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WO 2007/002321PCT/US2006/024355 Patent File 110.03020201 5
PRRS VIRUSES, INFECTIOUS CLONES, MUTANTS THEREOF, AND

WOBTHOBE OF USE CONTINUING APPLICATION DATA 10F6EUS2006/024355

application claims the benefit of U.S. Provisional Application Serial No.
60/694,021, filed June 24, 2005, which is incorporated by reference
herein. BACKGROUND 15Porcine reproductive and respiratory syndromePatent
virus (PRRSV) is the causative agent of a disease characterizid b

respiratory disorders in young pigs and reproductive failure in 6}/%10’03020201
(Benfield et al., J. Vet. Diagn. Invest., 4:127-133 (1992); Collins et al., J.

RN i i os

recognized as a 20 "mystery swine " in the United States in 1987
and was discovered in Europe in 1990. The two prototype viral strains
(Lelystad and VR-2332 &%ﬁ ri cl (Ieﬂ? el o‘@( pproximately

40% and represent tvﬁ)e) | Wﬁd@%ﬁ Cféfg@%ﬁﬁ uropean (EU or
Type 1, Lelystad; Meulenberg et al., Virology, 192:62-72 (1993)) and

North Ahieripplicitiéncr diypealR; heRefi 8P LS| Peovisionall AfdicatigrpyerigbNo.

) rains (F ., Virus Res.. 100:229- - Mardassi
R L R G A R
(1995); Ropp et al., J. Virol., 78:3684-3703 (2004)). The disease has also

been referred to as Wabash syﬂ%&r@ﬁgﬁtﬁg pig disease, porcine
ome

reproductive and respiratory sy , Swine plague, porcine epidemic
abortion and respiratory syndrome, blue abartion disea Iye. ear .
30diseBRSHbBRIRIBRLY cid CRERLORREr LBatapEre BRI e st
AisRasea aisharackarizee byd bpradpitive failssedepregoant pinyamhtbproductive
respiratory problems in pigs of all ages. The disea: ignyficant..

U e TP o Ui HELLIGE" DBRRE S ol g tins et
PGIHVB:SeASERNAMIUE- DRIt ikiadaotiytAlteryiridad i bk tHa€t 991))
Nidoyirales (((fav,ana%g3 Arch. Vijrol., 142:629:633 19%175)?)[. 35 The PRRSV

PRV SRETHEM T BB R ORGSR R AT VRSB °

‘4R ety Ah0 ABe A ldantetBhitdd Viutes 13 PIEF 204 128k chheréidsh Faope in
of the WO 2007/002321PCT/US2 024355 (o) es the .
CE e e Fo e N TR
Jaigencp &y eppeirihinaehes0ld Rids)«iacantt thotdatiare peooggeereferred to as
otranslagjonally into smaller proteins by virally encoded protegs
A e e Dl M U es T CEES
Nofhdec &ican\BIA DI TypsEedR DRENsikare stank|Ete féiPa0-80 (1999))

SR e TR R e,

15992)5 (oSt IdRe 283D, Hrelcdting ib4ioTi6fIRE199aNRep Bl J. Virol,

R IR TR MR B BELSURARS S EORA dymarome,
mystery pig disease, porcine reproductive and respiratory syndrome, swine plague,

porcine epidemic abortion and respiratory syndrome, blue abortion disease, blue ear
disease, abortus blau, and seuchenhafter spatabort der schweine. The disease is
characterized by reproductive failure in pregnant sows and respiratory problems in pigs
of all ages. The disease has a significant negative impact on the swine industry.
PRRSV is an enveloped, positive-sense RNA virus belonging to the family
Arteriviridae in the order Nidovirales (Cavanagh, Arch. Virol., 142:629:633 (1997)).
The PRRSV genome varies from 15.1-15.5 kb long (Meulenberg et al., Virology,
192:62-72 (1993); Nelsen et al., J. Virol., 73:270-80 (1999)). The first 75% of the
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10PRRSYV strain VR-2332 has been well characterized in terms of its
complete genome sequence (Pattnaik et al., Cell, 69:1011-1020 (1992)),
WaRsEHINY2df PRRSV to constitutively produce defective subg&8QaIHkR2MNE4355
species termed heteroclites (Latin: uncommon forms) (Yuan et al.,
Virology, 275:158-169 (2000)); Yuan et al., Virus Research,
105:75-87(2004)), and its growth properties, in vitra as we. l a
SERMG BRI S TR AR RRIYBE ﬁ?f&ﬁ&ﬁf&y ! 65$f8%1§ % 6‘62 J5. 1n
coeiion anniestaiispelonadihih Bakied (ORINS) ala amgpﬁmmmmmm
produced and examlnegf’;or its ab{?ty to cause d ase |n swr{ée i v w T
CN@%%?F‘@P%]Y&“%FHW PFPHBNS5Y Y13 ﬁfﬂc CORtNTRLYE Salise
GRgnifisaint BrosDmic IossyR tmmhwuhﬁlq)wwﬂnk 26 biamla@b;aseven
available, but they are bas ng} % ne P stral qwere i (}\flde%rc])(r'}%c
dﬂ%ﬁﬁ%@%‘fﬂﬁa L ansited ARYR A a‘ﬁ’ X 3%1% |cn 5v%

nmmggm@gmmwaemueﬁguet BLy Ope g, i NOE TR €093 Patneil et al.,

disease phenotyp e_continu e 2 SUMMAR OF THE
GRS B ey SO P B AR iy Bchomme
(TBLialioasesf RMnsked beSPRB S vieus makieiieagirerii¢BOdmidi ﬂnidmmbieotldes,
viral growth. Specifically, individual 30 laboratories had made mutations
THRAE%%end of the virus, and the resultant virus was either unstable and

quicklymgdmm@mmmmbeseqvmhcmmctgmd\m;epnmm wonplete

all (Lee et al., VoI 3 47-6 r 8
SEB00) STUPEAL OB e S e 19l e R eE BRRs v o
ceﬁﬁiﬁ@ﬂiidﬁ}spﬂidﬁﬂeeﬁﬁﬁﬁweﬁeg&n@ypé(Ngep@wpepewndd\IRt@%m@;(ﬁgin:

GASTONPE WeLE 0 male B IS RO KA U5

RZa@Qc?;/QQ 23R TP SRONGINE 43 Frorthvenersrtky imenpaisthvelfuds genome
RS Sl rret TR o Ao oY o825 DSGRNO2a¥ion, an

Bmatantdre bé ma etion
1ﬂﬂettagﬁmelm5eatﬁ:thaed MKHNAE’@IUR]S%MM@E@QM rpocalvicks! 324 -gdagnined

essary for rowth in vitro 5T ti [
R RS SN B A
I2BB(B8%))dentity to SEQ ID NO:1 and a deletion of at least 39

Conse£%WUC| %}Ilsdoe rsoevlz%e%ﬁ%{nany &Iz%g ¢ %@gegcf %?%tl!lqalé%%ld

of SE 8 an isolate ectious p eotide
Vandingseareavedtible, ésquhemerwhhsad leaen88RRJdhsimzin 8&1@@6@& ence

tion.of at 10least Se I fr,
R o S A e o i
vl ydetidetide Frayeeapdasaheibzed dtatemn zawisiiated Rhianoyarsdiaye
%ﬁsent |poa cell, or a combination thereof. When present in a vector an
po ymeras% promoter may be operably linked to the polynucleotide.

The isolated polynucleotide may by an RNA. The isolated polynucleotide
may include 2 or more 15 deletions, and each deletion may be
independently at least SUMOMLRNOF AltieByEN TH&Nsolated
polynucleotide may further include an exogenous polynucleotide present
in the Bdleticpogstidheusgsyedsbat delgtiontcurtier maetines @6 apy strain of

PORPERIE, 3 %eﬁ%ﬂg%gggigu 8o VRAIRRAR! IRKeRERAIAISthdividual

prowdes an 1so ated polynucl avmg a 20nucleotidé sequence with
labdeetstries adidetityng SB T ID 1111@3 1 ead @ Bithe yiusnend dhstissudipat yark was

e1t%§r019nss%9ol’lg\é%(§] Hﬁ gﬁﬂgﬁ%ﬁéﬁ%g&f@ ilic %@%@8&9@@ 8 grew very poorly or
not at all (Lee et al., Virol., 331:47-62 (2005); Choi et al., J. Virol., 80:723-736 (2006);
Lee et al., Virolog., 346:238-250 (2005)). Thus, in comparison of nucleotide sequences
of European (Type 1 genotype) and VR-2332 (Type 2 genotype), where to make

mutations in VR-2332 NSP2 that were not extremely detrimental was not known.
2
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nucleotide 3864 of SEQ ID NO:1, and wherein the polynucleotide

replicates and produces infectious virus particles when introduced into a
W08 Provided is an isolated polynucleotide having a nucRGKige2006/024355

sequence with at least 88 % identity to SEQ 251D NO:14 and at least one

deletion of at least 39 consecutive nucleotides selected from nucleotide

2061 to n cleotide 3545 of SEQ ID NO:14, wherein

e B AR LS A RO B CeS T R fod Rae T
w&”zimtiégdﬁt@ﬁpﬁ@mﬂ%iﬁgﬂd@srmwmdove&ﬂamtantecmﬂmhmaﬂelafmmer
virus particle, present in r a combination the eof When
CFLRhoh SRR SR THEPERAES SRS B OB K AP CoaL s
10 ysueshReyider @b@;tﬁ@}ﬁtﬁ%polynucleotlde may by an RNA. The isolated

polynugleotide may include 2 or more deletions, and eac deI tlo
indepekfifely st Fé‘é{ﬁ?'éeflégﬁgbdc‘ﬁtﬂ}’elﬁi %H&fgg “ﬂllsep SUoRdE R o

relyptiglealiferoaw it theednchsde 1aereixpgesmmblymhmmmdq¢eesamf at

the. WO 2007/002 T/US20 02435 ti
I3 O RSB BT 20 SR AT BB B0 e B otide 3864 of
Smtpmahb markes. prbeidue sent irsu}umd)mﬂansthms qmiytdmteaﬂdaiﬁ*tmgsa

o O A SRR R b

lé@sﬂl%mmﬂe&hd%ﬁ@ée@@ebfedrﬁmaieommmm nokd etidlde 3564 of

Vld ectio clone avin
FS TR T sl Re et T R el B Suondn ap foolated
Vado€pHatiIe); ﬂrésaﬂthﬁhleammnecdﬁibhmu@f ttcheast anrmemm\m a vector an

leo d lected f leot 061 to tid EQ |
R s er Bl P R Sre o Hrd i R R Photated
miyimimﬂ@mdte nrRY Ae Thelatlytéiketytoche ipddyney fmsticte I hemore

ectlousc ne,ma nclude or |on here
(f TEEGR n %(fohen en?l?/ Eha Veas%lgdf %lhsecmlvtzler?é}cdﬁtzﬁo esé%]f‘?é‘é?gg é%ggdes'
Mymﬂaled@ﬂéym@eﬁnirﬂeenuydunﬂheamekmw&gﬂmm@@Ofndelm‘eéemesent
.in.the d Ietlon the exogenous no m n (ilf% tid h
B e S O A e e TR e, uchas o
dmlesmibiennerhemn Is an isolated infectious polynueleotlde comprising a

Nova, MESTHTERES S \ah s SN aeB BN o EaEs )
ﬂ\t@e@tﬁee@qmem@wnheﬂe}m&%1<1qresqq @E@D%@r@@aﬂwefm
A9d:an DERALY: 9&%%9@&8 %&%&%ﬁ@é&?f'ﬁ%ﬁﬁﬁhfwﬁ@é’ﬁ@@z 0

comprising a nucle ot| e sequence NO:7, SEQ ID NO:8, S

mdmﬁe@ﬂa PSEQ IBEMID, Nd: Meeﬂqmwmru@e@mcm@heat@e@é
pro uceeqqnf m%]]v?‘ ?1?5 J& l@ﬂ@ﬂ% tt'i@ﬁﬁ@écgﬁﬂboﬁ @Q‘l’eﬂléﬁtﬂgﬁded is an

meaning Wh ese terms appear in the description and cl Unless
m&mmupelspedm&ew*ang amyiclgpsideasryuanteasith ableagb8§segidentity to SEQ

{BIREERSRES ARELIE0RRE §F OUAINS S0 BRIEF OERERIETIOM fiom

igure 1. A. Nucleotide sequence (SE

ninfdetidis 106y hacledtoidss AR VSRR MEEY Mﬁ@@ﬁhﬁspolynucleotlde
g@%r%%%’*h ﬁo%&%lse &ighd U%Q%éﬁ%@s@ﬂ&@r@r@éd@éﬂ(iﬂ?&ﬁ cell. The

eotide VR-V5. C. Nucleotide sequence (SEQ ID N
iffateibuwholyelactidstine R NSETATBAY G qusl eptigel el Uéﬁé@qem_tg present

g%'xg 43,0f Hé%%% 'ﬁ’éﬁﬁ)f? ohupucteqiine, }é@sgﬁ ifr 2/ NWEIGOLIIR ROOHER S erase

WO 2007/002321PCT/US2006/024355
promoter may be operably linked to the polynucleotide. The isolated polynucleotide

may by an RNA. The isolated polynucleotide may include 2 or more deletions, and
each deletion may be independently at least 37 consecutive nucleotides. The isolated

polynucleotide may further include an exogenous polynucleotide present in the
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infectious polynucleotide MN184A. F. Nucleotide sequence (SEQ ID

NO:6) of infectious polynucleotide MN184B. G. Nucleotide sequence
WQSHDUMIIND:7) of infectious polynucleotide Nsp2 A324-434, BCRNUSRIOG24355

sequence (SEQ ID NO:8) of infectious polynucleotide Nsp2 A324-523. 1.

Nucleotide sequence (SEQ ID NO:9) of 5 infectious polynucleotide Nsp2

A543-632. J. Nucleotide sequence (SE % fg%i us

dslstrnctadihe RegsTAB3BOPSE! e%da oeél'% %% iéf{" @ﬁﬁ%?ii)

&(ég{fﬁgg%@r}m‘ﬂynucleotlde Nsp2 A543-726. L. Nucleotide sequence

(SEQ ID NO: 12) of infectiqus polynucleotld V?sg A727- 8 3. M.

NucleSHIPSEFUIYESEANTRIG %957 HeBtuHE Fof Ml OHhE Nisp2

%@ﬁﬂ&ﬁl&é)ﬁiwaqlaele@ﬁ@mmeﬁéa ihengthidenes &mﬂaﬁw $tr&iBQ ID
VR-2332. The 15.4 gengme was am éﬂed in four sectllg V) th

NS S IR AEN CETrAS BRSSPSRy o

resent’in vira

rifeRvi e SE 6 Pves thuBissB ety sEAdeB BB RIRIS \Asenprervidedtithm ffeatous
3' ends by insertion muta eneﬂs1n é%ﬂ Sphl, Pac | res e |veog AT7
tai

PR RS élreﬁﬂ potideseqience hayine atleast 88 04 identity
tBIeEedesiNTs: Mrahsad L&@ﬁ@na' bl quidh(3Paveeisr 12 4pusasutivelifiedetaides

include a Pad site and atltls delt

SSlfSHR EPmPBP B 8§1U|§ %3%2 emg‘i(%‘?ﬁ?%%?é&‘ﬁ %aga"’%%“s
QbhRIBE NS HORESIA rasmn eMQ@éAypdl)mgrme pfashmtemaxfog exp@m‘ely linked
o nlzatlon |s resirr;hg er W%ICh are fuII orne co %{ISHOHS

e T R 2 RS et s
dhaeﬁeﬁfeéam&mehmdmmwh@gmﬁwst fétg;naﬂmerrmomnisvarmidemuﬁad Adlow

ORFla and Ib, with upwar [rows in icatin thelr emen

RSO AR N O BB LR pgpot in the

@&Stﬁiﬁ! eapiciesseofeRjuspoheidlepidtensy eﬁédwppmymémsacﬂp@@
/histidine rich (C/H); helicase 25 (Hel); Xenopus laevis homolog

%6 EBF F(Fendorlbonuclease (XendoU); Ivanov et al., Proc. Natl.

Acad. Jtio YioAidd i 2698rd 260 (2006k); 1Zmb1stda‘edahfeqtl@@np<ﬂmcleotide

el T oaeel, sco

Roung, gz am0): ML&EQrIBéﬁ@F&Q&BQA}BO@@:[B@EQ Wt Nafh SEQABRNO:9,

e T

W@dﬁﬁdﬁﬂie@xﬂﬁb@fmgﬁscamélptdgmnﬂ@bﬂés chumpdigng a I}'q@}gpéldp sequence

sl e eR A e S A S
WO N2 GEQUIRBRLPET/US2006/024355 remained unlnfected (s). At
days ingicated, Sﬁr“mr%s‘?e@p'eﬁ W%{EB@JE g&&@gf‘%g?e PR ElsthBhing

|nd|cat|on 0 serocon erS|on anti V antibodies to the

whete doapesichnrrpireaFigube Bes@nPﬂmméskaWon@Sp@béﬁyl%ﬁ dnecified,
mﬁagr? )9 {ha""mf%q'%' HYIE® 3 %%1%&@ érﬁéﬂé‘ﬁ %@%M%naqﬁgaﬂagﬁétﬁqnore than

different p aque Sizés B rogeny o 1 P3 after growth in swine
¢Bev612) produced plaques similar to wt strain VR-2332. Figure 6. A.
Plaque assays on P3 progeny (second lineage) of all infectious clones as
well as wt strain VR-2332 displayed plaque sizes that were different from
first lineage virus praﬂdﬁi@@@{fﬂ@@ﬂ)ﬂfﬂ\ﬂﬁé:minfectious

\(;I:)l:]selr%ré ¥ 't ;\?ﬁng&é‘#}(ﬁl §Bé que size. ﬁﬁrggu\{rgofﬁgi%% rog eﬁnugl otid
wmranwmqw 18wed1 2s(XPp GIARSIAN B4y peirelidse seapence (SEQ ID
R S IE AL VRS RaPVRVE0 T4 1o (EDWE B quence (SEQ ID NO:3) of

infectious polynucleotide VR-V5G7475A. D. Nucleotide sequence (SEQ ID NO:4) of
infectious polynucleotide VR-V6. E. Nucleotide sequence (SEQ ID NO:5) of

4
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simultaneously examined for one step growth kinetics as outlined in
Example 1. wt 15strain VR-2332 and Sw612 viruses replicated to

W pYgseasately 10-fold higher titers at all time points. pVR-V6@ZAABR00§i0R24355
no amino acid changes from native virus or vaccine, produced virus that
replicated to a higher titer at all time points than all other infectious clone

progeny. The final titer for each virus preparation is listeq.j i

B aa HEleo Y S horth Y HAGE ﬁgﬁ%%f‘:éﬁ%@rﬁ’ ArouRkS!
pessaaRelRME0ke MREAMS W INas1Swhikdaqidibe (SRQIID WOo7) of
transcript reveals heteroclites are produced as early as P1 an Ith
GEROITHC ROV SIEo T SIS et eSS0 b AU A YoR) of
s enespadjReisaiilceadly tktedabld hetelestid: speuiase ZSEQUEIN0N) of

B AHORET PSS AT Beph Ll SHUVE SRR iR 1D NO:10) of

iomégaast%q%bmdewmaaﬂéﬁam?sfﬁi@napmiaw?)uf@em' e ieantBEQAEDWO:11) of
! a and |b, indicatjng.their plac int : enor .
%@p@?ﬁglw@?ﬁﬁiﬁiﬁfﬁﬁgﬁ%ﬁ ?ﬁﬁ.ﬁ%qﬁf%@iéﬂ%%}; .
BEE protoeko y \pafeds 53] dociliicase ; :
(gen pus Iaes\)}?la homolo ppé\éélugg e,?'f'c endoribonuclease (N); Ziebuhr
@f?%%;ﬂ@@ﬂﬁ%?té%%) ; be%é‘nya et al., 2006]. B. Schematic
diagraimigirée. casspatispofdhiDRhtpdbeies 0€PRIRASY) ShfafANIIBLA ¥ndlhe 15.4

MN184B and puytatiye processing. The . . -
5P O st ol Penmarried gy sy
sheyoonmerisge stesSehemiaticviisigrBid o Fsel camphridoG i@ RidRdrto the

ins of MN184A and MN184B. Figure 10. ORES ami i
R R AR S e i T
aspieaiacig)cohgerpationea8Optometerend 26 antliplatsidiesskhes and a T
identical), medj rey (>60%; betwee and 15 residues are. .
ARG 6105 SOV B e T e S i tp include a
Pl sinshad ahépa0ité dbssrtbhany B eakidnss cam infenticht)aldexsisddeihiof/50
les cgﬁgserved residues. The dashed region indicates the putative signal
%%%S%nce,' the boxed regions identify the proposed transmembrane
region&iguee B pBchanatilectgiotm bde shdivgaeadf(ifecti owrickoueg pgydne
10the proposed orientaii f.the protein inthe. virion is i itiedd & are full
R R S A LS R AR T o
geadvh o rotepeissihenifisetivy tvasdowhnt eteiovelieyagiscare dapieicd aaye

@e%%%’ein'go%%@é% §ﬁ:o§f§oav5%&%?§?%%ﬁv9¥ §§§£§tﬁ&dﬂé{tﬁ’ﬁf¥% ﬁ)@lﬁlﬁled

ate specific Nglycosylation sites (NxS/T). The
bellowing BHermdib fulitengtrestguensdsdigatingdbeiri dorment paHsoRRRSV

IR R 5 SRy

e e(AY 4006 3%) (IH2EPE (AFMGBEIPEB) cpAN BB M iReBich (C/H); helicase

Y262352), CH-la (AY032626), P129 (AE494Q42). JA 71)
l5aretale gk WP bRl RO P S e vemor o
M IB6262NFAR23-653 (1584 981)] ZDIAREI8 1220 1,841k 88 B298Gen. Virol.,

7), 9834 6 99-3584 (D Fioure. 11.
s T
steriuMRFPARA (D858 82heoneparad Be¥BiPaideizctiyacein® (gehdcTRELV or

g%;s) PRR eh%gggg%;rv&dmg%haggw %%ﬁﬁ%ygﬁggﬂﬁ%@ﬂyyA 3. pVR-

S and the box 5amino acids iden ence
Vonsenyatiehteithyvhyppaisesdiés-amks E2W6 e propebethidvdde siapsred to
identitied by .the downward arrow (4). . , Eigu 2 mino acid
RS ML N G s A o N 3T o
putativEigysteins pratease tatalf v res afte PRRS Gmfedis)mr&identgswine
by stars.and the boxed aming. acis 5199 R ASARASEMEVES), V5-1 P3 (O) or

conservation
5
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30 within PRRSV and EAV. The proposed cleavage sites are identified by
filled arrows ('t); additional possible cleavage sites are indicated by a

Wh s 232bw; signal peptide, solid grey box; transmembraneP(elé?g06/024355
shown in hashed black boxes; potential N- WO
2007/002321PCT/US2006/024355 glycosylation sites, indicated by an

asterisk (*). The figure deriyation an lor scheme were described jn the
R, N EHa0 DT A1 Y DR TN PTG iR Sk Rrand fested by
IDVBR PIMENT 2 &t presant coveatitonibglunieP Rk Veumsibidhestotlibe
Porcine reproductive and respiratory syndrome virus (PRRSV) VR-2332.
IREIEREPHE R e term "infectious clone” is a polynucleotide having two
COMpargnis;sa Yedhigaequensoiiia repfieajadist dipcokarybtitl hdstidetls clones

and a second polynucleotide referred.to herein as an infectious
SRR A e e N NN R
A dOwtotusesh W PRy pishivedcplhgins ifeittotospalyaitclERZES2.

replicates (as a A) and produ infectious virus particles..Thus.an
et BB bRncieBHE ERBE bICGENGHS Vet st Al o
dv@evisy svetriicle: aras WRispiatdisiyAdoslBRA sikhe ttertrwere different from first

"polynucleotide” refers to_a nolymeric form of nucleotides. of any length

AR A RCTRBTHES B e AL AR ERA O ISeT A epeoony were
b siplitetsifendedsDNA VR RIZAr Iniess vithsrinisgiteattbladng similar plaque
spolynucleotide includes the complement thereof The nucleotide sequence
3fthe complement of a polynucleotide can be easily determined by a

persorrifuakill inAthe3astofepplyfnc ktntio &/ R 3aoedeSvwelddide pVR-HN (L),

ces having different functions, inclugi [ ogdi
R ERGED Ry bhing Cop e e e e
andlemgotrdpsiaiedid fognrstdp potynihdeatite eansbnsidtaidsooipteilyw!
fi-om | squrce, gr can be prepared with the aid of rec ' -
T GO o0t e R gon LSt ey HeRRAABe ers o
alirtdutarmpicinep poRy VAGDEIUG etice caniie aéot eanaeidienpoativa vites or
vector, such as an expyession or cloning.vector, or ent. radly
S S L e e B P T R Bl bocr
iAgtioiectlohe tisrgated Toniipelitit Sochaah wipslprempsisstigels listed in the
gq%&e%;g%b?er virus particle, is one that is separate and discrete from its
Natural environment. A "purified” compound is one that is at least 60%
free, pRafenaily Wovthfreehlahdonipsis prfedéiﬁmytgp%waamag@wérpVR-
{REPARELS W WDEY A AN, 330 UAIRAIIRRN YR G Eltes are

as polynucleotides and polypeptides that are produced outside the
magvishaseadlyakiBh thdyahengraith geoomie. B )Nehrotrjmetecthisulast with
recombi . ' ' mi ifi :
B e el pterocite
2ME0IRN02321PCT/US2006/024355  An example of an infectious

polyn ide of t nventon i i { :
Py nUEIEotc Vit R N A Ui e PRS Fedenome, Puative
NOSTUTEA] Dificinetearpiss vtideoteiot shigrRiEktierd 14t feptspeaisdiby
invention i - - ; I ()t
B e R SR e
MeR, pladentennith thleRRABY gantwoti fenseigdée cxstraemolssseithandif S8L1);

a DNA sequenc ' present invention ' .
e s T
Mmm@mtdogqmmﬂmmﬁ@mdn@nmdMV@pZiyhuhj@cbﬁbe2000;
Osequence aying SEELTRL I I3HS o 2 SIREENER BRIRHEISP S omparson
of ORF1 protein (replicase) of MN184A and MN184B and putative processing. The
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polriucleotides include SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ

ID NO:4, SEQ ID NO:5, SEQ ID NO:6, the European prototype strain of
WEPRRAWBE, Lelystad (Genbank accession number M96262; BEH2006/024355

NO:14), and the North American prototype strain of PRRS virus, 'VR-2332

(Genbank accession number 1587392; SEQ 151D NO:15). The similarity

|s referred to as percent identit d is determine the
CRBGRATA FER MSHR MSANIB 1 O MEE e s SR dirgam of the

coailidais HTIORIIS priie srnnel sad tirl MNeptiBle sequence of the
reference pﬂé/}hucleotlde) to optimize the nTmber of i %ntlcal n

along HhH@ OBHth P UORMA SELURES L PRTHS B’ﬁ{%equences are ark
gP@}“EUR@gMﬂi‘ﬁ@clﬂh@lﬁfﬁrﬂh@mm&@bﬂébm@f@ie(iemmlmmeﬁnelﬁmmﬂbé@ ofsidues

shared nucleotides, altho nucleot uence mus .
B eiSTHIqR s TREYH %’i%éj ?’Jér)-l g%?tg’ﬁfé’r 6{:%%& ec%s B gnrglr%asérﬁgh ter
gRyetioythegaridsadeferaddicasra deleital) aﬁc'pmshmﬂed €é0%,; less than 8

candrdate infectious po e se uence Ac ndid fecti
R YRS Dt SR AL e LR ek ed fegion
1@&%&&1&@9@1@@1&@ shaabierenaceptiyboglabitdgors Afwnaifditaterimfestibus

polynucleotide can be jsqalated fram an animal, suc j ect |
e LT A S0imel a5 AU,
th@(iﬁaﬁwmrﬁxﬁeﬁfuﬁqm e$tlns phrehidalheveryinaticalfjesyinthekldedicswdhe

nucleotigde sequence be compar using an e commerciall
) C@’éf‘ﬁ’ﬁ’ﬁt@?h‘%f#ﬁ%% RORRSE ﬁ/qﬁéret oatperéo u%le alelf) ALenS I)T{entlﬁed
vusleaidawerLanensRrefbely, @ﬁmaaqmmim\smmymmemes are
compared using the GAP program of th GCG. WISCQ gg ﬁc
idepifirg oy st AL P TR ESE PR @%@%ﬂ etﬁg gorrthm

g??é\é@%t%n?n@t@ x@/ﬂ-‘lﬁie Bﬂ%wﬁ%ﬁﬂ&r]é&a{_(ﬂlﬂllﬂi)gmfmmesfwere used
alignment of two complete sequences tha i

B oA 8 S MLV U186 1850 TR 3
(BW369232 PECTNUF 266603435 50{gapms He S RIgy L ise tefpBivhlues

for aII GAP BB %ga?%é g}ﬁg@%ﬁg @%99@%@09 ﬂa%gg%?eﬁghklt%hzz

(M@?@vsmeamam@mm;zezm thezeqmﬁammpﬂmmammwz) SDPRRS-01-

B By ST L e e Ui €,

Iimilardiy Wirh s peiBr@8ce208lyDIE 66 AR Of s KBSt /B0 360 3TdpL1-8984, at
dé?si@%@ at least 91 ?4, at least 92 %, at least 93 %, at least 94 %, at

at least 96 %, at least 97 %, at least 98 %, or at least 99 %
ldentlt}lfigﬁﬁﬁlllhel\‘ﬁépu@tufﬁhﬁirmlarﬁgqt&d&aﬂrgmanMQ‘mg@APRRSV The

gram, 10Whether a polynucleotid tlo S poly. Ieot
BT AeriHSE BYSSEinGR RS 8% SR RS g i wo
ReRIeloQiSeian uiling Haemmd@@daemteetmuﬁm@mmrrdad the boxed

vitro, transfectl issive cell with the resulti mol ules

BB AE DIOGEHY DA AR BFOGB Ry OO SR pr TR D ST ey

esispsdrieRagickes, iohdesaMiingtinn dereohitheecionpreferably

has 15the characteristics.of bejng low co number remai I

after m@&ﬁ&%%fﬁ 2?31.51.? f%lg%?ciﬁgg?ﬁp i fgmogf{]elo?rgesrb{:g V- The
d@ﬁfﬂét@;o&kiseﬁzéw&{dﬂv)?@m?ma#ﬁnmﬁ%azms\(ﬁimaaﬂa‘ﬂis) are
Gene, 100:189-194 (1991 nd.other.yectors.havi

ideafiad R¥ars aadk ?ﬁﬁ%&?a%ﬁlé\{ SFEREY/RY ogrla S edemep, eonservation

rntﬁﬁwm&rmmderﬁelmmdarelymwmmﬁmpfmahbgeﬁlwéarmbws
é)romoterSZ are tf se that can, be md%‘fﬁ eId Ea%ﬁ veIs of . < onal peptide
Tanagrptior! sassole depyaRABS AMEIASR' pro Thoter, 161 SXampiasna: Pephee,

SHATAS GACTEAGIATALSEE IR NE W6 ndrihediklpbiyres nastential N-
promoters SP6 and T3. Transcription of the candidate infectious
polynucleotide typically includes restriction endonuclease digestion of the
vector to make it linear, and producing @NA transcripts by use of routine

and well known in 25vitro transcription methods. Kits for in vitro

transcription are commercially available
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(for instance, mMessage mMachine, available from Ambion, Austin, TX).
After in vitro transcription the RNA is purified using routine methods and
War8p7(I9a3R 1o transfect a permissive cell. Examples of permisdt¢d/geRg06/024355
include, for instance, BHK-21 (which allows one round of virus particle
production), CL-2621, MA-104 30(ATCC CRL-2378), MARC-145 (Kim et

aI Arch. Viral., 133:477- 483 (1993)) cel wln oned fram these 1 h
ghivas yiatishr ity pedisaiedhive ﬁlfcfp . H@’Eﬁé&%“%‘i‘ Ricienty®" seneme
&@@a@eﬁm&eﬂ&mlg@e tttﬂ

1,2-dimyristyloxypropy1-3-dimethyihydroxy ethyl ammonium bromide and
cholesterol (DMRIE-C), and other WO 2007/002321PCT/US2006/024355
commersyatly TR A oropagoNocEaralys TRARIE/E BNEBGIIBMENTS

eff|C|entIy transfecting Q})rlmar porcing ajveol rmacrf:(;@g es are kno n to

the art é}g,@@ﬁ%ﬁ]@ gesdﬁn RS enss 6861)6) Tepro Jictive and

r63BRBIGHYs vh iRoIRIGaY @!HQRSW RWA-23s0beryseddbicteds dectiom tinfectious
lower and higher amounts magm)e used. After a sw%able 5 erio

HRBS AR FrBHER) TR AR HE S TS BSTERINE é%%?ereﬁlchtes n
ABNAIES SRTSSAS ROl Seesag Shaincleatlioro(RTPORr ikewiseinfectious

progeny V|ral nucleocap5|d tein can be detect r instanc
FRUROBED IR ANPGRS PO R XSS DA Ae e
iRhRdueed 1htb<aeﬂ§rfms$eeiaq mehﬂmmmmeymmus m@lymtehe(mﬁde RNA)

will infect another cell can be detect oP %%10 un |nfe eo dec be
R RGeS CBIRCHO LB P RS m ]fl cfld'tS RRATY, CYtopAic

elast (6 RRpaade pbeeruednmsranmdatmfpmm pohsraciedititiel BNA or

caonsidered to be an inf ctl cIeotl e Whe r y.
Ri¥ar rIB& ¢ ?3?888 ?P' eBF %ﬁ% mem r%n%ucgelgﬁ&% glr% any
leﬁ@ﬁiséltﬁeﬂribfﬁﬁtsl@iﬁeémfﬂmmdeﬂedm sa.mhmahpbstbomh tltmlbke%m

MBS N A YA 1 3 HGUD1T RS 57 SEbery PY Sy e te

Jelynentolen aredertio ﬂhelmiylp retpicrercddbd ynPREENwHaRRBucleotide

vir nfectious nucleotides thereof, the nuclegti

Li’Sff'ﬁf‘? SEE TR g%%’iﬁr? %rsodle?gsr}ﬁme %y |é%n%r§/j|n§’ gﬁeec eé{\)gllgge%ﬁ?t%lude
rﬁfoﬂ)ﬁpﬁieddqa@rmehmﬂghhfﬁ:rmeﬁmemm bechitbngheORFEhenerdrakid

cine at ition 383 in VR-2332. 2 Wlth res ect [
R AR IRTIRE By se i IRTRER, URERE ARBP untranslated
regtenmi mboneraua@etﬂmoahﬂnedbtaﬁiedeimdmﬁpmy@mmlmgme{ dreesn be

SRR semined. s he uasades sourspratiaaiadies end

ng reglon are un nown’ ever two predi CtIOI’]S (0]

1olsenmlpatli dtecaraiye] sitarhavebelkan mrmméegy oAerCliytGHepiide canee, for

vertical line betwe n the, two Wlafo foret e

O T S kD s B e e A e R ment

in VR ze@azumlm@mmemgaaajbb«rmmadeRﬂsaf@equeﬁ@eéedhm@emeferably,
lc m,ple onserve Gl h

aﬁso ae the nlsspza%(f FitA quﬂgg%%;ﬁexg?%oeg &fﬁ%&%} y%?to elln amln%) gltu{(;;l]sﬁbé

1B461880, diklifial (598pLbeT ind\i@srAiahdtiveattior sofitearaipic Ky "purified”
%%Jﬁéggg'gy‘i% mSa TSRS 809 FRRCHRUSpIUAUEIROUHR SRD Reerebly

rison to the sequérices of nsp2 and the GlyIGly

oG Hetstthsciobed dnnmEguests vitvaddeh thaiers sauely trspeiried nfagmpounds
beatleat3ceav e sites [
S D R B e A T e A rien
whivhéipticieainchlijescaunighy tonsgheihgahotigesimbiersysasmnt are
%Jr?st{a Siet d[O amo(lleg[ &te'f;'ﬁ é%ﬁ ‘ﬂ)% Bich Qﬂcpel'tﬁé%ﬁé%'ﬁf‘egér present in a

resen termlnus Pan redicted transmembrane domains
Maraﬂl"mlﬁrtnnmntjs of nsp2 (where the number of transmembrane
domains varies depending on the location of the 5 C-terminal cleavage
site). Typically, deletion of the nucleotides encoding the amino acids of the
PL2 domain or all of the predicted trans§1embrane domains results in a
polynucleotide that can replicate in permissive cells but will not produce
infectious virus particles. Thus, an infectious clone of the present invention

does not typically include deletion of the entire PL2 domain or all of the
nredicted tranemembrane
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10domains.  The nucleotides encoding the chyrnotrypsin-like cysteine
protease domain are nucleotides 1474 to 1776 of VR-V7 (SEQ ID NO:1),
Woele0oas 1474 to 1776 of VR2332 (Genbank accession nubPgd@psS2006/024355
U87392), and nucleotides 1482 to 1784 of Lelystad (Genbank accession
number M96262). The location of a chymotrypsin -like cysteine 15
viruses can

protease domain in_the nucleotide er PA
be ideMfEEBY! 8I?§rﬁﬁ@ntf‘?§t%?ﬁ5’]§'&%f§é%@ %’r ﬂ?ﬁ%"ﬁé‘&%‘éﬁ}}%&des
t?ﬁﬁi@&(g’@y %%R%Mﬁﬂé VRN ‘ém nD &ty IS)E(MRF]VG aligleonefitrred to herein
isclosed in Figure ining whic tid d th
R e e e B SO SEeote 0% enon
i%%ﬁa&}i] WR?)N%OSE@IY) te: aygmawdmmmsmdnmmmmmqsm 1D
other viruse n he_a d
N e P SRS bUhETHE BRI By PRt VLA g s
REHEECHE ARAUENER @ﬁi&ﬁéb%@ﬁbfﬁ@[ﬁnieﬁﬁn@daq&daby dibetresent invention

arteriviruses, such as equine ritis virus (EAV).and Ia
ogBiRRR RS S ISTRARG B RN P BEARence i Aa 1%ﬁ T M W rllegn%ﬁ%ts

tRérdigtagveansmembrane domains of VR-V7 25 (SEQ ID NO:1), VR-2332
ccession nu ber 118739 ) and Le stad (Genbank accessi

(Genba
numbéﬂ%ﬁ%ﬁ QIR RSHHE ﬁoﬁl hw&se inven 1onrhave a po(iynuc?eotlde
53@@5{&93333& P &iﬁiht&%@@ﬂﬁlﬁﬁ%ﬁ) Eabferénd\ésgmylnucleomdles Refeotting)

ARSI BB, sva oo

STEQHEWOIBK SEUDNE0: 6, HiSHor8Fhd pbtot9Be TABOMRRS virus, Lelystad
%%%%{H(egngersasqgndr?u% er IIL/[8<§§6EO gﬁ& ?BQNIB %ﬁ? é} t&?e ?\?oorth American
prototype strain of PRRS virus, VR-2332 (Genbank accession number U87392; SEQ
ID NO:15). The similarity is referred to as "percent identity" and is determined by
aligning the residues of the two polynucleotides (i.e., the nucleotide sequence of a
candidate infectious polynucleotide and the nucleotide sequence of the reference
polynucleotide) to optimize the number of identical nucleotides along the lengths of
their sequences; gaps in either or both sequences are permitted in making the alignment
in order to optimize the number of shared nucleotides, although the nucleotides in each
sequence must nonetheless remain in their proper order. In some aspects of the present
invention the gap (also referred to as a deletion) is present in the candidate infectious
polynucleotide sequence. A candidate infectious polynucleotide is the polynucleotide
that has the nucleotide sequence being compared to the reference polynucleotide. A
candidate infectious polynucleotide can be isolated from an animal, such as a pig
infected with PRRSYV, isolated from a cultured cell line, or can be produced using
recombinant techniques, or chemically or enzymatically synthesized. Two nucleotide
sequences can be compared using any of the commercially available computer
algorithms routinely used to produce alignments of nucleotide sequences. Preferably,
two nucleotide sequences are compared using the GAP program of the GCG Wisconsin
Package (Accelrys, Inc.) version 10.3 (2001). The GAP program uses the algorithm of
Needleman et al. (J. Mol. Biol., 48:443-453 (1970)) to find the alignment of two

complete sequences that maximizes the number of matches and minimizes the number
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Transmembrane domain 1V 985 to 1003 985 to 1003 865 to 883 The
location of the transmembrane domains in the nucleotide sequence of

WO BT/FRRE viruses can be identified by aligning the amino aB{dlgétp0ee (64355
of the nsp2 poplypeptide 5 encoded by a PRRS virus with the amino acid
sequence alignment disclosed in Figure 12, and determining which
nucleotides encode those amino acjds H: t line up with the

of AR SRRl e S Alneuiathetif P YD S5h SRR IS B ane

ifaRipsseandidantifadenitbpODMpUe, algontight subby ki weight = 3,
PredictProtein algorithm as _descrik%e_d b R§St et al. (Nucleic Abcidsﬁi?es(T

23orge M SEh/a (ST R RSII (20 0) LB P I AOHHRTAS

sagsshied M durob £ abatdh MighiBieh, S0Gched SBAIKAOY1))rafuired adable

through the World Wide Web. _ The deletion present in infectious .
"BEIGFRICRBIERS JVEIE BRDS R IVBHGH Ao Brca BE RSB Ay with a

Stveeh the
rBRESRHGRTyRNERAINE: BEE NARERYHSin: k@ CySHina hratie®eoclandednt Ads, at
the nucleotides encoding the transmembrane domains, ang does n

IS P O R LA ACLTN S o I AL el 7 % a
1a00., the fieletian Jypicadbndops/hat thelsaecaltshamiletéytiddstennodidgsing
the chymotrypsin-like cysteine protease domain, all the nucleotides

the SHfnBr 84 fPansmembrane domains, or the combination thereof In
some gEpaBls, d9oinstanerinhsniiafaftotiopsipotydertidetida badetermined by

structural similarity with SEQ 1D NO:. |, the 5' boun f a deletionis at_,.
iSRUER P08 3508 ACERINE D26e T e SRR (Mo A japdidate
iandtibesdéoundasyids & oetetjernistingleptdei 3T csiliviabtitle 8804ing RNA
nucleaqtide 3834, or.nucleotide 38 other aspects, for.instance when
RSB0 R OIS TR or i CEean M SEGRBO RS B
dbrdiomtcalyefardetelitolés, atr nusiedtidaip8Uereut|cBiticeeREreferably has

tggg%%%%%%?}é#b%%%g%}g éa%égg%éré%)%d e{rqg r%l begHsn (sjt%%f ng@ﬁgvégertion of large

Stidn IS At hucleo
(elc]acticls) 340 nucientitepREPE, suitubitentider 354OKT: 4l N ICh(CenBank

SR At b A1 AT PSS TATITR, A5 vectors
Inviigotides charattaastcagberunieatiaebavaibiniee lashe otecthe the lestivhdafe
T
a_ha\lbqswﬁmttham M@ﬁeﬂiwjﬁtﬂéitgbﬂzw@g irojhtranscﬁ’gaqirp chps a T7 RNA
0 R T Fanie 2 D0 a2 2 T Ga A 2ot JErRee) or
e RIN/R STy (SERel Protditys BBy nudIE3tidernisiapsion ot ibstigadidpts dectious
1%91%%9@&%@ 9ypa%gfyq;10 1'3&65 r%sgﬁ!g}gﬁ‘ endonuclease digestion of the vector to
make it linear, and producing RNA transcripts by use of routine and well known in
vitro transcription methods. Kits for iz vitro transcription are commercially available
(for instance, mMessage mMachine, available from Ambion, Austin, TX).

After in vitro transcription the RNA is purified using routine methods and then
used to transfect a permissive cell. Examples of permissive cells include, for instance,
BHK-21 (which allows one round of virus particle production), CL-2621, MA-104
(ATCC CRL-2378), MARC-145 (Kim et al., drch. Virol., 133:477-483 (1993)), cell
lines cloned from these cell lines, or primary porcine alveolar macrophages. Methods
for efficiently transfecting cells include the use of 1,2-dimyristyloxypropyl-3-dimethyl-
hydroxy ethyl ammonium bromide and cholesterol (DMRIE-C), and other
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viral titlers (PFU/m1) Summary of phenotype** Nsp2 A180-323 1876-2304
563-705 - nonviable Nsp2 A242-323 2056-2304 623-705 - nonviable Nsp2
WQRIRZ/3422305-2637 706-816 + (-105) small plaque size NsgZXABR2083/®24355

2305-2904 706-905 + (-105-106) intermediate Nsp2 A543-632

commercially available products, preferably, DMRIE-C. Methods for efficiently
transfecting primary porcine alveolar macrophages are known to the art (Groot Bramel-
Verheige et al., Virol., 278:380-389 (2000)). Generally, 2 to 3 micrograms of RNA can
be used for trasnfection, but lower and higher amounts may be used. After a suitable
period of time, the presence of progeny viral RNA can be detected by, for instance,
reverse transcriptase-polymerase chain reaction (RT-PCR). Likewise, progeny viral
nucleocapsid protein can be detected by, for instance, nucleocapsid specific antibody.
Further, whether the virus particles produced by cells transfected with a candidate
infectious polynucleotide will infect another cell can be detected by exposing
uninfected permissive cells to supernatant from infected cells. Optionally, cytopathic
effect (CPE) may be observed. A candidate infectious polynucleotide is considered to
be an infectious polynucleotide when it produces progeny viral RNA, progeny viral
proteins (nucleocapsid, membrane, GP5, and others), and infects other permissive cells.

In some aspects of the present invention an infectious polynucleotide includes a
deletion of nucleotides encoding non-structural protein 2 (nsp2), one of several (12
predicted) polypeptides present in the polyprotein encoded by ORF1. Ina PRRS virus,
and infectious polynucleotides thereof, the nucleotides encoding the first amino acid of
nsp2 can be determined by identifying the cleavage site of papain-like protease 1 beta,
predicted to be after the ORF1 amino acid glycine at position 383 in VR-2332.

With respect to identifying the nucleotides encoding the last amino acid of nsp2,
the exact nsp2 C-terminal cleavage site of the ORF1la-encoded polyprotein has not been
empirically determined, thus the nucleotides corresponding to the 3' end of the coding
region are unknown. However, two predictions of the C-terminal cleavage site have
been proposed, one Gly|Gly (where the vertical line between the two glycine residues
indicates the cleavage location) at amino acid 980 in VR-2332, and the other at amino
acid 1197 in VR-2332. In alignment of all available PRRSV sequences, there are
several completely conserved Gly|Gly doublets within this protein that may also be the
nsp2 C terminal cleavage site of the polyprotein (amino acids 646, 980, 1116, 1196,
1197,in VR-2332. The locations of the Gly|Gly doublets in the other viruses and
infectious polynucleotides can be identified by comparison to the sequences of nsp2
and the Gly|Gly doublets disclosed in Figure 12. Present studies suggest that there may

be at least 3 cleavage sites in nsp2 , corresponding to amino acid 980, 116, 1196 or

1197.
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2962-3231 925-1014 + (-105) small plaque size Nsp2 A633-726

3232-3513 1015-1108 + (-105) small plaque size Nsp2 A543-726
WQ2@Z/BB331925-1108 + (-105) small plaque size Nsp2 A727-&K3/US2006/024355

3514-3774 1109-1195 + (-105) small plaque size Nsp2 A324-726

2305-3513 706 -1108 + (-10122) ND

The nsp2 polypeptide includes a highly conserved chymotrypsin-like cysteine
protease domain (identified as CP in Figure 3 and PL2 in Figure 9) present at the N-
terminus, and 3-4 predicted transmembrane domains near the C terminus of nsp2
(where the number of transmembrane domains varies depending on the location of the
C-terminal cleavage site). Typically, deletion of the nucleotides encoding the amino
acids of the PL2 domain or all of the predicted transmembrane domains results in a
polynucleotide that can replicate in permissive cells but will not produce infectious
virus particles. Thus, an infectious clone of the present invention does not typically
include deletion of the entire PL2 domain or all of the predicted transmembrane
domains. A

The nucleotides encoding the chymotrypsin-like cysteine protease domain are
nucleotides 1474 to 1776 of VR-V7 (SEQ ID NO:1), nucleotides 1474 to 1776 of VR~
2332 (Genbank accession number U87392), and nucleotides 1482 to 1784 of Lelystad
(Genbank accession number M96262). The location of a chymotrypsin-like cysteine
protease domain in the nucleotide sequence of other PRRS viruses can be identified by
aligning the amino acid sequence of the nsp2 polypeptide encoded by a PRRS virus
with the amino acid sequence alignment disclosed in Figure 12, and determining which
nucleotides encode those amino acids that line up with the chymotrypsin-like cysteine
protease domain. Alternatively, the amino acid sequences of nsp2 polypeptides of
other PRRS viruses can be identified by aligning the amino acid sequence of the nsp2
polypeptide encoded by a PRRS virus with the amino acid sequence of nsp2
polypeptides produced by other arteriviruses, such as equine arteritis virus (EAV) and
lactate dehydrogenase-elevating virus (LDV).

The nucleotides encoding the predicted transmembrane domains of VR-V7
(SEQ ID NO:1), VR-2332 (Genbank accession number U87392), and Lelystad

(Genbank accession number M96262) are shown in Table 1.
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Nsp2 A324-813 2305-3774 706-1195 - nonviable Nsp2 A727-845
3514-3870 1109-1227 - nonviable Nsp2 A324-845 2305-3870 706-1227 -
Woa7iahlé21 the deletion refers to the amino acids of nsp2 thaPaisUSOteep4355
e.g., in the virus Nsp A180-323, amino acids 180-323 of nsp2 are deleted.
**plaque size is relative to plaques produced by wildtype VR 2332. 14
WO 2007/002321PCT/US20 6/024 An infect ous nucleotlde
TabldRiePa BRrRSH e AP RATHEPLR &8‘6&%8&??58 ﬁﬁ% ae inserted in

place of the deletion mWogenous" pplyRuzisatide refers [td.elystaign

nucleatide sequence, i.e.-a-nuclectide-sequence-thatis-hotrermally

Tﬁ@@@@ﬁt@flﬁ“ﬁ PRR$ virus or an infectious clone thereof. The exogenous
dBRlyRucleotide can, \agw] pseferably does gpeagea polypeptides Stitable

exogenaus polynucleo ncoding-a detectable-mar

or
MOTCTTTATNCT,

Téﬁgﬁf%ﬁmblé’éﬁle that is easily detected by various methods. [Examples
dingldgifluorescent polypgpiisies (e.g., grees wyehaw, blue, qrresito 814

fluorescent proteins)) luciferase, chloramphenicol-acetyl-transterase—and

-------- GTCTUOLC,, TAI'TU

Té@ﬁéﬁﬂﬁmbﬂi@l'@cules such as c-myc, flag, 6xh|s HisGIn (HQ) metal-binding
dBEREdeand V5 epitape) Wejggtable by theds flyorsscence, engyBitigs0

activity or immunolagical properties,and are typically usefulwhen

oG ot

Taesserebrraccell, fdr instance, a cultured cell, or a tissue sample that has
dBgeRyeynoved from ajy apimahOther exogengiisopglynucleqtigiesthegsan
be used are those encoding polypeptides expres:

such as cells and pathogens Expressmn of an exogenous polynucleotlde
The location of the transmembrane domains in the nucleotide sequence of other PRRS

viruses can be identified by aligning the amino acid sequence of the nsp2 poplypeptide
encoded by a PRRS virus with the amino acid sequence alignment disclosed in Figure
12, and determining which nucleotides encode those amino acids that line up with the
transmembrane domains. Alternatively, the location of the transmembrane domains
can be identified with a computer algorithm, such as the PredictProtein algorithm as
described by Rost et al. (Nucleic Acids Res., 32(Web Server issue):W321-326 (2004),
or the TMHMM algorithm as described by Krogh et al. (J. Mol. Biol., 305:567-580
(2001)) and available through the World Wide Web.

The deletion present in infectious polynucleotides of the present invention is
typically between the nucleotides encoding the chymotrypsin-like cysteine protease
domain and the nucleotides encoding the transmembrane domains, and does not result
in a frameshift in the reading frame of ORF1. As discussed above, the deletion
typically does not include all the nucleotides encoding the chymotrypsin-like cysteine
protease domain, all the nucleotides encoding the transmembrane domains, or the
combination thereof. In some aspects, for instance when the infectious polynucleotide
has structural similarity with SEQ ID NO:1, the 5' boundary of a deletion is at
nucleotide 2305, nucleotide 2205, nucleotide 2105, or nucleotide 2062, and the 3'
boundary of a deletion is at nucleotide 3774, nucleotide 3804, nucleotide 3834, or
nucleotide 3864. In other aspects, for instance when the infectious polynucleotide has
structural similarity with SEQ ID NO:14, the 5' boundary of a deletion is at nucleotide
2304, nucleotide 2204, nucleotide 2104, or nucleotide 2061, and the 3' boundary of a

13



results in an infectious polynucleotide that expresses foreign antigens.
Examples of exogenous nucleotide sequences include those encoding
W@ R8081p28pressed by pathogens, preferably porcine pathogdsl/E62006(824355

porcine circovirus type 2, Mycoplasma hyopneumoniae (e.g., the P46 and
P65 proteins of M. hyopneumoniae), 20Lawsonia intracellularis (e.g., the
outer membrane proteins of L. intracellularis), the ORES of different.

g IB ARG S aBIEBE S 40 REE0L ééiéearalbcﬂe%tls?é?“i

THIgH A B5R B HAlYPARtdahaR s FDHABREHNG, BrexPaGitebiiee In some

immunogenic. Inclusion of foreign epitopes in an nsp2 polypeptide is
o5ttt S5 TR ARG VAP 5 E7Rign LPREigades, or at east
284ditigast exanplesRliApexedry ads s ueleedidestineluds iwsatides, no

encoding biological response modifiers, such qa% for xanlpl(i,#FN- a, IF*[L\Iét'ous

S ageer i 450 TMFERARAIEIG 25, OF S EXBEHOLR AUty RIFRBE 1 fect

pHIsRHQddRlR theydeletanoredinn sHeladhaoi is iméraspe witodhe open

reading frame encoding nspl a and nsplp, and more th o%ex enous.

polyndciawines of infee P%@r%ﬁylﬂuﬂﬁ%té‘ﬁ? %@F’i‘ﬁ%‘?ﬁ%@%&leoﬁa ontamning a
JSRAENEE S 3CRIEIINTDBIESE C-mYyC epitopes can be present. The total

size of the infectious polynucleofide containing an exogenous

polynucleotide inserted in the place of the deletion is typically no greater
10 ThS8 16108Q hasepoRaaeatRlch@Ri i8R 3Ted/ N(SB@ARNDRN) 15,600

: rthan 15,400 bases—erno-greaterthan-15200-based
Rﬂl@?@@qﬁg%z | 824895 2006/02438BIRA AUGHY th&'F |§}’[1{°’E%\i|). Aymmary of
insertion can be pigresitidanfectiosmalyicde oty tidmg the plepdtype™™*
A324-434, Nsp2 [A324-523, Nsp2 A543-632, Nsp2 A633-726, Nsp2
A543-726, Nsp2 2B NQiINsp2 A324-726 deleliion, preferably, the

NN,?Q?AWQQQBQ A543-632, Nsp3 A933-726, Nsp2 A543-72bndispable
A e

27-813, or Nsp2-A324-726 Sdeletion—Preferred-examples-of-infectiots, -
a

NypRd2tartaiing AM8xdg¥hous polyHdciebtide in the location of f 0"

Niejetian inghide anyusokays polynlicentde having the-eh2 A324shalt plaque
déletion containing a coding region jlencoding a 238|amino acid green
fluorescent protejn, an infectious pdlynucleotide haying the Nsp2 | 5*%¢

533534 giEietion,80Rtanyag a codingsegign encodling-a @*3g0aminiataisediate
Osagiilpiaque

green fluarescent 10 protein,_an inféctious polynucleotide having

Msp24A 343 6¥letion?08Rtafng a cogrr?&%]g%ﬁ Jencodl’héNal 49 amin
c-myc epitope (EQKLISEEDL, SEQ ID NO: 17), an nfectious size

polynucleatide having the Nsp2 A324-434 deletion-tontaining-a-coding
Nepioho3ActHing h 3B AAHS acid c-miBlapiidiSe, anfakiHektious small plaque
polynucleotide having the Nsp2 A324-726 or Nsp2 A543-726 deletiging
each containing 15 a coding region iencoding tandem repeat of the

NsnmbHAT 26myd PFFBES1AN infec i@@éﬂé%ucleoti&éﬂ%icaﬂy EPE@émaq“e

in a vector, and the combination of infectious polynucleotide and Viegter is

referred to as an nfectious clone, g,u,%;)_;:%ugrge
Neehiza 78 Lkctaf 39 Hrdpidating poljAdiédadle, sUch &d & blasmjgmall plaque
phage, or cosmid, to which another [polynucleotide 20 may be attackiged so

as to bring aboutlthe replication of the attached polynucleotide.

NoAshRiGAGT vbeats-35haining 4 peRMUdBotide (of thelfventiopND
ﬁégﬁi}éﬁfi@@'f’j‘jdr té?%@@?ﬁ‘m DNAZRROMgyes kngwn in the art (Sggnviable
ey, a

ambrook et al. Molecular Cloping: A | abaratqry Manual, Cold

ISpanty7RadsET LapdsatbRsFhess (198b)99al%8%tor can provide for furRakable
W@WW%E%' raplificatioref thepotynudepide,he., a 25¢cloning Vectar, iJehle
e%ressmn of the pol@%gp?gg; encoded by the coding region, i.e

* the deletion refers to the amino acids of nsp2 that are deleted, e.g., in the virus Nsp2

A180-323, amino acids 180-323 of nsp2 are deleted.

*#plaque size is relative to plaques produced by wildtype VR-2332.
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an expression vector, or the combination thereof The ten-n vector

includes, but is not limited to, plasmid vectors, viral vectors, cosmid
W28t 1artificial chromosome vectors. Typically, a vector iBEGEpPalescHR4355

replication in a bacterial host, for instance E. colt. Preferably the vector is

a plasmid. 30Selection of a vector depends upon a variety of desired

characteristics in the resulting construct, such as a selection marker,

vector replication rate, and the like. Preferably, a vector suitable for use as

part ohaniriesigysdtinnrlshal cartioning v eelei canchaimekptessioxogenous
vector. Useful vectors have a low copy number in a host gell. . W

Il o, .
pobeeRn eI Sp iRk B S HiaBle No SRR R Bl gleotide refers
t@%ﬂfﬁ%ﬁ' AR MR QEhEH SN e hakRItale Sqatikes Yindidcainormally present
_Preferably the host cell secretes minimal amounts of roteoi:?{/;%ic ?nz&/gg%gan and
it RRGAS N6y BRESTRENSHS SABBLREFES o JF 55 LR G5 s cottde can,
PRSI S dOERGINRIBo FpepildY. Sulyitlinetsiisnsnkpalpplatyotidst cetide

seful for making, 5 manipulating, and maintgining an infectious clone are
U5 SAOTSHRE {ATER 8 St Aok TIFGHITAGY), DS G REEFRY Various

YSEEIsINChdaRSsavlate saeseatespepaidys sk e dtedieysieatiblis, or red
olynucleotide, The term "opeﬁbly linked" rffer ioaéu%(etra%e)sgril noaIer
BT AV SR thieE FFasea PO T A RASHLT I‘%%’ PTG tive Ao

rhdTeeioss inibR ks ptendeddd) sra)elisSTe gH@jengtabhimling teptperatlyVs
linked" to an infe\% '

_ tious palynucleotide of the pres nttinventionw en it is
STIHBE) FELERAPLER P BBFoRERsF: SPE et YAgoh R Lo VElr®

pebsigticonaiianstopivaptitiefwlitilibe degutaddry sedldocmsTamieallypbured cell,
promoter is one that prqvides for high.specificity bindjng of an RNA
o S A e R RIS YRR F B S, SIS e
peIomRlestR dogiiuaiatinmeediatehosipetieeingpohpptipsides cheoideedbthether
infectious polynydeotide. Preferably, a GGT is.inserted between th .
BRI SO AGLART0E IR LD AR ERTGTRobae (eotide
rEptionaly arfdcpiceiepabintvedichal samentesioraipe patigselExempes of
ribozyme downstream of the poly A region. The.vector, optiopall
RSB I SHEDF T GTE e on R LS s Sy,
pahisadhs ehedetetaynpolemde thiad doas tivatess qrootherviise dete ¢y oLis
etected by a compound in the gro mediym. For.ex e :
RIS S GBI et bR AR b o)
Tlesisiait ioepdhibittie, or teantomentommequnttispefific infetabdlikmionthe

ansformed cell. Ex fa ction marker e € .
QR Sies 1EERRE BISTERA AT SEEIEE H9Da protein
oftSosamph@hicosptrelyyelitidcdnd Bewhyoitopes Wi éngmasirsdiig be
.deletion of. nucleptides oding an nsp2 tidq . infecti
B OB e R B o BN s LA bt P e R ea o
rasddifsee irrgunS aeshoosktetthé, fciepuaita@ioninyd diticasbeassnpliiual,

Cold Spring.Harbor Laboratory Pre ' ' !
P o e S it An e R R s, such
Blofoe candpid)dANtoasiitipnibel gfitin< ji A infetiblis €lone) to verify by

nucleq ggg sequence analysis t resence of expec eF aucleoti h that it i
sequend&S*OEEN 48 Hg?g?i)éﬁgoglﬁotﬁép S r?sﬁéen(csie ﬁtgoa rs%n%isgf aHtis
iatheme Wil dns o pdsawisinm yvihen acpaoditgiesilie ciiduspliyaudleatidéhian one
tested to determine WO 2007[00232Q1PC%§/}&J82%(36102,[4355 if ict:liesoti de sequences
SHASCHONS PRILLEIFRTIHE Sk RAIBYS S AR R Al S B A BRE S TR SIS
dhsoahsemee:of £RataNO eMviE ty@Rntr Uk eTloeapsesest finy enfiotioatso
includes isolated infectious polynucleotides Dy .

polynucleotide containing an exogenous polynucleotide inserted in the place of the
deletion is typically no greater than 16,000 bases, no greater than 15,800 based, no

greater than 15,600 bases, no greater than 15,400 bases, or no greater than 15,200 based
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disclosed at SEQ ID NO:5 and SEQ ID NO:6, and infectious
polynucleotides having 5 structural similarity to SEQ ID NO:5 or SEQ ID
WORD06/0M8hods for determining structural similarity are desciiBEd/RNe28MG/024355

Preferably, an infectious polynucletoides of this aspect of the present

invention has structural similarity to SEQ ID NO:5 or SEQ ID NO:6 of at

least 88%, at least 89%, at least 90%, af least 91%, at least 92%, at least .
(oahiing e, allesp GUSPIEHLPE BRI ELE: Bos g Ty Bugeotide
he¥iakI8RSL0 90994 A NOIvRYS RGNS IRV B INSABIGES TN VGBS FEEQ N3p2

NO:5 or SEQ ID NO:6 is considered to be an infectious polynucleotide, if;
N R R UL DR A AR5 B PGSR e L. 524434,
Neglynugleetdeneplicaies-inthansamssiveeeiepnd nrodicesinestidied-726
virus particles. The present invention also includes isolated virus particles.
delstipge dBhefensdimeamploned IAPGES HOReS AR RIS PR8N R hised
pligrehepaeakivand safentora pelviciactidr ah fspriesepolyventiotide having
surrounded by an envelope. A virus particle of the present mggtlon. can,.q
therdspRdied-1h34 Pelrtirns R RIITRY U ARE RIS BE A<t i HHE 2!
sPad aclivasainersatiahp attisiasudporsupridicie Gaviletheavepbi543-632
passage in vivo or in cell culture. Passage i%OViyo incl(gdes inﬁ‘culatin%ta
delgHiemnapRirEtaR COMNETERION 9168104 8)° PrEDRRAN CECRHE >
p%@&@,%@ﬁ%ﬁm @&ykﬁﬁgl@&i@etﬁamﬁg/més}@ﬁ@%n@mdeﬂl&aﬁngﬂbh@aining a

cells under conditions suitable for the virus tq repr d
cRling TrgieTpantiemias Briferalg, ad Cuir SR Lde @f‘ﬁ@%@% §fr§%i 1R
2 ansiormreeRal HogytirlctirlcalisiapeinoNapeBdiviale dettefimitedy)aining a
Preferably, primary porcine alveolaé’ZSmacrog)rfl)ages Qe uspdtfglri assage
cRfitg esiRnsTRBe A G AN EIHSHEKE PP 2435 22 KUFRUS6F the
pRISHENCINR AN B O BIPABREETR .61 NepRi it iz adelidonts each containing
reproducing in vivo, and/or in cell cuItUﬁ%g (?)thods of inﬁactivation are

GRS IS B SO A RS LAHRR AL SRR of
the inventiprMish Spslgndad themisaltatstimetiog agentsochead te

aldehyde reagent including formalin, 30gcetaldehyde and the like; . iV
RS B ECHIT § LA SRR BPA A 1 S e i cc ot
Jhei Qitiiebich hedzene sulifenieracicbastibthedlikectiactonesphicetivgs beta

propiolactone and caprojactone;.and activated,lactams, carbodiimi .
FRUTRBGE WO B00 A0 2T PR 00T e AR e
BHROMNS Elsh asicbibonybdiinitazpleaioaditticriadiedpoljthucleotide.
ultraviolet and gamma irradiation can al e,used to.inactivat '
CRESHEIRH O DrAEEH PR BTN Al LI R EA Mo fndarg
retitis®snaay DY Actubailjadilkiyoercaute tre(syenpigaiaofmopstetpbvidaéecular

jsease in_pigs), and 5 methods.of making an atten i r§i
< g A e e SR SRRl e edey, a
e stisusaf phevitte senfurthentioniisgasgddfedtion. ofi Sepl ynfsteetide) ire-, a

ulture, allowed to reproduce, then harvested. Thi ggd'- ion. ie.
B&ﬁé’&%%l% L RREREES: c?ﬁ]eﬂ\e/' SP eBtlbgs% igr%%](i:?eage : For%%t?r%é%ﬁl’ -
dhexprussanveetpassabe dobibiimesrheetodulitre fandvirer inslvitesehakis not
of the, yirug measured. 10If virulepce h t hevirus that
%eﬁc\){f) irﬂ SPBin 89 & gﬁﬁLg ?gogr)%is??grgné gﬁggﬁ%%%gﬁ% tiimes in ggllflne
widiore. Thiscplhseseitaepeateblart wplikation i dadneasedhont giondpglance £.
virulence is,measured by inogulatign of pigs with virus, and evaluating the
cﬁjé‘s?%%%r chgfi;%ceaﬁescyorﬁé S iazsalﬁu or LD50 (see, for instance, Halbur et
al., J. \Bete@iagnf vestby Bepends (DOOB)yatihwfatesired shmagtesiistics in the
32:200-204 15 (1995), and Park et al, ol 2L 320-32Bthe tike.
I 8}% P é?éél?l,mvlrﬁ ean%eéeiglggé}]gggge%%% }i({??e& F %?r?&gted virus dogsT(e
Pefeabibe thescleatititdniforiseas i pitafé rabiyfersmsin otorgis dafincdpning

%f?#&%@s ?/ie}g}%eréjﬁ‘isiﬁg %%gtg%ﬁ:ﬁ%"e'%{n%&%r@ﬂ%e aul%%Jl%:lofIS’g; REAANERPAbst cell.
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invention includes cells of non-porcine mammal origin. Examples of
non-porcine 20 mammal cell cultures include, for instance, the cell line

WQRAOTOMRBAIT CC CRL-2378), the cell line MARC-145 (Kim et aRCAAGS2M06(B24355

133:477-483 (1993)), and the cell line CL-2621 (Baustita et al., J Vet
Diagn. Invest., 5:163-165 (1993)). Preferably, a mixed cell culture is used

for producing an attenuated virus particle of the present inventllgan. I

Swifrble beft CGHSAOTSIIBREOL PIPLEHS R ERC IS L BFLeH &LE REC Féf%reaaBTy,

eyt 2686l peultiselincledrsianlirssoasialradipniransionnetiprettlgic
and a primary cell culture. A mixed ceill culture is articularg/FgFl eful wh

cEESS 1 P SRR IR S O P B PGSR ™

nsfor
el BEfRuR G Lammpahan ibranidiztber detis siarfiieidcaiting,for

use in a mixed cell culture include, for example, the cell line M :
ORGP R P IARERIDEDE Ay RS OYSE Dt (5543640
i WeE1ChL38); Brefertixsarimary cell cultures for use in a mixed cell
culture are porcine in origin. A preferred example of a primary cell culture
GO FAdeed

for usé MeaPRilsdNeEn TARFEOTY BRERGSS SRSV preggaus
S RPOAAO2FRERG T LhpeR(02AeEaD refeld® RrRS@MIINVioNlET cuiitarents

includes the polypeptides encoded by the nsp2 coding regigns preseélt in

stied ok ey aistides ralatrRRsbepiRoPTEE e B ACR: Thicaniiatve.
nIRReINCUEER IR dhe RERRABE RVeREAD B Bkiibediasiifaitdirgolynucleotide of
monoclonal and polyclonal antibodjes, that specjfically bind a %Qe%pgde
ehneAeR! By PRSI BPER B Bh A T BB OB E AR e
rEisciosedivabimder Doadrishs 20HRdpc wWiksh spagifirc jostaecnatrary,
includes fragments of whole antibodie Vﬁ\ﬂc%rﬁtajﬁ meilgébicgdin%act'%@/A
Tropigalbyge PERQISH 1SRk At e 8 PSR Pl g 3
ﬂ&ggga%ﬁ@h@a Welh @ﬁo’iﬁfiﬁ&ﬁqﬁi@m@mb' ,Qlﬁi'eﬁ e(ﬁg AG). mypiSiwgheqimmﬁter is
antibady that can "specifically hind" a polypeptide.is an antibody that .
TR B SO W AR BROE R BN oD e ypdepgde
%M@ﬁﬂ@f@qﬁé i%gefaﬁwwa@ ﬂh@ﬁ%ﬁﬁmnfﬂeiﬁtehh&‘pﬁmlémidawm
‘that "specifjcally binds" tg an epitope will, under the appropriate _, . e
SRR B OB BBEE S R (P AoRe BFS S depatis
Ratemial binslipa tatgristiasfdirarein Alregierm "polypeptide:antibody
complex" refers to the complex that results when an antibody specificall
pindis 115 '8 B SPRHHIL OP BIFREIANIA BALHG, T S T Some Aepmaker
sefuantig shhafhtee i se el dodentinolnaledhahinaetihats ormuh spestfideibpts or is
bind to a full length nsp2 polypeptide encoded by VR-2332 (e g, nhanpk
dizsedBrin b AR o SR e R U
sdllraee ehiled s€@on ko, BAROTh3 tafiReskdcdREddmiro aeiggibiotic, or it
384-1580 (also see Ziehuhr et al., J. Gen. Virol., 81:853- ( .
CERERTIE SRR (B °%alshgt{?ﬁﬁénaé’.ﬁéhFoﬁﬁfﬁsg%rﬁléfﬁogé?kr%%%@ﬁeﬁq%fa
RItcAniipodies efihenpeesestimerntivth aarvitepresriaadetsikgndayiotact
polypeptide. Optionally, sp2 polypeptide described herein can be
Mﬁfﬂ#ﬁ]&ﬁ%& € g%‘]%gé)&%%%glgxdggﬁ{errl%g?yﬁé%tide to improve the
immunipgigabpueper tiededtite lalypptides bewidingemiespbiypeptiiéds in an
.are known in the arf. 25The preparati f pol ntibodies. | I
R o A L L) e B i Rt A AEE S Mg psed
(s rad) sasieisteukinaiodd, ek agddratiesngowd doatteshbeprdbgsyld Spring
hickenps, rabbits, mice ters, . quinea pi .
R A A S D Sy e SRy R VAL B RL BT i gondord
ravi¢e dgeing Coastesttidng A atibnitieosaidne isolkwebefrennsmetiprsteipizons in
by.using an 30 affinity column having.an Fc¢ bindi i
SR R UG B RS o Lo SR The SR8 of xpected
hachoitliesimatites, tuthasadsiétiedsmtiothar talBriatigns piddhaaiseheme bether
animal immynized with a desir ntigen.are. i li : :
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WO 2007/002321PCT/US2006/024355 Antibodies: A Laboratmy Manual,

Harlow et al., eds., Cold Spring Harbor Laboratory Press: Cold Spring
WORNYAN 233w York, (1988)). Monoclonal antibodies can be isOt&BH$R2006/024355

purified from hybridoma cultures by techniques well known in the art. In

some embodiments, the antibody can be recombinantly produced, for 5

_example, by phage display or by combinatqrial methods. Phage displa
G A B B 00 SRR B AL
abhatdyng tertapahmeptine degssiedsherein, or a biologically active subunit
or analog thereof (see, for example, Ladner et.al., U.S. Pat. No, ..
o 22 A BRI B T O LA e Ry st
daatihedigss BOTIENTES @Rt BENDNDSE, prdvickesttampobitiocisdatidesdhaying

an infectious polyn ide PRRS 1] irus particle, or . .
ST R O S e e RSy Setpinine
seheumaceauticaty aeckptatteddanidn. Azafsed lyeraimfphizonsgrdutivelépoides of
acceptable, carrier” includes.saljne, solvents, dispersion ' i
R Ot L B AT R AL ST A R 0
NGNS abled st &8 ik eat demspa@ilticaniithsp oy at baatic 8l % miibéaitA2in, at least

Additignal active compounds can also be incor fed.into theo,
S mBS e SR b e ST 05 b e g
9grsherasb binpbRrotide halirgestaraiumlcomiposiion $BQ BB POHuatSEQIPNO:6
.compatible with its intended royte of.administration. Example
RSO R S b D 1 g SRS Al PHIFR AL and
cijisae@toipbrsiitsiutantioptheqralyteidedtiiatapbioptesdnstie waahisshieaplls and
an transr%nutcosal..Solu%iglrgecs)r suspensions can include the following
PES B%Snlél FS"RUEEHIE BitliehtSuch as water for administration, saline _
solutidrhéipmglemﬂmmisiethylmmgﬁg@cﬂémméﬂhw patiglene Ayyessiddierein, the
(ihen synthetic soenis, antibastenial Ags(ls selas eyl ale ol 6 o
meﬁﬁy\f pargﬁens, antioxidants such as 25ascorbic acid or odium bisulfite;
pohpiatifeg tadren sheyniesastetiveen mminvetdaddsc st cricitpisu iy regaregisle of
tﬁce%ggersl’t ﬁ{y&%{? cs)’nocg.a%h %;}Perr]laat%&c? Icg_cg:k?éxtﬁ(?si%%lﬂﬁé@ ggilfpc%ﬁf‘replicate to
chidride lon, potassiurh ion, calcium ion, and magnesium ion, and agents
résulihia tdjpstderioa ebmoity vudhpagistadium chloride or dextrose. pH can

be adjysted with, aglds o 'BQ?8@3@%@a@s?aQX%%%o&ﬁi@%@l%ﬁ%@rPassage in

hydromde.rlﬁ omposition can nclosed in ampoules, dis&osable

viyaiingésles inonibltnips oigidRarhariecorbiass d s ic041, Bai dostigsdn cell
SRl %éé%g}ée?ggg%%ﬁéﬁ'Ué'ﬁ’@t%Qﬂ@%ﬁ&%ﬁﬁ&g%%&%@&g&ﬁ@e@s

and sterile pow r the extemporaneous preparation of sterile )
wsdietiomslifves s00arbois thedm s zansdresns pradupR Ry g Particles.

PRURAYS ,lfﬁcagﬁﬂﬂiﬂr@éi%rgq{@%‘?iﬁﬁ%‘?{ﬁimW%Mmiﬁéhslﬁ{@@te., the
bacteriostatic water, Cremophor ELTM (BASF, Parsippany, N.J.) or
qeHesphace Bueitostivideirdabpitlyd dniseditio RTERgHIGeTyaeMEealy,

IME%SEE &bﬁ?efﬁgéajf&lﬁgéga%% shawebecltuch ir b e axtantdhphieasy,041,443).

syrin Ity exists. It should be Sstable under the conditions of
manufActiries af thspresgatdneptioscra b aiyariraled. dsmarniaan doagadhe of
QR EIFVAD SRHEP AT AREISHAANASHs IR LR PR ORnown to the art

and include, for instance, treatment of a virus particle of the invention with a standard
chemical inactivating agent such as an aldehyde reagent including formalin,
acetaldehyde and the like; reactive acidic alcohols including cresol, phenol and the like;
acids such as benzoic acid, benzene sulfonic acid and the like; lactones such as beta

propiolactone and caprolactone; and activated lactams, carbodiimides and carbonyl
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a solvent or dispersion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid polyetheylene
WQRAIGI0RARLthe like), and suitable mixtures thereof. PreventioRGF2006/024355
action of microorganisms can be achieved 10 by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic
acid, thimerosal, and the like. In many cases, it will be preferable t .
diRelgERatemRH CARBRIII SIS ﬁ?é?%{}gaf&, 8?;?8%80#%1@1&5}8%% Such as with
WMaoniel «sarbiiahaedimsbicsigealsotbe sa posidonvatealandeds.
absorption of the injectable compositigns can be brought abou .by . .
incluaf§arinAEdestAp SRS RSRt SYEHEIRRIT i‘%%‘&?&%ﬁg‘é%ﬁ%%?ﬁ e e viruses
hevRIP PlausddaBINR 1H eneRi Rl tenpichgeddiinystery Stenbalsehuoinpzs), and
be prepared by incorporating the active on‘g\%%g (.e., aa}infectail(ﬁ%% enuated
SRR e TRk B ERENAES BIES P B En O SURMRORH BFCHS TS 2 &
VAROMBLIRRTh AP RReRHAtE peint, Withranefohepesahinatianiof isgrediets i.c.,
enumerated above, as required, fgllowed %\ﬁfiltere(f %terilizatiotn. This brocess
S EAARIToRHFE SUHER APdEgIRES A BFb e ke This P
iSesppasndiniaR Siedilenve bitike witighicpigaindechasid dBpensiomee, the virus

medium and the required other ingredients frgm those enumerated above,

) RREASEEEH SO e SO e B T BP S e b ired.
150iuliense the neetarcad wetheds ok phepatation arectad intmtheyingrahds
freeze-drying which yields a powqer of the active ingredient plus.any. . .
PRORHEEhER ALCHITRL ILBBRR Fs LSRRy S AT DA Ly hfyirolence
ithRi@ehsed. Halperanasititnsginambyrintiydecnintoh difeps withrvirus, and
edible carrier. For the purpose of oral therapeutic administration, the

S BIRARE S SRS B R T S R A R Vo] o Halbur o
0f talgteisDivaehesver. canSuUs( 1996) gatdtinrcapbyulés. Phise., 32:200-204

compositions may alsp be formed intg r nded.in ap. .
e R okt R o P oS e S e e i
decaniseakicead ansadiedniraats) arinkingatier dEhthse coinpdsitohersderably

e suitabI%EﬁSW eteaed or flavor h%ydvarious known agents to promote the

B GRURR SEEH S BPRITES ThE"Big > ho

2007/003324RCT 8IS 2006024355 for prhduattyencotepeied vivamad|the pecsent
.administered by any method suitable for administrati I enti
RS o R SO B s SR oy R MG
meedielfcel cotitrod mshcte, doithestmics thartiddiDNH AdO4HATER {IRdgy 379),
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The dose ratio between toxic and therapeutic effects is the therapeutic

index and it can be expressed as the ratio LD50/ED50. Compounds which

exhibit high therapeutic indices are preferred.  The data obtained from

cell culture assays and animal studies c1:§n be used in formulating a range

of dosage for use in the field. The dosage of such compounds lies
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25 preferably within a range of circulating concentrations that include the
ED50 with little or no toxicity. The dosage may vary within this range

WQipERIdlupon the dosage form employed mid the route of PCT/US2006/024355

administration used.  The compositions can be administered one or
more times per day to one or more times per week, including once every

other day. The skilled artisan will appreciate that 30certain fact
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5followed, for instance, by sequencing, restriction enzyme digestion, or
PCR-based amplification of specific nucleotides. Such a "marked" virus

W t0WIs82dften referred to in the art as a marker vaccine.  REBeR006/024355

aspects of the present invention the infectious clones and/or infectious
polynucleotides described herein can be used to investigate viable gene

insertions, to 10investigate alternative expressed RNA or.proteins other
Aptibofiesieh daPanerervdaruetgR i Ut i&?@ﬁ%ﬁﬁﬁ?&fu@?’a‘@my
PRSI BHE R Harties Neiuliviengih 9sm2. adsatliveadaitiieitsdasbe isolated

EXAMPLES 15 Example 1 Full-length cDNA cIonﬁ?L]]s of Nor.th\@%%[ican

AP RYFEFE TR YRR CUBHE IR STRMBAS VL StPRREB S totype
VR-2332 sHainueteaans) opeaativdd ¢ oah iy egrassiventdy sinrtuced, for
possessing less nucleotide changes than prior versigns when 20

cxamilsrby E@W&@#W%?ﬁé‘?"&%@@ﬁ?\méxﬁ a%ﬂaﬁﬁ&f%ﬁg Bdhe

cHiasitRtayaratmodsanalyeagdons uokalitecabiencantitidiaditng indtto a
growth rate and plague size. Progeny from one infectigus clone confirmed

RBRGRIA A TR LREF <l A SR B Brereloe s G for

cRhhS ARG aB, Wi Sirps:. Northoos ogarsiykimeftitds icanive yabengenerate
also revealed that defective subgenomic RNA species, termed 25

hyaRdRaRe R GRIREHESrms), were present along with full-length
genongs. fzaRatireehnioniRmpisiénalysip@itopassegdisgrhasmectious
infected MA-104 cell cultures reyealed that recombinant virus_onl

PR SR L OB SO R S R BR e R MR TRt 1o

ithedibid Speriesspsitions tviviednieetim D fHataratativadl yetteptitble carrier.

Cells and virg| strains. MA-104 celis gr its descendent MARC-145 cell
AR YOE AR D A AL G R GAUEY ALy SRSl e

ApiskisnpRalls PRESY, replicatians( Mehgntifabgal agettDisgoninvedtabsorption
8:374-81 (1996) ere. WO 2007/002321PCT/US2006/024355, ..
ARBREAST T SADIE T ST BN R RN i ation
Riertiancesise4dmpcuphlemeritedwitivdrpngied Na GO orpasiionsetal
bovine serum (EBS), at 37C with 5% CO2. The cultured cellswe
transféEERA tﬁ?ﬂ)/&]@{ m?é’é%’&r\?v{ yvrlrrlt?shev%se‘ﬁenl%géﬁlg%%é??\é%owt ofRgermacy-
Tregaiesl, Ze8hfiosintinancye RREREwddarthomanpetinls wittoty pgewaihtpute of

R-2332 and ingelvac(r) MLV, have been describe i Y

ORI o TEPBIs (GO S U IR R O M BlRhcral,
on, inathreaiblisgimtrad dvinal RNAandaston] (g, RrbAl RN Ay ansdermal

urified as described. (Chen.et.al., J. Gen, Virol,, 75:925- .
it B T R R R e
dARGendS celisilafdiitediwitth\iR B8R fuem!vanisstidronadiay solution, fixed

st-infection (p.i,). After removal of cellular i ' i .
RS e B B BT S M LA B
attidhiciermhd geattsfufies heisDadohgl formdtbylrparphengeitetied idaignguch as
were resuspended in 0.5 ml LE ; icl1/ i .
RS Gt by B T Ehes Ml Atleic
pididinffadtenddanimatesniditcutatiophosRatew stceielteadsuch as sodium ion,

chloride ion, potassium ion, calcium ion, and magnesium ion, and agents for the

adjustment of tonicity such as sodium chloride or dextrose. pH can be adjusted with
acids or bases, such as hydrochloric acid or sodium hydroxide. A composition can be
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or
plastic.

Compositions can include sterile aqueous solutions (where water soluble) or

dispersions and sterile powders for the extemporaneous preparation of sterile solutions
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several times with acid phenol and phenol/chloroform and then

precipitated in 70% v/v ethanol. Pelleted VRNA was immediately
Woa4803peR3ded into 501.t11-BO or RNase-free TB buffer (10 mI\PCT(ISSE01024355

1 mM EDTA, pH 8.0) and stored at -80C. Construction of full-length viral

cDNA. cDNA synthesis was performed with 20 Enhanced Avian HS

RT-PCR Kit (Sigma, HSRT-100). Eight PCR prjmers (Table ere used .
oS EETIgTo F CVBHSBIR SR e S LB 1 B RG Ehp ogical
AR BRI AR IOWRR) CTORIINTEL CUNGINTS MasipPass/for. R yoinpliesphate

then 35 cycles of 94C for 15 seconds, 68C for 4_—,? se%cg(_)n S, foIIO\%eig #Oy
bpferedrsaling(BRS) EAGPPeRHan B A FAY SIFHE AW IR K Gel
ifExtason KisHQIRosO Fiank@ thelexvest gt pasiedytirabatyveciss Witkhould be

OPO TA Cloning Kit (Invitrogen K450001). Plasmias resgresanting ea,[gi:

S AT A R e G R e bR
cﬁﬁ%ﬁaﬁﬂ%ﬂéﬁgh%ﬁﬂgiﬁﬁgﬂ%ﬁ@ﬁgﬁ@uﬁéw39 ﬁd@tﬂﬁf&ﬂgﬁé YRe2332er can be

seqguence (GenBank submission number were u tq asse
atﬁ@ﬁnt@héitweémﬁgégmwfﬁlﬁ% &?M%%#&Fm%ﬁ%ﬁ’?oﬁ@gq%f
HRIAPIR, 3AYRSIL IRBR IS BIE Wilslijiided ligsinbyianighgdtagniehedike), and

Four digested fragments, representing full-length genomic sequenc .
Sl PRI G AarERibIdd SEHR Y %%Mﬁ%%%%’&%?wg} Cafj o achieved

smi

NEFIALRUSABARM AP a6t) adtiRuvestasanes fnosifieg e pekbdagheiddbutanol,

ribozyme by inserting a 244 bp Sinai to &en fragment WO .
e T b A
iHbI0ayetante agkhtR A polipr|asgde!podaiiohetiusrhearonmnitol, sorbitol,
Transcription vector 2.0 (Johnsor:jDet al., J. Vf'?rol., ’1:3312‘[%&3%27 97);

spdifpraigride ia dhe gempPSIipgo ﬁ]@%ﬁ’fl R 1%%r°respoln3:iﬁ{ég§|?es in
dRaAAH Migisanes @bsdagieabbd B8Rl 8dif 38 1) ddnepbidtibrestriggémn which

ST S 5 2145 P AT s SRsEeS e P i
5'p01($ MRV 28 bt PriphtedbaryancoipRiiag o Welis e /putypound (i.c., an
R T
dnomnter aﬂf Wp%o@ri’gﬁi@bl&&ﬁﬂﬁth ;anﬁi(hjmmbﬁniefﬁbnwédlg;eéients enumerated

O e e met e e
frépgedsnenouigentitie skeuaicecoonfimatiotn anNterde veletdegwhich contains a
Bé’slc\{ %gs%grzsi’o_rtl rgg(gﬁr%uarqglqc?lg(g?q&{rlgg %@r ingredients from those enumerated
above. In the case of sterile powders for the preparation of sterile injectable solutions,
the preferred methods of preparation are vacuum drying and freeze-drying which yields
a powder of the active ingredient plus any additional desired ingredient from a
previously sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an edible carrier. For
the purpose of oral therapeutic administration, the active compound can be incorporated
with excipients and used in the form of tablets, troches, or capsules, e.g., gelatin
capsules. These compositions may also be formed into a powder or suspended in an
aqueous solution such that these powders and/or solutions can be added to animal feed
or to the animals' drinking water. These compositions can be suitably sweetened or

flavored by various known agents to promote the uptake of the vaccine orally by the
pig.
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The active compounds can also be administered by any method suitable for
administration of polynucleotide agents, e.g., using gene guns, bio injectors, and skin
patches as well as needle-free methods such as the micro-particle DNA vaccine
technology disclosed by Johnston et al. (U.S. Pat. No. 6,194,389). Additionally,
intranasal delivery is possible, as described in, for instance, Hamajima et al., Clin.
Immunol. Immunopathol., 38:205-210 (1998). Liposomes and microencapsulation can
also be used.

The active compounds may be prepared with carriers that will protect the
compound against rapid elimination from the body, such as a controlled release
formulation, including implants. Biodegradable, biocompatible polymers can be used,
such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen,
polyorthoesters, and polylactic acid. Such formulations can be prepared using standard
techniques. The materials can also be obtained commercially from, for instance, Alza
Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions can also be used as
pharmaceutically acceptable carriers. These can be prepared according to methods
known to those skilled in the art.

Toxicity and therapeutic efficacy of such active compounds can be determined
by standard pharmaceutical procedures in cell cultures or experimental animals, e.g.,
for determining the LDso (the dose lethal to 50% of the population) and the EDs (the
dose therapeutically effective in 50% of the population). The dose ratio between toxic
and therapeutic effects is the therapeutic index and it can be expressed as the ratio
LDs¢/EDsg. Compounds which exhibit high therapeutic indices are preferred.

The data obtained from cell culture assays and animal studies can be used in
formulating a range of dosage for use in the field. The dosage of such compounds lies
preferably within a range of circulating concentrations that include the EDso with little
or no toxicity. The dosage may vary within this range depending upon the dosage form
employed and the route of administration used.

The compositions can be administered one or more times per day to one or more
times per week, including once every other day. The skilled artisan will appreciate that
certain factors may influence the dosage and timing required to effectively treat a
subject, including but not limited to the severity of the disease or disorder, previous

treatments, the general health and/or age of the subject, and other diseases present.
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Moreover, treatment of a subject with an effective amount of a polypeptide can include
a single treatment or, preferably, can include a series of treatments.

The present invention includes methods for using the compositions described
herein. In one aspect the invention includes methods for treating one or more
symptoms of mystery swine disease in an animal that may be caused by infection by a
PRRS virus. The method includes administering an effective amount of a composition
of the present invention to an animal having or at risk of having mystery swine disease,
or symptoms of mystery swine disease.

Treatment of mystery swine disease, or symptoms of mystery swine disease, can
be prophylactic or, alternatively, can be initiated after the development of disease or
symptoms thereof. As used herein, the term "symptom" refers to objective evidence in
a subject of mystery swine disease. Symptoms associated with mystery swine disease
and the evaluations of such symptoms are routine and known in the art. Examples of
symptoms include abortion, anorexia, fever, lethargy, pneumonia, red/blue
discoloration of ears, labored breathing (dyspnea), and increased respiratory rate
(tachypnea). Treatment that is prophylactic, for instance, initiated before a subject
manifests symptoms of a condition caused by a PRRS virus, is referred to herein as
treatment of a subject that is "at risk" of developing the disease or symptoms thereof.
Typically, an animal "at risk" is an animal present in an area where animals having the
disease or symptoms thereof have been diagnosed and/or is likely to be exposed to a
PRRS virus. Accordingly, administration of a composition can be performed before,
during, or after the occurrence of the conditions described herein. Treatment initiated
after the development of a condition may result in decreasing the severity of the
symptoms of one of the conditions, or completely removing the symptoms.

In some aspects, the methods typically include administering to an animal a
composition including an effective amount of a virus particle of the present invention.
An "effective amount" is an amount effective to prevent the manifestation of symptoms
of mystery swine disease, decrease the severity of the symptoms of the disease, and/or
completely remove the symptoms. Typically, the effective amount is an amount that
results in a humoral and/or cellular immune response that protects the animal during
future exposure to a PRRS virus. The virus particle used in the composition may
contain an infectious polynucleotide that has a deletion as described herein. Optionally,

the infectious polynucleotide also includes an exogenous polynucleotide present at the
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location of the deletion. An advantage of using a virus particle having a deletion (or an
exogenous polynucleotide present in the location of the deletion) is it can be easily
distinguished from other PRRS viruses, including wild type PRRS viruses present in
the field. The virus particle can be identified by isolation of the virus from an animal
followed, for instance, by sequencing, restriction eﬂzyme digestion, or PCR-based
amplification of specific nucleotides. Such a "marked" virus particle is often referred to
in the art as a marker vaccine.

In other aspects of the present invention the infectious clones and/or infectious
polynucleotides described herein can be used to investigate viable gene insertions, to
investigate alternative expressed RNA or proteins other than full length virus, to
investigate viral recombination, and to investigate immunogenic proterties of full-

length nsp2 as relative to truncated nsp2.
EXAMPLES

Example 1

Full-length cDNA clones of North American porcine reproductive and
respiratory syndrome virus (PRRSV) prototype VR-2332 strain were developed, with
each progressive version possessing less nucleotide changes than prior versions when
compared to wt strain VR-2332. Progeny virus of each infectious clone was recovered
and analyzed for nucleotide sequence verification, in vitro growth rate and plaque size.
Progeny from one infectious clone confirmed robust in vivo replication, seen by the
appearance of a.-PRRSV antibodies at the same rate as wz virus. Northern blot analysis
of the in vivo progeny also revealed that defective subgenomic RNA species, termed
heteroclites (uncommon forms), were present along with full-length genomes.
Concurrent northern blot analysis of a passage series of infected MA-104 cell cultures
revealed that recombinant virus only gradually gained a profile of both full-length and

heteroclite RNA similar to the RNA species seen in in vivo infection.

Materials and Methods

Cells and viral strains. MA-104 cells or its descendent MARC-145 cells
(ATCC CRL-11171), an African green monkey kidney epithelial cell line which
supports PRRSV replication (Meng et al., J. Vet. Diagn. Invest., 8:374-81 (1996)), were
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Mutagenesis Kit (Stratagene) was used to modify all cDNA clones from
pVR-V4 to pVR-V6G7475A. The complete genomic cDNA plasmid inserts

were then submitted to the UnlverS|ty of Minnesota ed Genetic
mﬁg%@@éﬁ@lﬁs%@m BRI R4t ﬁﬁﬁ igsgiences 56416),

EPRLALR SRALE GarRTe){ TaRleos), ferUUeIER difene (BS et ¥ et with
R-V4 through pVR-V6G7475A, as well as to those of parental VR-2332,

5ﬂ’s COweThsrramier eterilravsae/arasresd i ANV A& niogted T v ys Ny hen

nf0f offa% jaus.alone KfdR-8882.aradisies IPRRBle Wdhlelsanatal., J.
Viral.,"73:270-80 (1999); Yuan etal. /Virus Res., 79 189-200( 3001

pm@gm é&rgyns;]}(ﬂ U33a. a17c]7 Ingebvas, ]Ml(%b@‘}? een gggpribe previously (Yuan
20 R0 FEAR G jf—@%ﬁ&ﬂﬁ?5Stra1M[Q3t3§rg&@ﬂ@'[l@rbqﬁh&tlféiﬂ:—lﬁﬁwbn
arize

cDNA clone was line by cleavage with Pad, which cuts downstream
betheslpbRgR) tail. Capped [M7G(55ppp(55G cap analog] RNA transcripts

were RigdURRAUSIRGthE AVNESBRGE MRIGK) Wad pirkibAmbia)ibst (Chen
6?2109“256?/30% rggog% n9”|?(’e(§h I9’39'[%j %{%Fe)mare]ta all?glfj/(za; ztg I%e-gp 79:189-200 (2001)).
Briefly, supernatant from MARC-145 cells infected with VR-2332 was harvested on
day 4 post-infection (p.i.). After removal of cellular debris by centrifugation at 12,000
rpm, the supernatants were layered onto a 2 ml 0.5 M sucrose cushion and centrifuged
at 76,000 x g for 4 hours. The pelleted virions were resuspended in 0.5 ml LES (0.1 M
LiCl/5 mM EDTA/1.0% SDS) and further digested by addition of 100 pg proteinase K
at 56°C to remove all protein. After 10 minutes of incubation, VRNA was extracted
several times with acid phenol and phenol/chloroform and then precipitated in 70% v/v
ethanol. Pelleted VRNA was immediately resuspended into 50 pi Hy0 or RNase-free
TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8.0) and stored at —80°C.

Construction of full-length viral cDNA. c¢DNA synthesis was performed with
Enhanced Avian HS RT-PCR Kit (Sigma, HSRT-100). Eight PCR primers (Table 3)
were used to amplify four overlapping cDNA fragments covering the complete VR-
2332 genome (Figure 2). The cycling conditions were 94°C for 2 minutes, then 35
cycles of 94°C for 15 seconds, 68°C for 4-5 seconds, followed by 68°C for 5 minutes.
Each PCR fragment was purified with the QITAEX II Gel Extraction Kit (Qiagen) and
cloned into pCR®2 1-TOPO® vector with TOPO TA Cloning® Kit (Invitrogen
K450001) Plasmids representing each fragment were submitted for nucleotide
sequence analysis. The fragments with the minimum nucleotide mutations compared to
parental VR-2332 sequence (GenBank submission number U87392) were used to
assemble the full-length cDNA, as shown in Figure 2. In each overlap region, a unique
restriction enzyme site was utilized to join flanking fragments. Four digested
fragments, representing full-length genomic sequence, were precisely assembled
stepwise into a modified low copy plasmid vector (pOK12HDV-Pacl). The vector was
modified to include the HDV ribozyme by inserting a 244 bp Smal to Sacll fragment
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5 Approximately 50 to 60 jig of RNA was generated from 2 ug of DNA
template in a 20p1 of reaction mixture. Increasing the ratio of cap

W Re150e82b GTP substantially reduced the RNA yield. The RREATU&2006/024355
subsequently purified by acid phenol-chloroform followed by isopropanol
precipitation and resuspended in nuclease-free TB buffer (p14 8.0). RNA
was evaluated for quality by size comparison with wild-type 10 'VR-2332
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VR-2332 purified viral RNA was used as a 25 positive control. After 4
hours of exposure to the lipid:RNA complexes, the monolayers were
washed and fresh complete medium (EMEM with 10% FBS) was added.
Supernatants from transfected cells were monitored daily for appearance
of cytopathic effect (CPE) and passaged onto fresh MARC-145 at 72-96
hours posttransfection. 30Detection of progeny viral RNA. To detect
progeny viral RNA, cell culture supernatant from transfected and infected
MARC-145 cells were harvested. RNA was isolated with QiaAmp viral
RNA Kit (Qiagen). RT-PCR was performed with select primer pairs,
specific to the VR-2332 strain nucleotides that were indicative of WO
2007/002321PCT/US2006/024355 infectious clone mutated residues
(Table 3). Confirmation of infectious clone progeny was obtained by
nucleotide sequence verification of clone specific nucleotides present in
the RT-PCR products. Detection of progeny viral nucleocapsid protein.
Indirect immunofluorescence 5assays (TEA) were used to detect viral
protein expression in in vitro transcript RNA transfected, or progeny virus
infected, MARC-145 cells prepared on coverslips. Infected cells were fixed
in 3.7% paraformaldehyde with phosphate buffered saline (PBS), pH 7.5,
at room temperature for 10 minutes. The fixed cells were washed with
PBS, incubated at 37C for 45 minutes in PRRSV nucleocapsid protein
specific 10 monoclonal antibody SDOW17 (Magar et al., Can. J. Vet Res.,
59:232-234 (1995)) and further incubated with goat anti-mouse
immunoglobulin G (IgG) conjugated with fluorescein isothiocyanate at 37C
for another 45 minutes (1:100 dilution) (Sigma). The coverslips were
washed with PBS, mounted to a slide using gel mount oil, and observed
under a fluorescence microscope. 15Viral plague assay. MARC-145 cell
monolayers on six-well plates were infected with cell supematant (in
10-fold dilutions) from transfected or infected MARC-145 cells by
incubation at room temperature for 1 hour. Infected monolayers were
subsequently washed once with fresh EMEM/10% FBS, overlaid
immediately with sterile 1% SeaPlaque Agarose (BioWhittaker Molecular
Applications, Rockland, 20 Maine) in 1X MEM (Sigma M4144)/10%
FBS/2% (w/v) NaHCO3/1X glutamine/1X nonessential amino acids/10 mM
HEPES/2% (v/v) gentamycin, and incu9f?\ted at 37C15% CO2, inverted,
for 5 days. After careful removal of the ‘agarose, cells were stained with
5% crystal violet in 20% ethanol for 10-30 minutes for visualization of
plaque size. 25Viral growth curve. MARC-145 monolayers in T-75 flasks

weaere inocltilated with either narantal or recombinant PRR\/ dilirted in



Table 3. Oligonucleotide primers used in this study. Forward primers are indicated with a slash (/) after the designator, reverse primers
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the SegMan suite of the Lasergene(r) sequence analysis software
(DNASTAR, Inc.), and further analyzed using GCG Wisconsin Package

WO/2IEI®823013 software (Accelrys Inc.). Strain VR-2332 (GenBBAK/US2006/024355

Accession 1.187392) strain Ingelvac MLV (GenBank Accession
AF066183) and cDNA clone pVR-HN (GenBank Accession AY150564;

10Nielsen et al., J. Virot, 77:3702-3711(2003)) wefe in all nugleotide @
compifidification e s ﬂ?&@ﬁ’&ﬂﬁﬂt’l‘iﬂ%ﬁ Cﬂ%ﬁ?ﬂﬁ%ﬁ%n&ﬁlﬁﬁmge
MQA(& R Megiatc Vbl L tpanBrank heaessie) WsA23430 nbeifg il aDNA clones
Gene, 100:189-194 (1991)), a low copy cloning vector, odified %%
gg rts were

frozigERiY A IiMVRREP Jih SPBPIEISERMABIC Sl (site At

1RV s and se’inaihe 295 bNinaloball diagianGefistieciaralyfi Denter
containing the hepatitis delta viru (HD\%}riboz me. The vector

(HORSD EDUYShRaliteeioates: TRUIMB I 1) PRBTABEAIS AR SRS R ShiPte
3911& 6g0ksLR PN liecR 1baRRebR pIPRAVErRIgh I F ¥R ICHONT 4152y me with as to
through the use of the?;)rjmer pair 5'- 0K12HDV-?_%)&9 : o strain. Tnolev LV
thespoh pAseRitl M ORBID RIS RO PR A SRR DB A RS wAS SRV
ami%vaQﬂ%fﬁimﬁdaau%mmwmymmw disckdfitHEaplyi(elsen et al.,
Studies revealed that the_modification, was, not aigin
b DR GRLR: Yol o B L ATt
JLlprisyg stratemy 3 de@iotsg)in Figure 2. Four overlapping genome

fragments were amplified from purified VR-2332 25 viral RNA by RT-PCR
using the primer pairs indicated (Figure 2, Table 3). Each fragment was
individually cloned into the pCle2.1-TOPO(r) vector to generate

intermediate clone pCR-Sphi-Fsel (segment I), pCR-Fsel-Avrll (segilent

), pCR- Avrll-BsrGlI (segment Ill), and pCR-BsrGlI-Pacl (segment IV). The
cDNA clones were then digested with two unique restriction enzymes, as
indicated by the clone name. 30 Four fragments were gel-purified and
stepwise ligated to vector pOK12HDV-Pacl to generate a flail-length

cDNA clone of PRRSV (pVR-V4). In the full-length cDNA clone, viral

genomic sequence was driven by T7 RNA polymerase promoter and

followed by polyadenylic acid tail of 50 nucleotides. RNA transcripts of

clone pVR-V4 WO 2007/002321PCT/US2006/024355 did not display

typical PRRSV infectivity when transfected into permissive cells, although

viral RNA could be detected over several passages. When compared to

strain VR-2332, a total of 45 nucleotide mutations (Table 4) leading to 21
amino acid changes were detected (Table 5), although several mutations
were the same as previously 5identified in Ingelvac(r) MLV (Yuan et al.,

Virus Res., 61:87-98 (1999)). PCT/US2006/024355 A-11A1
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In vitro transcription. The full-length cDNA clone was linearized by cleavage
with Pacl, which cuts downstream of the poly(A) tail. Capped [m7G(5')ppp(5')G cap
analog] RNA transcripts were produced using the mMESSAGE MACHINE™ Kit
(Ambion) and an optimized 2:1 ratio of methylated cap analogue to GTP.
Approximately 50 to 60 pg of RNA was generated from 2 pg of DNA templatein a 20-
nl of reaction mixture. Increasing the ratio of cap analogue to GTP substantially
reduced the RNA yield. The RNA was subsequently purified by acid phenol-
chloroform followed by isopropanol precipitation and resuspended in nuclease-free TE
buffer (pH 8.0). RNA was evaluated for quality by size comparison with wild-type
VR-2332 viral RNA on a 1% glyoxal denaturing agarose gel, and quantified by
spectrophotometry at ODx¢o.

MARC-145 cell transfection. A modified transfection procedure was generated
based on the approached described by Nielsen (Nielsen et al., (J. Virol., 77:3702-3711
(2003)). For transfection, MARC-145 cells were seeded onto six-well plates (2-3 x 10°
cells/well) in 3 ml of complete medium [EMEM supplemented with 10% fetal bovine
serum (FBS)] and then incubated at 37°C, 5% CO, for 20-24 hours until approximately
80% confluent (Collins et al., J. Vet. Diagn. Invest., 4:117-126 (1992)). 4 ng of in vitro
transcribed RNA diluted in 500 pl Opti-MEM® I Reduced Serum Medium (Invitrogen)
and 2 ul of 1,2-dimyristyloxypropyl-3-dimethyl-hydroxy ethyl ammonium bromide and
cholesterol (DMRIE-C; Invitrogen) diluted in 1 ml Opti-MEM® medium were
combined and vortexed briefly. The MARC-145 cells were washed once with 2 ml
Opti-MEM® medium and then immediately overlayed with the lipid:RNA complex
solution. DMRIE-C without RNA (2 pl) was used as a negative control and DMRIE-C
with 10 - 100 ng strain (wild type) wt VR-2332 purified viral RNA was used as a
positive control. After 4 hours of exposure to the lipid:RNA complexes, the
monolayers were washed and fresh complete medium (EMEM with 10% FBS) was
added. Supernatants from transfected cells were monitored daily for appearance of
cytopathic effect (CPE) and passaged onto fresh MARC-145 at 72-96 hours
posttransfection.

Detection of progeny viral RNA. To detect progeny viral RNA, cell culture
supernatant from transfected and infected MARC-145 cells were harvested. RNA was
isolated with QiaAmp viral RNA Kit (Qiagen). RT-PCR was performed with select

primer pairs, specific to the VR-2332 strain nucleotides that were indicative of
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infectious clone mutated residues (Table 3). Confirmation of infectious clone progeny
was obtained by nucleotide sequence verification of clone specific nucleotides present
in the RT-PCR products.

Detection of progeny viral nucleocapsid protein. Indirect immunofluorescence
assays (IFA) were used to detect viral protein expression in in vitro transcript RNA
transfected, or progeny virus infected, MARC-145 cells prepared on coverslips.
Infected cells were fixed in 3.7% paraformaldehyde with phosphate buffered saline
(PBS), pH 7.5, at room temperature for 10 minutes. The fixed cells were washed with
PBS, incubated at 37°C for 45 minutes in PRRSV nucleocapsid protein specific
monoclonal antibody SDOW17 (Magar et al., Can. J. Vet Res., 59:232-234 (1995)) and
further incubated with goat anti-mouse immuno globulin G (IgG) conjugated with
fluorescein isothiocyanate at 37°C for another 45 minutes (1:100 dilution) (Sigma).
The coverslips were washed with PBS, mounted to a slide using gel mount oil, and
observed under a fluorescence microscope.

Viral plaque assay. MARC-145 cell monolayers on six-well plates were
infected with cell supernatant (in 10-fold dilutions) from transfected or infected
MARC-145 cells by incubation at room temperature for 1 hour. Infected monolayers
were subsequently washed once with fresh EMEM/10% FBS, overlaid immediately
with sterile 1% SeaPlaque Agarose (BioWhittaker Molecular Applications, Rockland,
Maine) in 1X MEM (Sigma M4144)/10% FBS/2% (w/v) NaHCO3/1X glutamine/1X
nonessential amino acids/10 mM HEPES/2% (v/v) gentamycin, and incubated at
37°C/5% CO,, inverted, for 5 days. After careful removal of the agarose, cells were
stained with 5% crystal violet in 20% ethanol for 10-30 minutes for visualization of
plaque size.

Viral growth curve. MARC-145 monolayers in T-75 flasks were inoculated
with either parental or recombinant PRRSV diluted in serum-free EMEM at a
multiplicity of infection (MOI) of 0.001. After 1 hour attachment at room temperature
with gentle mixing, the inocula were removed and the monolayers washed three times
with serum-free EMEM. After washing, 4 ml complete medium was added and the
flasks were subsequently incubated for up to 5 days at 37°C, 5% CO,. Aliquots (0.5
ml) were harvested immediately after the addition of medium (0 hour time point) and at
24, 48,72, 96 and 120 hours and stored at -80°C. Serial dilutions of the samples were
used to infect fresh MARC-145 cells and the cells then processed as described above.
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After removal of the agarose, plaques were visualized and counted. Growth curve
results were expressed as PFU/ml.

In vivo inoculation of progeny virus. Ten 4-week-old pigs of mixed breed and
sex from a PRRSV-seronegative herd were divided into three groups, each consisting of
two animals. The first group received 10%? 50% tissue culture infectious dose (TCIDsp)
of cloned virus (pVR-V5, third passage on MARC-145 cells) per ml, the second group
received 10°* TCIDs, per ml of the parental virus strain VR-2332 (fourth passage on
MARC-145 cells), and the third group was mock inoculated with EMEM. All of the
animals received 2 ml of inoculum by intramuscular injection. The animals were kept
in separate rooms throughout the experiment and observed daily for clinical signs. All
pigs were euthanized on day 28 postinfection. To recover virus, individual serum
samples were diluted 5-fold with incomplete EMEM and placed on fresh MARC-145
monolayers for 1 to 2 hours at room temperature with gentle agitation. The inocula
were then removed and complete EMEM was added. Infected cells were incubated at
37°C, 5% CO, and observed daily. Once CPE was evident, infected cell supernatants
were frozen at -80°C until further characterized.

Northern Blot Analysis. pVR-V6G7475A transcripts were transfected into
MA104 cells and then passaged onto fresh cells for several passages. For subsequent
northern blot analysis, supernatants from passage 1 (P1), P3, P6, P8 and P10 were
diluted 1:50 and then used to infect cells (1 ml/T75 flask) on the same day. At the same
time, infected swine serum was diluted 10-fold and then used (1 ml) to infect a separate
T75 flask. Cytopathic effect was seen on day 3 p.i. for all flasks. Intracellular RNA
was extracted using a RNeasy Midi kit (Qiagen) and electrophoresced (15 pg/sample)
on a glyoxal denaturing gel as described previously (Nelsen et al., J. Virol., 73:270-80
(1999)). pVR-V6G7475A transcript RNA (100 ng) was run as a control. After RNA
transfer to 0.45 micron MagnaGraph Nylon Transfer Membrane (Osmonics), the
membrane was probed with labeled oligonucleotide /1a-p222, end labeled with y-22p-
ATP (Amersham) using polynucleotide kinase (Promega) as described previously
(Nelsen et al., J. Virol., 73:270-80 (1999)).

Nucleic acid sequence analysis of progeny virus. 5°- and 3°- rapid amplification
of cDNA ends (RACE) was performed with SMART™ RACE ¢DNA Amplification
Kit (BD Bioscience) or 5' or 3°-Full Race Core Set (TaKaRa Bio Inc) on viral RNA
isolated with the QIAmp®Viral RNA Mini Kit (Qiagen). The remaining nucleotide
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sequence was determined from RT-PCR products of primer pairs developed to cover
the entire genome of strain VR-2332 (Table 3), as described previously (Yuan et al.,
Virus Res., 79:189-200 (2001)). The products were submitted for nucleic acid sequence
determination at the Advanced Genetic Analysis Center at the University of Minnesota.
Complete viral sequence with at least three fold coverage was initially assembled with
the SeqMan suite of the Lasergene® sequence analysis software (DNASTAR, Inc.), and
further analyzed using GCG Wisconsin Package Version 10.3 software (Accelrys Inc.).
Strain VR-2332 (GenBank Accession U87392) strain Ingelvac® MLV (GenBank
Accession AF066183) and cDNA clone pVR-HN (GenBank Accession AY 150564;
Nielsen et al., J. Virol., 77:3702-3711 (2003)) were used in all nucleotide comparisons

to recombinant virus strains.

Results

Modification of pOK12 Vector. pOK12 (GenBank Accession AF223639;
Vieira et al., Gene, 100:189-194 (1991)), a low copy cloning vector, was modified by
digestion with Smal (enzyme site at 273 bp in pOK12) and Sall (site at 307 bp) and
inserting the 244 bp Smal-Sall fragment of Vector 2.0 (7) containing the hepatitis delta
virus (HDV) ribozyme. The vector (pOK12HDV) was then further modified by
mutagenesis of an existing Kpnl site (pOK12HDV site at 273 bp) to insert a Pacl
restriction enzyme site through the use of the primer pair 5'-pOK12HDV-
257SphIPacl/3'-pOK12HDV-257SphIPacl. The HDV ribozyme was added to provide
for effective cleavage precisely at the 3’end of the polyA tract. Studies revealed that the
modification was not necessary to obtaining infectious progeny virus.

Construction of full-length cDNA clones. The cloning strategy is depicted in
Figure 2. Four overlapping genome fragments were amplified from purified VR-2332
viral RNA by RT-PCR using the primer pairs indicated (Figure 2, Table 3). Each
fragment was individually cloned into the pCR®2.1-TOPO® vector to generate
intermediate clone pCR-Sphl-Fsel (segment I), pCR-Fsel-Avrll (segment II), pCR-
AvrII-BsrGI (segment III), and pCR-BsrGI-Pacl (segment IV). The cDNA clones were
then digested with two unique restriction enzymes, as indicated by the clone name.
Four fragments were gel-purified and stepwise ligated to vector pOK12HDV-Pacl to
generate a full-length cDNA clone of PRRSV (pVR-V4). In the full-length cDNA
clone, viral genomic sequence was driven by T7 RNA polymerase promoter and

followed by polyadenylic acid tail of 50 nucleotides. RNA transcripts of clone pVR-V4
36
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did not display typical PRRSV infectivity when transfected into permissive cells,
although viral RNA could be detected over several passages. When compared to strain
VR-2332, a total of 45 nucleotide mutations (Table 4) leading to 21 amino acid changes
were detected (Table 5), although several mutations were the same as previously

identified in Ingelvac® MLV (Yuan et al., Virus Res., 61:87-98 (1999)).
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Because many mutations in pVR-V4 occurred in the critical region encoding
putative helicase, polymerase and other Nidovirus motifs (Figure 3, Table 4), additional
clones of genomic segment III (pCR-AvrII-BsrGI) were generated and sequenced in
their entirety. After replacing segment III of pVR-V4 with the most sequence accurate
fragment obtained, we again determined the nucleotide sequence of the entire genomic
full-length clone (pVR-V5). Except for the replaced region and for four spontaneous
mutations (nucleotides 1595, 13860, 14336, and 14404), these two genomic clones
were identical (Table 4). Sequence analysis of pVR-V5 showed that this clone
harbored a total of 23 mutations compared to strain VR-2332. Of these 23 changes,
only 8 nucleotide mutations coded for a change in amino acid and five of the amino
acid residue mutations were identical to Ingelvac® MLV and thus not predicted to
adversely effect in vitro replication (Table 4).

Clone pVR-V6 was derived from site-directed mutagenesis of genome segment
IV to repair nucleotides 13860 and 14979 using primers 13860C2T/ and 14979A2G/,
respectively. Mutation of these two nucleotides would correct amino acid residue 25 of
GP5 (L—F) and residue 31 of the nucleocapsid protein (T->A). Sequence analysis of
clone pVR-V6 confirmed that the nucleotides had been corrected back to wild-type (wr)
VR-2332 nucleotides and had not resulted in any other nucleotide changes elsewhere in
the genome when compared to pVR-V5 (Tables 4 and 5). Finally, site-directed
mutagenesis on genome segment Il using oligomer 7475G2A was completed on both
pVR-V5 and pVR-V6 in order to correct an alteration from wt VR-2332 at nt 7475. The
change of G=>A at nt 7475 resulted in a glycine (G) at ORF1 amino acid 2429 in the
two recombinant clones to the glutamic acid (E) seen in the parental VR-2332 viral
strain. The final two clones, pVR-V5G7475A and pVR-V6G7475A were again
sequenced in their entirety and found to have only (nt 7475) altered from the original
recombinant plasmids pVR-V5 and pVR-V6, respectively (Table 5). pVR-V6G7475A
thus contains 11 nucleotide and no amino acid changes from strain VR-2332, besides

those also seen in Ingelvac® MLV.

As can be seen schematically in Figure 3 for the final construct (pVR-
V6G7475A), and detailed in Tables 4 and 5, all full-length clones still possess
nucleotide changes scattered throughout the genome, primarily in the poorly defined
regions of ORF1. However, the large cluster of ORF1b nucleotide changes that

presumably prevented pVR-V4 from completing viral replication were repaired in later
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versions of the full-length genome clones. Only one nucleotide mutation (nt 11329
coding for G3739A mutation) remained in ORF1b of pVR-V5 and later clones, and this
mutation does not prevent Ingelvac® MLV from infecting and replicating efficiently in
cultured cells. Tables 4 and 5 also display the residue information for the previously
published infectious clone, pVR-HN (Nielsen et al., J. Virol., 77:3702-3711 (2003)),
shown to replicate in animals. There is a substantial increase in the number of residues
in pVR-HN (15 nucleotides) that directly display the sequence of Ingelvac® MLV over
the final construct, pVR-V6G7475A (7 nucleotides).

Characterization of recombinant virus. Full-length RNA transcripts of each
cDNA clone were produced. MARC-145 cell transfection with the cDNA transcripts or
wt VR-2332 viral RNA (vRNA) resulted in CPE, characterized by cell clumping
followed by lysis, at 48 to 72 hours post transfection. CPE caused by the recombinant
transcripts were delayed and somewhat distinct compared to that induced by wt¢ VR-
2332 vRNA in which CPE presents as vigorous aggregation, detachment, and
disruption. At 96 hours posttransfection, most of the cells transfected with VR-2332
vRNA had undergone lysis and detached from the plate, whereas less severe CPE was
apparent in cells transfected with the cloned in vitro derived RNA transcripts.

Virus (P0) was harvested from the transfected cells and an aliquot (10 ul diluted
to 1 ml in culture medium) was used to infect MARC-145 cells for progeny virus
amplification. After CPE was detected, virus (P1) was again harvested and an aliquot
used for reinfection of MARC-145 cells. Recombinant virus in the cell supernatant
(P2) was utilized for purification of viral RNA, which was then used to obtain RT-PCR
fragments with primer pairs 5’-6800/3’-ORF1b (nt 6796-7614) and P51/05P4 (nt
13757-14341). The PCR fragments obtained were submitted for nucleotide sequence
analysis to confirm that the infectivity seen was due to transfected full-length RNA
transcripts of the infectious construct and not a result of contamination due to wt virus.
Nucleotide mutations at residues 7329, 7475, 7554, and 13860 nucleotide differences
were seen in progeny virus from pVR-V5, and 7329, 7554, and 13860 were detected in
virus from pVR-V5G7475A. Similarly, mutations at residues 7329, 7475, and 7554
were detected in pVR-V6 progeny and mutations at 7329 and 7554 were detected in
virus resulting from pVR-V6G7475A (Tables 4 and 5). Corresponding mutations were

not seen in P2 virus from wt vRNA transfections.
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respectively. However, in another assay, the plaques produced by the viral progeny
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reRededbintaht vitus degypsedliestrienRg NERYPR §4¢am 38fomic sites.
S@/_g%—é\gOM?SA formed, on avera%;4 1.5 mm and 2nun plaques

ARSI bR A ¥ap e Haediraiopsorf resans limrage
Vivir@lsVeeeny 3@ 298 /PA023X R GTAISERAPRIR2AB ST e 0L HRCRYELE us

1from in vivoé;]ﬁfection of VR-FLV5 derived recombinant virus were much
clRgroaBpr SiRIAYeR, dffarnhbdmiraisb it anesh by inmdeeaesioen fom
seqiidfide 332 (Fig 5B).
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Only minimal volumes of the cell supernatants containing each
recombinant 5virus remained. Therefore, in order to fully examine the role
WeRMIdIeHde change in determining plaque size, we transfecREITIERR06/024355
RNA transcripts produced from pVR-V5, pVR-V6, pVR-V5G7475A and
pPVR-V6G7475A into MARC-145 cells (termed second lineage). Passage 3
progenyivalusEsweh ear el fREHRIS £1808 @l Rostinfection were .
again analyzed for plague size in comparis%ﬁ%?iﬁ%?&gg%? RS ﬂ%nnndnatlons
S%%f?ni%%mj\é %&ié)%léﬂ @mgﬁqu&m@e@dﬁgbm@e} (Fig. 7).
BiSR QRRBRAA SHIA rBDRA IRGATYRAMS VIURe QR
pVR-VSﬁVR-V& VR-V5G7475A only slight] gr%eﬁé)?ttﬁi:ngt g%/l‘\{g’ and
LRV 4\7#&2@3%}%&1@2 displpXer B G ATBASsteipusEd BFogvtBAYISENBUL their
pesarBbiRpRtXIE SR AW SRERNETR R HIIeCH Y mimicking aythentic
Vviral infection as shown by the a p%f(}mat_ely 13%%59%6%?&%22 W %n Vfg 12, the
BIRYBOSIBRAIVN B oﬁtlﬁﬁaﬁgmvbwe@m@manﬁhm@hmummms

1R8paAteH BEHEH BUREVRVOL2)Wi8.8B)ng pr-qlﬁﬁ’ e Sequence decreased

Analysis of First and Second Lineage Virus Preparations. Limited

TserBteR 8 e Hiuslalyed ey RN AETOZR A pom-diosikete. SThe last
i RMEcHShl ERbVEUSIROGK It 8RBt ?W'Q?d(ypﬁqlﬂfe@t%@gh é}%%lgése respectively,

nucleotide sequence 20 analysis of passage 3 pVR-Vb-derived virds

TEBILRR b AR 7578 2 46it Shanapefeamin MR rA33% verplahes Hesidiis the
clRages Jélfnth@]ﬁ@é]%@iKﬁJd'}.ScfﬁQ@@?ﬁ?téﬂ%@ﬁﬁﬁ?&%&é’%ﬂk&%@sﬁ%ﬂ&f as 11

two independently prepared V5 viruses differed in sequence at 't
1 ‘Eﬂsdf)?%%@?ﬁ Sithit NRr ot aed dpatisonntedaafirnsingdnee@)diadhy are

exichredus birsdtheslRAtERS, i ' e
:ﬁg?g% é/Rt-%SZBSZ, ngile that pﬁﬁﬁ%ﬁ%ﬁ?ﬁﬁ%@%@%ﬁ%f VR332

Lo I REHHERT PRRROA TR ehM ord Sfeid highar herstitetrafifesr¢Tatpleinant

vithisEehse RS ¥ bR stphMG1REiHE; SpUence we could obtain
exact ng\%tchedt at of V5-2-P3 virus, as well as that of the parental

clone . I9EREVA LN Rt R NG e RBR 8 Npdes tbro seBRNAR spegieseidsatified
ptbabmmwﬁmammsﬁﬁa@Wﬁfﬁ%&%ﬁ%{ﬁ&&@%&é‘ﬁ%&

1%BOSirpiI r findings were gbtained when analyzing limited regions o
SO o & GRS PR ROV S P AP v Roeneavd Fomital-length
vifdigzmbastdbo dnfediidus o prepanydisrlaved gilersotLBide Milkifcities of
i ell.as exhlbltl%égnerac In sequence. WO
V0 RGR35TR Bt ae#I0on Giuanciolir Takees 2mifahedi )
(2606)stepavitalayroninsRiy s WStEBIRNAHO0s)yvers cRMVESAMIPG: not PRRSV
hel}/le@Rf:-MS cells.and.passage 3 viruses (second lineage) (Fig. 7). The
T S RO 008 Hon B vRV Hop RN bismatresh Nresveme

clanes pY ByMGEIASAtRBGBMR-HH S BIAHEECHN] Ao AR ErS I8 VAFAl QW

rates, but.thei eak plication were all significantly lower than wt
oot Rﬁﬁg’?&ﬁg@@&iﬁtﬁéﬂﬁ"% b gasipERsvR-053 Ardol Qe the virus
proejliedtfoonatessfidfed MEONGIBAIN WiEHS RERPRY BHIRRSHLHNEE OB flasks of
M \_/ﬁ)-é}/Sé1 VR-V(? agﬁFpVR-HN were somewhat decreased as compared to

Bie VirnGS GebUd s iernayees didvted LlQGvmrNeSR WAl 2rsrsumsdilvted

1: ifz inLis eipfeskRode:épr am fill e aactl ARorRRRUE RIS, B8 RRS and

respectively, 10 resulting in 2 and zero amino acid changes, from wt

150& 93 s3shpisnartion say s miateh Ay glessenbossisghioaety pen Fhese
ag@ax@tgamﬁqweﬁis@eﬁteww%m&&h@&ﬂﬁﬁ&é%ﬁé}%ﬁﬁg&ﬁﬁﬂf?ﬁ Sirom

wt VR-2332 and its attenuat%g offspring Ingelvac are somghow

mSHBERRSC RS RN diSH Yibrre sBundialiiyelkirsbeiconpiersusyt v b 33Rd of

ORPLLaUELAI N6 WRISRRPORIDAS Y SRIOI BiEheL MARBART L 20,
recombinant 15viruses that had not been passaged In swme? Ig. S ’

29N o ERAEM Sl st e RIR REYcaipldsmestyRNA Sloduied, idgntiiieglas

fulPIEMAHSIKRA NGIGIO TR § | I3t ms
havengeen shown to be a ygﬁ%%%%%%%&%%ﬂ%%ﬁ%@?r% eéa{{ﬁqr]‘%)fﬁgea s both
separated from full-length viral genogpges by standard methods such as
cultured cell passage at low multiplicities of
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20infection or sucrose gradient centrifugation (Yuan et al., Virology,
275:158-169; 30 (2000); Yuan et al., Virus Res., 105:75-87 (2004)). To

wepotwaahiether or not PRRSV heteroclites are produced durP€ginS2ep6/024355

transcription of full-length cONA genome clones or appear after
subsequent transfection/infection, northern blot analysis was completed.

ﬂiheléngt}emﬂmﬁ%éﬁﬁ{bﬁﬁi%s?&%@ %%651‘ 38t @&%s%%)e%g‘% %t\éisruﬁ‘l

a%is'%mduﬁed from transfected MA-104 cells were used to inoculate frésh
HHadRE BreRph b idivation v plesspreonatanssiisne 8ibrbaBe airvsatas

las\Bwed Ersaruegilted kit s2imbiaia e ! S intracellular. . .
PRRSV RNA was harvested and 15ng of eac %ﬁgﬁa%%%eﬁgggéﬁ?ﬁ%ﬁt’ this

Wiairssassts thebihgRNAnkacemesanero sEigidnntirephsitime dver sime.
Irnshdn Wl@éﬁ%ﬁﬁaﬂ?ﬁﬁﬂ?&@%m’si% WREIA0G Vﬁ‘%ﬁ erated
ab fhe &R of

hybridiz ith a 32P-radiolabeled probe complementary to
Vﬁﬁz %ﬁm&tﬁ% PRifErRAgtRdistinzesshadaotiensly weliesting that the
detitetioelReSA/dedd2arPead P RAMBIRAIFUER Srel transgript is
; ostly a Sit?#l band, mi ratir% as full-lengt vRN%e,lm %ﬁ%@ﬁlﬁ,&lw and
s%se%%g iKs) %ﬁ%@? Brate as both WO
2007/002321PCT/US2006/024355 full-length and subgenomic-sized
qs%gecies reviously identified as heteroclites. hi addition, the strength of
y%%’&’l? tion increases over passage. Since the virus was harvested from
an equal volume of infected cell supernatant at the same time point, this
obserlatismsyggesfediaiskDNRNMdAecomes e aifisisatalisgplication
LS astly, when comparing virus generated from Sw612 with the
Pcerll_cugtla e%éllgﬁérrlaqrg%]{/ﬁ%%ﬁ%tﬁﬁl VAR R PR HsrHmiss vaidetype
1@a§_ng1y Sloggidstirty areﬁfﬁmev_de@eme dan;]épm@e 8 W?ﬁ%%ﬁ@iﬁm fhin
VieRlicat tr well as in vivo and thus are a natural part of PRRSV
infectio%g‘ rllgr%{% lﬁé%%eto YR ﬁ%gé%tﬁ@%ﬁpﬁlﬁéa&m EBIERAR AbSeY eraipitss, we

hasyroad yas igentivatesstobgpareitmpsaciifeatoin: QIEES 1R BReIRAQifferences from
n. Considerable effort

ti m that mimics wild-type infecti ¢
Mﬁgf %%%? t-o“f%%?%g RSy R s gh -V D35 webormeses
uspdiiaibiscudpredicuiiietdpontimeaiss mifRidnsabSeNeBISHaS Wetdon

ccessful at derivin infectious clone that has no
R G I AIRE e ol Riob eEhgmago-161-
THERIRPDNA gsbstijioer detictided AR seutlihiarasevairble 1a-4e8/8888n and

2ifiel i ughmutation voided during reverse

’ tranﬁ%%%%glﬁe% %lt:%aﬁ’. ,}Clhr}\lz?él’.t}laét %%%?@%@ﬁs&d%@bﬁéﬁwlﬁdv- Exp.

Medidfioh, 18- T8at Ml PIIR Ko enchibits astortighingevirataalotans 3n02001))
76:4750-6. ((é2002)' Murtaugh et

i iati . l..J. Vira \
o e R BB Tk by e
strayey. (Yoanzs 0 (20015 63riBiA8S 129wy mideigh dsaauenay dodastblifition
: - : n,strains (Yua al., Virus Res.,
o R Ml W oo
(139Dgenemes mn K elnerhdiracRdSINRIS0N afvain, . AVir 0B RT3 25:75-

87(999)3 Yan M :158-169 (2000); Yuan et al., Virus
(Ige_sea)l?ch, 10%%}5 7%%%%%&;}1(# gﬁ%‘?\ngsp}/a@ts HBE?@%EE%‘@%%?QEW&?S m

fielghispdeirsapreaioorauddisiiedin sielitisotatesssetiesmhakadblisiiiahin, An

infeQRltMeGORSHER NG f (o] ain, An infectious DNA construct

" possessing as little asB ?%én%g{c;%%!t%g%u?a iIolr%lsl?iaeg LripRALPRS &% &hynpared

to iR IR 25dGiaut sl dofdinninsdwovo betinimhobeiinirataaRitRIEBHBS’ and

3’ e IR BRdga O t sufficient faor wt virus production and
the dpwns%)ear% g@gllgsgﬁ}))[f In eé%%ggaclgﬁglﬂ%sepfr& pg ]i‘?(glgaélr‘ilet S Ricam

godls aldplraiiousralnarorse fodipathpiResibl Geenier ersinsitatin drruabas{dtey.

vieLthe regien Qfihevi i -helicase. motif (NSP 10). Further
P pathogenic compaﬁ@rliﬁ({))lnj]§l g&gﬁg%%@ fous" 8&)#& 5y If§gncoding the
helisgpe o SONFR-I0) ShuthetqraBsgenic comparison of these two infectious clones
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may shed light on the differences between the parental strain, VR-2332,

and its vaccine strain offspring, Ingelvac(r) MLV.  Valuable information
w@anpeodsxtved from the construction and evaluation of the inRECT$1$2006/024355

clones for PRRSYV strain VR-2332. First of all, PRRSV strain VR-2332 5

cannot tolerate all mutations for survival. Particular nucleotide or amino

a4 dpedati i iral éicain, ndttﬁ%g#%%lneisto .

asc?e rtainq%rﬁ?r?ﬁg %&%&e%éﬁﬁ%p e p%‘Fﬁ%ﬂl,lw gﬁ%{i s vaccine

ﬁfﬁﬂh%g%‘l’é‘&ié‘%&el}fﬁ@n@m%re were total of forty-two nucleotide |
O e oY SR O LR of e

changes, several nucleotides result in silent mutations

YR8 516058 FUnBRR PRItz YRatR3 20 HimihofatlIRRBISVestritaViBAS332
st YomRIRICANASVARIR %‘r@ﬁk‘?s\fl’ﬂ%ﬂf&ﬂiﬁi 15?2‘&%&9 %?%r%ﬁ'%‘ g%ﬁtm%ﬁons

be non-lethal for virus replication. Eleven nucleotide changesieadin

D3y HetROLRIaden xHgbcatierting, audrhernholotizteintatatiorsjeatichate lethal to

Seeivil Ingelvas iV, Wwaienthup icied o be lethal to PRRSV strain
VI?-2332. In pVR%S and later construzts,&%gec ngﬁ‘ééoﬁ%%lr%oféﬁlﬁ%c e total
Ry e avslentide ditistrasrsmEem ovoratentelstamiVR 233 Zh imbesaitty-two

imeteitithenaengmeetdngelyasin-Mey and ﬁl%@%ﬁggg SO0 .Qetsri%r exist

.vaccine strain. This lead to the first evidence that the constructs were
%?éﬁ?rg%%?‘%ﬂH’&%Wrﬁ%%%%famddmmmmmw inimic
Ingebent’ MAOfabicbRS AT R RED SRS DIAdRRFR LG irug
raduce pVR-V6. The remaining amino acid change was repalre8 in
f%ﬁﬁ%)%7%&%‘b°&9ﬁd¢/6@am?@mﬁdeglﬂ ek elddahaiges ardotwo
3SURTR mudRbaas Hakasas)ehiaundl Beataih iR 2387 /R %red&{&‘é.e% icfed to
bvgirc%nf stlg in. %gver,al unique observa_ltlons were obta_une rom this study.
Firetst 4! iR B prdudbd VRaY frnd detencimstuniguidShanges were

cteracied] BeduEngedhahdRMAhHRIRSISAIR WL SRR YR23321 ﬁa%'g‘iaos not

canno{cif/et correlate plaguegsize with 25nucleotide sequence. Secondly,

e B ARRaR R At g chYH¥ ert&obpTichtiogeirseonie thetiebcmayptrain.

we s

Tieféeidhe iRharendiadtee QhthBUSREYROVIREIARRHAID Hﬁlf‘%%gl}gn L VRS

changes were transitional in nature and did not exhibit a bias

SRS R RN enA PETR S Eib ATSE S cpRS RIS Wis e lerad Hitengh vito
diva@sdgauwmesibctmpf&nfé@mﬂ\i%.sitw&igﬂltﬁﬁiﬁg'aﬁﬁﬂH%Bid%‘H?‘?é%%ﬁas

laque. siz other non- 30 templated changes had occurred.
R R LAt St EhEY ALt o aliayicters vsnsentibarbor
sMrﬂmﬂ_nmiprﬁdhmeﬁdﬂ@%ﬂﬂh@r&%\ﬁ{%@éﬁ@ﬁg BRI $AL cine strain.
5'tern§g\9l spguence from the pinpoint plaque-producing V5 virus used to

infect SiRe (Y OB TS HRR Y ShrobinsshERia dls e, nRiisitiefiall, each
linvepe nbplothatbdNu2 007/ 00RELAGHILIROABRAARREL S ARIGEHIOD
ause this viru r pagsage in swine, produced wt-sized plaques on

o S S TR e s sares i giseemius
nFipBds Sqnahdd. SAEcndisidesaile IHRARShiIORRCIIEASEAUENElication in
S“ﬂgglxvsﬂsc%flgée th'ﬁd ir}vitro %passage of V5, V5G7475A and V6074 75A

seemed to suééees?%A‘[etf’{g1 B ey e Bh e merasedUbancleotide
chiragssitions, temditired iensianaue tipRs: $R1ABRY MAVIE Undergaing yim!
N ﬁtiHQ'GTRi%maX refl(?ct gpviral replicase that has evolved so that it

maygenerate new genetré 1 Ride PRIFEIAHEINBIE Zndiheassrg ke could
notwsirretmepbtesice wittidethesegriantihoiRasing dnanop e Hhyiris,.
teﬂ%ﬁ?eedlc%a%b%gﬁy ions ha elalsccy\speen oted during PRRSV sequential

passage In vivo (CRaRg st al LA, 7all sernere ssanoyrempadises of
pasegeenefig\Eiidetivadeyicue xhaniste dhes Ll gagih oAV 0b iRk ealed a
diﬁ?ﬂ%ﬁ?ﬁ% vv.heg a more ré/gbusééep,lication is detected Einaél/y, it is now
" cleart ar BRBSYU e Gpimy PrRiRL plapusame dyFire Y adrus used to
infheltevookt€ B tha)sdioevties, ivis aoekiting éuldenath BN s MiSe not lethal

prototype strain, isolated and 15characterized in 1992, may be unique in

the gradual acquisition of replication fgness, as other investigators

producing infectious clones of more recent strain have not observed the

same effect (Truong et al., Virology, 325:308-319 (2004)). The role of

heteroclite formation and the concomitant appearance of vigorous viral
ranlication cr1iaaect that there ic an advantaneaniic role for heteroclitec in
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20 Example 2  Many virulent isolates of a seemingly novel PRRSV
were recently identified in the State of Minnesota, USA. ORF5 nucleotide
W@aeirdga2analysis and comparison to the University of Minnd¥&EaS2006/024355
Veterinary Diagnostic Laboratory PRRSV database 5(>5000 isolates)
revealed that the isolates were of Type 2 lineage, but were significantly
tc(zl)n‘lterentt angﬁ) ous |s ates. Furthermore, they were moit clgsely d
related tPHese o‘i&?@é"' iy A P AT AR T h RS é@ﬁéze
iMaunds oai AR CJ1 Farl R mbireibab 8lrbSbthit 394) anel dn tepatateablirus (Fig
%\An esgt in 1998. Restriction fragment length polymorphism (RFLP)
analysis of ORF5 also demonstrated that they 10belonged to the same
group (D‘f\ams&teablrdneﬁermnlythaﬁ& ﬂhaowqmde rhligalodE shdMestey: etrro

aso ;/Fget O%ec’aué%\]/ ?ﬁﬁ %%%2% %S?v\(? tﬁggﬁ%@‘é?ts X n @8&% )

rigpliatesed Mtshlﬂad%&lv\wscﬂatmemum{sﬁlnieae raawlmmlﬁmvwrﬁsambﬁeﬂtmcur

tim orcme alv oI r ma t cel
B e B e BB led B e il egved
ssthaNit 82y gokiid 18ABgchbids ot iSDIRBRITTgeroline ted dhdiffesest their
times from twodset?arate arms. M terlals and Met To seq Se‘@lce the

(f\%{ﬁg NSoAtes, Viral BN ntfiFST\? wad S n?fr% ‘ﬁo PRRsVifected
Qi@bwpemdtam wlith @ eAmEiEd Windih RRRREW Bb’qué@m@paﬁd@enmazoqg)])ang et
n P (Qia OneSte TPCR Prlme

A o O o B (L Renaf ont S S P e ol
leh giiff grannstsaih st PREGV depositad ine GenBardphsatiel iasletevibd. Finally, it

ncey,Eh nue eotlde sequence of.the 1w,
gﬁ@%} |so%gtes was deﬁ\%léld\ﬂ%l%é IF—aSI? Eﬁ% grsez?th(eltaliga es at
thamamgmtwgmhmmg ﬁlw&slg@rfcﬁmw Whts ww%&’mm@mmwd

I ntal V|ew C RT-PCR cts we
%Lgér: %??g At\gc%c (5 ?Gp ia c one |nto hé:?)uégllitf\ﬂlﬁg 1cat1o Ftness as
(( nm@g@h%ﬁ‘&ntmdwmamf@ml& clomes ¢6nmchdé@mmrp}mdamm\/dwerved
he i n |

S A Ba0 eterocie
fosawieruotidy SPeandayppreaetse pfivige oTheiplognbicatiersuggest that

t I niversity of
e P S ated DA
fragment analyzer. A quality sequence representing at least three-fold
genome coverage was obtained. Sequence data was assembled and
analyzed by using the GeneTool sequence analysis program (BioTools
Inc., Edmonton, Alberta CA) and Lasergene (DNASTAR, Madison, Wis.).
Multiple sequence alignments were generated with CLUSTALX
(Thompson et 5 al., Nucleic Acids Res., 24:4876-4882 (1997)) or
Wisconsin Package Version 10.3 (Accelrys Inc., San Diego, CA).
Full-length PRRSV sequences were aligned using ClustalX (version
1.83.1; MB DNA weight matrix, gap penalty 15.00, gap length penalty
6.66). The resulting alignment was further analyzed using the Wisconsin
Package Version 10.3 Distances Program (Jukes-Cantor distance
method, partial 10 matches due to degenerate symbols considered). For
Figure 10, sequences were aligned with the Pileup program of the
Wisconsin Package (Blosum62 Scoring Matrix, Gap Weight = 8, Length
Weight = 2, Weighted Ends). The alignment was scored for redundancy
and colored for percent identity using Jalview (Clamp et al.,
Bioinfortnaiics, 12:426-427 (2004)) and then transferred to Adobe(r)
Photoshop CS,
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15version 8.0, for grayscale transformation. For Figure 11, sequences

were aligned with the Pileup program of the Wisconsin Package
W@EBIWS(#R621 Scoring Matrix, Gap Weight = 8, Length Weight =PXWWeR§N6&134355

Ends). For Figure 12, a signal peptide was predicted using the SignalP

server (Bendtsen et al., J. Mot Biol., 340:783-795 (2004)).

Eng{lzen‘?mbrane regions were derived by PHDIitm (Rost etal., Protein
§C|.,p :1704- 201718 (1996)) and potential N-glycosylation sites were

identifiéahp yiPROSISE{Sanitr beetnab gl uoleit PRREVReste recently identified in

25:.217- 1997 gt dictPraotein server (Rost et al..Nucleic.
oS B oo TSR R RO AL B Bl son o
fRiléuiyersiiyrafiVifitiesotyNetersinmg Akayes(BlbsbnR SRR Widatshasap

iaht = enaqt i =2 ighted S). esult omic
NI e M S M T U
sigdi§oamlyciefticmissinpitayity)sfisotatsth el ivtiehnimes tioanwieypen@st closely

full-length ison. with T
R T L T
Ggenbiype 5igidl sSthE\P dDdenh in dupitatierndtdijnBesetsimilao8t tRestriction

B T SO S e ey
belenasiétpthelsame1501p olicinistisies mseipailydbasesh brsoir Astaif-4risolates
(RAGERD, 1o ip%iﬁb_z%@%‘ HasAiseringd) H?{l%%@%ﬁﬁ%&%‘tﬂh%ﬁ%ﬂﬁé’% 184

were derivéd from viral recombination between Type 1 and Type 2 strains.

isplateteng egatisq wé tee sinkiygidissieiddsidytnatitad fvb vnneigeihiesplotad MN
PRESY I AGREHGRIN AIRUD G &%\fﬁ@%%%%’&féﬁﬁl%@%ﬁ% ﬁiﬁ@'@ﬂtyo?&ﬁ%

difference. 5 This percentage of dissimilarity was unexpected due to their

alsigatie meiritased (R ddehrdins wivmddedidongith grneteapnabisas was
cSFIBIERdSRIRIR SRERD QL é&&%@é@ Apnase Al THRR SHRCROMER

the detailed nucleotide and amino acid comparison between the two

wigrs| aedkseipd) atidiffereng Epiessitpm Avdrseraciiedi#fai®nces seen between
these two strains. Both of these isolates possessed nucleotide
degeneracy 10 in several regions of the genome, predominantly in the

Metstirdteanadothedson of ORF | (Table 6). The fact that nucleotide
degengyacyas SReNIN D856 sRIateR FHa98SIeRNNR FRR2Ya6RA BSm

made up of several individual species, of&en're erred to as a swarm of

PRIt&tddieteisaeld suramatapioride Qlvan Ykt B Adviial Kit(RipgegaYalencia,
Ck)gca%d RT-PCR was performed (Qiagen® OneStep RT-PCR Kit). Primers (available

on request) were designed based on the published sequences of different strains of
PRRSV deposited in GenBank as well as newly generated MN184 sequence. The 5’
nucleotide sequence of the two PRRSV isolates was derived using the 5’-Full RACE
Core Kit (TaKaRa Bio, Madison, WI). 3'-RACE was performed with SMART™
RACE cDNA Amplification Kit (Clontech, Mountain View, CA). RT-PCR products
were gel purified (QIAquick®, Qiagen), cloned into the pGEM-T Vector (Promega,
Madison, WI) and 3 to 5 clones for each RT-PCR product were chosen for sequencing.
The nucleotide sequence determination was completed in both directions with the PCR
specific primers or the vector encoded SP6 and T7 promoter primers. The products
were submitted to the Advanced Genetic Analysis Center at the University of
Minnesota for sequence determination with an ABI 377 automated DNA fragment

analyzer. A quality sequence representing at least three-fold genome coverage was
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obtained. Sequence data was assembled and analyzed by using the GeneTool sequence
analysis program (BioTools Inc., Edmonton, Alberta CA) and Lasergene (DNASTAR,
Madison, Wis.).

Multiple sequence alignments were generated with CLUSTALX (Thompson et
al., Nucleic Acids Res., 24:4876-4882 (1997)) or Wisconsin Package Version 10.3
(Accelrys Inc., San Diego, CA). Full-length PRRSV sequences were aligned using
ClustalX (version 1.83.1; I[UB DNA weight matrix, gap penalty 15.00, gap length
penalty 6.66). The resulting alignment was further analyzed using the Wisconsin
Package Version 10.3 Distances Program (Jukes-Cantor distance method, partial
matches due to degenerate symbols considered). For Figure 10, sequences were
aligned with the Pileup program of the Wisconsin Package (Blosum62 Scoring Matrix,
Gap Weight = 8, Length Weight = 2, Weighted Ends). The alignment was scored for
redundancy and colored for percent identity using Jalview (Clamp et al.,
Bioinformatics, 12:426-427 (2004)) and then transferred to Adobe”™ Photoshop® CS,
version 8.0, for grayscale transformation. For Figure 11, sequences were aligned with
the Pileup program of the Wisconsin Package (Blosum62 Scoring Matrix, Gap Weight
= 8, Length Weight = 2, Weighted Ends). For Figure 12, a signal peptide was predicted
using the SignalP server (Bendtsen et al., J. Mol. Biol., 340:783-795 (2004)).
Transmembrane regions were derived by PHDhtm (Rost et al., Protein Sci., 5:1704-
1718 (1996)) and potential N-glycosylation sites were identified by PROSITE (Bairoch
et al., Nucleic Acids Res., 25:217-221 (1997)) using the PredictProtein server (Rost et
al., Nucleic Acids Res., 32:W321-W326 (2003)). Sequences were aligned with the
Pileup program of the Wisconsin Package (Blosum62 Scoring Matrix, Gap Weight = 8,
Length Weight = 2, Weighted Ends).

Results

Genomic alignment demonstrated that these two PRRSV were quite distinct (>
14.5% nucleotide dissimilarity) from other North American Type 2 full-length
sequenced genomes, yet comparison with Type 1 (European) full-length sequences
confirmed that the isolates were solely of Type 2 genotype origin as they were only
approximately 59% similar at the nucleotide level to both EuroPRRSV and Lelystad
strains. Strikingly, these Type 2 MIN184 isolates represented the shortest PRRSV
genomes detected to date (15019 nucleotides, not including the poly A tail). In
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addition, no specific area was discerned that suggested that these isolates were derived
from viral recombination between Type 1 and Type 2 strains.

Full-length sequence analysis revealed that the two MIN184 isolates were
actually genetically distinct. They shared 98.0% nucleotide similarity or 2% difference.
This percentage of dissimilarity was unexpected due to their sudden simultaneous
appearance in Minnesota, with no clear recent related isolate seen in our PRRSV
database at that time. Table 6 presents the detailed nucleotide and amino acid
comparison between the two isolates and Figure 9 depicts the amino acid differences
seen between these two strains. Both of these isolates possessed nucleotide degeneracy
in several regions of the genome, predominantly in the predicted nsp2 region of ORF1
(Table 6). The fact that nucleotide degeneracy was seen in these isolates suggested that
PRRSYV can be made up of several individual species, often referred to as a swarm of

related but distinct viral sequences, within infected animals.
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regions varied from 81.5-94.7% and 78.4-100%, respectively, but the regions
corresponding to ORF5 (86.4-86.7% and 87.0-87.5%, respectively) predicted
nsp1P (83.8-84.0% and 84.8-85.4%, respectively, and nsp2 (81.5-85.5% and 78.4-
79.5%, respectively) were the most variable. Most interesting was that only the
predicted nsp2 genomic region showed a difference in nucleotide length and that both
MN 184 isolates possessed the same nsp2 deletion, detailed below. The comparison
also revealed that the 5" and 3’ UTR’s were the most conserved regions of the genome
(94.7% and 94.0%, respectively), indicating sequence conservation in important regtons
for viral replication and transcription.

ORFS5 encodes a heterogeneous PRRSV structural protein (GPS5) and is often
used for PRRSV diagnostic identification (Kapur et al., J. Gen. Virol., 77:1271-1276
(1996)). GPS5 is a predicted three transmembrane protein with an endodomain and
ectodomain. The 30 amino acid ectodomain is composed of a short highly conserved
domain usually containing at least two N- glycosylation sites bounded by two
hypervariable regions. The highly conserved domain of this 30 amino acid region has
been shown to code for the viral attachment epitope in Type 2 strains (Plagemann,
Virology, 290:11-20 (2001); Ostrowski et al., J. Virol., 76:4241-4250 (2002),
Plagemann et al., Arch. Virol., 147:2327-2347 (2002)). GP5 of the same set of full-
length genomes, as well as the original RFLP184 isolates identified in Canada (IAF-93-
653, IAF-Klop) and in 1998-1999 in Minnesota (98-3298, 98-3403, 99-3584) were
aligned (Fig. 10). The alignment of PRRSV GP5 revealed amino acid identities
ranging from 82.5% to 87.7% between the new MN184 isolates and other non-
RFLP184 Type 2 strains. Interestingly, the amino acid differences between the new
MN184 isolates and the older RFLP184 isolates were quite large (5.7% - 12.2%) and

thus we detected no clear origin of the new RFLP184 virus. The limited alignment

shows that most of the amino acid differences observed were found in the hypervariable
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resulting from the standard deviation found in their respective testing
measurements. 25All headings are for the convenience of the reader and
should not be used to limit the meaning of the text that follows the

heading, unless so specified. Claims An infectious polynucleotide
comprﬁiwgcmlerééﬁ%@mjeﬁ@@ Pateinty peledsypBvatidestimdpSERatdns, and

dNib | i leotides. di
e SR e

BRT9BS e £ocHraRaNe AdiRefS sqhendinmtieopoiynedeatidestbplissias in,
ARJFRAReEs PIFEARESPATHS RRFHCIES ANDED Atiodyced ir %o%ﬁleé[ga%lggéin

(tgog%nucleotide according to claim 1, further comprising a vector
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I\i\lo; 14 and a deletion of at least 567 cons%élgélil?\%§ﬁ§agﬂé%t? élél&érsqan&gg only.

%W&%&ﬁ%ﬁ%@&%&?@éﬁ@j@%@ﬁ@m@e@m@wﬁ.omﬁ@v@tmismot
libkiep b dentidRRASQINIRG %&'&é@&ébé’éﬂ?%f% g olyucleo (??I)]l%g skilled in

replicat,;iﬁs and produces infectious virus particles when introduce

thefrt doviden feoiavegtionciisfinal ortherckomsprising a vector
sequergRipatianica B ith P A ANANE I RRLEG ri@a%t%&@éno c!g oéé%%?nts,

of claims 1, 2, 4, or 5 wherein the polynucleotide Is present in'a vec

TRl Wﬁ@@ﬁtiajédo?‘bféml?&ﬁ@m@@r%@ﬁh@tﬁwmtbdsimmeedbdiaims
ufidersfood aseiBi B erRAUCIR AICA SAVRLI5E S AT Qggoqﬁ.letlggémﬁﬂggly, unless

herein each deletion is independently at’least 57 consecutive
0%8@8%% cor iR heIgrRiciesde Braeried parnptersSoyfiatbimtie
speifivatleotae i preses bihakislated MnsRar -
Polynucleotide of claims 11?])2 4, or 5 wherein tf?e\t’%gﬁ%%{ﬁl els thﬁﬂﬁg\lred
p 06% B dhsopgscst Enmpson. 2AntherGiorlest, and not as

t
TR EBtRRL 19 be-PRERNS cleotide’is an
anirfitetipu sodliane bt cadinms ¢F S AR Eb%h@%lyd}}écmﬂg%lgﬁrgggg?&t in ?

cell..12. The polynucleagtide of claims 1,2,4, or 5 or the infectious clone o
AT péFaé‘g‘Rfﬁ)é FBRP%%N%?H&%%%@;%%@%@@@FEW {ifikebtted

signéffoahyrdiglaatides 1 3pdlpmpobmusiooitcaal £laims duk, 4 or 5 or the
infecﬁL?L{S q&?ne f clahms 3 or 6 wherein
otwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. All numerical values, however,
inherently contain a range necessarily resulting from the standard deviation found in
their respective testing measurements.
All headings are for the convenience of the reader and should not be used to

limit the meaning of the text that follows the heading, unless so specified.
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An infectious polynucleotide comprising the nucleotide sequence of SEQ
ID NO:5, SEQ ID NO:6, SEQ ID N 1:7., SEQ ID NO:8, SEQ ID NO:9, SEQ
ID NO: 10, SEQ ID NO: 11, SEQ/| 112, or SEQ ID NO: 13. 16. An
nsp2 polypeptide encoded by an infectious polynucleotide comprising the
nucleotide sequence of SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ
IDINBfeqipus pe i elRotide, @@@W&@@}}QL@@F@E@WW%W&?@AW 86%

IsplaiRd draetaesNelYNHala Aele AHRYING IORSPAUREG AT SRALR DR
corresponding to nucleotide 2062 to nucleotide 3864 of SEQ ID NO:1.

The polynucleotide according to claim 1, wherein the polynucleotide replicates and

produces infectious virus particles when introduced into a cell.

The polynucleotide according to claim 1, further comprising a vector sequence that

replicates in a prokaryotic host cell.

An infectious polynucleotide comprising a nucleotide sequence having at least 88%
identity to SEQ ID NO:14 and a deletion of at least 57 consecutive nucleotides
corresponding to nucleotide 2061 to nucleotide 3545 of SEQ ID NO:14.

The polynucleotide according to claim 4, wherein the polynucleotide replicates and

produces infectious virus particles when introduced into a cell.

The polynucleotide according to claim 4, further comprising a vector sequence that

replicates in a prokaryotic host cell.

The polynucleotide of claims 1, 2, 4, or 5 wherein the polynucleotide is present in a

vector.
The polynucleotide of claims 1, 2, 4, or 5 or the infectious clone of claims 3 or 6 wherein
the polynucleotide comprises 2 or more deletions, and wherein each deletion is

independently at least 57 consecutive nucleotides.

The polynucleotide of claims 1, 2, 4, or 5 wherein the polynucleotide is present in an

1solated virus particle.
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10.

11.

12.

13.

14.

15.

16.

17.

The polynucleotide of claims 1, 2, 4, or 5 wherein the polynucleotide is an RNA

polynucleotide.

The polynucleotide of claims 1, 2, 4, or 5 or the infectious clone of claims 3 or 6 wherein

the polynucleotide s present in a cell.

The polynucleotide of claims 1,2,4, or 5 or the infectious clone of claims 3 or 6 wherein

an RNA polymerase promoter is operably linked to the polynucleotide.

The polynucleotide of claims 1, 2, 4, or 5 or the infectious clone of claims 3 or 6 wherein

the polynucleotide further comprises an exogenous polynucleotide present in the deletion.

The polynucleotide or the infectious clone of claim 13 wherein the exogenous

polynucleotide encodes a detectable marker.

An infectious polynucleotide comprising the nucleotide sequence of SEQ ID NO:5, SEQ
ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11,
SEQ ID NO:12, or SEQ ID NO:13.

An nsp2 polypeptide encoded by an infectious polynucleotide comprising the nucleotide
sequence of SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID

NO:11, SEQ ID NO:12, or SEQ ID NO:13.

An isolated infectious polynucleotide having the sequence of SEQ ID NO:1.
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