
(19) United States 
US 2010O136047A1 

(12) Patent Application Publication (10) Pub. No.: US 2010/0136047 A1 
Fang et al. (43) Pub. Date: Jun. 3, 2010 

(54) RECOMBINANT NORTHAMERICAN TYPE 1 
PORCNE REPRODUCTIVE AND 
RESPRATORY SYNDROME VIRUS AND 
METHODS OF USE 

(75) Inventors: Ying Fang, Brookings, SD (US); 
Eric A. Nelson, Volga, SD (US); 
Jane Hennings, Arlington, SD (US) 

Correspondence Address: 
LANE & WATERMAN LLP 
220 N. MAIN STREET, SUITE 600 
Davenport, IA 52801 (US) 

South Dakota State University, 
Brookings, SD (US) 

(73) Assignee: 

(21) Appl. No.: 12/145,231 

(22) Filed: Jun. 24, 2008 

Related U.S. Application Data 

(60) Provisional application No. 60/946,080, filed on Jun. 
25, 2007. 

Publication Classification 

(51) Int. Cl. 
A639/12 (2006.01) 
A6IP3 L/14 (2006.01) 
CI2N 7/01 (2006.01) 
CI2O 1/70 (2006.01) 

(52) U.S. Cl. ................ 424/199.1: 435/235.1; 424/205.1; 
435/5 

(57) ABSTRACT 

Porcine reproductive and respiratory syndrome virus 
(PRRSV) is a major problem in the pork industry worldwide. 
The inclusion of markers in vaccines will allow for diagnostic 
differentiation of vaccinated animals from those naturally 
infected with wild-type virus. Using a cDNA infectious clone 
of North American Type 1 PRRSV, a recombinant green 
fluorescent protein (GFP) tagged PRRSV has been made, 
containing deletion of an immunogenic epitope, ES4, in the 
insp2 region. GFP and ES4 epitope-based ELISAs compli 
ment the marker identification. 
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FIG. 15A. ES4 epitope-based ELISA. 
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FIG. 15B. GFP antigen-based ELISA. 
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FIG. 15C. ES4 epitope-based ELISA. 

  



US 2010/01 36047 A1 

RECOMBINANT NORTHAMERICAN TYPE 1 
PORCNE REPRODUCTIVE AND 

RESPRATORY SYNDROME VIRUS AND 
METHODS OF USE 

0001. This application claims the benefit of U.S. Provi 
sional Application Ser. No. 60/946,080, filed Jun. 25, 2007. 

TECHNICAL FIELD 

0002 This application relates to the field of molecular 
Virology and more particularly to the construction of recom 
binant nucleic acids encoding Porcine Reproductive and Res 
piratory Syndrome Virus (PRRSV). 

BACKGROUND 

0003 Porcine reproductive and respiratory syndrome 
(PRRS) is the most economically significant disease of swine 
worldwide. It is characterized by late term reproductive fail 
ure in sows and severepneumonia in neonatal pigs. The PRRS 
virus (PRRSV) consists of two major genotypes, European 
genotype (Type 1) and North American genotype (Type 2), 
each formerly located on different continents. More recently, 
Type 1 PRRSV isolates (North American Type 1) have been 
identified in U.S. Swineherds. This group of viruses possesses 
unique antigenic and genetic characteristics that are distinct 
from typical North American and European type PRRSV. A 
unique 51 by deletion has been identified in the immun 
odominant region of the Nsp2. The etiologic agent of PRRS is 
a small, enveloped virus containing a single positive-stranded 
RNA genome. PRRSV belongs to the family Arteriviridae, 
which includes equine arteritis virus (EAV), lactate dehydro 
genase-elevating virus (LDV), and simian hemorrhagic fever 
virus (SHFV) (Snijder & Meulenberg, 1998). Nucleotide 
sequence comparisons showed that PRRSV can be divided 
into distinct European (Type 1) and North American (Type 2) 
genotypes (Allende et al., 1999; Nelson et al., 1999). 
0004. The PRRSV genome is about 15 kb in length and 
contains nine open reading frames. The 3' end of the genome 
encodes four membrane-associated glycoproteins (GP2a, 
GP3, GP4 and GPS; encoded by sg mRNAs 2-5), two ungly 
cosylated membrane proteins (E and M, encoded by Sg 
mRNAS 2 and 6) and a nucleocapsid protein (N; encoded by 
sg mRNA 7) (Bautista et al., 1996; Mardassi et al., 1996; 
Meng et al., 1996; Meulenberg & den Besten, 1996; Meulen 
berg et al., 1995; Mounir et al., 1995; Wu et al., 2001, 2005). 
The replicase-associated genes, ORF1a and ORF1b, situated 
at the 5' end of the genome, represent nearly 75% of the viral 
genome. The ORF1ab encoded polyprotein pp.1ab is pre 
dicted to be cleaved at 12 sites to form 13 products: insp1 C. 
insp1B, and insp2 to nsp12 (Allende et al., 1999; den Boonet 
al., 1995; Nelsen et al., 1999; Snijder & Meulenberg, 1998). 
0005 Modified-live attenuated vaccines against PRRSV 
are currently available for reduction of clinical disease asso 
ciated with PRRSV (Boehringer-Ingelheim Animal Health, 
Inc.). However, they cannot be distinguished serologically 
between pigs that have recovered from a natural infection and 
those that have been vaccinated. A genetically marked vac 
cine would allow the differentiation between vaccinated and 
naturally infected pigs, which is needed for PRRSV control 
and eradication programs. 

SUMMARY 

0006. A recombinant porcine reproductive and respiratory 
syndrome virus (PRRSV) includes one or more mutations in 
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open reading frame (ORF) 1a, the mutations being such that 
the recombinant PRRSV fails to produce at least one func 
tional polypeptide corresponding to ORF1a. The mutation 
may be a deletion. A deletion may be in the nsp2 region, and 
may include epitope ES4. In one embodiment, the deletion 
includes amino acids 736-790 of ORF1a. The mutation may 
include an insertion of a heterologous DNA sequence. An 
insertion may be between amino acids 733 and 734 of ORF1a. 
The insertion may include green fluorescent protein (GFP). 
0007. A recombinant North American PRRS virus is 
encoded by an isolated polynucleotide molecule including a 
DNA sequence encoding an infectious RNA molecule encod 
ing a North American PRRS virus, and the DNA sequence is 
SEQID NO: 43 or a sequence homologous thereto. 
0008. A vaccine includes a PRRSV mutant having a muta 
tion in ORF1a, the mutation being such that said PRRSV 
mutant fails to produce a functional ORF1a polypeptide, and 
the vaccine includes a pharmaceutically acceptable carrier. 
The mutation may include a deletion in the nsp2 region, Such 
as a deletion of amino acids 736-790 in the nsp2 region. The 
mutation may include an insertion of a heterologous DNA 
sequence. The insertion may be between amino acids 733 and 
734 in the nsp2 region. 
0009. A kit includes a vaccine including a PRRSV mutant 
having a mutation in ORF1a, the mutation being Such that 
said PRRSV mutant fails to produce a functional ORF1a 
polypeptide, the mutation including an insertion of a heter 
ologous DNA sequence, and a pharmaceutically acceptable 
carrier. The kit further including one or more first polypep 
tides encoded by the heterologous DNA sequence, and one or 
more second polypeptides encoded by the functional ORF1a. 
The mutation in the PRRSV vaccine may be a deletion in the 
insp2 region, such as in an ES4 epitope, and the one or more 
first polypeptides include GFP and the one or more second 
polypeptides include the ES4 epitope. 
0010. A method is provided for differentiating an animal 
vaccinated with a PRRSV marker vaccine from an animal 
naturally infected with PRRSV, where the PRRSV marker 
vaccine includes an insertion mutation and a deletion muta 
tion. The method includes the steps of providing a first recom 
binant PRRSV protein including the insertion mutation, pro 
viding a second recombinant PRRSV protein including the 
deletion mutation, incubating a serum sample from the ani 
mal with the first and second recombinant PRRSV proteins, 
and detecting binding of antibodies in the sample with the first 
and second recombinant PRRSV proteins. Binding of anti 
bodies in the sample with the first recombinant PRRSV pro 
tein is indicative of a vaccinated animal and binding of anti 
bodies in the sample with the second recombinant PRRSV 
protein is indicative of a naturally infected animal. The first 
recombinant PRRSV protein may include a GFP insertion, 
and the second recombinant PRRSV protein may include an 
ES4 deletion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0011 FIG. 1 is a schematic representation of the PRRSV 
genome and cloning strategy. 
0012 FIGS. 2A-2F depict results of immunofluorescence 
assays conducted to investigate the infectivity of infectious 
clone pSD01-08. 
0013 FIG. 3 is a graph showing growth kinetics of cloned 
virus, parental virus, and GFP-expressing virus. 
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0014 FIG. 4 depicts restriction endonuclease fragment 
patterns of the RT-PCR products of cloned and parental virus 
SDO1-08. 
0015 FIGS. 5A and 5B are graphs showing in vivo char 
acterization of cloned virus. 
0016 FIGS. 6A-6C depict the results of immunofluores 
cence assays conducted to investigate GFP-expressing 
PRRSV. 
0017 FIG. 7 is a schematic representation of the pSD01 
08-GFP construct. 
0018 FIG. 8 is a schematic representation of the pSD01 
08-GFP/AES4 construct. 
0019 FIG. 9 is a graph showing growth kinetics of GFP/ 
AES4 marker viruses. 
0020 FIG. 10 depicts plaque morphology of GFP/AES4 
marker viruses and parental viruses. 
0021 FIG. 11 depicts the stability of GFP expression. 
0022 FIG. 12 depicts a comparison of the wild-type GFP 
gene to an Arg-97 mutated GFP gene. 
0023 FIG. 13 is a graph depicting in vivo characteristics 
of the GFP/AES4 marker virus. 
0024 FIGS. 14A-14C are graphs depicting virological 
and immunological properties of the GFP/AES4 marker 
W1US. 

0025 FIGS. 15A-15C depict GFP and ES4 epitope-based 
ELISA results. 

DETAILED DESCRIPTION 

0026. A full-length cDNA clone, SD01-08, of a North 
AmericanType 1 PRRSV isolate was developed. When com 
pared to Lelystad virus, SD01-08 shares 94.1% identity at the 
nucleotide level (GenBank accession number DQ4893.11). 
An important distinction between SD01-08 and LV is the 
growth properties in PAMs and monkey kidney cells. Results 
reported by Meulenberg etal (15) showed that wild-type and 
cloned LV viruses grew well in PAMs, but to low levels in the 
MA-104 derived cell line, CL2621. Parental and cloned 
SD01-08 grew equally well on PAMs and MARC-145 cells, 
another MA-104 derived cell line. The titer of SD01-08 
cloned viruses peaked at 48 hpi, while LV cloned viruses 
grow to lower titers and had not peaked even at 96 hpi. 
Therefore, the SD01-08 infectious clone replicates well in the 
continuous cell line. Another difference between LV and 
SD01-08 is in the level of virulence. In PAMs, the LV cloned 
virus reached high titers at 107 to 107 TCIDs/ml and 
peaked around 32 hpi. The SD01-08 cloned virus reached the 
same titer as its parental virus in PAMs, but their titers were 
both lower than that of LV, reaching only about 10 TCIDs/ 
ml and peaked later, around 72 hpi. This result Suggests that 
SD01-08 cloned virus is less virulent than the LV cloned 
virus. This conclusion is supported by field observations and 
an experimental animal challenge study. SD01-08 did not 
cause significant clinical signs, and only mild pathological 
lesions observed in the experimental infected pigs. In con 
trast, LV was reported to cause significant respiratory prob 
lems in pigs and abortions in Sows (34). 
0027. One of the major applications of the infectious clone 

is to use it as viral backbone for constructing genetically 
engineered vaccines. Current PRRSV vaccines in the U.S. 
mainly target the North AmericanType 2 isolates. The emer 
gence of the North American Type 1 PRRSV requires that 
vaccines be effective for both genotypes of PRRSV. An essen 
tial requirement for any live virus vaccine is that it be low 
virulence, inducing no or at most very mild disease manifes 
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tations. The parental virus, SD01-08 was isolated from a 
group of pigs showing no clinical signs. Pathogenesis studies 
confirmed that SD01-08 possesses low virulence properties at 
the acute phase of the disease, which Suggested that the 
pSD01-08 infectious clone is a potential low virulent strain 
and suitable for vaccine construction. 
0028. One of the key steps in vaccine development is to 
include markers for the diagnostic differentiation of vacci 
nated animals from those that are naturally infected with 
wild-type virus. Marker vaccines are important in programs 
aimed at controlling or eradicating virus infections in food 
animals, as well as in companion animals (Babiuk, 1999; 
Babiuk et al., 1999, 2002; van Oirschot, 2001). Herpesvirus 
marker vaccines were among the first proved to be effective in 
the field (Bosch et al., 1996; van Oirschot et al., 1996), fol 
lowed by various genetically modified RNA viruses, such as 
classical swine fever virus (Widjojoatmodjo et al., 2000; van 
Gennipet al., 2002) and Rinderpest virus (Walsh et al., 2000). 
In EAV eradication programs, since horses are actively 
involved in international trade and traffic, a marker vaccine is 
required by some legislative authorities. Discrimination 
between vaccination and infection is becoming a ruling issue 
(Castillo-Olivares et al., 2003). Similarly, with a PRRSV 
elimination program, the international trade in pigs and pork 
will likely require a marker vaccine in the future. Further 
more, as the world is progressively moving toward elimina 
tion of PRRSV, serosurveillance is an essential tool to verify 
the disease status. The currently available conventional vac 
cines are unable to allow differentiation between wild-type 
infection and vaccination. Thus, seroSurveillance is impos 
sible in the face of ongoing vaccination or for several months 
after vaccination has ceased. Clearly, a marked vaccine would 
be of great benefit. 
0029. An infectious clone of North American Type 1 
PRRSV, pSD01-08 was used to create a recombinant PRRSV. 
Compared to a European Lelystad virus (LV) infectious 
clone, pSD01-08 possesses several distinct biological prop 
erties: (1) the pSD01-08 infectious clone was derived from a 
parental strain isolated in the U.S. in 2001, which represents 
a North American Type 1 PRRSV: (2) the parental strain 
SD01-08 was isolated from a group of 8-week-old pigs show 
ing no clinical signs; and (3) SD01-08 possesses a unique 51 
by deletion in the immunodominant region of Nsp2 (Fang et 
al., 2004). 
0030 The nsp2 plays a role in the viral replication. The 
insp2 contains a cysteine protease domain residing in the 
N-terminal. This domain induces insp2/3 cleavage, and also 
functions as a co-factor with nsp4 serine protease to process 
the other cleavage products (Snijder et al., 1994, 1995; Was 
senaar et al., 1997). Besides its function in viral replication, 
cysteine proteases of EAV and PRRSV insp2 have been shown 
to belong to the ovarian tumor (OTU) protease superfamily. 
The OTU protease is capable of deconjugating both ubiquitin 
and ISG15 from cellular proteins, which inhibits Ub- and 
ISG 15-dependent innate immune response (Frias-Staheli et 
al., 2007). 
0031. The development of the marker vaccine is based on 
the manipulation of cDNA infectious clones, from where a 
foreign antigen can be inserted (positive marker) or an immu 
nogenic epitope can be deleted (negative marker). The anti 
body response to the foreign antigen or viral epitope can be 
used to differentiate vaccinated animals from naturally 
infected animals. The PRRSV insp2 is an excellent candidate 
site for marker modification. The most important property of 
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insp2 related to marker engineering is the ability of nsp2 to 
tolerate large deletions and insertions. Nucleotide sequence 
insertions/deletions have been reported within the central 
region of the protein (Gao et al., 2004; Shen et al., 2000; Tian 
et al., 2007; Han et al., 2007). Another property related to 
marker engineering is the presence of several immunodomi 
nant epitopes in this region. Six linear B-cell epitope sites 
(ES) in thensp2 region of a Danish Type 1 virus (ES2 to ES7) 
have been identified (Oleksiewicz et al., 2001). In Type 2 
virus, the nsp2 has been found to contain the highest fre 
quency of immunodominant epitopes when compared to 
structural proteins (de Lima et al., 2006). 
0032 Marker modifications in the nsp2 region of a US 
Type 1 PRRSV infectious clone were prepared. A positive 
marker, GFP, was inserted into the nsp2 region, but the GFP 
gene was not stable. Next, a highly immunogenic epitope, 
ES4, located in the nsp2 region (amino acid 736 to 790 of 
ORF1a) was deleted and replaced with the GFP gene (at 
amino acid 733/734 of ORF1a) using reverse genetics, to 
create a negative marker. The resulting recombinant virus in 
vitro replication features and in vivo biological properties 
were characterized to determine its potential use as marker 
vaccine against PRRSV infection. The GFP antigen and ES4 
peptide antigen-based ELISAs were tested to determine their 
sensitivity and specificity as companion diagnostic assays for 
the marker detection and differentiation. 

I. Positive Marker GFP 

0033 Cells and viruses. A North AmericanType 1 PRRSV 
isolate, SD01-08, was originally isolated in 2001 from a 
group of 8-week-old pigs in the U.S., which were showing no 
clinical signs of PRRS. Baby hamster kidney cells (BHK-21 
C13: AmericanType Culture Collection) were used for initial 
transfection for recovery of virus from in vitro transcribed 
RNA. MARC-145 cells were used for virus rescue and sub 
sequent experiments (Fang et al., 2006). Porcine alveolar 
macrophages (PAM) cells were obtained by lung lavage of 
specific-pathogen-free piglets free of PRRSV. 
0034 RNA extraction, RT-PCR and sequencing: MARC 
145 cells were infected with plaque purified viruses at an MOI 
of approximately 0.1. After three days, the culture superna 
tant was layered onto a 0.5 M Sucrose cushion and centrifuged 
at 100,000xg for 14 h in a SW41 rotor (Beckman). RNA was 
extracted from the pellet using a QIAamp viral RNA kit 
(Qiagen). To obtain the full-length genome sequence of the 
parental virus, SD01-08, RT-PCR was performed using a 
series of primers (Ropp et al., 2004). Each RT-PCR product 
was directly sequenced at least two times from both directions 
to obtain the consensus sequences. To construct the infectious 
clone, nine overlapping fragments (FIG. 1) covering the full 
length viral genome flanked by unique restriction enzyme 
sites were amplified by RT-PCR. The forward and reverse 
oligonucleotides for the RT-PCR amplification were 
designed initially based on the sequence of LV (GenBank 
accession number M96262: 18) and later modified to match 
SD01-08 sequence (Table 1). RT-PCR was performed (Fang 
et al., 2004). These RT-PCR amplified fragments were gel 
purified and cloned in the PCR-Blunt II-Topo vector (Invit 
rogen). Three clones of each fragment were sequenced and 
the clone containing the consensus sequence was used for 
infectious clone assembly. 

TABLE 1. 
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Primers used for RT-PCR amplification 

Primers 

Fragment 

Fragment 

Ef 139F 

Fragment 

E809 OF 

E10275R 

Fragment 

E12929R 

Fragment 

ES352R 

Fragment 

Fragment 

E12482F 

E14651R 

Fragment 

Sequences 

5' gca 
ac 

SEQ ID 
5' cag 
Ca 

SEQ ID 

5' tet 
ta 

SEQ ID 

tgg 

NO. 
citt 

NO. 

NO. 

citc. 

Cala 

gat 

3 

cgt caa titt 
SEQ ID 

5' tact 

99 
SEQ ID 
5' gaa 
gag C 
SEQ ID 

5 cct 
tt 

SEQ ID 
5' gca 
aaa gC 
SEQ ID 

5' cat 
at 

SEQ ID 
5' cqa 
caa t 
SEQ ID 

SEQ ID 
5' cc.g 
to c 

SEQ ID 

5 toa 
a.a. 

SEQ ID 
s' citt 
Cala 

SEQ ID 

NO. 

gac 

NO. 
tot 

NO. 

cga 

NO. 
CC a 

NO. 

tot 

NO. 
cag 

NO. 

gct 

NO. 
tog 

NO. 

ttic 

NO. 
tat 

NO. 

4. 

Cta 

atg 

tga 

acc 

tgc 

tot 

gtt 

11 
aag 

12 

gag 

13 
Cat 

14 

tta 

ggc 

cgg 

CaC 

to c 

gtt 

ggc 

agg 

gtc 

titc 

gtc 

999 

tgc 

agg 

cgg 

a Ca 

a CC 

atc. 

agg 

cott 

Ctg 

a CC 

a CC 

Cag 

tat 

titt 

Cala 

gca 

ata 

a.a.a. 

Cala 

Cat 

gca 

atc. 

Cag 

5' ggc gcg cct aat acg act 
cac tat aga tiga tigt gta ggg 
tat 

SEQ ID NO. 15 

Genome 
Position 
in SDO1-08 

4849 - 4868 

7208-7227 

7139-7158 

82.71-8297 

8090-8109 

10254 - 10275 

994 6- 9965 

129 O7-12929 

3173 - 3.192 

5.33 O-5352 

2229-2247 

3377-3397 

12482-125O1 

14631 - 14651. 
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TABLE 1 - continued 

Primers used for RT-PCR amplification 

Genome 
Position 

Primers Sequences in SDO1-08 

E2968R 5 cc ggg cqc ctg agt tog 2944 - 2968 
aca aat it 

SEQ ID NO. 16 

Fragment i 

5' caa cqa toc tac cqc cqc 
aca a 

SEO ID NO. 17 
018 Poly 5' ggc gat cig gC9 tot agg 
AR aat tct aga (T) aat titc 

ggit cac 
SEQ ID NO. 18 

O18 3' R 5' ggc gat cig gC9 tot agg 
aat to 

SEQ ID NO. 19 

15036-15047 

After polyA 

Unique restriction enzyme site construction in 
ORF7 

5' caa cqa toc tac cqc cqc 
aca a 

SEQ ID NO. 20 
YFp503R 5' ggc cc C agt gct gca atg 

at a C 

SEQ ID NO. 21 
5' aga aga aaa aga aaa gta 
c to ct c caa togg g 
SEQ ID NO. 22 
5 ccc cat togg agc agt act 
titt ct t t t t citt 

SEQ ID NO. 23 

After polyA 

Sca.1F k 14569 - 14599 

Sca1R 14571 - 14 6 OO 

GFP insertion in Nsp2 region 

gfpF 5' gct cag atg gtg agc aag 
ggc gag gag C 
SEQ ID NO. 24 

gfpR 5' gag tot gala gag gaC ttg 
tac agc ticg toc a 
SEQ ID NO. 25 
5' togc tiga citt tot togc tiga 1895-1922 
to c acic toc t 

SEQ ID NO. 26 
5 cct tcc to a cca tot gag 
cac toc cq 
SEO ID NO. 27 

Nsp2F2 5' gct gta caa gtc ct c titc 
aga Ct c caa ga 
SEQ ID NO. 28 

Nsp2R2 5' gcg gaC cca gcc agg atc 
aga C 
SEQ ID NO. 29 

Nsp2F1 

Nsp2R1 24 O8-242O 

2419-2439 

2732 - 2753 

* The nueleotide mutated for creating Sca1 restric 
tion enzyme site is in bold and italics. 

0035. The 5' and 3' ends of the genome sequences were 
determined using a GeneRACER kit (Invitrogen) following 
the manufacture's instructions. The fragment representing the 
5' terminus of the viral genome was prepared using RT-PCR 
with primers, E 1GF and E2968R (Table 1), which integrates 
a T7 RNA polymerase site immediately preceding the authen 
tic 5' terminal nucleotides and an Asc1 restriction enzyme 
site. The fragment containing the 3' end sequence was con 
structed by reverse transcription of RNA with primer 018 
polyA, which is flanking the 41 poly Aresidues and Xbal site. 
The reverse transcription reaction was followed by PCR with 
primers E14059F and 0183'R (Table 1). 
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0036 Construction of a full-length cDNA clone of a North 
AmericanType 1 PRRSV and determination of its infectivity. 
A full-length genomic cDNA clone of a North AmericanType 
1 PRRSV, pSD01-08 was constructed using the strategy 
shown in FIG. 1. A low copy number plasmid pACYC177 
(GenBank Accession #X06402) was modified by replacing 
the fragment between the BamH1 and Bgll sites with a stuffer 
fragment, which was prepared as a synthetic gene containing 
the restriction enzyme sites as shown in FIG. 1. Each of the 
viral fragments was excised from PCR-Blunt II-Topo using 
restriction enzymes and ligated into the pACYC177 plasmid, 
which was digested with the same restriction enzymes. After 
each ligation step, the pACYC177 construct was transformed 
into E. coli DH5O. cells and grown overnight at 37°C. in the 
presence of Kanamycin. The completely assembled full 
length cDNA clone was sequenced, and the full-length 
genome sequence was deposited in GenBank under the acces 
sion number DQ4893.11. 
0037 To create the Scal restriction enzyme site, the silent 
mutation (G to Tmutation) at nucleotide 42 of ORF7 (nucle 
otide 14588 of SD01-08 genome) was generated using site 
directed mutagenesis. Site directed mutagenesis was 
achieved by an overlapping extension PCR technique (Ho et 
al., 1989; Jespersen et al., 1997) using primer pairs E14059F/ 
Scal R and Scal F/YFp503R. The mutated product was con 
firmed by DNA sequencing analysis. 
0038. This construct contains a bacteriophage T7 RNA 
polymerase promoter at the 5' terminus of the viral genome, 
one additional guanosine residue introduced between the T7 
promoter and the first nucleotide of the viral genome, the 
15047 nucleotides full-length genome of SD 01-08 and a poly 
(A) tail of 41 residues incorporated at the 3' end of the 
genome. Compared to the genome sequence of the parental 
virus, the DNA sequence of pSD0'-08 contained six nucle 
otide differences (Table 2). 

TABLE 2 

Nucleotide differences between the parental SD 01-08 isolate and the 
full-length cDNA clone. 

Nucleotide 
position within 

SDO1-08 Nucleotide in Nucleotide in Amino acid Gene 
genome parental virus cDNA clone change position 

1331 T C Silent Nsp1B 
6158 T C Silent Nsp5 
8.191 A. G Silent Nsp9 
94.92 C T P to L. Nsp10 
11261 T C Y to H Nsp11 
14588 G T Silent ORF7 

0039 Four of these differences were silent mutations. The 
mutation at nucleotide 14588 was introduced to create a 
unique Scal restriction enzyme site into ORF7 for differen 
tiating the cloned virus from parental virus. Two of the nucle 
otide mutations resulted in amino acid changes, which 
included the substitution of a C to T at nucleotide 9492 
(amino acid P to L.) located at Nsp10, and a T to C at nucle 
otide 11261 (amino acid Y to H) located at Nsp11. 
0040. The plasmid pSD01-08 was linearized by restriction 
enzyme Xbal and used for in vitro transcription by T7 RNA 
polymerase to synthesize capped RNAs. The in vitro tran 
scribed capped RNA was transfected into BHK-21 cells. At 
48 hours post-transfection, cells were examined for the 
expression of N protein by fluorescent antibody staining with 
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mAb SDOW17 (FIG. 2A). Results in FIG. 2A showed that 
about 5% of the transfected cells expressed the N protein. 
Supernatants from the transfected cells were passaged onto 
MARC-145 cells. After 72 hours, MARC-145 cells were 
stained using the SD01-08 specific, anti-Nsp2 mAb, ES3-4 
58-46 (FIG. 2B), and anti-N mAb SDOW17 (FIG. 2C). A 
North AmericanType 2 PRRSV specific, anti-NmAb, MR39 
(FIG.2D), was incorporated as a negative control. The results 
showed that both Nsp2 and N proteins were detected in 
MARC-145 cells inoculated with supernatant from the 
pSD01-08 transfected BHK-21 cells. Upon further passage of 
the supernatant onto fresh MARC-145 cells (passage 2 on 
MARC-145 cells), cytopathic effects (CPE) were observed 
within 48 to 72 hours post infection (hpi). Titration of virus 
from passage 2 on MARC-145 cells showed an average titer 
of 3.6x107 FFU/ml. These results indicate that viable and 
infectious North American Type 1 PRRSV was rescued from 
the cells transfected with in vitro transcribed RNA. 

0041 GFP insertion: The pSD01-08-GFP clone was con 
structed by inserting the GFP gene sequence (Clontech) into 
the Nsp2 region (nucleotide 2420/2421) of the viral genome 
in the plasmid pSD01-08. The GFP gene was amplified from 
the pEGFP-N1 plasmid (Clontech) with forward primergfpF 
and reverse primer gfpR. GFP was inserted by overlapping 
extension PCR technique (Ho et al., 1989, Jesperson et al., 
1997) using primer pairs of Nsp2F1/Nsp2R1 and Nsp2F2/ 
Nsp2R2. The PCR product was digested with Rsril 1 and Acl1 
restriction enzymes and ligated into the pSD01-08 plasmid, 
which was digested with the same restriction enzymes. 
0042. In vitro transcription and rescue of PRRSV: The 
plasmid, pSD 01-08 or pSD01-08-GFP was linearized with 
restriction enzyme Xbal. Capped RNA was transcribed with 
T7 RNA polymerase using the mMessage Machine kit (Am 
bion) and transfected to BHK-21 cells using DMRIE-C 
reagent (Invitrogen) following the manufacture's instruc 
tions. To rescue the virus, cell culture supernatant obtained 48 
hours posttransfection was serially passaged on MARC-145 
cells. Rescue of infectious virus was confirmed by indirect 
immunofluorescent assay (IFA) (Ropp et al., 2004). Mono 
clonal antibodies (MAbs) were developed for use in the IFA 
test, including MAb ES3-4 58-46, which specifically recog 
nizes Nsp2 of SD01-08 (Fang et al., Conf. Res. Work. Anim, 
Dis., abstr. 78, 2004). MAb MR39 specifically recognizes the 
N protein of the North American Type 2 PRRSV and MAb 
SDOW17 recognizes the N protein of both genotypes of 
PRRSV (Nelson et al., 1993; Ropp et al., 2004). For rescue of 
GFP virus, the expression of GFP was also visualized directly 
under a fluorescent microscope. 
0043 Growth kinetics were examined by infecting 
MARC-145 cells with cloned virus and parental virus at a 
MOI of 0.1. Infected cells were collected at 0, 6, 12, 24, 36, 
48, 60 and 72 hours post infection, and the virus titers were 
determined by IFA on MARC-145 cells and quantified as 
fluorescent focus unit per ml (FFU/ml). Plaque morphology 
between the cloned virus and parental virus was compared by 
plaque assay on MARC-145 cells. Confluent cell monolayers 
were infected with 0.1 MOI of viruses. After 2 hours, cell 
culture Supernatant was removed and an agar overlay was 
applied. Plaques were detected after five days at 37°C., and 
stained by using 0.1% crystal violet. 
0044. In vitro characterization of cloned virus. The paren 

tal virus and cloned virus (passage 2 on MARC-145 cells) 
were titrated on porcine alveolar macrophages (PAMs). 
Immunofluorescent staining using anti-N mAb showed that 
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both viruses replicated in PAMs (FIGS. 2E and 2F) and pro 
duced the similar virus yield (2.1-2.8x10 FFU/ml) at 72 hpi. 
0045. To further compare the growth properties of the 
cloned and parental viruses, MARC-145 cells were infected 
with each of the viruses at a MOI of 0.1 and harvested at 6, 12, 
24, 36, 48, 60, and 72 hpi. Growth curve results showed that 
cloned virus possessed similar growth kinetics with that of 
parental virus (FIG. 3). Titers peaked at 48 hpi for both 
viruses. The peak titer of the cloned virus was 1.39x107 
FFU/ml, versus 2.34x107 FFU/ml for the parental virus. 
Plaque morphology of these viruses was also determined, the 
plaque size produced by cloned virus was similar to that of 
parental virus (data not shown). These results indicate that the 
cloned virus possesses in vitro properties similar to the paren 
tal wild-type virus. 
0046. To differentiate cloned virus from the parental virus, 
we engineered a Scal restriction enzyme site at nucleotide 42 
of ORF7. As shown in FIG. 4, a 1054 by RT-PCR fragment 
derived from amplifying the nucleotides 13875 to 14928 was 
cleaved by Scal in the cloned virus. In contrast, the RT-PCR 
fragment derived from the parental virus was not cleaved by 
Scal. 

0047 Pathogenic and immunological properties of cloned 
virus derived from pSD 01-08 in a pig model. An in vivo study 
of the replication properties of virus derived from the infec 
tious clone using a nursery pig model was performed. 
Twenty-one 4 week-old, PRRSV naive pigs from a certified 
PRRSV-negative herd were obtained and randomly divided 
into 4 groups housed separately in isolation facilities. After a 
4 day acclimation period, pigs from each group (n-6 for 
cloned virus infected group; n=5 for the remaining groups) 
were inoculated intranasally with 1 ml 10 TCIDs of cloned 
virus (group 1) or parental virus (group 2). The third group of 
animals was inoculated with the current modified live virus 
(MLV) Ingelvac(R) PRRSV vaccine. The negative control 
group (group 4) animals were mock-challenged with MARC 
145 cell culture supernatant. 
0048 Pigs were observed daily for clinical signs and body 
temperatures taken for the first 7 days after infection. Blood 
samples were obtained from all pigs on days 0, 7, 14, 21, 28. 
35, and 42. Serum samples were stored at -80° C. for further 
tests. Two pigs from each group were euthanized at 21 days 
post inoculation (dpi) for post-mortem analysis of acute 
infection. The remaining three pigs from each group were 
euthanized at 42 dpi. Lung lesions of the study animals were 
evaluated using a previously developed system based on the 
approximate volume that each lobe contributes to the entire 
lung: the left and right apical lobes, the left and right cardiac 
lobes, and the intermediate lobe each contribute 10% of the 
total lung Volume, the left and right caudal lobes each con 
tributes 25%. These scores were then used to calculate the 
total lung lesion score based on the relative contribution of 
each lobe (Halbur et al., 1995). 
0049. For the detection of viral RNA and determination of 
viral load, serum samples from 0, 7, 14, 21, 28, 35, and 42dpi 
were examined using a real-time, quantitative PCR (Tetracore 
VetAlert PRRS: Wasilk et al., 2004), which is routinely per 
formed at the South Dakota Animal Disease Research and 
Diagnostic Laboratory (SDSU-ADRDL). All serum samples 
were evaluated for anti-PRRSV antibodies using the IDEXX 
HerdChek(R) PRRS 2XR ELISA and virus neutralization 
assay (VN). These tests are also routinely performed at 
SDSU-ADRDL under strict quality assurance guidelines. 
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0050 All pigs that received viruses became infected, 
which was evident by positive RT-PCR results for the pres 
ence of viral RNA in serum and by serology. Virus in serum 
peaked at about 14 days post-infection (dpi) (FIG. 5A: Table 
3). At 14 dpi. 5 of 6 pigs in the cloned virus group, 4 of 5 pigs 
in the parental virus group, and all 5 pigs in the vaccine groups 
had seroconverted (FIG. 5B; Table 3). Four of the 6 pigs in the 
cloned virus challenged group had detectable neutralizing 
antibody titers at 21 dpi, while 1 of the 5 pigs in the parental 
challenged group developed neutralizing antibodies by 21 
dpi. Two of the pigs from the MLV vaccine challenged group 
developed detectable neutralizing antibody titers at 42 dpi 
(Table 3). 

TABLE 3 
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0.052 Introduction of green fluorescent protein into the 
Nsp2 region of the infectious clone. We explored the potential 
of using this infectious clone for foreign gene expression. 
Previous studies showed that Nsp2 is an excellent candidate 
site for foreign gene insertion. The C-terminal region of Nsp2 
for both Type 1 and Type 2 contains hypervariable domains, 
including amino acid insertions and deletions (7, 8, 27). One 
of the major differences between the SD01-08 and LV, the 
prototypic member of European Type 1 viruses, is the pres 
ence of a 17 amino acid deletion in the Nsp2, which is located 
between amino acids 734 to 750 in ORF1 of LV. We inserted 
a green fluorescent protein (GFP) into this unique deletion 
site of Nsp2 (at amino acids 733/734 of SD01-08 ORF1a, 

Summary of serological and PCR results in serum of inoculated pigs 
at different days post infection (dpi). 

Parental virus Cloned virus MLV vaccine 

dpi. PCR ELISA VN PCR ELISA VN PCR ELISA VN 
O OS OS OS Of6 Of6 Of6 OS 0.5 OS 
7 4f S 1.5 OS 5.6 Of6 Of6 5/5 0.5 OS 
14 4f S 4f S OS 66 5.6 Of6 5/5 5/5 OS 
21: 5/5 5/5 1.5 66 5.6 4f6 5/5 5/5 OS 
28 2.3 3.3 2.3 44 44 2.f4 3.3 3.3 O.3 
35 1,3 3.3 2.3 2.f4 44 2.f4 3.3 3.3 O.3 
42 O.3 3.3 3.3 1.f4 44 2.f4 2.3 3.3 2.3 

PCR: number of pigs with a PCR positive/total number of pigs in each group determined 
by the real time PCR; 
ELISA: number of seropositive pigs/total number of pigs in each group determined by 
IDEXX HerdChek (R) PRRS 2XR ELISA: 
VN: number of pigs developing neutralizing antibody response total number of pigs, deter 
mined by fluorescent focus neutralization assay. Results interpreted as 90% reduction of the 
viral infection. 
*Two pigs euthanized at day 21 for analysis of acute infection. 

0051 All mock-infected pigs remained RT-PCR and 
PRRSV antibody negative throughout the study period. No 
significant clinical signs were observed in any of the infected 
pigs. Only mild pathological lung lesions characteristic of 
PRRSV, such as minor interstitial pneumonia, were observed 
in 3 of 6 pigs from the cloned virus group, 5 of 5 pigs from the 
parental virus group and 2 of 5 pigs from the vaccine group. 
The rest of the pigs did not show gross lung lesions (Table 4). 
Interestingly, in comparing to the pathological lesions among 
the pigs from different groups, the lesion scores appear 
slightly higher in pigs infected with parental virus. 

TABLE 4 

Percentage of lung with gross pneumonia lesions in infected pigs. 

Gross lung lesion score (%) 

Mock 
Pig number Cloned virus Parental virus MLV vaccine control 

#1 O O6 0.7 O 
#2 1.O O.S O O 
#3 O.9 1O.S O O 
hia O 2.1 O.3 O 
#5 O 3.25 O O 
#6 1.5 NA NA NA 

*Gross lung pathology was assessed by using a gross pig lung lesion scoring 
system where each lobe of the lung was evaluated for% pneumonia, and the 
% pneumonia of each lobe was added for entire lung (10). 

FIG. 7). The construct, pSD01-08-GFP was in vitro tran 
scribed and transfected into BHK-21 cells. Live cells were 
examined directly under a fluorescence microscope after 48 
hours post-transfection. The cell culture Supernatant from 
transfected BHK cells was passaged onto MARC-145 cells, 
resulting in the appearance of GFP-expressing cells, which 
could be clearly visualized as early as 6 hours after infection 
(FIG. 6A). To confirm the expression of GFP-Nsp2 fusion 
protein, at 48 hours post-infection, cells were fixed and 
stained with an Nsp2 specific mAb ES3-458–46. ES3-458-46 
was generated by immunizing mice with synthetic peptide 
made from ES3 epitope sequence, which is located immedi 
ately up-stream of the GFP insertion site (FIG. 7). A red 
fluorescent Cy3-conjugated goat anti-mouse IgG was used as 
secondary antibody. Confocal microscopy showed the peri 
nuclear localization of both GFP and Nsp2, similar to Nsp2 
localization of the parental virus (FIGS. 6B and 6C). To 
determine if the expression of GFP affected virus replication, 
the growth characteristics of the GFP virus were compared to 
the parental wild-type and cloned viruses. The replication 
cycle of the pSD01-08-GFP virus was similar to the other 
viruses, including peak viral titers at 48 hpi; however, the 
peak titer for the GFP virus infection was approximately 10 
fold reduced (FIG. 3). 
0053. To investigate the stability of GFP expression over 
multiple rounds of virus replication, the GFP virus was seri 
ally passaged eight times on MARC-145 cells. By the seventh 
passage, there appeared a Subpopulation of non-GFP express 
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ing virus, which was counted as 15% of the total virus popu 
lation. The loss of GFP was also analyzed by RT-PCR. Total 
cellular RNA was isolated from cells infected with the sev 
enth passage of the GFP virus, and RNA was used as a 
template in a RT-PCR reaction with primers that amplified the 
GFP insertion region. The RT-PCR product was cloned and 
sequenced. The results revealed that the N-terminal amino 
acids 1-159 of GFP were deleted (FIG. 7). More interestingly, 
while the amino acids 1-159 were deleted, two amino acids, 
methionine (M) and glutamic acid (E) were inserted by the 
virus before the GFP amino acid 160 (FIG. 7). Therefore, the 
selection of viral genome encoding the deletion in the GFP 
gene accounted for the decline in the percentage of infected 
cells expressing GFP. Taken together, these results indicate 
that the Nsp2 region can tolerate the introduction of a foreign 
gene. However, inserting a foreign gene reduces the level of 
viral replication. The positive marker, GFP gene was thus not 
stable. 

II. Negative Marker Virus GFP/AES4 

0054 GFP/AES4 negative marker vaccine virus construc 
tion. In order to obtain a potential negative marker vaccine 
virus, the B-cell epitope, ES4, that is located downstream of 
the GFP (at nucleotide 2427 to 2591 of SD01-08 viral 
genome) was deleted by overlapping extension PCR tech 
niques (Hayashi et al., 1994) using primer pairs AES4F/ 
E3448Rand E1895F/AES4R(Table 5). The PCR product was 
digested with Rsr11 and EcoRV restriction enzymes and 
ligated into the pSD01-08-GFP plasmid, which was digested 
with the same restriction enzymes. The resulting plasmid 
construct is designated as pSD01-08-GFP/AES4 (FIG. 8). 

TABLE 5 

Primers used for ES4 epitope deletion and ELISA 
antigen expression. 

Genome 
position 

Primer name Sequence: in SDO1 - 080 

AES4F 5' caa gtc ct c tac agg gcc 24.21-2426 
Cat act C 2592 - 26 O6 

SEQ ID NO. 32 

AES4R 5' ggc cct gta gag gac ttg 24.21-2426 
tac agc tic 2592-2599 
SEQ ID NO. 33 

E1895F 5' ctt gct gat co acct cot 1905 - 1926 
Cagg 
SEQ ID NO. 34 

E3448R 5 cc.g. tcg gag ggg gtg gca 3377-3397 

SEO ID NO. 35 

Nsp2-2144F 5' gttctgt gtc. citt gga cqa 2144 - 21.64 
gtg 
SEQ ID NO. 36 

Nsp2-2694R 5 cca agc ggc caa gga tag 2694 - 271.4 

SEO ID NO. 37 

pET-EGFP-F 5' C9g gat cca teg tea gca 
agg c agg act 
SEQ ID NO. 38 
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TABLE 5- continued 

Primers used for ES4 epitope deletion and ELISA 
antigen expression. 

Genome 
position 

Primer name Sequence: in SDO1- 080 

pET-EGFP-R 5 cct aag citt cot to t aca 
gct cgt. cca tgc cg 
SEQ ID NO. 39 

pET-ES4F1 5 go aga tot to a gac to C 24.27-24. 44 
aag aga gaa 
SEQ ID NO. 40 

pET-ES4F2 5' gC adatct 99t 99t 99t 24.27-24. 44 
ggit toc tica gac to C aag aga 
gala 
SEQ ID NO. 41 

pET-ES4R 5' at CCC aag citt gogggg 2577-2591 
at C. CC9 giga caa at C Ct c g 
SEQ ID NO. 42 

*Nucleotides of GFP are bolded, restriction enzyme 
sites are italicized and underlined; (2)Numbers cor 
respond to nucleotide positions within the SDO1 - 08 
genome. 

0055 FIG. 8 is a schematic diagram of the pSD01-08 
GFP/AES4 construct. The GFP was inserted between amino 
acids 733 and 734 of ORF1a, and the immunogenic B-cell 
epitope, ES4, located downstream of GFP (atamino acid 736 
to 790) was deleted from SD01-08 virus. Direct transfection 
of this plasmid DNA into BHK-21 cells initiates a full cycle of 
virus replication. Cell culture supernatants from BHK-21 
cells obtained 48 hours post-transfection were passaged onto 
MARC-145 cells, infectious progeny virus was recovered, 
and the resulting virus was designated as GFP/AES4 marker 
virus. The parental virus, SD01-08, was generated in parallel 
from the pSD01-08 cDNA clone. Passage two of the viruses 
from MARC-154 cells was used for in vitro and in vivo 
characterization. 
0056 Growth kinetics study showed that GFP/AES4 
marker viruses replicated with slightly slower kinetics, reach 
ing maximal titer several hours later than the parental virus, 
SD01-08. The peak viral titer of the marker virus (3.34x10 
FFU/ml) was approximately two logs lower titer than that of 
the parental virus (2.56x10 FFU/ml) (FIG.9). FIG.9 depicts 
growth kinetics of GFP/AES4 marker viruses. MARC-145 
cells were infected in parallel at MOI of 0.1 with the passage 
three of GFP/AES4 marker virus and parental virus. At 0, 6, 
12, 24, 36, 48, 60, and 72 hours post infection, cells were 
harvested and the virus titers were determined by IFA on 
MARC-145 cells. The results were mean values from three 
replications of the experiment, and viraltiters were expressed 
as fluorescence focus units per milliliter (FFU/ml). Plaque 
morphology between the marker virus and parental virus was 
compared by plaque assay on MARC-145 cells. Viral plaques 
formed by GFP/AES4 marker virus were drastically reduced 
in size, and most plaques were of pinpoint size (FIG. 10), 
suggesting a negative effect of the GFP insertion/ES4 dele 
tion on the rate of cell-to-cell spread during infection. FIG. 10 
shows plaque morphology of GFP/AES4 marker viruses (10 
1) and parental viruses (10-2). Confluent cell culture mono 
layers were infected with viruses at a MOI of 0.1. After 2 
hours infection, cell culture Supernatant was removed and an 
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agar overlay was applied. Plaques were detected after 5 days 
at 37° C. and stained by using 0.1% crystal violet. 
0057. In vitro stability of the GFP insertion or ES4 dele 
tion in the recombinant viruses was followed for 10 serial 
passages (72 hours incubation for each passage) in MARC 
145 cells. The GFP/AES4 region of the virus at passage 10 
was sequenced. Surprisingly, unlike the previous SD01-08 
GFP virus which experienced a deletion of the N-terminal 
159 amino acids, the GFP in the GFP/AES4 marker virus 
remained intact as a full-length gene, and the ES4 deletion 
was still present. This result indicates that deletion of the ES4 
epitope region improved the stability of the inserted foreign 
gene, GFP. A small population of the infected cells was iden 
tified that lost the GFP-associated fluorescence (FIG. 11). 
GFP expression in MARC-145 cells infected with passage 10 
of the GFP/AES4 marker viruses is shown in 11-1. The same 
viral focus stained with AlexiFluor-labeled anti-nucleocapsid 
monoclonal antibody, SDOW17 (Nelson et al., 1993) is 
shown in 11-2. The population of viruses that lost GFP fluo 
rescence is shown in the circle. 

0058. For the GFP/AES4 region, we performed three inde 
pendent repeats of PCR and sequencing (both forward and 
reverse directions). Therefore, a total six sequences were 
obtained. In one of the sequences, a nucleotide C-289 to 
T-289 mutation was identified, which caused the amino acid 
mutation of arginine to cysteine at position 97 of the GFP. 
which may correspond to the Small population of infected 
cells that lost the GFP-associated fluorescence (FIG. 12). No 
mutation was detected on the other five sequences. FIG. 12 
depicts an electrophoregram of the wild-type GFP gene in 
comparison to the Arg-97 mutated GFP gene. The GFP inser 
tion region was sequenced from cell culture passage 10 of the 
GFP/AES4 marker viruses. Amino acids are presented in a 
single letter code, and the bold letter indicates mutated amino 
acid from CGC (Arg) to TGC (Cys). 
0059 ES4 and GFP antigens expression. The ES4 antigen 
was expressed as tandem repeat ES4 epitopes using a modi 
fied method described previously (Sun et al., 2004). Briefly, 
three copies of the ES4 epitope (amino acid 736-790 of 
ORF1a of SD01-08), were constructed in protein expression 
vector, pFT-28a (+) (Novagen). A flexible peptide linker, 
GGTGGTGGTGGTTCC, was added between the epitopes to 
help display the epitopes. There were two forward primers. 
Forward primer 1, pET-ES4F1 contained a BglII restriction 
site, but without a linker sequence, whereas the forward 
primer 2, pET-ES4F2 contained not only a BglII restriction 
site, but also the linker sequence. The ES4 gene fragment was 
first amplified with the forward primer 1 and reverse primer, 
pET-ES4R. The PCR product was digested with BglII and 
HindIII, and then cloned into pET-28a that was digested with 
BamHI and HindIII. This clone was designated as pET-28a 
ES4 (+1). The second copy of ES4 was PCR amplified by 
forward primer 2 and reverse primer, pET-ES4R. The PCR 
product was digested with BglII and HindIII, and then cloned 
into pET-28a-ES4 (+1) that was digested with BamHI and 
HindIII. The third copy of the ES4 was inserted using the 
same strategy as the second copy. The final construct was 
designated as pET-28a-ES4 (+3). The GFP gene was ampli 
fied from the pEGFP-N1 plasmid (Clontech) with primer pair 
pET-EGFP-F/pET-EGFP-R. The PCR product was digested 
by BamHI and HindIII restriction enzymes and ligated to the 
pET-28a vector that was digested with the same enzymes. 
Recombinant proteins were expressed in E. coli BL21 (DE3) 
to produce a fusion protein with six histidine residues at the 
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N-terminal. The proteins were purified by nickel-affinity 
chromatography and analyzed by SDS-PAGE as described in 
our previous publication (Ferrin et al., 2004). 
0060. In vivo characterization of GFP/AES4 marker virus. 
The in vivo characteristics of the GFP/AES4 marker virus 
were studied in a nursery pig disease model. Eighteen four 
week-old pigs were purchased from a PRRSV-free herd. The 
animals were randomly separated into three groups (n=6/ 
group) and housed under BL2 isolation conditions with an 
acclimation period of 7 days before starting experimental 
inoculations. Group 1 pigs were infected with GFP/AES4 
marker virus, the group 2 pigs were infected with parental 
SD01-08 virus as the positive control, and group 3 pigs were 
mock-infected with the cell culture medium. Group 1 and 
group 2 pigs were inoculated through both intranasal and 
intramuscular sites with 1x10° 50% tissue culture infective 
doses (TCIDs) of the virus (1 ml at each site). On 42 days 
post infection (dpi), group 1 and group 2 pigs were challenged 
with a heterologous Type 1 strain, SD03-15 virus. 
0061. The SD03-15 is another US Type 1 strain, which 
was isolated from clinical samples Submitted to our diagnos 
tic laboratory in 2003. In field reports, pigs infected with 
SD03-15 were experiencing a pre-weaning mortality of 
80-90% for a 3-week period. Decreased performance contin 
ued through the finisher phase. In the adult Sow population, 
there was a mild abortion storm, compared to previous US 
PRRSV outbreaks. Our previous experimental animal study 
also demonstrated the pathogenic nature of this virus (Law 
sonet al., Proc. Conf. Res. Work. Anim. Dis., abstr. 99, 2005). 
0062. Three pigs from group 3 were challenged with 
SD03-15 virus, and the other three pigs remained as mock 
infected controls. Pigs were observed daily for clinical signs 
and body temperatures for the first 7 days after infection and 
the first 7 days after challenge. Mean temperature responses 
between different challenge groups were compared. Rectal 
temperatures were taken one day before challenge, and 7 days 
after challenge. No temperature increase was detected in any 
pigs after initial infection and no clinical signs were observed. 
After challenge, rectal temperatures were elevated in those 
three challenged pigs from Group 3 (initially mock infected) 
at one and two days post challenge (FIG. 13). Clinical signs 
(coughing and nasal discharge) were also observed in these 
three pigs. The rest of the pigs remained asymptomatic. Blood 
samples were obtained once per week from all pigs. Pigs were 
euthanized at 21 days post challenge. Gross lung lesions of 
the study animal were evaluated using a previously developed 
system based on the approximate Volume that each lobe con 
tributes to the entire lung: the left and right apical lobes, the 
left and right cardiac lobes, and the intermediate lobe each 
contribute 10% of the total lung volume, and the left and right 
caudal lobes each contribute 25%. These scores were then 
used to calculate the total lung lesion score based on the 
relative contributions of each lobe (Halbur et al., 1995). At 
necropsy, gross pathologic lesions were not observed in 
Group 1, Group 2, and the three strict negative control pigs. In 
contrast, mild gross pathologic lung lesions characteristic of 
PRRSV were observed in those three pigs from Group 3 that 
were initially mock infected and then challenged with SD03 
15. 
0063 Virological and immunological properties. In vivo 
Virological and immunological properties of the marker virus 
were determined. Pigs were challenged at 42 dpi, shown as a 
vertical dotted line in FIGS. 14A-14C. The duration and 
height of viremia was determined by real-time PCR, and the 
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result was interpreted as RNA copy numbers per ml. At each 
day post-infection, mean viral load with different capital let 
ters (A, B or C) differ significantly (P<0.05). In comparison to 
Group 2 pigs infected with parental viruses (peak mean viral 
titer 5.9x107 copies/ml), pigs that were infected with the 
GFP/AES4 marker virus had lower peak viral load (peak 
mean viral titer 2.08x10 copies/ml, FIG. 14A). At day 7 
post-challenge, the viral load was two to three logs lower for 
the pigs vaccinated than those pigs initially mockinfected and 
then challenged with SD03-15 virus. By day 21 post-chal 
lenge, GFP/AES4 marker virus infected-group pigs had a 
10-fold lower viral load in comparison to the parental group, 
and 3/5 pigs had eliminated the virus in the serum (FIG. 14A. 
Table 6). 

TABLE 6 

Viral load in serum measured by quantitative PCR at 21 days post 
challenge with a genetically different strain, SD03-15. 

Viral load in Serum (copies/ml 

Negative? 
Pig numbers GFP/AES4 Parental challenged Negative 

1 O 2.7E--O2 NA O 
2 7.4E--O2 O NA O 
3 O 1.2E--04 NA O 
4 NA O 3.6E--04 NA 
5 O 2.6E--O3 3.3E--04 NA 
6 1.7E--O2 1.1E--04 3.6E--04 NA 

Mean 1.8E--02 4.3E--03 3.5E-04 O 

*Three of the pigs in negative group challenged with the heterologous strain, 
SD 03-15 at 42 dpi. 

0064. By 14 dpi, all of the pigs in infected groups had 
seroconverted. PRRSV-specific serum antibodies were mea 
sured by an IDEXX HerdChekR PRRSV ELISA 2XR kit. 
S/P ratios of greater than 0.4 are considered positive. The 
antibody response reached similar levels after 21 dpi (FIG. 
14B). 
0065 Viral neutralizing antibody response was deter 
mined by fluorescent focus neutralization assay (FIG. 14C). 
Results were interpreted as a 90% reduction of the viral 
infection, and the neutralizing antibody titers were presented 
as mean value (n-6) and expressed on a log scale. The 
parental SD01-08 virus was used for the viral neutralizing 
assay. At each day post-infection, means with different capital 
letters (A, B or C) differ significantly (P<0.05). Further mea 
surement of the serum neutralizing (SN) antibody levels 
showed that in pigs infected with the parental virus, SN anti 
bodies were detected from one of the six pigs by 21 days 
post-infection, and% pigs developed detectable SN titer that 
reached an average geometric mean titer (GMT) of 2 by 35 
days post-infection. In contrast, neutralizing antibody 
responses developed faster and higher in pigs infected with 
GFP/AES4 marker virus. SN antibodies were detected from 
one of the six pigs by 14 days post-infection, and SN titers 
were detected from all of the pigs in this group, which reached 
an average GMT of 9.2 by 35 days post-infection. After 
challenge with SD03-15, an increased effect was observed, 
with the GMT of 18.4 from the GFP/AES4 marker virus 
infected group compared to the GMT of 5.7 from the parental 
virus infected group at 49 dpi (one week after challenge). 
Both groups reached similar SN titers at 62 dpi (three weeks 
after challenge) (FIG. 14C). These data suggest that on the 
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initial infection, pigs infected with GFP/AES4 marker virus 
generated higher neutralizing antibody titers than pigs 
infected with parental virus. 
0.066 Virus isolation and sequencing. Serum samples 
from 7, 14, 21, and 28 dpi were used for virus isolation as 
described previously (Wasilk et al., 2004). The presence of 
virus was confirmed by IFA with PRRSV specific antibody, 
SDOW17 (Nelson et al., 1993). To determine the stability of 
the GFP insertion and ES4 epitope deletion, viral RNA was 
extracted from the serum-isolated virus using QIAamp Viral 
RNA mini kit (Qiagen) following the manufacture's instruc 
tion. The RT-PCR was performed using previously described 
methods (Fang et al., 2004). The RT-PCR amplified fragment 
was gel purified, and the sequence was determined at the Iowa 
State University sequencing facility (Ames, Iowa). Primer 
pairnsp2-2144F/nsp2-2694R (Table 5) was used for RT-PCR 
and sequencing, and amplifies the nucleotide region (2144 to 
2694 of SD01-08 genome) containing the GFP insertion and 
ES4 deletion. The full length sequence of the GFP/AES4 
marker virus is provided in SEQID NO. 43 (Table 7). 
0067. In vivo stability of the GFP/AES4 marker. To deter 
mine stability of the GFP/AES4 markers, serum samples from 
7 to 28 dpi were used for virus isolation on MARC-145 cells. 
Viruses were recovered from the serum samples collected on 
7, 14, and 21 dpi, and no virus was isolated from the serum 
samples collected from 28 dpi. In cell culture, we only 
observed a small population of infected cells showing weak 
GFP fluorescence with the viruses isolated from 7 and 14 dpi. 
no GFP fluoresence was observed in infected cells with the 
viruses isolated from 21 dpi. However, immunofluoresent 
staining using nucleocapsid protein specific monoclonal anti 
body, SDOW17 confirmed the presence of a large population 
of viruses, similar to that observed in the in vitro study (FIG. 
11). The stability of the GFP insertion/AES4 deletion was 
determined by sequencing the corresponding regions. The 
results confirmed the presence of the ES4 deletion, and the 
GFP remained intact as a full-length gene. However, sequenc 
ing results revealed two point mutations that were located at 
nucleotide 144 (C to T) and nucleotide 289 (C to T) of the 
GFP. The nucleotide 144 mutation was silent, but the nucle 
otide 289 mutation caused amino acid mutation of arginine 
(R) to cysteine (C) at position 97 of the GFP, which is con 
sistent with our in vitro sequencing analysis (FIG. 12). Inter 
estingly, there was still a small population of the non-mutated 
GFP gene detected in the viruses isolated from 7 and 14 dpi. 
For each dpi, we have sequenced viruses isolated from three 
pigs, and sequencing was performed using both forward and 
reverse primers, resulting in a total of six sequences for each 
dpi. For the viruses isolated from 7 dpi. /6 sequences was 
found to have no mutation at position 97, and the other five 
sequences were determined to contain the R to C mutation. 
For the viruses isolated from 14 dpi, 2% sequences identified 
no mutations, and these two sequences were from two differ 
ent pigs. The other four sequences were also identified to 
contain the Rto C mutation. All the sequences generated from 
viruses of 21 dpi contained the Rto C mutation. This data was 
consistent with a previous report (Kim et al., 2007) that the 
loss of GFP fluorescence is due to the R to C mutation. The 
presence of small population of the non-mutated GFP would 
account for the weakly fluorescing cells observed in the cell 
culture. These results suggest that the selection may have 
gradually occurred to generate the mutation in favor of 
improved viral replication. 
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006.8 GFP and ES4 epitope-based ELISA. ELISAs were 
performed using Immulon II HB 96-well microtiter plates 
(Thermo Labsystems, Franklin, Mass.). The recombinant 
protein was diluted in coating buffer (15 mM sodium carbon 
ate-35 mM sodium bicarbonate, pH 9.6), and the plates were 
coated with 100 ul of the diluted antigen in columns 1,3,5,7, 
9, and 11. Columns 2, 4, 6, 8, 10, and 12 were treated with 100 
ul of coating buffer as a background control. Plates were 
incubated at 37°C. for 1 hour, and then excess proteinbinding 
sites were blocked with 10% milk in PBST buffer (1xPBS 
with 0.05% Tween 20) at 4°C. overnight. The test sera were 
applied at 1:5 dilutions in PBST buffer with 5% milk. After 1 
hour incubation at 37°C., plates were washed with PBST and 
horseradish peroxidase-conjugated goat anti-Swine IgG 
(Kirkegaard & Perry Laboratories, Gaithersburg, Md.) was 
added to bind to any PRRSV serum antibodies that bound to 
the antigen on the plates. Plates were incubated at 37°C. for 
another hour, washed, and the peroxidase substrate ABTS 
(Kirkegaard & Perry Laboratories, Gaithersburg, Md.) was 
added for color development. The color development was 
quantified by reading at 405 nm with an EL800 microplate 
reader (BioTek Instruments Inc., Winooski, Vt.) controlled by 
XChek Software (IDEXX Laboratories). 
0069. A companion differential diagnostic assay was 
developed to differentiate animals that were vaccinated with 
the marker vaccine from those naturally infected with the 
field viruses. Because two markers, the GFP insertion (posi 
tive marker) and ES4 deletion (negative marker), were used, 
we developed both GFP and ES4 epitope-based ELISA 
assays for marker detection. Both GFP and ES4 epitopes were 
expressed as soluble recombinant proteins. We evaluated 
these two ELISA tests for detecting the specific antibodies. 
FIG. 15A shows results from the ES4 epitope-based ELISA, 
and FIG. 15B shows results from the GFP antigen-based 
ELISA. Pigs were challenged at day 42 post-infection shown 
as a dotted vertical line in FIG. 15A. As expected, the infec 
tion of Group 1 pigs with GFP/AES4 marker virus did not 
induce a detectable antibody response against the deleted ES4 
epitope (FIG. 15A), but induced a strong antibody response 
against the GFP antigen, starting from 14 dpi and continuing 
for the duration of the study to 62 dpi (FIG. 15B). In contrast, 
the Group 2 pigs that were infected with parental virus, anti 
body specific to ES4 recombinant protein could be detected at 
21 dpi, and also lasted to 62 dpi (FIG.15A), while no specific 
antibody response was detected against GFP antigen (FIG. 
15B). After challenged with 03-15, the Group 1 pigs showed 
a detectable antibody response to the ES4 epitope one week 
after challenge, since 03-15 virus contains the ES4 epitope 
(FIG. 15A). No specific antibody response was detected on 
both GFP and ES4 epitope-based ELISAs for the serum 
samples from the three strict negative control pigs (FIGS. 
15A and 15B). 
0070 Serum samples from other Type 1 and Type 2 
PRRSV infected animals. A basic requirement for the nega 
tive marker is that the antigenic region should be able to react 
with a broad array of field viruses. To ensure that the ES4 
epitope can be reactive in various viral strains, we used serum 
samples from pigs infected with each of four representative 
strains of the US Type 1 virus, SD01-07, SD01-08, SD02-11, 
and SD03-15 (Lawson et al., Proc. Conf. Res. Work. Anim. 
Dis., abstr. 99, 2005). The SD01-07 and SD01-08 isolates 
were obtained from herds showing no clinical disease and 
SD02-11 and SD03-15 were from herds with substantial mor 
bidity and mortality in young pigs. These four isolates also 
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group into different branches of the phylogenetic tree devel 
oped for Type 1 PRRSV isolates of US origin (Fang et al., 
2007). Serum samples from experimental pigs infected with 
Type 2 virus, VR2332 were obtained from the shared reagent 
resource of the PRRSV Cooperative Agriculture Project 
(CAP). As shown in FIG. 15C, the ES4 epitope reacted with 
anti-sera from all of the pigs infected with these four viral 
strains. The results are presented as mean values (n=6). The 
antibody response was detected by 14 dpi, and lasted more 
than 62 dpi. However, further testing of serum samples from 
a group of experimental pigs infected with Type 2 prototypic 
strain, VR2332 showed no reactivity with the ES4 epitope on 
the ELISA (data not shown). Therefore, another serological 
test will be required to differentiate animals infected with 
Type 1 viruses from those animals infected with Type 2 
viruses. 

III. Discussion 

0071. Two genetic markers in thensp2 region of the PRRS 
virus have been constructed. The positive marker (GFP inser 
tion) will allow detection of the animals that have been vac 
cinated, while the negative marker (ES4 epitope deletion) will 
allow detecting the presence of wild-type virus in the animals. 
In comparison to the MLV prepared by traditional multiple 
cell culture passage techniques, vaccines constructed using 
this type of precisely defined attenuating deletions/insertions 
and the use of reverse genetics technology reduces the poten 
tial risk of reversion to virulent wild-type viruses. 
0072 Marker vaccines are only useful if suitable tests 
(companion diagnostic tests) are available to monitor the 
vaccination levels and to follow the spatial course of the 
infection. The GFP antigen-based ELISA detected a high 
level of the anti-GFP response in the group of pigs infected 
with the marker virus. The ES4 epitope-based ELISA also 
detected a high level of antibody response in the group of pigs 
infected with the parental virus, but appeared to develop 
slower than that of the anti-GFP response. A high level, robust 
anti-GFP response can be detected by 14 dpi in marker virus 
infected pigs, while anti-ES4 antibody response was detected 
by 21 dpi and reached higher levels by 28 dpi in pigs infected 
with wild-type virus. The ES4 epitope possesses the highest 
hydrophilic values (Hopp & Woods, 1981) among the six 
B-cell epitopes identified on the nsp2 of Type 1 virus (Ole 
ksiewicz et al., 2001). Analysis of the currently available nsp2 
amino acid sequences of Type 1 PRRSV (Meulenberg et al., 
1993; Fang et al., 2007) showed that this region possesses 
63.6% to 100% amino acid sequence identity within the Type 
1 genotype. Protein sequence analysis showed that the ES4 
epitope region, AA736-AA790, actually contains seven small 
B-cell epitopes (PepTool, BioTools, Inc., Edmonton, Alberta, 
Canada). Epitope AA745-AA754 and AA768 AA780 are 
well conserved within the Type 1 genotype. Our ES4 ELISA 
data was consistent with the protein sequence analysis, show 
ing that the ES4 epitope can react with Sera samples from 
animals infected with four representative field strains of Type 
1 PRRSV. However, ES4 epitope does not react with serum 
samples from animals infected with Type 2 isolates. In com 
parison of the identified B-cell epitopes on nsp2 region (Ole 
ksiewicz et al., 2001; de Lima et al., 2006), none of the 
epitopes identified in the nsp2 region was conserved between 
Type 1 and Type 2 isolates. Therefore, another diagnostic 
assay is required to differentiate pigs vaccinated with the ES4 
epitope deletion mutant from those pigs infected with Type 2 
field strains. 
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0073. The ES4 epitope in the nsp2 region appears to be 
non-essential for PRRSV replication but may play an impor 
tant role in viral attenuation and pathogenesis in vivo. Inser 
tion of the GFP alone did not substantially reduce the in vitro 
growth properties of the virus, however, when the ES4 
epitope downstream of the GFP was deleted, viral titer was 
reduced at least two-logs in comparison to that of parental 
viruses. Plaque morphology also demonstrated negative 
effects of the markers in virus growth. In vivo characteriza 
tion further demonstrated that the GFP/AES4 marker virus 
was attenuated with a lower level of viremia and higher level 
of neutralizing antibody response than that of wild-type virus. 
Protein sequence analysis has showed that the ES4 epitope 
region contains the highest hydrophilic value on the nsp2 
(Hopp & Woods, 1981). 
0074 Surprisingly, the ES4 epitope deletion improved the 
stability of the GFP insertion in thensp2. Another interesting 
observation is the loss of GFP fluorescence in vitro and in 
Vivo although the GFP gene remained intact. Sequence analy 
sis identified the Arg-97 to Cys mutation in the GFP. The 
Arg-97 to Cys mutation is exactly the same amino acid muta 
tion identified on GFP that was inserted into the nsp2 region 
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of a Type 2 virus (Kim et al., 2007). As indicated by Kimetal 
(2007) that Arg-97 plays a key role in the chromophore for 
mation of GFP, which suggests that the chromophore forma 
tion may affect insp2 function. In addition, since CyS is the 
amino acid normally involved in forming the disulfide-bond 
in the protein, the additional disulfide-bond may be required 
in maintaining the correct conformation of nsp2 in order to 
function. Nevertheless, the GFP retains its immunogenicity 
in Vivo, and functions as an excellent positive marker for 
differentiation between vaccinated and wild-type virus 
infected animals. 
0075 All publications and patent applications in this 
specification are indicative of the level of ordinary skill in the 
art to which this invention pertains. All publications and 
patent applications are herein incorporated by reference to the 
same extent as if each individual publication or patent appli 
cation was specifically and individually indicated by refer 
CCC. 

0076. The invention has been described with reference to 
various embodiments and techniques. However, it should be 
understood that many variations and modifications may be 
made while remaining within the spirit and scope of the 
invention. 

TABLE 7 

Full length sequence of the GFP/-ES4 marker virus (SEQ ID NO: 43). 

atgatgtgta gggitatic ccc cctacataca caac acttitt tdtgtttgtg tactittggag 60 

gcqtggg tac agc.ccc.gc.cc caccc.cttgg cc cctdttct agcc caacag gitat cottct 12O 

CCCtcggggc gagtgcgc.cg cctgctgct C ccttgcagtg ggaaggacct cocgagtatt 18O 

tccggagagc acctgctitta cqggat citcc accctittaac catgtctggg acgttct coc 24 O 

ggtgcatgtg caccc.cggct gcc.cggg tat tittggaacgc cggccalagtic ttittgcacac 3 OO 

ggtgtct cag togcggcct Cttct ct ct c cqgaact tca ggacactgac ct cqgtgtag 360 

ttggattgtt ttacaagcct aagga caaga tt cactggaa agttccitatic ggcatt cotc 42O 

aggtggagtg tactic catcc gggtgctgct ggct ct cagc cg tatt Coct ttggcgc.gca 48O 

tgact tccgg taatcacaac titcct coaac gacttgttaa ggttgctgat gttttgtatic 54 O 

gcgatggttg Cttggcgc.ct cacaccitcc gtgaact coa agtttacgag cqcggttgta 6 OO 

gctgg taccc aattacgggg ccc.gt acccg gaatgggttt gtttgcgaac to catgcacg 660 

tgtctgacca gcc.gttc cct ggtgccaccc atgtgttgac taactic goct ctdcct cago 72O 

gggcgtgc.cg gcagc.cgttctgtc.catttg aggaagctica ttctgacgtt tacaggtgga 78O 

agaaatttgt gattitttacg gactic ct ct c ccaacgg tog attt cqcatg atgtggacgc 84 O 

cggaatc.cga tigacticago C gcc.ctggagg tectgcc.gcc cagttagaa cqt Caggit cq 9 OO 

agatcct cac toggagttitt cocqct catc acccitat caa cctagotgac tdggagctica 96.O 

ctgagtic ccc tdagaacggit ttittctitt.cg goacgt.ccca ttcttgcggc cacatcgt.cc 102O 

agalaccc.cala C9tgtttgac ggcaa.gtgct ggct cacct g ctittittgggc caatcggctg 108O 

aagtgtgct a ccacgaggala Catctagota acgc.cct cqg ttaccaaac C aagtgggg.cg 114 O 

tgcatggtaa gtacctic cala CdCaggctt C aagt cc.gcgg catgcgtgct gtggtcgatc 12 OO 

Ctgacggc.cc tattoacgtt galagcgctgt Cttgctic cca gt Cttgggt C aggcacctga 1260 

citctgaataa tatgtcacc cc aggatt.cg titcqcctgac atccatcc.gc attgttgtc.ca 132O 

acacagaac C. caccgctitt C. Cdgat Cttt C ggtttggagc acatalagtgg tatggcgctg 138O 
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7- continued 

Full length sequence of the GFP/-ES4 marker virus 

t cat to taco 

ctacagcctic 

ccggcgatac 

cticagogt ct 

cactictagta 

agtggittaac 

cggctic caat 

taaagt ccca 

cacattitt co 

ccctctgctt 

catc.ca.gcgg 

gcctgatt.cg 

Caccgtgtcg 

acagagt cat 

attctggc cc 

ggit aaccgag 

c caggactitc 

citcgtcaagt 

ggggaatggc 

gcgc.ca.gcaa. 

Cctggctgca 

gcaatcgatc 

gaaggit cagt 

cgtgacttct 

cgattggcgt. 

Cactt accct gggggctgtt gtc.gc.cctitt 

ggaagttt at 

ctgcc catca 

catacgctgt 

ggagccticgt. 

atggc.cggta 

Cagc.cagt ca 

Cct aggggag 

gaagatgaca 

Cagacggctt 

titcCaggttg 

a catcc.gc.ca 

gtggcctctg 

cact tccaga 

cgtagaaagt 

gagaaag.ccc 

gctgggcggc 

aaaat cagag 

atcaactgtg 

gacaggctaa 

tccggcacca 

t caat Caagg 

agitt tatgct 

gtCagggtgc 

agt caccitat 

tgcagattgt 

gctgcaggit c 

ggactalacat 

aaacgagctg 

ccagaagaaa 

Ccagttgctg 

aaagaaaaag 

CCt. CaccCaa 

cgcaggaact 

gcc.ggttgct 

aaattaattit 

t caattaggg 
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< 4 OOs 

SEQUENCE LISTING 

NUMBER OF SEO ID NOS : 48 

SEO ID NO 1 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: Synthetic primer 

SEQUENCE: 1 

gcatggctct taaggcagac 

< 4 OOs 

SEO ID NO 2 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: Synthetic primer 

SEQUENCE: 2 

cagct tcaag gCagttgtca 

< 4 OOs 

SEO ID NO 3 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: Synthetic primer 

SEQUENCE: 3 

tgttgttgat C gg.cgg tatt a 

< 4 OOs 

SEO ID NO 4 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: Synthetic primer 

SEQUENCE: 4 

cggcgcgggc acacatttcg tcaatitt 

< 4 OOs 

SEO ID NO 5 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

OTHER INFORMATION: Synthetic primer 

SEQUENCE: 5 

27 
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tacgaccitat coacccaagg 

<210s, SEQ ID NO 6 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 6 

gaatctatgg ttatcgcaga gC 

<210s, SEQ ID NO 7 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OO > SEQUENCE: 7 

Cctic gatgag gctggatatt 

<210s, SEQ ID NO 8 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 8 

gcaccalacca ggaggaaaaa agc 

<210s, SEQ ID NO 9 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 9 

cattcttgcg toccitcaaat 

<210s, SEQ ID NO 10 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 10 

cgacagt citt totgc.catca atg 

<210s, SEQ ID NO 11 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 11 

gctgctgttg tcc ttgtt 

<210s, SEQ ID NO 12 

22 

- Continued 

22 

23 

23 

19 
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23 

- Continued 

&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 12 

ccgt.cgaagg gggtggcatc C 21 

<210s, SEQ ID NO 13 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 13 

t catt cqagc tigaccatcaa 2O 

<210s, SEQ ID NO 14 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 14 

Ctttat catt goacccagoa a 21 

<210s, SEQ ID NO 15 
&211s LENGTH: 42 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 15 

ggcgc.gc.cta atacgactica ctatagatga tigtgtagggit at 42 

<210s, SEQ ID NO 16 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 16 

cgcgggcgcc tagttcgac aaatt 25 

<210s, SEQ ID NO 17 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 17 

caacgatcct accogcc.gcac aa 22 

<210s, SEQ ID NO 18 
&211s LENGTH: 79 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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gg.cgatcggg cqtctaggaa ttctagattt tttitttittitt tttitttittitt tttitttittitt 

OTHER INFORMATION: 

SEQUENCE: 18 

tttitttittaa tittggit cac 

ggcgat.cggg C9tctaggaa titc 

caacgatcct accogcc.gcac aa 

ggc.cccagtg Ctgcaatgat ac 

SEQ ID NO 19 
LENGTH: 23 
TYPE: DNA 

Synthetic primer 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 19 

SEQ ID NO 2 O 
LENGTH: 22 
TYPE: DNA 

Synthetic primer 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 2O 

SEQ ID NO 21 
LENGTH: 22 
TYPE: DNA 

Synthetic primer 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 21 

SEQ ID NO 22 
LENGTH: 31 
TYPE: DNA 

Synthetic primer 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 22 

Synthetic primer 

agaagaaaaa gaaaagtact gct coaatgg g 

SEQ ID NO 23 
LENGTH: 30 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 23 

Synthetic primer 

c cc cattgga gcagtactitt totttitt citt 

SEQ ID NO 24 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Synthetic primer 

24 

- Continued 

6 O 

79 

23 

22 

22 

31 

3 O 
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25 

- Continued 

<4 OOs, SEQUENCE: 24 

gctCagatgg tagcaaggg C9aggagc 28 

<210s, SEQ ID NO 25 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 25 

gagt ctgaag aggacttgta Cagct cqtcc a 31 

<210s, SEQ ID NO 26 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 26 

tgctgactitt cittgctgatc. cacct cot 28 

<210s, SEQ ID NO 27 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 27 

ccttgct cac catctgagca citcc.cg 26 

<210s, SEQ ID NO 28 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 28 

gctgtacaag to citcttcag act coaaga 29 

<210s, SEQ ID NO 29 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 29 

gcggacccag C caggat.cag ac 22 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 1.OO 
212. TYPE: PRT 

<213> ORGANISM: Porcine reproductive and respiratory syndrome virus 
(PRRSV) 

22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
223 OTHER INFORMATION: 691 to 790 of ORF1a 

<4 OOs, SEQUENCE: 30 
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26 

- Continued 

Glin Glu Ser Gly His Lys Ala Val His Ala Val Pro Lieu Ala Glu Gly 
1. 5 1O 15 

Pro Asn. Asn. Glu Glin Val Glin Val Val Ala Gly Glu Gln Lieu. Glu Lieu. 
2O 25 3O 

Gly Gly Cys Gly Lieu Ala Ile Gly Ser Ala Glin Ser Ser Ser Asp Ser 
35 4 O 45 

Lys Arg Glu Asn Met His Asn. Ser Arg Glu Asp Glu Pro Lieu. Asp Lieu. 
SO 55 6 O 

Ser His Pro Ala Pro Ala Ala Thr Thr Thr Lieu Val Gly Glu Gln Thr 
65 70 7s 8O 

Pro Asp Asn Pro Gly Ser Asp Ala Ser Ala Lieu Pro Ile Ala Val Arg 
85 90 95 

Gly Phe Val Pro 
1OO 

<210s, SEQ ID NO 31 
&211s LENGTH: 241 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic GFP insert 

<4 OOs, SEQUENCE: 31 

Met Val Ser Lys Gly Glu Glu Lieu Phe Thr Gly Val Val Pro Ile Leu 
1. 5 1O 15 

Val Glu Lieu. Asp Gly Asp Val Asn Gly His Llys Phe Ser Val Ser Gly 
2O 25 3O 

Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Lieu. Thir Lieu Lys Phe Ile 
35 4 O 45 

Cys Thir Thr Gly Lys Lieu Pro Val Pro Trp Pro Thr Lieu Val Thir Thr 
SO 55 6 O 

Lieu. Thir Tyr Gly Val Glin Cys Phe Ser Arg Tyr Pro Asp His Met Lys 
65 70 7s 8O 

Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Glin Glu 
85 90 95 

Arg Thir Ile Phe Phe Lys Asp Asp Gly Asn Tyr Llys Thr Arg Ala Glu 
1OO 105 11 O 

Val Llys Phe Glu Gly Asp Thir Lieu Val Asn Arg Ile Glu Lieu Lys Gly 
115 12 O 125 

Ile Asp Phe Lys Glu Asp Gly Asn. Ile Lieu. Gly His Llys Lieu. Glu Tyr 
13 O 135 14 O 

Asn Tyr Asn. Ser His Asn Val Tyr Ile Met Ala Asp Llys Glin Llys Met 
145 150 155 160 

Glu Asn Gly Ile Llys Val Asn. Phe Lys Ile Arg His Asn. Ile Glu Asp 
1.65 17O 17s 

Gly Ser Val Glin Leu Ala Asp His Tyr Glin Glin Asn Thr Pro Ile Gly 
18O 185 19 O 

Asp Gly Pro Val Lieu. Lieu Pro Asp Asn His Tyr Lieu. Ser Thr Glin Ser 
195 2OO 2O5 

Ala Lieu. Ser Lys Asp Pro Asn. Glu Lys Arg Asp His Met Val Lieu. Lieu 
21 O 215 22O 

Glu Phe Val Thr Ala Ala Gly Ile Thr Lieu. Gly Met Asp Glu Lieu. Tyr 
225 23 O 235 24 O 
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Lys 

<210s, SEQ ID NO 32 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 32 

caagtic ct ct acaggg.ccca tactic 

<210s, SEQ ID NO 33 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 33 

ggcc ctgtag aggacttgta Cagctic 

<210s, SEQ ID NO 34 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 34 

cittgctgatc. cacctic ct ca gg 

<210s, SEQ ID NO 35 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 35 

CC9tcggagg giggtggcatc C 

<210s, SEQ ID NO 36 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 36 

gtctgtgtcc ttggacgagt g 

<210s, SEQ ID NO 37 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OO > SEQUENCE: 37 

cCaagcggcc aaggatagat c 

<210s, SEQ ID NO 38 

27 
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- Continued 

&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 38 

cgggat CC at gatgagcaag gC9aggagc 3 O 

<210s, SEQ ID NO 39 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 39 

cctaagctitc cittgtacago tog to catgc cq 32 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 4 O 

gcagat Cttic agactic caag agagaa 26 

<210s, SEQ ID NO 41 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 41 

gCagatctgg ttggtggit tocticagact C caagagaga a 41 

<210s, SEQ ID NO 42 
&211s LENGTH: 36 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 42 

atcc caagct tcggggat.c cc.gggacaaa t cct cq 36 

<210s, SEQ ID NO 43 
&211s LENGTH: 15521. 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<223> OTHER INFORMATION: Chemically synthesized SDO1-08 GFP/ES4 marker 

WS 

<4 OOs, SEQUENCE: 43 

atgatgtgta gggitat cocc cct acataca caa.cacttitt tdtgtttgttg tactittggag 6 O 

gcqtggg tac agc.ccc.gc.cc caccc cittgg cccct gttct agcc.caa.cag gitatic cttct 12 O 
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- Continued 

<210s, SEQ ID NO 45 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Construct 

<4 OOs, SEQUENCE: 45 

Gln Glu Arg Thr Ile 
1. 5 

<210s, SEQ ID NO 46 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic mutated GFP gene fragment 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . (15 

<4 OOs, SEQUENCE: 46 

Cag gag tec acc atc 
Gln Glu. Cys Thr Ile 
1. 5 

<210s, SEQ ID NO 47 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Construct 

<4 OOs, SEQUENCE: 47 

Gln Glu. Cys Thr Ile 
1. 5 

<210s, SEQ ID NO 48 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic linker sequence 

<4 OOs, SEQUENCE: 48 

ggtggtggtg gttcC 

What is claimed is: 
1. A recombinant North American Type 1 porcine repro 

ductive and respiratory syndrome virus (PRRSV), compris 
ing one or more mutations in open reading frame (ORF) 1a. 
wherein said mutations are such that the recombinant PRRSV 
fails to produce at least one functional polypeptide corre 
sponding to ORF1a. 

2. The recombinant PRRSV of claim 1, wherein the muta 
tion comprises a deletion. 

3. The recombinant PRRSV of claim 2, wherein the dele 
tion is in the nsp2 region. 

4. The recombinant PRRSV of claim 3, wherein the dele 
tion includes epitope ES4. 

5. The recombinant PRRSV of claim 4, wherein the dele 
tion includes amino acids 736-790 of ORF1a. 

6. The recombinant PRRSV of claim3, wherein the muta 
tion comprises an insertion of a heterologous DNA sequence. 

15 

15 

7. The recombinant PRRSV of claim 6, wherein the inser 
tion is between amino acids 733 and 734 of ORF1a. 

8. The recombinant PRRSV of claim 6, wherein the inser 
tion is green fluorescent protein (GFP). 

9. A recombinant North American PRRS virus encoded by 
an isolated polynucleotide molecule comprising a DNA 
sequence encoding an infectious RNA molecule encoding a 
North American PRRS virus, wherein said DNA sequence is 
SEQID NO:43. 

10. A North American Type 1 PRRSV vaccine comprising 
a recombinant PRRSV having a mutation in ORF1a, said 
mutation including a deletion, an insertion, or both, in 
ORF1a, and a pharmaceutically acceptable carrier. 

11. The vaccine of claim 10, wherein said mutation com 
prises a deletion in the nsp2 region. 

12. The vaccine of claim 11, wherein said deletion is of 
amino acids 736-790 in the nsp2 region. 
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13. The vaccine of claim 11, wherein said mutation further 
comprises an insertion of a heterologous DNA sequence. 

14. The vaccine of claim 13, wherein said insertion is 
between amino acids 733 and 734 in the nsp2 region. 

15. A kit comprising: 
a vaccine comprising a PRRSV mutant having a mutation 

in ORF1a, said mutation being such that said PRRSV 
mutant fails to produce a functional ORF1a polypeptide, 
said mutation including an insertion of a heterologous 
DNA sequence, and a pharmaceutically acceptable car 
r1er: 

one or more first polypeptides encoded by the heterologous 
DNA sequence; and 

one or more second polypeptides encoded by the func 
tional ORF1a. 

16. The kit of claim 15, wherein the mutation in the PRRSV 
vaccine is a deletion in the nsp2 region. 

17. The kit of claim 16, wherein the deletion is an ES4 
epitope, wherein the one or more first polypeptides include 
GFP and the one or more second polypeptides include the 
ES4 epitope. 

18. A method of differentiating an animal vaccinated with 
a PRRSV marker vaccine from an animal naturally infected 
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with PRRSV, wherein the PRRSV marker vaccine includes an 
insertion mutation and a deletion mutation, the method com 
prising: 

providing a first recombinant PRRSV protein including the 
insertion mutation; 

providing a second recombinant PRRSV protein including 
the deletion mutation; 

incubating a serum sample from the animal with the first 
and second recombinant PRRSV proteins; and 

detecting binding of antibodies in the sample with the first 
and second recombinant PRRSV proteins; 

wherein binding of antibodies in the sample with the first 
recombinant PRRSV protein is indicative of a vacci 
nated animal and binding of antibodies in the sample 
with the second recombinant PRRSV protein is indica 
tive of a naturally infected animal. 

19. The method of claim 18, wherein the first recombinant 
PRRSV protein includes a GFP insertion. 

20. The method of claim 18, wherein the second recombi 
nant PRRSV protein includes an ES4 deletion. 

c c c c c 


