser Arg Asn Llys Trp Trp Asp Gly Tyr His Gly Glu Glu Val 
195 2OO 2O5 

Val Val Lieu. Asp Asp Phe Tyr Gly Trp Lieu Pro Trp Asp Asp Lieu. Lieu 
21 O 215 22O 

Arg Lieu. Cys Asp Arg Tyr Pro Lieu. Thr Val Glu Thir Lys Gly Gly Thr 
225 23 O 235 24 O 

Val Pro Phe Leu Ala Arg Ser Ile Lieu. Ile Thir Ser Asn Glin Ala Pro 
245 250 255 

Gln Glu Trp Tyr Ser Ser Thr Ala Val Pro Ala Val Glu Ala Leu Tyr 
26 O 265 27 O 

Arg Arg Ile Thr Thr Lieu. Glin Phe Trp Llys Thr Ala Gly Glu Glin Ser 
27s 28O 285 

Thr Glu Val Pro Glu Gly Arg Phe Glu Ala Val Asp Pro Pro Cys Ala 
29 O 295 3 OO 

Lieu. Phe Pro Tyr Lys Ile Asn Tyr 
3. OS 310 

<210s, SEQ ID NO 11 
&211s LENGTH: 702 
&212s. TYPE: DNA 

<213> ORGANISM: Type A PWD circovirus 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (699) 





US 2010/0189735 A1 Jul. 29, 2010 
44 

- Continued 

Ala Phe Arg Asn Arg Tyr Arg Trp Arg Arg Llys Thr Gly Ile Phe Asn 
35 4 O 45 

Ser Arg Lieu. Ser Arg Glu Phe Val Lieu. Thir Ile Arg Gly Gly His Ser 
SO 55 6 O 

Gln Pro Ser Trp Asn Val Asn Glu Lieu. Arg Phe Asn Ile Gly Glin Phe 
65 70 7s 8O 

Lieu Pro Pro Ser Gly Gly Thr Asn Pro Leu Pro Leu Pro Phe Glin Tyr 
85 90 95 

Tyr Arg Ile Arg Lys Ala Lys Tyr Glu Phe Tyr Pro Arg Asp Pro Ile 
1OO 105 11 O 

Thir Ser Asn Glin Arg Gly Val Gly Ser Thr Val Val Ile Lieu. Asp Ala 
115 12 O 125 

Asn Phe Val Thr Pro Ser Thr Asn Lieu Ala Tyr Asp Pro Tyr Ile Asn 
13 O 135 14 O 

Tyr Ser Ser Arg His Thir Ile Arg Gln Pro Phe Thr Tyr His Ser Arg 
145 150 155 160 

Tyr Phe Thr Pro Llys Pro Glu Lieu. Asp Glin Thr Ile Asp Trp Phe Glin 
1.65 17O 17s 

Pro Asn. Asn Lys Arg Asn Gln Lieu. Trp Lieu. His Lieu. Asn. Thir His Thr 
18O 185 19 O 

Asn Val Glu. His Thr Gly Lieu. Gly Tyr Ala Leu Gln Asn Ala Thr Thr 
195 2OO 2O5 

Ala Glin Asn Tyr Val Val Arg Lieu. Thir Ile Tyr Val Glin Phe Arg Glu 
21 O 215 22O 

Phe Ile Lieu Lys Asp Pro Lieu. Asn. Glu 
225 23 O 

<210s, SEQ ID NO 13 
&211s LENGTH: 621 
&212s. TYPE: DNA 

<213> ORGANISM: Type A PWD circovirus 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (618) 

<4 OOs, SEQUENCE: 13 

atgata toc at C cca cca citt att tot act agg citt coa gta ggit gtc 48 
Met Ile Ser Ile Pro Pro Leu. Ile Ser Thr Arg Lieu Pro Val Gly Val 
1. 5 1O 15 

Cct agg ct c agc aaa att acg ggc cca citg gCt c tt CCC aca acc ggg 96 
Pro Arg Lieu Ser Lys Ile Thr Gly Pro Leu Ala Leu Pro Thr Thr Gly 

2O 25 3O 

cgg goc cac tat gac gitg tac agc tigt citt coa atc acg citg citg cat 144 
Arg Ala His Tyr Asp Val Tyr Ser Cys Lieu Pro Ile Thr Lieu. Lieu. His 

35 4 O 45 

citt coc got cac titt caa aag titc agc cag ccc gcg gaa att tot cac 192 
Lieu Pro Ala His Phe Gln Lys Phe Ser Glin Pro Ala Glu Ile Ser His 

SO 55 6 O 

ata cqt tac agg aaa citg ctic ggc tac agt cac caa aga ccc cqt ct c 24 O 
Ile Arg Tyr Arg Llys Lieu. Lieu. Gly Tyr Ser His Glin Arg Pro Arg Lieu. 
65 70 7s 8O 

caa aag ggit act cac agc agt aga cag gtC got gcg Ctt coc ctg gtt 288 
Glin Lys Gly Thr His Ser Ser Arg Glin Val Ala Ala Lieu Pro Lieu Val 

85 90 95 

ccg cqg agc ticc aca citc gat aag tat gtg goc titc titt act gca gta 336 
Pro Arg Ser Ser Thr Lieu. Asp Llys Tyr Val Ala Phe Phe Thr Ala Val 
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1OO 105 11 O 

titc titt att ctd citg gtc. gigt to c titt cqc titt ct c gat gtg gca gcg 384 
Phe Phe Ile Lieu. Lieu Val Gly Ser Phe Arg Phe Lieu. Asp Val Ala Ala 

115 12 O 125 

ggc acc aaa at a cca citt cac citt gtt aaa agt ctd citt citt agc aaa 432 
Gly. Thir Lys Ile Pro Lieu. His Lieu Val Lys Ser Lieu. Lieu. Lieu. Ser Lys 

13 O 135 14 O 

att cqc aaa ccc ctd gag gtg agg agt tot acc ctic titc caa acc titc 48O 
Ile Arg Llys Pro Leu Glu Val Arg Ser Ser Thr Lieu Phe Glin Thr Phe 
145 150 155 160 

Ctc gcc aca aac aaa ata atc aaa aag gga gat td aag Ct c cc.g. tat 528 
Lieu Ala Thr Asn Lys Ile Ile Llys Lys Gly Asp Trp Llys Lieu Pro Tyr 

1.65 17O 17s 

titt gtt titt ct c ctic ctic gga agg att att aag gigt gaa cac cca cct 576 
Phe Val Phe Leu Lleu Lleu. Gly Arg Ile Ile Lys Gly Glu. His Pro Pro 

18O 185 19 O 

Ctt atgggg ttg C9g gcc gct titt Ctt gct tdg cat titt cac ta 621 
Lieu Met Gly Lieu. Arg Ala Ala Phe Lieu Ala Trp His Phe His 

195 2OO 2O5 

<210s, SEQ ID NO 14 
&211s LENGTH: 2O6 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

< 4 OO > SEQUENCE: 14 

Met Ile Ser Ile Pro Pro Leu. Ile Ser Thr Arg Lieu Pro Val Gly Val 
1. 5 1O 15 

Pro Arg Lieu Ser Lys Ile Thr Gly Pro Leu Ala Leu Pro Thr Thr Gly 
2O 25 3O 

Arg Ala His Tyr Asp Val Tyr Ser Cys Lieu Pro Ile Thr Lieu. Lieu. His 
35 4 O 45 

Lieu Pro Ala His Phe Gln Lys Phe Ser Glin Pro Ala Glu Ile Ser His 
SO 55 6 O 

Ile Arg Tyr Arg Llys Lieu. Lieu. Gly Tyr Ser His Glin Arg Pro Arg Lieu. 
65 70 7s 8O 

Glin Lys Gly Thr His Ser Ser Arg Glin Val Ala Ala Lieu Pro Lieu Val 
85 90 95 

Pro Arg Ser Ser Thr Lieu. Asp Llys Tyr Val Ala Phe Phe Thr Ala Val 
1OO 105 11 O 

Phe Phe Ile Lieu. Lieu Val Gly Ser Phe Arg Phe Lieu. Asp Val Ala Ala 
115 12 O 125 

Gly. Thir Lys Ile Pro Lieu. His Lieu Val Lys Ser Lieu. Lieu. Lieu. Ser Lys 
13 O 135 14 O 

Ile Arg Llys Pro Leu Glu Val Arg Ser Ser Thr Lieu Phe Glin Thr Phe 
145 150 155 160 

Lieu Ala Thr Asn Lys Ile Ile Llys Lys Gly Asp Trp Llys Lieu Pro Tyr 
1.65 17O 17s 

Phe Val Phe Leu Lleu Lleu. Gly Arg Ile Ile Lys Gly Glu. His Pro Pro 
18O 185 19 O 

Lieu Met Gly Lieu. Arg Ala Ala Phe Lieu Ala Trp His Phe His 
195 2OO 2O5 

<210s, SEQ ID NO 15 
&211s LENGTH: 1767 
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2O 25 3O 

Gly Gly Cys Ser Lieu. Ile Ile Lieu Pro Llys Thir Ser Ala Arg Llys Tyr 
35 4 O 45 

Gly Ile Phe Glin Tyr Pro Tyr Lieu. Ile Ile Lieu Lleu Lieu Ala Arg Arg 
SO 55 6 O 

Val Met Arg Lys Asp Glu. His Lieu. Thir Ser Arg Gly Ser Lieu. Ile Lieu 
65 70 7s 8O 

Arg Ser Arg Lieu. Lieu. Ile Llys Ser Gly Ile Trp Val Pro Ala Ala Thr 
85 90 95 

Ser Arg Lys Arg Lys Glu Glin Ile Ser Arg Ile Lys Asn. Thir Ala Val 
1OO 105 11 O 

Llys Lys Ala Thir Tyr Trp Ser Val Glu Lieu. Lieu. Asp Lieu. Arg Asp Asn 
115 12 O 125 

Gly Val Thir Cys Lieu Lleu Lieu Val Pro Cys Trp Arg Ala Gly Val Trp 
13 O 135 14 O 

Pro Lieu. Glin Ser Ser Thr Lieu. Arg Lieu. Ser Glu Ile Ser Ala Gly Trp 
145 150 155 160 

Lieu. Asn. Phe Lys Ala Gly Lys Cys Arg Ser Val Ile Gly Arg Lieu Met 
1.65 17O 17s 

Tyr Thir Ser Lieu. Trp Gly His Lieu. Gly Val Val Lys Ala Asn Gly Lieu. 
18O 185 19 O 

Lieu. Ile Leu Gln Thr Arg Llys Pro His Thr Gly Asn His Lieu. Glu Thr 
195 2OO 2O5 

Ser Gly Gly Met Val Thr Met Val Llys Llys Trp Leu Lleu Lleu Met Thr 
21 O 215 22O 

Phe Met Ala Gly Cys Pro Gly Met Ile Tyr Asp Cys Val Ile Asp Ile 
225 23 O 235 24 O 

His Lieu. Arg Lieu Lys Val Glu Lieu. Tyr Lieu. Phe Trp Pro Ala Val Phe 
245 250 255 

Lieu Pro Ala Ile Arg Pro Arg Trp Asn Gly Thr Pro Gln Lieu. Lieu. Ser 
26 O 265 27 O 

Glin Lieu Lys Lieu. Phe Ile Gly Gly Lieu. Lieu Pro Trp Tyr Phe Gly Arg 
27s 28O 285 

Met Lieu. Glin Asn. Asn Pro Arg Arg Lys Gly Ala Ser Ser Ser Pro Phe 
29 O 295 3 OO 

Pro Pro His Ala Lieu. Asn Phe His Met Lys Ile Thr Glu Ser Phe Leu 
3. OS 310 315 32O 

Ser Lieu. Arg Asin Gly Phe Tyr Tyr Ser Lieu. Arg Val Llys Trp Gly Val 
3.25 330 335 

Phe Lys Ile Llys Phe Ser Glu Lieu. Tyr Ile His Gly Tyr Thr Asp Ile 
34 O 345 35. O 

Val Phe Leu Val Val Tyr Thr Val Phe Glu Arg Ser Ala Glu Ala Tyr 
355 360 365 

Val Val Tyr Ile Ser Ser Ser Leu Ser Glin Pro Gln Leu Val Ser Phe 
37 O 375 38O 

Val Val Trp Lieu. Glu Val Ile Asn. Ser Glu Ile Asp Arg Phe Gly Gly 
385 390 395 4 OO 

Llys Val Pro Gly Val Val Gly Glu Gly Lieu. Gly Tyr Gly Met Ala Gly 
4 OS 41O 415 

Gly Val Val Tyr Ile Gly Val Ile Gly Glu Gly Cys Gly Lieu. Cys Tyr 
42O 425 43 O 
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Llys Val Ile Ile Asn Asn Ser Thr Gly Ala His Ser Pro Val Thr Lieu. 
435 44 O 445 

Gly Asp Arg Gly Ala Gly Pro Glu Phe Asn Lieu. Asn Lieu. Ser Tyr Ser 
450 45.5 460 

Val Val Phe Lys Gly His Arg Ala Gly Val Pro Pro Ser Trp Gly Lys 
465 470 47s 48O 

Llys Val Ile Asn. Ile Glu Ser His His Val His Arg Pro Gly Gly Arg 
485 490 495 

Ser Asp Cys Gly Ser Lieu. Asp Ser Ile Ser Glu Gly Ala Gly Glu Ala 
SOO 505 51O 

Gly Val Glu Asp Ala Ile Phe Pro Ser Pro Ala Val Thr Val Ala Gly 
515 52O 525 

Val Asp Glu Pro Gly Ala Ala Ala Glu Asp Lieu Ala Lys Met Ala Ala 
53 O 535 54 O 

Gly Ala Val Ser Ser Ser Ser Val Thr Pro Pro Trp Ile Arg His Ile 
5.45 550 555 560 

Lys Arg Llys Lys Cys Ala Val Ser Ile 
565 

<210s, SEQ ID NO 17 
&211s LENGTH: 542 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 17 

Pro Ala His Phe Gly Ser Gly Ser Thr Ser Ala Ala Pro Glin Glin Glin 
1. 5 1O 15 

His Ala Glin Glin Glu Glu Trp Llys Lys Arg Thr Pro Thr Pro Llys Val 
2O 25 3O 

Gly Val His Ser Glu Ser Phe Arg Arg Arg Ala Glin Glu Asn Thr Gly 
35 4 O 45 

Ser Ser Asn Ile Pro Ile Leu Phe Tyr Cys Trp Arg Gly Gly Gly Arg 
SO 55 6 O 

Thr Asn Thr Ser Pro Pro Gly Val Arg Phe Cys Glu Glu Ala Asp Phe 
65 70 7s 8O 

Ser Glu Val Val Phe Gly Cys Pro Leu Pro His Arg Glu Ser Glu Arg 
85 90 95 

Asn Arg Ser Ala Glu Arg Ile Lieu. Glin Arg Arg Glin Lieu. Thir Asp Gly 
1OO 105 11 O 

Val Trp Ser Ser Ile Ser Gly. Thir Thr Glu Pro Val Tyr Cys Cys Glu 
115 12 O 125 

Tyr Lieu Val Gly Glu Arg Glu Ser Gly Asp Arg Cys Arg Ala Ala Pro 
13 O 135 14 O 

Cys Asn Val Cys Gln Lys Phe Pro Arg Ala Gly Thr Phe Glu Ser Glu 
145 150 155 160 

Arg Glu Asn Ala Glu Ala Cys Thr Arg His Cys Gly Ala Thir Trp Val 
1.65 17O 17s 

Trp Lys Gln Met Gly Cys Phe Cys Arg Pro Gly Asn His Ile Leu Glu 
18O 185 19 O 

Thir Thr Lys Glin Val Val Gly Trp Leu Pro Trp Arg Ser Gly Cys Tyr 
195 2OO 2O5 

Lieu. Lieu. Trp Lieu Ala Ala Lieu. Gly Ser Thr Glu Thr Val Ser Ile Ser 
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21 O 215 22O 

Ile Asp Cys Arg Asp Arg Trp Asn Cys Thr Phe Phe Gly Pro Glin Tyr 
225 23 O 235 24 O 

Ser Asp Tyr Glin Glin Ser Asp Pro Val Gly Met Val Lieu. Lieu. Asn. Cys 
245 250 255 

Cys Pro Ser Cys Arg Ser Ser Leu Ser Glu Asp Tyr Phe Leu Gly Ile 
26 O 265 27 O 

Lieu. Glu Glu. Cys Tyr Arg Thir Ile His Gly Gly Arg Gly Pro Val Arg 
27s 28O 285 

His Pro Phe Pro Pro Met Pro Asn Llys Lieu. Leu Ser Leu Phe Tyr His 
29 O 295 3 OO 

Phe Val Met Val Phe Ile Ile His Gly Leu Ser Gly Gly Ser Leu Lys 
3. OS 310 315 32O 

Lieu. Asn Ser Lieu. Asn Cys Thr Tyr Met Val Thr Arg Ile Leu Tyr Ser 
3.25 330 335 

Trp Ser Tyr Ile Leu Phe Ser Asn Ala Val Pro Arg Pro Thir Trp Ser 
34 O 345 35. O 

Thr Phe Pro Ala Val Cys Ser Leu Ser His Ser Trp Phe Leu Lleu Lieu. 
355 360 365 

Phe Gly Trp Llys Ser Ile Val Lys Ser Arg Thr Gly Lieu. Gly Val Lys 
37 O 375 38O 

Tyr Arg Glu Trp Glu Lys Gly Trp Val Met Val Trp Arg Glu Glu Val 
385 390 395 4 OO 

Arg Ala Val Ala Phe Val Thir Lys Lieu. Ser Ser Lys Ile Thr Ala Lieu 
4 OS 41O 415 

Glu Pro Thr Pro Leu Ser Pro Trp Val Ile Gly Glu Gln Gly Glin Asn 
42O 425 43 O 

Ser Thr Lieu. Thr Phe Lieu. Ile Leu Tyr Ser Lys Gly Thr Glu Arg Gly 
435 44 O 445 

Phe Asp Pro Pro Pro Gly Gly Arg Llys Ser Lieu. Ile Lieu. Asn Lieu. Ile 
450 45.5 460 

Met Ser Thr Ala Glin Glu Gly Val Lieu. Thr Val Val Arg Lieu. Thr Val 
465 470 47s 48O 

Tyr Pro Llys Val Arg Glu Arg Arg Val Lieu Lys Met Pro Phe Phe Lieu. 
485 490 495 

Lieu. Glin Arg Arg Trp Arg Gly Trp Thir Ser Glin Gly Arg Arg Arg Arg 
SOO 505 51O 

Ile Trp Pro Arg Trp Lieu. Arg Gly Arg Cys Lieu Lleu Lieu. Arg Arg Lieu. 
515 52O 525 

Lieu. Gly Tyr Val Ile Ser Glu Asn. Glu Arg Ser Ala Lieu Val 
53 O 535 54 O 

<210s, SEQ ID NO 18 
&211s LENGTH: 566 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 18 

Glin Arg Thir Ser Ala Ala Ala Ala Pro Arg Glin His Lieu. Ser Ser Asn 
1. 5 1O 15 

Met Pro Ser Lys Lys Asn Gly Arg Ser Gly Pro Glin Pro His Lys Arg 
2O 25 3O 
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Trp Val Phe Thir Lieu. Asn. Asn Pro Ser Glu Asp Glu Arg Llys Lys Ile 
35 4 O 45 

Arg Asp Lieu Pro Ile Ser Lieu. Phe Asp Tyr Phe Ile Val Gly Glu Glu 
SO 55 6 O 

Gly Asin Glu Glu Gly Arg Thr Pro His Leu Gln Gly Phe Ala Asin Phe 
65 70 7s 8O 

Val Llys Lys Glin Thr Phe Asn Llys Val Lys Trp Tyr Lieu. Gly Ala Arg 
85 90 95 

Cys His Ile Glu Lys Ala Lys Gly Thr Asp Glin Glin Asn Lys Glu Tyr 
1OO 105 11 O 

Cys Ser Lys Glu Gly Asn Lieu. Lieu Met Glu. Cys Gly Ala Pro Arg Ser 
115 12 O 125 

Glin Gly Glin Arg Ser Asp Lieu. Ser Thr Ala Val Ser Thr Lieu. Lieu. Glu 
13 O 135 14 O 

Ser Gly Ser Leu Val Thr Val Ala Glu Gln His Pro Val Thr Phe Val 
145 150 155 160 

Arg Asn. Phe Arg Gly Lieu Ala Glu Lieu. Lieu Lys Val Ser Gly Lys Met 
1.65 17O 17s 

Glin Lys Arg Asp Trp Llys Thr Asn. Wal His Val Ile Val Gly Pro Pro 
18O 185 19 O 

Gly Cys Gly Lys Ser Llys Trp Ala Ala Asn. Phe Ala Asp Pro Glu Thir 
195 2OO 2O5 

Thr Tyr Trp Llys Pro Pro Arg Asn Llys Trp Trp Asp Gly Tyr His Gly 
21 O 215 22O 

Glu Glu Val Val Val Ile Asp Asp Phe Tyr Gly Trp Lieu Pro Trp Asp 
225 23 O 235 24 O 

Asp Lieu. Lieu. Arg Lieu. Cys Asp Arg Tyr Pro Lieu. Thr Val Glu Thir Lys 
245 250 255 

Gly Gly Thr Val Pro Phe Leu Ala Arg Ser Ile Lieu. Ile Thr Ser Asn 
26 O 265 27 O 

Gln Thr Pro Leu Glu Trp Tyr Ser Ser Thr Ala Val Pro Ala Val Glu 
27s 28O 285 

Ala Lieu. Tyr Arg Arg Ile Thir Ser Lieu Val Phe Trp Lys Asn Ala Thr 
29 O 295 3 OO 

Glu Glin Ser Thr Glu Glu Gly Gly Glin Phe Val Thr Lieu Ser Pro Pro 
3. OS 310 315 32O 

Cys Pro Glu Phe Pro Tyr Glu Ile Asn Tyr Val Phe Phe Ile Thir Ser 
3.25 330 335 

Trp Phe Leu Lleu Phe Ile Lys Gly Val Gly Gly Lieu. Ile Val His Thr 
34 O 345 35. O 

Trp Lieu. His Gly Tyr Cys Ile Pro Gly Arg Ile Tyr Cys Phe Arg Thr 
355 360 365 

Glin Cys Arg Gly Lieu. Arg Gly Lieu. His Phe Glin Glin Phe Val Val Ser 
37 O 375 38O 

Ala Thr Ala Gly Phe Phe Cys Cys Lieu Val Gly Ser Asn. Glin Asn Lieu 
385 390 395 4 OO 

Gly Glin Val Trp Gly Ser Thr Gly Ser Gly Arg Arg Arg Ala Gly Lieu. 
4 OS 41O 415 

Trp Tyr Gly Gly Arg Ser Ser Lieu. His Arg Gly His Arg Gly Lieu. Trp 
42O 425 43 O 

Pro Leu Lleu Glin Ser Tyr His Leu Lys Glin His Trp Ser Pro Leu Pro 
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435 44 O 445 

Cys His Pro Gly Ser Gly Ser Arg Ala Arg Ile Gln Pro Pro Phe Leu 
450 45.5 460 

Phe Cys Ser Ile Glin Arg Ala Glin Ser Gly Gly Lieu. Thr Pro Lieu. Lieu. 
465 470 47s 48O 

Gly Glu Glu Ser His Ile Ser Ser Cys Pro Pro Pro Arg Arg Ala Phe 
485 490 495 

Lieu. Trp Phe Ala Glin Tyr Ile Arg Arg Cys Gly Arg Gly Gly Cys Arg 
SOO 505 51O 

Cys His Phe Ser Phe Ser Ser Gly Asn Gly Gly Gly Gly Gly Arg Ala 
515 52O 525 

Arg Gly Gly Gly Gly Gly Ser Gly Glin Asp Gly Cys Gly Gly Gly Val 
53 O 535 54 O 

Phe Phe Phe Gly Asn Ala Ser Lieu. Asp Thr Ser Tyr Lieu Lys Thr Lys 
5.45 550 555 560 

Glu Val Arg Cys Llys Tyr 
565 

<210s, SEQ ID NO 19 
&211s LENGTH: 1767 
&212s. TYPE: DNA 

<213> ORGANISM: Type B PWD circovirus 

< 4 OO > SEQUENCE: 19 

aatact taca gcgcacttct titcgttitt ca gatatgacgt atccaaggag gogttaccga 6 O 

agaagaagac accgc.ccc.cg cagcCatctt ggc.ca.gatcc ticcgc.cgc.cg CCC ctggctic 12 O 

gtccaccc.cc gccaccgitta cc.gctggaga aggaaaaatg gcatc.ttcaa caccc.gc.ctic 18O 

t ccc.gcacct tcggatatac ttcaagcga accacagtica gaacgc.cct C Ctgggcggtg 24 O 

gacatgatga gattcaat at taatgactitt Ctt CCCC cag gaggggggtc. aaaccc.ccgc 3OO 

tctgtgcc ct ttgaatacta cagaataaga aaggittaagg ttgaattctg gcc ct gcticc 360 

ccgatcaccc agggtgacag gggagtgggc ticcagtgctg. ittattittaga tigata actitt 42O 

gtaacaaagg ccacagcc ct caccitatgac ccc tatgtaa act actic ct c cc.gc.cat acc 48O 

at aacc cago cct tct cota ccact cocq9 tactttaccc ccaaacctgt cctagatttic 54 O 

actattgatt act tccaacc aaacaacaaa agaaaccago tdtggct gag act acaaact 6OO 

gctggaaatg tagaccacgt aggcct cqgc actg.cgttcg aaaac agtat atacgaccag 660 

gaatacaata t cogtgtaac catgitatgta caatt cagag aatttaattt taaag accc.c 72 O 

c cacttaa.cc cittaatgaat aataaaaacc attacgaagt gataaaaaag acticagtaat 78O 

ttattt cata tigaaattica ggg catgggggggaaagggit gacgaactgg CCCCCtt Cot 84 O 

cc.gtggattg ttctgtag cattct tccalaa ataccaagga agtaatcctic cqataaagag 9 OO 

Cttctacagc tigggacagca gttgaggagt accatt C cala C9gggtctga ttgctggtaa 96.O 

t cagaatact gcgggccaaa aaagg tacag titccacctitt agt ct ctaca gtcaatggat 1 O2O 

atcgat caca cagt ct cagt agat catc.cc agggcagcca gccataaaag toatcaataa 108 O 

caac cactitc titcaccatgg taac catc.cc accacttgtt totaggtggit titccagtatg 114 O 

tggttt cogg gtctgcaaaa ttagoagc cc atttgcttitt accacaccca ggtggc.ccca 12 OO 

caatgacgtg tacattagt c titccaat cac gottctgcat titt cocqctic actittcaaaa 126 O 
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gttcagc.cag ccc.gcggaaa tttctgacaa acgttac agg gtgctgctct gcaacggtca 32O 

ccagactic cc gct citccaac aagg tactica cagcagtaga caggit cactic cqttgtc. cct 38O 

gagatc tagg agcticcacac to catcagta agttgcc titc titt actgcag tatt ctittat 44 O 

tctgctgatc togttcc tittc gctitt citcga tigtggcagog ggcacccaaa taccactitca SOO 

ctitt attaaa agt ctdct to ttcacaaaat tag.cgaacco citggaggtga gqtgttcgt.c 560 

ctitcct catt accctic ct cq ccaacaataa aataatcaaa tagggatatt ggaagat coc 62O 

gtattittctt gcgct cqtct tcggaaggat tatt cagagt gaacacccac ctitt tatggg 68O 

gttggggit Co gct tct tcca ttctt Cttgc tigggcatgtt gctgctgagg totgcc.gag 74 O 

gtgctg.ccgc tigc.cgaagtg cqctggit 767 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 567 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 2O 

Gly Ala Cys Llys Pro Lieu Pro Lieu Val Glu Ala Ala Gly Cys Cys Cys 
1. 5 1O 15 

Ala Trp Cys Ser Ser His Phe Phe Arg Val Gly Val Gly Tyr Phe Thr 
2O 25 3O 

Pro Thr Glu Ser Tyr Asp Lys Arg Lieu. Arg Ala Cys Ser Phe Val Pro 
35 4 O 45 

Asp Glu Lieu. Ile Gly Ile Glin Asn. Asn Glin Glin Arg Pro Pro Tyr His 
SO 55 6 O 

Pro Leu Val Phe Val Glu Gly Gly Pro Thr Arg Asn Glin Ser Ser Ala 
65 70 7s 8O 

Ser Lys Tyr Lieu Ser Thr Thr Asn Pro His Gly Ser Gly Cys Arg Ser 
85 90 95 

Lieu. Ser Lieu. Phe Lieu. Asp Ala Ser Tyr Lieu. Ile Ser Cys Tyr Lieu. Lieu. 
1OO 105 11 O 

Cys Ser Val Ser Pro Thr His Leu Glu Ile Glu Pro Val Val Ser His 
115 12 O 125 

Gly Thr Glin Glin Ser Tyr Arg Thr Pro Ser Arg Ser Asp Pro Ser Arg 
13 O 135 14 O 

Glin Lieu Ala Ala Gly Glin Lieu. Thr Glin Phe Asn Gly Arg Ala Pro Glin 
145 150 155 160 

Val Lys Ser Lieu. Ser Arg Ser Phe Ala Ser Ala His Asn. Ser Ser His 
1.65 17O 17s 

Val Arg Gln Pro Ala Val Glin Thr His Tyr Phe Cys Ile Pro Glin Asn 
18O 185 19 O 

Gln Leu Gly Pro Phe Trp Met Ser Ser Val Val Phe Cys Thr Thr Pro 
195 2OO 2O5 

His Asn Gly His His Lieu Lleu Pro Glin Gln His Ser Llys His Ser Ala 
21 O 215 22O 

Ala Arg Pro His Asp Val Ser Val Thir His Asp Ile Asp Met Ser Glin 
225 23 O 235 24 O 

Lieu. Ser Lieu. His Phe Glin Val Lys Llys Pro Gly Cys Tyr Glu Ser Trp 
245 250 255 

Cys Asp Ser Gly Thr Pro Ile Thr Ser Arg Lieu Gln Glin Gly Lieu. Glin 
26 O 265 27 O 
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Lieu. Lieu. Glu Lys Asp Ser Ser Lys Arg Pro Ile Llys Ser Ser His Lieu. 
27s 28O 285 

Val Ile Trp Pro Pro Leu Pro Gly Thr Arg Gly Lys Gly Gly Met Gly 
29 O 295 3 OO 

Glin Ile Glu Met His Phe Lieu. Asn Ser Lieu. Arg Llys Llys Thr Ile Thr 
3. OS 310 315 32O 

Lys Ile Ile Pro Asn Lieu Pro Pro Asp Llys Phe Asn. Phe Glu Arg Phe 
3.25 330 335 

Glin Val Tyr Met Thr Val Arg Ile Asn Tyr Glu Gln Asp Tyr Ile Ser 
34 O 345 35. O 

Asn Glu Phe Ala Thr Gly Lieu. Gly Val His Asp Wall Asn Gly Ala Thr 
355 360 365 

Glin Lieu. Arg Lieu. Trp Lieu. Glin Asn Arg Lys Asn. Asn Pro Glin Phe Tyr 
37 O 375 38O 

Asp Ile Thr Phe Asp Lieu Val Pro Llys Pro Thr Phe Tyr Arg Ser His 
385 390 395 4 OO 

Tyr Ser Phe Pro Gln Thir Ile Thr His Arg Ser Ser Tyr Asn Val Tyr 
4 OS 41O 415 

Pro Asp Tyr Thir Lieu Ala Thr Ala Lys Thr Val Pro Asn Asp Asp Lieu. 
42O 425 43 O 

Ile Val Ala Ser Ser Gly Val Gly Arg Asp Gly Glin Thr Ile Pro Ser 
435 44 O 445 

Cys Pro Trp Phe Glu Val Lys Val Lys Arg Ile Arg Tyr Tyr Glu Phe 
450 45.5 460 

Pro Val Ser Arg Pro Asn Ser Gly Gly Gly Pro Pro Leu Phe Asp Asn 
465 470 47s 48O 

Ile Asin Phe Arg Met Met Asp Val Ala Trp Ser Pro Thr Arg Val Thr 
485 490 495 

Thr Arg Llys Val Thr Tyr Gly Phe Thr Arg Ser Lieu. Arg Thr Asn Phe 
SOO 505 51O 

Ile Gly Asn Lys Arg Arg Trp Arg Tyr Arg His Arg Pro His Val Lieu. 
515 52O 525 

Trp Pro Arg Arg Arg Lieu. Ile Glin Gly Lieu. His Ser Arg Pro Arg His 
53 O 535 54 O 

Arg Arg Arg Arg Tyr Arg Arg Arg Pro Tyr Thr Met Asp Ser Phe Ser 
5.45 550 555 560 

Lieu. Lieu Ala Ser Tyr Thr Asn 
565 

<210s, SEQ ID NO 21 
&211s LENGTH: 566 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 21 

Trp Arg Val Glu Ala Ala Ala Ala Gly Arg Cys Cys Arg Lieu. Lieu. Lieu. 
1. 5 1O 15 

Met Gly Lieu. Leu Phe Phe Pro Leu Lleu Pro Gly Trp Gly Trp Leu Lieu. 
2O 25 3O 

His Thr Asn Val Arg Phe Leu Gly Glu Ser Ser Ser Arg Lieu. Phe Ile 
35 4 O 45 

Arg Ser Arg Gly Ile Asp Arg Asn. Ser Lys Ile Thr Pro Ser Ser Pro 
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SO 55 6 O 

Lieu. Ser Ser Pro Arg Val Gly Arg Trp Pro Asn Ala Lieu Lys Thr Phe 
65 70 7s 8O 

Phe Cys Val Lys Lieu. Lieu. Thr Phe His Tyr Llys Pro Ala Arg Gln Trp 
85 90 95 

Met Ser Phe Ala Phe Pro Val Ser Cys Phe Leu Ser Tyr Glin Leu Lieu. 
1OO 105 11 O 

Ser Pro Lieu Lys Ser Ile Ser His Pro Ala Gly Lieu. Asp Pro Cys Arg 
115 12 O 125 

Lieu. Ser Arg Asp Wall Ala Thr Lieu Val Lys Asn. Ser Lieu Pro Lieu. Arg 
13 O 135 14 O 

Thr Val Thr Ala Ser Cys Cys Gly Thr Val Asn Thr Lieu Phe Lys Arg 
145 150 155 160 

Pro Ser Ala Ser Ser Lys Phe Thr Lieu Pro Phe Ile Cys Phe Arg Ser 
1.65 17O 17s 

Glin Phe Val Lieu. Thr Cys Thr Met Thr Pro Gly Gly Pro His Pro Leu 
18O 185 19 O 

Lieu. Lieu. His Ala Ala Lieu Lys Ala Ser Gly Ser Val Val Tyr Glin Phe 
195 2OO 2O5 

Gly Gly Lieu Phe Lieu. His His Ser Pro Trp Pro Ser Ser Thr Thr Thr 
21 O 215 22O 

Ile Ser Ser Llys Pro Glin Ser Gly Glin Ser Ser Arg Ser Leu Ser His 
225 23 O 235 24 O 

Ser Arg Tyr Gly Asn Val Thr Ser Val Leu Pro Pro Val Thr Gly Lys 
245 250 255 

Lys Ala Arg Lieu. Ile Arg Ile Val Lieu. Lieu Val Gly Asn. Ser His Tyr 
26 O 265 27 O 

Glu Glu Val Ala Thr Gly Ala Thir Ser Ala Arg Arg Lieu. Ile Val Glu 
27s 28O 285 

Lys Thr Asn Glin Phe Phe Ala Val Ser Cys Asp Val Ser Ser Pro Pro 
29 O 295 3 OO 

Trp Asn Thr Val Arg Glu Gly Gly His Gly Ser Asn Gly Tyr Ser Ile 
3. OS 310 315 32O 

Phe Glin Thir Lys Lys Ile Val Glu Tyr His Asn Lys Asn. Asn Met Lieu. 
3.25 330 335 

Pro Thr Pro Pro Arg Phe Ile Arg Glin Ile Thr Cys Val His Asn Cys 
34 O 345 35. O 

Pro Tyr Glin Ile Gly Pro Arg Ile Tyr Glin Lys Arg Val Cys His Arg 
355 360 365 

Pro Arg Arg Pro Arg Cys Llys Trp Cys Asn. Thir Thr Glu Ala Val Ala 
37 O 375 38O 

Pro Llys Lys Glin Gln Lys Thr Pro Leu Lleu Tyr His Phe Arg Pro Cys 
385 390 395 4 OO 

Thr Glin Pro Tyr Lieu Val Pro Leu Pro Leu Lleu Lleu Ala Pro Asn His 
4 OS 41O 415 

Tyr Pro Pro Leu Lleu Lleu Lys Cys Lieu Pro Leu. His Pro Ser His Gly 
42O 425 43 O 

Lys Asn. Cys Lieu. Arg Phe Tyr Cys Cys Glin Lieu. Gly Ser Gly Glin Gly 
435 44 O 445 

Pro His Asp Pro Lieu. Lieu Ala Lieu. Ile Gly Gly Llys Lys Asn Glin Lieu. 
450 45.5 460 
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Ile Lieu Ala Cys Lieu Pro Pro Llys Val Gly Arg Arg Pro Ser Ser Lieu. 
465 470 47s 48O 

Tyr Glin Ile Glu Asp His Gly Gly Gly Lieu. Lieu Ala Asn Glin Ser His 
485 490 495 

Asn Ala Glin Cys Tyr Ile Arg Lieu. His Pro Lieu Pro Pro His Glin Lieu 
SOO 505 51O 

His Trp Lys Glu Lys Glu Lieu Pro Leu Pro Pro Pro Pro Pro Arg Ala 
515 52O 525 

Lieu Pro Pro Pro Pro Pro Asp Pro Trp Ser Pro Gln Pro Pro Pro Thr 
53 O 535 54 O 

Llys Llys Llys Pro Lieu Ala Glu Lys Ser Val Asp Tyr Arg Phe Val Phe 
5.45 550 555 560 

Ser Thr Arg Gln Lieu. Tyr 
565 

<210s, SEQ ID NO 22 
&211s LENGTH: 569 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 22 

Lieu Ala Ser Arg Cys Arg Cys Cys Arg Pro Lieu Val Glu Ala Ala Val 
1. 5 1O 15 

His Gly Ala Leu Lleu. Ile Ser Ser Ala Ser Gly Lieu. Gly Met Phe Pro 
2O 25 3O 

Pro His Glu Ser Glin Ile Ile Arg Gly Phe Val Lieu Ala Leu Phe Tyr 
35 4 O 45 

Pro Ile Llys Trp Tyr Gly Lys Ile Ile Lys Asn. Asn Ala Lieu. Lieu. Thir 
SO 55 6 O 

Ile Leu Phe Ser Ser Cys Arg Val Glu Lieu Pro Glu Ser Ile Llys His 
65 70 7s 8O 

Lieu. Lieu. Lieu. Ser Lys Ile Phe His Lieu Pro Ile Glin Thr Gly Ala Ala 
85 90 95 

Val Asp Lieu. Phe Arg Phe Ser Cys Ile Lieu. Lieu. Ile Phe Phe Val Ala 
1OO 105 11 O 

Thr Phe Phe Ala Val Gln His Lieu. Thir Ser Ser Arg Ser Arg Lieu Ser 
115 12 O 125 

Lieu Pro Thr Val Glin Arg Ser Ser His Thr Gly Glin Gln Leu Ala Pro 
13 O 135 14 O 

Thr Glin His Gly Asn. Cys Lieu. Lieu Val Arg Tyr Arg Lys Asp Ser Ile 
145 150 155 160 

Glu Ala Pro Glin Ser Phe Lys Glin Phe His Ala Pro Phe His Leu Lieu. 
1.65 17O 17s 

Thir Ile Pro Leu Ser Ile Tyr Val Asp Asn His Pro Trp Arg Pro Thr 
18O 185 19 O 

Thr Phe Ala Phe Pro Ser Ser Ile Llys Cys Val Arg Phe Gly Cys Val 
195 2OO 2O5 

Pro Phe Trp Arg Ser Val Lieu Pro Pro Ile Thr Val Met Thr Phe Phe 
21 O 215 22O 

His Asn. Asn. Asn. Ile Val Lys Ile Ala Pro Glin Gly Pro Ile Ile Glin 
225 23 O 235 24 O 

Ser Glin Thr Ser Ser Ile Trp Glin Ser Tyr Lieu Ser Phe Thr Ser Ser 
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245 250 255 

Tyr Arg Lys Glin Gly Ala Thr Asn Glin Asn Gly Ala Ile Lieu. Gly Arg 
26 O 265 27 O 

Glin Phe Pro Val Gly Ser Ser Asp Trp Ser Tyr Phe Ser Lys Ile Pro 
27s 28O 285 

Pro Asn Ser Gly Glin Tyr Lys Pro Leu. Ile Ser Cys Phe Leu Gly Arg 
29 O 295 3 OO 

Lieu. Phe Pro Ala Lieu. Glu Asp Gly Lys Gly Gly Trp Ala Arg Phe Lys 
3. OS 310 315 32O 

Trp Ile Phe Trp Ile Val Ser Asp Llys Lys Asp Ser Arg Lieu Pro Llys 
3.25 330 335 

Glu Asn Lieu. Thir Lieu. His Pro Thir Lys Lieu. Ile Lieu. Asn. Glu Ser Asn 
34 O 345 35. O 

Tyr Met Cys Pro Val Ser Ile Thr Asn Arg Thr Thr Tyr Val Thir Lys 
355 360 365 

Ser Arg Lieu Ala Ser Ala Thir Thr Met Glu Lieu Lleu Lys Tyr Asp Gly 
37 O 375 38O 

Cys Ser Thr Glu Lys Thir Thr Glin Asn Ser Thr Ile Lieu. Leu Ser Ile 
385 390 395 4 OO 

Ser Lieu. Asn Pro Pro Leu. Thr Gly Pro Thr Thr Pro Ser Pro Ser Pro 
4 OS 41O 415 

Pro Ile Ala Pro Pro Thir Thir Met Pro Thir Met Pro Ser Pro Gln Pro 
42O 425 43 O 

Arg Glin Lieu. Thir Ile Met Phe Lieu. Leu Val Pro Ala Trp Glu Gly Thr 
435 44 O 445 

Val Arg Pro Ser Arg Pro Ala Pro Gly Ser Asn Lieu. Arg Lieu. Arg Glu 
450 45.5 460 

Glu Thir Thr Asn Lieu Pro Cys Lieu Ala Pro Thr Glin Gly Gly Glu Gln 
465 470 47s 48O 

Pro Phe Phe Thr Met Lieu. Ile Ser Asp Thir Trp Arg Gly Pro Pro Arg 
485 490 495 

Glu Ser Glin Pro Glu Ser Ser Lieu. Ile Asp Ser Pro Ala Pro Ser Ala 
SOO 505 51O 

Pro Thir Ser Ser Ala Met Lys Gly Glu Gly Ala Thr Val Thr Ala Pro 
515 52O 525 

Thir Ser Ser Gly Pro Ala Ala Ala Ser Ser Arg Ala Lieu. Ile Ala Ala 
53 O 535 54 O 

Pro Ala Thr Asp Glu Glu Glu Thr Val Gly Gly Glin Ile Arg Ile Glin 
5.45 550 555 560 

Phe Arg Phe Phe His Ala Thr Lieu. Ile 
565 

<210s, SEQ ID NO 23 
&211s LENGTH: 945 
&212s. TYPE: DNA 

<213> ORGANISM: Type B PWD circovirus 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (942) 

<4 OOs, SEQUENCE: 23 

atg cc C agc aag aag aat gga aga agc gga ccc caa C cc cat aaa agg 48 
Met Pro Ser Lys Lys Asn Gly Arg Ser Gly Pro Glin Pro His Lys Arg 
1. 5 1O 15 
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<210s, SEQ ID NO 24 
&211s LENGTH: 314 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 24 

Met Pro Ser Lys Lys Asn Gly Arg Ser Gly Pro Glin Pro His Lys Arg 
1. 5 1O 15 

Trp Val Phe Thir Lieu. Asn. Asn Pro Ser Glu Asp Glu Arg Llys Lys Ile 
2O 25 3O 

Arg Asp Lieu Pro Ile Ser Lieu. Phe Asp Tyr Phe Ile Val Gly Glu Glu 
35 4 O 45 

Gly Asin Glu Glu Gly Arg Thr Pro His Leu Gln Gly Phe Ala Asin Phe 
SO 55 6 O 

Val Llys Lys Glin Thr Phe Asn Llys Val Lys Trp Tyr Lieu. Gly Ala Arg 
65 70 7s 8O 

Cys His Ile Glu Lys Ala Lys Gly Thr Asp Glin Glin Asn Lys Glu Tyr 
85 90 95 

Cys Ser Lys Glu Gly Asn Lieu. Lieu Met Glu. Cys Gly Ala Pro Arg Ser 
1OO 105 11 O 

Glin Gly Glin Arg Ser Asp Lieu. Ser Thr Ala Val Ser Thr Lieu. Lieu. Glu 
115 12 O 125 

Ser Gly Ser Leu Val Thr Val Ala Glu Gln His Pro Val Thr Phe Val 
13 O 135 14 O 

Arg Asn. Phe Arg Gly Lieu Ala Glu Lieu. Lieu Lys Val Ser Gly Lys Met 
145 150 155 160 

Glin Lys Arg Asp Trp Llys Thr Asn. Wal His Val Ile Val Gly Pro Pro 
1.65 17O 17s 

Gly Cys Gly Lys Ser Llys Trp Ala Ala Asn. Phe Ala Asp Pro Glu Thir 
18O 185 19 O 

Thr Tyr Trp Llys Pro Pro Arg Asn Llys Trp Trp Asp Gly Tyr His Gly 
195 2OO 2O5 

Glu Glu Val Val Val Ile Asp Asp Phe Tyr Gly Trp Lieu Pro Trp Asp 
21 O 215 22O 

Asp Lieu. Lieu. Arg Lieu. Cys Asp Arg Tyr Pro Lieu. Thr Val Glu Thir Lys 
225 23 O 235 24 O 

Gly Gly Thr Val Pro Phe Leu Ala Arg Ser Ile Lieu. Ile Thr Ser Asn 
245 250 255 

Gln Thr Pro Leu Glu Trp Tyr Ser Ser Thr Ala Val Pro Ala Val Glu 
26 O 265 27 O 

Ala Lieu. Tyr Arg Arg Ile Thir Ser Lieu Val Phe Trp Lys Asn Ala Thr 
27s 28O 285 

Glu Glin Ser Thr Glu Glu Gly Gly Glin Phe Val Thr Lieu Ser Pro Pro 
29 O 295 3 OO 

Cys Pro Glu Phe Pro Tyr Glu Ile Asn Tyr 
3. OS 310 

<210s, SEQ ID NO 25 
&211s LENGTH: 702 
&212s. TYPE: DNA 

<213> ORGANISM: Type B PWD circovirus 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
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2O 25 3O 

Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn. Thir Arg 
35 4 O 45 

Lieu. Ser Arg Thr Phe Gly Tyr Thr Val Lys Arg Thr Thr Val Arg Thr 
SO 55 6 O 

Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn. Ile Asn Asp Phe Lieu. 
65 70 7s 8O 

Pro Pro Gly Gly Gly Ser Asn Pro Arg Ser Val Pro Phe Glu Tyr Tyr 
85 90 95 

Arg Ile Arg Llys Val Lys Val Glu Phe Trp Pro Cys Ser Pro Ile Thr 
1OO 105 11 O 

Glin Gly Asp Arg Gly Val Gly Ser Ser Ala Val Ile Lieu. Asp Asp Asn 
115 12 O 125 

Phe Val Thr Lys Ala Thr Ala Lieu. Thr Tyr Asp Pro Tyr Val Asn Tyr 
13 O 135 14 O 

Ser Ser Arg His Thr Ile Thr Glin Pro Phe Ser Tyr His Ser Arg Tyr 
145 150 155 160 

Phe Thr Pro Llys Pro Val Lieu. Asp Phe Thr Ile Asp Tyr Phe Glin Pro 
1.65 17O 17s 

Asn Asn Lys Arg Asn Gln Lieu. Trp Lieu. Arg Lieu. Glin Thr Ala Gly Asn 
18O 185 19 O 

Val Asp His Val Gly Lieu. Gly Thr Ala Phe Glu ASn Ser Ile Tyr Asp 
195 2OO 2O5 

Gln Glu Tyr Asn Ile Arg Val Thr Met Tyr Val Glin Phe Arg Glu Phe 
21 O 215 22O 

Asn Phe Lys Asp Pro Pro Lieu. Asn Pro 
225 23 O 

<210s, SEQ ID NO 27 
&211s LENGTH: 315 
&212s. TYPE: DNA 

<213> ORGANISM: Type B PWD circovirus 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) ... (312) 

<4 OOs, SEQUENCE: 27 

atg gta acc at C cca cca citt gtt tot agg togg titt coa gta togt ggit 48 
Met Val Thir Ile Pro Pro Leu Val Ser Arg Trp Phe Pro Val Cys Gly 
1. 5 1O 15 

titc cqg gtc. tcc aaa att agc agc cca titt got titt acc aca ccc agg 96 
Phe Arg Val Cys Lys Ile Ser Ser Pro Phe Ala Phe Thr Thr Pro Arg 

2O 25 3O 

tgg ccc cac aat gac gitg tac att agt citt coa atc acg citt citg cat 144 
Trp Pro His Asn Asp Val Tyr Ile Ser Leu Pro Ile Thr Lieu. Lieu. His 

35 4 O 45 

titt coc got cac titt caa aag titc agc cag ccc gcg gaa att tot gac 192 
Phe Pro Ala His Phe Gln Lys Phe Ser Glin Pro Ala Glu Ile Ser Asp 

SO 55 6 O 

aala C9t tac agg gtg ctg. Ct c tic aac ggit cac cag act coc got ct c 24 O 
Lys Arg Tyr Arg Val Lieu. Lieu. Cys Asn Gly His Glin Thr Pro Ala Lieu. 
65 70 7s 8O 

cala caa ggit act cac agc agt aga cag gtC act ccg ttg to C ctg aga 288 
Gln Glin Gly Thr His Ser Ser Arg Glin Val Thr Pro Leu Ser Lieu. Arg 

85 90 95 
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tct agg agc ticc aca citc cat cag taa 315 
Ser Arg Ser Ser Thr Lieu. His Glin 

1OO 

<210s, SEQ ID NO 28 
&211s LENGTH: 104 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 28 

Met Val Thir Ile Pro Pro Leu Val Ser Arg Trp Phe Pro Val Cys Gly 
1. 5 1O 15 

Phe Arg Val Cys Lys Ile Ser Ser Pro Phe Ala Phe Thr Thr Pro Arg 
2O 25 3O 

Trp Pro His Asn Asp Val Tyr Ile Ser Leu Pro Ile Thr Lieu. Lieu. His 
35 4 O 45 

Phe Pro Ala His Phe Gln Lys Phe Ser Glin Pro Ala Glu Ile Ser Asp 
SO 55 6 O 

Lys Arg Tyr Arg Val Lieu. Lieu. Cys Asn Gly His Glin Thr Pro Ala Lieu. 
65 70 7s 8O 

Gln Glin Gly Thr His Ser Ser Arg Glin Val Thr Pro Leu Ser Lieu. Arg 
85 90 95 

Ser Arg Ser Ser Thr Lieu. His Glin 
1OO 

<210s, SEQ ID NO 29 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 29 

Val Asp Met Met Arg Phe Asn Ile Asn Asp Phe Leu Pro Pro Gly 
1. 5 1O 15 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 30 

Glin Gly Asp Arg Gly Val Gly Ser Ser Ala Val Ile Lieu. Asp Asp 
1. 5 1O 15 

<210s, SEQ ID NO 31 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 31 

Gly Val Gly Ser Ser Ala Val Ile Lieu. Asp Asp Asn. Phe Val Thr 
1. 5 1O 15 

<210s, SEQ ID NO 32 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 32 

Val Asp His Val Gly Lieu. Gly Thr Ala Phe Glu Asn Ser Ile Tyr 
1. 5 1O 15 
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<4 OOs, SEQUENCE: 4 O 

tctagotctg gt 12 

<210s, SEQ ID NO 41 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 41 

atct cagotc git 12 

<210s, SEQ ID NO 42 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 42 

tgtcct cotc tt 12 

<210s, SEQ ID NO 43 
&211s LENGTH: 8 
&212s. TYPE: DNA 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 43 

tctictaga 8 

<210s, SEQ ID NO 44 
&211s LENGTH: 8 
&212s. TYPE: DNA 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 44 

tgtaccaa 8 

<210s, SEQ ID NO 45 
&211s LENGTH: 8 
&212s. TYPE: DNA 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 45 

tocq tott 8 

<210s, SEQ ID NO 46 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 46 

gtgtgcticga cattggtgtg 2O 

<210s, SEQ ID NO 47 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 47 
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tggaatgtta acgagctgag 2O 

<210s, SEQ ID NO 48 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 48 

Ctcgcagc.ca t cttggaatg 2O 

<210s, SEQ ID NO 49 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 49 

cgc.gcgtaat acgact cact 2O 

<210s, SEQ ID NO 50 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 50 

cctgtc tact gctgtgagta ccttgt 26 

<210s, SEQ ID NO 51 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 51 

gcagtagaca ggt cactic.cg ttgtc.c 26 

<210s, SEQ ID NO 52 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 52 

tggaatgtta actacct caa 2O 

<210s, SEQ ID NO 53 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 53 

ggcggcgc.ca t ctgtaacgg titt 23 
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<210s, SEQ ID NO 54 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer 

<4 OOs, SEQUENCE: 54 

gatggcgc.cg aaagacgggt atc 23 

<210s, SEQ ID NO 55 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OO > SEQUENCE: 55 

Asn Val Asn. Glu Lieu. Arg Phe Asn. Ile Gly Glin Phe Lieu Pro Pro 
1. 5 1O 15 

<210s, SEQ ID NO 56 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 56 

Thir Ser Asn Glin Arg Gly Val Gly Ser Thr Val Val Ile Leu 
1. 5 1O 

<210s, SEQ ID NO 57 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

<4 OO > SEQUENCE: 57 

Arg Gly Val Gly Ser Thr Val Val Ile Lieu. Asp Ala Asn. Phe Val 
1. 5 1O 15 

<210s, SEQ ID NO 58 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 58 

Phe Thir Ile Asp Tyr Phe Glin Pro Asn. Asn Lys Arg Asn Glin Lieu. 
1. 5 1O 15 

<210s, SEQ ID NO 59 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

<4 OO > SEQUENCE: 59 

Asp Glin Thir Ile Asp Trp Phe Glin Pro Asn. Asn Lys Arg Asn Glin 
1. 5 1O 15 

<210s, SEQ ID NO 60 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type A PWD circovirus 

<4 OOs, SEQUENCE: 60 

Asn Val Glu. His Thr Gly Lieu. Gly Tyr Ala Lieu. Glin Asn Ala Thr 
1. 5 1O 15 
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<210s, SEQ ID NO 61 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 61 

His Arg Pro Arg Ser His Lieu. Gly Glin Ile Lieu. Arg Arg Arg Pro 
1. 5 1O 15 

<210s, SEQ ID NO 62 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 62 

Ser His Lieu. Gly Glin Ile Lieu. Arg Arg Arg Pro Trp Lieu Val His 
1. 5 1O 15 

<210s, SEQ ID NO 63 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 63 

Glin Ile Lieu. Arg Arg Arg Pro Trp Lieu Val His Pro Arg His Arg 
1. 5 1O 15 

<210s, SEQ ID NO 64 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 64 

Arg Arg Pro Trp Lieu Val His Pro Arg His Arg Tyr Arg Trp Arg 
1. 5 1O 15 

<210s, SEQ ID NO 65 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 65 

Lieu Val His Pro Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly 
1. 5 1O 15 

<210s, SEQ ID NO 66 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 66 

Arg His Arg Tyr Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn Thr 
1. 5 1O 15 

<210s, SEQ ID NO 67 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OO > SEQUENCE: 67 

Arg Trp Arg Arg Lys Asn Gly Ile Phe Asn. Thir Arg Lieu. Ser Arg 
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1. 5 1O 15 

<210s, SEQ ID NO 68 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 68 

Lys Asn Gly Ile Phe Asn Thr Arg Lieu Ser Arg Thr Phe Gly Tyr 
1. 5 1O 15 

<210s, SEQ ID NO 69 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 69 

Phe Asn Thr Arg Lieu. Ser Arg Thr Phe Gly Tyr Thr Val Lys Arg 
1. 5 1O 15 

<210s, SEQ ID NO 70 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OO > SEQUENCE: 7 O 

Leu Ser Arg Thr Phe Gly Tyr Thr Val Lys Arg Thr Thr Val Arg 
1. 5 1O 15 

<210s, SEQ ID NO 71 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 71 

Phe Gly Tyr Thr Val Lys Arg Thr Thr Val Arg Thr Pro Ser Trp 
1. 5 1O 15 

<210s, SEQ ID NO 72 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 72 

Val Lys Arg Thr Thr Val Arg Thr Pro Ser Trp Ala Val Asp Met 
1. 5 1O 15 

<210s, SEQ ID NO 73 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OO > SEQUENCE: 73 

Thr Val Arg Thr Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn 
1. 5 1O 15 

<210s, SEQ ID NO 74 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 74 
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Pro Ser Trp Ala Val Asp Met Met Arg Phe Asn Ile Asn Asp Phe 
1. 5 1O 15 

<210s, SEQ ID NO 75 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OO > SEQUENCE: 75 

Arg Phe Asn. Ile Asn Asp Phe Lieu Pro Pro Gly Gly Gly Ser Asn 
1. 5 1O 15 

<210s, SEQ ID NO 76 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OO > SEQUENCE: 76 

Asn Asp Phe Leu Pro Pro Gly Gly Gly Ser Asn Pro Arg Ser Val 
1. 5 1O 15 

<210s, SEQ ID NO 77 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OO > SEQUENCE: 77 

Pro Pro Gly Gly Gly Ser Asn Pro Arg Ser Val Pro Phe Glu Tyr 
1. 5 1O 15 

<210s, SEQ ID NO 78 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OO > SEQUENCE: 78 

Gly Ser Asn Pro Arg Ser Val Pro Phe Glu Tyr Tyr Arg Ile Arg 
1. 5 1O 15 

<210s, SEQ ID NO 79 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OO > SEQUENCE: 79 

Arg Ser Val Pro Phe Glu Tyr Tyr Arg Ile Arg Llys Val Llys Val 
1. 5 1O 15 

<210s, SEQ ID NO 8O 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 80 

Phe Glu Tyr Tyr Arg Ile Arg Llys Val Llys Val Glu Phe Trp Pro 
1. 5 1O 15 

<210s, SEQ ID NO 81 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Type B PWD circovirus 

<4 OOs, SEQUENCE: 81 
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