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Hunzi kBfiyakwa, XurandaMaeumi, B, (189d). de nvill [i)EF%SVinE; (IMV Y 230d)ted |v$itﬂ al'éi./aﬁéd of
multiple TT virus genotypes from spleen biopsy tissue froma Hodgkin's

di seasgaraimiRed 1e\@RNMBoh@AAANNZ Bédalns AT hiith¥&h Sdtio¥odyn Bzmehyeﬁf na rabl e
region. J Virol 78(14), 7498- 507). The preval ence of "multiple |nf ections

of TTVCWhhiin QWHF?}DV &Y ) I&] ytH@r? a%3r ? og a}naQ ity kRbifis bl G5 Flg)'ﬁ?egF

TTV, TTW and T have en docu urrans and are cons

g:ﬁec?g ) ]fgego‘;]}usg ? gc%t?%ﬁgb\lljae ‘ﬁenﬁglﬁf'gﬁg hwnr“lﬂﬂs vglpe th@g}éeqnén ?rﬂ'(cj;’to
J
M cr obicd? r@%?%%p@%fﬁg RY R et Wf‘l"‘r}“i*bﬁlg Sy In J458R aRY Ohps tiSsues

I chiy .. and Ckanpto 2009). Anal ysis of the entire
genonegarafhef‘%]?yqfi‘}'@“?”ér{gi‘?ﬁ di- A Ny a@alh &%ﬁﬂg) K ‘ﬁ‘b‘ah‘i‘é% TY D FrEg etus.

cross-speci es infection_between hunans and chi npanzees. J Gen Virol 90§Pt
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that of human TTV, they share t he sane genom c structure with a m ni mum of
two pagarisisered te\sra cosporye snein heakily hymep gduls (ORF L. aSabadRi2 ). tandrisimnced
fromthe negative ssDNA as well as a short stretch of untranslated region
(UTR) 1 (3006).gboidctamtvatit multg0eql’( Gkasstrains 200@Ringstopdidferent lgenaty pangearent
of TTV ORFs is quite simlar to that of chicken anem a virus (CAV)
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different from porcine circovirus (PCV) types 1 (PCV1l) and 2 (PCV2), which
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S N P b e R
The geime: B Bel R Sl Shapitcry LERZLT TR SRR A,

by the strand a he ORF2 i s coded for by the anti genomc strand
(Hino aﬁaowowtsao‘%mn&] gﬂ%?%?jmtm@é & Yiguses. r?émf { &l SEFTOBEA SrmyEet in 1 2R
transl at ed products of both human TTV genotypes | and 6 have been

i dent i Fakegamy. 3.r NHiepelt Matsuss St Hakh ddpared Pudl. Pl 9599 ePdFY%%eBMPE‘ISdFF’é‘ﬁel nt o
cultured cells (Mieller, B., Maerz, A , Doberstein, K, Finsterbusch, T.

and Mankertz, A (2008). Gene expressi on of the human Torque Teno Virus
isolate P/1Cl1 . Virology 381(1), 36-45; Qu, J., Kakkola, L., Cheng, F.,
Ye, C., Soderlund-Venerno, M, Hednman, K, and Pintel, D. J. (2005). Human
circovirus TT virus genotype 6 expresses six proteins follow ng
transfection of a full-length clone. J Virol 79(10), 6505-10). Expression
of at least six proteins, designated ORFl, ORF2, ORF1l/1, ORF2/2, WO

2011/ 031438PCT/ US2010/ 046330 ORE 1/2 and ORF2/3, fromthree or nore spliced
nRNAs, have been reported (Kakkola, L., Hedman, K, Qu, J., Pintel, D.,
and Soder | und-Venerno, M (2009). Replication of and protein synthesis by
TT viruses. Curr Top Mcrobial Inmunok 331, 53-64; Mieller et al., 2008,
supra; Qu et al., 2005, supra). Accordingly, it is likely that, when nore
data regarding the animal TTV becone avail able, the presunmed genone
structure of an| rral TTV WI | need to be rmdl f| ed [0005]Although TTV was
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WO 2011/ 031438PCT/ US2010/ 046330 100061Conpared to human TTV, the genom c
information of PTTV is very limted. Currently, only one full-length and
two near wolbtilsmgsh genom ¢ sequences of PTTV are reporCedskoome@s@s in
Japan and Brazil, respectively (Niel, C., Diniz-Mndes, L., and Devalle, S.

(2005)._.Rolling-circle anplification of Torque tene.virys (;FT te
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genogroup. J Gen Viral 86(Pt 5), 1343-7; Ckanpoto et al., 2002, supra).
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Meng, X. J. (2004). Mol ecular characterization of porcine TT virus, an

or phanrllifgdisirclé Ampligsatfonoesdnse-thdepatdent sia@ld irfh@sampificalibs appioath. 1L0geA - 2) ,

113-7). 100081Whet her porcine TTVs play a significant role in pathogenesis

of spegjfl 8s@i 108, ShREARCIndrdi, St.i Dbadenat Rki€amh Ve, dRALARI Ot 1 Endia®enRdel ,

it was shown that PTTV | infection alone did not develop any clinical
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J. A, V on o ects of porcine genogroup 1 torque teno

virus in _gnotobiotic sw ne. Al Vet Res 69, 1623-9). tqblQti 1 gs that
wer o cHBEPRSR: ARG EnEE 26 8a b TRHBEn Ry | 7akE FITEne e T ve
and respiratory _syndrome virus (PRRSV) devel oped clinical porcine .

der mat PRedneyRY Wephs o Bedsr FynGubard. (Jpprsy Brepbark otk 4206, Naxg anellovirus
2011/ 031438PCT/ US2010/ 046330 Hartuni an, C., Ranmberg, A., Shoup, D., Rings,
M, Zhdnepvered, frovh [agmortedity aveamt Bf tdptive Caifornia2GesBliomdy dGeatHion 99(Ptindidsbitdn of
porcine dermatitis and nephropat hy syndronme in gnotobiotic pigs with

negat i OkamesylH.s (Z09ObPOTTi vieuses riecanimals. Cype 12p MirrobMétinResobB311655222) ,
whereas pigs inoculated with both PTTV1 and porcine circovirus type 2

( PCV2) ouawieloo Pie Niakidhea, PO STARBANhN M Mdlalva gy AL SFciiz CYWASEHi Rt YN Ah WeargPWE)
(El'lis et al., 2008, supra). Although PCV2 is considered as the primry
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serve g co-factors, involved in tri?geri ng_.or exacerbating di seases in

pi gs. ? BH9PPEL IV HBIZ Y had 2BéEn Adet'et® & 1 #kabeiei Me Bshimgiosbechnakaal i va,
semen and tissue sanples of infected pigs, indicating its diverse

t r ans nivi¥akerar Yuted MaysmidMn L0988k Speti¢zaseidic Tandiryass in bemans apdsranbsinems
(Kekar ai nen et al., 2007, supra; Pozzuto, T., Mieller, B., Meehan, B.,

Ri ngl eprim8eSand NeimphysdgendicAe]atddnksss Virdloky 2TVENK2G8-28; Pkanawtd, Kr, dlkekseahi, S. ,
2009. In utero transm ssion of porcine torque teno viruses. Vet M crobial
137, 3Wb:WishiZhwh,| B, TMvaraMar, Fukdz U iM@amatsy, HYeNdi@, YE.and MRhikawa, A 200Dr a,
M, Gau-Roma, L., Kekarainen, T. and Segales, J., 2009. Swi ne torque teno

Vi rus GIdodicichn@sieiionioand TaxXGRakd O IR EI S ScatdardObi8 Rhi oA reRiQinbarwgn Vet
M crobial 139, 213-8). However, current detection of porcine TTV infection

was maibisRASSE YRR FOPNRRLE oRa! PSR, B BRY SV NIRPL &), 19€I-¥Nah addition,
serol ogi cal assay nor viral culture system has been established. In

particul.ar t : | fi:Gatd t egi 0 | -heg,U fR
of PTT i ﬁndi} Eﬁﬁg,aﬁﬁ‘s@%‘} \%ﬁg,ﬂ geve odpe b]??g%@gl\éﬁﬁ%{ﬁ lgff’ogglf&%%%’e%%écone
wi dely used (Kekarainen et al., 2006, supra). Since the anount of virus is

i kely associated with the severity of clinical diseases, as denonstrated
for PCV2-induced PCVAD (Opriessnig, T.,



WO 2011/ 031438PCT/ US2010/ 046330 Meng, Xi. and Hal bur, P.G, 2007. Porcine
circovirus type 2 associ ated di sease: update on current term nol ogy,
clinical wanoflegst48i ons, pat hogenesi s, diaghosis, and i RCEUSMI006330
strategies. J Vet Diagn Invest 19, 591-615), it will be inportant to

determine.the viral |o . _ROrGi TT N, Ve =t P han
t he pﬁgggﬁgb flﬁWXP%%ﬁ?bgﬁ%%HW§%ﬁ?oﬁ%¥(B%ﬁ%HﬁnﬁaggﬁPxoﬁ?B?é%fﬁ??%é: i's
more reliable, rapid and | ess expensive than conventional PCR .Recently,
tvo TotfvamepobiEalaled MdhMIES Vo AR SURPATARET dEREP] BS POFIG el eI DN
and quantification of two porcine TTV species (Brassard, J., Gagne, M.,
Houde, betweenFraintanasnd EhingradzeparbGePVirobRBt 2 D¢ 38 pRisamotefet af-,rwﬁaﬂuﬁm)-
TagMan PCR assay for the detection of porcine and bovi ne Torque teno virus.
J Appl AM&Iéﬁbh@kenoNQ&’ sikds o200 UenBfivd aihedd Tof sipinsnespeGalll @bn-pAmatPadoh] S,
Esking, WS., Keller, C and Ohlinger, V.F., 2009. Porcine Torque teno

virus: rpet gt %1Qﬁ$élﬁ§ln£ierYﬁdilqhamgmaﬁ TOAG ey D$hallone G4AY PerfREE isfri@uidulitti pl ex
rt-PCR, detection of frequent multiple infections with genogroups 1 or 2,

2000, EAURALEG b vk ipaing SR Ao BERARRSRORNE MY Bl o

the fal se-negati results be obtained if the pr s bi. ndi. equences
cont ai FAGRARF ST AT Gt e a B Fnalalge B G RN ERGERTGEER
D.R, 2003. Failure to genotype herpes sinplex vir by real-tinme PCR assay
and nel~¥P%y (@éfwet%ﬁap%isgfpﬁﬁeT b 2 BURFEKER 00 dr VR W 4R iBahEe #ehal ng
sites. J din Mcrobial 41, 2135-7). Considering the high degree of

het er ogaskehtapemirovigist (K Yerplanginestoghe Reraar{nporivisna teriangby GlraeviFiges hudtis ons
in the probe-binding sequences are expected for field strains of PTTVs. The
SYBR gdifferenbésmcbardat eirecaveruPQRCV styaes Al RE@Y hpdridve(AEY hip d havhaird ailvg clakdiBied
potential problem in spite of its relatively |ower specificity, which

provi dgg e Yithy einsid) ( DaYidédh, d?&@ﬂhmsn,qym.t%i%?)t Umw@ﬁ@ﬁﬂeguzﬂ@ bfhigan TV
variants. Moreover, nelting curve analysis ( ) following SYBR green
real - téﬂ@ﬂoﬁﬁ@ iR HOfShy &ﬂxgﬁsajr%?n mcdvfdn%h}"e}fti&%&wl\ﬁi} iy 18 al'iék%)ﬁ"%n&}ig xlgmsgﬁigus Vo

detection of distinct ‘typ virus (Rrie, Rasnussen

2011/ 0314 1.US2Q1.0/ 046330 W ttwer, .C 1997:.Produc ifferentiation by
anal yold TCERA” ot RS ey SEatilT iy AHeOnal Jeer o AL sy S ko

Bi ochem, 245, 154-60). MCA:based SY ree eal -t PCR net hods. have been
succesd CpyADSRR YiELS (4R AR ﬁﬁgrqzmigw%@ﬁap o rlﬁﬁQ%Thﬁ swg?s(ﬂg%g\ﬂ AR
D., Grdini, F., Vitone, F., Schiavone, P., Furlini, G and Re, MC. , 2006.
Si mul t Ba¥duse ambisenseol whichite @ 1HE yodedolpr SYRRe @erecamic rsgand endrhendREFE b8 ex
RT- PCR technique in plasma sanples. Ml Cell Probes 20, 223-9; Marti nez,
E., Riardad {# by 8 apBgenbinic Heamg,(H¥ho and Mwaila, 2008 sugrid. Rédedtinatio fradscrip08.

Si mul t aneous det ecti on and genotypi ng of porcine reproductive and

r espi I gdtefry aky Hss0iR) Miotiigs 6PBREHunty; Twlgeg&tsrpesmaﬁc@ 1ANE badPldepdmed B ti ng
curve analysis using SYBR G een. Res Vet Sci 85, 184-93; Mouill esseaux,

K P, irisiRebn ot répdetiRarivAlhfectidBODHNA NREQEHRN bybited h:%ll|§ Rﬁ/ﬁie];%éég'(?y and

SFnsitivity ﬁf detection for the Eaura fyndrone virus and yel | ow I Virus
. . - . . . . VBR . o

2 PErFU Al RS e AL MBS

H. J. T U. 006. Real -t] PCR : [

por ci Ry LG 3800 YRR e ans by T haRHSanals k95 Teny Chete.

10010 rently ittle is known about PTTV-specific humpral response.

Si nce]}gé{é-Q as éadeéLJé'Qy‘ée“&H“%le-» rieimapt Ky gad EBislse: H2eoomHpmes strednrus d Tpi gs,
an efficient enzyme-I|inked i munosorbent assay (ELISA) for detection of
PTTV sHFSSRALIPE SU§*Hresshesdsyakeynst Dllavine wanstecaprn nfey tlklsagtholomer A/Vigad
hel p characterize the role of PTTV in porcine diseases. 100111Thus far, no
subuni 19195 pF&d 1 Anbxpresseoneias lasaissif piotgies dingnaiVeREEORIAIPRbI/&, ORF2A% | |
be desirabl e and advant ageous to express reconbi nant PTTV capsid proteins
fromdifferent genotypes for devel opnent of PTTV subunit vaccines, and to
construct infectious PTTV nol ecul ar DNA cl ones fromdifferent genotypes for
propagati ng bi ol ogical pure formof PTTVs in cell culture systemthat are
used for killed and live vaccines devel opnment. WO

2011/ 031438PCT/ US2010/ 046330 SUMVARY OF THE | NVENTI ON



100121The present invention provides an infectious nucleic acid nol ecule

("infectious DNA cl one") of porcine Torque teno virus (PTTV) conprising a
nucl ei ¢ awbdbdonmizessl e encodi ng an i nfectious PTTV whi chpconisasossasto | east
one copy of genom c sequence having at | east 80% honol ogy to a genom ¢

sequen Iect o] roup consi.stin f q@eno es of VilaVA, PTTV
o VASRBE . GRE 20 drom st SUROTS GBS ABROY AR Vs BHGE PR LR He
present |nvent|on the infectious DNA clones of PTTV of set forth in clalm

1, wheHedmar e, QihdnPintele BuetndSoderens- ¥enasaos Mo 2 Q00 Rerdisatianoe! anghprateith SEQ
I D NG 9, SEQ ID NGO 10, SEQ ID NO 11, and SEQ ID NO 12. 100141The present

i nvent éymmepilscwi”ﬂfasrirasdsj Oluogl apaAﬂcyod&iuhbmmmmpJ as0ddMoellariat al., Y@, orpra;
containing the infectious PTTV genones. [0015] The present invention

provi dgﬁ] @ ab uzo(gbh@;-rbpatcc@rel I 6>t iaisikegted, whémmmedaranfeg@ﬂdn%ﬁe ah@ng TONA
es

plasm d or viral vector. The present invention provi an infectious

PTTV pg%%%%qal%lecme ﬁe h?eesgfgﬁ&h@%m&re om%nfﬁw Whiekkl eys. ¥Aitehones.

[ 0017] The present enti1on so provides a viral vaccine conprising a
nont oxi ¢, physiol ogically acceptable carrier and an i munogeni c anount of a
rrenber[Oﬂ&S]ect edthbngimTtIne vepsofippt cmsiisd iimg ofypfeenia Impetivs pabwitd sulbk@cot e
containing at |east one copy of genom c seguence
studies were not able to produce evidence of a significant role of TTV in the pathogenesis of
hepatitis or other diseases (Hino and Miyata, 2007, supra; Maggi, F., and Bendinelli, M. (2009).
Immunobiology of the Torque teno viruses and other anelloviruses. Curr Top Microbiol
Immunol 331, 65-90;, Okamoto, 2009a, supra). While human TTV is not considered to be
directly associated with a disease, porcine TTV (PTTV) was recently shown to partially
contribute to the experimental induction of porcine dermatitis and nephropathy syndrome
(PDNS) combined with porcine reproductive and respiratory syndrome vires (PRRSV) infection
(Krakowka, S., Hartunian, C., Hamberg, A., Shoup, D., Rings, M., Zhang, Y., Allan, G., and
Ellis, J. A. (2008). Evaluation of induction of porcine dermatitis and nephropathy syndrome in
gnotobiotic pigs with negative results for porcine circovirus type 2. Am J Ver Res 69(12), 1615-
22), and also to the experimental induction of postweaning multisystemic wasting syndrome
(PMWS) combined with PCV2 infection in a gnotobiotic pig model (Ellis, J. A., Allan, G., and
Krakowka, S. (2008). Effect of coinfection with genogroup 1 porcine torque teno virus on
porcine circovirus type 2-associated postweaning multisystemic wasting syndrome in gnotobiotic
pigs. Am J Vet Res 69(12), 1608-14). The data suggested that porcine TTV is pathogenic in pigs.

However, further in-depth studies with a biologically pure form of PTTV virus to definitively

characterize the diseases and lesions associated with PTTV infection are needed.



having at | east 80% honol ogy to a genom ¢ sequence sel ected fromthe group
consi sting of PTTV genotypes or subtypes PTTVlia-VA, PTTVI b-VA, PTTV2b- VA,
and PTTV2®o\M1/01438t s conpl ementary strand, (b) a bi ol ogcraisbyiofouwsssa i onal
plasm d or viral vector containing a nucleic acid nol ecul e containing at

| east aqne copy, of nomc se ce_having at .| east 80% .o .

2011/ 09906 PO PTRSBT0ID 2ED3D | bYa e RiCe REQIEHEEN S8 VIR Wy )t(}%elteg‘roup
consi sting of PTTV genotypes or subtypes PTTVla-VA, .PTTV1lb- VA, P'l;]i_\(;b- VA,

and PTGwRatlyA onbi ope Sulldensitte mif oy n&arr Billdengih qequermic sequrness ehd are

i nfecti ous nonpat hogeni c PTTV which contains at | east one copy of genom e
sequeneggortavirorg pigs ihdagn MAdBradhwespgstiviely igle farPivizsMgodasch., sed Bevale, fr om
the group consisting of PTTV genotypes or subtypes PTTVla-VA, PTTV1b- VA,

PTTV2bo¥es). Rofingklrékcanyiftifida08d 8T Aeae tindg/ife (PMW) aspplete &noties fiphERehin
i nvention, the vaccine contains |ive PTTV virus derived fromthe PTTV

I nfect | QUSyifd QREshd @sﬁl c;a{el of OnARPLIGE TASPESHoRIupt NERTELBE(PH BY, 804391,

t he vacci ne contain PTTV virus derived " fromthe PTTV i nfecti ous

cl ones 0019] Th esent. iLnventi ROV A r [ 0f.ei ns
expr esg.%%n?tp %?%’?geéiﬁfmc}apg}oﬁg hé:"(r)ltgrse@cl?g Oﬁgﬁ@:%%a&%g? ngrc?ggg? %{lag@g?jl‘%

| a- VA, PTTV | b-VA, and PTTV2cVA in bacter] . ressi on te and t he use
of the¥@n} é’f?&?’rﬁ]“ﬁ'ﬁl‘ﬁ% OgHBFInL eegﬂ?g’%‘pstz{%ﬁ?ba r?f‘és’lsﬁ\zgip%?s g‘?ﬁ?le
infections. In_one enbodiment of the present invention, the reconbi nant
capsi dstpitotlasshlied ipto theescnsgronr 25 Pﬁzg) (Mgt 61 Ales208p esxpl dlogesyey. genogroup
bacul ovi rus expression system and ot her expression vector systens,
100201dessdicdiiog it @ vaghiaurtrivept msihedexabmyhel prasgntandniwghen o, mor advarate
contains an adjuvant. [00211The present invention further provides a nethod
of i Mypis#idatom opiPTTAY S Acdde®BlVcan only be performed when more full-length genomic

sequences of new PTTV strains representing multiple genotypes become available.

[0007] [t was previously showed that PTTV infections were widespread in pigs from six
different countries including the United States, Canada, Spain, China, Korea and Thailand
{McKeown, N. E., Fenaux, M., Halbur, P. G., and Meng, X. J. (2004). Molecular
characterization of porcine TT virus, an orphan virus, in pigs from six different countries. Vet

Microbiol 104(1-2), 113-7).

[0008] Whether porcine TTVs play a significant role in pathogenesis of specific swine
diseases is still debatable. In a gnotobiotic pig model, it was shown that PTTV1 infection alone
did not develop any clinical diseases but induced mild histological lesions (Krakowka, S. and
Ellis, J.A., 2008. Evaluation of the effects of porcine genogroup 1 torque teno virus in
gnotobiotic swine. Am J Ver Res 69, 1623-9). Gnotobiotic pigs that were experimentally
inoculated with both PTTV1 and porcine reproductive and respiratory syndrome virus (PRRSV)

developed clinical porcine dermatitis and nephropathy syndrome (PDNS) ( Krakowka, S.,



viral infection, conprising admnistering to a pig an inmunol ogically
effective anount of the viral vaccine. [00221According to one aspect of the
present iwopeniienm3st he met hod conpri si ng adm ni stering troe/usecionizzant
subunit capsid protein, the infectious nucleic acid nolecule or live PTTV

virus to the pig 2 1438PCT/ US2010/ 04633Q,,100231 rding

anot hebabyye €. oﬁa‘PH@gpS‘emm ﬁvéﬂf‘gsoig %ﬁ@ng’req? g‘é‘ ﬁp?@gﬁﬁ 139, 2dos.

adm ni stering the vaccine parenterally, intranasally, intradermally, or

t r ans devatedtiop of mduh@orpm“gvorﬂc@ émaﬁgs ang B#Hhﬁé}m}a’ssﬁéé*lo“@fmtgﬁ@mﬁ%é’#ﬁs with
invention, the method conprising adm nistering the vaccine intralynphoidly

or i ntm@mise:mésartk Yot @otdige pirgovifB0@A¢ Thedpr.&dentRasné®ni 616n22)| sheprasviiges an
i sol at ed pol ynucl eoti de consisting of the sequence of the nucl eotide

sequeng@c@hiell RT‘K%IWP‘T?W ah@ Fbﬁlﬂerblﬁg@rﬁﬁyﬁ@ PCl0PEELkIUped BERS pBdtwemiIANt | ON

al so provides an isol ated polynucl eotide consisting of the sequence of the

nucl eob 1%, SEANCTAGAL I TRk W;@m&w A1 D60 bEHD: Mok BPPNENG:

presen I'on rOV|de ated pol'ynuc e consi sting of
f\lge 1?_60 unes{cl:l%reedogs Tthee pplyn%{rye%%ﬁsg. ive gelﬁnﬁ’)r ccifmc@i”%\ﬁ%s or SF(EV agsotc%édn égagei D

(PCVAD), a higher prevalence of PITV2 infection in PMWS-affected pigs with low or no
PCV2 than that in non-PMWS-affected pigs was observed in Spain (Kekarainen et al., 2006,
supra). The data collectively suggest that porcine TTVs may serve as co-factors involved in

triggering or exacerbating diseases in pigs.

[0009] Porcine TTV has been detected in porcine serum, fecal, saliva, semen and tissue
samples of infected pigs, indicating its diverse transmission routes including both horizontal and
vertical transmissions (Kekarainen et al., 2007, supra, Pozzuto, T., Mueller, B., Meehan, B.,
Ringler, S.S., Mclntosh, K.A., Ellis, J.A., Mankertz, A. and Krakowka, S., 2009. In utero
transmission of porcine torque teno viruses. Vet Microbiol 137, 375-9; Sibila, M., Martinez-
Guino, L., Huerta, E., Llorens, A., Mora, M., Grau-Roma, L., Kekarainen, T. and Segales, J.,
2009. Swine torque teno virus (TTV) infection and excretion dynamics in conventional pig
farms. Ver Microbiol 139, 213-8). However, current detection of porcine TTV infection was
mainly based upon conventional PCR assays. Thus far, neither serological assay nor viral culture
system has been established. In particular, nested PCR amplifications of the conserved regions in
the UTR of PTTV] and PTTV2, respectively, developed by a Spanish group, have become
widely used (Kekarainen et al., 2006, supra). Since the amount of virus is likely associated with

the severity of clinical diseases, as demonstrated for PCV2-induced PCVAD (Opriessnig, T.,



10027] The present invention also provides an isol ated pol ynuel eoti de
consi sting of the sequence of the nucl eotide sequence of PTTV2e- VA set
forth i n ®8Qui1id3NGBs 12. 100281The present invention furtheruspeiowiciss a
subunit vacci ne conprising an i munogentic fragnment of a pol ypeptide

sequen or co te protel.p,tgansl ated .accordi to_a.polynucl i de
sequen ng’e?((aé,ctagwaﬁlz)‘fﬁ P hé> gp%pﬁ%&%icértc%léusog]paig%sofﬁéﬂ ,{8 v, ?‘,%%{fn%
ORF2/ 2 of PTTV, genotypes or subtypes PTTVlia-VA, PTTV1ib-VA, PTTV2b-VA, and
PTTV2eCWrEnt fpapinolegyacligicl prantrstatinscrinoagnesie dagnesiy age gplgpygntion strategies.

[ 00291According to one aspect of the present invention, the polynucleotide
sequend &ei Biagedhast B 501 i), hewdt bumpotast totdetggmafe @RFiralobaddiRorgeadilpes

or subtypes PTTVla-VA, PTTVlb-VA, PTTV2b-VA, and PTTV2c-VA. 100301Accordi ng

t 0 anobhgliantitRies realiintBCR1IRSENRE pieBdtRBLE TV DRA Potonusical POR. Feqidanse i s
ORF1 of PTTV genotype PTTVla-VA. According to a further aspect of the

Pr esenfes| e BAON motdQeRONd/ QFU438 &L e L Q46330 chishal POXD ll‘&:t:@rﬁ%r', o
sequence Is ORF1 of PTTV genotype PTTV1b-VA. According to yet another

R e e
eI AR PSR S, SEALTES, Lo\ O LS LMD BEPAR(SPSil
No: 16, SEQ I D No: 17, SEQ ID No: 18, SEQ ID No:19, SEQ ID No:20, SEQ ID
No: 21, DSE@errrEm@f aealdmey Tmiven PSR agp footh%dezw,tiosegppmlma@@ov' prgue
No: 26, SEQ I D No: 27, and SEQ | D No: 28.
teno virus. J Appl Microbiol. Nov 14, 2009, Epub ahead of print; Gallei, A., Pesch, S., Esking,
W.S., Keller, C. and Ohlinger, V.F., 2009. Porcine Torque teno virus: Determination of viral
genomic loads by genogroup-specific multiplex rt-PCR, detection of frequent multiple infections
with genogroups | or 2, and establishment of viral full-length sequences. Vet Microbiol. Dec 21,
2009, Epub ahead of print). A main drawback of probe-based assays is that the false-negative
results may be obtained if the probe-binding sequences contain mutations (Anderson, T.P.,
Werno, A.M., Beynon, K.A. and Murdoch, D.R., 2003. Failure to genotype herpes simplex virus
by real-time PCR assay and melting curve analysis due to sequence variation within probe
binding sites. J Clin Microbiol 41, 2135-7). Considering the high degree of heterogeneity among
the sequences of known porcine TTV strains, variations in the probe-binding sequences are
expected for field strains of PTTVs. The SYBR green-based real-time PCR is an alternative
method avoiding this potential problem, in spite of its relatively lower specificity, which
provides a universal way to detect and quantify the potential porcine TTV variants. Moreover,

melting curve analysis (MCA) following SYBR green real-time PCR ensures reaction specificity

and also allows multiplex detection of distinct types of virus (Ririe, K.M., Rasmussen, R.P. and



[ 0032] According to anot her aspect of the present invention, the pol ypeptide
sequence is set forth in SEQ ID No:13. According to another aspect of the
present iwoent/3m3s8t he pol ypepti de sequence is set fort RCTUSIHQOUI3NO: 14.
According to a further aspect of the present invention, the polypeptide

e o g P R SESPA PSS o 0

present ntron, erm na gl on

310-625) of SEQ I.D No; 16. According to ye nat her t of the present

i nvent POlmetasechign {raekin deakBigghse g‘*f’, 15§e€§0)-38%r%b?5ﬁ3 %&%ﬁi 5@&%?@2&"}15@*

[ 0033] According to an additional aspect of the present invention, the
vacci neefhods have mentsacasssially apfligddotvaripwosmanhandpreésrinaty vimssp(GglliingrRher
provi des nethod of inmunizing a pig against PTTV viral infection,

conpr i GagniaBniviMosé, &, j Sihidvona M lurkni, Grand Be0di C.al0g6. Sirmeltdncves daatioh o6f

t he vacci ne conprising an i munogentic fragnent of a pol ypepti de sequence

or a cotRl Slenpr- otk gy R ansdAtesdiRs RAHIBIR TPER &ehmgwinqgagn%esa enfr
sel ected fromthe group consisting of F1, ORF2, ORF1l/1, and ORF2/2 of

PTTV genpt r ,5ubt TTVRA: TTVp- TR PEEV2E: VA
w0 2095704 1053 AP TIo N BakaR0 Mt e Ao o et &t st oY LR
present i ntio t he t hod conprises. adni.ni st.eri ng the.imupogent|c
Fragment P, SUBRBIRAR SESHA 450 AR VIS Phaprg: U0 REc oM beg s
anot her aspect  of the present i.nvention, the nmethod cqonprises adm ni stering
the vad¥idpamdian BRESVY by real-timgsRI1RER japd rageplicam meiting cupve#aldsisising t o
the pig. According to a further aspect of the E&esent i nvention, the nethod
conpr i S¥BRadreieni Rasdfer Ag 8 é84-8¢cVimeillesrenun, Faph Bilidipgl. & Ri and Rhars 6J{.a2003. t o
the pig, [00371The present invention additionally provides a nethod for
di agnoahprgvEildnilinithé epdcifivity and sensitivity of detection for the Taura syndrome virus and
yellow head virus of penaeid shrimp by increasing the amplicon size in SYBR Green real-time
RT-PCR. J Virol Methods 111, 121-7; Wilhelm, S., Zimmermann, P., Selbitz, H.J. and Truyen,

U., 2006. Real-time PCR protocol for the detection of porcine parvovirus in field samples. J

Virol Methods 134, 257-60).

[0010] Currently, little is known about PTTV-specific humoral response. Since PCR-based
assays do not reflect the course of PTTV infection in pigs, an efficient enzyme-linked
immunosorbent assay (ELISA) for detection of PTTV serum antibody is necessary to evaluate

seroprevalence of PTTV and help characterize the role of PTTV in porcine diseases.

[0011] Thus far, no subunit, killed and live vaccines for porcine TTVs are available. It will
be desirable and advantageous to express recombinant PTTV capsid proteins from different
genotypes for development of PTTV subunit vaccines, and to construct infectious PTTV
molecular DNA clones from different genotypes for propagating biological pure form of PTTVs

in cell culture system that are used for killed and live vaccines development.



and quantification of' PTTV1l | oad, conprising extracting DNA froma sanple
suspected of PTTV1 infection, perform ng polynerase chain reaction (PCR)
usi ng priwensiieBmssi sing the sequences set forth in SEQprCDUSIAR4@8@ SEQ | D
NGO 30, and detecting PTTV1 specific anplification. According to one aspect
of the IV, [ ol ynmerase chain reaction is a SYBR green

r eal t$wty P&O@WW@E@& i nvention further provides a nethod for

di agnosi ng PTTV2 infection and quantification of PTTV2 |oad, conprising
extracjoppg DNAhE HARA igdBbe @w%eﬁl&aﬁoﬁm&/@id M Eabiceble (PRFdALIN DIA

pol ymerase chain reaction (PCR) using prinmers conprising the sequences set
forth j,n SEQ-I D NQ .29 SEQ | . i . :

det ect 1R PRrUI UL IS R PR RV ROREERP o 1 e heling 06
present .invention, the polynerase chain reaction is a SYBR green real-tinme
Sy SRR e S G N A A A S
detecting and di agnosing PTTV1 and PTTV2 infection, conprising extracting
DNA f rinmelogaifpt acramip sequegesselesrep\rpmfthe rowm, copsisting pl srpopatey REPAdd lahai n
reaction (PCR) using primers conprising the sequences set forth in SEQID

NO 31 ¥AJPEEQIbIYAD TN 2taNa, det BETVRgVATITVL and PTTV2 WO
2011/ 031438PCT/ US2010/ 046330 specific anplification. According to one

aspect t he present inventio t he L. yner.ase chain re ign is R

o bon WALEL (' ABCERRE wBs e erE e B TRl Sae R ol P R Bonds b TNe
met hod for sinmultaneously detecting and di agnosij n% PTTV I a and PTTV I b

i nf ect Plovst [REnHY Flaimd, avheres thengenoRiie seRNIGE S aR{sTEd fTp segusgcsess sepfartp in
infection, performng a first polynmerase chain reaction (PCR) using priners
conpr i SEQJDtR:9s 8GQdhce: 9e BEQID RO I, SEPED IND'G32and SEQ | D NO 34,
perform ng a second PCR using primers conprising the sequences set forth in

SEQO | 35, EOQOID 1 36,. SEO |I.D NO.37 FO.1D r 38, d.d i
ST 2R P TOF b Rt viar B Bay, Firpuohal Rlasia BRSAFNEabE N0

rovides a nethod for dj osing PTTV infection, conprisin
P contaming the infect?ous Pl 9@ genonies. P g

[0015] The present invention provides a suitable host cell transfected with the infectious

clone DNA plasmid or viral vector.

[0016] The present invention provides an infectious PTTV produced by cells transfected

with the PTTYV infectious DNA clones.

[0017] The present invention also provides a viral vaccine comprising a nontoxic,
physiologically acceptable carrier and an immunogenic amount of a member selected from the
group consisting of (a) a nucleic acid molecule containing at least one copy of genomic sequence
having at least 80% homology to a genomic sequence selected from the group consisting of
PTTV genotypes or subtypes PTTV1a-VA, PTTV1b-VA, PTTV2b-VA, and PTTV2¢-VA, or its
complementary strand, (b) a biologically functional plasmid or viral vector containing a nucleic

acid molecule containing at least one copy of genomic sequence having at least 80% homology

10



i mmobi |'i zing an i munogentic fragnment of a pol ypepti de sequence transl ated
according to a pol ynucl eoti de sequence sel ected fromthe group consisting

of ORF1l, WBRB11/RBE/ 1, and ORF2/2 of PTTV genotypes or gultuspes/oibBly/ | a- VA,
PTTV | b- VA, PTTV2b-VA, and PTTV2c-VA, contacting a serumsanple froma pig

suspected of PTTV infection with the inmobilized | ogentic fra nt, and
det bt Pri SRRy AUEIGE | BISAFISHUE) F EvED EHE T RIOB LR | ETPEE ok b pes

[ 0042] Accordi ng to one aspect of the present invention, the pol ynucleotide
SequenElY s-¥éh B30 brY Pt RY 2P ubpddrETAG N of RFIMBEmPTIY Hemet s or
subtypes PTTV | a-VA, PTTV1b-VA, PTTV2b-VA, and PTTV2c-VA. [0043] Accordi ng

t 0 one(cenbadirnent irdécticue npnpmlentenicniVENY ivdnch tiveaipelay tuastl @wt e Fegpnemoe i s
ORF1 of PTTV genotype PTTVla-VA. According to anot her enbodi nent of the

pr esendeqidice Mavitp, af NRsP8YYNHEMBREY a6 §?§H@rﬂ£‘c€ sécichdtdeledted Fovh QRO QGryRE
PTTV | b-VA. According to a further enbodi nent of the present invention, the
pol ynugheetid %fsmwngﬁog@ep%ﬁlsu%{ ped PABERLYRe FITTVACVYA pTWb.vA, and
2011/ 031438PCT/ US20107 046330 [0041] Accordi ng to anot her aspect of the

pr eseq;ﬂrwce_?hi on, the pol ypeptide sequence is selected fromthe group
consi sting of sSequence set forth in SEQ ID No:13, SEQ ID No: 14, SEQ ID

No: 15, SEQ I D No: 16, SEQ ID No:17, SEQ ID No: 18, SEQ ID No:19, SEQID

No: 20, [0BE8] | DANoordihg 155l 43pha: &X2the PrédehiDinMontbn, tKREQdceNn2dns BROPIDY

No: 25, SEQ I D No: 26, SEQ ID No:27, and SEQ I D No: 28. 10045] According to one

embodi ARAt d@fved TRORHERS PV BAIUS BlordeDEABIRE NG HRIRSINENE S fl e ﬁﬁésefﬂor th
in SEQ ID No: 13. According to another aspect of the present invention, the

pol ygﬁn&ér@%nstﬁg UERGER: dositadRlkifiQd BPry @iégg%rkv@fi '}iooh%@e ;ﬁw LA G.a00t her
t 1 de

enbodi ment of the present invention, e polypep sequence I's sét forth

in SEQ ID No:16. According to a further enbodi ment of the present

i nvent[i081?] t h&@hé mmesangantentéor pagidestpuridie€-reesmbinalt pregimnexpeess@ll fronb k) of

SEQ I D No: 16. According to yet another enbodi nent of the present

i nVventORRI chfyed P&eY REMITTIE gSRAHRE G silfty S&LP OV thviAn PRER 1hDy ANoaPprTT0046] The

present invention provides three standardi zed enzyne-|inked | rnnmunosorbent
assay sy A EL bl g}e‘%ﬁ&?% ] Tl At a6t PR sAnd { i | i um
of pigs inf ectrel(J t))( PTTV gseno’t%/pes %%’él'!\)/ {has-;%, mgﬁ'%g@/%i Fgﬁtg{nglsdls SE‘%@%
subt YRGRcihds g-lesl;l\sft PPFY! ig?ecgms. In one embediment of the present invention, the recombinant
capsid proteins for the use as subunit vaccines are expressed in baculovirus expression system

and other expression vector systems.
[0020] According to a further aspect of the present invention, further contains an adjuvant.

[0021] The present invention further provides a method of immunizing a pig against PTTV
viral infection, comprising administering to a pig an immunologically effective amount of the

viral vaccine.

[0022] According to one aspect of the present invention, the method comprising
administering the recombinant subunit capsid protein, the infectious nucleic acid molecule or

live PTTV virus to the pig.
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[ 0047] The ELI SA di agnostic tests are based on the bacterial -expressed or
bacul ovi rus- expressed reconbi nant ORF1 capsid protein of PTTV genotypes
PTTV | a- W0 2PTHT081438- VA, and PTTV2c- VA. [ 0048] Accor di ng troTarsedloenssaspect of
the present invention, the det ecti ng captur ed antibody is via Wstern blot.

Accor dj yet not her a ect t resen inventi e detecti. n

capt ur L@g%\ntl Oreing g fm@pﬁt %pg"eip sbnrvt?gmn’ g’faﬁp B@EI g(}_{?prl St

2011/ 031438PCT/ U82010/ 046330 BRI EF DESCRI PTI ON OF THE DRAW NGS (0049i The
above- #ERiNIsEEEE the yacrirssPEentelREY; wiamsalby rpderpaldn e rpsderpaliy e yhe pig.
understood fromthe follow ng detailed description of the invention read

t oget h&ccoxiling a hathdr aspiepigsf tha predeshinvp @G80t merhed lcompmsihglBImisistesimgrthe t he
schemati ¢ di agram of genonmic structures, strategies for genonm c cloning and
assenbldcemedihtrdl puphddigtodintpendseBarl g to the piz. of porcine TTV virus group 1
(species 1) and group 2 (species 2) strains; [0051] Figure 2 represents PASC
(pai rwi se seqguence conpari sons% di stribution of nucleotide sequence

conpar [%8#k  ofThgoaresept/iRyentipmsilsey BioVids ein isoleisdBapiknrdeoaide seonsittiee géribs,
speci es, types, subtypes and variants and their correspondi ng percentage of
nucl eoquelcs@dj thermveleotiensequenss oA PETHilgpl Ayeidorth in SEQ ID NO:9.

[0025] The present invention also provides an isolated polynucleotide consisting of the

sequence of the nucleotide sequence of PTTV1b-VA set forth in SEQ ID No:10.

[0026] The present invention also provides an isolated polynucleotide consisting of the

sequence of the nucleotide sequence of PTTV2b-VA set forth in SEQ ID No:11.

[0027] The present invention also provides an isolated polynucleotide consisting of the

sequence of the nucleotide sequence of PTTV2¢-VA set forth in SEQ ID No:12.

10028] The present invention further provides a subunit vaccine comprising an
immunogentic fragment of a polypeptide sequence or a complete protein translated according to
a polynucleotide sequence selected from the group consisting of ORF1, ORF2, ORF1/1, and
ORF2/2 of PTTV genotypes or subtypes PTTVI1a-VA, PTTV1b-VA, PTTV2b-VA, and

PTTV2c-VA, particularly the ORF1 encoding the capsid protein.

[0029] According to one aspect of the present invention, the polynucleotide sequence is
selected from the group consisting of ORF1 of PTTV genotypes or subtypes PTTV1a-VA,

PTTVIb-VA, PTTV2b-VA, and PTTV2c-VA.

[0030] According to another aspect of the present invention, the polynucleotide sequence is

ORF1 of PTTV genotype PTTV1a-VA. According to a further aspect of the present invention,

12



100521Figure 3A illustrates a phyl ogenetic tree constructed by the

nei ghbor-j oi ni ng nmet hod based upon the full-1ength genom c nucl eoti de
sequenceswo[20043)438gure and 3B illustrates a phyl ogenet ipCTiUSe®9/086386t r uct ed
based upon deduced am no acid sequences of ORFI anpbng seven porcine TTV

strain 100541Fi gur e and. 3C. i tes a es constr cted
based Tssnnaseat Shndbt i oRF Lt ERE ERa ol PIRREL L fobdrlER f SFOIRRH TV
strains; [0055]Figure 3D illustrates a_ phyl ogenetic trees constructed based
upon dawaeted thpraTenh Hvantiong therobguskeottgssausnsh ds OBV ! A Y #ltyPe 1dt\M2sr ns:
[ 0056] Figure and 3E illustrates a phyl ogenetic trees constructed based upon
deduceddam no acid sequences of ORF2/2 anong seven porcine TTV strains; WO

2011/ 031438PCT/ US2010/ 046330 [ 0057] Figure 4 represents an alignnment of the
full-l ﬁﬂ)g”] achcorda r(1:gI t% OSn%%lstGeI?:g SPthe prege:\;lﬁ%nventlon the polypeptide sequence is selected

from the group consisting of sequence set forth in SEQ ID No:13, SEQ ID No:14, SEQ ID
No:15, SEQ ID No:16, SEQ ID No:17, SEQ ID No:18, SEQ ID No:19, SEQ ID No:20, SEQ ID
No:21, SEQ ID No:22, SEQ ID No:23, SEQ ID No:24, SEQ ID No:25, SEQ ID No:26, SEQ 1D

No:27, and SEQ ID No:28.

[0032] According to another aspect of the present invention, the polypeptide sequence is set
forth in SEQ ID No:13. According to another aspect of the present invention, the polypeptide
sequence is set forth in SEQ ID No:14. According to a further aspect of the present invention, the
polypeptide sequence is set forth in SEQ ID No:16. In one specific embodiment of the present
invention, the polypeptide sequence is C-terminal region (aa 310-625) of SEQ ID No:16.
According to yet another aspect of the present invention, the polypeptide sequence is set forth in

SEQ ID No:20.

[0033] According to an additional aspect of the present invention, the vaccine further

contains an adjuvant,

10034] The present invention further provides method of immunizing a pig against PTTV
viral infection, comprising administering to a pig an immunologically effective amount of the
vaccine comprising an immunogentic fragment of a polypeptide sequence or a complete protein
translated according to a polynucleotide sequence selected from the group consisting of ORF1,
ORF2, ORFI1/1, and ORF2/2 of PTTV genotypes or subtypes PTTVI1a-VA, PTTVI1b-VA,

PTTV2b-VA, and PTTV2¢c-VA.
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anong seven PTTV strains; 100581Figure 5 represents an alignnent of the
full-length am no acid sequences of ORF2 anobng seven PTTV strains;

[ 0059] Fi gwoeofisidsBust rates nelting curves of PTTV1 realpetriuseo®@iR3ps oduct s
after 40 cycles of anplifications of respective standard tenpl ate

[ Tust BT mateilpelRPue el SRS SREL I R B o T AAPmiBeTaR os

of anplifications of respective standard tenplate and 20 porcine serum
sanpl ke imogsagertiy fragenAr yeeombingst sapsid nelein tagheigve anal ysis (MCA) of
PTTV1/ PTTV2 SYBR green-based duplex real-time PCR [0062] Figure 8

repres an ' C i .at e t L. hal
[P eI, Rk AN bR B UEAGE S ARThedu bl LAl
e g A L Ly S ehe S SR R o WanSlertlly (S RO

According to a further aspect of the present invention, the method comprises administering the

vaccine intralymphoidly or intramuscularly to the pig.

[0037] The present invention additionally provides a method for diagnosing PTTV ] infection
and quantification of PTTVI load, comprising extracting DNA from a sample suspected of
PTTVI1 infection, performing polymerase chain reaction (PCR) using primers comprising the
sequences set forth in SEQ ID NO:29 and SEQ ID NO:30, and detecting PTTV1 specific
amplification. According to one aspect of the present invention, the polymerase chain reaction is

a SYBR green real-time PCR.

{0038] The present invention further provides a method for diagnosing PTTV2 infection and
quantification of PTTV2 load, comprising extracting DNA from a sample suspected of PTTV2
infection, performing polymerase chain reaction (PCR) using primers comprising the sequences
set forth in SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31 and SEQ ID NQO:32, and detecting
PTTV2 specific amplification. According to one aspect of the present invention, the polymerase

chain reaction is a SYBR green real-time PCR.

[0039] The present invention also provides a method for simultaneously detecting and
diagnosing PTTV1 and PTTV2 infection, comprising extracting DNA from a sample suspected
of PTTV infection, performing polymerase chain reaction (PCR) using primers comprising the

sequences set forth in SEQ ID NO:31 and SEQ ID NO:32, and detecting PTTV! and PTTV?2

14



[ 0064] Fi gures 10A-10C illustrate the expression and purification of

reconbi nant PTTV2e ORF1 capsid protein; [0065]Figures 11A-11C show

repr esentwdive/o3es8l t s of Western bl ot anal yses of sel eetedSpaooiesso serum
sanples; [0066]Figure 12 illustrates the consistency of PTTV2c- ORF1l-based
West ern_hl.ot %&ﬁ‘ I%LI SA; WO 2011/0314 8Pg{ﬁ( USZO%O/ 0411] 330 LOO?\Q Fi une. 13
shows BSXISARPIAETION: ASFUEDeP BB &f i BireiBddForele® By RTEr S8 i n
138 pigs fromdifferent sources; [0068]Figure 14A illustrates a

r et r oFPREION VA 8V BRgresroialoime RERyi ral | oad of PTTV2; [0069] Figure 14B

il lustrates antibody level to PTTV2 ORF1l capsid protein in 10 pigs grow ng

from a[bﬁcwal The 'ia}‘@eﬁmﬂ@mioﬂf ﬁ]eédd?tritfrl, \f)%\}ides a method for simultancously detecting

and diagnosing PTTV1a and PTTVI1b infection, comprising extracting DNA from a sample
suspected of PTTV1 infection, performing a first polymerase chain reaction (PCR} using primers
comprising the sequences set forth in SEQ ID NO:33 and SEQ ID NO:34, performing a second
PCR using primers comprising the sequences set forth in SEQ 1D NO:35, SEQ ID NO:36, SEQ

ID NO:37, and SEQ ID NO:38, and detecting PTTV1a and PTTV1b specific amplification.

[0041] The present invention provides a method for diagnosing PTTV infection, comprising
immobilizing an immunogentic fragment of a polypeptide sequence translated according to a
polynucleotide sequence selected from the group consisting of ORF1, ORF2, ORF1/1, and
ORF2/2 of PTTV genotypes or subtypes PTTVl1a-VA, PTTV1b-VA, PTTV2b-VA, and
PTTV2c-VA; contacting a serum sample from a pig suspected of PTTV infection with the
immobilized immunogentic fragment, and detecting captured antibody specific to the

immunogentic fragment.

[0042] According to one aspect of the present invention, the polynucleotide sequence is
selected from the group consisting of ORF1 of PTTV genotypes or subtypes PTTV1a-VA,

PTTVIb-VA, PTTV2b-VA, and PTTV2c-VA.

[0043] According to one embodiment of the present invention, the polynucleotide sequence
is ORF1 of PTTV genotype PTTVI1a-VA. According to another embodiment of the present
invention, the polynucleotide sequence is ORF1 of PTTV genotype PTTV1b-VA. According to
a further embodiment of the present invention, the polynucleotide sequence is ORF1 of PTTV

subtype PTTV2¢-VA.
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[ 0070] Fi gures 15A-15C illustrate the expression and purification of PTTVI a
and PTTVI b reconbi nant ORF1 capsid protein; and [0071] Figure 16 shows
exanpl es wo 2RI Les ORF1- based Western bl ot anal yses of gerastedopssei ne
serum sanples froma farmof Wsconsin. W 2011/031438PCT/ US2010/ 046330

DETAI SCRI PTI.ON OF THE | NVENT 0072].l n accor,dance wi.th the present

i nvenhﬁ&fﬁEi nAGHENE 0] drother ASPRSt 8,% %\I%hreé‘? r'EWﬁleoh@dp(ﬁBQﬁpuﬂ%\%‘i‘ueﬂger & ne
TTV subtypes are isolated froma single boar, in Virginia. 100731ln Fi % 1A,
bot h ts§lectedfipm Hiwarenpremnssting rbscaaprecsebivnthiin S5&Q P gwdl } BEXID o LgngE
directions of the four putative ORFs (ORF1l, ORF2, ORF1l/1 and ORF2/2) are

i ndi cadleNody, SEQINSNo:ThSIEEIPiNG [ T.di@ b3 Nax: B8, AFEp 112 MNowi P, SBASH2 HlotI0aEEEy cs A
and D represent the regions used for detection of PTTV1 and PTTV2 from

ser um [@nKo 9eMEPQIBMRG.eS, H5) MBNEH3, FRER) D espR4; ISREIY NS heidy 1D Me: 3, §EQB and
C represent the two overl apping PCR fragnents for genom c cloning of PTTV I

wher eg$) Jashedildete 8o and F represent the two overl appi ng PCR
fragments for genom c cloning of PTTV2. The |ocations of the prinmers used

in the study (see Table 1) are also shown in the correspondi ng positions.
10074 1l@b#51boar cearding te ammp lcenbo8RuE) of it prwesnt siwenion, shé golypepitide\seqiance firot h
PTTV1 and PTTV2 in the first-round PCR, thus indicative of higher virus

| oad, ssaforthsadHPID Slebise aesdinfpub landdagisheq ef dr meehomvagionf tHepblipeptide
Surprisingly, initial attenpts to utilize two priner sets (NG372/NG373 and

NG384/ &l 19fse@Port Ve ISIR) I?ﬁRNeQaarmtc@rd%gt & anoBP02mbodiedl oftait Prednf Or
cloning of the first PTTV strain Sd-TTV31 to anplify the virus genomc

é’fééidr‘ﬁﬁ%ﬂﬁ*‘?ﬁ?ﬁ%@%m zggﬁlsﬁééé‘?%%é&%@ﬁrl‘égf%?“ﬁf’ﬁ&@%ﬁfﬁﬁﬁ Lo B o

PTTV. i g (TTVA-1£(SEQ |1 D. TTV1- 2340R | D

o 2) %ﬁ%%%&%&%@ﬁvﬁg{@ﬁf Lfﬁ%@%ﬁ?%é%ﬁ%ﬁefﬁ&%%wyegms Bkt /-
[ ' [ C [ PTTV, ,

L i) IBRg B Ha! 157 ASFPHEIEG S 1Py ] SEOYERND B e PSS T RISBOD

NO 6) and TTV2-GCF(SEQ ID NO 7)/TTV2-1R(SEQ ID NO 8)) to anplify regions E

and F ppgeniidgeseghencassihattimdiR Jehord, respectively (Fig. | A and Table
1). Priners TTV1-2340R(SEQ ID

[0046] The present invention provides three standardized enzyme-linked immunosorbent
assays (ELISA) to diagnose PTTV infections and detect antibodies in serum of pigs infected by

PTTV genotypes PTTVI1a-VA, PTTV1b-VA, and all known subtypes in PTTV species 2.

[0047] The ELISA diagnostic tests are based on the bacterial-expressed or baculovirus-
expressed recombinant ORF1 capsid protein of PTTV genotypes PTTV1a-VA, PTTVI1b-VA,

and PTTV2c¢-VA.

[0048] According to another aspect of the present invention, the detecting captured antibody
is via Western blot. According to yet another aspect of the present invention, the detecting

captured antibody is via enzyme-linked immunosorbent assay (ELISA).
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WO 2011/ 031438PCT/ US2010/ 046330 NO: 2) and TTV1-2111F(SEQ I D NO 3) were
deduced froma commopn sequence in PTTVI stains Sd-TTV31 (Ckanoto et al.,
2002, supveRoa314B¥V-1p (Niel et al., 2005) that is abs®aT/tiSe01PPF6330 strai n
TTV-2p (Niel et al., 2005, supra), whereas prinmers TTV2-2316R(SEQ I D NO 6)

and TTV2- froma sequence of strain TTV-2p

t hat |‘%‘%§%§ﬁ§w&ﬂ§ﬂﬁﬁﬁ@ﬁm¢ﬁs The resulting four different PCR
products with_expected sjzes _were each.inserted into a blunt-end cloning
Vect orl0048la  RBE RENEITTHIGAFOEGHET A SRS hareoms Rt dpbindiiod
Escherichia coll. Eight to fifteen positive (with white color) bacterjal

cl onedrdmrthe felboveipasictailed deapiintionrnfi thy invengineead mygether pvith dha-digeigs in
identified and subsequently sequenced. WD 2011/031438PCT/ US2010/ 046330
Tabl e hick) i gonucl eotide prinmers used for nested PCR and genom ¢ PCR

anplifications of porcine TT viruses Primer |DSequence (5 to 3')Used for:

TTV1-nE (SEQ | D NO; 45) TTV1-nR (SEQ ID NGO 46) TTV.l -nF (SEQ I D NO: 47
TTV1- n[ﬂ(lé(]] R Figure 1A a)nd 1B repreSelgt tEg SchemNatolc d?e?gram of genonmlc(stmgures, strateglgs

for genomic cloning and assemblies of four prototype U.S. strains of porcine TTV virus group 1

{species 1) and group 2 (species 2) strains;

[0051] Figure 2 represents PASC (pairwise sequence comparisons) distribution of nucleotide
sequence comparisons of 121 TTV strains available in GenBank database. The genus, species,
types, subtypes and variants and their corresponding percentage of nucleotide sequence identities

are displayed;

[0052) Figure 3A illustrates a phylogenetic tree constructed by the neighbor-joining method

based upon the full-length genomic nucieotide sequences;

[0053] Figure and 3B illustraies a phylogenetic trees constructed based upon deduced amino

acid sequences of ORF1 among seven porcine TTV strains;

[0054] Figure and 3C illustrates a phylogenetic trees constructed based upon deduced amino

acid sequences of ORF1/1 among seven porcine TTV strains;

[0055]  Figure 3D illustrates a phylogenetic trees constructed based upon deduced amino acid

sequences of ORF2 among seven porcine TTV strains;

[0056] Figure and 3E illustrates a phylogenetic trees constructed based upon deduced amino

acid sequences of ORF2/2 among seven porcine TTV strains;
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(SEQ I D NO: 48) TTV2-nF (SEQ I D NO: 49) TTV2-nR (SEQ | D NO 50) TTV2-nF ( SEQ
IDNO:5 1) TTV2-nR (SEQ ID N0:52) TTV I-1F (SEQ ID NO'1) TTV1-2340R (SEQ I D
NO: 2) TTWe2BMIB143SEQ | D NO: 3) TTVI- 1R (SEQ I D NO 4) TTYR2TIS:q188@360 NO 5)
TTV2- 2316R (SEQ I D NO. 6) TTV2-GCF (SEQ I D N0:7) TTV2-1R (SEQ | D NO: 8)
TACACT TCAGGAGGCT  ACTCAGCCATT C T CGCTT

TACT TP oG ERECE RPN o1 FAERESAT AR LA CORAREE TR GO TR COA LA
CCAAACCACAGGAAACTGTGC CTTGACTCCGCTCTCAGGAG CA TAGGG TGTAACCAATCAGATTTAAGGCG

TT GoTapdEAACRTCEATENSCCTCAG CTTCTGAGGGAGATGGATCGTCTGATGA
TTGAGCTCCCGACCAATCAGAATTGACT TTGTGCCGGAGCTCCTGAGAGC

%CA%TCCA %m%%g%%%%g%%%%%o acid sequences of ORF2

among seven PTTV strains;

[0059] Figure 6A illustrates melting curves of PTTV real-time PCR products after 40 cycles
of amplifications of respective standard template (indicated in blue) and 20 porcine serum

samples;

[0060] Figure 6B illustrates melting curves of PTTV2 real-time PCR products after 40 cycles

of amplifications of respective standard template and 20 porcine serum samples;

[0061] Figures 7A-7E illustrate melting curve analysis (MCA) of PTTVI/PTTV2 SYBR

green-based duplex real-time PCR;

[0062] Figure 8 represents an alignment of nucleotide sequences located at the N-terminal

part of the putative ORF1 among seven PTTV strains;

[0063] Figures 9A and 9B represent hydrophilicity profiles and conserved regions of the four

known porcine TTV2;

[0064) Figures 10A-10C illustrate the expression and purification of recombinant PTTV2¢c

ORF1 capsid protein;

[0065] Figures 11A-11C show representative results of Western blot analyses of selected

porcine serum samples;

[0066] Figure 12 illustrates the consistency of PTTV2¢c-ORF1-based Western blot and

ELISA;

18



Det ection of porcine TTV1 Detection of porcine TTV1 Detection of porcine
TTV | Detection of porcine TTV1 Detection of porcine TTV2 Detection of
por ci ne Wg¥2oDaBessi on of porcine TTV2 Detection of porecmasidivd4d3smoni c
cloning (fragnment B) Genomic cloning (fragment B) Genom c cloning (fragnent

C) Cengni.c cloning.tfra t C neMI | opi f : 1,G,:

cl oni ngﬁ??ﬂ' agﬂgﬂrgé§ @%’8 ¢ dé%‘ﬁsg ef’ﬁlrogsgﬁg&r:? $¥% {@%ﬁ%’ﬂ%bc yoriésfgggyﬁ rlrz%rrent
F) 100751Unexpectedl y,. two groups of sequence data from each construct
ver e i Wefin 1%Rgs frﬂ’@i%g?ﬁeﬂtg”w?ﬁf; there exist two types of PTTVs in
genogroup 1 and genogroup 2 fromthe sanme pig. In order to differentiate
and as e th : gl 1 rformed
Foget nos £ h R T h e o R A M SR T 2
(Fig. 1B and 1C). WD 2011/031438PCT/ US2010/ 046330 [00761Fig. 1B

i |l ust w68k diFifiee ddB dhusnacandtibeiyeldotly tooPTTVRI OREHgtdpsideproteie is dfupinees
of PTTV1 strains PTTVla-VA and PTTV1b-VA with PCR fragnents B and C that
Ver € S pHRSeALIREH Yried] @86 mdhds hfdddratdion codons of ORF1 and ORF2 in the
fragment B as well as the term nation codons of ORFl in the fragnent C are
mar ked b% "A" or "*". The correspondi ng sequences of two known PTTV1

st r ai n078H- TRIBresahth T5G-iilpstraig Begxpressinpwnd pedfiedioned BlelgikenawsksPRFELD
shaded, and dashes indicate nucl eotide deletions. [0077] For PTTV1, the

i ni ti atdcombineotd®RAT G panrbprotesn;med i nati on codon TGA of the putative ORF1
were |ocated in fragments B and C, respectively (Fig. 1B). The positions of

the co were differed in t P r t first one identical to
s TV Eha - deits A6 Shi sl a4 G batsd et i WSS eRRERS t he
ORF2 initiation codons in the two groups were also |ocated at different

posi t i BY§INE SHymsaatesdfan adaat oloWisomesin. Mor eover, phyl ogenetic anal yses
using four different sequences of the region B (two fromthe sequencing
data and two fromstrains Sd-TTV31 and TTV-1p) and four different sequences
of the region C supported that the first sequence was clustered with
Sd-TTV31 and the second was clustered with TTV- 1 p (data not shown).
Therefore, we were able to differentiate and assenble two groups of
sequence data fromboth fragments B and Cinto two full-length PTTV I
genones that were designated as strains PTTV1la-VA (SEQ ID NO 9) and
PTTV1b- VA (SEQ I D NO 10), respectively (Fig. 1B). [0078]Fig. 1Cillustrates
differentiation and assenbly of full-Ilength genom c sequences of PTTV2
strains PTTV2b-VA and PTIV2e-VA with PCR fragnents E and F that were
subsequently cloned. The correspondi ng sequence of TTV-2p strain is

i ncl uded and the conserved sequences are shaded. Dashes indicate nucl eotide
del etions. The uni que nucl eotides within the overlapping region (boxed with
dashed-line) for each strain (a continuous "AG'
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WD 2011/ 031438PCT/ US2010/ 046330 nucl eotides for PTTV2b-VA (SEQ I D NO 11)
and two single "A" and "G' nucleotides for PTIV2c-VA (SEQ ID NGO 12)) are
shown, re¥pgotl/osed3¢. 100791Di fferentiati on of the two PPTVASI0AH#GISO was
easier. A unique continuous "AG' nucl eotides |located in the overl apping

regio P wo groups of sequence data from
fragmA@ERﬁéﬁgﬁﬁﬁﬁﬁ?gﬁgﬁﬁ@pﬁ The assenbled full-Iength

genom ¢ sequence represented a PTTV2 strain and was desi gnated as PTTV2b- VA
(SEQ ID NO 11). Sinmilarly, the conpl ete genon c sequenc f second strain
oo ot BVE asTerymendy i FisoNOOY Rach D08 SHist BB R TR e
single -A" and "G' nucleotides shared in the over] gppi. ng regi on by anot her
set offosmmpyehpacidgaild Vi subtripks agnentated Fomrpisipgle pegygactigiery (Fig. 1C).

Phyl ogeneti ¢ anal yses using four sequences fromfragnments E and F toget her
wWth t WO ¢cOorre ngj ne rom TTV-2 : hi

assi ortBr"( it Eenr- S ity " DBEER LY B el e Fsblh BHRBP B e 2k S

i sol at ed porci TTV virus t o b t hat associ,ated with
viral DU pinthe; ubipa?.“"@r%ﬁg'?ﬁ WORR L éﬁﬁynbﬁ%ﬁés ?ncﬁ&ﬁ{@nm: ﬂ“?ﬁ?ﬁfgd:’yt 0,
porcine TTV virus genotypes or subtypes PTTV |l a-VA PTTV | b-VA, PTTV2b- VA
and PEmgxes- Vhe Greichiregiensgenctsppdwvwer Daghrdylingsarghide Andh & Eeprgentelbe jregions
sequences set forth in SEQID NO9 (PTTVlia-VA), SEQ ID NG 10 (PTTV1b-VA),
SEQ | DushD.fdrd détediiovi2bf WALV laan SEQVRDIHNG: sei@m (#HT@oenvVEdmpleh by rnesigd cRGCldnal
equi val ent or conplenentary strand. It will be understood that the specific

nucl egtipieisegupagrddeci aed H nain @nypesintithe twWdVowdrlappingaVRCR| frgdihents for
variations that exist naturally between individual viruses. These

var i atd.Qnsid HoRRYHEPTET | Whirdd€ dadeiiing alteIFelldaN&preSetishd fi 6@?l§?pih§'$€'llti ons
and the |ike. [0081] The proposed genom c structure for each of the four

PTTV ' ' inl ' ' : t t

i th o e AR Br BTS2 R QURPGA B brlierd W it MRS O

f our trains of PTTV have a sim|ar genornic size of 2,878 bp WO
2011/ 053 ﬁﬁ?‘ﬂéﬂﬂﬁ?'@i&%we@m&wﬁ‘ Q ID NO 9), 2,875 bp (PTTV1lb-VA

SEQ I D NO: 10), 2,750 bp (PTTV2b-VA SEQ I D NO 11), and 2,803 bp (PTTV2c- VA
SEQ | Qob¥d)12) Onk @RRE S RhadhplBERYSPTHRY Wad-sHéwh SR Ipasiti %angh $ETVIVEY have

t he sane genom c | ength. The published sequences of the strains TTV-1p and

TTv- 2008 fipe fﬁ?&-.’?é{llldap@l&ﬁﬁgé RARaBUCL ABLAAST L Dol Feeh G ubSLON 8- t e

UTR. er ar I Cla se nucl eotides wt t he consensus
e g SRR RS LTI SR el s P MR B B P
cl osel g Sbated L 0 FITRDRATERA DL ok [Ahaeiom 5. 2909 e SRBES L ve! Y
for cloning of the first PTTV strain Sd-TTV31 to amplify the virus genomic DNA were not
successful. No PCR product was obtained after several trials. Based upon the initial sequence of
the region A of PTTV1 and the region D of PTTV2, two new pairs of primers ([TVI-If(SEQ ID
NO:1)/TTV1-2340R(SEQ ID NO:2) and TTV1-2311FSEQ ID NO:3)/TTVI1-IR(SEQ ID NO:4)}
were subsequently designed to amplify regions B and C spanning the assumed PTTV1 genome,
and two additional pairs of primers (TTV2-IF(SEQ ID NO:5)/TTV2-2316R(SEQ ID NO:6) and
TTV2-GCF(SEQ ID NO:7)/TTV2-IR(SEQ 1D NO:8)) to amplify regions E and F spanning the

assumed PTTV2 genome, respectively (Fig. 1A and Table 1). Primers TTV1-2340R(SEQ ID
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100821The assenbl ed genom ¢ sequences of porcine TTV virus genotypes or
subtypes PTTVla-VA (SFQ ID NG 9). PTTV1b-VA (SEQ I D NG 10). PTTV2b- VA (SFQ
| D NO 11)Woantl/BTaB%2c- VA(SEQ ID NC): 12) are submitted POTESaMaM0k{3B)

(Nucl ei ¢ Acids Research, 2008 Jan; 36(Database issue):D25-30) with

eepedt SR D20 e LA P LSt BT AL 0 AT CONBAR LR TAM 1t ne

OO0 im0l O oo St EIVRY SlPer 2304 TS Yok

PTTV2 strain TTV-2p (Niel et al., 2005, supra), whereas primers TTV2-2316R(SEQ ID NO:6)
and TTV2-GCF(SEQ ID NO:7) were deduced from a sequence of strain TTV-2p that is absent in
the two PTTV1 strains. The resulting four different PCR products with expected sizes were each
inserted into a blunt-end cloning vector, and the resulting recombinant plasmids were
transformed into Escherichia coli. Eight to fifteen positive (with white color) bacterial clones for

each construct representing fragments B, C, E and F were identified and subsequently sequenced.
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Type la Type Ib Subtype 2a Subtype 2b Subtype 2c Strain PTIVIa-VA Sd-TTV3
| PTIVIb-VA TTV- | p TTV-2p

WO 2011/031438 PCT/US2010/046330

Table 1. Oligonucleotide primers used for nested PCR and genomic PCR amplifications of

porcine TT viruses

Primer 1D Sequence (5’ t0 3%) Used for:
TTVI-mF TACACTTCCGGGTTCAGGAGGCT Detection of porcine TV
(SEQ ID NO:43)
TTVI-mR i i

TTVI
(SEQ IDNOwg) ACTCAGCCATTCGGAACCTCAC Detection of porcine
(TSES . 47y CAATTTGGCTCGCTICGCTCGC Detection of porcine TV
(ng‘g o 43 TACTTATATTCGCTTTCGTGGGAAC Detection of porcine TTV]
TTV2-mF i i
(SEQ 1D NO4g) AGTTACACATAACCACCAAACC Detection of porcine TTV2
TTV2-mR : :
(SEQ ID NO:50) ATTACCGCCTGCCCGATAGGC Detection of porcine TTV?2
TTV2-nF . .
(SEQ 1D NO:51) CCAAACCACAGGAAACTGTGC Detection of porcine TTV2
TTV2-0R CTTGACTCCGCTCTCAGGAG Detection of porcine TTV?2
(SEQ ID NO:52)
TTVI-IF , , ,
(SEQ ID NO:1) CATAGGGTGTAACCAATCAGATTTAAGGCGTT  Genomic cloning (fragment B)
TTV1-2340R . : , _
(SEQ 1D NO2) GGTCATCAGACGATCCATCTCCCTCAG Genomic cloning (fragment B)
TTVI-2311F i i
(SEQ IDNO:3y  CTTCTGAGGGAGATGGATCGTCTGATGA Genomic cloning (fragment C)
TTVI-IR . \ ,
(SEQ ID NO:4) TTOGAGCTCCCGACCAATCAGAATTGACT Genomic cloning (fragment C)
TTV2-IF - i
(SEQ 1D NO:5) TTGTGCCGGAGCTCCTGAGAGC Genomic cloning (fragment E)
TTV2-2316R - i
(SEQ ID NO'6) AGGTGCTTGAGGAGTCGTCGCTTG Genomic cloning (fragment E)
TTV2-GCR CTCAAGCACGAGCAGTGGATCCTCTCA Genomic cloning (fragment F)
(SEQ ID NO:7)

2.

TTV2-IR TACCCAGGCGGTTAGACACTCAGCTCT Genomic cloning (fragment F)

(SEQ ID NO:8)

[0075] Unexpectedly, two groups of sequence data from each construct were identified,
indicating that there exist two types of PTTVs in genogroup 1 and genogroup 2 from the same
pig. In order to differentiate and assemble the four PTTV strains, sequence comparisons were
performed together with the three known PTTV strains, Sd-TTV31, TTV-1p and TTV-2p (Fig.

1B and 1C).
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PTTV2b- VA PTTV2c- VA Country USA Japan USA Brazil Brazil USA USA Full-1ength
(nt) 2878 2878
WO 2011/031438 PCT/US2010/046330

{0076] Fig. 1B illustrates differentiation and assembly of full-length genomic sequences of
PTTV1 strains PTTV1a-VA and PTTV1b-VA with PCR fragments B and C that were
subsequently cloned. The initiation codons of ORF1 and ORF2 in the fragment B as well as the

£}

termination codons of ORF1 in the fragment C are marked by “*” or *“*”. The corresponding
sequences of two known PTTV] strains, Sd-TTV3! and TTV-1p, are also shown. Conserved

sequences are shaded, and dashes indicate nucleotide deletions.

[0077] For PTTV1, the initiation codon ATG and the termination codon TGA of the putative
ORF1 were located in fragments B and C, respectively (Fig. 1B). The positions of the codons
were differed in two PTTV1 groups, the first one identical to Sd-TTV31 and the second one
identical to TTV-1p (Fig. 1B). In addition, the ORF?2 initiation codons in the two groups were
also located at different positions consistent with that of ORF1. Moreover, phylogenetic analyses
using four different sequences of the region B (two from the sequencing data and two from
strains Sd-TTV31 and TTV-1p) and four different sequences of the region C supported that the
first sequence was clustered with Sd-TTV31 and the second was clustered with TTV-1p (data not
shown). Therefore, we were able to differentiate and assemble two groups of sequence data from
both fragments B and C into two full-length PTTV1 genomes that were designated as strains

PTTVla-VA (SEQ ID NO:9) and PTTV1b-VA (SEQ ID NO:10), respectively (Fig. 1B).

[0078] Fig. 1C illustrates differentiation and assembly of full-length genomic sequences of
PTTV2 strains PTTV2b-VA and PTTV2¢-VA with PCR fragments E and F that were
subsequently cloned. The corresponding sequence of TTV-2p strain is included and the
conserved sequences are shaded. Dashes indicate nucleotide deletions. The unique nucleotides

within the overlapping region (boxed with dashed-line) for each strain (a continuous “AG”
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nucleotides for PTTV2b-VA (SEQ 1D NO:11) and two single “A” and “G” nucleotides for

PTTV2¢c-VA (SEQ ID NO:12)) are shown, respectively.

10079] Differentiation of the two PTTV2 strains was easier. A unique continuous “AG”
nucleotides located in the overlapping region of two PCR fragments was shared by two groups of
sequence data from fragments E and F, respectively (Fig. 1C). The assembled full-length
genomic sequence represented a PTTV2 strain and was designated as PTTV2b-VA (SEQ ID
NO:11). Similarly, the complete genomic sequence of a second strain designated as PTTV2¢c-VA
{SEQ ID NO:12)was assembled based upon two unique single “A” and “G” nucleotides shared
in the overlapping region by another set of sequence data from fragments E and F, respectively
(Fig. 1C). Phylogenetic analyses using four sequences from fragments E and F together with the

two corresponding sequences from TTV-2p also supported this assignment (data not shown).

[0080] The present invention provides four isolated porcine TTV virus genotypes or
subtypes that are associated with viral infections in pigs. This invention includes. but is not
limited to, porcine TTV virus genotypes or subtypes PTTVI1a-VA, PTTV1b-VA, PTTV2b-VA.
and P1TV2¢-VA, the virus genotypes or subtypes which have nucleotide sequences set forth in
SEQ ID NO:9 (PTTV1a-VA), SEQ ID NO:10 (PTTVIb-VA), SEQ ID NO:11 (PTTV2bh-VA),
and SEQ 1D NO:12 (PTTV2e-VA). their functional equivalent or complementary strand. 1t will
be understood that the specific nucleotide sequence derived from any porcine TTV will have
slight variations that exist naturally between individual viruses. These variations in sequences

may be seen in deletions, substitutions, insertions and the like.

[0081] The proposed genomic structure for each of the four PTTV strains was analyzed in
detail and summarized in Table 2, together with the three known PTTV strains, Sd-TTV31,

TTV-1p and TTV-2p. All the four U.S. strains of PTTV have a similar genomic size of 2,878 bp
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(PTTV1a-VA SEQ ID NO:9), 2,875 bp (PTTV1b-VA SEQ ID NO:10), 2,750 bp (PTTV2b-VA
SEQ ID NO:11), and 2,803 bp (PTTV2c-VA SEQ ID NO:12), respectively. Both PTTVI1a-VA
(SEQ ID NO:9)and Sd-TTV31 have the same genomic length. The published sequences of the
strains TTV-1p and TTV-2p all have many undetermined nucleotides in the GC-rich region of
the UTR. After artificial filling of these nucleotides with the consensus sequences corresponding
to PTTV1 and PTTV2, it was shown that the TTV-1p 1s more closely-related to PTTV1b-VA
(SEQ ID NO:10), and that TTV-2p is more closely-related to PTTV2b-VA (SEQ ID NO:11} in

genomic length, respectively (data not shown).

|0082] The assembled genomic sequences of porcine TTV virus genotypes or subtypes
PTTV1a-VA (SEQ D NO9). PTTVIb-VA (SEQ ID NO:10). PTTV2b-VA (SEQ D NO:11).
and PTTV2¢-VA(SEQ D NO:12) are submitted to Genbank® (Nucleic Acids Research, 2008
Jan; 36(Database issue):[225-30) with accession numbers GU456383, GU456384, GU456385,

and GU436386, respectively.
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Table 2. Comparison of the genomic organization and ORFs of the seven porcine TTV

strains
Virus Porcine TTV species | Porcine TTV species 2
Type la Type Ib Subtype 2a  Subtype2b  Subtype 2¢
Strain PTTVia-VA Sd-TTV3] PTTVIb-VA TTV-Ip TTV-2p PTTV2b-VA PTTV2c-VA
Country USA Japan USA Brazil Brazil USA USA
Full-length (nt) 2878 2878 2875 Uncompleted Uncompleted 2750 2803
GenBank accession #  GU456383  ABO076001 GU456384 AYS823990  AYS823991  (GUA456385  GU456386
TATA box 288-291 288-291 288-291 288-291 233-236 233-236 285-288
Putative mRNA 5’-end 316 316 316 3l6 261 261 313
ORF1
Size (aa) 633 635 639 637 624 625 625
Exon# | 1 1 t 1 1 l
Initiation 534 534 517 517 476 476 528
Termination 2441 2441 2436 2430 2350 2353 2405
ORF2
Size {aa) 73 73 72 72 68 68 68
Exon # | l 1 1 1 1 1
Initiation 430 430 428 428 393 393 443
Termination 651 631 646 646 599 599 651
ORF1/1
Size (aa) 174 174 182 182 178 178 178
Exon# 2 2 2 2 2 2 2
Initiation 534 534 517 517 476 476 528
Splicing 647/648 647/648 642/643 642/643 595/596 595/596 647/648
2030/2031 2030/2031 2013/2014  2007/2008 1933/1934 1936/1937 1988/1989
Termination 2441 2441 2436 2430 2350 2353 2405
ORF2/2 (ORF3)
Size (aa) 224 224 228 228 199 169 169
Exon# 2 2 2 2 2 2 2
Initiation 430 430 428 428 393 395 445
Splicing 647/648 647/648 642/643 642/643 595/596 595/596 647/648
2030/2031 2030/2031 2013/2014  2007/2008 1933/1934 1936/1937 1988/1989
Termination 2487 2487 2485 2479 2330 2333 2385
Polyadenylation signal 2438-2463 2458-2463 2462-2467 2456-2461 2473-2478 2476-2481 2528-2533

(AATAAA)

The numbers (except sizes of the full-length genome, ORFs and the exon numbers) indicate the
nucleotide (nt) positions on the genome of respective PTTV strains.
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[0083]  Two recent studies have identified the transcribed viral mRNAs and the expression of
at least six viral proteins during human TTV replication (Mueller et al., 2008, supra; Qiu et al.,
2005, supra), which is more than the predicted number of ORFs encoded by human TTV (
Okamoto, H., Nishizawa, T., Tawara, A., Takahashi, M., Kishimoto, J., Sai, T., and Sugai, Y.
(2000b). TT virus mRNAs detected in the bone marrow cells from an infected individual.
Biochem Biophys Res Commun 279(2), 700-7), therefore we included the new human TTV
genomic information for comparison with the PTTV sequences. The 5’-ends of the mRNA
transcripts of human TTV strain P/1C1 were mapped to an “A” that is 25 nt downstream of the
TATA-box (Mueller et al.,, 2008, supra). This starting point, its adjacent sequence
(CGAATGGCTGAGTTTATGCCGC (SEQ ID NO:39); the starting point was underlined) and
the distance to the upstream TATA-box (24 nt; Table 2) are very conserved in all seven PTTV
strains, suggesting that PTTV and human TTV may utilize a common 5’-end of mRNA for

translation.

[0084] Five additional completely-conserved regions were identified in the vicinity of the
TATA-box among all seven PTTYV strains. Two regions of 11 nt each (AGTCCTCATTT (SEQ
ID NO:40) and AACCAATCAGA (SEQ ID NO:41)) are located in the upstream of the TATA-
box, whereas the remaining three regions (CTGGGCGGGTGCCGGAG of 17 nt (SEQ ID
NO:42); CGGAGTCAAGGGGC of 14 nt (SEQ ID NO:43); TATCGGGCAGG of 11 nt (SEQ
ID NO:44)) are located between the proposed 5’-end of mRNA and the initiation codon of
ORF2. These conserved PTTV-specific sequences may contain the common elements regulating

the viral gene expression.

[0085] Previously, three ORFs (ORFs 1-3) were proposed in the genome of the three known

PTTV strains, respectively (Niel et al., 2005, supra; Okamoto et al., 2002, supra). The four
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prototype U.S. strains of PTTV identified in this study possess this structure. The corresponding
ORF3 in human TTV has been renamed as ORF2/2 since it initiates at the same ATG in ORF2
and remains in the same ORF (extending ORF?2) after the splicing (Fig. 1A) (Mueller et al.,
2008, supra, Qiu et al., 2005, supra). We follow the nomenclature of human TTV for revising
PTTV classification in this study. Human TTV ORF1/1 is a newly identified viral protein that is
encoded by two exons in ORF1 (Qiu et al.,, 2005, supra). ORF1/1 share the identical N- and C-
terminal part with ORF1. The PTTV ORF1/]1 counterpart was readily identified in all seven

PTTYV strains (Fig. 1A and Table 2).

[0086] The ORF1 and ORF2 are encoded by a ~2.8 kb viral mRNA whereas the ORF1/] and
ORF2/2 are encoded by a spliced viral mRNA with ~1.2 kb in human TTV (Mueller et al., 2008,
supra; Qiu et al., 2005, supra). Since these four ORFs were also deduced in PTTV genomes, and
since the sequences and positions of the putative splice donor and acceptor sites in the seven
PTTV strains are very conserved (Table 2), it is speculated that porcine TTV probably also

encodes the two corresponding mRNAs.

[0087] Most of the human TTV strains share a genetic similarity with the CAV, encoding a
TTV apoptosis-inducing protein (TAIP) in which its CAV counterpart was named apoptin (de
Smit, M. H., and Noteborn, M. H. (2009). Apoptosis-inducing proteins in chicken anemia virus
and TT virus. Curr Top Microbiol Immunol 331, 131-49), The ORF of TAIP is embedded within
the ORF2. However, the corresponding TAIP does not exist in porcine TTV. A recent study
showed that the expression of apoptin or TAIP was required for CAV replication in cultured
cells (Prasetyo, A. A., Kamahora, T., Kuroishi, A., Murakami, K., and Hino, S. (2009).
Replication of chicken anemia virus (CAV) requires apoptin and is complemented by VP3 of

human torque teno virus (TTV). Virology 385(1), 85-92).
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[0088] Pairwise sequence comparisons (PASC) is a useful method that plots the frequency
distribution of pairwise nucleotide sequence identity percentages from all available genomic
sequence of viruses in the same family (Bao, Y., Kapustin, Y., and Tatusova, T. (2008). Virus
Classification by Pairwise Sequence Comparison (PASC). In "Encyclopedia of Virology, 5
vols." (B. W. J. Mahy, and M. H. V. Van Regenmortel, Eds.), Vol. 5, pp. 342-8. Elsevier,
Oxford). The different peaks generated by the PASC program usually represent groups of virus
genera, species, types, subtypes and strains (Fig. 2). In this study, we performed PASC analyses
of TTV using 121 full-length genomic sequences of human and animal TTV-related strains
available in GenBank database (Fig. 2). Assuming that TTV members are classified into a
separate family, Anelloviridae, the two major peaks, at 36-55% and 55-67% nucleotide sequence
identities, represent groups of genera and species, respectively (Fig. 2). Accordingly, a TTV type
is defined as a group of TTV having 67-85% nucleotide sequence identity whereas a TTV
subtype may be defined as a group of TTV sequences sharing 85-95% nucleotide sequence
identity. TTV strains sharing more than 95% nucleotide sequence identity may be further
classified into variants (Fig. 2). A similar classification has been proposed using sequences of
103 TTV isolates by Jelcic er al (Jeleic, 1., Hotz-Wagenblatt, A., Hunziker, A., Zur Hausen, H.,
and de Villiers, E. M. (2004). Isolation of multiple TT virus genotypes from spleen biopsy tissue
from a Hodgkin's disease patient: genome reorganization and diversity in the hypervariable

region. J Virol 78(14), 7498-507).

[0089] This proposed criteria of TTV classification were applied to phylogenetic analyses of
the genomic sequences of the 4 prototype U.S. strains of PTTV and the 3 other known PTTV
strains. Pairwise comparison of full-length nucleotide sequences among these strains showed that

the four PTTV] strains have 54.0-56.4% nucleotide sequence identity compared to the three
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PTTV2 strains (Table 3). Therefore, the previously designated “genogroup” of PTTV in the
literature will probably be more appropriate to designate as “species”, and PTTV1 and PTTV2
probably should represent porcine TTV spectes 1 and species 2, respectively. PTTV species 1
consists of two types of viruses designated as type la (including Sd-TTV31 and PTTV1a-VA
(SEQ ID NO:9)) and type 1b (including TTV-1p and PTTVIb-VA (SEQ ID NO:10)),
respectively, since the nucleotide sequence identity between these two types of viruses is
between 69.8-70.7% (Table 3). Sd-TTV31 and TTV1a-VA (SEQ ID NO:9) are recognized as
variant strains of the same species due to their higher sequence identity (95.1%). However, the
two type lb strains, TTV-1p and PITVIb-VA (SEQ ID NO:10), may belong to two different
subtypes (nucleotide sequence identity=86.4%). For PTTV species 2, three strains are likely to
be classified into separate subtypes (TTV-2p for subtype 2a, PTTV2b-VA (SEQ ID NO:11) for
subtype 2b, and PTTV2¢-VA (SEQ ID NO:12) for subtype 2c, respectively) based upon their
86.5-90.9% nucleotide sequence identity. This proposed new classification system for PTTV was
clearly evident in the phylogenetic tree (Fig. 3A). Phylogenetic trees constructed based upon the
deduced amino acid sequences of ORF1, ORF1/1, ORF2 and ORF2/2 of PTTV were also

consistent with this proposed classification (Figs. 3B to 3E).
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Table 3. Pairwise sequence comparison of the full-length genomic sequence of the seven

porcine TTYV strains

Porcine TTV species 1 Porcine TTV species 2
Type 1a Type 1b Subtype 2a Subtype2b  Subtype 2¢
PTTVI1a-VA Sd-TTV3l PTTVIb-VA TTV-Ip TTV-2p PTTV2b-VA PTTV2c-VA
Type la
PTTVla-VA — 951 70.5 69.8 55.7 55.1 56.2
Sd-TTV31 — 70.7 70.1 559 56.0 56.4
Type 1b
PTTVIb-VA — 86.4 54.0 54.7 552
TTV-1p — 552 54.7 554
Subtype 2a
TTV-2p — 86.5 86.8
Subtype 2b
PTTV2b-VA — 90.9
Subtype 2¢
PTTV2c-VA -

The data were generated by using the PASC program, and the values indicate % nucleotide
sequence identities.

[0090] Unique mutations and deletions and/or insertions are scattered throughout the
genomes between PTTV species, types and subtypes. For example, the location of ORFI
initiation and termination cedons and the ORF?2 initiation codons between PTTV type la and 1b,
which was shown in Fig. 1B as mentioned above, are different. The two PTTV b strains also

have a 2-codon deletion after the ORF2 initiation compared to PTTV 1a (Fig. 1B).

[0091] Remarkably, both TTV-2p and PTTV2b-VA have a large 52-nt deletion, which is 39
nt upstream of the first 11-nt conserved sequence (AGTCCTCATTT (SEQ ID NO:40)) in the
UTR, compared to PTTV2e¢-VA. Due to this deletion, the genomic size of PTTV2b-VA
(probably TTV-2p as well) was significantly smaller than that of PTTV2c-VA (Table 2). A

number of “subviral” human TTV clones have been isolated from serum samples that are
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considered as full-length TTV genomes since the ORFs in a majority of these subviral molecules
usually remain intact (de Villiers et al., 2009; Leppik et al., 2007). They have variable lengths in
the UTR that are completely or partially deleted. The situation of TTV-2p and PTTV2b-VA
appears to resemble that of the human TTV subviral molecules, implying that subtypes PTTV2a
and PTTV2b might be the subviral molecules derived from subtype PTTVZ2c. Of note, the 3°-
terminal sequence of a nested-PCR primer TTV2-nF (Table 1) that is commonly used for
detection of the PTTV2 from field samples by other groups (Ellis et al., 2008, supra; Kekarainen
et al., 2007, supra; Kekarainen et al., 2006, supra; Krakowka et al., 2008, supra) is located at
both sides of the deletion. Therefore, the current nested-PCR assay for PTTV2 detection is likely

not sufficient to identify the genetically diverse strains of PTTV2c subtype.

[0092] The source of the isolated virus strain is serum, fecal, saliva, semen and tissue
samples of pigs having the porcine TTV viral infection. However, it is contemplated that
recombinant DNA technology can be used to duplicate and chemically synthesize the nucleotide
sequence. Therefore, the scope of the present invention encompasses the isolated polynucleotide
which comprises, but is not limited to, a nucleotide sequence set forth in SEQ ID NO:9, SEQ ID
NO:10, SEQ ID NO:11, and SEQ ID NO:12, or its complementary strand; a polynucleotide
which hybridizes to and which is at least 67% complementary to the nucleotide sequence set
forth in SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, and SEQ ID NO:12, preferably 85%
complementary, or more preferably 95% complementary; or an immunogenic fragment selected
from the group consisting of an amino acid sequence of ORF1 protein set forth in SEQ ID
NO:13 (PTTV1a-VA), SEQ ID NO:14 (PTTV1b-VA), SEQ ID NO:15 (PTTV2b-VA), SEQ ID
NO:16 (PTTV2¢-VA), an amino acid sequence of ORF2 protein set forth in SEQ ID NO:17

(PTTV1a-VA), SEQ ID NO:18 (PTTV1b-VA), SEQ ID NO:19 (PTTV2b-VA), SEQ ID NO:20
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(PTTV2c-VA), an amino acid sequence of ORF1/1 protein set forth in SEQ ID NO:21 (PTTV1a-
VA), SEQ ID NO:22 (PTTV1b-VA), SEQ 1D NO:23 (PTTV2b-VA), SEQ ID NO:24 (PTTV2c-
VA), an amino acid sequence of ORF2/2 protein set forth in SEQ ID NO:25 (PTTV1a-VA), SEQ
ID NO:26 (PTTV1b-VA), SEQ ID NO:27 (PTTV2b-VA), SEQ ID NO:28 (PTTV2¢-VA). The
immunogenic or antigenic coding regions or fragments can be determined by techniques known
in the art and then used to make monoclonal or polyclonal antibodies for immunoreactivity
screening or other diagnostic purposes. The invention further encompasses the purified,
immunogenic protein encoded by the isolated polynucleotides. Desirably, the protein may be an
isolated or recombinant ORF1 protein or an ORF2 protein of at least one of the above isolated

porcine TTV subtypes, more desirably ORF1 protein.

[0093] The ORF1 of porcine TTV is believed to encode a structural and replication-
associated protein (Maggi, F., and Bendinelli, M. (2009). Immunobiology of the Torque teno
viruses and other anelloviruses. Curr Top Microbiol Immunoi 331, 65-90). The ORF1-encoding
products of seven PTTV strains have 624-635 aa in length and possess a high number of arginine
residues at the N-terminus that are thought to have the DNA-binding activity (Fig. 4). In Fig. 4,
conserved sequences are shaded. Dashes indicate amino acid deletions. The RCR motifs are
boxed with solid lines. Three HVRs (PTTVI1-HVRs 1, 2 and 3) of PTTV1 strains and two HVRs
(PTTV2-HVRs 1 and 2) of PTTV2 strains are boxed with dashed lines. The connection
boundaries of ORF1/] are indicated by arrows. The predicted rolling-circle replication (RCR)
motifs (Ilyina, T. V., and Koonin, E. V. (1992). Conserved sequence motifs in the initiator
proteins for rolling circle DNA replication encoded by diverse replicons from eubacteria,
eucaryotes and archaebacteria. Nucleic Acids Res 20(13), 3279-85) are presented at different

positions in different PTTV types and subtypes that may be type- or subtype-specific. RCR
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motif-1TT (YxxK) is conserved in the PTTV type la (aa position 14-17 of PTTV1a-VA SEQ ID
NO:13) and type 1b strains (aa position 379-382 of PTTV1b-VA SEQ ID NO:14), respectively,
whereas the same conserved motif identified in all three PTTV2 strains is located at aa position
482-485 of PTTV2b-VA SEQ ID NO:15 (Fig. 4). Both PTTV2b-VA SEQ ID NO:15 and
PTTV2c-VA SEQ ID NO:16 also have a conserved RCR motif-il (HxQ) at aa position 331-333

of PTTV2b-VA that is absence in TTV-2p (Fig. 4).

[0094] The ORF1 proteins of PTTV strains between species 1 and species 2 share very low
aa sequence identity with only 22.4 to 25.8%, which makes it difficult to identify significantly
conserved aa sequences between the two species (Fig. 4). In PTTV species 1, the aa identity of
ORF1 between type la and 1b strains are 50.3-52.7%. Three major hypervariable regions (HVR),
PTTVI-HVRs | to 3, with a relatively high number of aa substitutions, were identified among
the four PTTV1 strains, whereas two HVRs (PTTV2-HVRs | and 2) were observed among the
three PTTV?Z strains (Fig. 4). The three PTTV2 strains have an approximately 20-aa deletion in
the corresponding PTTV1-HVRI region. Moreover, the two HVRs of PTTV2 are within the
corresponding PTTVI-HVR3 region (Fig. 4). These HVRs are located only in the ORF1 but not
in the truncated ORF1/1. They likely play a role in evading the host immune surveillance and

helping PTTV 1o establish a persistent infection, as suggested by studies of human TTV.

[0095] The aa sequences of ORF2 differed considerably between the four PTTV1 (PTTV la-
VA SEQ ID NO:17; PTTVIb-VA SEQ ID NO:18) and three PTTV2 (PTTV2b-VA SEQ 1D
NO:19; PTTV2c-VA SEQ 1D NO:20) strains (Fig. 5). However, they share a conserved protein-
tyrosine phosphatase (PTPase)-like motif (Wx7Hx3CxCxsH) at the N-terminus (Fig. 4). This
motif is also conserved among all human TTV, TTMV and TTMDYV strains as well as CAV. The

TTMYV or CAV ORF2 protein also exhibited a serine/threonine phosphatase (S/T PPase) activity
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(Peters, M. A., Jackson, D. C., Crabb, B. S., and Browning, G. F. (2002). Chicken anemia virus
VP2 is a novel dual specificity protein phosphatase. J Biol Chem 277(42), 39566-73), The dual
specificity of the ORF2 protein is thought to regulate host gene transcription, signal transduction
and cytokine responses during viral replication. Recently, mutagenesis analyses of two
conserved basic aa residues before the last histidine residue of the motifin CAV revealed that the
two residues affect virus replication, cytopathology in vitro and attenuation in vivo (Peters, M.
A., Crabb, B. S., Washington, E. A., and Browning, G. F. (2006). Site-directed mutagenesis of
the VP2 gene of Chicken anemia virus affects virus replication, cytopathology and host-cell
MHC class I expression. J Gen Virol 87(Pt 4), 823-31; Peters, M. A, Crabb, B. S., Tivendale, K.
A., and Browning, G. F. (2007). Attenuation of chicken anemia virus by site-directed
mutagenesis of VP2. J Gen Virol 88(Pt 8), 2168-75). The two basic aa residues (“KK”) are
conserved in the three PTTV2 strains. However, only the first basic residue (“R”) is retained in
the two PTTV 1a strains whereas both basic residues are substituted in the PTTV1b strains (Fig.
5). In Fig. 5, dashes indicate amino acid deletions. The five conserved amino acids within the
common motif Wx;Hx;CxCxsH (underlined) identified in TTV, TTMV and CAV are shaded.
The positions of the two basic aa residues before the last histidine of the motif, which have been

shown to affect virus replication, cytopathology or in vivo attenuation in CAV, are indicated by

"7

[0096] In summary, the present invention has determined the full-length genomic sequences
of four porcine TTV strains representing different genotypes or subtypes in a serum sample of a
single boar in Virginia. The finding from this study clearly indicates that, similar to human TTV,
multiple PTTV infections with distinct genotypes or subtypes exist and probably are common in

pigs. We have also provided new information regarding the genomic organization, the degree of
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variability and the characteristics of conserved nucleotide and amino acid motifs of PTTV, which
will improve the current PCR detection assay, aid in developing reagents for serological
diagnostics and help initiate the structural and functional study of PTTV. A new classification of
PTTV is also proposed in this study based upon the phylogenetic and genetic analyses of the

genomic sequences of seven known PTTYV strains.

10097) The present invention also provides methods for diagnostics of porcine TTV infection
by detecting viral DNA in samples of porcine TTV infected pigs or other mammals. One
preferred embodiment of the present invention involves methods for detecting porcine TTV
nucleic acid sequences in a porcine or other mammalian species using oligonucleotide primers
for polymerase chain reaction (PCR) to further aid in the diagnosis of viral infection or discase.
The diagnostic tests, which are useful in detecting the presence or absence of the porcine TTV
viral nucleic acid sequence in the porcine or other mammalian species, comprise isolating viral
DNA from samples of porcine TTV infected pigs or pigs suspected of infection of TTV, and
performing SYBR green real-time quantitative PCR using P'I'l'Vi-specific (SEQ 1D NO:29/

SEQ ID NO:30) or PTTV2-specific (SEQ ID NO:31/ SEQ ID NO:32) primers.

[0098] In another embodiment of the present invention. the diagnostic method may be
adapted to simultaneously detect PTTV1 and PTI'TV2 by using PTTVI/PTTV2 duplex real-time
PCR. More specifically, the method comprises isolating viral DNA from samples of porcine
TTV infected pigs or pigs suspected of infection of TTV, performing real-time PCR using both
PTTV1-specific (SEQ ID NO:29/ SEQ 1D NO:30) or PVVT2-specitic (SEQ 1D NO:31/ SEQ 1D
NO:32) primers in the same real-time PCR reaction. Since the 7, value between PTTV1 and
PTTV2 can be distinguished by MCA, the presence of PTTVI and PTTV2 DNA can be

simultaneously detected.
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[0099] In a further embodiment of the present invention, the diagnostic method may employ
duplex nested PCR. The method comprises isolating viral DNA from samples of porcine TTV
infected pigs or pigs suspected of infection of TTV, performing a first round of PCR using one
pair of primers Plab-mF (SEQ ID NO:33)/Plab-mR (SEQ ID NO:34), and performing a second
round of PCR using a mixture of two pairs of primers, Pla-nF (SEQ ID NO:35)/Pla-nR (SEQ ID
NO:36) for detection of PTTV1a, and Plb-nF (SEQ ID NO:37)/P1b-nR (SEQ ID NO:38) for

detection of PTTV1b, and visualizing the PCR products.

[00100] The above diagnostics methods maybe optimized by one skilled in the art according

to well known methods in the art.

[00101] Accordingly, an embodiment of the present invention develops two novel singleplex
SYBR green real-time PCR assays to quantify the viral loads of two porcine TTV species,
respectively. PTTVI1- and PTTV2-specific primers were designed to target the extremely
conserved regions across six PTTV] and four PTTV2 full-length genomes available to date,
respectively. Another embodiment of the present invention combines the two singleplex assays
into a duplex real-time PCR assay followed by MCA of the viral amplicons that can be identified
by their distinct melting temperatures for simultaneous detection of the two porcine TTV species,
PTTVI1a and PTTV1b. In a third embodiment, a duplex nested PCR assay for simultaneous
amplification of the viral DNAs from two types of PTTV1 in the first round PCR and differential
detection of types la and 1b in the second round PCR was developed for the identification of two
types of porcine TTV species, PTTV1a and PTTV1b, in a single sample. These assays represent

simple and practical tools for diagnoses of species- or type-specific porcine TTVs.

[00102] Potential primers sequences were identified by multiple sequence alignments of 10

available porcine TTV full-length genomes. PTTV1-specific primers TTVIF (SEQ ID NO:29)
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and TTVIR (SEQ ID NO:30) were designed based upon two conserved genomic regions
immediately before the putative ORF2 across six PTTV] genomes, whereas PTTV2-specific
primers TTV2F4 (SEQ ID NO:31) and TTV2R4 (SEQ ID NO:32) were designed based upon
two conserved genomic regions immediately after the putative ORF2/2 across four PTTV2
genomes (Table 4). Primers showed no potentials for self- and cross-dimerization. The expected
amplicon sizes were a 118-bp fragment from the PTTV1 primers corresponding to the PTTV1b-
VA genome and a 200-bp fragment from the PTTV2 primers corresponding to the PTTV2¢-VA

genome, respectively.,

Table 4. Oligonucleotide primers used for real-time PCR and duplex nested PCR

detections of porcine TTVs.

Primer 1D Sequence (57 to 37) Purpose
Srggllg NO29  TCCGAATGGCTGAGTTTATGC PTTV I-specific real-time PCR
ggg'}g Noso  TCCGCTCAGCTGCTCCT PTTV I-specific real-time PCR
;ggleD“N 03]  GGTGGTAAAGAGGATGAA PTTV2-specific real-time PCR
TTV2R4 AATAGATTGGACACAGGAG PTTV2-specific real-time PCR
SEQ ID NO:32
gllag_lgl:wo:ss TATCGGGCAGGAGCAGCT Duplex nested PCR
}S)llzgj-lrlr)ﬂilo:ﬂ TAGGGGCGCGCTCTACGT Duplex nested PCR
gé?i”ﬁ) NO:35  CCTACATGAAGGAGAAAGACT Duplex nested PCR
]snllagnl;l{) NO:36  CCAGCGTCTCCAGGGTC Duplex nested PCR
E%?IE NO37  AAGCTACCAAGGGCTGG Duplex nested PCR

-nR

SEQIDNO:38  GCGGTO(T/G)GTAGCGGTAGT Duplex nested PCR

[00103]  According to one specific embodiment of the present invention, SYBR green simplex

real-time PCR using PTTV1- and PTTV2-specific primers can be used specifically to detect
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porcine TTV1 and TTV2 DNA, respectively. For PTTV1, a standard curve was established over
a range of target DNA concentrations per 25 pl. The linear range was shown to span 4.4x10' to
4.4x10® copies. The minimum detection limit (44 copies) corresponded to a threshold cycle (C)
of 37.57. For PTTV2, standard curve was also generated and used to detect DNA concentration
ranging from 8.6x10" to 8.6x10% copies per 25 pl reaction. The corresponding C, of minimum

detection limit (8.6 copies) was 36.53.

[00104] According to another specific embodiment of the present invention, SYBR green
duplex real-time PCR is utilized for the simultaneous detection of porcine TTVI and TTV2
DNA. The 7-degree difference of 7}, value between PTTV1 (87.0°C) and PTTV2 (80.0°C) made
it feasible to distinguish them from one another by the MCA. Therefore, two singleplex assays
can be coupled into a duplex real-time PCR assay for the simultaneous detection of PTTV1 and
PTTV2. A positive sample was one that had a symmetrical melt peak within the known T, for
that product. This new assay was first validated by using a 10-fold dilution of PTTVI and
PTTV2 standards mixture. The non-template negative control using sterile water as the template
showed a non-specific amplification caused by cross-dimerization between the PTTVI1 and
PTTV?2 primers not seen in the singleplex assays (Fig. 7a). This produced a distinct melt peak
between 72.0°C and 76.0°C. Figure 7A shows melt peaks of PTTV1 standard (red; 7,,=87.0°C),
PTTV2 standard (green; 77n=80.0°C) and non-template negative control (caused by primer cross-
dimerization; black). Figures 7B-7E show melt peaks of representative serum samples with
distinct viral loads of PTTV1 and PTTV2. Figure 7B shows boar serum sample no. 5: relatively
high viral loads of both PTTV1 and PTTV2, but PTTV2>PTTV1; Figure 7C shows boar serum
sample no. 12: relatively high viral loads of both PTTV1 and PTTV2, but PTTVI>PTTV2;

Figure 7D shows boar serum sample no. 14: low viral loads of both PTTV! and PTTV2; Figure
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7E shows boar serum sample no. 10: PTTV1 positive, but PTTV2 negative. The viral loads (unit:
genomic copies/ml) of PTTV1 and PTTV2 in each sample that were determined by singleplex

real-time PCR were indicated at the top of the corresponding melt peak.

[00105] In one example, when the duplex real-time assay was applied to the 20 serum samples
of adult boars, san&ples with relatively high viral loads of both PTTV1 and PTTV2 displayed two
distinct melt curves corresponding to PTTV1 and PTTV2 without a non-specific melt peak (Fig.
7B & 7C), whereas samples with low viral load of either PTTV] or PTTV2 showed virus-
specific as well as non-specific melt curves (Fig. 7D & 7E). Although the two melt peaks in
sample #14 were very small, they were considered positive since they displayed a visually
distinct and symmetrical rise and fall at the appropriate 7,, of PTTV1 and PTTV2 (Fig. 7D). In
contrast, sample #10 was considered only PTTV1 positive because a symmetrical PTTV2 melt
peak was not evidently present (Fig. 7E). These results were consistent with that of the two
singleplex assays (Table 5). Moreover, the size and shape of melt peaks qualitatively reflected

the corresponding viral load in the detected sample.

[00106] According to another aspect of the present invention, duplex nested PCR is used for

differential detection of two porcine TTV types, PTTV1aand PTTV1b.

[00107] The inventor of the present invention demonstrated the existence of two distinct
genotypes, tentatively named PTTVla and PTTV1b, in porcine TTV species 1. To further
determine whether the co-infection of PTTV1a and PTTV b is common in pigs, a novel duplex
nested PCR assay to quickly distinguish between the two was developed. Alignment of porcine
TTV genomic DNA sequences identified a conserved genomic region located at the N-terminal
part of the putative ORF1 encoding the viral capsid protein (Fig. 8). This region also contains the

entire ORF2 and the partial UTR in the upstream. Primers Plab-mF (SEQ ID NO:33)/Plab-mR
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(SEQ ID NO:34) were designed to simultaneously amplify both PTTVla and PTTV1ib DNAs in
the first-round PCR. A mixture of PTTV la-specific primers Pla-nF (SEQ 1D NO:35)/Pla-nR
(SEQ ID NO:36) and PTTV1b-specific primers P1b-nF (SEQ ID NO:37)/P1b-nR (SEQ ID
NO:38) was used to differentially amplify each genotype in the second-round PCR. The final
PCR products of PTTV1a and PTTV1b were 162 bp and 96 bp in sizes, respectively, which
could be easily distinguished by gel electrophoresis on a 1% agarose gel stained with ethidium
bromide. This assay was not expected to detect PTTV2 DNA due to the specificity of primers
(Fig. 8). In Fig. 8, conserved sequences were indicated by dots and shaded. Dashes indicated
nucleotide deletions. The locations and directions of three pairs of primers used for duplex

nested PCR were marked by arrows.

[00108] In one example, the 20 serum samples from adult boars that were subjected to the
duplex nested PCR assay were all found to be positive for both PTTVIla and PTTV1b, as
determined by visualizing two bands of the expected sizes and subsequent sequencing
confirmation of PCR products (data not shown). No PCR products were amplified in the 19
semen samples, which was consistent with the results of PTTV1 conventional nested PCR and

real-time PCR assays described above.

[00109] Infection of pigs with the two species of porcine TTV has been found back to 1985 in
Spanish pig farms according to a retrospective investigation (Segales et al., 2009, supra).
However, whether porcine TTVs are associated with any particular pig diseases remains elusive,
Since both of porcine TTV species have a high prevalence in domestic pigs, determination of
TTV viral loads is presumably more important than assessing the presence of TTV DNA. The
level of viral loads in serum and semen samples has been indicated as an important marker for

PCVAD in PCV2 infection (Opriessnig et al., 2007, supra). Therefore, establishment of
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respectively. The primers used in our assays were designed to bind to conserved genomic regions
distinct from the previous studies, which may increase the accuracy of quantification. Our assays
showed a considerable species-specificity and sensitivity of detection with 44 genomic copies for
PTTV1 and 8.8 genomic copies for PTTV2 per 25-pl reaction, whereas the detection limit of 10
genomic copies per reaction was reported in the TaqgMan probe-based duplex real-time PCR
(Gallei et al., 2009, supra). In addition, the SYBR green-based real-time PCR assay is a flexible
and inexpensive approach that can be directly carried out without the need to use fluorescently
labeled probes. Finally, considering porcine TTVs exhibit a high degree of genetic diversity, the

results from SYBR green-based assays are unlikely affected by the different genetic background
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evident in the phyl ogenetic tree (Fig. 3A). Phylogenetic trees constructed

based“ﬁ‘bd’ﬁaﬁwad@ﬁ‘iﬁé]e’ﬂmﬁ#pﬁomét&"éﬁgequences of ORF1, ORF1/1, ORF2 and

ORF2/ 2 of PTTV were also consistent with this proposed classification
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showed that porcine TTV species | consists of two distinct types, PTTV1a (including strains Sd-

TTV31 and PTTVI1a-VA) and PTTV b (including strains TTV-1p and PTTV1b-VA). The two
newly published PTTVI isolates with full-length genomes, swSTHY-TT27 (GQ120664) from
Canada and TTV1 #471819 (GU188045) from Germany, were both classified into type 1b based
upon the phylogenetic analysis (data not shown). The duplex nested PCR described in this study
confirmed that dual infection of two PTTV1 genotypes frequently occurred in pigs. This novel
assay is the first diagnostic PCR approach developed to distinguish between PTTV1a and 1b so
far. Since it is currently not known whether one or both of PTTVla and PTTV1b infection
represents a relevant factor associated with diseases, our differential PCR assay should be of

great value for future potential disease associations of these two PTTV types.

[00114] According to another aspect of the invention, porcine TTV ORF proteins were
expressed and used in immunodetection assays to detect the presence of porcine TTV specific

antibodies. In one embodiment of the present invention, three truncated and Histidine-tagged
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ORF1 proteins of PTTV1a, PTTV1b and PTTV2, were expressed and purified in Escherichia
coli (E. coli), respectively. Furthermore, both serum Western blot and ELISA assays based on
these recombinant antigens were developed and validated using porcine serum samples from
different sources. In particular, serological testing using the PTTVl1a-, PTTVIb- and PTTV2-
specific ELISA provides an accurate and simple tool for revealing the association of porcine

TTYV infection with diseases.

[00115] According to a further aspect of the invention, porcine TTV ORF proteins were
expressed and purified as recombinant ORF1 capsid protein in E.coli expression system (Fig. 10,
Fig. 15). Three truncated and His-tagged ORF1 capsid proteins of PTTV1a, PTTVI1b and PTTV2,
were expressed and purified in Escherichia coli (E. coli), respectively, and served as

recombinant capsid subunit vaccines against PTTV infection.

[00116] Four porcine TTV2 strains, TTV-2p, TTV2#472142, PTTV2b-VA and PTTV2¢-VA,
had available complete genomic sequences to date. Although they are phylogenetically classified
into three putative subtypes, a comparative analysis of hydrophilicity profiles of the ORF1
encoding amino acids from four PTTV2 showed that they shared three hydrophilic regions, an
arginine-rich region from aa 1-49 at the N-terminal and two particular domains (I and II) located
at the middle and C-terminal part, respectively (Fig. 9A). The C-terminal region used for
truncated PTTV2¢c-VA ORF1 expression and the corresponding regions shared in other three
PTTV2 strains were indicated by a dashed box. Alignments of amino acid sequences

demonstrated high levels of sequence conservation of domains 1 (aa 322-349) and 11 (aa 536-

625) across the four PTTV?2 strains (Fig. 9B).

[00117] Since hydrophilic domains are believed to be important for the antigenicity of many

proteins, the C-terminal region (aa 310-625) of the PTTV2¢-VA ORF1 SEQ ID NO:16
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containing the two domains was chosen for protein expression, which would be used as antigen
for PTTV2-specific antibody detection in porcine serum. According to one aspect of the
invention, expression of the truncated PTTV2¢ ORF1 was sufficient for detection of all PTTV2

subtypes (2a, 2b and 2¢; also see Fig. 3A).

(00118] According to one embodiment of the present invention, the C-terminal part of the
PTTV2c ORF1 gene fused with 8 x His-tags was constructed and expressed in E.coli. The
recombinant protein was insoluble and expressed within the bacterial inclusion bodies. Figure
10A shows SDS-PAGE of unpurified 2¢c-ORF1 products. Figure 10B shows SDS-PAGE of
purified 2¢-ORF1 products. Figure 10C shows Western blot analysis of purified 2¢-ORF1
products using an anti-His-tagged mAb, White arrowheads indicated the ORF1 protein with the
expected size and its truncated product whereas black arrowheads show the putative dimers of
the expected and truncated proteins. M: protein markers. In Fig. 10A, two significant
polypeptides (white arrowheads) were produced in the 2¢-ORF1 unpurified sample in
comparison with the control sample. The band of ~40 KDa was consistent with the expected size
of 2¢-ORF1 whereas the ~30 KDa polypeptide was probably an N-terminally truncated product
from the former. After purification with a nickel-affinity column, four polypeptides including the
two described significant bands were showed in SDS-PAGE (Fig. 10B). They were also detected
by western blot using an anti-His-tagged mAb (Fig, 10C). Two high-molecular-mass bands
{(black arrowheads) were the homodimers formed by the two polypeptides of ~40 KDa and ~30
KDa, respectively, based on the predicted sizes (~80 KDa and ~60 KDa). The results
demonstrated that the purified C-terminal PTTV2¢c-ORF1 was successfully produced and could

be used for porcine TTV2 antibody detection in porcine sera.
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[00119] According to another aspect of the present invention, porcine TTV2 antibodies in
various porcine serum samples can be detected by Western blot using purified C-terminal
PTTV2c-ORF1. White arrowheads indicated the ORF1 protein with the expected size and its
truncated product. It should be noted that only the bands in green color were recognized as
positive. A total of more than 200 serum samples of conventional pigs (healthy or diseased),
CD/CD pigs and gnotobiotic pigs from different sources were collected. Samples were randomly
selected for detection of anti-PTTV2¢c-ORF1 IgG antibodies using the purified C-terminal
PTTV2¢-ORF1 as antigen. Figure 11A shows results of Western blot analyses of selected
porcine serum samples of conventional pigs, Figure 11B shows CD/CD pigs, and Figure 11C
shows gnotobiotic pigs. Purified PTTV2¢-ORF1 products were used as the antigens. The two
marked ~40 KDa and ~30 KDa bands were detected in most samples of the conventional pigs
(Fig. 11A) and CD/CD pigs (Fig. 11B), indicating widely PTTV2 infection in these pigs.
However, all the gnotobiotic pigs from two different sources (Blacksburg, VA and Ames, 1A)
had no detectable PTTV2 antibody (Fig. 11C). Additional low-molecular-mass bands were also

observed (Fig. 11A and 11B). They were likely from non-specific reactivity in the Western blot.

[00120] According to yet another aspect of the present invention, PTTV2-specific ELISA can
be used as a porcine TTV2 serological test. Seronegative results were also shown in a few
samples from conventional pigs of a Wisconsin farm (Fig. 12). These negative samples were
pooled and used as a negative reference in development of a PTTV2-specific ELISA. The
remaining samples from this source were positive (Fig. 12, the four lanes in the left). In addition,
porcine sera from a commercial company used in cell culture (supposed to be OIE diseases-free)
also displayed strong anti-PTTV2-ORF2 positivity (Fig. 12), which was used as a positive

control for ELISA. The concentrations of purified 2¢c-ORF1 antigen, porcine sera and IgG
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86,8 90,9 The data were generated by using the PASC program and the

val ues indicate % nucl eoti de sequence identities. 100901Uni que nutati ons
and del etwons1ian3dd38r i nsertions are scattered throughoutrcrhs2genessss

bet ween PTTV species, types and subtypes. For exanple, the |ocation of ORF1l

initiati.on and ternm natipn codons d.the ORF2 initjation codons between
Py SRS S Seitia B SRR M S5 By bk eRind aaRE 0l ke
different. The two PTTV._ |l b strains al so have a 2-codan del eti after the
orF2 ithsi highest dHTE s ddP 10 V?*T*?\‘?Fa"e(eliitg? pasigye andypeepfire ﬁﬁ?%&%?ﬁ‘,e inlar
TTV-2p and PTTV2b-VA have a | arge 52-nt deletion, which is 39 nt upstream
of t henfigansamauit mias GOrrgeparetkls and dh ept{mBTIEEBEATTUIY BBE olringl hp e phat he
UTR, conpared to PITV2c-V A Due to this deletion, the genom c size of
PTTV2h- 1A dilutiohatflsgrull Yardpieaandval 1:3000adilwiogne ff IgGaodijygaesalThe rELIBancutbft  of
PTTV2c- VA (Table 2). A nunber of "subviral" human TTV cl ones have been

i sol atgled fARSHHMM. SR §3n ERAL AT BigulDy 2Rk Q%&Rwetﬁzﬁﬂ%ﬁme

considered as full-length TTV genones since the s inamjority of these
subviral . r hn g Villiers et a)., 2009; Leppik
et al F@Sﬁkﬁﬁvﬁ?ﬁ%\@é}ég?g@% dleg%gﬁ%isélﬁﬁ‘&f he UTR that are conpletely or
partially deleted. The situation of TTV-2p and PTTV2b- VA appears to

r esentpd(2 hat 138f conentiomshnpig T3érs sbmipteal froml échdrds , wérapthoiserg to hatalyszebthgpes
PTTV2a and PTTV2b m ght be the subviral nol ecul es derived from subtype

PTTV2Gorr&htistPb@wedPTBY2 Vifal IHaddly rs€quenPERAndanasI e RERanti bt level Ya- NF
(Table 1) that is commonly used tor detection of the PTTV2 fromfield

sanpl o] - at ) =N ) 8
2007, T a MR e el B b L o oy
is locate t bath si f..th et.l refore. . L e d- PCR
aasay PO BETE Sy BIRES S e T FUERy hbRT LI FERURE Sy P Ruftib Wi anate
genetical ly_ di se strajns PTTV2c subtype. [0092] The source of the

i sol at"é]él‘e?/?fr%ﬁ(\g ViplHog ng%rlg fecal, saliva, senmen and tissue sanpl es of
pi gs having the porcine TTV viral infection. However, it is contenplated
that 1eAGEPI NANar N LENAGHABYI SRR tREsAREEE Veflbd £l 2eaBY ERPHiLAEY
synt hesi ze the nucl eoti de sequence. Therefore, the scope of "the present

i nventy e S t i I i I.C Q i is
ot 1 PN a Fd. DAR S e 1P, @RVl 6} Bhn 4P, WaEfhe R 3 e B

NO 10, SEQ I D NO 11, d SEQ I.D NO.12, or, its.gonpl enent strand; .a

pol yn&q%étéftt? deo \m"ﬂr%'?f ﬁn% ,arr&i%é‘gn? 8fi\tf?dl %‘igﬁﬁ?aﬁ] ée nEanggngla %’%@/‘8 @@)ﬁ?ﬁﬁ‘@%ﬂt ary
to the nucl eotide sequence set forth in SEQID NO 9, SEQ ID NGO 10, SEQ ID
NO: 11 detgpigblspayus Daftg, 2 monBysevhifsh pe agsBd E¥apmehedit Hicys nsreapssy ® prerellbl v
95% conpl enentary; or an i mmunogeni ¢ fragnment selected fromthe group
consi pigsngigfldanaraii $8). ddic desdiguepgstedfth@RBe Ior prerequered FIOFYh infect®BQtI D
NO 13 (PTTVl1a-VA), SEQ ID NG 14 (PTTV113-VA), SEQ ID NO 15 (PTTV2b-VA), SEQ
| D NOediby (sHEd.VRBicHAhdugd laumaeral aspohss emdeprodual! SORFQRPN ofa@sid €Y afitdliddlp i n
SEQ I D NO 17 (PTTV1a-VA), SEQ ID NO 18 (PTTV I b-VA), SEQ ID NO 19
(PTTV%Fng&Lvel@E@hE PIN@ZORF1 IgG antibody was able to neutralize or even clear the virus,

indicating the ORF1 indeed encode a viral capsid protein and may contain neutralizing epitopes

against PTTV2,

[00123] According to one embodiment of the present invention, the C-terminal PTTV1a- and
PTTV1b-ORF]1 proteins were expressed and purified in E.coli system, respectively. SDS-PAGE

and western blot analysis using an anti His-tagged mAb showed that both la- and 1b-ORF
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WO 2011/ 031438PCT/ US2010/ 046330 (PTTV2c-VA), an am no acid sequence of

ORF1/1 protein set forth in SEQ ID NO 21 (PTTVliaVA), SEQ ID NO 22 (PTTV
| b-VA), SEQ20D/8X383 (PTTV2b-VA), SEQ I D NO 24 ( PTTV2cVALT/UsRr018/016330 aci d
sequence of ORF2/2 protein set forth in SEQ ID NO 25 (PTTVl1ia-VA), SEQ ID

NO 26  FETVARG VAl o TR N 2T TRYRs YA 1 RERUKD NP AR PTTYE Gl The

I mmunogeni ¢ or an S can ernlne

t echni 0 d then ed to cl on or pol ycl onal
ant i bbgin@ 1@%&%@?@&: ‘%%ﬁ Fi '&:‘rree Sﬁgﬁé}éﬁog@ﬂﬁ‘gf i aﬁ’ér%’é"@é The
invention further enconpasses the urlfled i mmunogeni ¢ _protei n encoded by
t he i d6iQREEd ppolugiiu bl |1éBsSh0Bés$18§tﬂx‘§ﬁE thePlprf@@e rORdY pred dh-ORblcaved or
reconbi nant ORF1 protein or an ORF2 protein of at |east one of the above

i sol apedluper Eigne [BLVsiswiat Weststn ot snathes sfghlrifiedRAl apd 0b€)RE! pad83d Tikiag ORF1
of porcine TTV is believed to encode a structural and replication-

assoChAtaf- kAR i MRIWihite Iv‘ammeéilsaﬁaidateqhé IORM plofd? With {H@"@deb@&b@ spgy of
t he Torque teno viruses and ot her anell oviruses. IE)JI’I’ Top M crobi al

Irran F T t S
e g teas Bl ko dhbads ity (LIARE AMAGANOONE Drflbing Uil %@.ﬁ‘éﬂes at
the N-term hat e thnght t 0, hav

ldnl Fi exPrﬁSSI cﬁﬁgerrugcea&ede%q e cesgg? 8bsseﬁva§ﬁ‘(%‘sg:ﬁa:ﬁlgrsa l‘r}%!&(? 9 Céxéﬁsﬁé E{Ef‘ g:
T T Rs
(v Read P oRFE Fstany Vbbbl St e Wm—wﬂd 2)

of PTTV2 strains are boxed vmth dashed |ines. The connecti on boundari es of
ORF1/ Polpetidgepepeisd (hifs Grlemminal-mmerycai@il cpwricnpart || briRE! ffigel SBapl i cat i on
(RCR) motifs (llyina, T. V., and Koonin, E V. (1992) Conserved sequence
mot i f $d134 fheAJ[c%th t@{ %%B@H% fq IHeC’lpHsQ& @Jeﬁ i&h, PR hg@té&a& témn gfjcoded

by diverse replico om eu eria, eucaryotes and arc act

Nucl e S are sented at different tlons in
o 11 P S Terind PTEL DRr LI breniara B e Ridos ﬁﬁf@owerspg&@wﬁep@{éﬁ Fhe,

RCR WO 2011/ 031438PCT/ US2010/ 046330 notif-111 (YxxK) is conserved in the
PTTV blpteandy ELASA fssdaseiabed1ter A 1o¥2 plomigs digpte d6Ghopsnmeatye daeest {3e ang
strains (aa position 379-382 of PTTV1lb-VA SEQ ID NO 14), respectively,

wher eassitivee (lgegse3 Goresempled afoterym i Westernf blet uisingald—ORHﬂece \|TEYR. $he aams i s

| ocated at aa position 482-485 of PTTV2b-VA SEQ ID NO 15 (Fig. 4). Both
PTTV2batifsn SipunD (580nkd dihdioRTdIVaea VA 1 8EQuidDIN@id6 ofllg0 dvajigar QofERS wed RCR
notif-11 (HxQ at aa position 331-333 of PTTV2b-VA that is absence in

TTV- 2pT(RRIORA) weldR4INPETERE ahd PTatAbRpedfic EITS/ASE@IE&@h&SshQ%Y‘Ben species 1
and species 2 share very |ow aa sequence identity with only 22.4 to 25.8%
which makes it difficult to identify significantly conserved aa sequences
bet ve1fle tAvsiitigadyetbe prisgnt iyention praviiesspessidslidgnostivercageni dentetdeyingf

ORF1 between type la and | b strains are 50.3-52. 7% Three major

hyper terpoabhe TH &gintmsof MR, coRTPTva 2 viRerc bnbloor3yolwdl dital antiteldatpuvidley flaingh
nunber of aa substitutions, were identified anong the four PTTV1l strains,
wher eastutalModtkMRsas( BF E¥@npiVRsy ihoangting) a wWehveahols poxad BN ig tHehghnbHogeniPTTV2
strains (Fig. 4). The three PTTV2 strains have an approxi mately 20-aa

del et t@Apdsitidaer GOTALIRONHT Y RITVE HVRhof &SI £ D& of
PTTV2 ar% RV\Al tnhl n tﬁ@ correspohd?tng FI>T 0|L—T\/ Q?qé]g:}ﬁg% ?%%ee& ﬁ‘ﬂ'l'l esLe lIf—f/

are '919@4@@9\&%%& ﬁ,hs% ﬁ?f%ﬁﬁgg%mnp& twnﬁ&% ;Lgnﬁﬂmqngﬁ}ﬁ%f Lo ﬁag%tf'\‘,a%e' y

play a role in eva I mmune SUFVEI Fance an

est ab‘iélﬁg'ix&i RETeR a" lﬁentall nrfn %2%&1 ?s[hes ulgglrzﬁt i) o IX cfst&u% lt(‘a’l?\/e”g‘r?‘"? ﬁng cd or

100951The aa seq ences o ered considéera four PTTVl

(PTTV1a- V, D NO:17:. PTTV 1 b-VA SE PTTV2

( PTTV2HYVA® %E@%‘:B ° RGBTSR AT é}E@“P%‘ﬁ% %‘%m 3 ‘é"'ﬁ‘i’&e‘?h e% *otighever,
they share a c nserved prote t yrosi ne phosphat ase (PTPase)-1i ke nmot i f
(VK7 HRESERESESY | e 4g0lptR R #ﬁ%@(@@mpp %) MOPRE gn%amﬂlbf)ihgs &1 8¢ JBPdEFd ed
anong all human TTV, TTW and TTMDV strains as well as CAV. The TTW or CAV
ORF2 protein also exhibited a serine/threoni ne phosphatase (S/ T PPase)
activity
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WO 2011/ 031438PCT/ US2010/ 046330 (Peters, M A., Jackson, D. C., Crabb, B.
S., and Browning, G F. (2002). Chicken anema virus VP2 is a novel dual
speci fi ciwQ 2prigB3é438 phosphat ase. J Biol Chem 277(42), 3966a8rS7@Y/046Ba&e dual
specificity of the ORF2 protein is thought to regul ate host gene

transcription, signal .t.ransdyct.i on.and t oki ne sSp S ring Vi

repli féffff) @%‘?“dﬁé‘}?e%ﬁs vy hl%?rgg(ébﬁ%lg‘fdsq frﬁ'ﬁ‘aﬁn@sée%] Cf?)]a WO eg‘%ﬁ@gf 8 glﬁfcbé e n(fizgd

resi dues before the |ast histidine residue of the tif.in V rev d
that PHE & Re)Ype¥idajesedr faiedrondhe %wl?%@ﬁissweneifggﬂﬁ KBk engit o and
attenuation in vivo (Peters, M A, Crabb, B. S., Washington, E. A, and

Br owniSalgetiam offthe figtgBiema cglls s-radedytarowiuindyproagitbingf thwmt%n@@ﬁcg@niempﬁcrm

Chi cken anem a virus affects virus replication, cytopathol ogy and host- cel
MHC cliias stahdad peleadivnmediueeikvdiilabe8% (iidiB)d E82S8s sitdiuRe(BVIEM )Mr nfinimdlr abb,
B. S., Tivendale, K A, and Browning, G F. (2007). Attenuation of chicken
anem @skhfid Sméuf! e Ry b:SEIr0s Mt RERAGTOG1cOTanMBEdies) 4 Be Vidnddl aB&(riing &),
2168-75). The two basic aa residues ("KK') are conserved in the three PTTV2
strai - v , [ - i i C R LB ' i.Q:the two
vt Brpd AR Yk ohch, 8RR CIDRE! M ot eI ARE R HE, |
strains (Fig..9)..1ln Fig. 5, dashes.indicate amno acid.deletions.. The five
conserqib A H oLl et ot RRDETiRoR ot PRt S Bpdiel Heq)
identified in TTV, TTW and CAV are shaded, The positions of the twp basic
aa redMiRNYY SBEFBRECe G AaRg DTN FHIME! NG MEBPES WHA I hanpaR A @t BsRown
to affect virus replication, cytopathology or in vivo attenuation in CAV
are i pdinateekepy CuAFatng 9IEPridosa waldy it Vitraer ph edenky phigiang aqiteraBuid in
determ ned the full-Iength genom c sequences of four porcine TTV strains
repr eseed iy idjetfier d@nt hybeidotny pesdwees siehdasped niamoalosdr amibsdyplaeweli-kaosihngl e
boar in Virginia. The finding fromthis study clearly indicates that,

si m | achhiquéiman TTV, multiple PTTV infections with distinct genotypes or
subt ypes exi st and probably are conmon in pigs. W have al so provi ded new
information regarding the genom c organi zation, the degree of WO

2011/ (28R PATT US2HtDABIBERT NahpdbpITEiy Tany capid dreiriactadrhoseyniessed in a
conserved nucl eotide and amno acid notifs of PTTV, which will inprove the
cur r ehbcuRGRuUdexpetsion sgsanyr Faicd/ ierpatevaet epiting aceadientls froredses dnogindal

di agnostics and help initiate the structural and functional study of PTTV.
A newtiled asshifel &@kdsell RtoRBTh¥ni oréths T T ogREEStotdin T Be Stdidys hasadgen t he
phyl ogenetic and genetic anal yses of the genom c sequences of seven known

PTTV atdabdisin QRS IMAKRI BHRMoab Q6N Q0 AIES 9S RY. Ak %@?Sm%bﬂ%sé&h the

di agnostics of portcine TTV infection by détecting viral DNA I'n sanpl es of
por ci TTV..I d..pL.gs Prher, Jronal.s. preferr -ﬁgpgd'ne . of the
prese ?rclmr?vreel'r:l |]§}?11£"|§n‘3\/a %l\g)easn %?f%]?ﬁgggx#mr 'dée‘lt%ek(’:(ﬁﬂ%éj tgogrt’g‘fcrtlglq ltﬁsu{(g)l pe(lgcmgci d
seque .in a.  porcine ot other nmammal | | es_using oligonucleotide

or 1 mertd VF B PEETG O AL AT SRt MO e pery ELESA dReids PRt oE Kip¥Bnosi s
of viral infection or disegﬁe. The di agnostic tests, which are useful in
det ectitgEoT IRt e¥ebroemBloyah EhcE BFMYIREVRGEFENRR assay (idalmmysorsrexidase d
sequence in the porcine or other mammual i an species, conprise isolating

vi r al apA(PAImteanpl es of porcine TTV infected pigs or pigs suspected of
infection of TTV, and perform ng SYBR green real-tinme quantitative PCR

1D NIRRT 3oforkPe) P HanKR el diosBlaeled Wif PRCR F oo
I nventl on

_the di tic nethod ted to_ simult | y_det ect
PPV PP LGes BB LTS VAR PeRies: The Pt arte 46hg°

speci fical he d conpri.ses.isalating viral from sanpl es of

o ot AETRAORE GREGaR bY GeSORE i 56 eitre LS Bafafop AndarSan et T deieiciTor i ng
real -tine P%S usi ng. both PTTV1-specific, (SEQ ID NG 29/ _SEQ I D NO 30) or
PWT21d yeditiordics SEpIZs DO N ert mm@dn%e%pwwﬁmwﬂ{ea%daﬁ%%aﬁlé%lﬁ@rﬁi me
PCR reaction. Since the T", val ue between PTTV1 and PTTV2 can be

di stingui shed by MCA the presence of PTTV1 and PTTV2 DNA can be

si mul t aneousl y det ect ed.
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WO 2011/ 031438PCT/ US2010/ 046330 [0099] I n a further enbodi nent of the
present invention, the diagnostic nethod may enpl oy dupl ex nested PCR The
met hod coWPrdBEs14380l ating viral DNA from sanpl es of poPCTABS20TN44389 ect ed
pigs or pigs suspect ed of infection of TTV, performing a first round of PCR
usi ng cone E / 34),
and pRRoRReLr s BRRtS 5%?%%% s ?;%15/1“%%% BTvar st R
priners, Pla- (SEQ I D NO 35)/ Pl a- nR detectlo of
pTTVlaPecgfpdalw di5s g g@@oﬁff t@apﬁefggﬁpre@s@w %?JPE&J %F PfeiRfet Bethesn of
PTTV | b, and visualizing the PCR products. [00100] The above di agnostics
net hoatgmtea%@tmp@f Hiezigst by tasheiquss kiaven i thdse skilled ducdbe ditngay optmide thaown
met hods in the art. [00101] Accordingly, an enbodi ment of the present

I nventommetteal Zhtigsoff ydiagasat ashn@rgptenc BYBR green real -time PCR assays to
gquantify the viral |oads of two porcine TTV species, respectively. PTTV1-
and PTTV2-speci primers were designed to tar get the extrenely conserved
regi oh1Z8} os’s“‘sf“%{ prosyofalty Presant prEepson (s |t ‘fé’ﬁ{fﬂt‘ﬁ IJEREIREEN g TIPRBItEN t o
date, respectively. Another enbodiment of the present invention conbines
the t@WOMBIIHEE eibF elsoltrdapsraim d &Y duplaex antegsnict ipneteiPCRetslsdy by ot ovedaley MCA
of the viral anplicons that can be identified by their distinct nelting

t enpepatyundsotider dsinbdd hereoabode bt tidsomseofort hsirtgvor poediicirg IMboepeciTas,
PTTV 1 a and PTTV I b. In a third enbodi ment, a dupl ex nested PCR assay for
si mul tempedisoracikding £ aditoxic OfhykideogViallalactINbmld et WA, byhesllef ool Morkn the

first round PCR and differential detection of types la and |Ib in the second
roundag’%messt%tsfé emlrsf %ﬁot‘i he, Ifaeetartazeawae? QitlrtewtﬁaMQﬁ BlcROLEDE TTV
speci es PTTVI a and b, |n a single sarrp e. These assays reprgsent

si npl C I cif

por Ci %ﬁ%%%‘ca %tt%%& a%t%%?. n SR AERE eSSBS S S Sy lfY 2& .
GenomB BT RIS SHedt rRE Bt n%%@i‘é%'e'g% 'cSeB‘“b&)ear%Jb‘”é ot

2011/ 031438PCT/ USZOlO/ 046330 and TTVIR (SEQ I D NG 30) were designed based
upon £NBPeHifer ved genom c regions immedi ately before the putative ORF2
across six PTTV1 genones, whereas PTTV2-specific priners TTV2F4 (SEQ I D

TTV2 ‘ﬁggg 3 g e d

enomlc re |-cl)i$1{s§|%0 atk‘l;i)‘hl\l%e ? des @Vgﬁfg at |q @%%%Ez%?ﬂ g 6(;5\25) 03&%@%2
genones ble, 4). tenti al
OF oos TRaruPY 75 Mhgeic wrs Ia%%ﬂevﬁdpaﬁwtp BOROL 1T IS WS othesd e 11 om
the PTTV1 CEI‘I mers corresponding to the PTTV1bVA genone and a 200- bp
f r agnliit MYHBaKe MoTeRYtE PR BICENYYr YassivohdP miotee ples frmmicron yEYiori!
respectively. Table 4. O igonucleotide priners used for real-time PCR and
dupl einfertionod dPGRe dawsed by parrinsf ThY coiinfgctionith phiereiruseDSdgunvrntioq Sarthep
3" ) Pur pose

provides immunogenic polypeptide expression products that may be used as vaccines.

[60130] The novel infectious DNA molecule of porcine TTV comprises a nucleic acid
molecule encoding at least a portion of an infectious PTTV1a-VA (SEQ ID NO:9), PTTV1b-VA
(SEQ ID NO:10), PTTV2¢-VA (SEQ ID NO:11), or PTTV2¢-VA (SEQ ID NO:12) genome. The
infectious PTTV DNA clone preferably contains at least one of ORF1, ORF2, ORF1/1, and
ORF2/2 gene of the PTTV! or PTTV2. Multiple copies of the PTTV1a-VA (SEQ ID NO:9),

PTTV1b-VA (SEQ ID NO:10), PTTV2¢-VA (SEQ ID NO:11), or PTTV2e-VA (SEQ ID

51



TTVIF SEQ ID NO 29 TTVIR SEQ I D NO 30 TTV2F4 SEQ I D NO 31 TTV2R4 SEQ I D
NO 32 PI ab-nF SEQ ID NGO 33 P | ab-nR SEQ ID NO 34 Pla-nF SEQ I D NO 35
Pl a- nR SBQoRD 13436 Pl b-nF SEQ I D NG 37 Pl b-nR SEQ 1D N®c38152010/046330

NO:12) genome may be inserted into a single DNA molecule to construct tandem infectious

PTTV clones.

[00131] The cloned genomic DNA of PTTV, particularly PTTV1a-VA, PTTVI1b-VA,
PTTV2c¢-VA, and tandem PTTV2b-RR, PTTV2c¢-RR, described herein is shown to be in vitro or
in vivo infectious when transfected into PK-15 cells and given to pigs. This new, readily
reproducible pathogenic agent lends itself to the development of a suitable vaccination program

to prevent PTTV infection in pigs.

[00132] According to a further embodiment of the present invention, three one-genome-copy
PTTV DNA clones were derived from the prototype US isolates PTTV1a-VA, PTTV1b-VA and
PTTV2e-VA by fusion PCR, respectively. Each of the full-length genomic DNA was inserted
into a cloning vector pSC-B-amp/kan by blunt-end ligation. The restriction site BamH 1 is the
unique site on the three PTTV genomes, which was engineered at both ends of the three genomes
to facilitate the generation of concatemers and thus mimic the TTV circular genome. BamH I
singte digestions of the selected plasmid DNA of each clone clearly resulted in two different
fragments of 4.3-Kb and 2.8-Kb in size (Fig. 18A). The 4.3-Kb fragments represented the
backbone vector whereas the 2.8-Kb fragments represented the inserted PTTV genomic DNA.
The empty vector pSC-B-amp/kan digested with the same enzyme only showed a 4.3-Kb band
(Fig. 18A). The resulting PTTV clones were designated pSC-PTTV1a, pSC-PTTV1b and pSC-

PTTV2c, respectively (Fig. 17A-C).

[00133}  Furthermore, two copies of the full-length PTTV2¢c-VA genome derived from the
clone pSC-PTTV2c were ligated in tandem into the pSC-B-amp/kan vector to generate the clone
pSC-2PTTV2¢-RR (Fig. 17D). Comparison of the Afl II single digestion patterns between pSC-

PTTV2c and pSC-2PTTVZ2¢-RR showed that the latter plasmid had an additional 2.8-Kb
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TCCGAATGGCTGAGITTATGC TCCGCTCAGCTGCTCCT GGTGGTAAAGAGGATGAA
AATAGATTGGACACAGGAG TATCGGGCAGGAGCAGCT TAGGGGECGCGCTCTACGT
CCTACATGAROGAGABAGACT CCAGCGTCTCCAGGEGTC AAGCTACCAAGGECTBBTI/US2010/046330
GCGGTC( T/ G GTAGCGGTAGI  PTTV1-specific real-time PCR PTTV I -spec i fie

real -time PCR PTTV2-specific real-ti TTV2- spegi.fi eal.-tinme PCR
ipl eXTREETEdCPEITAI] B SEOPHACPRR Bl b e BT bOR By HEl: 87BER
Dupl ex nested PCR Dupl ex nested PCR [001031 According to one specific
embodiSHBIUVETIY: e Wilizsd ibe sape stangtg, SIBVEIR §r eAues appnsgmrdiglerizech® TP¥RbuUsI ng
PTTV1- and PTTV2-specific prinmers can be used specifically to detect WO

2011/ O3NA IBPCTSRO TND 46366rmpanycT HE cTan¢l TaNMa-#ATV DN, Aresdibtdrial €l8yKbFor
PTTV1, a standard curve was established over a range of target DNA

conceffagfehO Rpraseitingdtht Zkconth €opyl BERTTVZBYRNWAS WHOPFséMle® RRMhi§ - bydRikt,t O
4.4x108 copies. The mnimum detection limt (44 copies) corresponded to a

t hr eshpdigh 43¢ e PO Vb 18K - (P, 1795, ﬁmlw%assaigggg%fm%&%gq{i\ﬁﬁﬁéﬁ%@ﬁ%%ﬁﬁr at ed

and used to detect DNA concentration rangl ng 6x10 to 8 copi es

Pon o2gbarcf 381 SRe-o IS E L P ERANTDO T, . Tofl TR, CShARDNE et Wllbsshilt- ©

copi es

construction,

[00134]  The replication competencies of the constructed PTTV infectious clones were tested
by in vitro transfection of PK-15 cells. IFA using the commercially generated rabbit polyclonal
antibodies against PTTV2c ORF1 confirmed that both the concatemers of clones TTV2-
#471942-full and pSC-PTTV2e¢ were replication competent, respectively (Fig. 19A and Fig.
20A). Passaging of the transfected cells did not eliminate or reduce the fluorescent signals (Fig.
19B and Fig. 20B), suggesting that the expression of ORF1 proteins was resulted from the
PTTV2 concatemers that mimicked the natural PTTV2b or PTTV2¢ circular molecules. No
fluorescent signals was observed in mock-transfected cells or DNA-transfected cells using pre-
immune rabbit serum as the antibody for IFA detection (data not shown). The concatemers of the
clone pSC-PTTVla also showed to be replication-competent using an anti-PTTVl1a ORF]
antibody (Fig. 21). The positive fluorescent signals were located in the nucleus of transfected or
passaged cells, indicating that porcine TTVs likely replicate in the cell nucleus. It is not

unexpected because porcine circovirug (PCV) has a similar expression pattern in vitro.

[00135] Direct transfection of the tandem-dimerized clone pSC-2PTTV2b-RR or pSC-

2PTTV2¢-RR in PK-15 cells results in viral replication and produces the ORF1 capsid antigen.
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[ 00104] According to another specific enbodi nent of the present invention,
SYBR green duplex real-tine PCRis utilized for the simultaneous detection
of porci wOoBIMIn3au3d TTV2 DNA. The 7-degree difference ofCTrusSeaboes3det ween
PTTV1 (87.0C) and PTTV2 (80.0C) nmade it feasible to distinguish themfrom

one a her b tmo si ngl.epl. e ca

into Elp ‘%d‘ﬁtnéx%r‘ bg(flest F%nsl@( g@?l:f or® n{' S|thr?3 Ibf) g’nglﬁﬁé}y%ete Egﬁ)ger??g%{ cEJ‘TTV1
and PTTV2. Ap t|ve sa e was one had a peak

Wi t hi FOMPRICHA erposntvs '%atmlg?wﬁeﬁ ocplized indli asé%t@ ﬁt F‘Pn‘ib val i dat ed
by using a 10-fold dilution of PTTV1 and PTTV2 standards m xture. The

non- ¢ ARgF © AGGRAY B SALHOLIHERG L GHISER MO R 2ReldRe a%ntsaaf%ogttgtﬁgla

non-sSs |on cause 0SS |ner|za ween

and P ri mers not sgen. In l ex assays i . This.

b oduﬁg’zagdtem Gt Bl nil Aa SR allg e bspoicibe bt ol el
peaks of PITV1 standard (red;, Tnm=87.0C), PTTV2 standard (green; Tme80.00)
and nawl stapprEREcdHsgar P BewEizing|antibedicte in BYe ParHippr eta‘egdg'apwfﬂ&eaetew

bl ack). Figures 7B-7E show nelt peaks of representative serumsanples with
di st i moentgn; ghe [toadendsim-BifmRyized it Pi2rylonefivgue enfegigisowberb dgected inim banpl e
no. 5. relatively high viral |oads of both PTTV1 and PTTVZ2, but

PTTV2 yifphviigdefagilnmmesclés (lomeentiona] p&gr um sanpl e no. 12: reIativer hi gh

vi ral Ioads of both PTTV1 and PTTV2 but PTTV1>PTTV2; Figure 7D shows boar

seru e no | ow viral, | oa oth PTTV. and PTTV2; Figure WO
2011/ Eﬁs‘z dl?o‘ét%gtfec?ﬁ“% ngﬁtb\égfn%‘?ﬂltﬁh %H‘Fﬁ»l eygnticng! PR
p03|t|ve but PTTV2 negative. The viral | oads %ﬂg genom ¢ copies/m) of
PTTV1 ingsulafstmith the clonepSEarbI ¥2-RE: onpSE2EEVee é@ru@y snplgs asreesellestad - ti ne
PCR were indicated at the top of the corresponding nelt peak. [00105] In
one eXanphemalstel, 7héd, ipdre§ éals-postiroadstinn (). aPPIV2ONA waaleROtedanum
sanpl es of adult boars, sanples with relatively high viral |oads of both
PTTV1 adctﬁvzémllﬁmwadplgy\eegﬂmﬁhg ACt DIE(HO25,UMMBEI (088 esperd) agd EODPI TV1
and PTTV? W thout a non-specific nelt peak (Fig. 7B & 7C), whereas sanpl es
W th {00y irg bctl\@ﬂﬁ(tlz@é 28It Reht Fﬂaylmrv E/’HM?a @?9 ailavé fdt'%ng%ﬁﬁ&duﬁdtéd Ap el |

as non-specli IC el curves oug the 'two nelt peaks in

S BRSPS B bt Ky BTSN S PBEL b A1 198 o

di spl ay ed & Wista stinc

appro T of PT d PTTV. I n contrast Ie #10 was
const kBt @%ﬁﬁrt piie ?ﬁ%@mﬁl) i'[téf 130 It TeoS B tror ek s

not evidently present (Flg These results were consistent with that of
t he t ioceiniedimipt et had ales tgita%lvea!s oadp/gt 881 befhre rycsepsuned danpaned brel t
peaks qualitatively reflected the corresponding viral load in the detected
sanpl €T TYAeped ic Acad-tindi PQR t(bigaddh hdihcasgidone BERtredysteseplifiddnventstlected
dupl ex nested PCR is used for differential detection of two porcine TTV

t ypes pigs vt seqaatte® ity Idund k0 GadL:/illedihval soquaiteoto bt cohespphding MgionsuwdpSICon
denonstrated the existence of two distinct genotypes, tentatively naned
PTTV12Tene-RRIIMISC-2TTVPORH RRtabYssi@pl es 1. To further determ ne whet her
the co-infection of PTTMla and PTTVIb is conmon in pigs, a novel duplex
nested PCR assay to quickly distinguish between the two was devel oped.

Ali gnifiHB8lof Al machlatct piesgesrsmcgat DRACK B L¥ACSRE | eriboriies ebi0 and griafdy 9@&4
genom c region located at the N-term nal part of the putative ORF1 encodi ng
t he viDPAl alt s fahr prS6t-21T HV2FRR -ir®ulaffhi gy egbomvaltsb te ent-RITY 2 BRFEnkg(; e
ORF2 and the partial UTRin the upstream Priners P 1 ab-nF (SEQID

NO 33whPieabpidR inVESQATTMISRIBRRCEagS82800) G483V SEQt | 13 NO234)d WS, 21
designed to sinultaneously anplify both PTTV la and PTTV Ib DNAs in the
first#1oundn®CR #A88H RPUrespetti I Viig: 9pBEI TheC repulitsriidicalld fvan bet(vEEsdrtie

NG 35)/P I a-nR (SEQ I D NGO 36) and PTTVl1b-specific primers P 1 b-nF (SEQID
NO 37 RDbR-RRTHOSEG RN 3%cc¥agl used to differentially anplify each
genotype in the second-round PCR The final PCR products of PTTV 1 a and
PTTV 1 b were 162 bp and 96 bp in sizes, respectively, which could be
easily distinguished by gel electrophoresis on a 1% agarose gel stained
with ethidiumbromde. This assay was not expected to detect PTTV2 DNA due
to the specificity of primers (Fig. 8). In Fig. 8, conserved sequences were
i ndi cated by dots and shaded. Dashes indicated nucl eotide del etions. The

| ocations and directions of three pairs of prinmers used for duplex nested
PCR were nmarked by arrows. [00108] | mns4done exanple, the 20 serum sanpl es
fromadult boars that were subjected to the dupl ex nested PCR assay were
all found to be positive for both PTTV 1 a and PTTV1lb, as determ ned by
V|suaI|Z|ng t wo bands of the expected S|zes and subsequent sequenC|ng

Y NN . o NN



WO 2011/ 031438PCT/ US2010/ 046330 quantitative PTTV-specific real-tinme PCR
assays would help identify potential disease conditions associated with
por ci ne WE2011)B30B201 Two TagMan probe-based real -ti ne PCRUB3sapss3bave
recently been described. The singl epl ex assay devel oped by a Canadi an group

was n cigs-specific.and was. only desj.gned 1o qu | fy the tot i ral
oads 10BEC BReIRE S Ap g lE Tufind, ERLNSEal ul PRA Lok Spf hhodil 52,
established by a Germany, group allowed the specific and sinultanequs

det ectdf d‘ﬁmgftE‘HBt #e %dpégg%%&ﬁm thgscope of the paesert igyentionTockigigaries are
sequences of priners used in those two assays were determ ned by alignnent
of t heretheted frpor drahenfaTipnged srsosiatesiodiesasesscapsd- byTUBY? infestionporanedinietijorp)
and were located in the UTR In the present study, with 7 additional

conpl €fthe nevdMingiaod prtecsepige e asedavfgirbadtion {ghinsiTHivdl iaRkdiich BRI idAinsaaunoes) ,
we anal yzed and redeterm ned the conserved regi ons across the 10

ful'l - ligngihn FhivinERBRABS o183 6 dmsRRbitahRcHiRE At RfUiAL tOMEBenli&s Whin dL @ thi s
study, two species-specific singleplex SYBR green-based 18f ?TTY | nd

PTTY2 - 3 LLLL ' : I
S (e byt SholRH 6 bk itk ols 8 -
r0111 £5Eply Potint kbt ’.anbmﬁﬁ_ﬁ AR of o iffe s BTV A ek, |
1T Ior r\%%l Vlreclocr: c%%t]él(%l]}'ng! Me Cl:lllf[e)C[%uSSIDNA clone of PTTV, the recombinant PTTV DNA, the
polypeptide expression products, the bacteria-expressed or baculovirus-expressed purified
recombinant ORF1 capsid protein, etc. Other antigens such as PRRSV, PPV, other infectious

swine agents and immune stimulants may be given concurrently to the pig to provide a broad

spectrum of protection against viral infections.

[00140] The vaccines comprise, for example, the infectious viral and molecular DNA clones,
the cloned PTTV infectious DNA genome in suitable plasmids or vectors such as, for example,
the pSC-B vector, an avirulent, live virus, an inactivated virus, expressed recombinant capsid
subunit vaccine, etc. in combination with a nontoxic, physiologically acceptable carrier and,
optionally, one or more adjuvants. The vaccine may also comprise the infectious TTV2
molecular DNA clone described herein. The infectious PTTV DNA, the plasmid DNA
containing the infectious viral genome and the live virus are preferred with the live virus being
most preferred. The avirulent, live viral vaccine of the present invention provides an advantage
over traditional viral vaccines that use either attenuated, live viruses which run the risk of
reverting back to the virulent state or killed cell culture propagated whole virus which may not

induce sufficient antibody immune response for protection against the viral disease.
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e respectively. The prinmers used in our assays were designed to
bi nd to conserved genom c regions distinct fromthe previous studies, which
may i ncr eseeotims1e8cur acy of quantification. Qur assaysPSHARRE0A46330

consi der abl e speci es-specificity and sensitivity of detection with 44

genom [ for PTTV1 and 8.8 nom c_copi es, for. .PTIV2 per 11

r eact |[(gtﬂﬁ?ﬁ/n :?%Cé‘gqe? A H‘thé’gf P%ﬁ?"ﬁg ﬁle'i“ ¥ 20 P‘&E‘f&*&ﬁf"@*&%t |eeS§8%ee?t2tgcé8%etg Bn was
reported in the TagMan probe-based duplex real -time PCR (Gallei et a!.,
2009, Iigptiely . negulaermauplianhpeQeBRegTBEALHJEUR SFEAS YieNiSelohsREY 4158 a

fl exi bl e and i nexpensi ve approach that can be directly carried out w thout
t he nesdideoprogetifn liordswmentdlsted abed-edegroobdsP TH nalchyas moting dematigis podci ne
TTVs exhibit a high degree of genetic diversity, the results from SYBR
greenq 1S §dRome § PDNS) K pdstwedni iRC iredti s yteinke wabtifee s @idkorge (RMWS), and
backgrgﬁgggieﬁ)g%?1/0§1438% / US2010/ 046330 of porcfﬁéﬁ$¥V vgrianté t hat
kel ifpaliata i[ﬁﬂé%@.ﬁtffé%cbiﬂ& b&ngﬁ&%rbdxampm 2R GAMENERT drDrbhARARRe
probe- based assays, [00111] In spite of the presence of TTV DNA, all serum
sanpl r.om | h. 1,95, L ¢ o thi h of- TV1 and
T2 Toat Foier S0ret: MR ASYE deishebl B R RS sRTBLRb R B, Sl
titer of PTTV2 DNA was detected in three senen sanples. Mst of the tested
ser um[eHEAR| esTiweadjuadns,owhiihay @e fadmil&vdONAcagurdabe rwikinde: yccirenafethiei onal
nested PCR (data not shown). Many PCV2-positive pigs with low viral |oad do
not devRLAPnGitdhC Rl a RiBibiAce AhArinnesed thdimebndideitar resigingt QPithg ppCQ¢ Rel S
107 or greater PCV2 genorni c copies/m of serun1%Cpr|essn|g et al., 2007,

supra : I, Lyl 2\ - Lt Vi i ker of
ai e asseqtil; 2HEbhoM ST RINR R RBRE i ohd g0fhe Spfle U} BTG R
Madson . M, .. Kust er ., _Men X, Hal bur, P.G_ and riessni T,, :.2008.
Devel SbrfEit U aT bl o g fupt B Rban el P TRyaGTvEl ey b8

si mul t aneqgus detection and quantification of fporci ne circovinis type 2 and
an i nPAPHATCIES AR (k) PigHN oPRRITE 08 BhRAilS Qrf%ar@g. Tomn Ve RNt GHS lazrél,w@ztb?- 25) .
The situation of species-specific PTTV may be anal ogous to that of PCV2 and
a hi gha®itRis admarisigred abwifablchadiuvien® iselpie urprentf lisaiteddguilpainyp hydraside

i nduction of porcine diseases. The species-specific real-tinme PCR assays
devel ggded), mrhimstisilatyg wioldplodes & SEDMS).enamnpr hiock gallyrhosls dopolyingrsyr e

i nvestigations of PTTV association with diseases using a | arge nunber of
clini eadokmRPhi@sILE [, oMY a1 i RUSNC, IERSE [EDIR did. nrgporlif) Hohbbhssphernupi, Aby
coupling the two species-specific singleplex assays, we devel oped and

up! i . e S
tot cot Ve B R P e R O e R E R Rol o LA R
PTTVZ2, i MCA- based I |-ti P . Ath h.thi ay. |

ot 1 Al TR HRE WG e ol s OB b B IS T,

conveni ent roach that_coul d repl ace. the conventional nested PCR WO
2011/ 684 /t&gﬁo(iro%zx%s%‘gwrlbﬁhf‘a%% eémt‘“gﬁ“ﬁu%ws &MY S AITEEY X ih

real -time PCR, the conventional nested PCR assay for porcine TTVs detection
i s ti MERUBERIAPIMRICtE oB gemPlcifadwiaal el Teuindpsed adarynts, suBbrs dpbthemd t9¥ibne to
sanpl e contam nation occurring during multiple rounds of PCR processing.
Due t ¢etérhs toliif fand pertssisftoimme heainbatvated prieT vusk, &ndxBTIPN2 by peatiest with MCA
follow ng duplex PCR anplification is able to ensure distinct reaction
speci fidredaldehydiot her advantage of this duplex real-tine assay is that

i nclusion of PTTV1 and PTTV2 standards is di spensabl e when perform ng the

descri raof.ocol ,. which es it.easjer for.much wider use in any.

i agnaBiar ] SHE bingpai RN it SLELH PR foipee b lnyeical
1001131 Ml tjiple infecti of porcine TJTVs with distinct, genotypes or

subt y BEEVIRT ot fhe ‘§f£ﬁ§°‘é§pg§£¥s{)h}§s clgagh sBsn e %ﬁa&jﬁ%@r?‘@g rerodicrive 20do,
supra). In particular, our previous study showed that porcine TTV species 1
consists of two distinct types, PTTVIa (including strains SdTTV31l and PITY
la-VA) and PTTV 1 b (including strains TTV- | p and PTTV1lb-VA). The two
new y published PTTV1 isolates with full-1ength genonmes, swSTHY-TT27
(GQL20664) from Canada and TTV1 #471819 ((@GU188045) from Germany, were both
classified into type | b based upon the phyl ogenetic analysis (data not
shown). The dupl ex nested PCR described in this study confirned that dual
infection of two PTTV1 genotypes frequently occurred in pigs. This novel
assay is the first diagnostic PCR approach devel oped to distinguish between
PTTVia and Ib so far. Since it is cur¥ently not known whet her one or both
of PTTV 1 a and PTTV 1 b infection represents a rel evant factor associated
wi th diseases, our differential PCR assay should be of great val ue for
future potential disease associations of these two PTTV types.



[ 00114] According to another aspect of the invention, porcine TTV ORF
proteins were expressed and used in i nmunodetection assays to detect the
presence wb 20owGi438 TTV specific antibodies. I n one enbedrrspilooisshe
present invention, three truncated and Hi stidine-tagged WO

/ / / ' f A :
wer e SABIROCLITERITDAPYS ad s sy PP P Up e fstofls Sherdhiné,

Furtherpore, both serum Western bl ot and ELI SA assays based on these
r ecomBMH AP UAGIYUANSwer e devel oped and val i dated using porcine serum
sanples fromdifferent sources. In particular, serological testing using

the P (TM%QI J ﬂETﬁQPVa&HQs B)fr ﬁl\i/szi'nvérﬁﬁ)ﬁiafré ﬁot'-:rl;'%ﬁ@te@ 'i(.?%frilyd i&lla ; Eé‘ﬁlaﬁl%t}ﬁad

sinple tool for revealing the association of porcine TIV In tiron wth

di seases. [00115]. Accordi ng to a. further aspect of the jnvention i ne
TTv. ORE FEFsEaIr e Thr aos P ae QurPink e TR R o cbnfi, Qe et BHK
protein in E, coli expression system (Fig. 10, Fig. 15). Three t cated and
His-t a@if@afs@%u%%gﬁanﬁsowéf% b PO gayTiprso AlacTiRiEst LA @nto
expressed and purified in Escherichia coil (E co/l), respectively, and

ser ve®igss Ihecowbinparnodifigd fide yaeninast Inpald\tete sacs g NP UIT Focdinfe atigryated

[ 00116] Four porcine TTV2 strains, TTV-2p, TTV2#472142, PTTV2b-VA and
PTTV2vadéipeshgohe binadliyl enbineered vpdodnes, genBrdse vaegquee noemepaed by standdrd noatlyhlst hey
are phyl ogenetically classified into three putative subtypes, a conparative
anal y&nswpin th¢drophilicity profiles of the ORF1 encoding am no acids from
four PTTV2 showed that they shared three hydrophilic regions, an
argininc-rich region fromaa 1-49 at the N-term nal and two particul ar

domai He01d3} andis | furherc hensditather prefered dive wipes of ther picsnt ipwgntion weyides pvel y
(Fig. 9A), The Ctermnal region used for truncated PTTV2c- VA ORF1

expr egshadicalinstablheacang teporedbingtorregico awrsial daiventhen logher tipee of PIAVAted
strains were indicated by a dashed box. Alignnents of am no acid sequences
denonsh¢aieed hi gh | evel s of sequence conservation of domains | (aa 322-349)
and 11 (aa 536- 625) across the four PTTV2 strains (Fig. 9B). [00117] Since
hydrophi |l i c domajns are believed to be inportant for, the antigenicity of
many pPUAE] nsAnethyr prefaaiedi Yasrine i B8 RISSENS 10veHYgy LB’th?f‘némFﬂPW?giSWKiS

SEQ ID NO 16 WO 2011/031438PCT/ US2010/ 046330 contai ni ng the two donai ns
was clelbeeningdhe perpatiogerig b4 siamg, to wiisc n goowiagl b ahe traditional viaedigehat vyes
PTTV2-specific anti body detection in porcine serum According to one aspect
of t héive nrekiliedncellexplnes spropagafedt héoler witoat tds MVEMAen @rRbiidesasors tef tdoea@nt
for detection of all PTTV2 subtypes (2a, 2b and 2c; also see Fig. 3A).

inoculation of pigs with the plasmid DNA containing the infectious viral genome.

[00147] Additional genetically engineered vaccines, which are desirable in the present
invention, are produced by techniques known in the art. Such techniques involve, but are not
limited to, further manipulation of recombinant DNA, modification of or substitutions to the

amino acid sequences of the recombinant proteins and the like.

[00148] Genetically engineered vaccines based on recombinant DNA technology are made,
for instance, by identifying alternative portions of the viral gene encoding proteins responsible

for inducing a stronger immune or protective response in pigs (e.g., proteins derived from ORF1,
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[00118] According to one enbodi nent of the present invention, the
C-termnal part of the PTTV2c ORF1l gene fused with 8 x Hi s-tags was
const r uctwa 2anch3esspr essed in E. coli. The reconbi nant preceius2e@s4é3asol ubl e
and expressed within the bacterial inclusion bodies. Figure 10A shows

SDS- P, f rifi 2C- oducts. Figure 10B,shows SDS- PAGE o

our 1 CBr 13, R QREEA. £6) g MEREbE Simsee itn e g oGNS o be
purified 2c- ORF1 products using an anti-H s-tagged mAb. \Wite arrowheads

i ndi caloaer infestayiand progin pYpPrisidn veplere sy dlep Racilovigne veater, andwred t@BM§st oduct
wher eas bl ack arrowheads show the putative dinmers of the expected and

t r unc apdpymtotesdt slls (see, porot@mplaiykaly et 4ln “Bagnlonioi, Expressondiictirs ahiab

pol ypepti des (white arrowheads) were produced in the 2c-ORF1 unpurified

sanmpl &fdnfalcOPRahis &CWM 1992 MEneCiant ¢cdls af@diHueed, TS eRprResifd thedesikidydoine
consistent wth the expected size of 2c-ORF1 whereas the -30 KDa

pol ypﬁmtéig«g Wiish RARRRBIRA. tNﬁlFfdg%ifl?iLl;MeﬁtrMﬁﬁBQ}aPédogﬁ@ta 3Pt NRcHOr mer .

After purification wth a nicke Ity columm, four polypeptides

el udi " . Ceiamifi ; =6 Fig

105) . Prnggs o LS ERaL LT SRl s B R BN e 1 T e
Fig. 10C) . Two high- | gr - th

(0 AR ind o8 RS e BaR P PRE L D e REEPES), vere P

respectively, based on the predicted sizes (-80 KDa and -60 KDa). The

resul ‘(ﬁ}ld?rmﬁtﬂ'itat:%Q& Rabint® MdebitdbRd nbtutLraminek JTTdMar @eabe, WBSs also

successfully produced and coul d be used for porcine TTV2 anti body detection

| POrSL e 8P Apoin) AAkN A AAPETL U503 0 ABIIRIATL O A5 05 ad0

anot her aspec e presen ention, porc I'n vari ous

porci ne serum sanpl es .can he detect.ed by Western bl ot usin urified

C01 or MTHBRCPTREEta GAF PET ol ouEadLy Nl HPRep. (e Abieh St s

t he expected. size and its truncated prodHc .. I't should be noted that only

t he bANEREENSSIySEeRIserdMuRgeres B 38k addadelgs oF £hange ore g mgTe gpelpghtdss t han
200 serum sanpl es of conventi onal pigs&éhealthy or diseased), CD/CD pigs
and gfsstobiromptengsi gelier gmalli LN etitt7 5684, cE¥dvena clidonveleeldle Saspitkesizaggr e
random y sel ected for detection of anti-PTTV2c-ORF1 1gG anti bodi es using

t he pusnthinag tBGe tdesirddnataB il 2d -a0Rbledasy apbrtganof fingurseadded sidVIBNAeTUEt s of
Western bl ot anal yses of sel ected porcine serum sanpl es of conventi onal

Pi gS, hibaH hdlekhB, SHoMs rdih CRoR 891 pRREdUre 0l @npldfedStaoiensBitat BRiItGtd. Thigh 9S.
Purified PTTV2e- ORF1 products were used as the antigens. The two marked -40

R Tl G R o h P
(S

i nfect.i i e pigs. . However. |l t ofohieotic pigs fromt

ai 11 oP e RIS BBt G Rk BramilE IO Bt BBt B

anti body (Fig. 11C). Addjtional .| ow nol ecul ar- mass, bands re al so observed
(Fi g. nfd & il f§f PquleyL\gé?%P REGE R §w@§ief Yeoiqr e fragat fympy, bg e
Western blot. [00120] According to yet another aspect of the‘?[esent

i nvengscemplishef\vtireyshic pry stapdardAeeliniquse kuver tasthesepef erdivary il gertbe dgi- cal
test. Seronegative results were also shown in a few sanples from
convetdnsfrationpoigihe ofctar Nte besisels foartlm grodgction2) virthpegemegay ibe elosanphgs
wer e pool ed and used as a negative reference in devel opnent of a
PTTV2aspedi the CcdrvkSRnall hecthedsakwibngs satmireshbsphmet bt SDEAbrReraeraediasdt i ve
(Fig. 12, the four lanes in the left). In addition, porcine sera froma
CONMME frahsiécticA R pU&Edn, pro©plakt fukibh Whe oftet pROIGAwWhAediddeE(Ld SSatRSoL I ee)
al so di splayed strong anti-PTTV2-ORF2 positivity (Fig. 12), which was used
as a pegl, tMttectRPOIind: X LEbdrSbdr mﬁummmsgﬁ;égrmsmemaswat&y eebs2Oo8RY- |
antigen, porcine sera and |1gG ﬁb 2011/ 031433PCT/ US2010/ 046330 conj ugat e
wer e ] [ ' t i gpal
e e A R D S I R i e Tl i
negative controls. The optiml antigen amount was 69 ng per well, and the
optimal ELISA results were obtained by use of a 1:100 dilution of serum
sanples and a 1:4000 dilution of 1gG conjugates. The ELI SA cutoff val ues
ranged fromO0.25 to 0.5 in each trial. Figure 4 shows a representative
result reflecting the consistency of serumwestern bl ot and the devel oped
ELI SA. 1001211138 conventional pig sera sanples from 3 herds were chosen to
anal yze the correlation between PTTV2 viral |oad by real-tinme PCR and
anti-PTTV2 1gG anti body | evel by ELI S8 The results showed that pigs with
undet ect abl e or higher PTTV2 viral |oad (108 copies/ml) were nore likely to
have a | ower serum PTTV2 antibody titer than pigs with m ddl e val ues of
PTTV2 viral load (Fig. 13). 1001221 In particular, sera from1l0 pigs in the

o o o o e o B o - P —— g~ - o



and western bl ot analysis using an anti H s-tagged mAb showed that both la-
and | b-ORF WD 2011/031438PCT/ US2010/ 046330 products had two pol ypepti des,
one with wepertsssi ze (-40 KDa) and anot her as the put @Crws200m3se ner
(-80 Kba) (Fig. 15A-C). Figure 15A shows SDS-PAGE of unpurified and

ified |a- ducts. Figur. h S f purjfied |
Bna | beckesliet PR Bt e el erabaaifinaed R albetalla pER ST

purified | a-_and 1b- ORF1 products using an anti-H s-tag mAb. White
ar r owsSBansisd il chat gan broinesed ‘Blﬂl?t‘éTaHD%PPt i Rrﬁguwjéh-j%@ g wher eas bl ack
arrowheads show the putative dinmer of the ORF1 proteins. Conpared to 2c- ORF

| s sl . | to_

bort PfIISORD: AR dmih BRI Gly RARR LB BOULGRENE pr e BrocOiRbEofSSs |
| ted.i, | -.nol - | t.i , ed t it )

ot or e Y R Sud hieerovme o, PERn R et The kgmubSisahly efective gi ng

one enbodi nent of the present invention, the purified Ctermnal PTTVla-
and PTPOYRLOrthe IHRynegsRic gapwnt (hal dnecylaesiBr B enbi SAsEY Spleanineg of ssadily
Western bl ots and ELI SA as described for PTTV2 above. Figure 16 shows

negat itireted| by eaptine 2pstiagd Aposifedtive amauneds 8ng)in extielp lrespiigicrtenmumunadegies n
bl ot using |la-ORF1 as antigen. The sane anti gen anount (69 ng), dilution of
sera (dspdie)to almdvadicinatis etaindd togEoecnthe gt expoieddd0By PAT VRTITOL PlaRErablywhe e
used in PTTV | a- and PTTV | b-specific ELI SA (data not shown).

100125iAd rdtbQBRId 3y extidh iPWBRBDine k) MIE BE HRAdPESY btk S0l aittl 8T Mo e PR bls C
reagent for detecting the porcine TTV infection which conprise a nonocl onal

or pol 13l 3R] bl eQiuh& DA R byas, for exanple,
by i nggu e%’?n@%%?ﬁ%ﬁ dtnpe( %ggcc?%éf% or tﬁgﬁfhﬁ%geni c conposition of
the invention in an effective i Mmunogeni c quantity to produce a viral
i nf ec]d®ii31 hndTheecoviae icag be hédmanstedod dry afsingha ddse os én wpeatkd dheesi Bbsgeethapi g.
Alternatively, the antibodies can be raised in experinental aninals agai nst
t he naidgeaforkamyRl fohi Ebd®!1yReBédraaSo d®OiY BA0® nieroRF@sSEUhE rpdamii NI no
aci d sequences or immnogenic fragnents encoded by the nucleotide sequence
of th%ox‘ltﬁi‘i’i\h;%‘ 8l PRLSLDE cmérichNpelygeH&h@,(dém@&hmh fet ihedi®sion ast fe
pr oduced 2011/ 031438PCT/ US2010/7046330 from hybri dorma cells which are
obt ai . m f ' ] i a .
%ﬁu&éﬁé@g‘{'&: gcgnn&g:%nt 8?816 QE[ccﬁl)éﬁg}%fgraleﬁ{]@d %o 2bm9}0§?z§?§’“{)&£hei orFine

pol ypép erived fromt nuc I de” Sequenc ated

por ci T el ectian t he hybridonma cells is de b owth in .

b o PR Sopufith R FaniBls Fo SR8 s bl ageet il PeRu et edi um
| i ke Dul becco's nodified Eagle's nedium (DVEM or mnimal essentjal nedium
The hyBei¥BHhEagiian & RSl gRbareronsta pogl wiccian Metheds aednevavindhagrit o
procedures known in the art. Then, the discrete colonies which are forned
can béort detgrafimng ed tikmting sepdicadasages| dfsicofe antigeniceagshatoelnd ovinigwl effeditveon i n
a suitable culture nmedium Identification of antibody secreting cells is
done ldysaponbvsvet iconat vatghe exitng pige thvadstraticnhoft the aapgmogd ather Bpicad&otons.

i mmunogen. Cultivating the hybridoma cells in vitro or in vivo by obtaining

asci t @sefblablydtheNnfEGRusafifaE DN AREE iNgsel BE aRMmbihé oFa 1Nadfeasus Nfisdas ibeed
nmonocl onal anti body via well-known techni ques. 1001261For anot her

al ter %%éréﬁ@d L8 Gnd ARAGAOEd FMisGaRsids larv%&w 16 3 BRe SXOh %ﬁéﬁ%'&a aBout

bacul ovi rus expression systemor E. coll expression systemaccording to
pr ocedyr dn.th . - reconnyinant percin TV _capsid
Bt ot oif 088 R ulehissle oftidns G BB TR SR AN Rt B8

i mmunoabsor bent Assay (ELI SA). The UNA assay based on the porcine
reconﬁpﬁgﬁfaegbsid antigen, for exanple, can be used to detect antibodies
to porcine TTV in porcine and nmanmal i an speci es. Al though the ELI SA assay
is preferred, other known diagnostic tests can be enpl oyed such as

i mrunof | uorescence assay (WA), i mmunoperoxi dase assay (IPA), etc. 1001271
Desirably, a commercial ELISA diagnostic assay in accordance with the
present invention can be used to diagnose porcine TTV infection in pigs.
The exanples illustrate using purified ORF | and ORF2 proteins of porcine
TTV to devel op an ELI SA assay to detect anti TTV anti bodies in pigs. Sera
collected frompigs infected with porcine TTV, and negative sera
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WO 2011/ 031438PCT/ US2010/ 046330 from control pigs are used to validate the
assay. PTTV2 specific, PTTVlia specific, and PTTVIb specific antibodies were
denonst r WOR0t1N3s438ci fi cal |y recogni ze PTTV ORF pr ot ei n®CTRISLA10H1#6330
standardi zation of the test by techniques known to those skilled in the art
may opti,Alze Lhe commercialization of a diagnostic assay for. porcin TV.
o012 BOARE hetredesrreies hafEliR ol BN L e R Rl e ohtineBet o
conposition conprising the isolated porcine TTV or_an_antigenic protein
encodéf prpaighor. siearaseingoing Hide R EryBoldaBesd e dnadiicd ghivrsinghdnativatgde for
rai sing or producing antibodies. The conposition contains a nontoxic,
physi ehw@giesaubynincaepe abittenusgad vageinem denadiptilyoerglinegredomecioes, por e adj uvant s.
Suitable carriers, such as, for exanple, water, saline, ethanol, ethylene
gl ycol cerol, etc., are easily selected from.conventional exeipients
o B3l Pl v RS Ac T HE P SOS TR BB PO 4TS & SRCH o
physi cal conpatibility and stability of the final conposition. éQOlZQ] I n
accor daHEercfittant chdhgrasstrs nchdapg poiemichkyal. dpmoral areelippefiptgé gmmune
i nfectious nol ecul ar and nucl ei c acid nol ecul es of porcine Torque teno
( TTV) resbinses.viheuBsdlvprtagig oédive voms viinvacivbich nai eitwelzbde edvantgvetierinnary
vaccines to protect pigs fromporcine TTV viral infection or disease caused
by potied meentibVi@achnteaitioanvivh tive odveatitioisr tiskagenther ievehttharthé wirbhevay
provi des i mrunogeni c pol ypepti de expression products that nay be used as
vacci pesyt th 9Q43Rde ihhige n@Mel i nfectious DNA nol ecul e of porcine TTV
conprises a nucleic acid nolecule encoding at | east a portion of an
infectious PTTVla-VA (SEQ ID NG 9), PTTV I b-VA (SEQ ID NO 10), PTTV2c-VA
(SEQ I[M918¢} 159 preparePTaOVREleYA IUSE@CGImESNGT ingipngse HenBirusTP@PRgMien tand aruPTTV
DNA cl one preferably contains at |east one of ORF1l, ORF2, ORF1l/1, and
ORF2/ 2rgiengorofantdveu i EVitued pPiciécellNlries spiheascophesd lofitatioe PRFTYcélb- B4l SEQ
ID NO9), PTTV1lb-VA (SEQ ID NO 10), PTTV2c-VA (SEQ ID NO 11), or PTTV2c-VA
(SEQ kBRus Mat2R1idh &3h4s 8REATABB0 84638y khdyn gemoseoN@inaey dkils &t thed
into a single DNA nol ecule to construct tandeminfectious PTTV cl ones.
[ 00131; (T 61:Ned, OENABH6I DN AL RELY, particul arly PTTV |a-VA PTTV
| b- VA, PTTV2c- VA, and tandem PTTV2b-RR, PTTV2c-RR, described herein is
shown to be in vitro or in vivo infectious when transfected into PK-15
cel | s [MHE5Di Vieactivategi gisus Thésnasemway rxagidpprade by dekating| Be paarbiogehl € agbnt
|l ends itself to the devel opnent of a suitable vaccination programto
pr evemtachVatMgl aife@Gt duoR as Moph@i of A0d3BRobAe calvehitngadids, &td. uby Mesdigidmoditent
of the present invention, three one-genorne-copy PTTV DNA cl ones were
der i Ve R ifdhe oP KOS YRehddind SO ab&SivETohVikaoMAuct&lT VA RraMAeradle RIBY46 - VA
by fusion PCR- respectivély. Each of the full-length genomc was
i nsert,ed_ | nt; i NSC- B- Ntz i o) ne
rostr B o S Sl SHERHRL BREEIALR) SAaR B TariE dr AR O0, o)
was engi neered at. both ends .of the.t.hre nopes to.facilitate the
gener éi?'iu?)lﬁm&f on'CHt é“nﬁr?@e;r{ar AhtdIE Eeng e {Pcci\’”i”iluﬁi zaf?’li@’éﬂgn%m%érﬂﬁ I
single digestions of the selected pl ,asrp' (?l Ii)NA of each clone clearly .
resul CRYNHAHROIINFSABRE 28505 §hi Atidicisptiy highdgr 2oww cepsnKpe R s bectiatige
18A). The 4.3-Kb fragnents represented the backbone vector whereas the
2. 8- KgdntagmEsrauieepr pHetet Bdctviee thyseirgednariFgtioe honicatipnas cphaducigdhaty a
vect or pSC- B-anp/ kan digested with the sane enzyne only showed a 4. 3-Kb
band (Fopprata@And (The langdudfi imeg sETITncloonegivaertbe diss. dnatiedipQG: PElALan
pSC- PTTV 1 b and pSCPTTV2c, respectively (Fig. 17A-C).

is conducted using a wavelength of light or other energy source for a length of time sufficient to

inactivate the virus. The virus is considered inactivated if it is unable to infect a cell susceptible

to infection.
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100133) Furthernore, two copies of the full-length PTTV2c- VA genone derived
fromthe clone pSC-PTTV2c were ligated in tandeminto the pSC- B-anp/kan
vect or t owgenarmisst he cl one pSC 2PTTV2c-RR (Fig. 17D). pComgsasriomaess3of t he
Afl 11 single digestion patterns between pSCPTTV2c and pSC- 2PTTV2c- RR

showe t the latter plasm.d .ha n_addithonal.. 2. 8- R .

2011/ MS@‘SP&%U&%T&%WQ@%@ rr”gg‘%% e 5&#@2@@?&% frﬁgpé%e\é\gﬁé’a‘@gﬁi} U 2
PTTV2c genonme (Fig. 18B, right panel). Subsequently, utilized the sane
cl oni H‘é’%§tcfjalf‘§g‘3’/a°€’6€Md‘&d@%cq’é(a‘tegr?@éﬁ{"ai RS 119 e TRHORLP AR R R e
fromthe Germany TTV clone TTV2-#471942-full. An additional 2.8-Kb fragnent
r epr epmcdtitg of hetigasoemmpasytsoff IRTTaRincgendrhs ieifnde feHieeptesent irhieation,
construct, designated pSC 2PTTV2b-RR (Fig. 17F), which was digested with

t he Hamgbehicl cahpmenwhen Pddvpavees idantifitd @nthegORFITeapoy promting ef (RIFTV (& g.
18B, left panel), confirmng the successful construction. 1001341 The

repli oairvap manPEtENchgish Herd BLreRBS uhd GuBded T YistMh-REId 15 (K| QN Sn Wk €
tested by in vitro transfection of PK-15 cells. IFA using the commercially

sene SO Luge L0, 0k G, UL FLDGE OO, sl g

replication conpetent,.respectivel Fig...19A and Fi 20A) . Passagi.ng of
o t FOHEPRET TRl Paceiien RoT L Rmvars WodisButrdicts, Pk celit "Bl
(Fig. 19B and Fig. .20B), suggesti rTg that the expressi.on of ORF1 proteins
was r8SH] $8HePE ofh fHEMPITVE TEntis! efaRatls POHARS milisTE KUEF @nBarHaY TR SUBT V2D
or PTTV2c circul ar nol ecul es. No fluorescent signals was observed in

mock- Proggesive et memed!pgicad respaserip Riest sagle@r awlitine tisdlngppe erdtamutemselbes. t
serum as the antibody for |FA detection (data not shown). The concaterners
of t helighme UpS@{PITVhikher-akisnashowastd the vireblipsalt porirowpehdntm usiung an
anti-PTTVlia ORF1 antibody (Fig. 21). The positive fluorescent signals were
| ocat egbstriictike ofiddngHsblefpatts anghiechedichkulkassagad okgld Scosidasigalblipyls tonat
porcine TTVs likely replicate in the cell nucleus. It is not unexpected

bePaugl%cQ&{)(%iir&epr‘éée'hF M idrUsak BleMurfias oft (Rl Mink@br BXPEASShQRcRAEL &R dsNthe
-vitro.” 1001351 Direct transfeetion of the tandemdi neri zed. cl one

pSC- 2RTTV2h- or:..pS TV2¢-RR i n: 15.:cel y i al i.cation
Bod PP e e RRro bR A R, Bk nd JysiS b, BEb R RorbBL S A
usi ng an]ti‘b(?di S (apgai nst PTTV2 ORE1l confirmed tl‘@ bot h.cl ones V\%e al,so
repl i ERPIBHT EOMFARNEN G TaTPHECTY OSi1RG PUBRPTCARY-i (YBRSPRERY PEEAIP R t he
nuclei (Fig. 22A and B). [00136] According to one enbodi ment of the present
i nventiddings ihaseerqoded b | tbaayclspliigsoscavpecTrvhe HRIFe GREH Tt and AW Age i gs,
which will then cilia an i mmune response of the host animal and stinulate
pr odudhemninohumexrtic atdnziongntantré beddiilgsideninicoinky paethodsukmrwrendo ool metntOneé t he
present invention, the two tandemdinerized PTTV2 cl ones were infectious
when iddhefékahd plotectine ot yitpRRnRgEeSomNd hustlhed. eafthe onmeanit hanabutRb@intly
[00137] To test the in vivo infectivity of PTTV2 nol ecul ar cl ones,

convepRlli@Rhn@bOToMel Eny PREME@ES&nWvhNint 1R &hOMBe PAGUAT WeAnERr&fides an
pSC- 2TTV2c- RR. Serum sanpl es were collected fromanimals at 0, 7, 14, 21

and 2 54| atd O lide [ET TV L : d,imn, P
o0 SRR ahtcilatl ol [Eule  FTIVE IO psyigieciatiallony prgges

#191) and. 21. PPl . (#180) _ ctivel Fi.g. 23A, right panel). PTTV virem a
appea?uedmlh’a%fetl%bpé]rrg&b‘ilbg%‘z‘c‘; lﬁ%@iﬁ%%‘c’lw\%\n{%ﬁg@e cl one pSC-2TTV2b-RR: two began
at 14 DPI (#189 and #192), one at 21 DP1 (#181) and one at 28 DPlI (#193)

(Fi g. [m347] | éftthpaneduhit Thein rial phoadd tchigasechnbinamg gbdt@icC aehsiquesn al |

i nocul ated pigs that had the highest viral |oads at 28 DPl before necropsy,
as detgfrdishedobyne RTINE- spagit fsuéh hedtle ORIFE, BOR2( ORY:1/234d. ORRe/r galest foe PCR
products anplified fromsel ected pigs were sequenced and found to have

i dent kgahpls CAME Nees P& séd1By ORE rxﬁ@wgmmﬂemo@e,sam mRSCATI VR RRigdd by

pSC- 2TTV2e- RR (data not shown). [00138] All inocul ated pigs were negative
for PTTV2 ORF1 antibodies at 0 and 7 DPI. At 14 DPI, all the four

pSC- 2TTV2b- RR-i nocul at ed pi gs seroconverted to anti-PTTV2 ORF1l 1gG whereas
pigs in pSC 2TTV2c- RR-i nocul ated group seroconverted at 14 (#92 and #180),
21 (#191) and 28 (#188) DPI, respectively (Fig. 23B). The results indicated
that active porcine TTV2b or TTV2c infection had occurred.
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WO 2011/ 031438PCT/ US2010/ 046330 [00139] Vaccines of the infectious viral
and infectious nol ecul ar DNA cl ones, and nethods of using them are also
i ncl uded wot2hiwn3i43e@ scope of the present invention. |noedratsedopisso are
protected fromviral infection and associ ated di seases caused by TTV2

infectign or co-infection, The novel method protects pigs, . in need.of

or ot ebtTBHE KgEFRLY Bie af T AR o5 RIE B Ee 5 3 b PRt g e A

i mmunol ogi cal |y effective anount of a vaccine according to the invention,
such &aboratery Magps)ieCold Spabi Harbeo hpharaiohg (and iSerDn dhebie Masb Ul Pt Phe
infectious PTTV DNA, a plasmd or viral vector containing the infectious
DNA clterehasthafd TVthetsubumiebonp ematuty P TP sDNA, antihfectpoiuy e titatereex phe sisison
products, the bacteria-expressed or bacul ovirus-expressed purified

r ecombichamt arfORftire @pHidi oot Procedige {6 hens@ntingRo® SidohrasmidRRRM bEPV,
ot her infectious swne agents and i mmune stinulants may be given

concupp@Riy. ihQithfieaRd GkPoRiRVhES & BE AR SRRG UL (HIRb&G! %&mcﬁaaﬁ nst
viral i1nfections. [00140] The vaccines conprise, for exanple, the

i nfect.j i ad- Nl ~DNA.clones, the cloned PTTV infectious DNA
geno hﬁﬁ%éﬁ%ggEPgﬁnggﬁﬁggkg§M5%%¥%%s such as, for exanple, the pSC-B
vector, an avirulent, live virus, an inactivated virus, expressed
reconfln&st clapsikparsubemiatedwacdngrethedive, pdthogeaithiinatis 6t witdniagd ientieasd c,
physi ol ogi cal |y acceptable carrier and, optionally, one or nore adjuvants.

The VaGEafRebmY ofhSehERNBY hikehddd RndWh @ theQuSor T Zer M e WeadridoAe iR NRr
descri bed herein. The infectious PTTV DNA, the plasm d DNA containing the

i nf eCFrE%(?e, sztt@ﬁﬁat&ﬁ@a?ﬁs@? vy, Qr%g!n‘:céf %valjhé Y&k dfae 3{{ ?g? E)F&Q;xt%@&t%)nfv#gt?{ €

virus being nost preferred.” T virurent, Tive “vaccine o

present jnventi rgvi des an advant age over traditional viral vacgines
Phat Dbehd et 0 PER i Ege o M-SR ClRE RS b RER v Sron BENDT g
back to the vu{ulen statelﬂ[ kill.ed cell culture propa aﬁed whol e virus
whi ch' g Fofq MAYCBNSURH @ $ECEHEE 158y delibame "F=e§1b“6%ge Yorlipathegenion
against the viral disease. WO 2011/031438PCT/U82010/046330,£00141]

Vacci Hégscaph bottadaicdpy nyikiyg gone drlanensaprauodusinougihag mutetiing. 1 heateespped of
the present invention. Inoculated mammal i an species are protected from

ser i owsl maciadatekdnfies tvhames raypebesibe praurdievpriotect thopreban idieasase rel ated to
co-infection of PTTV, such as porcine dermatitis and nephropat hy syndrone

( PDNS stweani.ng nul ti system c wasting syndrol PMAB) , and ot her

el at TPV ndEicty %@8?%@&,’3%}%&@@5 d%oﬁ%é%awgﬁ'é?“ %R p%%s*&&lmmleaa %
attenuated porcine TTV virus, a nontoxic, physiologically acceptable

car r i Biodusrd bygpehnetigs kyowp Hethg artnppe taej]lwm%v.ol\[eegtﬂzazT nHEMEeY v EStuse whi ch
may be adm nistered in conjunction with the vacci ne of the present

i nventi BNA. resombguhsD e eecohdinanhpogase b ve hieusesmuhdk digiecal response of the
pig to the vaccine. The adjuvant may be adm nistered at the sane tine and
at th ite as the,vaccine, or at .a different tinme, for exanpl as a
boost BTG ok Apdnge B ST EItAR AE UL PEe A SF dPEY TURETe M a
nmanner._ . Qr a% @_sige differgnt fromthe gﬂnner or site in which the vaccine
i's adfiHiadt WPLgICaSHHTRRIE FICAIS BRI Jerahctaliie, SSBGD 2RR dispist sammlst ymedhods

al um num hydr oxi de (al um, imunostinul ating conpl exes (1SCOM5), non-ionic
bl oc ki vethe agy pr@%ﬁmly the metiod kgugbshqreinjusinglinfectef nigs ortipfegied sptphie

| FN-13, IFN-y, etc.), saponins, nonophosphoryl lipid A (MA), rmuranyl

di peptdidieses( MBPPNang exhrectbd kiem e harogaillygbire vady eviafics§onsngdendisy; mictiods
exanpl e, alum num potassium sul fate, heat-labile or heat-stable enterotoxin
i sol akedvif mohe Bs.cindrpucificd bg aldthods hoben & thoxirtnperertiie bB ubtdvanirifugahen &of |,

di phtheria toxin, tetanus toxin, pertussis toxin, Freund' s inconplete or
conpl etel @dfievanke clele. of onsl genbarad cladidindnd Suitablicivsasy glehotihiRidven inaké N,
tetanus toxin and pertussis toxin may be inactivated prior to use, for

exanph@ (sePWdmifatarantidW 44 ot gdeldas thkaQhd3dediielew a8 SentBY rekisht her
contain additional antigens to pronote the inmmunol ogical activity of the

i nfectious PTTV DNA cl ones such as, for exanple, porcine reproductive and
WD 2011/ 031438PCT/ US2010/ 046330 respiratory syndrone virus (PRRSV), porcine
parvovirus (PPV), other infectious swi ne agents and i mrune stinmul ants.

[ 00144] The new vaccines of this invention are not restricted to any
particul ar type or nethod of preparation. The cloned viral vaccines
include, but are not limted to, infectious DNA vaccines (i.e., using

pl asm ds, vectors or other convention@l carriers to directly inject DNA
into pigs), live vaccines, nodified |ive vaccines, inactivated vaccines,
subunit vacci nes, attenuated vacci nes, genetically engi neered vacci nes,
etc. These vaccines are prepared by standard nethods known in the art.



1001451As a further benefit, the preferred live virus of the present

i nvention provides a genetically stable vaccine that is easier to nake,
store andwg@ebinesi438han ot her types of attenuated vacci n@€T/JSQQ0A&i38hot her
preferred vaccine of the present invention utilizes suitable plasmds for
del i ver.i 1 ni cl.o RI.9S..LN st,to the .
trad o onadeSmE e TR, SueschaM0ut Py SO urs " SERRRAE" b Butatus ool e
virus, this invention pravides faqr e direct inoculation of pigs with the
pl as iz asid dSntgienin et ‘%F\f'\é‘&‘ﬁi’ﬁtg"%i"r‘%”"@é’ﬁo’ﬁé‘?t”laffél‘@?f‘ﬂad%rt‘i SHant
genetical |y engi neered vacci nes, which are desirable in the present

i nventvpesme. ar e produced by techni ques known in the art. Such techni ques
involve, but are not limted to, further manipul ation of reconbi nant DNA,

nodi fication of or substitutions.to,the am no acid uences of the
rocomfEAE" PaeliHl et YackioeS pogt A% reCanBieaL PRY ERGT el atr VAL nes
based on reconpi nant. DNA technol ogy are nade, for instance, by identijfying
al t er At IP$1anS5oPY F@ﬁgfym the oGt %@ rEabEREhigh prodet HY nresls resppEbleor

i nduci ng a stronger inmune or protective response in pigs (e.g., proteins
der i vé&d 1hdusii CORRIONZEMMMRYE1YTIBILIBPCTIPUSRON(Y D46 33 PraRms derivedRiFom (BRFR/ 2,
etc.). Such identified genes or immuno-dom nant fragnments can be cl oned

i nt o SIRFIORF Iph, ave ORI res)s Boch Meati [Brdsgensuahmasurtohdomiacnt! feagintens caedkor ,
and used to infect appropriate host cells (see, for exanple, OReilly et

al ., ‘cBasdiiny ktartarEXREES 8k 0BssM@Cte108s, sévhlalhdbituddvirus Fe@eBMd sclQo infdd92) .
The host cells are cultured, thus expressing the desired vacci ne proteins,

whi ch 2638,088¢ BYEIchiledet Fof HanfesiRANS ant“B%&qomsnM;ﬁ&s%gagi \génc@or@. RYlhable

vacci ne product. The reconbi nant subunhit vaccines are bas

or ot o S BEIDER Sphh, ot % 10h o SR RR e BRES A et ¢

undesirabl e natural, .abilities 9f cau ing.disease, it is ﬁlso_ .
vaccine proteins, which can be purified to the desired extent’ and formulated into a suitable

vaccine product,

[00162] Genetically engineered proteins, useful in vaccines, for instance, may be expressed in
insect cells. yeast cells or mammalian cells. The genetically engineered proteins, which may be
purified or isolated by conventional methods. can be directly inoculated into a porcine or

mammalian species to confer protection against porcine TTV.

[00163] An insect cell line (like sf9, sf21, or HIGH-FIVE) can be transformed with a transfer
vector containing polynucleic acids obtained from the virus or copied from the viral genome
which encodes one or more of the immuno-dominant proteins of the virus. The transfer vector
includes, for example, lincarized baculovirus DNA and a plasmid containing the desired
polynucleotides. The host cell line may be co-transfected with the linearized baculovirus DNA

and a plasmid in order to make a recombinant baculovirus,

63



possi ble to pinpoint the nucleotide sequences in the viral genone
responsi ble for any residual virulence, and genetically engineer the virus
avi r ul entwohnoungingzsf or exanpl e, site-directed nmutagenesipeT/iIS2a18Ad3BECt ed
mut agenesis is able to add, delete or change one or nore nucl eoti des (see,

for i e,.Zoller e i .3:.479- 488 4),.. An ol.igonucl eotide is
synt haBIBa6° cafifusiens A et Meds ey ook LG Sirlthdtd I B8R B
single stranded viral DNA. The hybrid nol ecule, which results fromthat

pr ocediM@ns £an Baprsyed 18 1Heaesiobt Migadt 8rioxYirtheh 2 deRIgE PaAdee! BINA,
which is isolated containing the appropriate nmutation, is used to produce
full-ivesgteh DNA by ligation to a restriction fragnent of the latter that is
subsequently transfected into a suitable cell culture. Ligation of the

geno ' the .suitapl e vector .for transfer may.be acconplished through
oy o TulrasF o' RS Rl ekl rRb it awebBy 56 Bis NERoRl FRPRep oRiprain
Transfection of the vector into host cells for the production of viral

pr oge AYMHESICIBE Q)3 BOGHIEHY BHpMalan thecish Bl W PPN REARISE #ddh Infection or

cal ci um phosphat e or DEAE-dextran nedi ated transfection, electroporation,
pr ot opyasemé.uBieofimanuobigiratly wlkttiverrovavnt eehicpaedy detcynineantradok tigated| | |
"Mol ecul ar C oning: A Laboratory Mnual," Cold Spring Harbor Laboratory
Pr ess by 1988k tesihg. alnantdivd sdsutthepnnekhivhichs: dufcidasinmeadotagial ireponse to
Alternatively, two oligonucleotides can be WD 2011/031438PCT/ US2010/ 046330
synt hegd zReinwi gikhiant girdﬂeéthﬁ‘c AR QR dr hEn ikl &ph &l to kRe sercRYI P vainer! ed
to form doubl e-stranded DNA that can be inserted in the viral DNA to

pr Odurqummé' ke gl e LN, _»Lfﬁa;twgnén.sé ;ggranaeé Q@hﬁaglsyaﬁ ha%bﬁyﬁh,a@pﬁma?nef the

vacci nes of the present inventi I'S nistered to a pig 1nneed o
pr ot ecty agaj.nst. viral. i nfection. The,l { cal | tfectiye. nt or
Phe' © ThORSy SRRL™hintr Shimaterrs otlag SOk BT PSS SPE s e RS or

readily titrated by routine testing. An effective anmpunt is one in which a
suf f i &liceRie or pRFR GMayTR /AN Sr"@%‘ﬁ%ﬁs@‘o‘giﬁwg e 5 SEEMH 1B RENS Bl of NpIBEEEL t he
pi g exgosed to the PTTV virus. Preferably, the pig is protected to an

ext enthysiolppicelhs:ormoms oalcffeels aflibe atrakbdiseasghyeifommsgiochs sepiisanihs refuced f ect s
of the viral disease are significantly reduced, aneliorated or totally

pr eventetorakd®t Kitdlivipreveraati ne can be adm nistered in a single dose or in
repeat ed doses. Dosages mmy range, for exanple, fromabout 1 mcrogramto

about 0 1.crogranms of the.plasnm.d DNA containing the infegtious

e el PO b GRERE e br gl PN % G MR oF dt 195G RS DRAOTHL | ve
conponent of the vaccine), preferably 100 to 200 mi crograns of the porcine
TTV DRanteino e, cxpiiples liown d thds0Womntcaediamn ohustbasse apiipgs(deasusgnanpangdn
sufficient to result in an adverse reaction or physiol ogical synptons of

vi ral comfeetstiamnof Met hrothsnedaetivenoympainent loé the tvatone)ddtie should ngt awontairt pat i ng
sui t abl e dosages of active antigenic agent to find mninmal effective
dosagamobased vomsbhedwaitigleh offfitite @i gsul oncantadadrsoneaiioh ha pntsicdegicand
other typical factors. Preferably, the infectious viral DNA clone is used

as a \ARRIoRR, ofMiraRidtbdRnl MBIk QUS kv GRMrbR - deRehANRdod nlrmir%r@mam@ t hen
the live virus is used as a vaccine. In that case, fromabout 50 to about

10, 00Q,9f & BE. Q%041 SSHE. WA d Ld; ! Of orlck i FM4S,
or exanprol aan  tal Ericatelt biled, drhe g yg o PRSnd Sharr R oie BN
[00152] . The new vacci ne: his invention are not restricted to any
parti§%1%¥gf£§ﬁé%ﬁ&ﬁép %dg%ggpreparation. The vacci nes include, but are not
limted to, nodified |live vaccines, inactivated vaccines, subunit vaccines,
at t eny@dled] vatle eesine genédtiagdalihiytesdgb méer édsoy aloc vaesie @hde 001 B3hurhens
advant ages of |ive vaccines are that all possible i mune responses are

act i vah@dad flg tthenck£ehpiagnit 0gh tilleoVBE6E NeectédBY udi vignl sysiteniic codt@aplaied
hunoral and cel |l -nmedi ated i mmune responses. The di sadvantages of live virus
vacci neg.a WRtah vasss svinehahint Neadyant agasned ioeprblidt hRoROpRRLcIish ak&hst
contam nation with live adventitious viral agents or the risk that the
virus may revert to virulence in the field. [00154] To prepare inactivated
virus vaccines, for instance, the virus propagation and virus production

can occur in cultured porcine cell lines such as, without |imtation PK-15
cells. Serial virus inactivation is then optim zed by protocols generally
known to those of ordinary skill in the art or, preferably, by the nethods

descri bed herein.
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[ 00155] Inactivated virus vaccines nmay be prepared by treating the porcine
TTV with inactivating agents such as fornialin or hydrophobic sol vents,

aci ds, etwo,20byosi4zgadi ation with ultraviolet |ight or Xpcaysolopsdssati ng,
etc. Inactivation is conducted in a manner understood in the art. For
exanpl.e,. in chemcal in itable virus s npl e
cont ai Wth§OrHE 3hdr IEPsmt”s??&eZ ef 8‘%“%5 Lshuef Wc&rgntaaseéﬁaﬁﬁpgﬁrc i rrz?\{//vr (taﬁ%%

suf ficient anount or concentration of |nact|vat|n agent at 3 ifrcrently
hi gh (Rsetereaiialludpésian hg Peed Reainsdemag dtlitng: ‘é‘@@ﬁt‘% &r‘ﬁé CNPEido

i nactivate the virus. Inactivation by heating is conducted at a tenperature
and f aippavaklEngteh cofvpbk meus udeinsi antbetused ngandtamantshallpdy by Edwaedkddnpani on
by irradiation is conducted using a wavelength of |ight or other energy
sour ceDéspabia, (len@tdinets ddnneiseudd diedcdntio bgpordae bl viatemumenalian ypecickhet yer us
is considered inactivated if it is unable to infect a cell susceptible to

| nf ectdBBsed YehLPFY 9%%3%?%&&&%29&10&&&@%3& W10 a&%m@re@roean@r attraeaccetry, _

subuni t “vacci nes typlca y differs fromthe ‘preparation of a nodified |live
vaccin €t P d
nérﬁ’rdh%%t% KL BBl Ceto Tl bt R Bl SR &1 | B Bl OO b
identifie In the resent invention ant nents of PTTV were

| dent |1 PEHERE e eSS BB R ETaT P o) SRR RO B SR BT Tv2, i ch
were expressed and purified in Escherichia coli (E coli) in this

I nventigg1e8) an &y IRhhami SXRFASS aQjuil $cBifescatiCltcaR ACH B¥pArbd irEhp TOHS b0
system for use as subunit recombinant capsid vaccrnes Such protective or

antige u?m&osmﬁgﬁna §g[rJuPC‘J]rP\AE\|nC ardidte %‘a DR 1ag! ¢ Eﬂﬁﬂhﬁo& are @GR Nh $heof

the vira capsr prote ¢h raise partrcu ar strong protective or

mruno resppnse in ir psi.d-

t hem;eqrgglsCF g § YB‘SE& é"‘“tpﬁéf'pb&? ais%rﬁ'tﬁn(%l Sﬁtgm B I§er|l agss()\(;}é:errgt/}rmg%s dgﬂ B glti \?lil ral
capsid proteins which [orntvrrus suqitnuctures ? |dent| iable parts. o

i ts BPIEHGH SEBEHRODERESSIOR SHEIYE6ETEB A PEIES B o5 JEdBRETE ns
present on or near the surface of the virus or_in viral substructures such
as t hetol pysepr etligensthenol] eipiviengradued elysesel sted waieh addiives mies, fopegample.
Preferably, the ORF1l protein is enployed as the antigenic conponent of the
subuni d¢erviaaicdve. fl@diersveehes nedrmyinadrsbiabercygediwuchelass tinosersentodadc by
t he nucl eoti de sequence in the OR F2. ORF1l/1, and OR F2/2 gene. These

| MMUNOGRAINGrAIMeABRIstefr Sudedsuliyns ARt bd isedilkyd medrhegsnaown ddﬂitioheotart
Chce |dent|f|ed the protective or antigenic portions of the virus (i

the " sppunjt hkdr%'ifze& ubsaateatbyolPYF 'Jene@uzart@'/ nred.ﬁtnonsftr by ryprb@centﬁrre@ Bsn

in the art e subunTt vacci ne provr des an advantage over other vacci'nes
of the et Yembet g '@éﬁ%ﬁa*‘ﬁ@ tﬂ*teeart B T
vaccine is pro uced thr h reco ant etic techniq Lon of
the ol Btk DEREE SRRDEE hojrsS PRO e S S dr 9y BRSPSy
exanpl e, may be expressed by the nethod provrded above, and nmay aIso be

opt i mfz@wbry thapgetpmhthe ke 38PCT/ US2010/ 046330 nethods known to those in the
art (see for exanple, Maniatis et al., "Ml ecular Coning: A Laboratory

Manual gy ﬁl dh%ﬁudd Q&Phﬁﬁe suh@%ﬁt Qtrclrﬁde Qls gk %d"?rﬁt?@irons MBS cbrafd) ) -

On the ot unit berng enp oye represents an I ntact
struct ural at ure of .t he tir apsi te t he
or Ocedsur%en]gim or emulsﬁa/lmé,ta eﬁf £ 8(’r)nrn 1h8t1(\)/n| \Pf&grkth%ptsta{t%r& Esfo Lﬁarzlﬁ Tlhgse yﬁes

ase zatronqpf t he i.na t|¥at| Béo 0Cco t he .subunit

ith
T RS B h RS b SRt Bl eoBG imRE fs asPaBl B ot st g 11
P o R HEHb A Hop S § ‘?rrarﬂrleg'e)vt&bvg%?@nﬁwg'bférriéuirt‘q%rﬁsf%fé Epogpiar 12t

preferably, as described herein. For instance, attenuated viruses nmay be
prepared by the technique of the present invention which involves the novel
serial passage through enbryonated pig eggs. Attenuated viruses can be
found in nature and may have naturally-occurring gene del etions or,
alternatively, the pathogenic viruses can be attenuated by nmaki ng gene

del etions or produci ng gene nutations. The attenuated and i nactivated virus
vacci nes conprise the preferred vaccines of the present invention.
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[ 00159] Genetical ly engi neered vacci nes, which are also desirable in the
present invention, are produced by techni ques known in the art. Such

t echni quewoi2omal3yss but are not limited to, the use of RWiyusc@oom3BMant
DNA, reconbi nant proteins, live viruses and the |Iike. [00160] For instance,

after rihfication,, the w.l d-type wvirus. be |solated fromsuitable

o1 1t 4GHTOL; Gferihy bERulied. bR OB Pl RS BUFPVAESTaRr IRy soue
sanpl es by methods known in_the art, preferably by the t hod taught  herein
usi ng ISOHTEE edprty Subpring bt SarreWOPBE éoVEl 91 mﬁfﬁ%@mﬁrhg}fbﬂwdﬁslsgtﬁ?wa&t ed
fromthe biologically pure virus or infectious agent by nethods known in

t he arctn baagbrppmdtély edjsied metthedsurk eblanide and hdemsalts agmeédadabliyatby solvents,
ultracentrifugation in a Csel gradient. The cDNA of viral genone is cloned
i nt o gudhuistalde] bostopblenegtyrodsak Bowsed 1 ihbieagr the GslaBiliMaDl el ingRticals. in

id.), and the virus genone is then analyzed to determ ne essential regions

WO 203/ Qﬁ%&%@(nus%glgét%@s]@pt&f liie SepaREor. qrqrmrepqg@ﬁimlgsl AMdHoeM Ge

portions of the virus. Theréafter, the procedure is generally the sanme as

E/Qgéi h@ﬁal({ygg 1ig‘iﬁie&ﬁeg?|!ti:g%c%écﬁkﬂﬁe, 3, 1PAGLE VighRA) {ECALARE! cBndBo

it
y engl neered vaccl nes based on reconbl nant  DNA
technol o

are made, for jinstance, by identifying the portion of the viral
gene AHTaTBhcutaett ol S sReREs piseiomsh Bt &by SO ie Akt &g P bune
or protective response in Pi s (e,g., proteins derived fromORFI, ORF2,
ORF1/ fﬁreaweiiléﬂmﬁfw%%*e%wSS%&WI&%%%WW&Ll@@nes or i mmuno- doni nant
fragnments can be cloned into standard protein expression vectors, such as

the bagsnay IR, YakhARe BApHSCHch Bl ebnaRPIBNS e NOSHeER! Iichage, for

exanpl e, Rellly et a ul ovi rus pressi on Vectors: Manua

Free & Co. .0992)) .. The t,.cells are cultured. . thus expressing the

des: 1 S PRI rotehES R pEE i Endesnt o WiSFaiob B BRICH elibaitiS anc
formulated intq a suitabl e vacci ne product..[00162] netjcally .engi nheered
prot ei ﬁg‘fﬁwﬁ}gé{fﬁmts\fﬁ 2 & Pailons By YoRRg ghines “{‘(ﬁ?“%’e Ibgﬁu@}s e apareipied s
cells, yeast cells or manmalian cells. The genetically engineered proteins,
whi ch whay tipricg ueadtioa d-opflitiog s xg e PTRRETABISY EGRCHIIh AMepeetho dgve dagn beeri thect | y

i nocul ated into a porcine or nmanmal i an species to confer protection against
por ci mendiifidns Ha B6@kAmd bdewtthe epdcifiddnmngdsi dom Af@be sis@ll thanghHieGbtaly WS can
be transformed with a transfer vector containing polynucleic acids obtained

from theverichtls. Die &QRIpEE dré @BhdREdVAL rr@ém@@ﬂ?_éﬁtu%(dbbutewo@.e@ 4voet 2g° gpre of
t he i muno-dom nant proteins of the virus. The transfer vector includes,

for ex mogﬁrfaﬁerdrgjﬁgaebﬁﬁgiaﬂgiaﬁa@g}?yﬁf 200l B ﬁé%dareceﬂtaw%mgoé%@m%tnﬂ he

desi red pol ynucl eot'i des. The host ine may be co-transfecte

PG S B DR bt Sy 1 comornant

Example 1.

Viral DNA extraction, nested PCR and genomic PCR:

[00172] Convenient serum and semen samples from 20 conventional adult boars from a
Virginia pig farm were used in the study. Total DNA was isolated from 20 serum and 19 semen
samples using QlAamp DNA mini kit (Qiagen). To screen for the positive PTTV-containing

samples, nested PCR amplifications of the conserved regions in the UTR of PTTV1 and PTTV2
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[00164] Alternatively, DNA fromthe isolated porcine TTV which encode one
or nore capsid proteins can be inserted into |live vectors, such as a

poxvi rus WO 2an/@esRovi rus and used as a vacci ne. [ 00165pAam/tUsanmed3sqi cal |y
effective anount of the vaccine of the present invention is admnistered to

an porcine or.nm | i species i,n.n of ,protectio inst s

i nf ectT9h llgﬁalé}i/ﬁgg%ﬁﬁea%ﬁhgsmg %ﬂﬁ@%&?@%ﬂ‘“ né?@%c‘ﬁﬂ?@@%%%mmégnﬂ}?etwé’asi ly
determned or readily titrated by routine testing. An effective anount is
one i rPrWﬁrdﬁ”é”%f%ftPia&Pé‘ﬁf therffﬁamfipb@iOéléﬁTTrVelsw%fﬁsTéﬂ(bntFH@E\%&Nr%%)éTBY%ai ned
to protect the pig or other manmal exposed to the porcine TTV virus, or

por ci meRTIVQCIR Neea(foothe fvki-thmddy-Ryaud e Ipor-oF 8EQNNO:4 TS AR (SEQ
nephr opat hy syndrone (PDNS), postweaning multisystem c wasting syndrone

( PMAB)IDON(:48)atfed thd karesd-rouddePERabWieredshthepive primet Ipairs mBedTed laapli§pewi es
is protected to an extent in which one to all of the adverse physi ol ogi cal

Synpt OffpnRint €f bLPTEVOIwsBE W 1.8lF GREASNGM4O)/TIYNANRYSES) ) MDSLT @k b
reduceg§ a#éliorated Sﬁrtotally pggﬁgnted. [60166] Tﬂéhggcc?ﬁg ngﬂbg%

adm ni s i i | I . | do fn,
N e L O R R L L R AR g L LN s A e
upon the eptration. of e i mmuno-active conponent of the vaccine), but
shouIJ°W5fPan @iﬁaﬁﬂdgﬁ@ﬁh? of virus-based antigen sufficient to result in
an adverse reaction or physiological synptons of viral infection. Methods

are knomMm3)n tdh&dafib ahplifdelanmldgtodonlid §dgatids ofbdth 2118 10@FFUESy Dhwe
active antigenic agent based on the weight of the bird or mammal,

Concerﬁrg@aejrfa_ Sgée ;ruté gﬁfée%@ leS5RicBLER QiR ptamf,fcahsefr@e@t%ergé.-spwf?&?&lne;';hﬁrv;’icci ne

can be ? m ni o pigs. Also, t%? vacci ne gan g veR o_hurans such

't ?;qgéﬁﬁégmgﬁﬁﬁ\itf%<€%<§?PL%@%32%3*’6?39??%&b%?f*e?ﬁz’?¥+t@n§g§%ar %f@sefgh'ﬁd
[ . ' [ 0 P S2010/ 046330

o 0 SRR RS 0880 Mok R SRR TRRARISYBRE0 B

can be preferentially designed to protect against human TTV infection

t hr oudRr PHEVIorespgetizelyy y&h fP‘élFﬁealgpﬁUélézé HENQj Padymenagsnpysatagenelsacgardéient® can

be used agai nst human smal | pox by Edward Jenner). Desirably, the vaccine is

admi nitb¢ emecufaétnecs| nstroctwnporin NRCRr poxdbets  withmeakpeateds pees ewemsotdetgeted.

exposed to the TTV virus. The vaccine can conveniently be adm nistered

or al | ySubk@ifueaditi @addsigned REWIRASE! primerk aRREIRN b Yegipd eiletinalthy cotplete The

parenteral route of adm nistration includes, but is not limted to,

i nt ranusee] g pTIVE QURIRUSH thd Wb aRRFduha PeH doifld i@NSOUFHE BHINES pai

[00168] Wen adninigtered gs a quuig, the’é?%%%ntgﬁgggigg nayﬁﬂe p?%ﬁ%red

inth - i.PR; s el oK i : t he
‘ié&?%"fa@ﬁa#ﬁ{‘ f g’g%&y% %&{1(‘6 LB TR Xéﬂéfpgg éﬁ (‘sﬁb[ D NGNS A0R

|l i ke. Such ns are known in the a are ically prepared by

di ssol yt.j.0 e ' e i it ' e appropriate
carri ésﬁlc?r @ﬁ?égt”g;ﬁgﬁ?ﬁ%(%@ ip g&ﬁ%@b‘ﬁg& §%‘§I‘l§§}é &é:abl TGRSR are
not limted to, water, saline, ethanol, ethylene 3%X?O|’ gﬁycerol etc.

Typi cathesepdithy paerpairs vsed tosnphy dragmentsi b padiE @ 9 THA wotsr 51 VAWE60RdPs and
antim crobial preservatives such as thinerosal (sodium

et hyl MEPSUTITME BT AR (EFLAHENO: Quod TIN6LEHEERAY Ke: Bt1aby -k e3EQARMN@BaNpI e,
by addition of partially hydrolyzed gelatin, sorbitol or cell culture

medi urrgspactdveirailipel Huhd dinbld Dy Fogmesnnt@ endF coatdods G€inuh reemgenf STEVAWN in
the art_ such as sodi um hydrogen phosphate, sodi um di hydrogen phosphat e,

pot as sind AT, egpactplebs fhataeplified RER prd Gith ydrO AR iR RRaised, pRrified ! dhde
thereof, and the |ike. [00169]Liquid formul ations al so may i ncl ude
suspenabRqserdldciontt $4eNs psiTiBRanGAGhalfLIGUENARGdeRg BY RAIRGbhY iBIGnaBERtS 1N
conbi nation wth other standard co-fornulants. These types of liquid
formul ati ons may be prepared by conventional nethods. Suspensions, for
exanpl e, may be prepared using a colloid mll. Enmulsions, for exanple, may
be prepared using a honogeni zer.
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WO 2011/ 031438PCT/ US2010/ 046330 [00170] Parenteral fornul ations, designed
for injection into body fluid systens, require proper isotonicity and pH
buf f er i ngWwDaot181438r r espondi ng | evel s of mammal i an body PCITAISA&LO/0kE60 oni City
can be appropriately adjusted with sodiumchloride and other salts as

neede I used
o 1 noiay FHeB SRekRE o B SRRk BlarRlichk WA iR e SEDNR o
stability of the liquid preparatlon Further additives which can be
empl oyEWH he present vaccine include, but are not limted to, dextrose,
conventional antioxidants and conventional chelating agents such as
et hyl enedi am ne tetraacetie acid (EDTA). Parenteral dosage forns nust al so
be sterilized prior to use. [00171] The followi ng exanpl es denonstrate
certai anhEst s of the present invention. However, it is to be understood
that these eXanples are for illustration only and do not purport to be
whol Iy definitive as to conditions and scope of this invention. It should
be apceehadzgolr pdraine IT&Tpokiyive ca@hplecatietoi fivankidr i ONGfak . fihm Virgirper at ur e,
reaction tinmes, etc.) have been given, the conditions both above and bel ow
t he speeis edpéramgas (BN AWao PRSI BetdcRAUEII 9 %@% ﬁ{ffe}x‘eﬂt%§§%xﬁ1§lﬂ¥%§1&ﬁt ly.
a

The exanpl es are conducted at room tenperature bout 23 o0 about 28 C.)

and oy g@tea%%i bsell 3ﬁ%ﬁ¢ltﬁm beRRTdS ﬁp&eggbﬁ%% oft! S48 QMBI are

on a basi s an Sratures e expressed 1 n deg rees centlgrade

32L§§fc°¢a@0¥‘“ A SRl et BUTEEH PispbfSaSEeCre ne

conventjonal a t bo rs fr a Vir rmwere used in the study

ot e PHRAE ¢ poRBb et i BT aiferpi e Rp b BT RV 2nE DY AAH DA
m ni kitcﬁgg To screen for the positive PTTV-containing sanples,

hest edl' fém 61 aba LW aur: Kekaraioms G yuibila Adi, ond Segrlashd (06 cbrepatmve and
PTTV2 WO 2011/ 031438PCT/ US2010/ 046330 were initially performed by using
Anpl | Pagwidsl Thrpad tenevase irf{ ppgivicetinBinngdyi sitseme) watthey symlrqane (VI W)iaffectesled t o
anplify the fragment A of PTTV | were TTV1-nF (SEQ ID NG 45)/TTV1- nR ( SEQ
| D NOad® npoh M seaffdctasit plgé)lﬂrﬂ@pBGR)/ God VbV 87 (P 4),SEE3 -7 DKINRodvih/ et BY1206%, ( SEQ
| D hK)48) (for the second-round PCR), whereas the two priner pairs used to

anpl i fs%pr%"eAfﬁrﬁgﬁFe@éteclaoﬁfapBFEW WHR I ffso I\Yﬁazeﬂﬁn(tgggrésgﬂ%gméggd ﬁ@fy@f%EQ I D

NG 50) (for the first-round PCR) and TTV2-nF EQ ID

hK)52 I e CR; | A and Tabl ] er to
PR ol Bie ﬁ"f“%"fn‘?téﬁ;'ﬁrhﬁss Inrirce R BT i Bl AT TR ¢ st

perforned an inverse genom c PCR S|nq r. of onserved gene-specific

br i moPSS P 1amples (P PResuRes use) PR P R MG S B esn oy SEFon A

for PTTV1 and anot her pair of e speC|f|c rimers TTV2-1F (SEQ I D

NG 5) (Y2 S FarISperTs@rg)es| (SEEH o R Se26h el TV, bastsipe biuefy,

wi th Hercul ase Il Fusion DNA Pol ynerase (Stratagene) according to the

manuf adtgimerwese isngeeted t¢ oeed- ROR RORIyse0 dutrsingty, lletheeft suusi seplaevere

detected. Subsequently we designed new sets of priners to anplify two

r egi opssidoy &iriPg Vlhendcionpére tatsobsivLe &P TATVY Z:xegn doESR# 18) 1 Iecoaesdshiy ound

PCR, respectively (Fig. I1A). The prinmer pairs used to anplify fragnents 13

and Cs@hePdivple #5) WML PITE e lsadpAQR ShBD d
TTV1- S31?LF ( SEQ (}S%M NG 3) / TTVY(]ISIEQ(USEQA}%@D;KSI{(@)%E{ respep(ct ivel %/Qn%qeor%ggget he

e BT R B TR0
| D NG, I C i

LD Nl P50 %EWW%NW AR ERNE Sl Che
D oSu AN ELINL 1t UL SHELSRY RSl PSRBT o 2058, o

Theriogenology 68(7), 966—71), and thus suggesting a potential vertical transmission of PTTV,
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WO 2011/ 031438PCT/ US2010/ 046330 cl oning strategy according to the

manuf acturer's instructions (Stratagene) foll owed by DNA sequenci ng.
Exanpl e 2v030r1&8mi3sg for porcine TTV positive sanpl es c@Crasee@d/oie3sm boar s
inafarmfromVirginia: [00174] Porcine TTV DNA was previously detected

scauenaab 4G SRS 0L B 2T Ry 2 RRRER K AR BE e el )

Wth the recent identificatiopn of PTTVZ, differe nest ed- PCR
D1 | ror8 SHEUEBHRS SR Erers S hghiery st T D PTGt oonGes Bt BPTvD,
respecti velé (Fig. 1A) (Ellis et al., 2008, supra; Kekarainen, T., Sibila,
M, arfémgeg ‘Ihé§?mgplg( 2006). Preval ence of swine Torque teno virus in

post -weani ng mul ti system ¢ wasting syndronme (PMAB)-affected and

non- PMAG- af fected pigs in Spain. J Gen Virol 87(Pt 4), 833-7; Krakowka et
al ., 2008, supra). A simlar detection approach was also utilized in the
present study to identify PTTV strains frompigs in the United States. In
order RExanfplé 8en for indi genous PTTV1- or PTTV2- positive sanples for
subsequent use to determine the full-length genom c sequences, 20 sera
(SRI-20) and 19 senen sanples (SM#1-18, and SM#20) coll ected from 20 boars
in a PAT¥RNEE IRA PGl edesetiieysh86b] ect ed to nested- PCR anal yses. Surprisingly,
all the 20 serum sanples were positive for PTTV I and 19 were al so positive
for PTI8ETS] exgepsrictapel ySryarg)) alighmepboat PAY and aminolacsd ssmereapiese pSi®cdwas
PTTV | -positive and 3 senen sanples (SM#8, 9 and 20) were PTTV2-positive.
The r esinpt Lavagesopstiabe(DNASTAR heceidisinudyl)i The heholhaakeqnen®s «alpdees
were shown to be positive for PTTV DNA in Spain (Kekarainen, T.,

Lopez4@ewhaPTHy, stidifls 208288, colrespdidny -GdrBaBkt dcRBssRfn SWNBErs TdAU Eort 8120
virus genogroups 1 and 2 in boar sera and senen. Theriogenol ogy 68(7),

966- 71): t] ) NiA tieal jtr 55 f~RIEY. WO
2001/ CUE R A e e T A (B o I ArEFs0 00 T

and P [ egen re nuch |ower th t 1N sera. suggesiq,n at.there
IS no-@i\fr%%% @1‘5 E%E\IV ﬁ?isg%u g? ‘¢ ﬁ‘\égrbsrogg ZE{%E&W%F‘ ﬁr%ﬁﬂé‘f iu%%%etjal gﬂ%l}éggﬁﬁn of
the sane pig. Exanpl e 3. Sequence phyl ogeneti c anal yses: 100175

Gener iE€ENYR4 %ﬁ%@wgga?&rlm@ﬂ r?éHtawalﬁﬂiﬁvarﬁﬁﬂeénﬁ%nsae@a@éqme grdéa Y’E& an
perfornmed using Lasergene package (DNASTAR Inc., Madison, W). The genom e
seque@@b@e prograp deA K i PR, 8e0i Aimai hegay/ ukisipase B des o Hdk hagcCo R A e
accessi on nunbers used for the alignnment and conparison are Sd-TTV31l
(ABO76B84d¢t,al TIO0Y)p (AY823990) and TTV-2p (AY823991). Pairw se sequence
conpari sons (PASC) were perforned using 121 full-Iength genom c sequences
ST, Ogrmgg %‘)’l(grggelnet-ll;rt\r/eers%ea}g %‘gns%rtugt%gl %?f t&@éié}%%'r-?oih&g%ﬂﬁ?&" 51 tWe H’tllﬂpﬂf.%nl ' e
(http://ww. ncbi,nl mnih. gow sutils/pasc/viridty.cgi ?textpage-overvi ew)
(Bao &fossm, (%@B)S.WOI‘@’@%gT“bﬁﬂﬂl@géWéW@ Mrashinginar D€odistritysede @y b§inepes

nei ghbor-joining method in the PAUP 4.0 program (David Swofford,

Smi t hdomecaaie IInet ibasadeupanadtesi fighlongth DR nonis tsequsntasdarly t8i dealuesd Assmc kcitle
Inc.) based upon the full-length genom ¢ sequences and the deduced am no
aci d seqguecses 4dREs REsendt T B geain® ThHY datarvedrasbtaied fitbat d000eresampliag.ned from
1000 re-sanpling.
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WO 2011/ 031438PCT/ US2010/ 046330 Exanple 4. Design of PCR prinmers for

di agnosi ng porcine PTTV infection [00177] Anal yses and alignnment of DNA
sequenceswoeng/pesssor ned usi ng Laser gene package ( DNASTARTIUS2010/0M3d0 SoN,
W). Full-length genom ¢ sequences of ten porcine TTV strains and their
corre ond| ng GenBank accessi on nunbers used for the alignnment were as
follo tes PTTV1:. Sd-TTV3l (AB076001), PTTV | a-VA (GM56383), TTV-1 p
(AY823990) PTTV1bVA (GU456384), swSTHY-TT27 (GQ120664) and TTV1 #471819

(Qu 1 @&%ﬁa PCIOBGHES [BTTN2h0sHEINREmY AT BiHBEES5) , PTTV2c- VA (GU456386),
TTV-2p ( 3991?6andf§r}TV2g’;#47§142 (@3U188046) . The conserved sequences

anong b@ﬁ P;H;}f%sé%rb(ild%] gﬂé{% FE, éﬂg@&% W€ Pl pé lerﬁctuls{) %S‘Lpa%&rgbl‘(eeé %gacon

subse uently use e real-tine rine s using

potindtisit f?%@g%ﬁm é@REM Bet ol D e el hdHo ?na%\ééj@'%h‘eeé. R iPostite I sl AR

packag npl e..5. Standard curves of PTTV1 and. PTTV2 real -t| me PCR

[ 00178heipc Qré@pemiveﬁ Gopgankisiseessiop aupbRtitied o5 thardigpernt paigedelleypppecies
PTTV1b- VA genone was re-anplified fromthe sane PCR fragnent using priners
TTV1- [ HHIOAT ABEET 87 AASBAXSTAGAP T TRAGSEETGLBSH2RIT TVY - DB 40 REB3290), PTTVIb-
GGTCATCAGACGATCCATCTCCCTCAG- 3') as descri bed previously (Huang et al.,
2010) .VAha5u43a58H), ngvSIHg F EY (G 1 gedodp uaridf ITaY 1by4 T AGui(Cl 1 8804 5EX Spaddés on
Kit (Q agen) and quantified by a NanoDrop spectrophotoneter that was used

for termealptivm-PARGIIeEIRT)IPTENRE- AL (G4 963861, Mer VDY (AN®CB S ) hnd ATV?2
full -1 ength DNA clone of PTTV2c-VA strain, pSC PTTV2c, was constructed by

assenhl a9 PER 1T SRABE MR Bnéhded efqhame?mé%g WA T RE aM@qt pr@§ge§)mes
2011/ 031438P U82010/046330 arrp?kan Huang et al., unpublished data

Pl asmvgerg ‘?& por d,. 18 e;gaf%ﬁg bgr}d W&3 lﬁ%g gé’d {oh u1&ee geabhgg P&)QR rsnt’léaf s%ﬁ:cg tons

terrpl ate o ecCl es concentratti on

Tuo.t eRpedle Dgd Deatpd %?éé%ﬁﬁﬁﬁéﬁfﬁiﬁ@a@* CAERRIR Egl%ﬁs e

respecti veI y. Exanple 6. Extraction of viral DNA for PCR assays
used for the duplex nested PCR of PTTV1 were designed by the Lasergene package.

Example 5.

Standard curves of PTTVI and PTTV2 real-time PCR

[00178] A region of 2091 bp corresponding to the PCR fragment B of PTTV1b-VA genome
was re-amplified from the same PCR fragment wusing primers TTVI-IF (5'-
CATAGGGTGTAACCAATCAGATTTAAGGCGTT-3") and TTV1-2340R (5-
GGTCATCAGACGATCCATCTCCCTCAG-3") as described previously (Huang et al., 2010).
The resulting amplicon was gel-purified by QlAquick Gel Extraction Kit (Qiagen) and quantified
by a NanoDrop spectrophotometer that was used for the real-time PCR standard template of
porcine TTV species 1. A full-length DNA clone of PTTV2c-VA strain, pSC-PTTV2c, was

constructed by assembling PCR fragments E and F from PTTV2¢c-VA in the vector pSC-B-
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1001791 Total DNA was isolated from 20 serum and 19 senen sanples collected
from 20 conventional adult boars (wth no clinical syndrones) froma

Vi rgi ni a Wogofiasm3ssi ng Q Aanp DNA mini kit (Q agen) asPAEaSRI10md6330
previously (Huang et al., 2010). A sanple volume of 400 p,1 for sera and

et e S T R T
b LR e R RS D N R e e

goat serum sanple with the same procedure was used as the negative control.
ExanplveasmeasyBR by racignaliap spacirapkpiameter. ot il Gdolpdrugar sgries phthesove empites and
PTTV2-specific real-tine PCR were perforned, respectively, using SensiM x
SYBR &vdslused eseaenatektht rqaliaetP{desthaddyd eurdes, bespddriv€ly. CYCLER Real Tinme PCR
instrument (Bl O RAD Laboratories). Each 25-0 reaction contained 12.5 ul of
SYBR green Master Mx, 4 il of extracted DNA, 0.5 p.1 of each prinmer (10
nM and 7.5 ul of sterile water. The PCR condition for PTTV1 was 10 m n at
95C foll owed by 40 cycles of anplification (15 WO

2011/ demdpPET/ US2010/ 046330 sec at 95C, 30 sec at 59.4C, 10 sec at 720).
This was imedi ately followed by a nelting point analysis obtained by

gr adu i j _pthp%@ ture form55C to 95C with the fluorescence
Si gnalaé t’éﬁ}rﬁgwgréasdpgjd}‘@sery @% The PCR condition for PTTV2 was the sane

as PTT cept t he .annealin enper at yre, was 56C. PTT PTTV2

ot anadb BB oo Rl DR %, RORER P 20ATERR O B W Reey i ol g B ot 29
Amplification and data anal ysis were carried out_ using My Q System software
( Bl O RRDYqr4iRB?lAdgfibeass (W P ﬂ%%lwﬁéywé?@ewpmﬁ ‘éﬁ%lmac%zgéja@h upifg asmp
plate. Exanple 8. Specfici t% and sensitivity of two sin gleplex as;@/s
10018 MNAKHeing it { Qipizermrmelgsaribgd peaviseskt(buarg ¢iod., 28HDi Aisemplcovelane PP pl -
and PTTV2-specific assays were 59.4C and 56C, respectively, as determ ned
by a X0r t@hdindidetiich omasofisednp| dxtiactaDNGN svithsa Mgabclanrdbfefd pdfstediin eakdrngll
tenperatures. Anplification of the 118-bp product using prinmers TTV I F/ TTV

| R wasnhd@) m%}hmem& SIEY L LRl @l rié‘ﬁl-ﬁtfrﬁ@?cﬁ”?@éﬁﬁ | $RidcAbn BF pbRfne
200- bp product wth PTTV2 tenplate was only observed en priners

TTVF4/ R4 re_used, Neither ass Lelhd [OSS- | i,f L.Ggati o rom
Che ot moVe thE SBRS oy REMcABbn PR MR e BBV E BBy LEdedlel noe
shown)_. {0018 PTTV1 andard curve was established over a range qf

tar getzoﬂ)ﬁﬂﬂé’lﬂim Fé??%‘ﬁjz%r?)‘@ra gnpt gerym samplewith fcSame pracediewas s ag g‘es pan
4.4x101 to 4.4x108 copies. The m ninmumdetection |imt (44 copies)
corresﬂ%ﬁﬁ@doﬂwﬂa threshold cycle (Cl) of 37.57. Tested sanples with
C1>37.57 were considered as below the detection limt and were not
gquantifiable. Simlarly, a PTTV2 standard curve was generated and used to
det ect DNA concentration ranging from 8.6x10 to 8.6x108 copies per 25 jil

reaction. The corresponding CL of m ninumdetection limt WO
2011/ d‘g’ﬂ%‘gﬁ?ﬁl US2010/ 046330

SYBR green real-time quantitative PCR assays

[00180] PTTVI1- and PTTV2-specific real-time PCR were performed, respectively, using
SensiMix SYBR & Fluorescein kit {(Quantace Ltd} and the MyiQ iCYCLER Real Time PCR
instrument (BIO-RAD Laboratories). Each 25-pl reaction contained 12.5 pl of SYBR green
Master Mix, 4 i of extracted DNA, 0.5 pl of each primer (10 nM) and 7.5 pul of sterile water,

The PCR condition for PTTV1 was 10 min at 95°C followed by 40 cycles of amplification (15
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(8.6 copies) was 36.53. Al sanples that were considered as PTTV1- or
PTTV2-positive had copy nunbers | ower than the respective maxi num detection
limt. MWO2ag/smw3ses using a 10- fold dilution of PTTVERCOAUSBIINZ33@ andar d
tenplate (Fig. 6a & 6b; blue curves), as well as 20 boar serum sanpl es,

di spl a t rat 87.0 TT

vz 5 BBet: ey TERRC SRt °le1 S‘n%"%ﬁs f"gﬁw@m%‘}’nﬂ@w@ 0 1o
t he negatl ve contrals u sterl l.e oat_ serum tes
(Fi g. Balygs7aPaiprdy |&r#@e§y IE%S%'F% t@}a?ﬁa ?cfawo??é ner T and
TTV2 in boar serum and senmen sanpl es 1001831 Viral | oad was expressed as
copy rihvieseencofighaiiying oeasRiei\eryehditd sl s CRongtitiar fog PAAV 2bwmrthe sanemas
sanpl es. PTTV1 DNA were detected in all 20 serum sanpl es ranging from

1. 91X O Y bextegbthdOhe andatisg mpeheneasasBPHTV2P DNA] wad @ Td@teqtdrridrd emphtgser um
sanpl es (except #10) ranging from 3.59x102 to 1.39x106 copies/m . The

resul ty B snchRRE a8 b@ﬁﬁvé Soritléls lareequuﬁ AP AN cRYn Y8 H A GRARN SR L0 8drrid@sted
PCR (Tabl e 5). None of the senen Sanples were PTTV1-positive whereas three

357 coSHRRYER YR SRV reRBm AR LI HSH! SRR Sl RBiB s 0ug ™
Corrparl son, of porcine TTVs detection by different assays in 20 serum and 19
senmen Ilag fromadult boars in a Virginia Farm Sanples No, of positive

/ tot aI no tested by different assay

Example 8.

Specificity and sensitivity of two singleplex assays

[00181] The optimal annealing temperatures for amplification of PTTV1- and PTTV2-specific
assays were 59.4°C and 56°C, respectively, as determined by a 10-fold dilution of amplifications
using a gradient of annealing temperatures. Amplification of the 118-bp product using primers
TTVIF/TTVIR was obtained only with PTTV1 template whereas amplification of the 200-bp
product with PTTV2 template was only observed when primers TTVF4/TTVR4 were used.
Neither assay yielded any cross-amplification from the other, confirming the specificity of the

primers and targets (data not shown).

{00182] A PTTVI standard curve was established over a range of target DNA concentrations
per 25 pl. The linear range was shown to span 4.4x10' to 4.4x10® copies. The minimum

detection limit (44 copies) corresponded to a threshold cycle (C) of 37.57. Tested samples with
C>37.57 were considered as below the detection limit and were not quantifiable. Similarly, a

PTTV2 standard curve was generated and used to detect DNA concentration ranging from

8.6x10" to 8.6x10* copies per 25 pl reaction. The corresponding €, of minimum detection limit
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PTTV1 real - tinme PCR PTTV1 nested PCR PTTV2 real- tine PCR PTTV2 nested PCR
PTTV1 /PTTV2 duplex real-tinme PCR Serum PTTV1 Serum PTTV2 Senen PTTV1 Senen
PTTV2 20/\%0 2011181438/ 20 1/ 19 - 19/20 3/19 - PCT/US2010/046330

(8.6 copies) was 36.53. All samples that were considered as PTTVI1- or PTTV2-positive had
copy numbers lower than the respective maximum detection limit. Melting curves using a 10-
fold dilution of PTTV1 or PTTV2 standard template (Fig. 6a & 6b; blue curves), as well as 20
boar serum samples, displayed melting temperatures (7m) of 87.0°C for PTTV! and 80.0°C for
PTTV2, respectively (Fig. 6a & 6b; red curves). No peaks were observed for the negative

controls using sterile water or goat serum DNA as templates (Fig. 6a & 7b; black lines).

Example 9.

Quantification of porcine TTV1 and TTV2 in boar serum and semen samples

[00183]  Viral load was expressed as copy numbers of PTTV1 or PTTV2 genomes per ml of
original boar serum samples. PTTV1 DNA were detected in all 20 serum samples ranging from
1.91x10° to 3.25x10° copies/ml whereas PTTV2 DNA were detected in 19 serum samples
(except #10) ranging from 3.59x10% to 1.39x10° copies/ml. The result was consistent t¢ our
previous study by using conventional nested PCR (Table 5). None of the semen samples were
PTTV1-positive whereas three semen samples were PTTV2-positive with very low viral loads

(230, 244 and 357 copies/ml, respectively).
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19/ 20 3/19 20/ 20 19/20 Exanple 10. PTTVI/PTTV2 duplex real-tinme PCR assay
[00184] PTTV1/ PTTV2 duplex real-tinme PCR assay was perforned in a 25-ul PCR
syst em conbannim3w3t2. 5 i1l of SYBR green Master M x, 0. PpcrrAak2eoboeassh PTTV1
prinmers, 0.5 pl of each PTTV2 primers, 4 [il of DNA and 6.5 1,0 of sterile

prrv i A3Beck Qoo SRR Ry PR AelEliby “?ﬁ%f‘%‘%@%gﬁ%@ PR e oS

were anal yzed to distin UISh the PT V1 and P cific anplicons.
Exanpl e 11. Dupl ex AEREEIPIPIES fromy adylt bparsdp ag 'rg‘B R was per f or med
with a Platinum PCR H Fi Supermix (lnvitraogen) using 4 til of extracted DNA

in a total volune of T‘E}Oo@bsiﬁﬁhetoma wesod dy diffomtwas 30 cycl es of 94C for 30

sec, 55C fompBY sec, prZ¢) for 158C Wi TRTAR &40 T iEirvaenat Upatvii @i o
tenplate DNA at 94C fipfe PERM N. nefediPdrd akim@lPoX  Of nkddd@ PRI St dupRURE-tRERCR
product was, le,oh,i‘]or PB@ secong) ound PCR wi th the sane PCRj,eagents and

condi ti on. e pair primers ah- nF/ Pl ab-mR WO
2011/ 03143WTUS’2010/ 046330 - 19720 19/20 19720
Semen PTTVI  0/19 1/19 - - -
Semen PTTV2 - - 3/19 3/19
Example 19,

PTTVI/PTTV2 duplex real-time PCR assay

[00184] PTTVI/PTTV2 duplex real-time PCR assay was performed in a 25-ul PCR system
containing 12.5 pl of SYBR green Master Mix, 0.5 ul of each PTTV1 primers, 0.5 pl of each
PTTV2 primers, 4 pl of DNA and 6.5 pl of sterile water. The duplex PCR condition and melting
point analysis were the same as PTTV1 except that the annealing temperature was 58°C. The

melting peaks were analyzed to distinguish the PTTV 1- and PTTV2-specific amplicons.

Example 11.

Duplex nested PCR

[00185]  The first-round PCR was performed with a Platinum PCR HiFi Supermix (Invitrogen)
using 4 ul of extracted DNA in a total volume of 50 pl. The PCR coendition was 30 cycles of
94°C for 30 sec, 55°C for 30 sec, 72°C for 30 sec with an initial denaturation of the template
DNA at 94°C for 2 min. A 4-ul aliquot of the first-round PCR product was used for the second-

round PCR with the same PCR reagents and condition. One pair of primers Plab-mF/Plab-mR

74



was used in the first-round PCR whereas a m xture of two pairs of prinmers,
Pl a-nF/P 1 a-nR for detection of PTTVla, and Pl b-nF/ Plb-nR for detection
of PTTVlbyower3used i n the second-round PCR (Tabl e 1). pEmassasploidsdeat i on
products were visualized by gel electrophoresis on a 1% agarose gel stained

L g O L R e
i i 100 1 C j ORFI PTTV1ia, PTTV
ke R e R LT N

(pSC-PTTV1a, pSC-PTTVIb and pSC- PTTV2c; described el sewhere). The anplified
f r agneaesd MeRdéTeblpdy (ldg amplinaloderpdustevere pisidlizadsyngd klegtrophasesisom PI%V | a
(ORF | aa positions 317-635 (SEQ I D NO 13); GenBank accessi on no.

QU456 3F3ose IEB stdinddorwiffil EMidiutOBFdmida gais itdvb oiidS 2e6i8® foPEEAchDNO: Iéde;
GenBank accessi on no. GU456384), and 316 aa for PTTV2c (ORF1l aa positions
310- 62fhfréralAtd IbNOVLGHt. GenBank accession no. GU456386), respectively. A
C-terminal truncated fragnent of PTTVIb encoding 248 aa (ORF1 aa positions
322-569 (SEQ ID NG 14)) was also anplified and used as a conpari son control
for SDS-PACGE analysis. Al the plasmds were constructed by cloning of the
PCR products into an E. co/i/bacul ovirusl mammalian cells triple expression
vect orExafmpletd. 1- Neo (Novagen) between the Ncof and Xhol restriction sites
to generate Ctermnally 8 x Hi s-tagged fusion proteins. The four

reconmbi,nant pl asmy wer i ted pTri-PTTV1aORF | , pTri-PTTV | b-ORF |
, pTr ié%ﬁvt%ﬂ-”&p&q?jgﬁfi%ﬂﬁ&g@%’w P pas 1 . Al cloned sequences
were confirmed by DNA sequencing. WO 2011/031438PCT/ US2010/ 046330 Exanpl e
13. BAPPISGL; oﬁh%f-tﬁ%@ﬁbp%ﬁq@f ﬁ%f\lflofaﬁﬁﬂéﬂ a,1P VBV e geeiPdd V2s0wer] ammpiidiedour
expression plasmds were transfornmed into Rosetta 2 (DE3) pLacl conpetent
cel | s ffad gy easpsctive Spldengite BN A andehes HpSGaEHTEY Iaa ph€r BT PV b edd 3 (-BI Ay ac;

pl ates containing 100 ug/nl anpicillin overnight at 37C. A single

t r ansfdesarived eiveshbenyTHeodmslHd RamsdniUstre\@®etts® b tRcdddQeotert Srodudtt woih LB
medi um contai ning 100 ug/nmlL of ampicillin (LB/anp), and grown 6-8 hours at
37C. Bho daUfoRirdr 18y il (ORI %ﬁ?o@@i‘bnf@@h—@?'{%}}@ﬁﬁ N@.ﬁﬁ;h@@rllﬂ"h?ﬁda& ssiTRK o,

bacterial stocks by adding 25% filter sterilized glycerol, and freezing the

cul t Ui s3483 13 1 880CH P TPY 16 QORI d RLLGR 320648 (SEQ IS NG AENGRAELR! | 4

stock for éach construct was t noc ure of

LB/ anp, and gro -8 ho at. 3 100- of Qverni_ght ss_TB

Medi a af?\%?)g@g]r?) %iéjél’z’ﬁg)cuﬁn t?g](r?s\‘?ﬁ'tfﬂr F&g@fa@g{? 8t IRPIaNS &(‘?Bﬁ&gé@%g} ein

expr emgn,‘&%nd was grown 16-18 hours at 37C. After incubation, the

aut oi bl S#FnBank aresupiiap weRt S et 800.resreghslom dt-tasnow] ipnedtest ragmentmlt es

at 4C. The resulting supernatant for each construct was di scarded, and each

of t h&Tdddbenieding 4§ ea ORakag pasiione d221569 PO URNO: ld$ewvasttanphgified. and

Purification and dialysis of reconbinant proteins [00188] The reconbi nant

pr ot eiunsl aen eompsvianbt@t@h doreXPEE59EE ankliybis nAtlhéc pdaiedd alerd o@lstigaéted by
cloning of the PCR products into an E.coli/baculovirus/mammalian cells triple expression vector

pTriEx1.1-Neo (Novagen) between the Ncol and Xhol restriction sites to generate C-terminally

8 x His-tagged fusion proteins. The four recombinant plasmids were designated pTri-PTTV1a-
ORF1, pTri-PTTV1b-ORF1, pTri-PTTV1b-ORFlctruc and pTri-PTTV2¢-ORF1. All cloned

sequences were confirmed by DNA sequencing.
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bodi es. Each of the bacterial pellets was treated wth BugBuster and
rLysozyme according to the manufacture's protocol (Novagen), and Benzonase
Nucl ease wbeuagsnsswas added for degradati on of DNA andpBiNAS2H80636 t he

i ncl usi on body pellets was subsequently resuspended WO

2011/ 14381Pg/ US2010/ 046330 with 840 gl of lysis buffer (6M Guanidi ne
Hydroc 0. 1M sodi um phosphate, 0.01M TrisChloride, 0.01M i m dazol e,
pH 8.0), and frozen at -80C for at least 30 mnutes. It was then thawed,

di | ut exkppisklonanradeblicanBITRi GndPTOF? bxbsdiss buf fer and gently rotated for 30
mnutes at roomtenperature. The |lysate supernatants were collected by

centri i oAt - u oJcl N

Sov% 1 PR E‘h f°é5 SParsor s, Fea v B “P%?fa Re(GE3 L atad
super nat an% he m xtures. wer e s aﬁ ﬁ)for 60 m s at__room

t enper@MPFE" 6 YRR SEEREG UG i PR INerDaCteTa ap eip é‘ o XtRiragar lates

| oaded into an errpty chr omat ogr aphy coI um. After the initial flowthrough,
a 7- ncopfainingil Q0 mgfrlepmpiglin gyemight at 3d°€olfuamekendansforaagen colohy dar eashough.
Each col um was then washed 2 tinmes with 7 nL of wash buffer (8M Urea, 0.1M
Sodi umoRftogphedseused. b5 MoBoldicu i Bhlodr LBl emedium?2 bbritsinithgz 00 gkl 8f Gmpidlliat i on
of the target protein was achi eved by adding 4 separate 1 nml aliquots of

el ut i qnBRH)EEind gM\»U{) 63, hdr QM Sedi T tﬁ'hﬁ@ Bha! BultukdMSOgicH BoflthRE Lde the@i >M

I m dazol e, pH 8. the columm. The four elution fractions were analyzed

by SD e i~3b The l,u s _conpain

stgni iscENs mégﬁeééﬁ%?%?toﬁﬁ%?dtﬁhé 205 Qe et Peher M B A I . s
|aI S sette with a ecul ar weij ht cut-off (Pierce). A

serl ooy 4 E‘? & a‘«i“%r tBtPfuflé‘F%“%#% Puegélef%wea.b&weﬁ's sloghi for yaghs cisirrervas (6M

Urea, O. 05M Sodi um Phosphat e, 0. 8M Sodi um Chl oride, 0.3M | m dazole, pH

8. 0), wtdioymbsulitafafleml 2taftduliueac! OBOBBNVAGDdiowm felhéshhatre at B7°633M180dhlum

Chloride, 0.2M I m dazole, pH 8.0), dialysis buffer 3 (2.67M Urea, 0.022M

Sodi ursf Rb"ﬁb&ﬁl?ﬁtt Bxpross3PBM/1agid i (U £6n® i 4d 8 no Qi kS8 MithMihd agoHe® .cuRtleBoGhd@dkd
di al ysi s buf er 4 (1.5M Urea 0 0148 Sodi um Phosphate 0 237M Sodi um

Chl of g 0:. 80AMoh M iAGal GroBi 1B noul NG, §11 VTS GASBAIE S SRAYERK al ¥

subne g rota al'ysi's or over-e nour 8
dialysiﬁ mas conpl et e, the reconbi nant Hi_s- tagged f usi on proteins were each
¥

r emovéH fﬁdwﬂtlﬁ%eﬂ& sedrifugation #3A0PiTPIClgr 4 S iMiguEs RahSEr bhe Esalting supmatant. 80C.
WO 2011/ 031438PCT/ US2010/ 046330 Exanpl e 15.
for each construct was discarded, and each of the bacterial pellets was reserved at -20°C until

use.

Example 14.

Purification and dialysis of recombinant proteins

[00188] The recombinant proteins were insoluble and expressed within the bacterial inclusion
bodies. Each of the bacterial pellets was treated with BugBuster and rl.ysozyme according to the
manufacture’s protocol (Novagen), and Benzonase Nuclease (Novagen) was added for

degradation of DNA and RNA. Each of the inclusion body pellets was subsequently resuspended
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SDS- PAGE and anti-Hi s-tagged Western bl ot [00190] A western bl ot was

devel oped to detect purified reconbinant proteins by using an anti-6 X

Hi s-taggasoronasi4«sal anti body (Rockl and). Equal vol une®CafUSe@oi+@Bo t he
purified truncated ORF1l proteins and LDS / 10% P- MVE were m xed, and boil ed

at 95 I F - t i |.enas .

appr ogﬁlftgtsg&\?lv}am f}g‘%%?fff@&cﬂjﬁg- i @§$§%g§&y?’gn@5§dl p@gﬁ%??trog)glg) Yand
was run at 200 valts for 43 mnutes in 1 x NMES running buffer (Jnvitrogen).
The priotierifs QeI imidaelee PFEtib gng TrSyBk el of (505 KA UIes iy Wis thes

bl ot sem dry transfer apparatus and 1 x transfer buffer (Invitrogen). Once
t r ansf thawed slilitavpivish en addeioBMOES mehbf buis Wmdier iand @ontl e dotated Toy 36 eyinbenaki ng
buffer (Li-Cor) at roomtenperature for 1 hour. The anti-6 x Hi s-tagged MAb
was di ﬂoHﬁaet@m?EraguﬁéO@Qe IRty @Mand Rele dUebd be '&er'{triﬁ.tga&%r}i WERNo@Px gdBtho

0

transferred e nmenbrane after the previous” Gdyssey bl ocking buffer was
renoved; Nnecker, i.-ncub L.t h the rane .f o
eit her‘qﬁmg%saﬁ Q@M%g? %&#ﬁ‘ {n{ghp%grs go{(’ﬁglé&gf\ ‘i‘%‘b&‘\}‘g?‘hﬂ (gﬁp\,%%l%?&st a%rr%&a%[%emﬁgc (r’gne
was washed 3 times with tris buffered saline 05% tween 20 (TBS-T

S gy e Aceaigd SAREmUaiid g Ak HBT O B oM EbP) TRRFDEG O e FRITEE at
1: 5000 in Odyssey blocking buffer./ 0.2%tween 20 / 0.1% SDS. It was

t r ansf POl Rig-taghlindings Hihg lysatermssin puptirereypiedpadeddp an ¢ Fhranatpgraphit e
for 1 hour at roomtenperature while gently rocking. The nenbrane was

was hedcodurnn. meédienithe infBg 1ot -throngh, v 7miT@Slyaisdbuffeageas addedl 1o Hbe kplu@or and
Qdyssey. WD 2011/ 031438PCT/ US2010/ 046330 Exanpl e 16. Serum Western bl ot

[ 0019 1lloAved @s nwibaiughn Eatiotolums vesviedropedthed antnesseth Uaenl denaid puffiegBM ve
and negative serumcontrols for ELISA devel opnent. After SDS-PAGE as

describrd, PRV SodihMeEPHRISHHEI, 1S] M SBdfuhACRIEHE eI ithidk¥BR, PRNDORNEutifabr was
subsequently incubated i n Odyssey bl ocking buffer (Li-Cor) at room

Gyosey S EuRs M fepiqhel ByoRUEE R GRMETTR, FLER bl Fbflec t0Erenr
s 1 PG EhaiPhia T SuBEE GRoRE KEVRIRRMARE PE= o) ROuP SOl o ©

tenpe;fature,. %d then t he ng{)ane was washed 3 .ti ,nss with tris buffered
sal | nefOPr JUeeRARcHean Wts qneBgearoy sPgrwpe and goaamasin BlucsARe gG | RDye 800
anti body (Rockland) was diluted at 1:2500 in Odyssey bl ocking buffer / 0.2%

tween 3014910. 1% SHidond LoMaRink" fﬁ@ahF @%chf?trétnﬁs fof %ﬂﬂgeﬁ%ﬁﬂ&g YDk '?ﬁteeg

menbr ane, and allowed to 1 ncubate fo our at room tenperature

gggt | aCht R %ﬂidi@?@%é%g : 3@@%@@@@%@{%%&%@%@5 YE%?-L?S@%“%@AE >
PTTV2- i1fic ELI SA.[00192] Tk ' ' [
ioed chabaR rprerdeshi vt bt ol ) CRLRE W Koghvn bhiefae. 7

determ ned by checkboard titration. The ELISA was initiated by diluting
each dt3MnedugpiGhleride: 8cdhbmiteaele Pl -& Qg diaby sisuaittn 20rdt biress OBPFY/Sedigm p| TY
| b and PTTV2c, respectively) to 680 ng/m in 1 x Carbonate Coating Buffer
(CCB) Rhosphatad 0o¥33d1 SodiamdChivaitle, 2 Melahidanokd, méti 8.4), KlialgAs phiiered (7.6 bien)

with 100 t1/well. The plates were covered, and allowed to incubate at 37C
for 2 (heldM .SoAhtrePhesphaten) 3 SaNeS odiidon Cidbrplep V&3B! Ineidezol€ PRy 8@y anddial }4R
2011/ 031438PCT/ US2010/ 046330

buffer 4 (1.5M Urea, 0.0148 Sodium Phosphate, 0.237M Sodium Chloride, 0.089M Imidazole,
pH 8.0). The dialysis cassette was sequentially submerged and rotated in each dialysis buffer for

over 6 hours at 4°C. When dialysis was complete, the recombinant His-tagged fusion proteins

were each removed from the cassettes, quantified using a NanoDrop and frozen at -80°C.
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each well was washed 3 tines with 300 pl of 1 x TBS-T. Protein Free

Bl ocking Buffer (Pierce) was then added at a volune of 300 !'Al/well, and

t he pl at egoweri@3m3Bowed to i ncubate at 37C for 1 hour, REAAKRWSI63BN a
96-wel | dilution block, the serum sanples were diluted at 1:100 in 150 R
of protein free blocking buffer. The bl ock was then renoved, and 100 pl of
each diluted serum sanple was transferred to each correspondi ng wJ on the
ELI SA pl ,ates,. The plats were allowed to incubate at 37C for 2 hours, after
whi oh ERmPdBl was washed 3 tines with 300 p.1 of TBS-T. Next, the

HRP- conj ugated anti-sw ne 1gG anti body (Rockland) was diluted at 1:4000 in
12 M @b Py Jnki ﬁ,s%%g@ wangn b8 pl was added to each well of the

pl ates. This vvas I ncubat at 37C for 1 hour, and then each well was washed

3 ti h TBS- A, 1 . 1 of

Sur e PUS0ke By 83“im%3%8ﬁse§?%?%sﬁ) ete-LaliEed RolnBiantpiotips Phalip s
After 20 m nutes, 100 1 of 1IN HCL was added to each well to stop

devel Ghenk Hivfagesd d@@?c\ﬁéﬁleaﬂt’r‘i’@ﬂy (Bagklard) 4 sguphny olmpgsmel sagtg of g aurafweﬂi yses
[ 00193] Porcine sera used in cell culture research froma comerci al
conpanyuncarh UPREL yredins mdeDRealiahd paME cons iderdédadd doiléd amoaPC W10

di seases) were used as a pnsltive control for the three ELI SA protocols

becausginhiie. &QUBPLIVWrtﬁ‘e a{blledPEEMleawas E’J ma ea@nﬁlpﬂﬂ Ve waﬂlaﬂ 5195 gRIBR ed

by serum western bl ot and dISp ayed high OD values (> 2.0). W initially
used ]| |...as e

negat o AR & UGyt 360 def B bR nl%eae%paﬂ. S Mping

negat i ghot obi ot c ﬁi sera we screened sonme_porcine sera collected from
a com)véﬁ?ifr SANTEER). £ RRGPTIAE S¥oh IRRsteeb{o wel ¥DE| Bemiegs: BreRed) wosg ér n

bl ot detection and their OD val ues corresponded to that of negative

gnot oblrens blopsemiséy dranFiee spparst@ 204 1/>0 8IS AGTTUSRG 1160846 3Q0cc ansdart wan al
porci ne sera were pooled and used as a negative control. The cutoff val ue

for eaohphid, She WBEDE ahahbrase dagsndubstedaaro&asmabloekiaf Bufir reeg@bt)va 166#t 1 ol
group (n=4) plus 3 tines of the standard devi ation. Exanple

Constr. Ul n . 2C
[00194{?%%%“{6?E%fné TQFE R SERE T Fiche %S‘R?%Evgéseﬁﬁﬁ% Wf%@ R
accessi,on, no, 3 l.ifi,ed fromthe co uct s, descri bed

o ovi SIS BB NS B gty GTRLSEAIPAL FRETEY T ME AT SRBRTS. DA
with a BanH | site at the both ends of the genone by overI appi ng. PCR usi ng
t he Hereakingstuffer wag seraovednAhpdyldhurasdelt poa ragksy iniayubsie with themegbrane for

pSC- B- anp/ kan (Stratagene). The resulting construct was designated pSC PTTV
| a ( FiegtherlZKyurs disiong teipersmneorst*Catvegnightt drel thbothe npssibridelWad whshe#i3gimeks713)
originated fromthe US isolate PTTV1lb-VA (GenBank accession no. GU456384)
and t hauelRneRRd BEIV20.06F @veeﬂ@)("rgsmlsagfhsﬂ Arcun bhe-48Bid 196! RIBe 800

PTTV2c- VA (CGenBank accession no. GJ56386) were constructed with the same

restriegf. cggzﬁglw&y Q\Ei@raﬂu{ez; .3?”1 5d1o ﬁ%@@?? gpﬁgﬁ%ﬁv 0.5 qwrg&&/ 0.1%

TTV2- #4719 ul | cont al ni ng ength genom c

ori gi d n T i TTNV2-#47 2 was
o ot CHE O T %ﬁrséa“é‘o éapfaesﬂ%g%%}\bfd‘?&ﬁ R R R i S e
into Or Ci ne TTV. sub th t he US |soI ate PTTV. | h-VA
basod R oA ErproEh SR Eafhy (eREh! dhe M ombratt iy hege fmes win THS:
2011/ 031438PCT/ US2010/.046330. Exanpl e 20.

, 1 time with TBS and imaged with the Li-Cor Odyssey.
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Construction of tandemdi nerized DNA cl ones of porcine TTV2b and 2c [00195]
The full-length PTTV2c genone was excised fromthe clone pSC PTTV2e by BanH
| di gestiwo,2opusif3sed and |igated to form concateners. prgaiseeionesssat eners
were cloned into the BanH 1-pre-di gested pSC B-anp/ kan vector to produce a
t andeng.di rne{el ed DNA cl one, pSC2PTTV2c-RR (Fig. ID). Simlarly, a

t ande i‘zed DNA cl one, pSC- 2PTTV2b-RR, was generated fromthe clone
TTV2-#471942 full using ECOR V restriction sites (Fig. IF). Exanple 21.
Cener atd on wiadfh bka-, PTTVlb- and PTTV2-specific anti-ORF1 pol ycl onal

anti bodi es [ 00196] The ORFI - encodi ng product is the putative capsi d protein

of TTV ge e a PTTV; TV2 8

pol ycllo'ﬂ- ] &hﬁegg%qo dEélP V{g Cf?gelgﬁpr’esm%sﬁ op g%{ﬁ(@ﬁ{twﬁ a&d r%mand to
determnethe in f PTTV lone ethr e, ORF protelns from
PTTV | SeHim Wﬁwf? Tha¥hrudiomene Aleh s DSCBACE s Bt Sbrite, fre FEtBa AR o

subsequent|ly used to i nmuni ze New Zeal and white rabbits, respectively, as a
cust ontramiarisddy apt VR oneabrase Hvit oS apbRaptynacybsadnaBdymeaplocking bulfer
(Glbertsville, PA). Each anti-OREl pol ycl onal antibody was produced from
serum (dﬁ-(iom)’rah't@@d tengibattie. foExahpire & Xelectedvictuno samphs fves tdiloredodt PTOVin

i nfectious clones 100197! PK-15 cells were seeded at 2x105 cells per well

ont 0 aQfysse} blopkiag dudfesl/ 0nOYWHwesht 20, 260 %anOReredd thtemembhat arfer tHeagrediegcd i on.
The DNA cl ones pSC—2PTTV2b RR and pSC- WD 2011/ 031438PCT/ US2010/ 046330

2PTTV294R& Y0106k %’ beGE! Wad feRRFEECTIRsdrith QaRfSte lwasCiBftlop a f0BRAGS GhBh wiliST NY
Li pof ectam'™ne LTX (I nvitrogen) according to the manufacturer's protocol.

For cl Qoes ibnbreRer Yhaurs eﬁgom%e@a{}g ahdl YeerFid ﬁ%%rz#' »l,as JAYRLY 3 i @RGGE,

concat eners, produced as descri ove, were used transt ecti on,

I ) 5, day d
e Xt?qf%aerdegae@ﬁ AT JZt%é’rpaxh %%?‘33 R
porci ne TTVs. Llrnat i vel y, transfect ed cell tH”(ggassa ed into new
6- vel | anbibadeERogkiandh et Aileiad @b 1 20P¢ in Odywsey blqsﬁyle Bf 8-heveqmaQed 4% i on.

Exanpl e 23
SDS. It was transferred to the freshly washed PVDF membrane, and allowed to incubate for 1

hour at room temperature while gently rocking. The membrane was washed 3 times with TBS-

T, 1 time with TBS and imaged with the Li-Cor Odyssey.

Example 17.

Indirvect PTTVIa-, PTTVI1bh- and PTTV2- specific ELISA

[00192] The optimal concentrations of the antigens used to coat the plates and dilutions of
antisera and conjugates were determined by checkboard titration. The ELISA was initiated by
diluting each of the puritied recombinant His-tagged fusion proteins (PTTVla, PTTVI1b and
PTTV2¢, respectively) to 680 ng/ml in 1 x Carbonate Coating Buffer (CCB) at a pH of 9.6, and
coating medium binding ELISA plates (Greiner) with 100 pl/well. The plates were covered, and

allowed to incubate at 37°C for 2 hours. After coating, the diluted proteins were removed, and
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| munof | uor escence assay (I FA) 1001981 Transfected or passaged cells were
washed 2 tines with PBS and fixed with acetone. Five hundred mcroliters of
t he anti b¥0I2061/038438cific to PTTV | a or PTTV2 at 1:500 @#CIraiseen/oue33PBS, was
added over the cells and incubated for 1 hour at roonrtenperature Cells

wer e was 3 tine t h PBS and 50 red

488-| aff é’ff“g‘ﬁ%ﬁw%i'{?% RS with S@ ¢ ‘?fvlr t #@é L. Fé?fOBg ﬁu&%ﬁ e\’ivé]s‘e‘ECﬁEn
added. After 1-hour incubation at roonrtenperature and washed with PBS, the
cel | s wey des addeded awotumsgB 0. Hl/ WONPand tPipjatdsneery aHowdd w0 Cutsid ait3i760 famkd

vi sual i zed under a fluorescence m croscope. Exanple 24. In vivo inocul ation

of conk@mt Muaalvhik,as aWetwell Meutfoarnieik the¥Bfun? Sfniey wRelillikY2t ¢} 19088 15@991991
A pi g inocul ation study was perforrned to determine the infectivities of

pso- oA GRS s P R R BB o

conventlonal ha tive r ega ve for orci ne
s e el iRl g crr%‘g{h%% oy S e B RS Rt B Y

pi gs was housed Separatel and mai nt ai_ ned under condi tions that net al

requi r &HEYRAdo Hrcupde af HEG fond e aftss whih caeh ¥l Avfsvaasheshs Emenwithsd®0 1l 06200]

Al'l pigs in each group were injected by a conbination of both the

i nt r a- TRSPh Nodethe dlRRcanaatert angintydoe [E3 antchetde (RI¢ldarfd) wvas plilgsed (an dst00Q &1,
189, 192 and 193) were each injected with 200 pig of the pSC 2TTV2b- RR

pl asni 2 ANA¢ woaiesse Blaokhad 100w wak @8dednosactOel] 380 pld&s. ands d8d incukit@l each
i noculated wwth 200 ptg of the pSC 2TTV2c- RR cl one. Pigs wer e nonitored

dai Iy Jt%r?"@'fbx”! %br $h@ R nQack WRAAFH \I/L‘&Jh[:%‘a tgrﬁs\mmlﬁ 33§ #3y5psAt! uPhas. pere

necropsied at 28 days postrnoculatron fe present I nvention

I R R R R SRR e

intention of th plicants to restrict or inany way limt the scope of

t he aptﬁena'éusmfgﬁﬁfg 200 M¥RBES: dé@@u #l ohgHit HoAalwarnaridsdcdei eass wielll 1 eshen | y
appear to those skilled in the art. The invention in its broader aspects is
t her ef @velopment. |]Fhetpéa165t‘del‘lerﬁ@llsl‘p@fbﬁltf4r5@ nget ai | s, representative apparatus and
nmet hods, and illustrative exanples shown and described. Accor di ngly,
departures may be made from such details w thout departing fromthe spirit
or scope of applicants' general inventive concept. WO

2011/ 0|§:31438P1 / US2010/ 046330

xample

Data analyses

[00193] Porcine sera used in cell culture research from a commercial company (manufactured
in New Zealand and consideted free from all OLE diseases) were used as a positive control for
the three ELISA protocols because the sera were all PTTV1a-, PTTV1b- and PTTV2-positive as
detected by serum western blot and displayed high OD values (> 2.0). We initially used pooled
gnotobiotic pig sera as a negative control as they were pegative in western blot detection.
Subsequently, in comparison of the negative gnotobiotic pig sera, we screened some poreine sera
collected from a conventional pig farm in Wisconsin, They were also negative in western blot

detection and their OD values corresponded to that of negative gnotobiotic pig sera. These
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What is clainmed is: 1An infectious nucleic acid nolecule of porcine Torque
teno virus (PTTV) conprising a nucleic acid nol ecul e encoding an infectious
PTTV whi cwoeontmsi4ss at | east one copy of genonmi ¢ sequeneeThsuiwg4asto | east
85% honol ogy to a genom ¢ sequence selected fromthe group consisting of

PTTV1la- VA t.PT'IiVlb-.VA PTTV2b- )/% %lt’ld cllDTTVZC_a\s{A' 2.t 'Iih i nfegti gusf nucl ei c
aci d OMEQUPB ARG Terssied 19 ed 4t @ Peeite 6AB ‘“%oﬁ{)e 8‘1“082‘”&‘}% 8" e&8uence
havi ng_at | east 95% honol ogy to the genom ¢ sequence sel ected fromthe

gr oupg@éﬁéi W3S Gapubedostthy gighm Olbyatye phthg Regpiive\popURlgrouwm (nETPsd- Npes & The
i nfectious nucleic acid nolecule of claim1, wherein the genom c sequence

i s seltbestentlafd devigmguences set forth in SEQID NO9, SEQID NO 10, SEQID
NO 11, and SEQ ID NG 12. 4. A biologically functional plasmd or viral
vector containing the infectious nucleic acid nolecule according to claim
3. 5. The biologically functional plasmd or viral vector of claim4,
containing nore than one copy of the infectious nucleic acid nolecule. 6. A
sui t algsanfjaetiocel | transfected by the vector conprising the infectious

nucl ei ¢ acid nol ecul e according to claim4. WO

2011/ 031438PCT/ US2010/ 046330 7. An avirulent, infectious PTTV produced by
cel | s Ceomstrudtivnmg/ahenghisssemssNhabre ¢ reeside kbl ée dibenddsor ding to cl ai m 6.
8. A vacci ne conprising a nontoxic, physiologically acceptable carrier and
an i m¢dgeni BCRnfoagnientf B andeirifiom el ©8 tiwdaté PATV eV §r(GigpBadinsicetdsingnaf :

(a) a nucleic acid nol ecul e containing at | east one copy of genomc

sequer@ig4 36388 ngetrel a@@sitied Ao ietdod Gy ct Ll FIBIAOFTE ¢l 0 880 UGIICKe1S %h@@%laamgr om
the group consisting of PTTV genotypes or subtypes PTTV | a-VA, PTTV | b- VA,

PTTVZ s déhbl @i d T V2R n MR ceMmic N AQHR] £ BRRAHEAY dteSH SIRMDth ends of the genome by
overlapping PCR using the Herculase Il Fusion DNA Polymerase (Stratagene) on the vector
pSC-B-amp/kan (Stratagene). The resulting construct was designated pSC-PTTV1a (Fig. 17A).
Using the same strategy, the clone pSC-PTTVI1b (Fig. 17B) originated from the US isolate
PTTVIb-VA (GenBank accession no. GU456384) and the clone pSC-PTTV2c (Fig. 17C)
originated from the US isolate PTTV2c-VA (GenBank accession no. GU456386) were
constructed with the same restriction sites (BamH [) on the same backbone vector. Plasmid
TTV2-#471942-full (Fig. 17E) containing a full-length genomic DNA originated from a
Germany pathogenic porcine TTV2 isolate. TTV2-#471942 was a gift from Dr. Andreas Gallei
(BIVI, Germany). TTV2-#471942 was classified into the porcine TTV subtype 2b together with

the US isolate PTTV1b-VA based upon the phylogenetic analysis (data not shown).
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(b) a biologically functional plasmd or viral vector containing a nucleic
acid nol ecul e containing at | east one copy of genom c sequence having at

| east 80%vbanmlmgsst o0 a genom ¢ sequence sel ected from Prhe/eowp463emsi sting
of PTTV genotypes or subtypes PTTVla-VA, PTTVlb-VA, PTTV2b-VA, and
PTTVQ§$§%EI§50its conpl enmentary strand, (c) an avirulent, infectious
nonpa ogé’nl C ‘porcine Torque teno virus, which is derived fromand cont ai ns
a genom c sequence having at | east 85% honol ogy to a genom c sequence

sel eci®@astucpion bARIngERUmMERTI VA Man&f of BOINnOIENBE Y PRB2Or subtypes PTTVla- VA,

PTTV1bVA, PTTV2b-VA, and PTTV2c- VA, and (d) an immunogeni c fragnment
of a REPt TR fE &?F’%m} teel ¢ 135501 0 a
pol ynuc lgofi de gfgqge ce gglqg(c: gﬁ rlg%ggﬁoggegrfgdﬁ)ﬂﬁ:e{)ﬁ@sﬁ%g of gﬁg ) F2,

ORF1/1,,.and ORF2L2. of, PTTV, genot ypes.or suht s PTIV | a- VA, PTTV1bVA,

P T2 SRSt e S (sele BTEh FRE i dtherS ddedBF Replrmar SRl ongE i B e
VaCCiEF C Etai S Iive(E TV vjirus. WO 2011/031438PCT/ US2010/ 046330 10. The
vacei Hamit ke 1RE130PRG A kagNestes 10 RTRdusE A Bpdem cimenagedsORY ¢laes. pPey
virus. 11. The vaccine according to claim8, wherein the i nmunogenic

f r agnBRT TYRc-RRpOfigpébi.i dimikbdsuenewlcordimesiseh D84 gonst oS- HIRPYItsRRg was
purified bacterial expressed or bacul ovirusexpressed reconbi nant proteins
expr egemdatéd omOREdonORFY 2-#3RE94 2L fudindir@RERYR2V afsuREiow sifesn(Riyg.pdy. or subt ypes
PTTVla- VA, PTTV1b-VA, PTTV2b-VA, and PTTV2c-VA. 12. The vacci ne according
to claim1l, wherein the i nmunogenic fragnent of a pol ypepti de sequence or
a conplete protein conprising purified bacterial expressed or

bacul ovi rusexpressed reconbi nant proteins expressed from ORF1 of PTTV
genot ¥gampdy 2k bt ypes PTTV | a- VA, PTTVlb- VA, PTTV2b- VA, and PTTV2c- VA, 13.
The vaccine according to claim8, further contains an adjuvant. 14. A

ggﬁn.hﬁlﬂ?segﬁerfz%i%‘dﬁﬁﬁlﬂ%-,apﬁﬂi R BTV EIINN LA ORRT SOt GBIl NY
[00196] The ORF1-encoding product is the putative capsid protein of TTV. To generate
PTTVla-, PTTVI1b- and PTTV2-specific anti-ORF1 polyclonal antibodies to detect the
expression of PTTV ORFI proteins and to determine the infectivity of PTTV DNA clones, the
three ORF1 proteins from PTTV1a, PTTV1b and PTTV2c were expressed in £ coli, purified and
were subsequently used to immunize New Zealand white rabbits, respectively, as a custom

antibody production service at Rockland Immunochemicals (Gilbertsville, PA}. Each anti-ORF1

polyclonal antibody was produced from serum of immunized rabbits.

Example 22.

Invitro transfection of PTTV infectious clones
[00197) PK-15 cells were seeded at 2x10° cells per well onto a 6-well plate and grown until

60%-70% confluency before transfection. The DNA clones pSC-2PTTV2b-RR and pSC-
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to a pig an i mmunol ogically effective anount of the vaccine according to
claim8. 15. The nethod according to claim 14, which conprising

adm ni st ewongidsesssacci ne parenterally, intranasally, i mcragesomidsge or
transdermally to the pig. 16. The nethod according to claim 14, which

CONPT i 3w Ql.st erl i ] | ynphoi.dl,y or_ intranmuscul y to
Che i 1B b Pt s 8 bt eBp by e SR AR Y, Sine BB A HIER BT e
consi in ngo of a pg@/ nugl ei c lgci d sequence having 85% honol ogy to a

nucl eSVHEPEEBYRRSAEUNHIO BRTRORNUAcRACE & Prqigeel nl oiclapy RS Kib!§1a1BSC-HHd V2e

i sol at edgp%nucl eotide of claim17, wherein the poly nucleic acid sequence
havi ngndJH\Moibl1863-felb theieligaied eanchigmess prastieed af detiived abova were usod far i n
SEQ I D NO 9. 19. The isol ated pol ynucl eotide of claim17, wherein the poly
nucl eitansie¢tibns eeppectioelyc didisswémgulthednioe | e at Bddaysespuenes: denPippUdd-1yAnset
forth in SEQ ID NGO 9. 20. An isolated polynucl eotide consisting of a poly

nucl eiignamb HuceRURIRC Asdd nggsﬁy%cﬁ%p'tﬁQYeiﬁesﬁioHUQF egRFde s GRMERC T PV,
PTTV1b- VA set forth in SEQ ID NGO 10. 21. The isol ated pol ynucl eoti de of

el ot e El el R R G R) nP FFRF Bl R R 13T R b0 (1

Aiq?e of claim20, wherein the poly nucleic acid sequence

i sol ate L ynuecl
consi gt%ﬁgg?rﬁ'ée%ﬁﬁglfe |%ne0n3equence of PTTV1b-VA set forth in SEQ ID NG 10.

Example 23.

Immunofluorescence assay (IFA)

[00198] Transfected or passaged cells were washed 2 times with PBS and fixed with acetone.
Five hundred microliters of the antibodies, specific to PTTVI1a or PTTV2 at 1:500 dilution in
PBS, was added over the cells and incubated for 1 hour at room temperature. Cells were washed
3 times with PBS and 500 pl Texas red- or Alexa Fluor 488-labeled goat anti-rabbit IgG
(Invitrogen) at 1:200 dilution was then added. After 1-hour incubation at room temperature and
washed with PBS, the cells were stained with 500 ul DAPI (KPL, Inc.) at 1:1000 dilution and

visualized under a fluorescence microscope.

Example 24.

In vivo inoculation of conventional pigs with the tandem-dimerized porcine TTV2 clones.
[00199] A pig inoculation study was performed to determine the infectivities of the two

tandem-dimerized porcine TTV2 clones: pSC-2TTV2b-RR and pSC-2TTV2c¢-RR. Briefly, eight
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23. An isol ated pol ynucl eoti de consisting of a poly nucleic acid sequence

hayi ng 85% honol ogy to a nucl eoti de sequence of PTTV2b-VA set forth in SEQ
| D NO 11.wo\M1a31488031438PCT/ US2010/ 046330 24. The i sol ateaspabypmsssd eot i de
of claim 23, wherein the poly nucl ei ¢ aci d sequence having 95% honol ogy to

| ol a ey R e AFANPRaG % n he e fie abi HLONA (et Brotiih TN ence

con5|st|n t.he nuc]eo i de sequence f PTTV, set _forth in SEQ ID NO' 11.
26. ATGS HQP@!:V ?faﬁggzﬁ%mt%m g@%ﬂfs o8t f:q% é?"ha‘:’rﬁ‘&? of pige pap 50%569 Bence
havi ng 85% honol ogy a nucl eotide sequence of PTTV2c- VA set forth in SEQ

| D NO2ang, mezmamvﬁemdgropcmdetwmdh@tnmu albtreqiérentents| efi the ABstituienrad iGonrhigtep @iny
nucl ei ¢ aci d sequence having 95% honol ogy to the nucl eoti de sequence of
PTTV2Aniihak@drc fand The.i n SEQ I D NO 12. 28. The isol ated pol ynucl eoti de of
claim 23, wherein the poly nucleic acid sequence consisting the nucl eotide

V2c-VA set forth in SEQ I D NO_ 6 12.
sequeri&ﬁo(a] Pf-{l p%é:s in each group were 1r§}ectedey a combination of both the intra-lymph node

route and intramuscular route. The four pigs (nos. 181, 189, 192 and 193) were each injected
with 200 pg of the pSC-2TTV2b-RR plasmid DNA whereas another four pigs (nos. 92, 180, 188
and 191) were each inoculated with 200 pg of the pSC-2TTV2¢-RR clone. Pigs were monitored
daily for clinical signs of disease for a total of 28 days. All pigs were necropsied at 28 days

postinoculation.

[00201] While the present invention has been illustrated by description of several
embodiments and while the illustrative embodiments have been described in detail, it is not the
intention of the applicants to restrict or in any way limit the scope of the appended claims to such
detail. Additional modifications will readily appear to those skilled in the art. The invention in
its broader aspects is therefore not limited to the specific details, representative apparatus and
methods, and illustrative examples shown and described. Accordingly, departures may be made
from such details without departing from the spirit or scope of applicants’ general inventive

concept.
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29. A vaccine conprising an i nmunogentie fragnment of a pol ypepti de sequence
or a conplete protein translated according to a pol ynucl eoti de sequence

sel ect ed woamtdzes3gr oup consi sting of ORFl , ORF2, ORFlptr/anelooR33d 2 of
PTTV genotypes or subtypes PTTV1laVA, PTTV1ib-VA, PTTV2b-VA, and PTTV2c- VA
30. Tr\ghvta}é: iape 1f| claim 29, wherein the i nmunogenic fragnment or conplete
protein 19> §4EAYsTd protein of PTTV genotypes or subtypes PTTVla-VA, PTTV

| b- VA, PTTV2b-VA, and PTTV2c-VA. WD 2011/031438PCT/ US2010/ 046330 31. The

vacci ne, of ghanfattZfis nubieiceicill hbRcle by pareine alor§lR téxﬁqumq@ﬁra%%@ﬂ)\ﬁﬁﬁiﬁ afrom
the group consisting of ORF1 of PTTV genotypes or subtypes PTTVla-VA, PTTV

| b- VA, PELMRBVAId ABRCHEE AfecyJ0r ¥ROSHAG QA in the
pol ynucl eotyll%gze éequeﬁce ?{éﬁgﬁb{' IOEECB%:&IS@P gengv'tl{llkgle&f 15%%110%;&3%&5 vacci ne
of claim3l, wherein the polyn tide sequence is ORF1 of PTTV gepotype
BTy | be ol el e 8 M B oo G A B Amicis oty Rilested o b
sequence is ORF1 of PITV. subtype PTTV2c¢-VA. 35. The vacci ne of claim 29,
wher ei n tERERFONYSEH fide! E\ékﬂaiéﬁeg’fifé“Ee‘f@&%ﬁhﬂrﬁqﬂﬂ%l’ §F¥dp\ebnsi sting of
sequence set forth in SEQ ID No:13, SEQ ID No: 14, SEQ ID No: 15, SEQ ID
No: 16, SEQ I D No: 17, SEQ I D No: 18, SEQ ID No: 19, SEQ ID No: 20, SEQ ID
No: 21, SEQ I D No: 22, SEQ ID No:23, SEQ ID No:24, SEQ ID No:25, SEQID
No: 26, 2.SEQ Th: Noechidyus mmdei SEQ! hdlddoicAd clBh. 1, WhererateiankastfonelcapyvB5, wherein
t he pol ypepti de sequence is set forth in SEQ I D No: 13.

genomic sequence having at least 95% homology to the genomic sequence selected from the

group consisting of PTTV1a-VA, PTTV1b-VA, PTTV2b-VA, and PTTV2¢-VA,
3. The infectious nucleic acid molecule of claim 1, wherein the genomic sequence is
selected from sequences set forth in SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, and

SEQ ID NO:12.

4, A biologically functional plasmid or viral vector containing the infectious nucieic acid

molecule according to claim 3.

5. The biologically functional plasmid or viral vector of claim 4, containing more than one

copy of the infectious nucleic acid molecule.

6. A suitable host cell transfected by the vector comprising the infectious nucleic acid

molecule according to claim 4.
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WD 2011/ 031438PCT/ US2010/ 046330 37. The vaccine of claim 36, wherein the
pol ypepti de sequence is a Ctermnal region (aa 317-635) of SEQ I D No: 13.
38. The wsocbhng3efzscl ai m 35, wherein the pol ypepti de seguenuseoiod4s@st forth
in SEQ ID No:14. 39. The vaccine of claim 38, wherein the pol ypeptide

sequenge is o= i . I e 322- )nOf . DNqQ: 14. 40. The
vacei n-of AT el MLk O AR IS TR ko BaEoe Meb e Pt seo
I D No: 16. 41. The vaccine. of claim40, wherein the pol ypeptide sequence is
C-t er m nHOGYli GROTELS B EHIMEr5) of SEQ I D No: 16. 42. The vaccine of claim
35, wherein the polypeptide sequence is set forth in SEQ ID No:20. 43. The
vacci ne according to claim?29, further contains an adjuvant. 44. A nethod
of imruni zing a pig against PTTV viral infection, conprising adm nistering
to a .9 an ivattimadongiricalglynaidxes iphysolagionly ackpthble cuaize imeamccordi ng to
claim?29. 45. The nmethod according to claim44, which conprises

adm ni st ghinifodeR dnMBTANEHEAehbel AGTRIMIOREhCRPW &RisRhEbLRI N to a pig. WO
2011/ 031438PCT7 US2010/ 046330 46. The met hod according to claima44, which

CoTPL e AL S SEL IR AR A FRSEAE kL ALAARESRb e i
at least 80% homology to a genomic sequence selected from the group consisting of PTTV
genotypes or subtypes PTTV1a-VA, PTTV1b-VA, PTTV2b-VA, and PTTV2¢-VA, or its
complementary strand;

(b) a biologically functional plasmid or viral vector containing a nucleic acid
molecule containing at least one copy of genomic sequence having at least 80% homology to
a genomic sequence selected from the group consisting of PTTV genotypes or subtypes
PTTVia-VA, PTTVI1b-VA, PTTV2b-VA, and PTTV2¢-VA, or its complementary strand;

(c) an avirulent, infectious nonpathogenic porcine Torque teno virus, which is derived
from and contains a genomic sequence having at least 85% homology to a genomic sequence
selected from the group consisting of PT'TV genotypes or subtypes PTTV1a-VA, PTTV1b-
VA, PTTV2b-VA, and PTTV2c-VA; and

(d) an immunogenic fragment of a polypeptide sequence or a complete protein
translated according to a polynucleotide sequence selected from the group consisting of
ORF1, ORF2, ORF1/1, and ORF2/2 of PTTV genotypes or subtypes PTTV1a-VA, PTTV1b-

VA, PTTV2b-VA, and PTTV2c-VA.

9, The vaccine according to claim 8, wherein the vaccine contains live PTTV virus.
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47. The net hod according to claim44, which conprises adm ni stering the
vaccine intralynphoidly or intranuscularly to the pig. 48. A nethod for

di agnosi ngoRd#iiiB1438f ecti on and quantification of PTTV | pcoas2010084386 Si Ng:
extracting DNA from a sanple suspected of PTTV1 infection; per form ng
pol ymerase chain reaction (PCR) using prinmers conprising the sequences set
forth in SEQ ID NO 29 and SEQ I D NO 30; and detecting PTTV1 specific

anplifjcatign. 49. The t hod .of _clai m48, wherein the palynerase chain
fonct 1 P woRie g ulis Bl s.oviesth ettt onan’ RRaR Dghoemng. PTTV?
infection and quantification of PTTV2 | oad, conprising: extracting DNA from
a sanpl e suspected of PTTV2 infection; perform ng pol ynerase chain
reaction (PCR) using priners conprising the sequences set forth in SEQID
NG 29, 11SEQ THe veiCxriBOaccSElhd o B8, vetreskiSHQ ihihiMOgSd¢ fiapehesiaifeqiol yigpfdel V2
specific anplification. WD 2011/031438PCT/US2010/ 046330 51. The net hod of

<F:) lcg M 50 seqid@deair dohldieboiEn asapEaE PurifR¥lacRfal SplesRYBR HakEBMirmeal - ti me
expressed recombinant proteins expressed from ORF1, ORF2, ORF1/1 and ORF2/2 of

PTTV genotypes or subtypes PTTV1a-VA, PTTV1b-VA, PTTV2b-VA, and PTTV2c-VA.

12. The vaccine according to claim 11, wherein the immunogenic fragment of a polypeptide
sequence or a complete protein comprising purified bacterial expressed or baculovirus-
expressed recombinant proteins expressed from ORF1 of PTTV genotypes or subtypes
PTTVI1a-VA, PTTVIb-VA, PTTV2b-VA, and PTTV2¢-VA,

13.  The vaccine according to claim 8, further contains an adjuvant.

14, A method of immunizing a pig against PTTV viral infection, comprising administering

to a pig an immunologically effective amount of the vaccine according to claim 8.

15.  The method according to claim [4, which comprising administering the vaccine

parcnterally, intranasally, intradermally, or transdermally to the pig.

16. The method according to claim 14, which comprising administering the vaccine

intralymphoidly or intramuscularly to the pig.
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52. A nethod for sinmultaneously detecting and di agnosing PTTV1 and PTTV2

infectio ng: extracting DNA froma sanple sus TV
i nfecti orrlwo(igﬁpd’ﬁ%érfor m ng pol ynerase chain reaction (E%%‘Eg"l%éﬁgn ner s

conprising the sequences set forth in SEQ ID NO 31 and SEQ I D NG 32; and
detecting PTTV1 and PTTV2 specific anplification. 53. The nethod of claim
52, wherein the pol yrrerase chain reaction is a SYBR green real -ti ne PCR

54. A petho ¢ I agnd PTTV1b
Tnicet 1 on, aBipiE R ?%%f?‘nsﬁ’s‘?%%%%?gﬁmsanp R e
infectio perf or a fir ras on (PCR) using
priners g@ﬁ%’llqgé’ltﬂﬁ “ﬁ‘ﬁl@mg%q%@ﬁ?‘ég Oggﬁlﬁ)g K P9 g@dfﬁ %@g\y)gnd SEQ I D
NO 34; perform ng a second PCR using priners conprising the sequences
set forth in SEQ ID NG 35, SEQ ID NO 36, SEQ ID NO 37, and SEQ I D NO 38;
and detecting PTTVIa and PTTVI b specific anmplification. W)
2011/ 038.4 3 8Phaisbis2aA P! 96188 OdSE: claAmnish wierefrothe giobyms i nariPFerMengsf legingon,
conpri sing

95% homology to the nucleotide sequence of PTTV1a-VA set forth in SEQ ID NO:9.

19.  The isolated polynucleotide of claim 17, wherein the poly nucleic acid sequence

consisting the nucleotide sequence of PTTV1a-VA set forth in SEQ ID NO:9.

20.  Anisolated polynucleotide consisting of a poly nucleic acid sequence having 85%

homology to a nucleotide sequence of PTTV1b-VA set forth in SEQ ID NO:10.

21.  The isolated polynucleotide of claim 20, wherein the poly nucleic acid sequence having

95% homology to the nucleotide sequence of PTTV 1b-VA set forth in SEQ ID NO:10.

22.  The isolated polynucleotide of claim 20, wherein the pely nucleic acid sequence

consisting the nucleotide sequence of PTTV1b-VA set forth in SEQ ID NO:10.

23. An isolated polynucleotide consisting of a poly nucleic acid sequence having 85%

homology to a nucleotide sequence of PTTV2b-VA set forth in SEQ ID NO:11.
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i mmobi i zing an i nmmunogentic fragnment or a conplete protein of a

pol ypepti de sequence transl ated according to a pol ynucl eoti de sequence
sel ect ed woamd3es3gr oup consi sting of ORF |, ORF2, ORF1PCT/Us2a@0ORB2Y 2 of
PTTV subtypes PTTV | a- VA, PTTV1bVA, PTTV2b-VA, and PTTV2c- VA

cont ac’%d N9 BeSShiHTh zgﬂghnﬁ?ét{&@f 2 apr{l%Bs&ﬁ&?%ttﬁg Bglfg nﬂ@é acEH %r%g \zlamwtng the

i mmobi T1 zed T mMunog ete tern; and

55, whor & “b"‘?%eﬂ{c}ﬁﬁ% il e BN 1o Leb LB BRE E“ ot o

consi sting of ORF1 of PTTV genotypes or subtypes PTTV |l a-VA, PTTV | b-VA,
PTTV2bVA, and PTTV2c-VA. 57. The vaccine of claim56, wherein the

pol ynucl eoti de sequence is ORF | of PTTV genotype PTTV | a-VA. 58. The

met hod2%f cTlwi isol86d palyandeatidehd claah 23 peherein the pslgquelkaeacidsse@Réiceof PTTV
genotype PTTV | b-VA 59. The nethod of claimb56, wherein the polynucl eotide

sequence cbissistnk thohucRbiiNe segotydeer fRTTY2®= VA set fBh in SEQ ID NO:11.
2011/ 031438PCT/ US2010/ 046330 60. The nethod of claim55, wherein the

pol ypepti de sequence is selected fromthe group consisting of sequence set
forth in SEQ 1D No:13, SEQ ID No:14, SEQ ID No:15, SEQ ID No:16, SEQ ID

No: 22, 2BEQ 1RGOl gE pIRE D finiE bl fei5e acBegabgeRBashe 8389 1 o
ggl3;epﬁgggogéé&ghggd%8“Eg%ngpgﬂpﬁﬁpg%t&%tgﬁgﬁgggg%%?ﬂ$hgig%éEﬁne of claim
60, wherein the pol ypeptide sequence is set forth in SEQ ID No: 16. 63. The
vacci ne of claim62, wherein the i nmunogentic fragnent is C-term nal region

(aa 317-635) of SEQ ID No: 13, (aa 322-639) of SEQ ID No: 14, or (aa 310-625)
of SEQ7.D Noheligolated polynucleotide of claim 23, wherein the poly nucleic acid sequence having

95% homology to the nucleotide sequence of PTTV2¢-VA set forth in SEQ [ID NO:12.

28.  The isolated polynucleotide of claim 23, wherein the poly nucleic acid sequence

consisting the nucleotide sequence of PTTV2¢-V A set forth in SEQ ID NO:12,

29. A vaccine comprising an immunogentic fragment of a polypeptide sequence or a
complete protein translated according to a polynucleotide sequence selected from the group
consisting of ORF1, ORF2, ORF1/1, and ORF2/2 of PTTV genotypes or subtypes PTTV la-

VA, PTTVI1b-VA, PTTV2b-VA, and PTTV2¢-VA.

30. The vaccine of claim 29, wherein the immunogenic fragment or complete protein is a
capsid protein of PTTV genotypes or subtypes PTTV1a-VA, PTTV1b-VA, PTTV2b-VA,

and PTTV2c¢c-VA.
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64. The vaccine of claim60, wherein the pol ypeptide sequence is set forth
in SEQ I D No: 20. 65. The nethod of claimb55, wherein the detecting captured
anti body we 20i1z203v#88t ern bl ot. 66. The net hod of cl ai m 5PCTRiser1eionc3Bhe
detecting captured anti body is via enzyne-linked i mmunosorbent assay

(ELI SA) .

31.  The vaccine of claim 29, wherein the polynucleotide sequence is selected from the group
consisting of ORF1 of PTTV genotypes or subtypes PTTV1a-VA, PTTV1b-VA, PTTV2b-

VA, and PTTVZ2¢-VA.

32.  The vaccine of claim 31, wherein the polynucleotide sequence is ORF1 of PTTV

genotype PTTV1a-VA,

33. The vaccine of claim 31, wherein the polynucleotide sequence is ORF1 of PTTV

genotype PTTV1b-VA.

34.  The vaccine of claim 31, wherein the polynucleotide sequence is ORF1 of PTTV

subtype PTTV2c-VA.

35.  The vaccine of claim 29, wherein the polypeptide sequence is selected from the group
consisting of sequence set forth in SEQ [D No:13, SEQ ID No:14, SEQ ID No:15, SEQ 1D
No:16, SEQ ID No:17, SEQ ID No:18, SEQ ID No:19, SEQ ID No:20, SEQ ID No:21, SEQ
ID No:22, SEQ ID No:23, SEQ ID No:24, SEQ 1D No:25, SEQ ID No:26, SEQ ID No:27,

and SEQ ID No:28.

36. The vaccine of claim 35, wherein the polypeptide sequence is set forth in SEQ ID No:13.
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37. The vaccine of claim 36, wherein the polypeptide sequence is a C-terminal region (aa

317-635) of SEQ ID No:13.

38.  The vaccine of claim 35, wherein the polypeptide sequence is set forth in SEQ ID No:14,

39.  The vaccine of claim 38, wherein the polypeptide sequence is a C-terminal region {aa

322-639) of SEQ ID No:14.

40. The vaccine of claim 35, wherein the polypeptide sequence is set forth in SEQ ID No:16.

41, The vaccine of claim 40, wherein the polypeptide sequence is C-terminal region (aa 310-

625) of SEQ ID No:16.

42.  The vaccine of claim 35, wherein the polypeptide sequence is set forth in SEQ ID No:20.

43.  The vaccine according to claim 29, further contains an adjuvant.

44, A method of immunizing a pig against PTTV viral infection, comprising administering

to a pig an immunologically effective amount of the vaccine according to claim 29,

45, The method according to claim 44, which comprises administering the immunogentic

fragment or complete protein to a pig.
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46.  The method according to claim 44, which comprises administering the vaccine

parenterally, intranasally, intradermally, or transdermally to the pig.

47.  The method according to claim 44, which comprises administering the vaccine

intralymphoidly or intramuscularly to the pig.

48. A method for diagnosing PTTV1 infection and quantification of PTTV1 load,
comprising:
extracting DNA from a sample suspected of PTTV 1 infection;
performing polymerase chain reaction (PCR) using primers comprising the
sequences set forth in SEQ 1D NO:29 and SEQ ID NO:30; and

detecting PTTV1 specific amplification.

49, The method of claim 48, wherein the polymerase chain reaction is a SYBR green real-

time PCR.

50. A method for diagnosing PTTV2 infection and quantification of PTTV?2 load,
comprising:
extracting DNA from a sample suspected of PTTV2 infection;
performing polymerase chain reaction (PCR) using primers comprising the
sequences set forth in SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31 and SEQ ID
NQO:32; and

detecting PTTV2 specific amplification.
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51. The method of claim 50, wherein the polymerase chain reaction is a SYBR green real-

time PCR.

52. A method for simultaneously detecting and diagnosing PTTV1 and PTTV2 infection,
comprising;
extracting DNA from a sample suspected of PTTV infection;
performing polymerase chain reaction (PCR) using primers comprising the
sequences set forth in SEQ ID NO:31 and SEQ ID NO:32; and

detecting PTTV1 and PTTV2 specific amplification.

53. The method of claim 52, wherein the polymerase chain reaction is a SYBR green real-

time PCR.

54. A method for simultaneously detecting and diagnosing PTTV1a and PTTV 1b infection,
comprising:
extracting DNA from a sample suspected of PT'TV1 infection;
performing a first polymerase chain reaction (PCR) using primers comprising the
sequences set forth in SEQ ID NO:33 and SEQ ID NO:34;
performing a second PCR using primers comprising the sequences set forth in

SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, and SEQ ID NO:38; and

detecting PTTV 1a and PTTV1b specific amplification.
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55. A method for diagnosing PTTV infection, comprising
immobilizing an immunogentic fragment or a complete protein of a polypeptide
sequence translated according to a polynucleotide sequence selected from the group
consisting of ORF1, ORF2, ORF1/1, and ORF2/2 of PTTV subtypes PTTV1a-VA, PTTV1b-
VA, PTTV2b-VA, and PTTV2c-VA,
contacting a serum sample from a pig suspected of PTTV infection with the
immobilized immunogentic fragment or complete protein; and

detecting captured antibody specific to the immunogentic fragment.

56. The methed of 55, wherein the polynucleotide sequence is selected from the group

consisting of ORF'1 of PTTV genotypes or subtypes PTTV1a-VA, PTTVIb-VA, PTTV2b-

VA, and PTTV2e-VA.

57.  The vaccine of claim 56, wherein the polynucleotide sequence is ORF1 of PTTV

genotype PTTVl1a-VA.

58.  The method of claim 56, wherein the polynucleotide sequence is ORF1 of PTTV

genotype PTTV1b-VA.

59. The method of claim 56, wherein the polynucleotide sequence is ORF1 of PTTV

subtype PTTV2¢-VA.
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60.  The method of claim 55, wherein the polypeptide sequence is selected from the group

consisting of sequence set forth in SEQ ID No:13, SEQ ID No:14, SEQ ID No:15, SEQ ID

No:16, SEQ ID No:17, SEQ ID No:18, SEQ ID No:19, SEQ ID No:20, SEQ 1D No:21, SEQ

ID No:22, SEQ ID No:23, SEQ ID No:24, SEQ ID No:25, SEQ ID No:26, SEQ ID No:27,

and SEQ ID No:28.

61.  The method of claim 60, wherein the polypeptide sequence is set forth in SEQ ID No:13.

62. The vaccine of claim 60, wherein the polypeptide sequence is set forth in SEQ ID No:16.

63.  The vaccine of claim 62, wherein the immunogentic fragment is C-terminal region (aa

317-635) of SEQ ID No:13, (aa 322-639) of SEQ ID No:14, or (aa 310-625) of SEQ ID

No:16.

64.  The vaccine of claim 60, wherein the polypeptide sequence is set forth in SEQ ID No:20.

65.  The method of claim 55, wherein the detecting captured antibody is via Western blot.

66. The method of claim 55, wherein the detecting captured antibody is via enzyme-linked

immunosorbent assay (ELISA).
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