MUTANT PORCI NE REPRODUCTI VE AND RESPI RATORY SYNDROME VI RUS FlI ELD OF THE

| NVENTI ON The present invention provides a genetically nodified PRRS virus
and pol ynwol2eesidst@s t hat encode it. Vacci nes conpri si ngprCraBgeseisseal | y
nodi fied virus and pol ynucl eoti des are al so provi ded. BACKGROUNDOF THE

| NVENTI ON Por ci ne reproductive and respiratory syndrone PRRS%‘O

i s. char act eerdel‘ArN'EIRQRGINE BEPRO H)éﬁl’dNﬂaRES TRATORY pr obl ens
in sows and gilts, as well as respiratory disease in young pigs. The
causative agent is the PRRS vi S\ESDR VIRUShe fanily Arteriviridae and
the order Nidovirales. Two distinct genotypes of the virus energed nearly
simul taneously in North Arerica and in Europe in the late 1980's. PRRS
virus i s now endem c i n near FYEBED OF'WHE INVENTION countries, and is

consi dered one of the npbst econom cally I nportant di seases affect| ng the

gl ®bal por kThmpmsqmynve@upn eraviges agsnetigadly anodified PRBS ‘agauandtponmslepndemde

cri 11 ehgaeids 17 Satbing Sopate b Buftheaty Ry v o e Lo Reg By st ™"

strai ngoffleRRS virus. Mdified live vaccines are attenuated by seri al
passag’}ol n cell culture unt| | virulence is lost. Mdified |live vaccines:
elicit broader protecti oBAGKGROUND ORTHMENVENKIONN suffer froma

mon- vacei ndieEOR RGOS Ye i dvspiratay e (b} neDAetcrBet B ehSons,
anh| g%ﬂllﬁlrﬁﬁ%ﬁﬁ&h&%@r&&%@v@%ﬁﬁﬁn&% IsBes bi® éﬁfst shwai h@fésﬁﬁ&l ﬁséxsea'%la'%' |
al SO t

vacci nes can sone ity to protecCt agal nst vi freld -
st r ai iypung pigRRS'he |cau&anva'lag¢m is ﬁled’RRSmrmsqg mapbertdi¢hefaonily Averivieidaanadd the

i rov |f| ve vacm nes to t ect agai nst PRRS, Rl EF | ON

B i riesies (hve dlsting) fnontmis B hervits SHerEp nern izl apggusle ) Nogh g

days %1 ér%&a qn%ﬁ@;yém(mémé Jogpst RR@SJxﬁﬁtlé H&v‘éﬁ&é}ﬂ;cﬂﬂrn%ﬂxtl?hll GWhKe cl one
P1 top) or nutant cDNA cl one pCWwW - E-C54S (bottom . Figure

2 PI poeducingr qivatringy aref isgansgderatl oRd 20thei most e(:dmml)lcalﬂndumm'mt disgaes Bffestiny -
Vi rus (botgg&?&r Mopol ayers of MARC- 145 cells were infected, covered with
ah’ agéﬁ"b&l@ lf}i}f{]sﬁr?‘rcubat ed until plaques were apparent, and stained wth

neutral r e%mnn?smé&m Racahaiamst PRRSTHERAE niﬂd'iﬁ&i Negiasede snaller,

with nore conplete CPE in the centers. Figure 3. Alignnent of E protein

f r om Koactivated vaccinesadilled veguings haye IbacremmZMQSfmlmgjm BRUEFrabESGRAATHIGN
OF THE SEQUENCES SEQ.I D hut t | d PTB: Shuttl e-P 3997 Primer
Shut t P@M C%%"N[C\I& Pﬁ%ﬁdﬁ’?e eP‘faéc’é‘ﬁﬁf’{q aéteﬁﬁgg@%@@'?alm i mer
Shut t gﬁssﬁ"g‘é’ﬁr&ﬁ éﬁﬁ@é &mmﬁenmmeﬂIMoEfﬁeaﬁrv%%cé}ﬁésSelﬁwma&r eblibMNO. 4
Mut ageni ¢ Pri mers2b- C54s-Forward SEQ ID NO 5 E Protein of PRRSV P129 SEQ -

| I tha@ kilbrdavdceines; that gar suffPERIY a_’mxgxber of safety concerns including residual

virulence, spread to non-vaccinated pigs, and genetic reversion to virulence. Because of
antigenic changes that take place during the attenuation process, such vaccines can also lose some
ability to protect against virulent field strains of PRRS virus. There is a pressing need therefore .
for new and improved modified live vaccines to protect against PRRS. | |

25 ' BRIEF DESCRIPTION OF THE DRAWINGS .
Figure'l | Cytopathic Effect (CPE) in MARC-145 cells at 4 days (left) and 5 days (right) post-
transfection using parental cDNA clone pCMV-S-P129 (top) or mutant cDNA clone pCMV-S-
P129-E C54S (bottom). ;
Figure 2. Plaque morphology of parental P129 virus (top) and mutant P129-E-C548 virus

30 (bottom). Monolayers of MARC-145 cells were infected, covered with an agarose 6verlay,
incubated until plaques were apparent, and stained with neutral red to visualize the plaques. The
mutant virus plaques are smaller, With more complete CPE in the centers.

Figure 3. Alignment of E protein from North American and Ehropean isolates of PRRS virus.
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SEQ ID NO 7 Miutated ORF2b SEQ ID NO 8 Peptide for Miutated ORF2b SEQ I D
NGO 9, 11, 15, 19, 23, 27 Various C54s Mutations - Nucl eosi de sequences SEQ
| D NO 10wo0lB96/05639620, 24, 28 Various C54s Miutations - PepaBrdeso3s&Q | D NO
13, 14, 17, 18, 21, 22, ,25, 26 29, 30 Forward (F) and Reverse (R

Mut ageni ¢ Pr| mer s for WI ON The invention
I nodi fi ed such

provi des a geneti cal | y =

t hat tf‘g};?%ﬁﬁb\lqd cystei neSl'uﬂtlé b&sﬁ@mghnnmmvmg@elﬁﬁﬁ& ShuttfelFraad t o

a non-cystelne residue. The invention further provides a genetically
modi f i SEQRBENG: 2us whi ch hSlsuttie BlasmitiPTB huttlecPRR$¥ 399 PrimersShuteReverse

cysteine in the E protein been del et g han d to a noncysteine
resi duegmtplf‘ﬁ’e%row so t qgﬁ%‘cr?&rﬁneé%g ue is not tyrosine. The
subj_ect further P?@n nol ecul e encodi ng the
gengtl a‘lt(;j QOPI ed virus re\é%gtqg% oé\fgeng e su ject invention further

provi d@EQrm NO\: 3t ed pol ynuEIPeatincf PRRSMRIZ9 conpri sing a DNA sequence
encodi %an i nfecti ous RNA nol ecul e recited above. The i nvention al so

provi dSEQIBINOs@i cal | y pureDVA fopEProeinPRRSY ARt i al |y free of ot her

Vi ruse ol iruses rec ubj ect invention further provides a
vi ral ﬁ‘%@gp @@ﬁérl sing a dkllf&?ag%d égﬁgé encodi ng an i nfectious RNA nol ecul e
encodi 'YEQ IDENE: gcal |y nodi péﬁﬂel?muwgd@mgbreci ted above. The subj ect

invention further provides a transfected host cell conprising any of the
f origoi rREQIIDUNGs 9, 1 hiléc19,33s 2RNAVanidusctidsMutationsat Nuclpoltige sequenedsdes or

viral v e e.,Su I tio her provides a
vacci neﬁ?‘é&b}]@r gbtfgdgaﬂf\;g"cﬁl V%ﬁ?ﬁ(‘?gﬁsr}\gpﬁa 18¥% GPS{\&eﬁy a PRRS virus,

whi ch "SﬁG'IWN@O'TBrl@QQ fB QeNe3, 126204, 329”3\5“ Fbﬁ&:&’&%ﬁHeu&samymtégéﬂicabove:
an infectious RNA nol’ecul é as recited above encodi ng the genetically

modi fied PRRSvirus; an isolated pol ynucl eoPiimersifor €54d Mutations ed above,
(optlonallylntheformof : . genetically nodified
PRRS virus; or the above-r &¥easy g the genetically
modisf i ed PRFﬁxe hwﬁmn';ﬂoﬂaesad@aﬁhcﬁf Iﬁgalﬁy&pmswlﬁﬂ%ﬁcu RASHRER Hdeidd @6h
agai nst infection by a PRRS virus; a carrier acceptable for veterinary
use. Thhatsthebpmservled epsitinoin the® pmteuphmhede delgteder khahged to pnon-egsteing residue.
por ci ne ani frominfection a PRRS viru ' cci nating
t he ani mal m%n}fmﬁé? Bﬁ‘eeré’ffmflﬁé LUty Py ﬁ%‘f@@f{s V"E“ﬁé”fhlaéﬁ%squegﬁtl ve to
Pr 0duc G JIREA QRMThRGh %hséx%u R$dtein® il lwo&yn RasRRBS d¥lefedor cliAteliMy 8 bh-ON
provides a nethod for making a genetically nodified PRRS virus, which

met hod aysmmelrssiehlermtththerlgovlh@tlﬁmhesw@qwatcmeecmduh lﬁgoatryrosmeect i ous RNA

I | e whi odes the S d
ncOgenet | coAISARER FGUBHASHY: L B SN RO ENR T ERPOE)E: om A

PRRS wgeugucags,tnﬂﬁﬁﬁé@ vifisir¥@fedothogenet i cal | y m)dl fied, can be expressed from
an isol-ated

The subject invention further provides an isolated polynucleotide molecule comprising a .
DNA sequence encoding an infectious RNA molecule recited above.

The invention also provides a biologically pure culture (i.e substantially free of other

25  viruses) of the viruses recited.

The subject invention further provides a viral vector comprising a DNA sequence
encoding an infectious RNA molecule encoding a genetically modified PRRS virus as recited
above.

The subject invention further provides a transfected host cell comprising any of the

30 forgoing viruses, infectious RNA molecules, isolated polynucleotides or viral vectors recited
above.

The su.bject invention further provides a vaccine for protecting a porcine animal from
infection by a PRRS virus, which vaccine comprises a genetically modified PRRS virus as recited

abdve; an infectious RNA molecule as recited above encoding the genetically modified PRRS
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pol ynucl eoti de nol ecul e usi ng suitabl e expression systens generally known
in the art, exanples of which are described in this application. For

exanpl e, wbeoisasimased pol ynucl eoti de nol ecul e can be i npclraBiwsm3sée a

pl asm d capabl e of expressing the encoded virus in a suitable host cell in

e s SR ol Ry S B PR S,

| NVENT le@bbdidg diessehotially enadifiePRRS Ivirds; @i tlet dbeweaédited viralVvdotr@ftodtifRheVi I us
by nutating or deleti nlgﬂa specific cysteine residue found in the (or 2b)
pr ot ei rgemthaH& mpadified PRRS ivifi$iriB g8 AmOURisissd Ve fogmodunsimnyinegrosestion agaiestuat ed

Vi rus, r vacci nation with said
i mmnogenl c ciéﬁp Rﬁi‘ﬂ)‘ﬂ@ @I{/l?rr%é\éﬁ%%f%qmﬁave%}/ﬁ attenuated by this

met bod shoulThersabjinintaRioartitia providdsal methed feitgré@ctiig 4 hércieraulBaltrdr el d
strain and therefore afford nore potent protection than vaccines based on
cel | cinfegiien B @ BRES dnsyWhigh ésmprisaseiapsinatingdbe emiowdwith asramdunhyfithe phors- ¢

257 Hieq bt Babls Hle R o RE TR h P T Sfnst iedlion i BRRSGprs.”
ar t er i Vi ruseame ideBAtioA lprédidedia hEtBey fof dkin ng a@é&:‘éu@ﬁl%:%odlﬁ@& PRIECYihANwh{ch e E

protein is not known, but it.is conserved in all arteriviruses. Khockout
mut at i @shodcasaprisee makatisgithe DNA sequetra\eacedingyan tﬂf@mlouhBNi\ prodecelenwhish

S0 GPbpdeg NS Vi SALURD 6 Sbh R S Gt Bl vims
corresggﬁgla@gltmeqme@mg@rg@mc RNA, the E protein and the GP2 protein -

share a single subgenonm c RNA. ORF2b (which encodes E) is conpletely
cont ai ned w# RRRStwias) @ﬁ@éwllmr(M¢mﬂlenmlé@ GRRYe exputessed fromem isolated -

di ff the ATG initiat d ORF2b
Mocat caoahERIRRt BATE itk SR el Gsion GutshmS ferdly RS ke Famph

t exbf aich H t
e ena?fe‘mdmw60%%%%1@6%6%&%&&&“

st Aict be & the fermepha phsrp& @ﬁpnbleroépmrdm the epended @irp$ imad suitabkyhodr aeliein witra) s

encode y 7 183-191) North Anmerican genotype PRRS
Vi rusegs §edr?é%rqgeﬁfln?:{3{n al %X‘\]%%l yst ei ne residues within the am no acid

sequence of Ouhgiféatirep bPtHRIiAventidh wil Bk klidBs WpInddew4.  Usi ng an infectious
cDNA cl one of North Arrerlcan PRRS |sol ate P 29 049 and C54 were

i ndi vi dual Iy nut at edX n was vi abl e.

Simlarly, 4 atlo o viable . a r ‘- i el s of
orogeny vi r EHER AT %afﬁtw@g wglﬂ%ﬁ?m@b RuPba st

Vi p0IS wepecifRadlisteinedesidagrRminansl tHel B (R85 pReeiVBRBGEIuk San iEaNENdRERict he
P129- E- C54S virus di spl ayed altered plaque norphol ogy (small,” cl ear

pl aqueS9Mpasiiiceompsisitecid gticopated virus fahd e matisRE)E protecengrswiat ifrom ERBSI by | ead

to att Euro ean .genot PRRS v, ses, contain a single
cyst ei ﬁ%%r%elsl%tvfétﬂaybeom&o&ﬁmﬁf m@ﬂf‘ﬁﬂ oﬁ%ﬁgﬁﬁﬁ gﬂﬂ‘i‘é)’% byep alfenyatesdshy
Nort h digeme®ad smramhuﬁe afipRnichBalcRAMEIOF IRCAHABR TR REEiR hh GHRFEforde
expect that elimnation of 1 in European PRRSV E protein (by deletion or -

subst i #fferd grgre apient pratestian thanvaednesyeerben prll eilwir¢ attenuate@yosds: C54S in cel |

culture and nuat e el ow esi gna the

cyisst eine r eél %lém%?%gécr?? n Hg&wg@bgﬁxcgﬁggpgi C&F%Rg%‘ﬂﬂoﬁﬂf db”é‘%ﬁ

pr ot ei ¢ifveRpe 4E) FORSEN(SAeE YLK el ) (1599)aldeitidtioAns a®fovel structural protein of
arteriviruses. Journal of Virology 73(8), 6335-6345).

The function of the E protein is not known, but it is conserved in all arteriviruses. Knockout
mutations in equine arteritis virus have shown that the E protein is essential for virus replication
30  in cell culture. Unlike the other structural proteins of the PRRS virus, which ére each encoded by
a corresponding unique subgenomic RNA, the E protein and the GP2 protein éhare a single
subgenomic RNA. ORF2b (which encodes E) is completely contained within the larger ORF2a
(which encodes GP2) and utilizes a different reading frame. Although the ATG initiation codon

of ORF2b is located downstream of ORF2a initiation codon, it is in a more favorable context for
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this type are valuable, either alone or in conmbination with other
attenuating nutations, for designing novel PRRS vaccines. DEFIN TIONS CPE
i s cytopawvbi2eoefsimet. The term PRRSV 'E protein" or " OREZIBHIOSOIESE6 as
used herein is defined as a polypeptide that is encoded by ORF2b of both

t he Eur ' t [ I £ of het

st uct uraroR i R ptfh P pnali it itfucaftiond s A Rpdfic Ra.
cor r es pavieli WgHU et 6l 62600 ANIeREDa fNAturhingofeinsfqioetine fapeodudvEInyd RESitRbY
share a single subgenom c RNA. ORF2b (which encodes E) is conpletely
cont ai rrvadsgmenyifsteReoded by PREF Mrqlogy 28 (Dnddte8DGP2) and utilizes a

di f f g frame. Alth ATG i i § i at i don of ORF2b.i
[ ocat ed downQOF LA GE St RS bHSseS REpuly { i Pk CS o ksl P

contsextihé @midd RAGseyubmie dfthdit Eglr\ﬁein@,rﬂﬂ pbsitiOisyTedNdY54 NEsifd AATRIFSCHRLO DA
produced fromthis subgenom c (Wi et al., 2001). The term "European
PRRS vidlogs ofiNgrédy AmepicamPRBSrisolate 1l 2BrE49 andrCx} wereiindjviduelly mueatédto serine.

Chrope EHAETeG IS B i b o TR o Rt b2yl ™ '
13: 121-gdr3@lced hizh RO 6f FidBshyVikttSrorh ﬁxeﬁi}l&@t@g@?%mﬁlermfz@tﬁ-@dgmnh@199%-6”t

as "Lel'ystad virus".The térm "genetically nodi ", as used herein an

unl ess @h4feyinissieasi matlitypasshgedrendhtitrated oen MARCceHsitBowevehythdBIZRE-C54S virus
interveption., The term"host cel] capabl e of supporting PRRS virus

roplth ¢ TRfYed LR PIAdE morpRolGEY st Qenchydied) B st p P e rebus
PRRS WhebEs! ThR/mhhfiGeiRMIPlad IPARhESIERAn M figd Vvirus or pol ynucl eotide of
the invention. Such cells include porcine alveol ar macrophage cells and
deri vati ves Edropmngenetypt PBBISavirusescoonpdimgeingls dysteinviresidue atgiobisionrdd, which

derivatives of MA-104 cel . - 145, cel nd derivatives of MARC- 145
ol | 5 cebERRands PRFeBr e G3% i Rorh TR SRS T Whes B frojsiLagguences ar
phenot ygnad. Weeexgéefem leAMifHtRnMARS1 34 Bufsileh® PRRRY £ Bfdtein By lel6@dd oCcapabl e
of supporting PRRS virus replication” nmay also include cells within a live

pi gi5 Thsabstgnter)iwithhare ae siterad phenfotypepimiparde £1239-E-G54S imsedimuiltore andawidl kehe
production of . anti bodi es d/or cell.s (sych as. T | hocytes) that are

G ot oy ies (Aa 3 d BeloR wh et b SritFioh red Tt g b Rord

par ti cUl Akri@ PRI hfid BRIGPEREPRR SRSt Ala ‘@BhicIRil sl PRER miRfidARLASES
"an effective i mmunoprotective response”, "imunoprotection”, and |ike

ter ns, thistygsarp valoablefeithnralpneseimtcombpimtionovith othematenudtingumetatienspfrse t hat
is di redct.ed. ag]?)i rﬁ%‘gg e oL _nore antigenic. epitopes of a pathogen so as to
pr ot ect!cHGHNEPY VBT t he pathogen in a vaccinated aninal. For
purjgoses of the present invention, ppreNepIORS agai nst infection by a

pat hogen i ncludes not only the absolrute prevention of infection, but also
any det ect aldCRE iscjtepatiun effactt he degree or rate of infection by a pathogen,

or any detecfabl e iQn in. the .t f, ,he disease.or any synptom
or condi 1 orttiedsdt PRAS B Rrpiitien SHHA Mateint Royse Herie indesaet pndr od
ani mal 3 RAIRALEGs bRccRd BYHEEIY Gitth HRIFRESSAn ARd MihericAR iRId&Cs A PIERS

i mrunoprotective response tan be induced in animals that have not

pr evi ovsitug. Dadke thefathdrestiuctiutdl prdteinp af the FRR Sinighviso whacheare eachi exceddddsy avi t h t he

h n e ti f v i.natjon n eff ive i nopr ve r n
pat25Og%orrgépotngl%gtun%e%ubge%%(r:mc ﬁ&\]‘ﬁ? the éprgtemea%h theeGb protgl s%rgcatsmge esponse

subgenomjc RNA. ORF2b (which encodes E) is completely contained within the larger ORF2a
(which encodes GP2) and utilizes a different reading frame. Although the ATG initiation codon
of ORF2b is located downstream of ORF2a initiation codon, it is in a more favorable context for
translation initiation and is probably the primary product produced from this subgenomic RNA
30 (Wuetal., 2001).

The term ""European PRRS virus" refers to any strain of PRRS virus having the genetic
characteristics associated with the PRRS virus that was first isolated in Europe around 1991 (see,
e.g., Wensvoort, G., et al. , 1991, Vet. Q. 13:121-130). "European PRRS virus" is also

sometimes referred to in the art as "Lelystad virus".
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can al so be induced in an ani rral al ready i nfected with the pathogen at the
time of vaccination. The term "nutated" neans the replacenent of an am no
acid for woabdwasios the replacement of the coding nucl eetirdB2doyosaat her
(e.g. Cfor aT), i.e., a so-called "substitution” preferably in a way

that t he en ded_amino e n ation
"del etion" tF%egelniegggﬂ’gq]ﬁelfc %‘%ﬁd :ﬁé“’ﬁﬁ z}4\/\}5(113/}3 CAr rr ISSLIHd“faK ({’]Héeaﬂodi ng
nucl eOtgeHéhc%ﬁglﬁﬁﬂﬁedbﬂ'h@mhﬁfiﬂ&rvélﬁfdnh Anerican PRRS virus" neans any PRRS

virus having genetic characteristics associated with a North Anerican PRRS
virus i sol atBhe teme thest celboapabde of suppoeting BRR$eviPmReplicatien’t hieansiwesllflinest

0!8 e i B SRR iy S S i G

PRR t.
S8s. 95 @?’“bl%ﬁ b gfetg{gt:d‘}raﬁl(ﬁ%%gj{‘ cdlls el p orcé%%ﬂv?\(/gagr %ég(g?ﬁ%g CelldUifes . 1995

: Ar c h.dérivatives bl Portie5l iebdlB8)macaophapibedlls, Muﬁeﬂ@‘teailsl%ﬁ&ﬁenvatu&s oE M Atl64 Vel 385
(Meng, X.-J et_al 994 , . J.CGen al . 75:1795-1801 Geneti c )
char actMPRG: %’%?“é’ﬁé‘r“‘j{tdsnbaé%weg%& 365 e gﬂ@a@%ﬁ Bleferacior t dsmensirating
acid s ' AR e
For m » SRe AR pRLIR biblbe O leyqltioh Ak A T e T oL APl apibl; of
nucl eotsupgorting PRRSevirsgeplicaton’dbmeyaled inciudearlls withara I?Rﬂﬁgvr rus pr ot ein

wi t hout an intervening stop codgon, The terns "porcine" and "sw ne" arg used

i ntl8r changedifieyerie [ BNMUES Jesponse’ f05 PURPseSAL this nt‘rrafmlr megng hapEpdugtion

famly or

+ prrsARtERE: Bl B (oh 2P T3 ReyePh arcfed B Bl B bl e 0T o
eit her deb@nﬁ@iiﬁdh Ariahibitioh off a partioplanntigBiG epitopes@parthuilaraadgdnie epitopes.the
term"PRRS" enconpasses di sease synptong in swi ne caused by a PRRS virus

non

i nf ect |p@ﬁase5@alrﬁ§feéqu)rnr§uwrgt9%\tedﬁ@qnﬁrcr u&@luwots‘rt@nno%ndr likgiteras, {5,
abortr |

oss. opopiefsEEeBReet AT Eon, B | Bt ledbbgonsé BaPl eplel sflibe Bk e
that i &ntlgaﬁ@élﬁtdpes pf DgathegdiRRSS t6 posecs againa infectich Byt pathbgéminectacainpied,

but which, either does not produce any di sease synptons normally assqciated
with aappre. ForRERqsshof ﬁlrerprré%n lgver%wnprrefrﬁegsa&%r&ﬁ IfECHANINER P aamgepdn%{u es -
| esser I

conpar eg?gﬁﬁgh%\n saﬁgé;%géﬁlroﬁlofefgﬁ?tr\ éctl on he&{&érm h{r?gﬁ)snflggtlé;% ost

cel 1" reens infeainibyad pathagey, drasly deekctabkureduciioniis tibeseerity of thendiddasdart anyt
5,600, 662, incorporated herein by reference, when transfected with PRRS
virus RXADIEH omqmz%l rgsylfipng fromdafﬁsrner bpiiePahasen Hsthe IMACIBFEh @M BYuct | ve
|nf cti I a 4
rep |cat8 ?lgh&d %Bﬁ%&l agﬂlﬁ%ﬁﬁ%u Rhggg&“%g ynu Qgﬁaﬁg%nﬁjﬁ& agé) ®can
be genéhdwad iyanimiabithat hase ngt previondly beert infeewdnvitiute patimgan tud/bihars @oof
ordinary skill in the art, including by site- drrected nmut agenesi s, or by

r andominfeeisd sHiihe Pathesensal the tigg Bégﬁﬁcé“af‘B“c‘%%ﬁf BCH Ve HFHASRIOteRivE gesponse
radi at.ig Ef% r

st andar’ rre?ho S %w n grn]%feéhf'fraéy&h%(%& @itrht?%s%r r CH%t ﬁ%l}%lggfnesrbsn %see
e. g. Sanbr odkeatrndi‘mufdteddmebhd meué;ﬂaceﬁlennofhzgr anAinbailbiar fat amgthéfmmbé 2( nd)
ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor. ) of an
i nRact |r@ﬂ§°e§t?ﬂ§/°fa@eﬁé@ég ingelgotide By angiher én8dr ot Thie-, aAenrall@;subMererr ol

1998, %ﬁ&era%@%n %Q@y that the encoded amino acid is changed, or any other mutation such as

"deletion" or "insertion". The mutation is always carried out in the coding nucleotide sequence.
The term "North American PRRS virus' means any PRRS virus having genetic |
characteristics associated with a North American PRRS virus isolate, such as, but not limjted to
30 the PRRS virus that was first isolated in the United States around the early 1990's (see, e.g.,
Collins, J. E., et al., 1992, J. Vet. Diagn. Invest. 4:117-126); North American PRRS virus isolate
MN-1b (Kwang, J. et al., 1994 ,]J .Vet.Diagn.Invest. 6:293-296); the Quebec IAF-exp91 strain of
PRRS (Mardassi, H. et al., 1995 , Arch.Virol. 140:1405-1418); and North American PRRS virus

isolate VR 2385 (Meng, X.-J et al., 1994 , J.Gen.Virol. 75:1795-1801). Genetic characteristics
-5-



Accordingly, the subject invention further provides a nethod for nmaking a
genetically nodified North American PRRS virus, which nmethod conprises

mut at i ng wbeodddsimequence encodi ng an i nfecti ous RNA nolpecuBmoni3eés encodes
the PRRS virus as described above, and expressing the genetically nodified
PRRS Vi el 1d13dri3hiE nSlibAifHR!sEqhBE GRiaATY MISHERY afddERRbe a}ﬂirérigspaia}édﬂ% PRRS
virus can be”expressed froman isolated polynuc e nol ecul’e usin

Sui tablNoxﬂxAmmHRRSshmssUgameral I y known in the art, exanples of which

are described in this application, , ﬁéqrrpl e, the i soI ated pol ynucl eoti de
mol ecul e canlI§deim ""PREN Fadingkrame), %‘srﬁ a’paémsédb?fe@xmeé%ssﬁiﬁgnmﬂ@lencoded

virus i cger?gffée g&g{aﬁc& @h?eﬁ% bnddde e&hﬁy@%@; QﬁésC;gAﬁl%? W tﬂth%nHHt%ﬁveﬁl%t ai |

bel ow. I C 1sotypes ei n P A PSR Y B nown
ar e st hatopcoddhno aci d pol ypepti de of Anerican PRRS as predicted by the
sequence reported in Genbank Accession nunber U87392 (al so known as VR2332)
at genome poBieteoRs' porcines ang ''syine' peused lpﬁeafcmaege@blyﬂ;ﬁrmhen@ai@retn@eyu n

Genbank _Ac i.on F oMn as RP129). re

o ot o e iRR SR pRAIRE b RE 2R Sl A MRk 2 e MR RESLERRSDS, ¢ e
by Genbask" A% CBRREW™, AUKBE helVBH 2ARRsy @h&viddiawiary, ﬁlbﬁlslaﬂ x&m%fbﬁﬁérah@) at
genone positions 11, 801- 12, 013. The North Anerican PRRSV E protein

sequend‘é@ilaAéleanhMﬁlUQP@erRlﬂ%S ¥ingses.he reported sequences have about 93%
identity wt Aneri can .and Eur opean PRRSV E&%Ot ei ns

t h .h
L o s T e, e e SRR e RbeS T 0 Rt SO REA Y SRR a8 € e
cystei RS vfr@ssinﬂeéaox‘é%@afxnﬁm%f\éeas% Bfhs FHed@deEnir 28 ﬁbt’]uhﬁ&i @t 85orfbAlin

residue 5 1 of the Lelystad isolate protein. Figure 3 al

vi sual mzwnaornfemalqsh@d@w gravghiespirateny difficultigadpspraftappetite, ankiendltadm}sm ved
cystel st.ei n nser ,et en Eur.o nd ri can PRRS
201 at S0unerhieS xS HGe G * ERRRGTE NG i SnibiETe bP GRS PRRRL SRR avis Bt he
dat abag@n @iFedtiagfig, Bl WhidheSither Aodd ot PhdtRice Eﬁ%séa%@'sﬁhﬁt%msvﬂyrﬁﬁllﬁhﬁbélaﬁﬁ

nunbered di fferently, |dent| ficati on of the proper” cysteine is readil
achbev efdtlbayPRB§nnfef:Wrngl tbe pige pvpI9dutrasuch symiptoins, tatitma lessirdsgien, o Mes
strain int erest an 80 %f*’t with a re erenﬁgfstra i,S_an obj ect

of the pFLk ‘H{ml?eﬁ\?@ﬁ‘f‘i §a 2 RRPATG 0F Wi fpe Vé"HEecS‘&f el ei ¢

aci ds such tmtteﬁrhetrsﬂﬂs&éa%&tveaueyﬁ&ﬁisq)@adtﬁalﬁ wmt @éil fich faeis A}xcnbed in
substitution, deletion or insertion such that results in a small plaque

phenot ﬂ)%Patmtl 56600662, trcomopated hmmdrysrefemmceeWhm tmatSéeCtddemh)HB&Sv*edeilﬁAel ne

trod db di f. | t di
?rnse'n? chh DH e 2 i P PR wond XN ef0dsf e R o sl 3 S Po S ceh |
2, 28, 4apabldof sGppSting PRRS vifls ﬁ%l’i’&tl@ﬁ” Ssddfiall bERSWhuldbetuldga.el i m nati on of

the conserved cysteine and in ich said deletion or substitution results
in small pl é’@ruelughemﬂ lyprculns eaneba genaticadbytmytatedaising rpcosfitdnang techntyuds ment

woul e eti o r n of 5 ess. a acids. Anmin aC| s can
ol o i8P85 k. B oringhl S50 1, B0 o mdping 67 S B e Rans Pt iy andoin
secondafiya dg%ﬂelslg archlaarby eRp&ufd 1o &Eﬁw Hiuagefis 6OMSRAMBEN, WS kAGRE int {HdlarOBaliP
recognl zed in the art as a substitution of one am no .acid for another am no

aci d t matatfons nedyrhiel carrigelramb by stapdard myethedsdmpwacn sle artitel gesiteudirsctiedut i ons are
S et OUtmuItr!l’]ge-lll-gsxs {asee e g §ambr\(l)\8( et7 a{doazé%g) M%?e%%la} %IOIBUblA ihgoragv?y E/Panual 2(nd)

ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.) of an infectious copy as
described (e.g. Meulenberg et al., Adv. Exp. Med. Biol, 1998, 440 199-206).
. Accordingly, the subject invention further provides a method for making a genetically

modified North American PRRS virus, which method comprises mutating the DNA sequence

30 encoding an infectious RNA niolecule which encodes the PRRS virus as described above, and
expressing the genetically modified PRRS virus using a suitable expression system. A genetically
modified PRRS virus can be expressed from an isolated polynucleotide molecule using suitable
expression systems generally known in the art, examples of which are described in this

application. For example, the isolated polynucleotide molecule can be in the form of a plasmid
-6-



13, 1997 (PCT/ GB96/ 02197, filed 9/6/96), inmediately bel ow. TABLE A -
CONSERVATI VESUBSTI TUTI ONS | SI DE CHAI N CHARACTERI STIC AM NO ACI D Ali phatic
Non- pol arw@2806Rs5k396 V Pol ar - uncharged C S T M N Q Pol actaBzhsn@gses D E K R
Aromatic HF WY Oher NQD E Alternatively, conservative am no aci ds can
be grouped as_described in n| nger, Second Editi o Wrt h
Publ i slf@pable phexpregsingyhg ?L@?’é oo ol o S?‘[ff 95t§8 "b%g‘t”or as ip4lgpegibpd in firther
[ md&%‘lﬁ’#@’ow TABLE B - CC]\ISERVATI VE SUBSTI TUTIONS Il SIDE CHAIN

‘AM NO ACI D Non-pol ar (hydrophobic) A Aliphatic: ALI VP.
B. Aromati cExﬁlﬁNstf sﬁeélﬁuﬁsomjetaf Elpngelnmmch Aercdaehtiylenovwn Mamltm?gadrmol ar
A. Hydro; C...Sul fhydryl: C D. Borderline;
Posi ti \ﬂevgpcdymgé@ot B&@Flé% PF(RFQ aHPF@é‘&‘éﬁq b/)é%ﬁ seguengtePpred i Ggnbapk: As still

Tanro. ARG PTG AT AR BN AR TR e o e &

Oigi nqired?aedi ﬁxl)ﬁne@éQﬁ%caﬁryG&MklAdctéssm rAintbelr AF494042 (alo, knowhrag P(1BY) ands,
G n, Asn Asn G@n, Hs, Lys, Arg Asp G u Cys C Ser
reported as protein AAM18560.1, and the 70 resi ue European P protein as predicted by

Genbank Accession number M96262 (also known as the Lelystad isolate) at genome positions
11,801-12,013. ‘ _
10 The North American PRRSV E protein sequences are highly conserved and the reported
~ sequences have about 93% identity with each other. The North American and European PRRSV
E proteins are about 83% identical and share (among many other residues) a conserved cysteine
at residue 54 of the VR2332 and P129 E protein isolates and residue 51 of the Lelystad isolate E
protein. Figure 3 allows visualization of the cysteine which we have designatéd as the .
15  “conserved cysteine”, i.e. the cysteine'cdnserved between European and American PRRS isolates.
“The numbering of amino acids referenced above is according to the database entries mentioned.
In all other PRRS isolates, which might be numbergd differently, identification of the proper
cysteine is readily achieved by identifying preserved characterisfic amino acids in a PRRS strain
of interest and aligning it with a reference strain. It is an object of the present invention to
20 modify a PRRS virus or its encoding nucleic ‘acids such that the conservative cysteine is
eliminated either by substitution, deletion or insertion such that it results in a small plaque
phenotype.
- Deletions or substitutions that eliminate the conserved cysteine are introduced by
modification of polynucleotides encoding viruses of the invention. In a preferrgd embodiment a
25  deletion or insertion comprises 1, 2, 3, 4 5, 6, 7, 8, 9, or 10 amino acids that result .in the
elimination of the conserved cysteine and in which said deletion or substitution results in small
plaque phenotype in the resultant virus. A preferred embodiment would be a deletion or insertion
of 5 or less amino acids.
Amino acids can be classified according to physical properties and contribution to
30 secondary and tertiary protein structure. A conservative substitution is recogﬁized in the art as a
substitution of one amino acid for another amino acid that has similar properties. Exemplary
conservative substitutions are set out in Table A (from WO 97/09433, page 10, publishéd March
13, 1997 (PCT/GB96/02197, filed 9/6/96), immediately below. '



Adn (Q Asn Qu (E) Asp Hs (H Asn, @n, Lys, Arg He (D Leu, Val, Met,
Ala, Phe, Leu (L) De, Val, Met, Ala, Phe Lys (K) Arg, An, Asn Met (M Leu,
Phe, |ie wbeoddt)s1deeu, Val, He, Ala Pro (P) Gy Ser (S) Pomridtws/00BsecSer Trp
(W Tyr Tyr. (Y) Trp, Phe, Thr, Ser Val (V) De, Leu, Met, Phe, Al a
PREPARATI ON OF GENETI (PMABKEMODICONSERRAT IWIRSEHRIITUNIONG 1 DNA t echnol ogy
conpri ses extrenely variﬁg‘g and powerful nolecul ar biology techni ques ai ned
at nodi fyi ng nucl ei c SAIPESSHAIN: he DNA | evel and nakes it possible to

anal yze and nodi fy nol ecul ar | e | S respect viruses
such as the PRRS v(ljrﬁt%s Z%Issteﬁgf t he smal | s‘?@QNgadlii genone, is

parti cul Aliphatianenabl e to such mani pul ati ons. However, reconbi nant DNA
technology is not inmediately applicable to nonretroviral RNA viruses
becalse thes®ogiRolafes do not enconmpass a DNA i nt@AnRdi ate step in their
replication. For such viruses infectious cDNA cl ?_[ngs have to be devel oped
bef ore reconbi nant DNA technol ogy can be appli ed their genone to

gener ate npdldri-@dchdrgdds. | nfectious clones can keggegs ved through the
construction of full-length (genomc |length) cDNA (here used in the broad
sense of a DNA copy of RNA and not only in the SN ct sense of a DNA copy.
of nMRNA) o%oiargg T}/i r&? under study after which aﬁ%tnf ectioustranscript is
synt hesi zed I'n VIf8°T n cells transfected with t full-1ength cDNA
Infactious transcripts can al so be obtained by igwgvitro transcription from
full-length or ligated partial-length cDNA fragnents that conprise the full
viral gévematic|n all cases, the transcribed RNAEEWi¥es al | the ‘ :
nodi fi ca(t)' Qns t hat have been introduced to the mand can be used to
further passage the thus nodified virus. The pr QA& on of an infectious
clone of a EnntemeavelyRBRseH [ ; VI 4l.g .1 hed in US
Patent No. 6,268, o enaglél'r%gahgft@(g il ca{fﬁ‘%e)f?%a#dz%éff?cm’lmﬁaé Ei&g‘r“%ﬁ’eby'

ful ly ilFiethsaisitye §eenndrEdivorsWerth PhilishersplcaNiYoN Yofl 925), ppuf7 371, @s Setciohfa

cl one rth Aneri.can PRRS virus isol ate designated P129 is descri bed
in US g{é%bzeng?’él}%ﬁﬁ%bzbe&‘hert et al., Decenber 31, 2002, which is hereby
i ncorporated fully byrABL®BICONSERVEECAHER TIT I s disclosed in
CGenbank Accession Nunber AF494042 and in US Patent %%%2 Cal vert et

al ., Decenber 31, 2002. SIRE GHAINoel ow makes use of such an infectious

cl one which in the C%@ém}s (ran;jd isAWSSASEﬂ)by the‘ cw i}rmedi ate

early pronoter and h

20 Non-polar (hydrophobic)
A. Aliphatic: ALIVP
B. Aromatic: FwW
C. Sulfur-containing: M
D. Borderline: G

25 Uncharged-polar
A. Hydroxyl: STY
B. Amides: NQ
C. Sulfthydryl: C
D. Borderline: G

30 Positively Charged (Basic): KRH
Negatively Charged (Acidic): DE

As still another alternative, exemplary conservative substitutions are set out in Table C,

immediately below.
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pCW- S- P129 and is al so disclosed within US Patent 6,500,662, Calvert et

al ., Decenber 31, 2002. As described in US Patent 6,500,662 Calvert et al.,
Decenber Wb,2080823960t her plasm ds and pronoters are al secsuBtmbb@sedt is
apparent that given the conplete sequence of any open reading frame of
interest and the | ocgty ' ' [ ' est one of
ordinary skill need qrr'%exre yqézoﬁ?lﬁmgvéggg% %%ng?gqgggs{gﬁichanges at the
parti Cl@ﬁinﬂq@stdu@n desired. TABLE D ExumplgrySubstitotienfrom E protein of P129
i sol ate GSI QSLFDKI GQL ATG GGG TCT ATA CAA AGC CTC TTC GAC AAA
ATT GCAGAS)CTT FVDAF TEF L v sVaLlewIETT GIG GAT GCT TTC ACG GAA TTT
TTG GT%IT%)ATT GITGATI I I FL A IL)b @h&/’@n—r | A ATC ATC ATA TTT TTG GCC
ATT TTERHTY GEC TTC ACC ATC GCC G W LA |l RLVCSAGGT TGG CTG GIG
GTCsTTIASHGN)ATC AGA TTG GIT TGC TCC (Gfa, Hi; LgsAflg P A1 HP E QL Q GTA TTC
CGI' GCG CGC CCT GCC ATT CAC CCT GAG CAA TTA CAG K1 L * AAG ATC CTA TGAA
tabl e dispd@)no acids and their represéiative abbreviations, synbols and
codons(jh,s ?; t forth belowin the follgwi ng Table E. TABLE E As is well

known iGYS( art, codons constitute t eirpl et sequences of nucleotides in
MRNA angiptdagi r correspondi ng cDNA ol geyll es. Codons are characterized by
the base uracil (U) when present in a nRNA nol ecul e but are characterized
by basdSlulEji di ne (T) when present i nASINA. A sinple change in a codon for
the sane aino acid residue within a pol yqucl eotide will not change the
sedﬂengg‘szllgﬂ structure of the encoded m’ﬁg‘gﬂrxsd 1t is apparent that when
a phrasnae@)tati ng that a particular 3 pachapiveieAsePuegnce "encode(s)" any
particular amno acid, the ordinarily skilled artisan would recogni ze that

t he tallles (Bpove provides a neans of iBeMaliMendla,Pheparticul ar nucl eoti des
at iss;Le. way of exanple, if a par‘%‘i cyl.ar, t hree- nucl eoti de sequence
encode yé)f eine the table above di sciEeS™Mt the two possible triplet
sequenggg @ne UCC (TGC if in DNA) and dfSphé Tifer if in DNA). Serine is
encoded by AGC, AGU (AGT in DNA), UCA (TCA in DNA) and UCC (TCC in DNA),
UCGs ( T®Bei(F) DNA) and UCU ( TCT i n DNA)Leuryal, lg, Adhange a cysteine to serine
r esi duq)Ai@gp)an encoded protein one m ]t replace a TGC or TGT triplet with

any of AGI, TCA, TCC, TCGor T Y the encodi ng nucleic acid. The
constrts%}i(gn of just such a nutant prpgein E pol ynucl eoti de sequence is
denmonstrated in the follow ng by way of illustrative exanple. EXAVPLE 1:
CONSTRUBFKTON OF SHUTTLE PLASM D PTB- SMUTTLE- PRRSV-
Trp (W) Tyr
20 . Tyr (Y) Trp, Phe, Thr, Ser
Val (V) ‘ Ile, Leu, Met, Phe, Ala

PREPARATION OF GENETICALLY MODIFIED PRRS VIRUS

Recombinant DNA technology comprises extremely varied and powerful molecular

25  biology techniques aimed at modifying nucleic acids at the DNA level and makes it possiblé to
analyze and modify genomes at the molecular level. In this
respect viruses such as the PRRS virus, because of the small'size of its genome, is particularly
amenable to such manipulations. However, recombinant DNA technology is not immediately
applicable to nonretroviral RNA viruses because these viruses do not encompass a DNA |

30 intermediate step in their replication. For such viruses infectious cDNA clones have to be
developed before recombinant DNA technology can be applied to their genome to generate
modified virus. Infectious clones can be derived through the construction of full-length
(genomic length) cDNA (here used in the broad sense of a DNA copy of RNA and not only in

the strict sense of a DNA copy of mRNA) of the virus under study after which an infectious
-9-



3997 A shuttle plasmd was constructed in order to facilitate the

i ntroduction of specific nodifications to a full-length PRRS virus genom c
cDNA cl onwo 200605986 bp fragnent, representing the extremeridB20eso3ass t he
viral genone (nucleotide positions 11,504 to 15,416, including a 2 1
residu &kl 4ralapfe@tt3 r S was
PR ampl e B B e o DA TR oia
(US 6, Sﬂﬁscﬁﬁﬂs &in) als3Bx0obigined by or vitro drapsdription Mhﬁﬂlt—lleegtﬁ\m 1188@1 partistlength

f
T AL I G i 2 s 200 ©

ATCTTA ) f
dNTPs, i Al ﬁioigm\/lE g ln%aﬁéédq?ﬁl}{%@%%ﬁ? Syrdbe oo il ?’?%FF%. 8),
2 il l\/tlﬁﬁms&loﬂ‘irﬁé&wmn X-100], and 2.5 U of Pfu DNA pol ynerase
(Stratagene) using the GeneAnp.PCR system 2400 (PPer kin Elnmer). The reaction
was heated ukherRsgpasatignpfan 1@@@‘%(9 %flﬁb]fécﬁ%@lpqaﬁ :BEBS:YI‘E‘FSe@O]Bﬁe Lelystad VEUSi on
under t [ at C itiiod

annoal iingessfibtbl 08 PABRENG: €268 1S DRbith ki 8 aE 3RO 20O i ey Y o
was cl ghesipdrated byrefepehceleBhe/prepation ofiai ingectibes ADNARore dfl adNa@aAneridge ( t m)

PCR d oni nsg Kit XL (Genom cs One; Buffalo, New York to create .
pTB- shdiRR vm;s«e)a@mlgnmw&%lszd%m@%ﬂ Qe SFaty et sPeegmber | N

1590 vl ofO% v R B REARosied Raly e ﬁE“@*%%QP%‘ggr g N o

aci d pQeicidsedn G8ntantd ActessteNGnhed AF493045 ahdH QSIPEféIﬁt 6R06,9BAE Rl vert et al.,
EFLVSr VDnFLAI LFGETI AGALVWFCI RLVCSA VFRARPAI HPEQLCOKI L. The cDNA for SEQ I D

NO 5 |%€CSE@II B, RV% Arerekrestow skt crarant yedgaewhich in the context
?%EW AN 1%30?(, : diale ¢ {e@&@{ﬁéﬁ; designated

Ay ]
TGGT TTWW@@WWWEWWAT@A@A@& AGDECEMBAA, The
cysteine residue at position 54 (nucl eotide positions 12,221-12, 223 |n t he

P129 géﬁeaeﬁsmgcrwéénrabléc?a\vﬁnfﬁw 1063 Ealierry abdRessaben 35 4092 gotherplaynids

nmut age t d pTB-shuttl e- PRRSV-3997 was used as tenpl ate,
Wit homind, gorﬁ@&%ra}éngggk@% 45-Fwd SEQ ID NO 3

(5 GCATCAGME@EE&%@&M@@MAI&'ﬁme s'ﬁquenw(blfamjt bpim eadihg fran® of nt2RT: 4nd
12,238) and 2b- C54S-Rev SEQ |D NQ. 4 (5'- CGGAATACCGCGGAGCTAACCAATCTGATGC
3" nuks lesttioneofgaaning agid fesidusoftiptenest ‘2@8‘)f ordipary skilhneed mesglypopgult a codon

underll %%gg% r dout using 5 ng of

pTB—shu%ﬂlr‘ﬁg a?fht‘?(rghH§ “&%R Slglggdhgpeeach of the forward and reverse
prizgers; 1mM concentrations each of TABRE DGIP, dATP, and dTTP, |x PCR
buf f er—[10_ M. KCl 10 M (NRORSO4,—20 M- Tris-HO(pH 8-8) 2 mM-MySO4,

0. 1% TiGading &ethre fWEZ.’@tQﬁ@fPﬂ??ﬁlﬂQMepol yrrerase (st rat agene) . | The
sanpl gsTyet ¢ Tyctes ol Pt T ca Tonsunger te ot | ow ng
condi ti M den?t ;tIO at %940 forIPSO%S ||¢I)<r|m=,=tr an'%eal ng t:St‘t 550C for 1 -
m n, ElM‘GDfGGIEI‘I‘CHXTPHI‘PSIm RACGLOT FOTC 1AM RABOATECGGEoLCARGWCHE PCR cycl i ng,

forgsﬂ:g{ pro%uct vaas Adi gert e(;lr Wi ]L:h 1(}: U (i]‘ DRP' tg reIr'rDvth heDrret hy I‘at ed
TTT GTG GAT GCT TTC ACG GAA TTT TTG GTG TCC ATT GTT GAT
I I I F L A 1 L F G F T I A
' 4 ATC ATC ATA TTT TTG GCC ATT TTG TTT GGC TTC ACC ATC GCC
G W L v VvV F C I R L v C S A
GGT .TGG CTG GTG GTC TTT TGC ATC AGA TTG GTT TGC TCC GCG
\Y% F R A R P A 1 H P E Q L Q
GTA TTC CGT GCG CGC CCT GCC ATT CAC CCT GAG CAA TTA CAG
K I L * ' |
AAG ATC CTA TGA
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DNA tenplate. E. coli XLI -Blue cells were transforned by heat shock wth 4
m of the PCR-Dpn | digested reaction containing the nmutated plasm ds and
pl at ed orwenoks®segyar pl ate containing anpicillin. Col onirpes/Bsnsorassdom y
pi cked and cul tivated over night. Plasm d DNA was prepared usi ng a Q Aprep

o ser iAURIERs Splinh 2R BN i FepRERRRET e EIOAT B %ﬁgorﬁse‘élﬁeﬁ?@' "
pl asm d)eWu{\ﬁh@ﬂ‘dllNiﬁghlabteJE E- C54S. The sequence of the nmutated ORF2b is

given in SEQ ID NO 7 ATGGEGGICT
ATACAAAGCCTCTTCGACAAAATTGGCCAGCTTTTTEABEATECTTTCACGGAATTTT

TGGT GT CCAT e ATATEARCATATT T S TFESCTTCACCATCEES
GGTTGECT TTGCAT GFTG(:F% LCGCAEGTATT

CTGCCATTCA( r@AGCAATTACAGMGATCCTATGﬂQCAnd Che od€dUpeptide|is given in
SEQ I D NO |8 AV m > | S VEAFTEEL VS
c RLVSSAVFF@ ":[HPEO_ hutitle pldasmd |pTB-ghuttlle- E- G54S apd theé wild

type full - Aspgtdecigenon c (ﬂsmne pCW'S- PA09 1§8Vh |cont di n unj que EcoAl |m and
BsrG | si tem\l&{ﬁgg&linn‘ﬁ—?@u and L, g92,GRRU BAG t[i ons L1, 78p and[ 12,692,

respectively) ach pliasm d waq digestled wilt Fq47 HIi and BsrG |- The 908
bp EcoAl mEh@whtanipe f r agredbe wag gef - pyPY€i efUPr qm pTH- shutf | e- Ef C54S| and
the 17,984 dIRideCOA HI| - Bggils T [f T agnengcrasicaer - TTIGED TF om pCW-35] P129.
The two fr agner igated lusing 14 _u_gﬁsn {(Havitrogenytto | -
const r uct %gli‘ﬁﬂ“s- modi ff ed Hul | -|l enfdt h [g¥RonffaY cllone. E. co|i stfain

Col Onl es ro onl net Ad nl ot o5 r\nn-l-

LI >3 EAYANAYARAY I] ]II I_IJ

DNAs were pr&Pared. Balsed ©h Xrie | Xdi i atlfterns|, full-1enpth cfones -
were sel ec ﬁhmeThe sel ject @eu cl gnesLwerfgUsequeGcgaus o [CUaf i COGt hEeUpr egence

g arprcTT—T o pr™s

DHS-a was (iEciasher ned vmtmelo M of tHeuhl %@Acormmeactl on.| Bactprial

of C54S no elb(I(IUII ) tJ‘Ftlu“-i oty enontc etk \,iuuc.‘Thc restd ti ng

plasm d was dhe5| gnated p -S-RB129-E- H RC 1145 dells Orown|in

Dul becco' s jAspadigineed Ealgl e Asedi ym (IDI\/EI\W}AQU Engnted With B% fefal bovine

serum ( FBSE $g bToO BRE)— pgy Cr 1T T Mp { TECA TEEE  90€G STEED! 50/ nl)
at 3 7Cwth h% C@ Cellls were deeded iln 35 mmdilanetar dishes ahd grown to

70% conf | u¢hegmineThe cefl | s Gier e |t r d@sf gedd Fﬁ?’ 44 h wWith 2| ng of
pCW- S- P12 IobhndtS Of par enkal JCMR S- HAGR aeMiccONACG8T nigcE! pleect | n
(I nvitroge-?#he—t-pa-ds-f-eet-ed—eel-l—s—m-pe—t-%' ghatled ati 37C4n D!\.%JEFT—

suppl ement €8 %% t h 8% HBS 67 5 |day3. F%V—ég Heilpea cyﬁgpapﬁpc ef1ec{ ( CPE)

was obser v@drebkigem 3 days r_lmst t[r ansf edaCon |aad flack heacspread tp

nei ghbori ng “ellv was—seer—py—a—days—Hosi—trapsfectop—The—spept-—-efty of

CPE was cohfiTmed by |rmun§/o Iucreg‘{:enc%&éel PUST 799 nd Ui nlg & r hibbi t

anti serum taplnst r udt ur &rp pr qt eiMis nM8eR and nsp3, and the N-specifijc MAb

SDOML7. Th Ghi oTE SUpET gt ants f,umv ngttu cehts—weretrarvestged at 5
days post - ?'ans‘#ectlo and” desilgnat ed P1?Q- E- CH4S passagel 1' (Pl). The

passage- 1 virus was used to i nocul ate fresh MARC- 145 cells and the 5- day

" $he same A Sl kWi e spoqncohyinitdurll 5adRee of el TniRA o
- 80C unhj iheiS&orrespEHUiRASISRACMBleciléd Ichddmdse xhatryaem Hy thé %5&%@&11 ﬁ']cﬁﬂH@n

assay, and the titers were determned to.be 1.5x|I (4, o,

pf u/ nm pfesentpassaBA mola:uleabld aBg chrasayperized \byl base Wylnddmy pi’é) MJQ@ pmscnjsn\mﬁA

gener aEAe(sjlrr];prlg r&& e 1nSa- Ec:)L on orr]qm;[ Isa{nrlea Euef\l(ljnol 201d residue within a polynucleotide will not

change the sequence or structure of the encoded polypeptide. It is apparent that when a phrase
10 Stating that a particular 3 nucleotide sequence “encode(s)” any particular amino acid, the
ordinarily skilled artisan would recognize that the table above provides a means of identifying the
particular nucleotides at issue. By way of example, if a particular three-nucleotide sequence
encodes cysteine the table above discloses that the two possible triplet sequences are UGC (TGC
if in DNA) and UGU (TGT if in DNA). Serine is encoded by AGC, AGU (AGT in DNA), UCA
15 (TCA in DNA) and UCC (TCC in DNA), UCG (TCG in DNA) and UCU (TCT in DNA). To
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parallel, yielding titers of IxI O3, IxlI0O4, and 5xI G pfu/m for passages 1,
2, and 3 respectively. The P129-E-C54S virus induced a distinct devel opnent
of cytopawbizeoeafsimet (CPE) showi ng sl ow onset of CPE appeanBrioso@ieh

di spl ayed a snal | - pl aque phenotype relative to the P129 parental virus.

Tr ansf ' e skfip i ] fotdiA 088 il AT
or nmut gdrl??h%gh S}:I one %Ch/ﬁ/g%idgﬁzl%grgé%@?gul ted i%ht\?ﬁémiﬁ%f%a?pgc? of %l?fh%?

i nf ect ewiticady of, AGRd ACHE Tl EEETGG or TE€TAN2e Enc08ing nuicleirsacibr e very simil ar
in size, but_slower in appearance to that .of. the P 129 parental virus b
bbout _day. 4 TESOR Ut aR B0 such bmuthal PotSiR E AR SHEIep e Sotugieas dbmpreira

extensiix&%@gﬂgﬁwgfgfiqllaytrﬁg,gl&?jgg?ays post-transfection) with areas of

dead or sswthin the whereas the parental virus sinply
shosed aEXAMPLE hic CONSTRUGHON ORSHUTTIE PLASMID I REB-SEEUFELE-PRRSV-
period. The difference in CPEis illus3g9gted in Figure 1. Viral titers

cor r espoutiRfle Ylabiid WhScohisfrh QEENES dbro Eitfititaldd th irtFRuBHE PO spétifik M CRioR

progeny virus than the parent during the first two virus passages (but Tess
i n t he to hifulilengthBRRSfVims gan@nicre DN A gloae.nd 35196 | bpdyagngens repmsenting itlgpuexdrethe

31t or ahena A e RbESERe bt gsudpesetioa) LpaRS B 308 induanga 21 raae "
P129- E%@@%ﬁermsﬂ%q%) AR %%fedo%ﬁﬁéam JeGort &gs&i&é &1@ BCHE afpFEA, geig R

pl aque I'ng and detachi ng sooner and nore conpletely than'in P1 aques.
Al t hougbactibe ircloded Jorg of pCMiYeS-PiR9 Iplasinad) DDA (8 6150662 A9, 30y ngaof forward

that t memrgolprenl sEQ B NG P RE AR Raa e GIUEAA RGTT ATy than
it i Thi i SAA i i i ,
gener ae ions I S60R] PESTD, 300 £ raPcats bRCt b A EREY Hefill SROFIONER 40

par ent ATCTEATOARGTCTEEATGCECHAGHOM: msiiunk 4,500 toil 5,438 I tniMteaph ofluce

) NI R O D AT S Hub TR e

pr ot ei - aff . € Y, Q?'?{Ij’] |

rel eas 2\’4 E%% @i lr?? ?g’z%’ﬁ(ui a?’ agig %ﬁﬁ;ﬁtdgﬁl “ ?(ﬁ‘&ngtsﬁokﬂ " PAS? gsutr?ﬂg%"o |%/%1Fol¢§e§l .CAmp
72( 3) : PCROsB&m L4@D@erkifriiaby! Tk rehctiin. was Heatedapdbnd anin iat 95° léhdkdiajeetedad ope
protein is required for the epvel opnent and egress of extracellular 'virus
and for35ﬁyslﬁ§0€?wﬂ|lf‘é%ee¥l ugglerd fRHoWinggonditipns- denatirattngst ;95€%ﬁr§%$cawr;merAn
AT Ca@nﬁé’&li‘ﬂg { Sy ﬁOYIIrIHi% <tétlsR R Db O 8% 151%1&[ ) eﬁdl@?ﬁoﬁu&' Wwas®loned. into
mat ur athon and Vira grow h 1 n macrophages and viral vitulence in swine.
JoupnalthopTrveBhue ogytor Wi Bihe TrddBlug BictilRom)dge PERCR{Clahing KivKin(Gehomiost ei n

Japanc e RupRaNF Coukhls Geus PRAr oy RS G nal "of Vi ol ogy.
78(19) : §&unide  Z2AKUBSTIPORION 6F CYSTERRRRESISUR rs4gi~: BROFTEANCEIO2B)

encoded w the uni que short segnment of equine herpesvirus
virul ence in a nurine noddlO GENERAFSPIZGE-CS48 VIRUUS287- 301, (2002); Lee,

Variani's of agAetin BhERBRYFIDshBRRGseamued o PR B rpa s e HpRt o
Vi S JONCO8] o Yicolclons 194185442050 1 NGDS NGRS PBRIGELFYDAET

At f'enuation markers of a candi dat e dengue type 2 vaccine virus,” strain
16681 EFDNSTSPIIELANMRGETIAG WY WNEGIRLMGS A VFRARPATHPEQICQKAg TlegeloNAdorl

The- 1 ol CEreanSEQ 1 NP ST PG TR ARAGAA G EGTT GRACB AT TAGEC
DI OV Ao e} PRI TaY R PACHYTCACGEARPHPROCTGTREA T BHRIKTAFERA AT AT T 0

di fferent strains ruses.
TTGGCCATTTTGTTTGGCTTCACCATCGCCGGTTGGCTGGTGGTCTTTTGCATCAGAT
30 TGGTTTGCTCCGCGGTATTCCGTGCGCGCCCTGCCATTCACCCTGAGCAATTACAGA
AGATCCTATGA
The cysteine residue at position 54 (nucleotide positions 12,221-12,223 in the P129 genome) was

replaced with serine using PCR-based site-directed mutagenesis. Shuttle plasmid pTB-shuttle-

PRRSV-3997 was used as template, with mutagenic primers 2b-C54S-Fwd SEQ ID NO: 3 (5'-
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EXAMPLE 3 REVERSI ON- RESI STANTMUTATI ONS OF CYSTEI NE RESI DUE 54 The C54S

mut ati on described in exanple 2 is created by changi ng a single nucleotide
in a singheeadsmesfrom TGC (cysteine) to AGC (seri ne) . pAlribmogh3aetequat e
for determ ning the phenotype of the nmutation, one would predict that the

resul t lgg%fcm%m@mm@@mm@d@mmeaw nBERURRSSLSkERN 1B09TS b, 35.238)

phenot at a relatively high frequency due to random nutation
nat ur ahnd2H-ESYsRev (QfIBrNGcI 4Qﬁhmﬁmﬂ‘ﬁcﬂGCGGA®Q’€AtAGmAAMBA'BGCy3T or
vacci ne purposes, would contain nmultiple nuc]eotide substitutions and/or

del et i Belcotifieiogitiens 11%297 H 1-238)t ke m%afbwqws Brderhiged: BERdareplificapens t | on

54 revertln s [3% 0 i r flankl ng
resi dud: re( ;l)ée&g?lg 1tn§5 3 es gﬁ“@%? %éd’féﬂ 0 alg%gjf‘?ég(y sé%achg)%th

Exaym ngdrivand 4id &b@sqsmﬁémq ﬁMeoﬁ&hﬁ*&h(ﬁmsteb@H oft§CTR dGTP, W@H@dﬂ’? Baly
two codons (TGl and TGC). Use of codons that re&gl re two or three se arate

nﬁcl eoPCBuiier 511G w1 K\in(&ﬂ%(lﬁﬂcﬁo‘lﬁ@ (29];5¥M|Tﬂ,5 BelmEd . IpiMamSlQad
it i S Bk aRa 2R ¥ of P PN ARV EReRY (A Renbr SR SArhilet BRI BRMGE 1 at ner

than | jetydieiof AMplficalibfindex HETbBSwRE cORYBHAS: ABndt@@tish aNd4°ToABO 9/ rinidy be
envi sioned by one of ordinary skill 1n the art. . Miutation C54S-2 (see

Tabl e #)neabrgiatt 3> °Crfor hais.and paimarexgosidn ehelT §efoaé2 mhe 305¢s FollowingdiCR but

the choice o ne .codon to T Thys, .t .
| nfiepensine e ECEPRABC Aibelrd RETo LB itydiiherdtiiastilammi codon
and t hpNX &*ﬂghhthl EMXofXIDNBRRIAE WefYRisFirMed b§ headHe&EwtR 4aL1iof telFC
Mut at i on 3 incorporates the sanme serine codon at position 54, but al so

al t er s digestesbrieeisorf eontdining ithremstedf plasmitT @id pla€t@p,anddd ages phBe ¢dntainin@TT t 0

GTA d. | t d
eos” 1 RRBieY b CilaREs el by amiy e g saisfed BReiniang R B DN RGRpreted " ©
functigg thmnga@I spiEminipep kﬁZQﬁdgﬁﬁ) The Precdice I ABsife@ThitdBo fréA Ty étbinl td4-

In the : mut at i on, and Sb5 are both nutated to encode al ani ne
r etd dusssine (CR4S)swas mxﬁedlbamunbopdfs@agmgaa@rtm resulting ipdasgud wais demed T B- but

ons. TGRS 156 avstes e Al dRESh G £Vt SEQUDAR 7, ATodbb P &
suf fi chenidAadddeTercEaTn AXATI GECCAtBT TR TECA TGCTTTOWE GG ATRT TS t

be nutated in order to generate a cystei ne codon. Therefore al ani ne
subst i TOGTENECEATTOTI A EATEA A TAT TIITHeCCATATTS TINEGEEIIIANCTCCAYCHCC - -

posi 11 SRR G TR A T TR AT R T Co R AT T R R

t hgy codeaed ATTERECATG RGCAKITYATIATSA RS AATCCPATEAS dnd Bleainebddd feptigy & Si on

of such nmutant viruses is predicted to be exceedlngly rare. VMen desi gni ng
r ever sgiven meSEQUIENNOnS: MGSIQSLFRKICMEFMDAF EBdo NS N\RAHIHE g\t FGFISAGAVIS¥VECT ed

in suc enzyme recognition sites are created or
destro €Bﬂ“&%§gﬁ&l{$@@r@ﬁggﬁ serve as conveni ent markers for -

di stingui shsmuergta TBQAUMACIE-08hS LA tHe! mdn@é fANIENSH siRMic Lidné peMpRse
of nutations C54 54- 55AA, and CSb54-55del’A (Tabl e mut at i on of the

S55 ¢ oSN 29 6athtasntsiin hriguer @@@s@r andefsrorl smr(oaitlems Rgj and 5,192, positiens

dest t | | U.

critzn Bl il R ol IRt SR o e R il BT LA e 9%
must  bg, Ea3H7 IUBSRPN fraPmbttiv R Oguﬁﬁédrfraaltpmmast@@swtdad@l?&?mwbﬁ he
process of nodi fying codons in n sonme cases don changes to ORF2b

can al Eed7ilHe By hvagoend vgzgcggbpmeﬁghﬁoquﬁMV S-P129. The two fragments were
ligated using T4 DNA ligase (Invitrogen) to construct a C54S-modified full-length genomic

-

cDNA clone. E. coli strain DH5-a. was transformed with 10 ul of the ligation reaction. Bacterial
30 colonies were selected from LB plates containing ampicillin.and plasmid DNAs were prepared.

Based on Xma I digestion patterns, full-length clones were selected. The selected clones were |

sequenced to confirm the presence of C54S modification in the full-length genomic cDNA clone.

The resulting plasmid was designated pCMV-S-P129-E-C548S.
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by ORF2a. The effect of such changes on GP2 protein function can be

difficult to predict and are best determ ned enpirically. TABLEFEXAMPLE 4
ESTABLI SHVvBN#6aF05PEENUATI ON At | east 10 gilts per groupperasiosbosded in
each trial, which are derived froma PRRSVfree farm Aninals are tested

free of PRRRIRIUMSRAS W Cp®RnUTDHNIBOY nRSMAFE RS0 felliey IMERTRSY. Al |

animals i nc In the trial are of the same source an he -
al | ocatuppleméntedevithré%rédtal bowinetserugr S Gibeo BRUDpeniedlin Ch0 Uﬂmg,emds

W th 1y ipae B TE wiohsi dh ol s o s Grdipuretes g 55 gst
poss: bEpia (ot pafiuhof e T8l ERRS e a0 P8 2 B o CMVER AT 11

deesred Csabiof pufeal pORIBSIP 29 planiid PGA Sising Lﬁ’ﬁﬂ&&ﬂﬂgﬁtrbgﬁl)GWtriﬂs&ctddﬁe
course of the study and at |east 25% 1l ess |ive health fy glets are born in
ed2

the Pledlscheielinqugaigdgt 36 @&M@é@umemme%wthm EBf daySAPRgﬁﬁ’ameenﬁc in

ot her words, | e ence as _t ni f4.cant
change OPP g EReSEE SR Dhet T R St Rrbig RSPl e BBt M4 B ce.

Si gni f L&i3AboriROiesIs AR sédh BLS h@e%s@msf&ubm erHeQpkéfitifgoPEPB Wik @b&firfntd tyhe

t est group (possibly attenuated virus) conpared to the P 129 infected group

| s pr eiremueqﬂuqcs)cemee@uetmylnensmg ialrhtju angisprun @b@pnstmna@l motebefrep%auhy 112

t I d
vedh phata fie SReEEE MR SHERY L s bl idpdtobals TRFL itstecdifeah it oa
one of hhhBstb@hd 9&‘&9@%0%&%&%@6&3 ah@Pdesighatede P12 B EUM I pA¥peed (Pg The passage-
P129-infected group is preferred: f.) nunber of piglets weaned per sow g.)

nunber 1ofiruk iwae ubshitiotihgcubitg freshs MR ¢- 138 ceboandvhebida Bapyestavasedesignaidd st r ai n

I bl
of f oot per-20 (P2 D BESee S vl s HEBAARE e BBy SSARRERT E8 pogsco ne
Pr ot eclss &opidinA%Rl Aifuotstt 84O Yis@ HRBRSadthe st plfzg-ettsas bl sialign

of the vaccine to one or nore unaffected pigs, a subsequent chal l enge wi'th
a bs ol phiquahdsyy,pnd ehastitersswére detrained tgbe 1 9R10f38810°\id2Bd6’ pfaimgfcntpass)ages

(oo . T 2andasRencceet N5 akdgo Ybs &5h geustised OB s 3425 S W3R o
to thm gﬁagye%ng)ﬁtewamtan% 1kYO! ﬁﬁdb%(ﬁ%ﬂ%ﬁﬂ' fPpaiged 03, 3h& 3irBspabtiel’

pi gs unprotected (i.e., relative to an appropriate control ).
Mor epar t i culThe PY294E1€545 esemindveedai dwnrrcagle\baéommnf tyopathiefeffect (CPE) by

o S 55 RE e S RSt LA SRt B S BATRT B
a 5@” g?l?@?ﬂ%ﬁtaﬁ itus( BrafbfelGdPof BARC QRS @ellpé Qitﬁ’ Gitﬁélﬂa}’enﬂﬂ cDONAESNe PEWI‘@ISi A
sanpfe I's then drawn fromthe challenged pig after about one week
and anPa29 enmutanocDNAl clome pEM V-S-P129-E-C548S resulted in visible foci of infected cells, and
CPE mediated by the P129-E-C54S virus were very similar in size, but slower in appearance to
that of the P129 parental virus by about day 4 post-transfection. However, the mutant virus
caused rapid and extensive CPE thereafter (by about 5 days post-transfection) with areas of dead
25  or detached cells within the foci, whereas the parental virus simply showed a modest increase in
the size of the foci during the same time period. The difference in CPE is illustrated in Figure 1.
Viral titers corresponded with this difference in CPE, with the mutant yielding more progeny
virus than the parent during the first two virus passages (but less in the third). The difference in
plaque morphology is shown in Figure 2. The P129-E-C54S virus produces plaques that are
30 smaller in diameter and different in morphology, relative to parental P129 plaques. The P129-E-
C454S plaques were more clear, due to cells in the center of the plaque dying and detaching
sooner and more completely than in P129 plaques. Although there can be a number of biological

explanations for a small-plaque phenotype, the observation of small plaques is direct evidence

that the P129-E-C54S virus is spreading from cell to cell more slowly than its parent. This
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virus fromthe blood sanple is then perforned (e.g., see the virus

i sol ation procedure exenplified in Experinment V]H below). Isolation of high
| evel s ofwbheosisizss (simlar to unvacci nated, chal | engeg¢ceaBtosbo3péds) i s
an indication that the vaccine may not be effective. Failure to isolate the
vi rus, charagtetibtit ¢aprbeafsedyin the geigent AMSaHEN Y gaperaigsan attenapted Mgsscdrulen) ivat t he

vacci ne ¥ ll(la_légfffectl%/'.&. tThus vn(\ﬂe ef fecti veness of the present vaccine
may be VASRING XNFE O AT POERY, ., a decrease in the percentage of |
consol i dat eqpddsadhdr EUfirRFossUXRMPRY of Qirdes AR Pefiuca b Mall PlHqhe bh %)s afidl
qualitatively (e.g., isolation of PRRSV from blood, detection of

ant i gemwHich are Ithmgielm penyatagrin Iﬂ}qmtlmhhpstsi Mathew &mil d'hioextacellntan domeinesf

T o PR e P e SRR PRI Gl St e
sem - qvlglpafcbmmﬂ Adthtal Forthatiof eJ‘éﬁfdai ¥t Vfrofo%? Pi%3y: 212034, 31908y EdRKpIdiAEd i N

det ai | or qualitatively (e.g e presence or absSence of one or
nor e syiiptvacainiarvims A2 dila dnoealope pexinis teyuindd fon eheomvaiopmesyansk agness ofuch as

cyanosi s, pneunoni a, art and/ or brain |esions : n_unaffected pig
< a p.egtrmﬂe i ind e prieisr ashaatg2RorE Eideo Dt pea e BRang
respir aly dﬁ@?é\%r VRLEERVAURLR$BHolo o, YL CAH LAY IRGS hafit Rl ral
porciné reproductive and respiratory di sease Infectious agent but is not
shawi ngreyiyih arragthagdsendivirbsieulerue inkwart bairpal @f Vrodogy. ﬂh@b 137DRS, @00Yt ons

of PRRS or from which PRRSV.can be isol ated.. Vagci nes of 1;l resent

i nvent iL6f etdln GunmeR K Arae e MIRARIIPT Altenyatian oL S GRSAMIRIE 1%%le
accept parz TS u sggh as
o anar S BE Hphcse eRorahiits W‘fﬁ*ﬁ‘.ﬁ‘%‘ﬁ“ﬁ%ﬁ%@@%F’Sf:;‘%“"@a‘a?i%‘?%“ son =
sol ubi I(Z(I(El)sErampcbrwral aCemnbeudrmsﬁ’gehapaﬂﬂutts ehexdeldiwidtie tleustiqienshortrsegmente .

Di luents include water, saljne,. dextr.ose, nol_, gl yc |- h jke.
Addi t | WE§aYiBe herpeyvimys ditp yimleare inea SUERS FiodRh ?{a ﬁuai‘ese?%%@} 5@&2@@%@% ggddﬁ- |
sorpi t t & nush RMALS nong

ot hgr s%&fﬁer 12% ﬁ%%%&?@%@% v ogt&%r?,gbgag&?%]\?es |ﬁ<r111(2?:1 udi ngstoﬁose t hat
ar e paghpaneseadncyphadiet wirus and Mumaya/tallagemmph:illtfsdvﬂusvéoumalmfﬂésology e known or

P dstRDas ot BabA Hrtaeuns . ol 55 2
I ncor pQraked, ey 6irfin B¥6§ £{FR! ggg aré@éfﬁieﬁ RitafidiR iRHRSS rﬁbnéd?ﬂx?g‘feg% 4nan

further conprisé one or nobre i t1onal nonodul at ory conponents such
as, e. gonstaretaal proirts loandc3 tJolinaleof \élmaﬂngydﬂh’erwllmmﬂmb)ﬂhegfoﬁ&wnm es of

adj uvants that can be ed in_t accin e nt ncl ude
£ N@ORI BRABBIe, Jeitted e “%lzqzéqsruFm!uonfzgn&pﬁL#% ideS Ueat e el s
such a%oﬁllpﬂrrﬂ(ﬂlmﬁ(éj(/%laﬁ’tech%&lgter f twd BirhAene SrRAYLSPRRS vitfedseT - 1 n- o |

enul si ons“suc s conpl ete and i1 nconpl ete adjuvants, Bl ock
copol y MEEXAMPRE 3 RE\HERSIGE BESIﬂRNT(MWTHgNS BB CXSTENRE REQMHE 6ge

MVa , SAFE- Ch | Calif.), t
O X o meés@s;%@?wﬁam 1 <A S S bR A e BB AL e
i pi d- %{Hﬁﬂee nU YRS Td\J?QC)Ls'téThé BQAe@t@hﬁé) oklmbiégu HAMRLR' fo@raeiéfnﬂﬁ the.

usef ul e vaccl ne vention i ncl'ude nodified SEAMG2 and SEAM 1/ 2
f ongul ahemngpe dfttle veaticBEAMS R oukl pmdiot that thewastémngmmﬂmma:ght a:mrtap nheparbatal

(v/v) squal ene (Sigm), 1% (v/V) SP tergent, (1 Cl rfactants 0.
7% ( v/ $§auppEsERgnd) P%@lta‘et"&"oa&ﬁ?) gf gyre S‘SY%‘&S‘E §51“e y (‘9/‘9‘} é‘é&b

pg/ %fu!ralpﬁele]cgg l ”ﬁfe}‘@%é@ efaBa +1ﬁ'§g§r9f thed il eRiAV0 dspéanly & ts'zt\'t!cfhe M’(ﬁgbgés,ed

SEAM 1 |san0| -l n-water enu :
would contain multiple nucleotide substitutions and/or deletions, designed to minimize .the

probability of the residue at position 54 reverting to cysteine, and to minimize the probabiiity of
30  other flanking residues (especially residues 51-57) mutating to become cysteines. Examination of
the genetic code reveals that cysteine is encoded by only two codons (TGT and TGC). Use of
codons that require two or three separate nucleotide mutation events to become cysteine codons

are preferred over those that require only one. Examples of such “reversion resistant” mutations
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conprising 5% (v/v) squal ene, 1% (v/v) SPAN(r) 85 detergent, 0.7% (v/v)
Tween 80 detergent, 2.5% (v/v) ethanol, 100 ng/mm Quil A and 50 ng/m
chol est erwb.20605€396i mrunonodul at ory agents that can be ipochBeiesioossed he
vacci ne include, e.g., one or nore interleukins, interferons, or other
known i { : : r I : onal |

For mu SHG AP, THREE, 303 4} bR BTR eploR RS Rl Bt Ve aner
pl asmi @xampley bf miversipmtresistafit minatipiseagybe énwsoddddry. oneofivpdigsry @kill inIhe frt.
sustai ned rel ease formul atigns include virus, infectious RNA nol ecul e,

pl asmi d, -orMytaHaR (45 r(s¢en Tablghhh aesplh 1hithe) saBepyBinoeacidchangs: asrpthe G148

| , . i i - CQ- gl | id),
oo o b g, B BRI E B ARG APTOE B4 Ko
sel gct ingelestidt martiohs sregeqdaidl 1o genpdnirer Systeedéadon dad itvee ﬁébé{tﬂhiycctfqmehgfyﬁic

been reviewed in several publications, including A Donb et al., 1992,
Pol ymefevefsipn Boigducedrelptive ho IG5¢S e Mutatiory 65488 inghiporatessthersemeserine eaddreatei n

by referenpc L ui dan in sel in i ol S |

ohar nﬁggﬁf’%?/*?@ #ﬁhgﬁgsm LA e l?jganﬁfﬁwﬁgiﬁmw uﬁg (g G110
exanpl GTY), eidsefinéel§ FOCeto Teds) A 1t, Bhedegirdakion KE ike RS
Drug Deli v)ery Sysrtlems"( ion: Drugos and t he Phgl; maceut i cal Sci?ances, \}OFE té(l)S,

M Dek kutate k9 vysteipg cedpnsaind| therefone tosp bikely dd farationallhgomplementihe .absence of a

Al ively, . dditi onal 1y, id<yS, bl asmi jLal b
i of oo rigiBi el RERlRaTe Hant SRARAR ARIRER, Fos e S55res heRhfed o
N Cr 0eBRRIAS WlAind siatd. OB sefific, Whdrink skda Tsﬁﬁn,aﬁﬁoha@%é sidegdgtaﬂprlg lagks

techni ques described, e.g., in US Pat. No. 3,137,631, U S
959, 457ystaings d@pacityNe. foam2disuifige; bands or Patinterkst withe 0@t 4ions. UTsvo Phtthe Kour

4,744,933:,,U.S. . Pat ., No 132, and.l.nternational Patent Publicatiqn
VD' 95 BASBIE aBpineapighi (GOGBA LAY st pisionBr <R Foar eyt codrn it all
can al gedQutlegiitict hubl BY irfiftafed’ int HRles U5 eBhdtad 4 yaeme o MifereBtedainthe OF
viral vector. Details concerning how to nmake and use |iposonmnal formulations

camS besyhstivgions arexrp prgfestade wag| e uthey) rgiucpathe pessibility 16f, plimotygicS reveagion.No.

4 o4, Sivn e E5pa-spgendniagon A5 et of R o4 osieloic g aggions ping oS

Whi ch ar ehanBed P AlaiRdaie iRl Bodvhs! BF QERNEE 52 ANdSTAREt I3 GredfiRYE]. TheAdtypRf
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determ ne seroconversion and antibody titer int mal after

vacci ndastrgetiomofe natyrally oesursing SeqlbresGistiomsite (CCACMEDr of boosters, if any,

W pref egabl det er m b oct o vet er.jnarj an,based on anal ysis
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dose ap®euitiodd ndti toUfitrodudk @&inkiAMForRIoAD iR6 WRF2alhake bbce & ofhé difyiNE8bMIns Of
in ORF2b. In some cases, codon changes to ORF2b can alter the amino acid sequence encoded

by ORF2a. The effect of such changes on GP2 protein function can be difficult to predict and are

best determined empirically.
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are intended as aspects of the invention. Likew se, features of the

i nvention described herein can be re-conbined into additional enbodi nents

t hat al sowaeneod/mistmaded as aspects of the invention, irrespaBtidoseo3nés whet her
t he conbination of features is specifically nentioned above as an aspect or
enbodi ment of the iENAMPLR4 E$FABLISHMENTOFATTENUAIONat are descri bed
herein as critical to.the invention should be viewed as such; variations of
t he i nvent i dhleasti lOreikiane e ae énelufisd dn pashdrihle mhiah ams deniveldifeah ayPRRSWVL i ng
are inftrgenﬂﬁ_g as aspects of the invention. It will be clear that the

i nvention nmay be practiced otherwi se than as particularly described in the
f or egoi ng d&ﬁﬁﬂﬂ@&k@é&t@fﬂe@@lﬂi@_$iruNﬂ$€irff8,lé§ru'ﬁP£{#tfﬂoﬂf%E 'ag&!ﬁega[&%‘f PRREQYNS

of the present invention are possible’in light of the above®teachings and,

t hér ef Al @nimaleingiudhd in thiadrid aopef the sithe soureeeatd toeed. The aBodatios of tiecindanlke of
al | ;I\)/ll::tbl i cations cifed r}fr ein are hereby incorporated by reference. WHAT | S
CLAI MEP RESTOYps iR 1 €% i on conprising at |east one of the following: a) a
genet i Cillledgd RPefrbifed Dk h&g i hifd C

conser vesd c‘%/stgjiene resﬁ?ﬁ}e@%}rﬁ)y? ﬁ'gHE r@iﬁgﬁnﬁ%ﬁ%sd%gﬁel%hw (gqjle%% i)gﬁggn&ﬁh

i nf ecti0o UBCIRNA peohastrill Fhem areditriepst theeeggrowpsi fonkdch tesp déthp:e OnERRRSupvor P2 f

a.); c%} n isol at ed &o}léfynucl ﬁ:gti de nol ecul e conprising a DNA sequence
encodi aﬂ‘?‘}%& e e SR oRRDalleRBe With dhepossibly attenuated ¥irBsied iong stsicheontrodj m
Lwger girfug.he conserved cysteine is either-deleted or replaced with a
non-cystei ne residue. 3. The conposition of claim2 wherein the cysteine
has békhe stulyliademined vatidavienitbe stnioneayolsstaycPRRS Vehegativd dver teaiheé emirsdott hat

t he rretts}eiedu‘g S ngt tzé(yai ne. 4. The conposjtign of claim1 wherein the
consertUetudy adatieashRy% dess iive bppliyarisipistare barmiin thed? 120 shabengsd igyaup

subst ichHiphRASo iR sti3@'cbRfols®: The conposition of claim 1 wherein the
conserved cysteine has been replaced with an am no acid residue sel ected

f rom tAttengatouy ircathei woidadessVirslence)ds ddfhied an thesstatisatdlisipmificanakhngy 6P6hd & 6.
Thg Cgﬂ})OSi tion of claim1 whﬁr ejn the conserved cystei ne has been repl aced
wilth 0TS RRRARCIRss detpruniigdeRref UiV PEFPBRNCEe gr oup consi sting of serine,:

t hr eony ATWeT e v/ 1 g i - ei.n the
conser o o raRLIbER dtfeastone VTN RDRTL b imBriofbitNed sPont BRI e
pr obabiténuagedofirusheompmseditoctha P 1p9 Snfected ghehipriepesférrgtly t o cysteine. 8. The
conposiition of claim1 wherein the PRRS virus is either a North Anerican
PRRS \9i)rf{?§?e’5’9'°§ﬁ§ié?ﬂ‘m)ean PRRS virus. 9. The conposition of claim1

wher eiply 2bhRiokRE bf b&dlel & 1r19%'f'#3fe}n5ﬁ"bya smal | pl aque phenotype virus.10. A
vaccine for protecting a porcine anfmal frominfection by a PRRS virus

c@0rpr cginnmbehef mompoed pigietof any of clains 1-9 in an anount effective to
pr odu i munopr ot.ection against infection by a PRRS virus; and a carrier
accepfcigﬁ'lu@bFf)? JG%Stlé‘fe§3h%W%§‘eP’g]§‘.’fLs. A nmethod for protecting a porcine ani mal
from gnpRsdatihgMofaliRRS Vvirus, which conprises vaccinating the animal with
an anmount of tﬁe vaccine of claim10 that is effective to produce :

i munbprthermors asigaifisamsncreasedn bhoof thy falldWRRS pufamesers for the test group compared

to the P129-infected group is preferred:

25 f.) number of piglets weaned per sow
g.) number of live healthy piglets born per sow

VACCINES
An attenuated strain is valuable for the formulation of vaccines. The present vaccine is

effective if it protects a pig against infection by a PRRS virus. A vaccine protects a pig against

0  infection by a PRRS virus if, after administration of the vaccine to one or more unaffected pigs, a
subsequent challenge with a biologically pure virus isolate (e.g., VR 2385, VR 2386, P129 etc.)
results in a lessened severity of any gross or histopathological changes (e.g., lesions in the lung)
and/or of symptoms of the disease, as compared to those changes or symptoms typically caused

by the isolate in similar pigs which are unprotected (i.e., relative to an appropriate control). More
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12r-A-transfected host cell conprising-a conposition-according-to any of

claims 1-9. 13. A nethod for meking a genetically nodified North Anerican

PRRS vi r ws0 20d6/05396€t hod conpri ses: a) nutating a DNA sequaBzes/eossedi ng an
infectious RNA nol ecul e which encodes a PRRS virus, to produce a

genet i cpdrtigulanyitiié préscARRB cinermay bmmo&imQﬂ)beffeabée&ry/aeMﬁgm%ﬂgm}ﬁ %agﬁglle(ﬁ% Eﬁ] .
rotein _has been changed to a non-cysteine residue; and b) In

I(\;)enet i c%flr{‘?/reﬁﬂﬁ%l? BHESRBP?W thersPh ther abierRan MproRriate lepgth of sime eed.i 4 wagkshl e of

td W, i h ART) T | aj wherein.th

oot el et it SHnpER0 Rt ofy B TBlS ety S b RS Tty A baot
The netsaoplefs théredrawhIrosh dreahalldriged bisdfres @bdut ©ap alekle, i aﬁ%ﬁ@%&i oS0l RRfR

replication is caonprised within a Ii1ve porcine ani nal . SEQUENCE LI STI NG

<116> PHfusdrom e blgerhsamply idhpmpartarmsd (€.g.3 sge the virpsisolation progedize eta@nplified
Mut ant . ' | v L rat or v Syndronme .Virus <130> PC32633A
S50 dbrATeEReNES 6}@%})4@3@{}%5@%§v§§ ‘)ﬁi‘“)% s nilar i YRYHEACS:, 3 <210>
1 <211xhallenged 2ontediigsd 1s3n indicaiirethaeMe adstthd May Atithe EfRtivAt Blidirs Mg&ﬁ%ﬁm
virus <400> 1 actcagtcta agtgctggaa agttatg 27 <210> 2 <211> 2/ <212>
<213> 1% ¥ire oF Bplavan of pvedusediameeniof xirps.yis atyindicstien that the vad@iieny be
atcttatg@l,; o ctggatcc ccgcgge 27 <210> 3 <211> 31 <212> DNA <213> Porci ne
reproductive and respiratory syndrone virus : .

10 Thus, the effectiveness of the present vaccine may be evaluated quantitatively (i.e., a

decrease in the percentage of consolidated lung tissue as compared to an appropriate control
group) or qualitatively (e.g., isolation of PRRSV from blood, detection of PRRSV antigen in a -
lung, tonsil, or lymph node tissue sample by an immunoassay method). The Symptoms of the
porcine reproductive and respiratory disease may be evaluated quantitatively (é.g., temperature/

15 fever), semi-quantitatively (e.g., severity of respiratory distress [explained in detail below], or
‘qualitatively (e.g., the presence or abse‘nce of one or more symptoms or a reduction in severity of
one or more symptoms, such as cyanosis, pneumonia, heart and/or brain lesions, etc.).

An unaffected pig is a pig which has either not been exposed to a porcine reproductive
and respiratory disease infectious agent, or which has been exposed to a porcine reproductive and

20  respiratory disease infectious agent but is not showing symptoms of the disease. An affected pig
is one that shows symptoms of PRRS or from which PRRSV can be isolated.

‘Vaccines of the present invention can be formulated following accepted convention to
include acceptable carriers for animals, including humans (if applicable), such as standard
buffers, stabilizérs, diluents, preservatives, and/or solubilizers, and can also be formulated to

25  facilitate sustained release. Diluents include water, saline, dextrose, ethanol, glycerol, and the
like. Additives for isotonicity include sodium chloride, dextrose, mannitol, sorbitol, and lactose,
among others. Stabilizers include albumin, among others. Other suitable vaccine vehicles and
additives, including those that are particularly useful in formulating modified live vaccines, are
known or will be apparent to those skilled in the art. See, e.g., Remington's Pharmaceutical -

30 Science, 18th ed., 1990, Mack Publishing, which is incorporated herein by reference.

Vaccines of the present invention can further comprise one or more additional
imhmnomodulatory components such as, e.g., an adjuvant or cytokine, among others. Non-
limiting examples of adjuvants that can be used in the vaccine of the present invention include

the RIBI adjuvant system (Ribi Inc., Hamilton, Mont.), alum, mineral gels such as aluminum
-19-



<400> 3 gcatcagatt ggttagctcc gcggtattcc g 31 <210> 4 <211> 31 <212> DNA
<213> Porcine reproductive and respiratory syndrone virus <400> 4

cggaat acogoeg@ageivaac caatctgatg ¢ 31 <210> 5 <211> 73 P21AB20050033&13>
Porci ne reproductive and respiratory syndrome virus <400> 5Met Gy Ser lie

Gn S Ki i \ i 0 Thr
G Pre Lod Var Gor e Bt Lol ulss S & s e e At

Phe @G yanpHecompletel adjynants@lock cepdlpmen(lytRa At ng),z@s% (Cyﬂ_bﬁtl% B\Iogcheé
Al P H. 55 . ro u Gn

Leu G ringyGaibasiysgaf sruicifsnBmes lsicais RV GEN Gadivtpng saponi.

G g, Moor s SaUif Radioh, TGP ITPhdty s 20T VRl ahtue R paec"

C cgaca

t gatht dﬁmrelimﬁtmggg d:xtam%ljemfaxilrmt\gatu ¢mygsiohsaetul i2 glea\taeﬁﬂe oftHe igm&iggth?:gﬁde

tttt t t qt attccgtgcg, 180 cqgccctgcca ttcaccctga,

geaat ¢ deorjriedgnebElandSEARBT A JamBiadeed 1M died SE5AMISS pm aibimw e pemision

Cr cgae e R T I Y BT SR e Pt Bl T P
t gat at ¢aivi TAVEENT 80 glgtecgeat (ICT §utfadtgys); 268 0//W)28hanol, 200 pg/ml Quil A, 100
[mgr]g/ml cholesterol, and 0.5% (v/v) lecithin. Modified SEAM 1/2 is an oil-in-water emulsion
10 comprising 5% (v/v) squalene, 1% (v/v) SPAN® 85 detergent, 0.7% (v/v) Tween 80 detergent,
2.5% (v/v) ethanol, 100 pg/ml Quil A, and 50 pg/ml cholesterol. Other immunomodulatory
agents that can be included in the vaccine include, e.g., one or more interleukins, interferons, or
_ other known cytokines.
' Vaccines of the present invention can optionally be formulated for sustained release of the
15 virus, infectious RNA molecule, plasmid, or viral vector of the present invention. Examples of
such sustained release formulations include virus, infectious RNA molecule, plasmid, or viral
vector in combination with composites of biocompatible polymers, such as, e.g., poly(lactic acid),
poly(lactic-co-glycolic acid), methylcellulose, hyaluronic acid, collagen and the like. The
structure, selection and use of degradable polymers in drug delivery vehicles have been reviewed
20 in several publications, including A. Domb et al., 1992, Polymers for Advanced Technologies 3:
279-292, which is incorporated herein by reference. Additional guidance in selecting and using
polymers in pharmaceutical formulations can be found in texts known in the art, for example M.
Chasin and R. Langer (eds), 1990, "Biodegradable Polymers as Drug Delivery Systems" in:
Dfugs and the Pharmaceutical Sciences, Vol. 45, M. Dekker, N.Y., which is also incorporated
25  herein by reference. Alternatively, or additionally, the virus, plasmid, or viral vector can be
microencapsulated to improve administration and efficacy. Methods for microencapsulating
antigens are well known in the art, and include techniques described, e.g., in U.S. Pat. No.
3,137,631; U.S. Pat. No. 3, 959,457; U.S. Pat. No. 4,205,060; U.S. Pat. No. 4,606,940; U.S. Pat.
No. 4,744,933; U.S. Pat. No. 5,132,117; and International Patent Publication WO 95/28227, all
30  of which are incorporated herein by reference.
Liposomes can also be used to provide for the sustained release of virus, plasmid, or viral
vector. Details concerning how to make and use liposomal formulations can be found in, among

other places, U.S. Pat. No. 4,016,100; U.S. Pat. No. 4,452,747; U.S. Pat. No. 4,921 ,706; U.S. Pat.
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atcgccggtt ggctggtggt cttttgcatc agattggtta gctccgecggt attccgtgcg 180

cgccctgceca ttcaccctga gcaattacag aagatcctat ga 222 <210> 8 <211> 73 <212>
PRT <213>wBanes/mesosepr oducti ve and respiratory syndronepernemosd@tss 8 Met
Gy Ser He Gn Ser Leu Phe Asp Lys He Gy Gn Leu Phe Val 1 5 10 15Asp

Al a Phey.Thr Q4RI © QV:
N H o oaR TS B NG SRR O S P (0 5\008 0Frand S PA. K. 580525658

e Arg béwhichl arSmcoﬁmratédl herefl byRkfergncg. Ala Arg Pro Ala He 50 55 60 His Pro
GIuGinLeuGlanHeL 65 0> .9 > 21 <212> DNA <213> Porcine
repr oduct i vé*‘h?féec}/‘éfg AHY i‘“}é 9%8?@%?@"‘?/9?%“5‘ @lll YRySings %hl?et %?Wnif&ibcgcggt a
2L 2 i T AL Ao (BBl 108121,
<212> DOiNfeasiih3he Bosage mhile eponitdriog theeeffeotd. Aaefiiectiveadmowy Rty be®bydinadsafed Q0>
1 agatsitngg et gd?mglcsgrgt?gnc g é vaﬁl:cizn% o? %.f]fgfml}l%ipfeza]a}rini7str§t%(;|-nzs>of IZ%Iz;ccine. Known factors
can be taken into consideration when determining an optimal dose per animal. These include the
species, size, age and general condition of the animal, the presence of other drugs in the animal,
- -and-the like. The actual dosage is preferably-chosen-after consideration of the results from other
10  animal studies. | |
One method of detecting whether an adequate immune response has been achieved is to
determine seroconversion and antibody titer in the animal after vaccination. The timing of
vaccination and the number of boosters, if any, will preferably be determined by a doctor or
veterinarian based on analysis of all relevant factors, some of which are described above.
15 The effective dose 'amount of virus, infectious RNA molecule, plasmid, or viral vector, of
the present invention can be deterrnined using known techniques, taking into account factors that
. can be determined by one of ordinary skill in the art such as the weight of the animal to be
vaccinated. The dose amount of virus of the present invention in a vaccine of the present
invention preferably ranges from about 10 ' to about 10° pfu (plaque forming units), more
20  preferably from about 10 ?to about 10 ® pfu, and most preferably from about 10 3 to about 10’ pfu.
The dose amount of a plasmid of the present invention in a vaccine of the present invention
preferably ranges from about 0.1 pg to about 100 mg, more preferably from about 1pg to about
10 mg, even more preferably from about 10pg to about 1 mg. Thé dose amount of an infectious
RNA molecule of the present invention in a vaccine of the present invention preferably ranges
25  from about 0.1 to about 100 mg, more preferablly from about 1 pg to about 10 mg, even more -
preferably from about 10 pg to about 1 mg. The dose amount of a viral vector of the present
invention in a vaccine of the present invention preferably ranges from about 10 ' pfu to about 10 °
pfu, more preferably from about 10 2 pfu to about 10 8 pfu, and even more preferably from about
10 3 to about 10 7 pfu. A suitable dosage size ranges from about 0.5 ml to about 10 ml, and more
30  preferably from about 1 ml to about 5 ml.
The present invention further provides a method of preparing a vaccine.comprising a
PRRS virus, infectious RNA molecule, plasmid, or viral vector described herein, which method

comprises combining an effective amount of one of the PRRS virus, infectious RNA molecule,
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<213> Porcine reproductive and respiratory syndronme virus <400> 12 Arg Leu
Val Ser Ser Ala Val 1 5 <210> 13 <211> 31 <212> DNA <213> Porci ne

repr oductwoeo@nd139espi ratory syndrone virus<400> 13 gcargagsids/e@biagct cc
gcggtattcc g 31 <210> 14 <211> 31 <212> DNA <213> Porcine reproductive and

respi r aplasmids pndiralmector ofithe pf@Bat ihverntion pmith aegrrivd JE@ptadRCTof PRArATacAltaFor3 L
<210> 15 <211> 21 <212> DNA <213> Porcine reproductive and respiratory

syndr on¥eIHARE US400> 15 agattggttt cgtccgeggt a 21d<210> 16 <211;07 ;§1i>
POt.Ci e ' .eSj ry..syndrome virus <400> rg

Lol Vel ser EEAd PR ROU G GA Vo GRE! 8 DS SHIBR R b EDaBiAgs e

r epr oduddstnibedaindJ$ Baeht G500, 56250t 6dE Nétél‘élbgééﬁ%ig%ﬂic%ﬂbﬁé‘%f& agﬁfséﬁaﬂt cc

gcggtattcc g 31 <210> 18 <211> 31 <212> DNA <213> Porcine reproductive and
respi r ait the BRI el sgneme using known recombinant techniques. Antigenic epitopes useful as

heterologous antigenic epitopes for the present invention include antigenic epitopes from a swine
pathogen other than PRRS virus which include, but are hot limited to, an antigenic epitope from a
swine pathogen selected from the group consisting of porcine parvovirus, porcine circovirus, a

'porciné'rotavirusrswine influenza; pseudorabies virus;-transmissible-gastroenteritis-virus, porcine -

10  respiratory coronavirus, classical swine fever vifus, African swine fever virus,
encephalomyocarditis virus, porcine paramyxovirus, Actinobacillus pleuropneumoni, Bacillus
anthraci, Bordetella bronchiseptica, Clostridium haemolyticum, Clostridium perfringens,
Clostridium tétani, Escherichia coli, Erysipelothdix rhusiopathiae, Haemophilus parasuis,
Leptospira spp., Mycoplasma hyopneumoniae, Mycoplasma hyorhinis, Pasteurella haemolytica,

15 Pasteurella multocida, Salmonella choleraesuis, Salmonella typhimurium, Streptococcus
equismilis, and Streptococcus suis. Nucleotide sequences encoding antigenic epitopes from the
aforementioned swine pathogens are known in the art and can be obtained from public gene
databases such as GenBank (http://www.ncbi.nlm.nih.gov/Web/Genbank/index.html) provided
by NCBI. '

20 Additional features and variations of the invention will be apparent to those skilled in the
art from the entirety of this application, including the detailed description, and all such features
are intended as aspects of the invention. Likewise, features of the invention described herein can _
be re-combined into additional embodiments that also are intended as aspects of the invention,
itrespective of whether the combination of features is specifically mentioned above as an aspect

25  or embodiment of the invention. Also, only such limitations that are described herein as critical
to the invention should be viewed as such; variations of the invention which have not been
described herein as critically limiting are intended as aspects of thé invention. It will be clear that
the invention may be practiced otherwise than as particularly described in the foregoing
description and examples.

30 Numerous modifications and variations of the present invention are possible in light of
the above teachings and, therefore, are within the scope of the invention.

The entire disclosure of all publications cited herein are hereby incorporated by reference.
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<400> 18 cggaataccg cggacgaaac caatctcatg c 31 <210> 19 <211> 21 <212> DNA
<213> Porci ne reproductive and respiratory syndrone virus <400> 19

agact ggt avoegécagenggt a 21 <210> 20<211> 7 <212> PRT <23p8%/1Bmos003866
reproductive and respiratory syndronme virus <400> 20 Arg Leu Val Ser Ser

Al a VaWHAT ISTLAIMEPASE> 39 <212> DNA <213> Porcine reproductive and
respiratory syndrone virus <400> 21 ttttgi;cat,ga gactggtatc gtcggcggta

tt ccgt ded* SuMRYsition comprisingat depstoneof thnfOIlo4RE Por cine reproductive and

ot e ndL8 et ARy PR NR ution HECAIRRlBE GRR ARG ALRERER L aing
respi r aésidue ifi YROE rReiviihasiBeerdfittated3 agact ggt gg cggcggeggt a 21 <210> 24

<211> 7 <212> PRT_<213> Porcine reproductive and reslgkr atory syndrone virus
<409> Q)J,amrgqu@ys BNA molecpleenppding/the genetically modified PRRS virus of a.);

¢) an isolated polynucleotide molecule comprising a DNA sequence encoding the infectious RNA

molecule of b.).

2...The composition of claim 1 wherein the conserved cysteine is.either.deleted or replaced with.a....

10  non-cysteine residue.

3. The composition of claim 2 wherein the cysteine has been replaced with another non-cysteine

residue, with the proviso that the residue is not tyrosine.

15 4. The composition of claim 1 wherein the conserved cysteine has been replaced with serine or

-conservative substitutions for serine.

5. The composition of claim 1 wherein the conserved cysteine has been replaced with an amino
acid residue selected from the group consisting of serine, threonine, methionine and tyrosine.

20
6. The composition of claim 1 wherein the conserved cysteine has been replaced with an amino

acid residue selected from the group consisting of serine, threonine and methionine.

7. The composition of claims 1-6 wherein the conserved cysteine mutation is made reversion-

25  resistant to minimize the probability of the residue at position 54 reverting to cysteine.

8. The composition of claim 1 wherein the PRRS virus is either a North American PRRS virus,

or an European PRRS virus.

30 9. The composition of claim 1 wherein the modification results in a small plaque phenotype

virus.
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1 5 <210> 25 <211> 39 <212> DNA <213> Porcine reproductive and respiratory
syndronme virus <400> 25 ttttgcatga gactggtggc ggcggcggta ttccgtgeg 39 <210>
26 <211> W80 200l03139PNA <213> Porci ne reproductive and reepirngionsyosssndr one
vi rus<400> 26 cgcacggaat accgccgccg ccaccagtct catgcaaaa 39 <210> 27 <211>
18 <21230.pAxaccingfor poptesting & ppciod asimal éroanigfectiopiby atRRBS siradeamprising the

18 <210> 2 211> 6 <212> PRT <213> Porci ne
~epr oduergR Uy PP 905 an aman RtV Ruerodios rpmmoetpicesion ABaInA &
Val "1 Sinfe2#i8 b33 PRIS vird8 aﬁal%irr%ciﬁt%ﬁ% fB’P&é&érg&gdgG&E oductive and

respiratory syndrone virus <400> 29 ttttgcatga ggfggc ggcggtattc cgtgcg
36 <210> 30 <211> 36 <212> DNA <213> Porcine reproductive and respiratory

' <400> 30 cacggaat accgccgcga ccagtctcat gcaaaa 36 R
syndsr OnFl.V 'miethod for protectﬁl% a po?cgme animal gromgm ection bg a PRRS vg'us, which comprises
vaccinating the animal with an amount of the vaccine of claim 10 that is effective to produce

immunoprotection against infection by a PRRS virus.

12:--A-transfected host-cell comprising-a-composition-according-to-any-of claims1-9:-
10
13. A method for making a genetically modified North American PRRS»virus, which method
compriées: '
a) mutating a DNA sequence encoding an infectious RNA molecule which encodes a PRRS
virus, to produce a genetically modified PRRS virus wherein the conserved cysteine in the E
15 protein has been changed to a non-cysteine residue; and v
b) introducing the genetically modified North American PRRS virus into a host cell capable of
supporting PRRS virus replication.

14. The method of claim 13 wherein the host cell capable of supporting PRRS replication is a
20 MARC-145 cell.

15. The method of claim 13 wherein the host cell capable of supporting PRRS replication is

comprised within a live porcine animal.
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