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Life attenuated strains of PRRS virus

Field of the invention

The present invention relates to live attenuated European PRRS viruses which are
attenuated by nucleic acid mutations on specific sites. The invention also pertains to
nucleotide sequences coding said viruses, methods of generating such viruses and a
pharmaceutical composition comprising said PRRS viruses and the use of said PRRS virus

in the manufacture of a vaccine for the prophylaxis and treatment of PRRS infections.
Background of the invention

Porcine reproductive and respiratory syndrome (PRRS), is caused by an enveloped
positive-stranded RNA virus of the family arteriviridae (Snijder E.J., Meulenberg J.J.M.
1998. ,,The molecular biology of arteriviruses. Journal of General Virglo gy 79(5):961-
971). About 10 to 15 years ago, two different PRRS virus strains emerged apparently
independently in the USA and Europe. The disease is now endemic in many swine
producing countries in North America, Europe and Asia. It continues to be a major cause - -
of reproductive loss and respiratory disease in swine. In the USA the prevalence of

infection is estimated to be up to 70 %.

The virus is transmitted by inhalation, ingestion, coitus, bite wounds or needles. It
replicates in mucosal, pulmonary or regional macrophages. Subclinically, the disease
results in resolution or persistent infection. Persistently infected animals shed virus in
oral/pharyngeal fluids, blood, feces, urine and semen. Clinical symptoms in sows relate to
abortion or premature farrowing with weak live-born pigs, stilborn pigs and autolyzed
fetuses. Infected neonatal pigs have a high mortality or suffer from pneumonia. The
subsequent nursery and growth of pigs is complicated by pneumonia, concurrent bacterial
infections and increased mortality. Boars are prone to fever and morphological changes in

semen.

Like for all arteriviruses, the PRRS virus genome is a single positive-stranded RNA

molecule of about 15 kilobases. ORF's (open reading frame) 1a and 1b code replicases,
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ORF's 2 to 5 putative glycoprote{ns (gp 1 to 4), ORF 6 a membrane protein (M) and ORF

7 codes for a nucleocapsid protein (N).

The original descriptions of PRRS infection in the USA (WO 93/03760, isolate ATCC VR-
2332, deposited July 18, 1991 at the American Type Culture Collection in Rockville,
Maryland, USA, NCBI GeneBank Accession No. U 87392 U00153) and Europe (WO
92/21375, isolate Lelystad Agent (CDI-NL-2.91), Accession No. CNCM I-1102, deposited
June 5 1991 with the Institute Pasteur, Paris; NCBI GeneBank Accession Nos. M 96262
[gi:11125727], NC 002533 [gi:11138120]) identified viruses that had genomic and
serological differences. Comparison demonstrated that both had a common ancestor which
had diverged before the clinical disease was described in the late 1980°s. Full length
genomic sequences have been reported for a number of PRRS viruses and complete
structural protein-coding regions thereof (Snijder et al. 1998, supra; Meulenberg I.J.M.,
Hulst, M.M. et al.,, 1993. Lelystad virus, the causative agent of porcine epidemic abortion
and respiratory syndrome ..., Virology 192, 62-72; Conzelmann K.X., Visser N., Van
Woensel P., Thiel H.J., 1993. Molecular characterization of porcine reproductive and
respiratory syndrome virus, a member of the arterivirus group, Virology 103, 329-339;,
Murtaugh M.P., Elam M.R., Kakach L.T., 1995. Comparison of the structural protein

. coding sequences of the VR-2332 and Lelystad virus strains of the PRRS virus, Archives

of Virology 140, 1451-1460; Kapur V., Elam M.R., Pawtovich T.M. Murtaugh M.P., 1996:
Genetic variation in porcine reproductive and respiratory sydrome virus isolates in the

midwestern United States, Journal of General Virology 77, 1271-1276).

PRRS virus can be replicated in vitro in pig lung macrophages, monocytes, glial cells and
two MA-104 cell subpopulations (embryonic monkey kidney cell) known as CL-2621 and
MARC-145 (K.D. Rossow, Porcine reproductive and respiratory syndrome, Vet Pathol
35:1-20, 1998). Recombinant means for generating infectious PRRS clones are also

available (EP 0839912).

For protecting pigs, live attenuated PRRS vaccines are commercially available
(RespPRRS/Ingelvac® PRRS MLV, Boehringer ingelheim). Killed vaccines (inactivated
whole virus) or subunit vaccines (conventionally purified or heterologously expressed
purified viral proteins) are most often inferior to live vaccines in their efficacy to produce a

full protective immune response even in the presence of adjuvants. For PRRS, it has been
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demonstrated that in comparison to the currently available killed vaccines, the attenuated
vaccines induce an immunity against the disease which lasts longer and is more efficient
(Snijder et al., referenced above). The present live PRRS vaccines are attenuated
conventionally by serially passaging the virus in appropriate host cells until pathogenicity
is lost (American strain: EP 0529584; European strain: EP 0676467; EP 0835930).
Present live PRRS vaccines still leave room for improvement. For one, they do not prevent *
reinfection. Secondly, they do not allow serological discrimination between vaccinated
animals and animals infected with the field virus. Furthermore, a live vaccine in principle. .
has a theoretical risk of reversion to the non-attenuated phenotype. In particular, RNA
viruses such as the PRRS virus, are considered to have high rates of mutation due to
imprecise replication of the RNA genome resulting from a lack of proofreading by the
RNA replication enzyme. For conventionally derived attenuated viruses obtained by
conventional multiple passaging, the molecular origin as well as the genetic stability

remains unknown, and the features of revertants are unpredictable.

Thus, the problem underlying the invention was to provide improved PRRS virus strains

" which can be used for the manufacture of vaccines which overcome the disadvantages of

the prior art.

Figure Legends

Figure 1: Sequence comparison of wild type Lelystad Virus, published in GenBank,
Attenuated virus A (abbreviated Vir.A) and attenuated Lelystad Virus B

Genomic area: ORF 2

Number of nucleotides: 750

In Bold and boxed are indicated the mutations (non-synonymous nucleotide exchanges)

according to the invention (see also claims 2 and 3)

Figure 2: Sequence comparison of wild type Lelystad- Virus, published in GenBank,
Attenuated virus A (abbreviated Vir.A) and attenuated Lelystad- Virus B
Genomic area: ORF 3

Number of nucleotides: 798
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In Bold and boxed are indicated the mutations (non-synonymous nucleotide exchanges)

according to the invention (see also claims 2 and 3)

Figure 3: Sequence comparison of wild type Lelystad Virus, published in GenBank,
- Attenuated virus A (abbreviated Vir.A) and attenuated Lelystad Virus B
Genomic area: ORF 4

., Number of nucleotides: 552

Figure 4: Sequence comparison of wild type Lelystad Virus, published in GenBank,
Attenuated virus A (abbreviated Vir.A) and attenuated Lelystad- Virus B
«« (Genomic area: ORF 5 '
-+ Number of nucleotides: 606
In Bold .and boxed are indicated the mutations (non-synonymous nucleotide exchanges)

according to the invention (see also claims 2 and 3) = p e
. Disclosure of the invention

Before the embodiments of the present invention it must be noted that as used herein and in -
the appended claims, the singular forms "a", "an", and "the" include plural reference unless
the context clearly dictates otherwise. Thus, for example, reference to "a PRRS virus"
includes a plurality of such PRRS viruses, reference to the "cell" is a reference to one or
more cells and equivalents thereof known to those skilled in the art, and so forth. Unless

+ defined otherwise, all technical and scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art to which this invention belongs.
Although any methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present invention, the preferred methods, devices, and
materials are now described. All publications mentioned herein are incorporated herein by
reference for the purpose of describing and disclosing the cell lines, vectors, and
methodologies which are reported in the publications which might be used in connection
with the invention. Nothing herein is to be construed as an admission that the invention is

not entitled to antedate such disclosure by virtue of prior invention.
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The present invention provides an attenuated European PRRS virus encoded by a nucleic
acid comprising ORF1, ORF2, ORF3, ORF4, ORF5, ORF6 and ORF7 and subtypes
thereof such as ORF1a and ORF1b or ORF2a and ORF2b, characterized in that:

5 a) ORF2 comprises at positions 11915 — 11935 at least one of the nucleotides as set
out in table 1:
AT |G |A|C|C |A|G|A A G|AJA|G|A|G|T |C
A |C|T |T (C |A|C|C A (C (C A |C |A|C A
116G |GT |G |AJA|G|T |G |G|G|T |G |G|T |G |T |G |T
and at positions 12037 — 12057 at least one of the nucleotides as set out in table
T |G|T |[T |[AJAJA|C|G|T |C|A|G|T |T |C|G|T |G
T |A|C|T |[C]A |C |C|T |A|C |A
G|T|G|G|G|GI|G|A|T |G|A|G|T |[G'|G|A|T |G |T
and at positions 12058 — 12078 at least one of the nucleotides as set out in table
T|A|A|C|C|C|A|T |A|CIA|AJAIA|C|C |G |T |G
c|C|T |T |T |C|C|C|T |C|C|C|C|T |T |A|C |A
G|IGIGIAIAIA|IG|IG|IGIA|G|G|G|GIA |A|T |G |T
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and/or a deletion at said position(s) and/or

10"~ b) ORF3 comprises at positions 12660 — 12680 at least one of the nucleotides as set -
out in table 4: ! |
C|A|A|C|AJ|A|T |T |A|C|A|G|G|T |[A|G |G |G |C |A |G
T |[C |C |T (C |C |[C |C |C|T |C (AJA|C |C|AAJA|T |C|A

A|IGIGIA|IG|IG|G|G|G|A|G|T |T |G|G|T |T|T |A |G |T

and/or a deletion at said position(s) and/or

c) ORFS5 comprises at positions 13684 — 13704 at least one of the nucleotides as set
out in table 5:

CIT|G|G|A|A|A|C|A|C|G|AJA A |T

CA[A|[C[C|C[T[C|T |A

A |G |T T |G |G|G|A|G|A|T |G|G|G|G|T|T|T |A|A|G

15 and/or a deletion at said position(s).
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It has surprisingly been found that PRRS viruses comprise specific sites on individual viral

proteins which, if mutated, lead to an attenuated phenotype compared to the original
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virulent field strain. The evolutionary pressure on-these from now on called “virulence

specific sites” or simply referred to as “sites of the invention” or just “sites” is immense. It

. is assumed that these sites have a general involvement in the process leading to the

attenuation of European PRRSV like vaccine strains. These sites disclosed in tables 1 to 5
are specific for European strains (wild type Lelystad Agent CNCM I-1102 is regarded as

reference type strain) and not shared with US strains of PRRS viruses.

In a further aspect, the present invention relates to an attenuated European PRRS virus
wherein at least oné of the sequence sections corresponding to SEQ ID NOs: 25, 26, 27,

28, or 29 is mutated at one, two, three, or more positions, up to a maximum of ten
mutations. The sites SEQ ID NO’s: 25, 26, and 27 are located in ORF2 (positions 130-150, -
252-272, and 273-293, respectively, in Fig 1), thé site SEQ ID NO: 28 is located in ORF3’
(position 267-287 in Fig. 3), and the site SEQ ID NO: 29 is located in ORFS5 (position 201-:
221 in Fig. 4). Said sequence sections represent the virulence specific sites according to the"
invention. As PRRS virus is a positive-stranded RNA virus, it will comprise a respective
RNA sequence inséead of the DNA sequences given in the sequences listings, i.e. it will
contain uracil (U) at positions iﬁdicatqd to be thymin (T) in the sequence listings, and

ribose instead of deoxyribose.

It is to be understood that an attenuated European PRRS virus according to the invention

. comprises genomic RNA containing sequence sections corresponding to the DNA

- sequences with SEQ ID NOs: 25, 26,27, 28, or 29, wherein at least one of said sequences

sections differs from the referred sequences by at least one mutation. In this context,
“corresponding to” means that the virus of the invention contains sequence sections which
can be aligned to the referred sequences by a standard alignment algorithm like BLAST
(Altschul, S.F., Gish, W., Miller, W., Myers, E.W. & Lipman, D.J. (1990) "Basic local
alignment search tool." J. Mol. Biol. 215:403-410; Gish, W. & States, D.J. (1993)

- "Identification of protein coding regions by database similarity search." Nature Genet.

3:266-272; Madden, T.L., Tatusov, R.L. & Zhang, J. (1996) "Applications of network
BLAST server" Meth. Enzymol. 266:131-141; Zhang, J. & Madden, T.L. (1997)
"PowerBLAST: A new network BLAST application for interactive or automated sequence
analysis and annotation." Genome Res. 7:649-656; Altschul, Stephen F., Thomas L.
Madden, Alejandro A. Schiffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J.
Lipman (1997), "Gapped BLAST and PSI-BLAST: a new generation of protein database
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search programs", Nucleic Acids Res. 25 :3389-3402). Sequence positions which are

aligned pairwise by such an algorithm “correspond to” each other.

Upon such an alignment, a respective mutated sequence section of the virus then would
differ from the corresponding reference sequence (“site”, i.e. either SEQ ID NO: 25, 26, .
27,28, or 29) at one, two, three, or more positions, up to a maximum of ten positions.
Preferably, a virus of the invention is mutated at all five of the cited sequence sections
(sites). Preferably, the mutation(s) is/are substitution(s) and/or a deletion(s). In preferred
embodiments, the mutations result in a change of the amino acid sequence(s) of the

protein(s) coded by the respective ORF(s).

In a further aspect, the present invention relates to an attenuated European PRRS virus

having an ORF2 containing a sequence section corresponding to SEQ ID NO: 25, wherein -

- the triplet corresponding to positions 10 to 12 of SEQ ID NO: 25 is mutated. Preferably, -

156

20

25.

30

said triplet does not code for phenylalanine. Preferably, said triplet codes for a different
amino acid. In a preferred embodiment, said triplet codes for serine. More preferably, the
nucleotide correponding to position 11 of SEQ ID NO: 25 is;a C. Hence in a preferred
embodiment, the attenuated European PRRS virus has an ORF2 coding for a protein which
has not phenylalanine at position 47 (or the corresponding position in a BLAST

alignment). Preferably, said protein has a serine at this position instead.

In a further aspect, the present invention relates to an attenuated European PRRS virus
having an ORF2 containing a sequence section corresponding to SEQ ID NO: 26, wherein -
the triplet corresponding to positions 10 to 12 of SEQ ID NO: 26 is mutated. Preferably,
said triplet does not code for valine. Preferably, said triplet codes for a different amino
acid. In a preferred embodiment, said triplet codes for phenylalanine. More preferably, the
nucleotide correponding to position 10 of SEQ ID NO: 26 is a T (or an U in the RNA,
respectively). Hence in a preferred embodiment, the attenuated European PRRS virus has
an ORF2 coding for a protein which has not valine at position 88 (or the corresponding
position in a BLAST alignment). Preferably, said protein has a phenylalanine at this

position instead.

In a further aspect, the present invention relates to an attenuated European PRRS virus

having an ORF2 containing a sequence section corresponding to SEQ ID NO: 27, wherein
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the triplet corresponding to positions 11 to 13 of SEQ ID NO: 27 is mutated. Preferably,
said triplet does not code for phenylalanine. Preferably, said triplet codes for a different
amino acid. In a preferred embodiment, said triplet codes for leucine. More preferably, the -
nucleotide correponding to position 11 of SEQ ID NO: 27 is a C. Hence in a preferred
embodiment, the attenuated European PRRS virus has an ORF2 coding for a protein which
has not phenylalanine at position 95 (or the corresponding position in a BLAST

alignment). Preferably, said protein has a leucine at this position instead.

In a further aspect, the present invention relates to an attenuated European PRRS virus
having an ORF3 containing a sequence section corresponding to SEQ ID NO: 28, wherein
the triplet corresponding to positions 11 to 13 of SEQ ID NO: 28 is mutated. Preferably,
said triplet does not code for serine. Preferably, said triplet codes for a different amino

acid. In a preferred embodiment, said triplet codes for proline. More preferably, the .

. nucleotide correponding to position 11-.0of SEQ ID NO: 28 is a C. Hence in a preferred

embodiment, the attenuated European PRRS virus has an ORF2 coding for a protein which

- has not serine at position 93 (or the corresponding position in a BLAST alignment).

Preferably, said protein has a proline at this position instead.

In a further aspect, the present invention relates to an attenuated European PRRS virus
having an ORF5 containing a sequence section corresponding to SEQ ID NO: 29, wherein -
the triplet corresponding to positions 11 to 13 of SEQ ID NO: 29 is mutated. Preferably,
said triplet does not code for leucine. Preferably, said triplet codes for a different amino
acid. In a preferred embodiment, said triplet codes for phenylalanine. More preferably, the
nucleotide correponding to position 11 of SEQ ID NO: 29 is a T (or an U in the RNA,
respectively). Hence in a preferred embodiment, the attenuated European PRRS virus has
an ORF2 coding for a protein which has not leucine at position 71 (or the corresponding
position in a BLAST alignment). Preferably, said protein has a phenylalanine at this

position instead.

Live PRRS vaccines based on European strains attenuated by defined mutations and/or
deletions allow to avoid the disadvantages of the present generation of attenuated vaccines.
If the attenuated strain carries defined and known mutations, it can be analysed

conveniently for quality control and genetic stability. The possibility to introduce defined

* deletions and/or substitutions, in particular as double or multiple mutations decreases the
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probability of reversion to the non-attenuated or virulent phenotype. A further advantage of
said attenuating mutations lies in their known molecular uniqueness which allows for use
as distinctive labels for attenuated PRRS viruses and to distinguish them from PRRS
viruses from the field. With the sites identified in the present invention, safe and site-
specifically attenuated viruses can be generated. Such viruses are useful for the preparation.
of a safe live vaccine for use in the prevention and/or treatment of PRRS infections.
The present invention is directed to attenuated European PRRS strains and methods of
production thereof. In this context, “attenuated” means that a virulent strain is or has been
modified in'a way that he is less virulent or pathogen than before the modification. In

particular, “attenuated” means that the virus has a significantly reduced ability of causing ' -

. clinical disease, while he is still able to replicatein the host. Preferably, virulence or

pathogenicity is reduced to an amount which makes the virus acceptable for administration: «
as a vaccine. In a preferred embodiment, the virusis attenuated to an extent that is does not -
cause clinical diesease while still being able to replicate in the host. Such an attenuated

strain is-an ideal agent for vaccination because replicationin the host ensures stimulation -+~
of a rapid and excellent immune response. In one preferred embodiment, an attenuated
European PRRS virus is less virulent than the Lelystad Agent. In another embodiment, the :
attenuated virus is less virulent than the parent strain from which it s derived. The term

,»less virulent than the PRRS virus Lelystad Agent” (or, likewise, the parent strain from
which it is derived) is to be understood in terms of a comparison of clinical symptoms of

the virus of interest with Lelystad Agent (CDI-NL-2.91/CNCM I-1102), or the parent

strain. A preferred procedure for determining if a PRRS virus is less virulent than Lelystad
Agent, or likewise for determining if a virus modified according to the invention is less
virulent than its parent strain before the modification, is disclosed in example 1. It may be
that not each and every possible nucleic acid mutation at the virulence specific site is
implicated in reducing virulence. The procedure of example 1 provides a precise and

straight forward experimental setup for determining whether a live PRRS virus according

to the teaching of the invention is less virulent than its parent strain or a virulent field

isolate like Lelystad Agent.

The present invention is directed to European PRRSV strains which can be distinguished
from American strains as follows. Soon after the virus was found, Wensvoort et al. (J. Vet.

Diagn. Invest 4: 134-138 (1992) observed differences in antigenic characteristics between
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American and European isolates. They raised sera against both the American type and the
European type in several pigs, and compared the cross-reactivity of the anti-European (LV)
and anti-American (VR-2332) sera with three American virus isolates and 4 European
isolates. Sera against PRRS viruses of the European serotype are significantly less reactive
with American isolates than with European isolates. Furthermore, sera raised against
viruses of the American serotype are less reactive, or even not reactive at all, with
European virus isolates. Wensvoort et al. also showed the reactivity of sera raised against
European and American isolates with the two reference viruses CNCM 1-1102 (European)
and ATCC VR-2332 (American). In this experiment, sera raised against European strains '
were not reactive at all with the American strain. Thus, two fully different serotypes of the

- virus exist: the American and the European serotypes, which may be distinguished based

1+ on their.serological properties.

15

. This can also be shown on the molecular level. Nelson et al: (74th Annual Meeting of the” - .-

.Conference of Research Workers in Animal Diseases, November 8-9,1993) compared' -+ -

sequences of polymerase-encoding genes of various isolates. They demonstrated that -

.+ polymerase genes-show a 87-95% homology within the American group. However, a

20,

25

30

' homology as low as 64-67% based onnucleic acids was found between European

- serotypes and American serotypes. Mardassi published comparable results at the
Conference mentioned above, showing that the 3'-terminal 530 nucleic acids of the Quebec
PRRS Reference strain and European isolates only show a homology as low as 59%. The -
results from the papers mentioned above make it most likely that the American and
European serotypes have diverged a long time ago, which would then easily explain their

genetic differences and their serological unrelatedness.

American and European serotypes thus may be easily discriminated. Viruses of the
European serotype are characterised in that they react to a higher titer in an
Immunoperoxidase Monolayer Assay with a panel of antisera against the European PRRS
virus LV (CNCM I-1102) compared with a reaction with a panel of antisera against the
American PRRS virus (ATCC VR-2332). If a panel of sera is used, obtained about 40 days
post infection, and from different animals, any virus can easily be classified as belonging
either to the American or European serotype. Typically, the reactivity of a European strain
with a panel of antisera against other European strains is about 400 times higher than with

a panel of antisera against American strains. When a European strain is reacted with
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antisera against the deposited European strain I-1102 and the deposited American strain
VR-2332, a typical difference in reactivity of about 55 times is found (Wensvoort et al.,

referenced above).

“Mutation” means the substitution, deletion, or insertion of a nucleotide or amino acid at a:
~_given position of a nucleotide or amino acid sequence. A “substitution” is a replacement of
a nucleotide or amino acid by another (e.g. C for a T). “Deletion” means the removal of a
. nucleotide or amino acid. “Insertion” means that a nucleotide or amino acid is inserted at a- -

given position. -

- .. In a further aspect, the present invention comprises a method or process of attenuation of a:/

15

20

25

30 -

European PRRS virus, characterised in that
a) the nucleotide sequence of said virus is modified by site-directed mutagenesis at at -
Jeast one of the positions of ORF2 corresponding to.positions 130 to 150 and/or
; positions 252 to 272 and/or positions 273 to 293 of SEQ ID NO: 22;
'b) it is tested whether the resulting PRRS virus is attenuated.

" In a further aspect, the present invention comprises a method of attenuation of a European - -

PRRS virus, characterised in that
a) - the nucleotide sequence of said virus is modified by site-directed mutagenesis at at -
least one of the positions of ORF3 corresponding to positions 267 to 287 of SEQ
ID NO: 23;
b) it is tested whether the resulting PRRS virus is attenuated.

In a further aspect, the present invention comprises a method of attenuation of a European
PRRS virus, characterised in that
a) the nucleotide sequence of said virus is modified by site-directed mutagenesis at at
least one of the positions corresponding to positions 201 to 221 of ORF5 according
to SEQ ID NO: 24;
b) it is tested whether the resulting PRRS virus is attenuated.

In this context, the term “corresponding to” has a meaning as outlined above, i.e. that the -
two positions corresponding to each other would be aligned as a pair in a sequence

alignment like BLAST. Preferably, the modification according to the invention results in a
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change of the amino acid sequence of the encoded protein. In preferred embodiments, the
modifications are deletions and/or substitutions, preferably double or multiple mutations.
In a preferred embodiment, two or more of the aforementioned modifications are
combined. In a further preferred embodiment, the sequence of each of ORF2, ORF3, and -
ORFS5 is modified. Preferably, the sequence of ORF2 is modified at least at two, preferably

at least at three positions.

Preferably, the aforementioned method comprises (a) modification(s) resulting in one or " *
more of the following features: an ORF2 encoding a protein having the amino acid(s) at

one or more of amino acid sequence positions corresponding to positions 47, 88 and/or 95

. of SEQ ID NO: 22 substituted or deleted; an ORF3 encoding a protein having the amino

acid at amino acid sequence position corresponding to position 93 of SEQ ID NO: 23
substituted or deleted; and/or an ORF5-encoding a protein having the amino acid at amino

acid sequence position corresponding to position 71 of SEQ-ID NO: 24 substituted or -

- deleted. Preferably, all of the aforementioned positions are mutated. -

Preferably, the method according to the invention comprises (a) modification (s) resulting
in one or more, preferably all of the following features: an ORF2 encoding a protein
having not phenylalanine at amino acid sequence position corresponding to position 47 of -

SEQ ID NO: 22, an ORF2 encoding a protein having not valine at amino acid sequence

. position corresponding to position 88 of SEQ ID NO: 22, an ORF2 having not

phenylalanine at amino acid sequence position corresponding to position 95 of SEQ ID
NO: 22, an ORF3 having not serine at amino acid sequence position corresponding to
position 93 of SEQ ID NO: 23, and/or an ORF5 having not leucine at amino acid sequence
position corresponding to position 71 of SEQ ID NO: 24.

Preferably, the method according to the invention comprises (a) modification (s) resulting
in one or more, preferably all of the following features: an ORF2 encoding a protein
having serine at amino acid sequence position corresponding to position 47 of SEQ ID NO:
22, an ORF2 encoding a protein having phenylalanine at amino acid sequence position
corresponding to position 88 of SEQ ID NO: 22, an ORF2 having leucine at amino acid
sequence position corresponding to position 95 of SEQ ID NO: 22, an ORF3 having

proline at amino acid sequence position corresponding to position 93 of SEQ ID NO: 23,
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and/or an ORFS having phenylalam'he at amino acid sequence position corresponding to

position 71 of SEQ ID NO: 24.

Preferably, a method according to the invention comprises (a) modification (s) resulting in"
one or more, preferably all of the following features: an ORF2 having a C at the position
corresponding to position 140 if SEQ ID NO: 22, an ORF2 having a T at the position .
corresponding to position 262 of SEQ ID NO: 22, an ORF2 having a C at the position
corresponding to position 283 of SEQ ID NO: 22, an ORF3 having a C at the position .

+ corresponding to position 277 of SEQ ID NO: 23, and/or an ORFS5 having a T at the:

position corresponding to position 211 of SEQ ID NO: 24.

. Furthermore, the present invention relates to an attenuated European PRRS virus

- obtainable by any one of the aforementioned methods.

In a further aspect, the present invention comprises a nucleic acid containing the coding’

information of an attenuated European PRRS virus as described above. As outlined above,

. this may be a ribonucleic acid (RNA). Such nucleic acid may furthermore be a
. deoxyribonucleic acid which is complementary to:such a ribonucleic acid, i.e. a cDNA, or. «. i

.. any other type of DNA. In a preferred embodiment, such a cDNA is infectious. This means -
. that if such a cDNA is introduced into a suitable host cell, said cell will start generating

virus particles. The present invention furthermore relates to a RNA, cDNA, or other DNA

comprising any one, or a multitude of the mutations outlined above.

In a further aspect, the invention comprises a vaccine comprising an attenuated European

PRRS virus as described in combination with a pharmaceutically acceptable carrier.

In a further aspect, the present invention comprises a method of vaccination of a pig
against PRRS, characterised in that an efficient amount of the aforementioned vaccine is

adminstered to said pig.

In a further aspect, the present invention relates to the use of an attenuated European PRRS

virus as described for the manufacture of a vaccine against PRRS.
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According to the present invention, the numbering of nucleotides or amino acids is
according to the publicly available Lelystad agent as disclosed above. However, as
disclosed in figures 1 to 4, the ORFs (“open reading frames = ORF”) are numbered

separately as some of them are overlapping.

. The nucleotides of the specific sites at which the attenuated European virus is different

from the virulent wild type are of ORF. 2 the nucleotides 11915 — 11935 (table 1

- corresponding to numbers 130 to 150 in figure 1), 12037 — 12057 (table 2 numbers 252-
. 272 in figure 1), 12058 — 12078 (table 3 numbers 273-293 in figure 1); of ORF 3 12660 —

12680 (table 4; numbers 267-287 in figure 3), and/or of ORF5 13684 — 13704 (table 5;
numbers 201-221 in figure 4). By mutating the Lelystad Agent at one or several of the

"~ before-mentioned positions to any one of the nucleotides indicated in said tables

and/deleting said nucleotides at said positions, the artisan will obtain life attenuated

European vaccine strains of PRRS virus. The mutations such as replacement or deletion at -

. said locations are only limited by the condition that the virus must still be able to replicate,

i.e. it must still be a live virus. This can be determined without undue experimentation. The -

skilled person can, on the basis of the publicly available:Lelystad Agent and the teachings - .
. according to the invention, introduce e.g. one single mutation:into every site disclosed on:.*

- the basis of the provided tables, e.g. at position 11915 he may introduce an A, Cor Gorhe. -

may delete the nucleotide at that position (which is a T). A non-limited example is shown
in figures 1 to 3 (ORF2, ORF 3 and ORF 5 of Lelystad B and Attenuated Virus A) and in

example 1.

The invention comprises such viruses wherein only one nucleotide is mutated, but also
several nucleotides, or even all nucleotides e.g. one or several triplets encoding one or
several amino acids at said pdsitions. However, the sequence shall not be mutated to the
extend that the virus is not capable of replicating anymore, i.e. according to the invention,

a live virus is encoded.

Additional nucleic acids outside said regions may also be mutated, however, this is not
essential to the invention (see figure 1, e.g. position 426 of ORF2 of Lelystad-B wich is a
C instead of a T).
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Said mutations may be carried out by standard genetic engineering methods known in the
art, in particular by site-directed mutagenesis. In the context of the invention, ,,site-directed
mutagenesis‘ means a genetic engineering technique which allows directed mutation of
preselected sites of a nucleic acid. In general, such a technique requires at least partial
knowledge of the sequence of such nucleic acid. The classical attenuation method by serial
passaging dose not allow mutation of preselected sites. Such genetic engineering methods

are well-known in the art (see e.g. Sambrook et al.(1989) Molecular Cloning: A Laboratory

~ Manual, 2™ ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York;

Chapter 15; Wu (ed.) (1993), Methods in Enzymology Vol 217, p. 173-285).

As a starting material for introduction of mutations, a cDNA clone of a virulent PRSSV

. strain, e.g. Lelystad Agent (CNCM 1-1102), may be generated according to procedures - -
- known in the art (Boyer et Haenni. Infectious transcripts and cDNA clones of RNA

viruses. Virology (1994) 198: 415-426). For example, an infectious PRRSV copy may be

. prepared as described (WO00/53787; - Meulenberg. et al, Adv. Exp. Biol (1998) 440:199-
. 206; Meulenberg et al., J. Virol. (1998) 72(1): 380-387) which then may be mutated

. according to the invention. The cited references provide detailed procedures how to obtain

infectious cDNA clones of PRRSV and to create mutants thereof. The mutated clone or
infectious tanscripts thereof generated in vitro may then be transfected into appropriate

host cells which will then generate attenuated virus.

In particular, it was surprisingly found that sites 11925, 12047, and 12068 of ORF2 (see
figure 1); 12670 of ORF 3 (see figure 2) and/or 13694 of ORFS5 (see figure 4) are
consistently changed compared to the virulent field strain Lelystad Agent. Therefore,
another preferred embodiment of the present invention is an attenuated European PRRS
virus according to the invention, characterized in that:

a) ORF2 comprises a C, A or G at position 11925 and/or a C, T or A at position 12047

and/or a A, C or G at position 12068 or a deletion at said position(s) and/or
b) ORF3 comprises a A, C or G at position 12670 or a deletion at said position and/or
c) ORFS comprises a G, A or T at position 13694 or a deletion at said position.

Even more particular, it was found that found that site 11925 of ORF 2 is consistently
changed to a C, site 12047 of ORF 2 is consistently changed to T, and site 12068 of ORF2
is consistently changed to C (see figure 1); site 12670 of ORF 3 is consistently changed to
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C (see figure 2) and/or 13694 of ORFS5 is consistently changed to T (see figure 4)
compared to the virulent field strain Lelystad Agent. Thus, another more preferred

embodiment of the present invention is an attenuated European PRRS virus according to

. the invention, wherein said nucleic acid is further characterized in that:

a) said ORF2 comprises a C at position 11925 and/or a T at position 12047 -and/or a C
at position 12068 or a deletion at said position(s) and/or
b) said ORF3 comprises a C at position 12670 or a deletion at said position and/or

c) said ORF5 comprises a T at position 13694 or a deletion at said position.

Another more preferred embodiment of the present invention is an attenuated European

+ PRRS virus according to the invention designated attenuated Virus A in the figures,

1.+ wherein said nucleic acid is further chatacterized in that;

15: .

20

25

30

a) .said ORF2 comprises the nucleic acid as defined in SEQ ID No. 1 and/or
b) said ORF3 comprises the nucleic acid as defined in SEQ ID No. 2 and/or
c) said ORF4 comprises the nucleic acid as‘defined in SEQ ID No. 3 and/or
d) said ORFS comprises:the nucleic acid as defined in'SEQ ID No. 4.

.. or a fragment, allelic variant, functional variant, variant based on the degenerative nucleic:

« acid code, fusion molecule or a.chemical derivative thereof: - 4 1

A ,fragment™ according to the invention is any immunogenic subunit of a PRRS virus or .,

ORF according to the invention, i.e. any polypeptide subset, characterized in that it is

- encoded by a shorter nucleic acid molecule than disclosed above, however still retains its

activity.

A ,functional variant“ of the PRRS virus or ORF according to the invention is a PRRS
virus or ORF which possesses a biological activity (either functional or structural) that is
substantially similar to the PRRS virus or ORF according to the invention. The term
»functional variant® also includes ,,a fragment®, ,,an allelic variant* ,,a functional variant®,
,variant based on the degenerative nucleic acid code* or ,,chemical derivatives®. Such a
»functional variant* e.g. may carry one or several point mutations, one or several nucleic
acid exchanges, deletions or insertions or one or several amino acid exchanges, deletions
or insertions. Said functional variant is still retaining its biological activity, e.g. function as
a vaccine strain, at least in part or even going along with an improvement said biological

activity.
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A ,,variant based on the degenerative of the genetic code® is a variant due to the fact that a
certain amino acid may be encoded by several different nucleotide tripletts. Said variant is -
still retaining its biological activity, at least in part or even going along with an

improvement said biological activity.

A ,,fusion molecule” may be the PRRS virus or ORF according to the invention fused to
e.g. areporter such as a radiolabel, a chemical molecule such as a fluorescent label or any -

other molecule known in the art.

As used herein, a ,,chemical derivative® according to the invention is a PRRS virus or ORF " .
according to the invention chemically modified or containing additional chemical moieties .-
not normally being part of the molecule. Such moieties may.improve the molecule’s
solubility, absorption, biological half life etc.

A molecule is.,,substantially similar to -another molecule if both molecules have
substantially similar structures or biological activity. Thus, provided that two molecules .
possess a similar activity, they are considered variants as that term is used herein even if
the structure of one of the molecules is not found in the other, or if the sequence of amino

acid residues is not identical.

Another most preferred embodiment of the present invention is an attenuated European
PRRS virus according to the invention (designated attenuated Virus A in the figures),
wherein said nucleic acid is characterized in that:

a) said ORF2 consists of the nucleic acid as defined in SEQ ID No. 1 and/or

b) said ORF3 consists of the nucleic acid as defined in SEQ ID No. 2 and/or

c) said ORF4 consists of the nucleic acid as defined in SEQ ID No. 3 and/or

d) said ORFS5 consists of the nucleic acid as defined in SEQ ID No. 4.

Another preferred embodiment of the present invention is an attenuated European PRRS -
virus according to the invention (designated attenuated virus A in the figures), wherein said.
nucleic acid is characterized in that it compriseé the nucleic acid as defined in SEQ ID No.

5 or a fragment, allelic variant, functional variant, variant based on the degenerative

nucleic acid code, fusion molecule or a chemical derivative thereof.
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Another most preferred embodiment of the present invention is an attenuated European

PRRS virus according to the invention (designated attenuated virus A in the figures),

~ wherein said nucleic acid is characterized in that it consists of the nucleic acid as defined in

SEQ ID No. 5.

. Another preferred embodiment of the present invention is an attenuated European PRRS: -

virus according to the invention (LELYSTAD-B in the figures), wherein said nucleic acid-
is further characterized in that:

a) said ORF2 comprises the nucleic acid as defined in SEQ ID No. 6 and/or

b) 'said ORF3 comprises the nucleic acid as defined in SEQ ID No. 7 and/or

c) said ORF4 comprises the nucleic acid as defined in SEQ ID No. 8 and/or

d) - said ORF5 comprises the nucleic acid as defined in SEQ ID No. 9 and/or
or a fragment, allelic variant, functional variant, variant based on the degenerative nucleic:

acid code, fusion molecule or a chemical derivative thereof.

Another most preferred embodiment of the present invention is an attenuated European-
PRRS virus according to the invention (LELYSTAD-B in the figures), wherein said
nucleic acid is further characterized in that:

a) said ORF2 consists of the nucleic acid as defined in SEQ ID No. 6 and/or

b) said ORF3 consists of the nucleic acid as defined in SEQ ID No. 7 and/or

c) said ORF4 consists of the nucleic acid as defined in SEQ ID No. 8 and/or

d) said ORFS consists of the nucleic acid as defined in SEQ ID No. 9.

Another important embodiment of the present invention is an attenuated European PRRS
virus (attenuated virus A in the figures), wherein said PRRS virus is characterized in that:

a) ORF1la comprises the amino acid as defined in SEQ ID No. 10 and/or

b) ORF1b comprises the amino acid as defined in SEQ ID No. 11 and/or

c¢) ORF2 comprises the amino acid as defined in SEQ ID No. 12 and/or

d) ORF3 comprises the amino acid as defined in SEQ ID No. 13 and/or

e) ORF4 comprises the amino acid as defined in SEQ ID No. 14 and/or

f) ORFS comprises the amino acid as defined in SEQ ID No. 15 and/or

g) ORF6 comprises the amino acid as defined in SEQ ID No. 16 and/or

h) ORF7 comprises the amino acid as defined in SEQ ID No. 17.
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or a fragment, allelic variant, functional variant, glycosylation variant, fusion molecule or a

chemical derivative thereof.

Another more preferred embodiment of the present invention is an attenuated European
PRRS virus according to the invention (attenuated virus A in the figures), wherein said
PRRS virus is characterized in that:

a) ORF1a consists of the amino acid as defined in SEQ ID No. 10 and/or

b) ORF1b consists of the amino acid as defined in SEQ ID No. 11 and/or

¢) ORF?2 consists of the amino acid as defined in SEQ ID No. 12 and/or

d) ORFS3 consists of the amino acid as defined in SEQ ID No. 13 and/or

e) ‘ORF4 consists of the amino acid as defined in SEQ ID No. 14 and/or

f) ORFS5 consists of the amino acid as defined in SEQ ID No. 15 -and/or

g) ORF6 consists of the amino acid as defined in SEQ ID No. 16 and/or

h) ORF?7 consists of the amino acid as defined in SEQ ID No. 17.

Another very important embodiment of the present invention is an attenuated European

PRRS virus (LELYSTAD-B in the figures), wherein said PRRS virus is characterized in

- that:

20
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30

a) ORF2 comprises the amino acid as defined in SEQ ID No. 18 and/or
b) ORF3 comprises the amino acid as defined in SEQ ID No. 19 and/or
¢) ORF4 comprises the amino acid as defined in SEQ ID No. 20 and/or
d) ORFS5 comprises the amino acid as defined in SEQ ID No. 21.
or a fragment, allelic variant, functional variant, glycosylation variant, fusion molecule or a

chemical derivative thereof.

Another more preferred embodiment of the present invention is an attenuated European
PRRS virus according to the invention (LELYSTAD-B in the figures), wherein said PRRS
virus is characterized in that:

a) ORF?2 consists of the amino acid as defined in SEQ ID No. 18 and/or

b) ORF3 consists of the amino acid as defined in SEQ ID No. 19 and/or

¢) ORF4 consists of the amino acid as deﬁnéd in SEQ ID No. 20 and/or

d) ORFS5 consists of the amino acid as defined in SEQ ID No. 21.
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Yet another important embodiment of the present invention is a nucleotide sequence
coding for a virus according to the invention as described above. Such nucleotide
sequences include sequences disclosed in the sequence listing (e.g. with the identification
numbers 1 to 9 (given under <400>= SEQ ID NO.). The invention further relates to the
proteins disclosed in SEQ ID No. 10 to 21.

Yet another preferred embodiment of the present invention is a nucleotide sequence
according to the invention, wherein the nucleotide sequence has been modified to encode a
virulence marker and/or a serological marker. As mentioned in the introductory pages it is.

important for the health management of pigs to be able to distinguish between the less

- virulent live vaccine strain of the pharmaceutical .composition and the virulent wild type
+ virus infections. This is often difficult, especially when clinical symptoms of a field

- infection are not that specific or superimposed by other infections or the time period for

observation and evaluation is short. The recombinant generation of the viruses of interest:
allows for the introduction of modifications in the genetic code that establishes a
serological marker and/or a virulence marker. A serological marker refers to an
antigenically detectable molecule such as a-peptide, a protein, glycoprotein that can be
isolated from infected cells or body fluids such as but not limited to pharyngeal or nasal

fluids or urine. A virulence marker is to be understood as a marker in the genetic code that

‘can be identified by recombinant analytical methods such as but not limited to PCR and

conventional sequencing. Therefore, in a preferred embodiment, the present invention
relates to a nucleotide sequence according to the invention, wherein the nucleotide
sequence has been modified to encode a virulence marker and/or a serological marker.
Particularly, the mutations or deletions introduced for the purpose of attenuating the
virusare useful as virulence and serological markers. By monitoring these mutations in the
disclosed virulence specific sites it is possible to predict the emergence of possibly virulent:

revertants at an early stage.

Yet another preferred embodiment of the present invention is a nucleotide sequence
according to the invention, wherein the nucleic acid encoding said marker is located within

any of the open reading frames encoding structural viral proteins.

In another aspect, the invention relates to a method for the generation of an infectious live

attenuated PRRS virus, said method comprising producing a recombinant nucleic acid
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comprising at least one full-length DNA copy or in vitro-transcribed RNA copy or a
derivative of either said DNA or RNA whereby said nucleotide sequence is a nucleotide
sequence according to the invention. Thus, according to the invention, the method leads to-
a PRRS virus as described above. The artisan may employ site-directed mutagenesis
(Sambrook et al.(1989) Molecular Cloning: A Laboratory Manual, 2™ ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York.; Chapter 15; Wu (ed.) (1993),
Methods in Enzymology Vol 217, p. 173-285) or any other method to insert mutation(s) to

specifically insert mutation(s) to obtain a PRRS virus as disclosed above.

The method disclosed in the following preferred aspect will lead (at the genomic level) to - -

the PRRS virus according to the invention as described supra. Thus, in another preferred

aspect, the invention relates to a method as described for the generation of an infectious

- live attenuated PRRS virus, said method is characterized by the following steps:

+.a) aPRRS virus according to the invention is used to infect a suitable cell line

. b). said PRRS virus is further attenuated via cell culture passages.

- In another preferred aspect, the invention relates to a method-as described, wherein said- ' «

cell line is an embryonic monkey kidney cell or preferred a Marc cell or a derivative therof

(see below).

In another preferred aspect, the invention relates to a method as described, wherein said

PRRS virus is or are the virus(es) according to the invention as disclosed supra.

In a further aspect, the present invention relates to a cell line comprising a PRRS virus
according to the invention. Examples for such cell lines include permanent cell lines
known to the artisan, preferably porcine, monkey or human cell lines such as human
embryonic kidney (HEK) 293, BHK, GH3, H4, U373, NT2, PC12, COS, CHO, Ltk’,
fibroblasts, myelomas, neuroblastomas, hybridomas, oocytes, embryonic stem cells), insect
cell lines (e.g., using baculovirus vectors such as pPbac or pMbac (Stratagene, La Jolla,
USA)), yeast (e.g., Pichia pastoris or using yeast expression vectors such as pYESHIS
(Invitrogen, San Diego, USA)), and fungi.
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In a further preferred aspect, the present invention relates to a cell line according to the
invention, wherein said cell line is an embryonic monkey kidney cell or preferred a Marc

cell or a derivative therof.

In a further aspect, the present invention comprises a method or process of attenuation of a.

European PRRS virus, characterised in that

a) -the nucleotide sequence of said virus is modified by site-directed mutagenesis at at - -

least one of the positions of ORF2 corresponding to positions 130 to 150 and/or
positions 252 to 272 and/or positions 273 to 293 of SEQ ID NO: 22;
b). it is tested whether the resulting PRRS virus is attenuated.

In this context, a position within a nucleic acid or amino acid sequence “corresponding to™. -

a position of another sequence shall mean that, if the two sequences have sufficient

. structural similarity to be aligned with a standard alignment algorithm like BLAST
(Altschul, S.F:, Gish, W., Miller; W., Myers, E.-W. & Lipman, D.J. (1990) "Basic local
alignment search tool." J. Mol. Biol. 215:403-410; Gish, W. & States, D.J. (1993)

"Identification of protein coding regions by database similarity search." Nature Genet. ...~ -«

3:266-272; Madden, T.L., Tatusov, R.L. & Zhang; J. (1996) "Applications of network
BLAST server" Meth. Enzymol. 266:131-141; Zhang, J. & Madden, T.L. (1997)

"PowerBLAST: A new network BLAST application for interactive or automated sequence '

analysis and annotation." Genome Res. 7:649-656; Altschul, Stephen F., Thomas L.

Madden, Alejandro A. Schiffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J.
Lipman (1997), "Gapped BLAST and PSI-BLAST: a new generation of protein database
search programs", Nucleic Acids Res. 25:3389-3402), and such an alignment is done, the

two positions would be aligned as a pair.

In a further embodiment, the present invention relates to a method of attenuation of a

European PRRS virus, characterised in that

a) the nucleotide sequence of said virus is modified by site-directed mutagenesis at at -

least one of the positions of ORF3 corresponding to positions 267 to 287 of SEQ
ID NO: 23;
b) it is tested whether the resulting PRRS virus is attenuated.

'
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In a further embodiment, the present invention relates to a method of attenuation of a
European PRRS virus, characterised in that
a) the nucleotide sequence of said virus is modified by site-directed mutagenesis at at
least one of the positions corresponding to positions 201 to 221 of ORFS5 according
- to SEQ ID NO: 24;
b) it is tested whether the resulting PRRS virus is attenuated.

Preferably, a modification as described above results in a change of the amino acid
sequence of the encoded protein. Preferably, the modification is a deletion or a
substitution. In a preferred embodiment, the sequence of each of ORF2, ORF3, and ORF5
is modified. In asnother preferred embodiment, the sequence of ORF2 is modified at least -

at two, preferably at least at three positions. Preferably, the modification results in one or-

.. more of the following features: an ORF2 encoding a protein having the amino acid at one

! or more of amino acid sequence positions corresponding to positions 47, 88 and/or 95 of -

the amino acid sequence encoded by SEQ ID NO: 22 substituted or deleted; an ORF3

©encoding a protein having the amino acid corresponding to position 93 of the amino acid
' sequence encoded by SEQ ID NO: 23 substituted or deleted; and/or.an ORF5 encoding a -

. protein:having the amino acid corresponding to position 71 of the amino acid sequence

encoded by SEQ ID NO: 24 substituted or deleted.

More preferably, the modification made by such method results in one or more, preferably

. all of the following features: an ORF2 encoding a protein having serine at the position

corresponding to position 47 of the amino acid sequence encoded by SEQ ID NO: 22, an
ORF2 encoding a protein having phenylalanine at the position corresponding to position 88
of the amino acid sequence encoded by SEQ ID NO: 22, an ORF2 having leucine at the
postion corresponding to position 95 of the amino acid sequence encoded by SEQ ID NO:
22, an ORF3 having proline at the position corresponding to position 93 of the amino acid
sequence encoded by SEQ ID NO: 23, and/or an ORF5 having phenylalanine at the
position corresponding to position 71 of the amino acid sequence encoded by SEQ ID NO:
24.

In preferred embodiments, the modification results in one or more, preferably all of the
following features: an ORF2 having a C at the position corresponding to position 140 if
SEQ ID NO: 22, an ORF2 having a T at the position corresponding to position 262 of SEQ
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ID NO: 22, an ORF2 having a C at the position corresponding to position 283 of SEQ ID
NO: 22, an ORF3 having a C at the position corresponding to position 277 of SEQ ID NO:
23, and/or an ORF5 having a T at the position corresponding to position 211 of SEQ ID
NO: 24.

In a further embodiment, the present invention relates to an attenuated European PRRS

virus obtainable by a method described above.

In a further embodiment, the present invention relates to an attenuated European PRRS
virus having an ORF2 which differs from SEQ ID NO: 22 at one or more of positions 130
to 150, and/or at one or more of positions 252 to 272, and/or at one or more of positions

273 to 293.

" In a further embodiment, the present invention relates to an-attenuated European PRRS -

virus having an ORF3 which differs from SEQ ID NO: 23 at one or more of positions 267 -
to 287.

In a further embodiment, the present invention relates to an attenuated European PRRS -
virus having an ORF5 which differs from SEQ ID NO: 24 at one or more of positions 201
to 221.

In a further embodiment, the present invention relates to a vaccine comprising an
attenuated European PRRS virus as described above in combination with a
pharmaceutically acceptable carrier. In a further embodiment, the present invention relates
to a method of vaccination of a pig against PRRS, characterised in that an efficient amount
of such vaccine is adminstered to said pig. Alternatively, the present invention relates to
the use of an attenuated European PRRS virus as disclosed for the manufacture of a

vaccine against PRRS.

Preferably, the live attenuated PRRS virus may be used for the treatment, prophylaxis or
diagnosis of diseases caused by wild-type PRRS virus. Such diseases and uses are
exemplified in example 1. A further aspect of the invention relates to the use of the viruses
of the invention. Their defined molecular basis of attenuation makes them superior to

viruses known in the art. Especially the use of viruses according to the invention that
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comprise deletions in the virulence specific sites is preferred since deletions are less prone

to revert.

Another preferred embodiment of the present invention is a pharmaceutical composition

comprising one or several PRRS virus(es) according to the invention and a

. pharmaceutically acceptable carrier. A preferred aspect is a pharmaceutical composition

comprising not only said European PRRS virus according to the invention, but also an
attenuated US PRRS virus such as the virus which is sold in a pharmaceutical composition: -
under the trade name RespPRRS/Ingelvac® PRRS MLV, Boehringer Ingelheim. A
pharmaceutically acceptable carrier can contain physiologically acceptable compounds that -
act, for-example, to stabilize or to increase the absorption or form part of a slow release * - : -
formulation of the PRRS virus according to the invention. Such physiologically acceptable -
compounds include, for example, carbohydrates, such as glucose, sucrose or dextrans,
antioxidants, such as ascorbic acid or glutathione, chelating ‘agents, low molecular weight
proteins or other stabilizers or excipients (see also e.g. Remington’s Pharmaceutical
Sciences (1990). 1.8th ed. Mack Publ., Easton). One skilled in the art would know that the
choice of a pharmaceutically acceptable carrier, including a physiologically acceptable
compound, depends, for example, on-the route of ‘administration of the composition. Most
preferably, the composition is formulated by obtaining the virus-containing supernatant -~ .
(tissue culture fluid) of an infected cell culture and freeze drying said supernatant,
optionally after addition of a stabilisator. The freeze-dried composition may be
reconstituted with water prior to administration. In another example, , a suitable carrier . -
would be a physiological salt solution. Preferably, the pharmaceutical composition is
injected intramuscularly or intradermally. The vaccine according to the invention can be
administered to pigs depending on the vaccination history of the sows at 1, 3, 6 or 10
weeks of age, to sows before mating and/or up to 6 weeks before farrowing (booster

vaccination), or to boars each half a year (boosters).

Another preferred embodiment of the present invention is the use of a PRRS virus
according to the invention in the manufacture of a vaccine for the prophylaxis and b

treatment of PRRS infections. ' 1

The following example serves to further illustrate the present invention; but the same

should not be construed as limiting the scope of the invention disclosed herein.
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Example 1 Establishment of attenuation

This example provides a clear guidance for the comparison of the virulent character of two
different strains of PRRS viruses. As reference strain for a typical virulent European strain
can serve a low cell culture passage (not more than 5) of the Lelystad Agent (CDI-NL-
2.91).

At least 10 gilts per group are included in each trial, which are derived from a PRRS free
farm. Animals are tested free of PRRS virus specific serum antibodies and negative for
PRRSV. All animals included in the trial are of the same source and breed and from a
farm historically free of any PRRSV infection. The animals allocation to the groups is
randomized. Challenge is performed at day 85-90 of pregnancy with intranasal application -
of 1 ml PRRSV with 10° TDCIDsy (third passage) per nostril. There are at least three
groups for each test setup:

One group for challenge Lelystad Agent (CDI-NL-2.91) ; one test group for challenge with -

. the possibly attenuated virus; and one strict control group. .-

Validity of the study is given when the strict controls stay PRRS negative over the time
course of the study and at least 25% less life healthy piglets are born compared to the the
strict controls in the Lelystad agent challenged group.

Attenuation, in other words less virulence, is defined as the statistical significant change of

one or more parameters determining reproductive performance:

Significant reduction in at least one of the following parameters for the test group is

preferred:

frequency of stillborns
® abortion at or before day 112 of pregnancy

® number of mumified piglets

number of life and weak piglets

preweaning mortality
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27
or furthermore a significant increase in one of the following parameters for the test group
is preferred:
* number of piglets weaned per sow
* number of life healthy piglets born per sow

* compared to the Lelystad agent infected group.

In an examplary manner the following results can be obtained in a clinical trial according

to the given description with the 147™ cell culture passage of the Lelystad agent:

Passage |live live/weak |stillborn |Mummifie |average of born
level |/healthy ‘ d liters per sow
5 130,5% - 145,5% 17,9% 6,2% 11

(147 [71.9%  |105%  |17,54% |0 11,4

Individual sow reproductive performance data from sows being inocculated as described
above with cell culture passage 5 Lelystad agent (group 1) and cell culture passage 147 of
Lelystad agent (group 2)are given. In addition group 3 animals served as strict controls and

- were only inocculated with PRRSV free cell culture supernatant:
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Group |Passage Duration Tofal No. |Live Live/ Stillborn | Mummi
level of of of born /Healthy | Weak fied
inocculum |gestation |piglets
in days |
1 5 115 15 5 7 2 1
1 5 111 7 5 1 1 0
1 5 113 6 2 2 1 1
I 5 110 14 2 10 2 0
1 5 115 13 0 8 4 1
* [Average 11 28 |56 2,0 0,6
| group 1 | | |
% 100 30,5 |45,5 17,9 6,2
2 147 115 13 11 1 1 0
12 : 147 113 12 12 0 0 0
12 | 147 115 10 |0 4 6 0
2 147 115 18 8 0 0 0
2 147 115 14 10 1 3 0
Average 11,4 8,2 1,2 2 0
group 2
% 100 71,93 10,53 17,54 0
3 — 117 12 11 1 0 0
3 — 115 9 8 1 0 0
3 —_ 116 14 9 5 0 0
3 — 115 6 6 0 0 0
3 —_ 115 14 11 3 0 0
— 116 15 14 1 0 0
Average 11,7 9,8 1,8 0 0
group 3
% 100 86,1 13,9 0 0
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Claims

1. Attenuated European PRRS virus encoded by a nucleic acid comprising ORF1, ORF2,
ORF3, ORF4, ORF5, ORF6 and ORF7, characterized in that:
5 a) ORF2 comprises at positions 11915 — 11935 at least one of the nucleotides as set
out in table 1:

AT |GIAIC|IC|A|GIA|A|C|G|A|AI|G|A |G |T |C|T |C ’
C|T|T|ICIA|C|C|JAJA|C|C|A|C|A|C|A|C |A
G|G|IT|GJA|A|G|T |G|G|G|T |G|G|T |G |T |G|T |G|T
and at positions 12037 — 12057 at least one of the nucleotides as set out in table 2:
T|G|T|T |AJA|A|C|G|T |C|A|G|T|T |C|G|T |G|G|G
ClA|C|C |C|C|C|T|A|C|T |C|A|C|C|T |A|C|AJA A
GIT|IG|IG|G|G|G|IA|T|G|A|G|T |G|G|A|T |G|T|T T
and at positions 12058 — 12078 at least one of the nucleotides as set out in table 3:
T|AJA|C|C|C|A|T|A|C|A|A|A|A|C|C|G|T |G|T |A
c|c|c|T |T |T |C|C|C|T |C|C|C|C|T |T|A|C|A|C|C
GIGIGIAIAIAIG|IGIGIAI|IG|G|G|GIA|A|T |G|T |G |G

Q
Q
>

and/or a deletion at said position(s) and/or

10 b) ORF3 comprises at positions 12660 — 12680 at least one of the nucleotides as set
out in table 4:

CIAJA|C|AJA|T|T |A|C|A |G

ci|C|T |C|C|C|C|C|T |C|A

A|IGIGIA|G|G|G|G|G|A|G|T

and/or a deletion at said position(s) and/or

Q
—
>
Q
Q
Q
(@)
>
Q

~
>
Q
Q
>
>
b
=
Q
>

!
@
aQ
—
—
—
>
Q
~

c) ORF5 comprises at positions 13684 — 13704 at least one of the nucleotides as set
out in table 5:
CIT|IG|IGIAA|A|C|AI|C|G|A|AIA|T
Cl|AJA |C|C|C|T |C|T |A|C
A|IG|T|T|G|G|G|A|GIAIT |G |G |G |G |T

15 and/or a deletion at said position(s).

Q
(®)
Q
@!
@]
>

3
0
Q
0
>
>
>
=
=
0O

—
=
>
>
Q

2. Attenuated European PRRS virus according to claim 1, characterized in that:
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a) ORF2 comprises a C, A or G at position 11925 and/or a C, T or A at position 12047
and/or a A, C or G at position 12068 or a deletion at said position(s) and/or

b) ORF3 comprises a A, C or G at position 12670 or a deletion at said position and/or -

c) ORFS comprises a G, A or T at position 13694 or a deletion at said position.

. Attenuated European PRRS virus according to claim 1 or 2, wherein said nucleic acid

is further characterized in that:

a) said ORF2 comprisés a C at position 11925 and/or a T at position 12047 and/ora C- .
at position 12068 or a deletion at said position(s) and/or

b) said ORF3 comprises a C at position 12670 or a deletion at said position and/or

c) said ORF5 comprises a T at position 13694 or a deletion at said position.

. Attenuated European PRRS virus according to any of claims 1 to 3, wherein said

nucleic acid is further characterized in that: ,

a) said ORF2 comprises the nucleic acid as defined in SEQ ID No. 1 and/or
b) said ORF3 comprises the nucleic acid as defined in SEQ ID No. 2 and/or
c¢) said ORF4 comprises the nucleic acid as defined in SEQ ID No. 3 and/or
d) said ORFS5 comprises the nucleic acid as dgﬁned in SEQ ID No. 4.

. or a fragment, allelic variant, functional variant, variant based on the degenerative nucleic

acid code, fusion molecule or a chemical derivative thereof.

5. Attenuated European PRRS virus according to any of claims 1 to 4, wherein said

nucleic acid is characterized in that:

a) said ORF2 consists of the nucleic acid as defined in SEQ ID No. 1 and/or
b) said ORF3 consists of the nucleic acid as defined in SEQ ID No. 2 and/or
c) said ORF4 consists of the nucleic acid as defined in SEQ ID No. 3 and/or
d) said ORFS5 consists of the nucleic acid as defined in SEQ ID No. 4.

. Attenuated European PRRS virus according to any of claims 1 to 5, wherein said

nucleic acid is characterized in that it comprises the nucleic acid as defined in SEQ ID
No. 5 or a fragment, allelic variant, functional variant, variant based on the

degenerative nucleic acid code, fusion molecule or a chemical derivative thereof.
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7. Attenuated European PRRS virus according to any of claims 1 to 6, wherein said

nucleic acid is characterized in that it consists of the nucleic acid as defined in SEQ ID-

No. 5.

8. Attenuated European PRRS virus according to any of claims 1 to 3, wherein said

nucleic acid is further characterized in that:

2)
b)
c)
d)

said ORF2 comprises the nucleic acid as defined in SEQ ID No. 6 and/or
said ORF3 comprises the nucleic acid as defined in SEQ ID No. 7 and/or
said ORF4 comprises the nucleic acid as defined in SEQ ID No. 8 and/or
said ORF5 comprises the nucleic acid as defined in SEQ ID No. 9 and/or

- or a fragment, allelic variant, functional variant, variant based on the degenerative nucleic

acid code, fusion molecule or a chemical derivative thereof.

9. Attenuated European PRRS virus according to-any of claims 1 to 3 or 8, wherein said

nucleic acid is further characterized in that:

2)
b)
2)
b)

said ORF?2 consists of the nuclei¢ acid as defined in SEQ ID No. 6 and/or
said ORF3 consists of the nucleic acid as defined in SEQ ID No. 7 and/or
said ORF4 éonsists of the nucleic acid as defined in SEQ ID No. 8 and/or
said ORF5 consists of the nucleic acid as defined in SEQ ID No. 9.

10. Attenuated European PRRS virus, wherein said PRRS virus is characterized in that:

a)
b)
c)
d)
©)
f)

g)
h)

ORF1a comprises the amino acid as defined in SEQ ID No. 10 and/or
ORF1b comprises the amino acid as defined in SEQ ID No. 11 and/or
ORF2 comprises the amino acid as defined in SEQ ID No. 12 and/or
ORF3 comprises the amino acid as defined in SEQ ID No. 13 and/or
ORF4 comprises the amino acid as defined in SEQ ID No. 14 and/or
ORFS5 comprises the amino acid as defined in SEQ ID No. 15 and/or
ORF6 comprises the amino acid as defined in SEQ ID No. 16 and/or
ORF7 comprises the amino acid as defined in SEQ ID No. 17.

or a fragment, allelic variant, functional variant, glycosylation variant, fusion molecule or a

chemical derivative thereof.

11. Attenuated European PRRS virus according to claim 10, wherein said PRRS virus is

characterized in that:
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a) ORF1a consists of the amino acid as defined in SEQ-ID No. 10 and/or

b) ORF1b consists of the amino acid as defined in SEQ ID No. 11 and/or

c) ORF?2 consists of the amino acid as defined in SEQ ID No. 12 and/or ’
d) ORF3 consists of the amino acid as defined in SEQ ID No. 13 and/or

e) ORF4 consists of the amino acid as defined in SEQ ID No. 14 and/or

f) ORFS5 consists of the amino acid as defined in SEQ ID No. 15 and/or

g) ORF6 consists of the amino acid as defined in SEQ ID No. 16 and/or

h) ORF?7 consists of the amino acid as defined in SEQ ID No. 17.

12. Attenuated European PRRS virus, wherein said PRRS virus is characterized in that: .
a). ORF2 comprises the amino acid as defined in SEQ ID No. 18 and/or
b) ORF3 comprises the amino acid as defined in SEQ ID No. 19 and/or
c) ORF4 comprises the amino acid as defined in SEQ ID No. 20 and/or
d). ORF5 comprises the amino acid as defined in SEQ ID No. 21.
or a fragment, allelic variant, functional variant, glycosylation variant, fusion molecule or a

chemical derivative thereof.

. 13. Attenuated European PRRS virus according to'claim 14, wherein said PRRS virus is
characterized in that:
a) said ORF2 consists of the amino acid as defined in SEQ No. 18 and/or
b) said ORF3 consists of the amino acid as defined in SEQ No. 19 and/or
c) said ORF4 consists of the amino acid as defined in SEQ No. 20 and/or
d) said ORFS5 consists of the amino acid as defined in SEQ No. 21.

14. A nucleotide sequence coding for a virus according to any one of claims 1 to 13.

15. A nucleotide sequence according to claim 14, wherein the nucleotide sequence has

been modified to encode a virulence marker and/or a serological marker.

16. A nucleotide sequence according to claim 14 or 15, wherein the nucleic acid encoding
said marker is located within any of the open reading frames encoding structural viral

proteins.
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17. Method for the generation of an infectious live attenuated PRRS virus, said method
comprising producing a recombinant nucleic acid comprising at least one full-length
DNA copy or in vitro-transcribed RNA copy or a derivative of either whereby said

nucleotide sequence is a nucleotide sequence according to any one of claims 14 to 16.

18. Method for the generation of an‘infectious live attenuated PRRS virus, said method is .
characterized by the following steps:
a) aPRRS virus according to any of claims 1 to 13 is used to infect a suitable cell line.

b) said PRRS virus is attenuated via cell culture passages.

-+ 19. Method according to claim 18, wherein said cell line is a Marc cell or a derivative

15

20 -

25

therof.

20. Method according to any one of claims 18 or 19, wherein said PRRS virus is the virus

according to any one of claims 1 to 13.

21. Method according to any one of claims 18 to 20, wherein said PRRS virus is the virus..

according to claim 5,9, 11 or 13.- =

22. Cell line comprising a PRRS virus according to any one of claims 1 to 13.

23. Cell line according to claim 22, wherein said cell line is'a Marc cell or a derivative

therof.

24. Pharmaceutical composition comprising a PRRS virus according to any one of claims 1

to 13 and a pharmaceutically acceptable carrier.

25. Use of a PRRS virus according to any one of claims 1 to 13 in the manufacture of a

vaccine for the prophylaxis and treatment of PRRS infections.

30 .

. 26. Method of attenuation of a European PRRS virus, characterised in that

a) the nucleotide sequence of said virus is modified by site-directed mutagenesis at at -

least one of the positions of ORF2 corresponding to positions 130 to 150 and/or
positions 252 to 272 and/or positions 273 to 293 of SEQ ID NO: 22;



10

15

20

25

30

WO 02/072802 PCT/EP02/02486

27.

28.

29.

30.

31.

32.

33.

34

b) it is tested whether the resulting PRRS virus is attenuated.

Method of attenuation of a European PRRS virus, characterised in that

a) the nucleotide sequence of said virus is modified by site-directed mutagenesis at at
least one of the positions of ORF3 corresponding to positions 267 to 287 of SEQ
ID NO: 23;

b) it is tested whether the resulting PRRS virus is attenuated.

Method of attenuation of a European PRRS virus, characterised in that

a) the nucleotide sequence of said virus is modified by site-directed mutagenesis at at
least one of the positions corresponding to-positions 201 to 221 of ORF5 according -
to SEQ ID NO: 24;

b) it is tested whether the resulting PRRS virus is attenuated.

Method of any one of claims 26 to 28, wherein the modification results in a change of

the amino acid sequence of the encoded protein.

Method of any one of claims 26 to 29, wherein the modification is a deletion or a

substitution.

Method of any one of claims 26 to 30, wherein the sequence of each of ORF2, ORF3,
and ORFS5 is modified.

Method of claim 31, wherein the sequence of ORF2 is modified at least at two,

preferably at least at three positions.

Method of any one of claims 26 to 32, wherein the modification results in one or more
of the following features: an ORF2 encoding a protein having the amino acid at one or
more of amino acid sequence positions corresponding to positions 47, 88 and/or 95 of
the amino acid sequence encoded by SEQ ID NO: 22 substituted or deleted; an ORF3
encoding a protein having the amino acid corresponding to position 93 of the amino -
acid sequence encoded by SEQ ID NO: 23 substituted or deleted; and/or an ORF5
encoding a protein having the amino acid corresponding to position 71 of the amino
acid sequence encoded by SEQ ID NO: 24 substituted or deleted.
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34. Method of claim 33, wherein the modification results in one or more, preferably all of -

35.

15 .

20

25

30

- 36.

37.

38.

39.

the following features: an ORF2 encoding a protein having serine at the position
corresponding to position 47 of the amino acid sequence encoded by SEQ ID NO: 22,
an ORF2 encoding a protein having phenylalanine at the position corresponding to
position 88 of the amino acid sequence encoded by SEQ ID NO: 22, an ORF2 having
leucine at the postion corresponding to position 95 of the-amino acid sequence encoded
by SEQ ID NO: 22, an ORF3 having proline at the position corresponding to position
93 of the amino acid sequence encoded by SEQ ID NO: 23, and/or an ORFS5 having
phenylalanine at the position corresponding to position 71 of the amino acid sequence -

encoded by SEQ ID NO: 24.

Method of claim 34, wherein the modification results in one or more, preferably all of -
the following features: an ORF2 having a C at the position corresponding to position
140 if SEQ ID NO: 22, an ORF2 having a T at the position corresponding to position -
262 of SEQ ID NO: 22, an ORF2 having a C at the position corresponding to position
283 of SEQ ID NO: 22, an ORF3 having a C at the position corresponding to position
277 of SEQ ID NO: 23, and/or an ORFS5 having a T at the position corresponding to
position 211 of SEQ ID NO: 24.

Attenuated European PRRS virus obtainable by the method of any one of claims 26 to
35.

Attenuated European PRRS virus having an ORF2 which differs from SEQ ID NO: 22
at one or more of positions 130 to 150, and/or at one or more of positions 252 to 272,

and/or at one or more of positions 273 to 293.

Attenuated European PRRS virus having an ORF3 which differs from SEQ ID NO: 23

at one or more of positions 267 to 287.

Attenuated European PRRS virus having an ORF5 which differs from SEQ ID NO: 24 . -

at one or more of positions 201 to 221.
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40. Vaccine comprising an attenuated European PRRS virus according to according to any

one of claims 36 to 39 in combination with a pharmaceutically acceptable carrier.

41. Method of vaccination of a pig against PRRS, characterised in that an efficient amount -

5 of the vaccine of claim 40 is adminstered to said pig.

42. Use of an attenuated European PRRS virus according to any one of claims for.the

manufacture of a vaccine against PRRS.
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530

590

60
CTGGTGGCTT

120

180

----------

240

300

360

420

480

540

600
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SEQUENCE LISTING

<110>
<120>
<130>

<160> 29

<170>

<210> 1 .
<211> 750
<212> DNA
<213>

<400> 1

atgcaatggg
tcettgttag
‘caggatggtt
ctgccattca
ccggatgtcece
tcccaattaa
caagcggcct
atagttactc
tcacgactceyg
acgttggacc
ttcagacaat
accttgttea

tggcccacgg

<210> 2

<211l> 798
<212> DNA
<213>

<400> 2

atggctcatc
catagtgctt
ggcaacacat
caagcggctc
aggtgtgagg
ctcaaacttg
ttccatecegg
cagttcattt
tccgeattat
gaatggctge
cgttegectg
cggctgecgg
cagcgcaaga
cccagtacat

<210> 3
<211> 552
<212> DNA

PatentIn Ver. 2

gttactgtgg
tgtggttgat
actggtcttce
ctcteceecgaa
cacaatttgc
ttgatgagat
ggaagcaggc
atttccaaca
tgatgctaaa
gcgttgaget
ggctcatcag
tagtgctttg
caacacatca

agtgtgcacg
tggcttcgaa
cattcgagct
gccaaaggct
agcgtgacca
agggttatta
agttgttcgg
gtgccgagca
atgcggcata
ggccactctt
taagccetgt
tttecatggtc
ggaaattccc
cacgataa

.1

agtaaaatca
attgttattt
cttctcagag
ctatcgaagg
attcaagcac
ggtctetegt
ggttggtgag
cctggccgcea
aaatcttgcec
catcttcccc
tgtgcacgcet
gcttcgaatt
ttegagetga

cttcecatttt
tteccagetcet
gaccatcaac
cgagcccggt
tgatgagttg
tgcttggetyg
gatagggaat
tgatggacag
ttaccaccac
ttectectgg
ttcectegacge
cttcaggaca
ttcggaaagt

Boehringer Ingelheim Vetmedica GmbH
Life attenuated PRRS virus
1-1176

gccagetgtt
tecttgecat
tggtttgcete
tcctatgaag
ccattgggta
cgcatttacc
gccactctea
gtagaggcgg
gttggcaatg
acgccaggta
tccatttttt
ccagctctac

ttcetetgtyg
acgctatgtt
tacaccatat
cgtaacatgt
ttaatgccceca
gettttttgt
gtgtcgegeg
aattcaaccg
caaatagacg
ctggtgctca
atctatcaga
tcaattgtct
cgteccaatg

cgtggacgcece
actgtttggg
cgcgcettete
gcttgttgece
tgctttggea
agaccatgga
cgaagctgte
attcttgeeg
tgagcctaca
cgaggcccaa
cctetgtgge
gctatgtttt

gcttcatctg
tttggtttece
gcatgcecctg
ggtgcaaaat
tceegteecgg
ccttttecta
tecttegtgga
tatctacecgg
ggggcaattg
atatatcatg
tattgagacc
ccgacctcac
tegtgaagcece

Porcine reproductive and respiratory syndrome virus

ttcactgagt
ttcaccgteg
cgttecgeget
caactgcaga
catgcgagtt
acattcaggt
aaggctcgat
ctttecteage
gtacadcacc
gttgaccgac
ttcatctgtt
tggtttcecat

Porcine reproductive and respiratory syndrome virus

ttaccttgtt
attggcccac
ttctaccagt
agggtatgac
gtacgacaac
cgcggceccaa
caagcgacac
acacaacatc
gttccatttg
gtttetgagg
aacacgaccg

ggggtctcag
gteggtactce

60
120
180"
240
300.
360
420
480
540
600
660
720.
750

60

120
180
240
300
360
420
480
540
600
660
720
780
798
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<213> Porcine reproductive and respiratory syndrome virus

<400> 3

atggctgcegg
ttcgecetgta
gctgeceggtt
gcgcaagagg
cagtacatca
ctgatgettt
atctttggga
catgtgaccc
ttcctgacac

ttggcgatat

<210> 4

' <211l> 606
<212> DNA
» <213 >

<400> 4 ..

.atgagatgtt
tttttgetgt
taccaataca
cattttggtt
ctgggttttce
gcaggatttg
"gegttcegtat
acccggttta
atagtggtag
gtegtecteg
gcectag

<210> 5
<211>
<212>
<213>

DNA

<400> 5
gganacatac
- ccaccecettg
gcectgetget
acgggatctc
tgcccgggta
tettctectet
tagggacaag
cgggtgetgt
cttcctcecaa
tcgacacctt
gcecegtgece
tggtgccacc
ctgtccattt
ggactcctce
cgccctggag
tectgcetceat

14815

ccactcetttt
agcecetgttt
tcatggtccect
aaattcccett
cgataacggce
ctgcgtgect
atgtctctgg
aacataccca
catctgcaat

ga

.

ctcacaaatt
gtaccggcett

tatataactt

gggcagtcga
tcacaacaag
ttggcgggceg
gttttgtcat
ccaacttcat
aaaaattggg
aaggggttaa

acgacacttc
gccectgtte
ccettgeage
caccctttaa
ttttggaacg
ccagagcttc
cttcactgga
tggctctcag
cgacttgtga
cgtgaactcc
gggatgggtt
catgtgttga
gaggaggctc
ctcaacggtc
gtactaccgc
caccctgteg

cctectgget
ctcgacgceat
tcaggacatc
cggaaagtcg
taacgtgacc
ttteccacgece
cgttgtttcee
gcagcatcat

gaggtgggct

ggggcgttte
gtcctggtece
gacgatatgc
gacctttgtg
ccattttttt
gtatgtactc
ccgtgcetget
tgtagacaac
caaagccgaa
agctcaaccc

tagtgtttgt
tagcccaaca
gggaaggacc
ccatgtectgg
ccggccaagt
aggacactga
aagtccctat
ctgttttecece
aggttgctga
aagtttacga
tgtttgcgaa
ctaactcgecce
attctagegt
gatctcgeat
ctgagttaga
acctggcececga

ggtgctcaat
ctatcagata
aattgtctcc
tcccaatgtce
gacgaatcat
tcagaaatga
gcttgtgteca
ttggtaattg
acaaccattg

ttgactcecge
tttgcegatg
gagctgaatg
ttttacccgg
gacgcegcteg,
tgcagcgtct
aaaaattgca:
cgggggagag
gtcgacggca
ttgacgagga

gtaccttgga
ggtatccttce
tccegagtat
gacgttctcce
cttttgcaca
ccteggtgea
cggcatccet
tttggecgegt
tgttttgtac
gcgeggetge
ctcecatgecac
tttgccetecaa
gtacaggtgg
gatgtggacg
acgtcaggtt
ctgggagcete

atatcatggt
ttgagaccaa
gacctcacgg
gtgaagcecgt
acttgtacaa
gcgagaaadg
atttcacaga
atcacattcg
cttgtttgtt

actcttgett
gcaacggcaa
ggaccgactg
ttgccactca

gtcteggege.

acggegettg
tggecctgecg
ttcatcgatyg
acctcgtcac
cttcggectga

ggcgtgggta
tetetegggg
ttcecggagag
cggtgecatgt
cggtgtctca
gttggettgt
caggtggaat
atgacctceg
cgtgacggtt
aactggtacc
gtatccegacc
caggcttgtc
aagaaatttg
ccggaatceceg
gaaatcctca
actgagtccc

ttctgaggcg
cacgaccgcg
ggtctcagca
cggtacteccc
cgcggacttg
cttcaaagtt
ttatgtggcc
gttgctgcecat
cgeccattcecte

Porcine reproductive and respiratory syndrome virus

ctggtggttt
cagctcgaca
gttgtccagce
tatcectctcea

tgtatccact.

tgctttcegea
ctatgececegt
gaagtctcca
catcaaacat

gcaatgggag

Porcine reproductive and respiratory syndrome virus

cagccecgec
cgagtgegec
cacctgettt
gcaccccggce
gtgcgeggtce
tttacaagcc
gtactccatc
gcaatcacaa
gcttggcacc
cgatcacggg
agcecgttcce
ggcagcegtt
tggttttcac
atgattcagc
ttcggagttt

ctgagaacgg

60
120
180
240
300
360
420
480
540
552.

60 °
120
180

240
300

360

420:
480

540
600 .
606

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



WO 02/072802

tttttecette
tggcaagtgce
acatctaget
gcgcaggctt
tgaagcgctg
cccaggattc
ccggatcettt
taagcgtgece
ccccacctgt
ccttgecgee
caacagacca
acaactgcecet
acttaacgga
tcgtgaatgt
cgggctacct
tgttagctct
cgacaaaatg
actattagag
tgagaggatg
taaagttcca
tcecagecgac
cgggaatttg
accactggat
acccgacaac
gacggggcct
gcctttggac
ttggccagtg
- ttttgtaaag
ttctgaatcce
.cectgtegac
cgaactcaag
cgatgtccecat
cggtagtecgt
catgaaaact
attcctcecect
tgacaatgce
ccceccaaaa
gcaagaagat
gagcacgggc
cagtcagcgc
cacactttte
- tttactcget
tgtettttet
tgctgtattt
gccggagtgt
cggcettgtg
gtcacgttat
tcttgtttat
agctcectgeg
tgtateccttg
gggttggcge
agcttatgcee
cgatcccagt
ccagcctaca
aaaagttcca
ggtcegetgce

aacacgtcté
tggctctcect
gacgcctteg
caagttcacg
tcttgcceccec
gttcgecctga
cggtttggag
gctaaaagtg
ggaattacca
ataatgaacc
gaggatgatt
gctaccgtgg
gttcactggg
gtggttggcg
aaacgtgcac
ggtattgctg
ttgacctccce
gttgtteege
ttgaaggatt
tcctecaaagg
ttcgagccag
tececececteag
ttgteccaac
ccaggttcetg
atactccgte
cagtctgatg
agggccaccg
cctcgaaatg
agccctgtca
ttgacgactt
cgccecgegtt
gcgaaaataa
gcaaccccag
tggcgcetgea
gacatgattc
ggcctgaagc
ccggttggge
gtcacccect
gggagttgga
ctcatgacat
tcgcecacggg
ctcttgetet
ggttectttge
ttattctcga
catgctgagce
gtcggcceceet -
ctetggcatg
gtggtgtcce
gaggtggctc
tgtgatcgat
gggtgetgge
aatttggatg
caggctgtca
cctgaggtceg
gtcaacccag
ggttactcga

3/32

attcttgegg
gctttttggg
gttaccaaac
gcattcgtgce
agtcttggat
catccctteg
cgcataagtg
agaaggattc
cctactctcece
ggatgataaa
gggcttectga
ttcggaatcg
aggtagaggt
tttgctctga
tcgaggectt
actttcttge
cgtcaccaga
aaaaatgcgg
gtccgagetce
ccecegtetgt
catctccgga
actccatgaa
cagcaccagce
atgccggtgce
atgttgagca
cgcaaacccet .
cgtectgacce
ctttectetga
tcgagtttga
cgaacgaggc
tctecegeaca
agaaccgggt
ccaccaggga
cctecgeagtt
aagacacacc
aaccggtggce
cagtgcttga
ccgatgggcce
aaggccttat
gggtttttga
gctetatgge
gtcgttetta
ggcgtgtteg
ctccatccaa
ttttggcetcet
cgggcctcett
ttttecctacg
aggggcgttg
ttaatgtatt
tccaaacgcce
gtggtgagag
aaaagaaaat
aatgcctgaa
ttcgegtgtce
attgcagggt
cagcacaact

tcaccttgtc
ccagtcggcecce
caagtggggc
tgtagtcgat
caggcacctyg
cattgtgeceg
gtatggegct
ggctcccacce
accgacagac
tggtgacttc
ttatgatctt
cgectgtect
gaggtctgga
aggctgtgtce
ggcgtcetget
taatccacct
gcggtcegge
tgccacggaa
caaacaggcc
gtcecectggac
aaggccagct
agaaaacatg
tgccacaacg
ccteccecgte
ctgcggcacg
ggaccagcct
tggctgggte
tggcgattca
ccggacaaaa
cctetetgta
agccttaatt
atatgaacag
gtggctcgac
ccaagctggt
gcctecetgtt
acagtgggat
ccagaccgtc
accccatgeg
gcttteegge
agttttctcecc
tccaggtgat
ccegatactce
tectgggtgtt
ccecagteggt
tgagcagcgce
atgtgtceatt
tttatgcatg
tcacaagtgt
tcetttettg
aaaaggggtt
tcccattcat
atctgctcaa
agttectgecag
cgagatcccecc
tgtggtagat
ggtcctggge

PCT/EP02/02486

caaaaccccg
gaagtgcecgcet
gtgcatggta
cctgacggte
actctgaatg
aacacagagc
gccggcaaac
cccaaggttg
gggtcttgtg
acgtcececte
gttcaggcga
aacgccaagt
atggctccte
gcaccgectt
tacagactac
cctcaggaat
ttectcectagtt
ggggctttca
atggccecettce
gggtgtttcc
ggtctaatta
ctcaatagce
acccttgtga
accgttcgag
gagtcgggcg
ttaaatctat
cacggtaggc
gcccttecagt
gatgctcegg
gtcgaccctt
gaccgaggcg
tgcctccaag
aaaatgtggg
cgcattettg
cccaggaaga
aggaaattga
ccteegecta
ccggatttte
acccgtetceg
cacctccecag
tggttgtttyg
ggatgccttce
tttggttett
tcttettgtyg
caactttggg
cttggcaagt
cttgecggatt
tggggaaagt
cgcgecaccece
gatcctgtge
caaccacacc
acggtggttg
gcgggagggyg
ttctecagecec
tcggacactt
cggggcaact

acgtgtttga
gccatgagga
agtacctcca
ccattcacgt
atgatgtcac
ctaccacttc
gggctcgtge
ccetgecetgt
gttggcatgt
tgactcagta
ttcaatgtct
accttataaa
gctcecttece
atccagcaga
cctecgattg
tctggacccet
tgtataaatt
tctatgcetgt
tggcadaaat
ctacggatgt
acctggtagg
gggaagacga
gagagcaaac
aatttgtccc
acagcagttc
ccctggecge
gcgagcectgt
tecggggaget
tggttgacgc.
tecgaatttgce
gtccacttge
cttgtgagcecce
atagggtgga
cgteccctceaa
accgagctag
gtgtgacccce
cggatatcca
ctagtcgagt
cggggtctat
cttttatgcet
caggtgtegt
cectattggg
ggatggcettt
accacgattce
aacctgtgcg
tactcggtgg
tggcecttte
gtataaggac
gtgectetet
acttggcaac
aaaagcccat
ctgtcecata
ctatcgtgga
catttttceccecce
ttgtggcectge
ttgccaagtt

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520°
2580:
2640
2700~
2760 -
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
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aaatcagacc
cettgetgtg
cacatcacct
atatcctacc
ggtcaccctg
tattttggtg
gttagtgatc
cttectttect
ctecattettg
tctetgggea
ccagtacacc
‘tatggcegece
agttggatcc
tgttgtagge
cgtcactget

. ccgeatgeac

gggcgttgcc
atcaactggt

. .tggcgatteg

ttcaaacaaa
‘agaaaccaag
cattaaattg
gctectagee
ctttttectt

- ctttttgetg

ctttgtgett
.ggcatctcectc

tttggeceget

gacatactgc
.cggtggactc

catgctggtt:

taatctcaga
tttagecttge
gtgectttgta
tgcecaaggcece
tttgteccaag
gattgttctg
aaggaaaact
tactgtcgtg
ccectettttt
gatgaagaaa
aatttgggac
ccatgetttt
cgccccccaa
cggtattacg
caactgcctt
ttgcgacctt
cttgaccact
ggcggcctag
accttaggcce
cagggccacg
ccgteccettg
gggcatgggg
acaaaggcag
gacgccccga
cataaaggcc

ccccecagga
gctcaagtgt
caagtgtgtg
tatggcceceg
ccattgttct
ctecgtetect
tttteggett
atactcttga
gtgttttgtce
attggceget
tetgggecac
gtccggagag
cttctegaag
tctteeccttg
gcccatgtgt
actttcaaga
cctgtggtcea
gtcgaacccg
gggtcacccg
cttggttetg
ctetetgacce
agtceggeca
tecegtecetg
ctctggegcea

aatgaaattc.

gcatgggcca
aaccgcaaca
gaaatcggga
ttecttaccta
catacccteg
ggtgatggga
aaaggtgttt
aagttgtcac
tctgcttcaa
ctgcgccaag
ctecgaggecet
cttgggcaac
gtgteccgtge
tccaacacac
gagaatggtc
cactgtgtat
aagtetaccg
caggacaggt
cagggatttg
tataacaggt
gaagctgcca
acagctgeeg
gaacaggctt
ttgtaactga
ctttagacct
ctgttgtgge
ttgacgttct
ccgggaatat
aactcgagtt
acctccaact
gccttatcaa

4/32

actctatctc
ctgegtggac
gccgaggaac
gagttgtgtg
cagecgtggce
tgactgcettt
tectgtgcetta
agtgggttac
tgccagcagce
ttacccaggt
gtggtgcagce
ctgctttaac
gtgctttcag
gttcecggagg
tgaacggcga
ccaatggtga

raggttgcgaa

gtatcattgg
tcatctcaga
gtcttgtgac
tttccagaca
tcatcectga
tagtggaagg
tgatgggcca
ttccagcagt
ccceectggte
agctttectcet
cttttgctgg
gggteccttge
gtgtgattcet
gtttctcaag
cacagtcctg
aggctgacct
acatgaaaaa
agttggectce
ttgetgaaac
atcctcacgg
aagagacccg
cecgtggacgce
cgcgteateg
cceteggett
gtgacacctt
cagccgacta
atccaaagtc
atctgatcaa
agctgtecccect
aggtggaaaa
taaactgtta
aacggcggta
aaaagtcact
aaacttatgt
tctgaaacece
gggcgtggac
atccaagcaa
cccttacaag
caccaggttt

caccaaaacg
tcttgtteat
cgctgaccca
ctcctetega
acaactctcc
ggcccaccgce
cgcctggecece
ccttcaccect
cggcatcctce
tgccggaatt
tgctgtggee
tgggcgaact
gactcataaa
ggttttcacc
cacagctaga
ttatgcetgg
ggggtaccgce
ggaagggttc
atctggtgat
aacccctgaa
ttttgcaggce
tgtaacatcc
cggcecteteg
tgcctggaca
tttggtccga
tgcacaggtg
ggcgttctac
cagattgtcet
tatgaccagt
gtggttatte
cgecttette
tggcatgaat
tgattttttg
tgctgcegge
tctagttcag
agccaccceg
atccatccte
gagcctagge
cttaaccggce
cagcgaggaa
ccacaacatc
ttacacggat
cagagacagg
tgaaaccccg
aggtaaagag
tgagcaagct
gctaaagcgc
gccgecageg
aaaattataa
tccgaggtgg
tceggtgtea
ggacttgata
ggttctattt
ataatccaag
ctctatcctg
ggagatttac

PCT/EP02/02486

actggtgggg
ttcatccteg

tggtgttcaa
ctttgtgtgt
ggtagagagg
atggctctta
atgagctcct
ctcactatgce
tcactaggga
attacacctt
acagccccag
ttaatcttceca
ccetgectta
attgatggca
gtcaccggceg
tcccatgetyg
ggtcgtgect
gccttetgtt
cttattggaa
ggggagacct
ccaagcgtte
attcecgagtyg
acegttcaac
cccattgttg
gcegtgtttt
ttgatgatta

geactcgggg

gaattgtctc
tgtgttcceca
aaataccggt
ctacggtatt
aacgagtccc
tcecagcttaa
cagtacattg
attgacaaaa
tccecttgaca
gatattaatg
ggctccaaat
atceccactce
gacgatctta
aatggcaaag
gattceccggt
gactatgagg
gttggcaccg
gttctggttce
ctcgetggga
atcattagte
gcttgacceg
aataccacag
aggtaaagaa
tcttgatgag
caacacccgg
gggattttga
catgtgaagt
ttagggggga
cttacaaaac

cctettacac
gtetttggtt
atccttttte
ctgecegacgg
tggggatttt
aggcagacat
ggttaatctg
tttgggtgea
taactggccect
atgacatcca
aaggcactta
cceegtetge
acaccgtgaa
gaagaactgt
actcctacaa
atgactggca
actggcaaac

ttactadctg

teccacaccgg
gcaccaticaa
ctettgggga
acttggeatc
ttttgtgtgt
ccgtgggett
cttttgcact
gactcctcac
gtgtcgtegg
aagctcttte
ccatcatcecat
gcctcecacaa
ttgcagaggg
taacggctgce
cgaacttcaa
aagcagcgta
tgaaaggagt
taggtgacgt
tggggactga
tcagtgtttg
agacaccaac
aagtcgagag
tttactgcaa
acacccaaga
gtgtgcaaac
ttgtgatcgg
ccaagcctga
tgggccaaac
aactccaagg
ctgtggcege
cagaactttce
atcaactgag
acctcaccca
cattcaacca
aaccgcaccce
taggcgcggg
tcctgagegg
tcctcaagac

4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580

5640

5700
5760
5820
5880

5940

6000:
6060.
6120~
6180.
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
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accaagtceg
ggtaaatcca
ccctatagtg
catggcactt
tttgtectge
gcgcecgccat
ggccagaggt
cgcgcecgtcea
tccaagccca
tcggegetea
ttggggaaaa
gacttggect
ctgtatgaac
gacctegtgg
ccegteacca
ttgtecggect
ttegaggacce
gctgaaagac
-ggtttcagaa
~agaattgagg
tatcacatga
‘gattcatgtg
gececcggtgeg
tgggagaagce
gccaaagecg
catcaacact
-cagtgtcagt
-ccatacaaac
ccggggaggt
. gaagttgatc
ataaacatgg
ggttcecggaa

cccaccceatce

ccaggagcct
attgeccageg
catctggaca
caacttcacc
cagctgacca
agggaaaaac
gcetttggtce
gattcatccc
ctaaataaat
gaccctcata
cttgtgttca
gtagcgaagg
tectctettag
gcacataacc
gagttggege
cttgtegeta
tatgtggtcg
ctatacatca
gccacagatt
cacgcattca
aaatacctac

ggcagggctg
tatctgcaac

caatccacgc
cactaggtac
tcatggagta
ccaaggctgce
ctggggtect
tgttcctcece
tccecaacaaa
aggagaattg
aaaccaggac
gtggtgtcac
acaaattcaa
cctgtgacceg
ttgcaggatg
caacacagga
gtgtgtccaa
tgaaaatggg
tccttgaaat
ccacctttcece
cggacccaaa
cagggcgaca
aggcgcagaa
cttgcattga
cccgecagga
tgagaagtca
actatgcgtce
gcectgtcac
cacctgttgg
ctcctcegeac

accagtcccg

tttctgatgg
tgaaggtggc
agaccacctg
agactatgtt
caggactcce
ggcacgtccce
ttcttagact
ctgtecggett
ctatttacag
ttgaatctaa
aggtgctgac
agggggccac
cccgagceact
accagctcceca
gctgtgggga
ccctagagac
ccgettgtte
tggggtttta
cacattggcce
gtatgegccc
ggccgtecac
ggggtgaace
gtcgggagta
ttggcgatgt
ctaggtcecect
ctaaagccgt

ctgagacggce
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ggcttgttge
cactcttcaa
ccttgattcea
tgcagaggac
acgcctagta
atcaacttat
ggacgttcag
gcaaactgtg
catcctggge
ccaggcattce
ggagctgcat
cagcaccccece
tgaagagtac
tggtgcette
caccgtatat
tcatgaaatt
tcagecctatg
caattaccac
gaaaaccgtc
gctagtecccce
cgcctcagag
ccatgaccct
tggttatagce
taatgaaggg
cgcetgtggy
tectgagctge
ggctggcaga
tgtcatcatg
tcgaggtcete
agactaccaa
ttgcaatgta
gctactgagt
tgatatagtc
tttcececacca
tggccgagta
gctttccaaa
tgattcctre
atttggcect
ggctaggaac
accataccat
ctttgatatt
tgtagccatc
ggagtttttce
tgagctggta
aggtccatct
ggccagtetyg
cttttecececeg
agtggttacc
aattgatgcce
ctttcttggt
tcaggcecttg
tctcgacgeg
caaaggtacc
gcctaaggac
gtgcactctc
atcaaaatgc

ctgcaccceca
catggttteg
cgccectgaca
ctccaaaaat
cgcagattca
cccgcecaaga
agcatacctg
acaccttgta
accaacaact
atgaagaagg
tgcactgtcg
gccattgtaa
ttgcctaget
acaaaacgcg
tcactggtaa
ggtcttaagt
ttggtatact
tggtgggteg
ataactgata
aatecgcgacc
tattatgcgt
gagtggtatg
ttccecaggte
aagaagttcc
cttgatttgt
ggtcaccatg
tcecectettg
aaggtgggta
gttgcagtca
gtggtgcectc
ctactcagca
caagtccagg
agtgctctcea
cctgecaggt
tcatacctceg
acacccecettyg
tgttatgtgt
aacatttgcg
accagggtgg
aaagatcgca
gtgacattge
actcgggcaa
aatctaaccc
gttectgaatg
cgatttcgag
gaagggagct
gacagtccag
caccagaaca
cgctacagca
actcctggeg
ccagaaacac
gctgaggaag
acggtggggg
tectgttgecg
accgatgtgt
tggaaactca

PCT/EP02/02486

acggggcccce
agctttatgt

ccecttttat
acgacctatc
tctttggccea
actctatggce
aaattgatga
ccctcaagaa
ttattgectt
cttggaagtc
ccggcagatg
gatggtttgt
atgtgcttaa
gtggecctgte
tttatgccca
tcectegagga
ctgatgacct
agcaccttga
aacccagctt
gcatcctgge
ctgetgecge
aggacctcat
cggcattttt
gccactgegg
gtttgttcca
ccggttcaaa
atgcegtget
ataaaacaac
agaggggtat
ttttgcecgac
agttcatagt
acgatgatgt
aagtttgcag
ccgggeegtyg
atgaggctgg
tgtgtttggg
tcgatcagat
cagccatcceca
tttttaccac
tcggetetge
atctaccatc
gacacgggtt
ctgagcgcac
cggataatgc
tatcagaccc
gtatgcecact
tatttgcacc
atcgggegtg
agccaatggt
tggtgtcata
tcgtttcaac
aggcagcaaa
ggtgtcatca
tagttggagt
acctccccga
aattagactt

agtgtctgat
ccectactgtg
gtgtactaaa
cacccaagga
tattggtaag
agggatcaat
aatgtgtgcce
acagtactgt
ggctcacaga
cccaattgece
tcttgaggec
tgccaacctc
ttgctgecat
gtccggggac
gcacatggta
acagctcaaa
tgtcttgtac
cctgatgetg
ccteggetge
tgctcttgea
aatcctgatg

ctgcggtatt-

catgtccatg
catctgcgac
ttcgcacttt
ggaatgttecg
aaaacaaatt

ggccctegat

tgcaggcaat
ttgcaaagac
agggccacca
catttacaca
gtattcecegtt
ggttaggcett
atattgtaat
tgaccttcag
gcctcagaag
gcecttgttac
ccggectgtg
gataaccata
gccaaagtcc
gttcatttat
tgattgtaac
agtcacaact
gaggtgcaag
accgcaagtg
tctgccaaaa
gcctgatega
cggtgcaggyg
ctatctcaca
aggacgtata
agaactcccc
cattacatca
aagttcgeccc
actccggcca
cagggacgtc

7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820 .

‘8880
8940

9000:
9060

9120.

9180
9240
9300;
9360

9480 .
9540
9600

9660
9720

9780

9840

9500

9960

10020

10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
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cgactaatgg
gcgetgeccyg
ccgtgtatag

. gacctagcag

gaggacctcg

- tttgaaaaca

actgactata
gaccatacgt
e¢tgececgectyg
atcagccagc

attttecttg
-agagtggttt

aaggtcctat

. gcacccattg

tcgtegeatt

..tgaggccact

« cgcagtagag
tgcegttgge

ccccacgceca

-.cgcttcecatt
aatteccaget
octgaccateca

ctcgageeeg

catgatgagt
~tatgettgge

gggataggga

.catgatggac
itattaccacc
—ttttectect
~gtttctcgac
.tecttcagga
cctteggaaa

=cggctaacgt

gecctttteca

ictggegttgt
\cccagcagcea

caatgaggtg
ttctcacaaa
gtgtaccggc
catatataac
ttgggcagte
tctcacaaca
tgttggcggg
atgttttgtc
taccaacttc
agaaaaattg

- cgaaggggtt

gatttttgca
acacctataa

- atcctaatat
‘tccaccaacc

agcttcacag
cgatacattc
gcgtetggta
ctagtaccag
gttaacctcg

tctggaaagg
actatgccag
gaccggcaac
tgacaccgta
ggccgecagtg
ctgaggattg
actggaactg
atcattttge
ggcaagtgcc
tgttcgtgga
ccatactgtt
gctecgeget
gaaggcttgt
ggtatgcettt
taccagacca
ctcacgaagce
gcggattett
aatgtgagcc
ggtacgaggc
ttttcctetg
ctacgctatg
actacaccat
gtcegtaacat

tgttaatgcec.

tggctttttt

atgtgtcgeg

agaattcaac
accaaataga
ggctggtget

‘gcatctatca

catcaattgt
gtcgtcccaa
gaccgacgaa
cgcctecadgaa
ttececgettgt
tecatttggta

ggctacaacc:

ttggggcegtt
ttgtcectggt
ttgacgatat
gagacctttg
agccattttt
cggtatgtac
atcecgtgcetg
attgtagaca
ggcaaagcceg
aaagctcaac
acgatcctat
tgatatacgc
ttctgaactg
gtgtcgcact
aatcatggaa
tggcecccctge
accgagcata
gacttcggag
tcaagtatgg
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agccaccgec
gtttattcag
agccaaccgt
tgattacggc
gaagattttg
ggcaatcctt
tgttcgagaa
ccetggeaca
gtgaattcgg
cgccttcact
tgggttcacc
tetececgtteg
tgcccaactg
ggcacatgcg
tggaacattc
tgtcaaggct
‘'gecgetttet
tacagtacaa
ccaagttgac
tggcttcate
tttttggttt
atgcatgccecce
gtggtgcaaa
catceccgtec
gtecttttec
cgtcttegtg
cgtatctacc
cgggggcaat
caatatatca
gatattgaga
.ctececgaccte
tgtcgtgaag
tcatacttgt
atgagcgaga
gtcaatttcea
-attgatcaca
attgcttgtt
tettgactcec
cctttgecga
gcgagctgaa
tgttttaccc
ttgacgcgcet
tctgcagegt
ctaaaaattg
accgggggag
aagtecgacgg
ccttgacgag
cgeccgceacaa
ccttaaggtg
ttcctttaca
taccctgggg
gtttatcact
ccatcacgta
cgectgtgaga
cctegtgetg
ccggtaaaaa

tatttccagt
ctgccecaagg
aaggtecgtge
gcccagaaca
gggttacagc
gcacgccgta
cgcccacacg
gaattgcagg
agtgatgcaa
gagttcecttg
gtcgecaggat
cgctetgeca
cagaccggat
agtttcccaa
aggtcaagcg
cgatatagtt
cagctcacga
caccacgttg
cgacttcaga
tgttaccttg
ccattggcce
tgttctacca
atagggtatg
gggtacgaca
tacgecggccece
gacaagcgac
ggacacaaca

tggttccatt:

tggtttetga.
ccaacacgac
acggggtcte
cegteggtac
acaacgcgga
aaggcttcaa
cagattatgt
ttcggttget
tgttcgccat
gecactcttge
tggcaacggce
tgggaccgac
ggttgccact
cggtetegge
ctacggcgct
catggccetge
agttcatecga
caacctegtc
gacttcgget
aagctegtge
tcacgecggece
ttcggataca
gctgttgtcg
tccagatgca
gaaagtgctg
aagcccggac

ggcggcaaac
ccagagccag

PCT/EP02/02486

tggaagggct
atgccgttgt
gaaccacaga
ttttgacaac
cctttaggeg
tgaatgacgg
ccatctacgg
tagagctagg
tggggttact
ttagtgtggt
ggttactggt
ttcactctce
gtcccacaat
ttaattgatg
gcctggaagce
actcatttce
ctegtgatge
gaccgcegttg
caatggctca
ttcatagtge
acggcaacac
gtcaagcgge
acaggtgtga
acctcaaact
aattccatcc
accagttcat

‘tectecgeatt

tggaatggct
ggcgttcgec
cgcggetgece
agcagcgcaa
tcceccagtac
cttgctgatg
agttatcttt
ggcccatgtg
gcatttcectg
tctettggeg
ttectggtggt
aacagctcga
tggttgtcca
catatcctcet
gctgtatcca
tgtgecttteg
cgctatgcec
tggaagtctc
accatcaaac
gagcaatggg
tagcctttag
gactcectggg
tgacatatgt
ccettetgtg
gattgtgttyg
caggtctcca
taacatcagt
gagctgttaa
aagaaaaaga

tacatggtcg
atacattgat
ctggegggcec
agcctggtte
agcatttggc
caaggactac
gcgtgctegt
taaacceccgg
gtggagtaaa
tgatattgtt
ctteettetce
cgaactatcg
ttgcattcaa
agatggtctc
aggeggttgg
aacacctggc
taaaaaatct
agctcatctt
tcagtgtgeca
tttggctteg
atcattcgag
tcgcececaaagg

ggagcgtgac

tgagggttat

ggagttgttc
ttgtgcegag
atatgcggca

gcggccacte

tgtaagccct
ggtttecatgg
gaggaaattc
atcacgataa
ctttctgegt
gggaatgtcet
acccaacata
acaccatctg
atatgagatg
tttttttget
cataccaata
gccattttgg
cactgggttt
ctgcaggatt
cagcgttcegt
gtaccecggtt
caatagtggt
atgtcgtect
aggcctagac
catcacatac
gctgttgeac
gcattttcaa
gggtgtttac
ccttggeecgg
ttcaatctca
gaacggcact
acgaggagtg
aaagtacagc

11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480

12540

12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
14400
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tcecgatgggg aatggccage cagtcaatca actgtgccag ttgctgggtg caatgataaa
gtceceagege cagcaaccta ggggaggaca ggccaaaaadg aaaaagcctg agaagccaca

- ttttecececetyg gectgetgaag atgacatceg gecaccaccte acccagactg aacgctcect
- ctgcttgcaa tcgatccaga cggctttcaa tcaaggegca ggaactgegt cgcttteatce
. cagcgggaag gtcagttttc aggttgagtt tatgctgecg gttgctcata cagtgegect

gattegegtyg acttctacat ccgecagteca gggtgcaagt taatttgaca gtcaggtgaa

tggccgegat tggegtgtgg cctetgagtce acctattcaa ttagggeggt catag

210> 6
- <211> 750

<212> DNA CLT R

..<213> ‘Porcine reproductive and respiratory syndrome virus

. <400> 6. S
- -atgcaatggg gtcactgtgg agtaaaatca gccagetgtt cgtggacgcce ttcactgagt

tecttgttag tgtggttgat attgccattt tecttgecat actgtttggg ttcaccgtceg

caggatggtt actggtecttt cttcectcagag tggtttgctc cgegettcte cgttegeget -

-ctgccattea ctecteccgaa ctatcgaagg tcctatgaag gettgttgec caactgecaga
-ccggatgtec cacaatttge agtcaagcac ccattgggya tgttttggeca catgegagtt

- tccecacttga ttgatgagat ggtctctegt cgecatttacc agaccatgga acattcaggt-
. caageggect ggaagcaggt ggttggtgag geccactcteca cgaagetgtce agggctcgat

atagttactc atttecaaca cctggccgeca gtggaggegg attcttgeeg ctttetcage

tcacgacteg tgatgctaaa aaatcttgce gttggcaatg tgagcctaca gtacaacacc,
~acgttggacc gegttgaget catcttccee acgccaggta cgaggcccaa gttgaccgat
.ttcagacaat. ggctcatcag tgtgcacgct tccatttttt-cctectgtgge ttcatctgtt.
raccttgttea tagtgetttg gettcgaatt ccagctctac getatgtttt tggtttecat .

o e , : 750

tggcccacgg caacacatca- ttcgagcectga

;l<210>:7y[' PR C . ? . .
w<21l1l> 798 e : - L .

<212> DNA ;
<213> Porcine reproductive and respiratory syndrome virus

- <400> 7+

atggctcatce agtgtgcacg cttececatttt ttcectetgtg gettcatcectg ttaccttgtt
catagtgctt tggcttecgaa ttccagctcet acgcectatgtt tttggtttec attggeccac
ggcaacacat cattcgagct gaccatcaac tacaccatat gcatgccctg ttctaccagt
caagcggctce gccaaaggcet cgagcccggt catagcatgt ggtgcaaaat agggcatgac
aggtgtgagg agcgtgacca tgatgagttg ttaatgccca teccegtcegg gtacgacaac
ctcaaacttg agggttatta tgcttggctg gettttttgt ccttttecta cgecggcccaa
ttccatcegg agttgttecgg gatagggaat gtgtegegeg tettegtgga caagcegacac
cagttcattt gtgccgagca tgatggacac aattcaaccg tgtctaccgg acacaacatc
tccgeattat atgeggecata ttaccaccac caaatagacg ggggcaattg gttceatttg
gaatggcetgc ggccactett ttcettectgg ctggtgctca acatatcatg gtttctgagg

- egttegeetg taagecectgt ttetcgacge atctatcaga tattaagacc aacacgaccg

cggetgeegg tttecatggtce cttcaggaca tcaattgttt ccgacctcac ggggtctcag
cagcgcaaga gaaaatttcec ttcggaaagt cgtcccaatg tegtgaagecce gtcggtacte
cccagtacat cacgataa :

<210> 8

<211> 552

<212> DNA

<213> Porcine reproductive and respiratory syndrome virus

14460
14520
14580
14640
14700
14760
14815

60

120
180
240
300
360
420

480

540 -

600,

660
720

60

120
180
240
300
360
420
480
540
600
660
720
780
798
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<400> 8

atggctgcgg
ttcgectgta
gctgeeggtt
gcgcaagaga
cagtacatca
ctgatgcettt
atctttggga
catgtgaccc
ttectgacac
ttggcnatat

<210> 9
. <211l> 606
. <212> DNA
<213>

¢

+<400> 9+

atgagatgtt
‘tttttgetgt
.taccaataca
. cattttggtt

wctgggtttte.

gcaggatttg
gcgttcgtat
acccggttta
atagtggtag
gtcgteccteg
gcctag

<210>
<211>
<212>
<213>

10
2396
PRT

<400> 10

Met Ser Gly Thr Phe Ser Arg Cys Met Cys Thr Pro Ala

1

Phe Trp Asn Ala Gly Gln Val Phe. Cys Thr Arg Cys

ccactctttt
agcecctgttt
tcatggtcct
aaatttccett
cgataacggc
ctgcgtgect
atgtctctgg
aacataccca
catctgcaat

ga

ctcacaaatt
gtaccggctt
tatatgactt
gggcagtcga

tcacaacaag

ttggcgggeg
gttttgtcat
ccaacttcat
aaaaattggg
aaggggttaa

5

20

8/32

cttecctgget
ctcgacgcat
tcaggacatc
cggaaagtcg
taacgtgacc
tttctacgee
cgttgtttet
gcagcatcat

gaggtgggct

ggggCgttcé
gtcectggtcec
gacgatatge

gacctttgtg:

ccattttttt
gtacgtactc
ccgtgetget

tgtggacgac:

caaagccgaa
agctcaaccc

ggtgctcaac
ctatcagata
aattgtttcc
tcccaatgtc
gacgaatcat
tcagaaatga
gcttgtgtcea
ctggtagttg
acaaccattg

ttgactccge
tttgecgatg
gagctgaatg
ttttacccgg
gacgcgceteg
tgcagegtct
aaaaattgca
cgggggagag
gtcgatggca
ttgacgagga

Porcine reproductive and respiratory syndrome

10

25

Ser Leu Leu Ser Pro Glu Leu Gln Asp Thr Asp

35

40

Leu Phe Tyr Lys Pro Arg Asp Lys Leu His Trp

50

55

Ile Pro Gln Val Glu Cys Thr Pro Ser Gly Cys

65

70

75

Val Phe Pro Leu Ala Arg Met Thr Ser Gly Asn

85

90

PCT/EP02/02486

atatcatggt

ttaagaccaa

gacctcacgg
gtgaagecgt
acttgtacaa
gcgagaaaggy
atttcacaga
atcacattcg
cttgtttget

actcttgett
gcaacggcga
ggaccgactg
ttgccactca
gtetcggege
acggcgcettg
tggcctgeceg
ttcatcgatg
acctcgtcac
cttcggcetga

Leu

Leu Gly

45
Lys Val
60

Cys Trp

His Asn

Ala Arg
Ser Ala
30

Ala Vval

Pro Ile

Leu Ser

ttectgaggeg
cacgaccgcg
ggtectcagca
cggtactccc
cgcggacctg
cttecaaagtce
ttatgtggcce
gttgctgeat
cgccattcte

Porcine reproductive and respiratory syndrome virus

ctggtggett:

cagctcgaca
gttgtccagce
tatcctctcea

tgtatccact.
tgctttegea,

ctatgcecegt
gaagtctcca
catcaaacat

gcaatgggag

virus

Val
15

Arg
Gly

Gly

Ala
80

Phe Leu Gln

95

60
120
180
240
300
360 -
420
480 -
540
552

60 . .
120
180
240
300.
360
420
480
540
600
606
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Arg Leu Val Lys Val Ala Asp Val Leu Tyr Arg Asp Gly Cys Leu Ala
100 105 110

‘Pro Arg His Leu Arg Glu Leu Glmn Val Tyr Glu Arg Gly Cys Asn Trp
115 120 125

Tyr Pro Ile Thr Gly Pro Val Pro Gly Met Gly Leu Phe Ala Asn Ser
130 135 140

- Met His Val Ser Asp Gln Pro Phe Pro Gly Ala Thr His Val Leu Thr
145 ' 150 155 160

Asn Ser Pro Leu Pro Gln Gln Ala Cys Arg Gln Pro Phe Cys Pro Phe
165 170 175

Glu Glu Ala His Ser Ser Val Tyr Arg Trp Lys Lys Phe Val Val Phe
180 185 190

Thr Asp Ser Ser Leu Asn Gly Arg Ser Arg Met Met Trp Thr Pro Glu
195 : 200 205

. Ser Asp Asp Ser Ala Ala Leu Glu Val Leu Pro Pro Glu Leu Glu Arg
: 210 ' 215 ' : 220

Gln Val Glu Ile Leu Ile Arg Ser Phe. Pro Ala His His Pro Val Asp
225 . : 230 235 240

Leu Ala Asp Trp Glu Leu Thr Glu:Ser Pro Glu Asn Gly Phe Ser Phe
245 250 : 255

Asn Thr Ser His Ser Cys Gly His Leu Val Gln Asn Pro Asp Val Phe
260 265 270

Asp Gly Lys Cys Trp Leu Ser Cys Phe Leu Gly Gln Ser Ala Glu Val
275 280 285

Arg Cys His Glu Glu His Leu Ala Asp Ala Phe Gly Tyr Gln Thr Lys
290 295 300

Trp Gly Val His Gly Lys Tyr Leu Gln Arg Arg Leu Gln Val His Gly
305 310 315 320

Ile Arg Ala Val Val Asp Pro Asp Gly Pro Ile His Val Glu Ala Leu
325 330 335

Ser Cys Pro Gln Ser Trp Ile Arg His Leu Thr Leu Asn Asp Asp Val
340 345 350

Thr Pro Gly Phe Val Arg Leu Thr Ser Leu Arg Ile Val Pro Asn Thr
355 360 365

Glu Pro Thr Thr Ser Arg Ile Phe Arg Phe Gly Ala His Lys Trp Tyr
370 375 380

Gly Ala Ala Gly Lys Arg Ala Arg Ala Lys Arg Ala Ala Lys Ser Glu
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385 390 395 400

Lys Asp Ser Ala Pro Thr Pro Lys Val Ala Leu Pro Val Pro Thr Cys
405 410 415

Gly Ile Thr Thr Tyr Ser Pro Pro Thr Asp Gly Ser Cys Gly Trp His
420 425 430

Val Leu Ala Ala Ile Met Asn Arg Met Ile Asn Gly Asp Phe Thr Ser
435 440 445

Pro Leu Thr Gln Tyr Asn Arg Pro Glu Asp Asp Trp Ala Ser Asp Tyr
450 455 460

Asp Leu Val Gln Ala Ile Gln Cys Leu Gln Leu Pro Ala Thr Val Val
465 470 475 480

Arg Asn Arg Ala Cys Pro Asn Ala Lys Tyr Leu Ile Lys Leu Asn Gly
485 490 495

Val His Trp Glu Val Glu Val Arg Ser Gly Met Ala Pro Arg Ser Leu
500 505 510

Pro Arg Glu Cys Val Val Gly Val Cys Ser Glu Gly Cys Val Ala Pro
515 520 - 525

Pro Tyr Pro Ala Asp Gly Leu Pro Lys Arg Ala Leu Glu Ala Leu Ala
530 535 540

Ser Ala Tyr Arg Leu Pro Ser Asp Cys Val Ser Ser Gly Ile Ala Asp
545 550 555 560

Phe Leu Ala Asn Pro Pro Pro Gln Glu Phe Trp Thr Leu Asp Lys Met
565 570 575

Leu Thr Ser Pro Ser Pro Glu Arg Ser Gly Phe Ser Ser Leu Tyr Lys
580 585 590

Leu Leu Leu Glu Val Val Pro Gln Lys Cys Gly Ala Thr Glu Gly Ala
595 600 605

Phe Ile Tyr Ala Val Glu Arg Met Leu Lys Asp Cys Pro Ser Ser Lys
610 615 620

Gln Ala Met Ala Leu Leu Ala Lys Ile Lys Val Pro Ser Ser Lys Ala
625 630 635 640

Pro Ser Val Ser Leu Asp Gly Cys Phe Pro Thr Asp Val Pro Ala Asp
645 650 655

Phe Glu Pro Ala Ser Pro Glu Arg Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
660 665 670

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
675 680 685
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Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
690 695 700

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
705 710 715 720

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
725 730 735

Xaa Xaa Xaa Ala Gly Leu Ile Asn Leu Val Gly Gly Asn Leu Ser Pro
740 745 750

Ser Asp Ser Met Lys Glu Asn Met Leu Asn Ser Arg Glu Asp Glu Pro
755 760 765

Leu Asp Leu Ser Gln Pro Ala Pro Ala Ala Thr Thr Thr Leu Val Arg
770 ‘ 775 780

Glu Gln Thr Pro Asp Asn Pro Gly Ser Asp Ala Gly Ala Leu Pro Val
785 790 795 800

Thr Val Arg Glu Phe Val Pro Thr Gly Pro Ile Leu Arg His Val Glu
805 810 815

His Cys Gly Thr Glu Ser Gly Asp Ser Ser Ser Pro Leu Asp Gln Ser
) 820 : 825 ~ 830

Asp Ala Gln Thr Leu Asp Gln Pro Leu Asn Leu Ser Leu Ala Ala Trp
835 840 845

Pro Val Arg Ala Thr Ala Ser Asp Pro Gly Trp Val His Gly Arg Arg
850 855 860

Glu Pro Val Phe Val Lys Pro Arg Asn Ala Phe Ser Asp Gly Asp Ser
865 870 875 880

Ala Leu Gln Phe Gly Glu Leu Ser Glu Ser Ser Pro Val Ile Glu Phe
885 ‘ 890 895

Asp Arg Thr Lys Asp Ala Pro Val Val Asp Ala Pro Val Asp Leu Thr
900 905 910

Thr Ser Asn Glu Ala Leu Ser Val Val Asp Pro Phe Glu Phe Ala Glu
915 920 925

Leu Lys Arg Pro Arg Phe Ser Ala Gln Ala Leu Ile Asp Arg Gly Gly
930 935 940

Pro Leu Ala Asp Val His Ala Lys Ile Lys Asn Arg Val Tyr Glu Gln
945 950 955 960

Cys Leu Gln Ala Cys Glu Pro Gly Ser Arg Ala Thr Pro Ala Thr Arg
965 970 975

Glu Trp Leu Asp Lys Met Trp Asp Arg Val Asp Met Lys Thr Trp Arg
980 985 990
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Cys Thr Ser Gln Phe Gln Ala Gly Arg Ile Leu Ala Ser Leu Lys Phe
995 1000 1005

Leu Pro Asp Met Ile Gln Asp Thr Pro Pro Pro Val Pro Arg Lys Asn
1010 1015 1020

Arg Ala Ser Asp Asn Ala Gly Leu Lys Gln Pro Val Ala Gln Trp Asp
1025 1030 1035 1040

Arg Lys Leu Ser Val Thr Pro Pro Pro Lys Pro Val Gly Pro Val Leu
1045 1050 1055

Asp Gln Thr Val Pro Pro Pro Thr Asp Ile Gln Gln Glu Asp Val Thr
1060 1065 1070

Pro Ser Asp Gly Pro Pro His Ala Pro Asp Phe Pro Ser Arg Val Ser
1075 1080 1085
Thr Gly Gly Ser Trp Lys Gly Leu Met Leu Ser Gly Thr Arg Leu Ala
1090 1095 1100

Gly Ser Ile Ser Gln Arg Leu Met Thr Trp Val Phe Glu Val Phe Ser
©1105 1110 1115 1120

-His Leu Pro Ala Phe Met Leu Thr Leu Phe Ser Pro Arg Gly Ser Met
1125 1130 1135
Ala Pro Gly Asp Trp Leu Phe Ala Gly Val Val Leu Leu Ala Leu Leu
1140 1145 1150

Leu Cys Arg Ser Tyr Pro Ile Leu Gly Cys Leu Pro Leu Leu Gly Val
1155 1160 1165

Phe Ser Gly Ser Leu Arg Arg Val Arg Leu Gly Val Phe Gly Ser Trp
1170 1175 1180

Met Ala Phe Ala Val Phe Leu Phe Ser Thr Pro Ser Asn Pro Val Gly
1185 1190 1195 1200

Ser Ser Cys Asp His Asp Ser Pro Glu Cys His Ala Glu Leu Leu Ala
1205 1210 1215

Leu Glu Gln Arg Gln Leu Trp Glu Pro Val Arg Gly Leu Val Val Gly
1220 1225 1230

Pro Ser Gly Leu Leu Cys Val Ile Leu Gly Lys Leu Leu Gly Gly Ser
1235 1240 1245

Arg Tyr Leu Trp His Val Phe Leu Arg Leu Cys Met Leu Ala Asp Leu
1250 1255 1260

Ala Leu Ser Leu Val Tyr Val Val Ser Gln Gly Arg Cys His Lys Cys
1265 1270 1275 1280

Trp Gly Lys Cys Ile Arg Thr Ala Pro Ala Glu Val Ala Leu Asn Val
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1285 1290 1295

Phe Pro Phe Leu Arg Ala Thr Arg Ala Ser Leu Val Ser Leu Cys Asp
1300 1305 1310

Arg Phe Gln Thr Pro Lys Gly Val.Asp Pro Val His Leu Ala Thr Gly
1315 1320 1325

Trp Arg Gly Cys Trp Arg Gly Glu Ser Pro Ile His Gln Pro His Gln
1330 1335 1340

Lys Pro Ile Ala Tyr Ala Asn Leu Asp Glu Lys Lys Ile Ser Ala Gln
1345 1350 1355 1360

Thr Val Val Ala Val Pro Tyr Asp Pro Ser Gln Ala Val Lys Cys Leu
1365 1370 1375

Lys Val Leu Gln Ala Gly Gly Ala Ile Val Asp Gln Pro Thr Pro Glu
1380 1385 1390
Val Val Arg Val Ser Glu Ile Pro Phe Ser Ala Pro Phe Phe Pro Lys
1395 1400 1405

Val Pro Val Asn Pro Asp Cys Arg Val Val Val Asp Ser Asp Thr Phe
1410 1415 : 1420

Val Ala Ala Val Arg Cys Gly Tyr Ser Thr Ala Gln Leu Val Leu Gly

1425 1430 1435 1440

Arg Gly Asn Phe Ala Lys Leu Asn Gln Thr Pro Pro Arg Asn Ser Ile
1445 1450 1455

Ser Thr Lys Thr Thr Gly Gly Ala Ser Tyr Thr Leu Ala Val Ala Gln
1460 1465 1470

Val Ser Ala Trp Thr Leu Val His Phe Ile Leu Gly Leu Trp Phe Thr
1475 1480 1485

Ser Pro Gln Val Cys Gly Arg Gly Thr Ala Asp Pro Trp Cys Ser Asn
1490 1495 1500

Pro Phe Ser Tyr Pro Thr Tyr Gly Pro Gly Val Val Cys Ser Ser Arg
1505 1510 1515 1520

Leu Cys Val Ser Ala Asp Gly Val Thr Leu Pro Leu Phe Ser Ala Val
1525 1530 1535

Ala Gln Leu Ser Gly Arg Glu Val Gly Ile Phe Ile Leu Val Leu Val
1540 1545 1550

Ser Leu Thr Ala Leu Ala His Arg Met Ala Leu Lys Ala Asp Met Leu
1555 1560 1565

Val Ile Phe Ser Ala Phe Cys Ala Tyr Ala Trp Pro Met Ser Ser Trp
1570 1575 1580
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Leu Ile Cys Phe Phe Pro Ile Leu Leu Lys Trp Val Thr Leu His Pro
1585 1590 1595 1600

Leu Thr Met Leu Trp Val His Ser Phe Leu Val Phe Cys Leu Pro Ala
1605 1610 1615

Ala Gly Ile Leu Ser Leu Gly Ile Thr Gly Leu Leu Trp Ala Ile Gly
1620 1625 1630

Arg Phe Thr Gln Val Ala Gly Ile Ile Thr Pro Tyr Asp Ile His Gln
1635 1640 1645

Tyr Thr Ser Gly Pro Arg Gly Ala Ala Ala Val Ala Thr Ala Pro Glu
1650 1655 1660

Gly Thr Tyr Met Ala Ala Val Arg Arg Ala Ala Leu Thr Gly Arg Thr
1665 1670 1675 1680

‘Leu Ile Phe Thr Pro Ser Ala Val Gly Ser Leu Leu Glu Gly Ala Phe
1685 1690 1695

Arg Thr His Lys Pro Cys Leu Asn Thr Val Asn Val Val Gly Ser Ser
1700 1705 1710

Leu Gly Ser Gly Gly Val Phe Thr Ile Asp Gly Arg Arg Thr Val Val
1715 1720 1725

Thr Ala Ala His Val Leu Asn Gly Asp Thr Ala Arg Val Thr Gly Asp
1730 1735 1740

Ser Tyr Asn Arg Met His Thr Phe Lys Thr Asn Gly Asp Tyr Ala Trp
1745 1750 1755 1760

Ser His Ala Asp Asp Trp Gln Gly Val Ala Pro Val Val Lys Val Ala
1765 1770 1775

Lys Gly Tyr Arg Gly Arg Ala Tyr Trp Gln Thr Ser Thr Gly Val Glu
1780 1785 1790

Pro Gly Ile Ile Gly Glu Gly Phe Ala Phe Cys Phe Thr Asn Cys Gly
1795 1800 1805

Asp Ser Gly Ser Pro Val Ile Ser Glu Ser Gly Asp Leu Ile Gly Ile
1810 1815 1820

His Thr Gly Ser Asn Lys Leu Gly Ser Gly Leu Val Thr Thr Pro Glu
1825 1830 1835 1840

Gly Glu Thr Cys Thr Ile Lys Glu Thr Lys Leu Ser Asp Leu Ser Arg
1845 1850 1855

His Phe Ala Gly Pro Ser Val Pro Leu Gly Asp Ile Lys Leu Ser Pro
1860 1865 1870

Ala Ile Ile Pro Asp Val Thr Ser Ile Pro Ser Asp Leu Ala Ser Leu
1875 1880 1885
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Leu Ala Ser Val Pro Val Vval Glu Gly Gly Leu Ser Thr Val Gln Leu
1890 1895 1900

Leu Cys Val Phe Phe Leu Leu Trp Arg Met Met Gly His Ala Trp Thr
1905 1910 1915 1920

Pro Ile Val Ala Val Gly Phe Phe Leu Leu Asn Glu Ile Leu Pro Ala
1925 1930 1935

Val Leu Val Arg Ala vVal Phe Ser Phe Ala Leu Phe Val Leu Ala Trp
1940 1945 1950

Ala Thr Pro Trp Ser Ala Gln Val Leu Met Ile Arg Leu Leu Thr Ala
1955 1960 1965

Ser Leu Asn Arg Asn Lys Leu Sér Leu Ala Phe Tyr Ala Leu Gly Gly
1970 1975 1980

Val Val Gly Leu Ala Ala Glu Ile Gly Thr Phe Ala Gly Arg Leu Ser
1985 1990 1995 2000

Glu Leu Ser Gln Ala Leu Ser Thr Tyr Cys Phe Leu Pro Arg Val Leu
2005 2010 2015

Ala Met Thr Ser Cys Val Pro Thr Ile Ile Ile Gly Gly Leu His Thr
2020 . 2025 2030

Leu Gly Val Ile Leu Trp Leu Phe Lys Tyr Arg Cys Leu His Asn Met
2035 2040 2045

Leu Val Gly Asp Gly Ser Phe Ser Ser Ala Phe Phe Leu Arg Tyr Phe
2050 2055 2060

Ala Glu Gly Asn Leu Arg Lys Gly Val Ser Gln Ser Cys Gly Met Asn
2065 2070 2075 2080

Asn Glu Ser Leu Thr Ala Ala Leu Ala Cys Lys Leu Ser Gln Ala Asp
2085 2090 2095

Leu Asp Phe Leu Ser Ser Leu Thr Asn Phe Lys Cys Phe Val Ser Ala
2100 2105 2110

Ser Asn Met Lys Asn Ala Ala Gly Gln Tyr Ile Glu Ala Ala Tyr Ala
2115 2120 . 2125

Lys Ala Leu Arg Gln Glu Leu Ala Ser Leu Val Gln Ile Asp Lys Met
2130 2135 2140

Lys Gly Val Leu Ser Lys Leu Glu Ala Phe Ala Glu Thr Ala Thr Pro
2145 2150 2155 2160

Ser Leu Asp Ile Gly Asp Val Ile Val Leu Leu Gly Gln His Pro His
2165 2170 2175

Gly Ser Ile Leu Asp Ile Asn Val Gly Thr Glu Arg Lys Thr Val Ser
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2180 2185 2190

Val Gln Glu Thr Arg Ser Leu Gly Gly Ser Lys Phe Ser Val Cys Thr
2195 2200 2205

Val Val Ser Asn Thr Pro Val Asp Ala Leu Thr Gly Ile Pro Leu Gln
2210 2215 2220

Thr Pro Thr Pro Leu Phe Glu Asn Gly Pro Arg His Arg Ser Glu Glu
2225 2230 2235 2240

Asp Asp Leu Lys Val Glu Arg Met Lys Lys His Cys Val Ser Leu Gly
2245 2250 2255

Phe His Asn Ile Asn Gly Lys Val Tyr Cys Lys Ile Trp Asp Lys Ser
2260 2265 2270

Thr Gly Asp Thr Phe Tyr Thr Asp Asp Ser Arg Tyr Thr Gln Asp His
2275 2280 2285

Ala Phe Gln Asp Arg Ser Ala Asp Tyr Arg Asp Arg Asp Tyr Glu Gly
2290 2295 2300

Val Gln Thr Ala Pro Gln Gln Gly Phe Asp Pro Lys Ser Glu Thr Pro
2305 2310 2315 2320

.Val Gly Thr Val Val Ile Gly Gly Ile Thr Tyr Asn Arg Tyr Leu Ile
2325 2330 2335

Lys Gly Lys Glu Val Leu Val Pro Lys Pro Asp Asn Cys Leu Glu Ala
2340 2345 2350

Ala Lys ﬁeu Ser Leu Glu Gln Ala Leu Ala Gly Met Gly Gln Thr Cys
2355 2360 2365

Asp Leu Thr Ala Ala Glu Val Glu Lys Leu Lys Arg Ile Ile Ser Gln
2370 2375 2380

Leu Gln Gly Leu Thr Thr Glu Gln Ala Leu Asn Cys
2385 2390 2395

<210> 11

<211> 1463

<212> PRT

<213> Porcine reproductive and respiratory syndrome virus

<400> 11
Thr Gly Phe Lys Leu Leu Ala Ala Ser Gly Leu Thr Arg Cys Gly Arg
1 5 10 15

Gly Gly Leu Val Val Thr Glu Thr Ala Val Lys Ile Ile Lys Tyr His
20 25 30

Ser Arg Thr Phe Thr Leu Gly Pro Leu Asp Leu Lys Val Thr Ser Glu
35 40 45
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Val Glu Val Lys Lys Ser Thr Glu Gln Gly His Ala Val Val Ala Asn
50 55 60

Leu Cys Ser Gly Val Ile Leu Met Arg Pro His Pro Pro Ser Leu Val
65 70 75 80

Asp Val Leu Leu Lys Pro Gly Leu Asp Thr Thr Pro Gly Ile Gln Pro
85 90 95

Gly His Gly Ala Gly Asn Met Gly Val Asp Gly Ser Ile Trp Asp Phe
; 100 105 110

Glu Thr Ala Pro Thr Lys Ala Glu Leu Glu Leu Ser Lys Gln Ile Ile
115 120 125

Gln Ala Cys Glu Val Arg Arg Gly Asp Ala Pro Asn Leu Gln Leu Pro
. 130: 135 140 ,

Tyr Lys Leu Tyr Pro Val Arg Gly Asp Pro Glu Arg His Lys Gly Arg
145 ‘ 150 155 ; 160

Leu Ile Asn Thr Arg Phe Gly Asp Leu Pro Tyr Lys Thr Pro Gln Asp
‘ les ) 170 175

Thr Lys Ser Ala Ile His Ala Ala Cys Cys Leu His Pro Asn Gly Ala
i . 180 185 . 190

Pro Val Ser Asp Gly Lys Ser Thr Leu Gly Thr Thr Leu Gln His Gly
. 195 200 205

Phe Glu Leu Tyr Val Pro Thr Val Pro Tyr Ser Val Met Glu Tyr Leu
210 215 220 .

Asp Ser Arg Pro Asp Thr Pro Phe Met Cys Thr Lys His Gly Thr Ser
225 o ' 230 235 ‘ 240

Lys Ala Ala Ala Glu Asp Leu Gln Lys Tyr Asp Leu Ser Thr Gln Gly
245 250 255

Phe Val Leu Pro Gly Val Leu Arg Leu Val Arg Arg Phe Ile Phe Gly
260 265 270

His Ile Gly Lys Ala Pro Pro Leu Phe Leu Pro Ser Thr Tyr Pro Ala
275 280 285

Lys Asn Ser Met Ala Gly Ile Asn Gly Gln Arg Phe Pro Thr Lys Asp
290 295 300

Val Gln Ser Ile Pro Glu Ile Asp Glu Met Cys Ala Arg Ala Val Lys
305 310 315 320

Glu Asn Trp Gln Thr Val Thr Pro Cys Thr Leu Lys Lys Gln Tyr Cys
325 330 335

Ser Lys Pro Lys Thr Arg Thr Ile Leu Gly Thr Asn Asn Phe Ile Ala
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340 345 350

Leu Ala His Arg Ser Ala Leu Ser Gly Val Thr Gln Ala Phe Met Lys
355 360 365

Lys Ala Trp Lys Ser Pro Ile Ala Leu Gly Lys Asn Lys Phe Lys Glu
370 375 380

Leu His Cys Thr Val Ala Gly Arg Cys Leu Glu Ala Asp Leu Ala Ser
385 390 395 400

Cys Asp Arg Ser Thr Pro Ala Ile Val Arg Trp Phe Val Ala Asn Leu
405 410 415

Leu Tyr Glu Leu Ala Gly Cys Glu Glu Tyr Leu Pro Ser Tyr Val Leu
420 425 430

Asn Cys Cys His Asp Leu Val Ala Thr Gln Asp Gly Ala Phe Thr Lys
435 440 445

Arg Gly Gly Leu Ser Ser Gly Asp Pro Val Thr Ser Val Ser Asn Thr
450 455 460

Val Tyr Ser Leu Val Ile Tyr Ala Gln His Met Val Leu Ser Ala Leu
465 470 475 480

Lys Met Gly His Glu Ile Gly Leu Lys Phe Leu Glu Glu Gln Leu Lys
485 490 495

Phe Glu Asp Leu Leu Glu Ile Gln Pro Met Leu Val Tyr Ser Asp Asp
500 505 510

Leu Val Leu Tyr Ala Glu Arg Pro Thr Phe Pro Asn Tyr His Trp Trp
515 . 520 525

Val Glu His Leu Asp Leu Met Leu Gly Phe Arg Thr Asp Pro Lys Lys
530 535 540

Thr Val Ile Thr Asp Lys Pro Ser Phe Leu Gly Cys Arg Ile Glu Ala
545 550 555 560

Gly Arg Gln Leu Val Pro Asn Arg Asp Arg Ile Leu Ala Ala Leu Ala
565 570 575

Tyr His Met Lys Ala Gln Asn Ala Ser Glu Tyr Tyr Ala Ser Ala Ala
580 585 590

Ala TIle Leu Met Asp Ser Cys Ala Cys Ile Asp His Asp Pro Glu Trp
595 600 605

Tyr Glu Asp Leu Ile Cys Gly Ile Ala Arg Cys Ala Arg Gln Asp Gly
610 615 620

Tyr Ser Phe Pro Gly Pro Ala Phe Phe Met Ser Met Trp Glu Lys Leu
625 630 635 640
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Arg Ser His Asn Glu Gly Lys Lys Phe Arg His Cys Gly Ile Cys Asp
645 650 655

Ala Lys Ala Asp Tyr Ala Ser Ala Cys Gly Leu Asp Leu Cys Leu Phe
660 665 670

His Ser His Phe His Gln His Cys Pro Val Thr Leu Ser Cys Gly His
675 680 685

His Ala Gly Ser Lys Glu Cys Ser Gln Cys Gln Ser Pro Val Gly Ala
690 695 700

Gly Arg Ser Pro Leu Asp Ala Val Leu Lys Gln Ile Pro Tyr Lys Pro
705 710 715 720

Pro Arg Thr Val Ile Met Lys Val Gly Asn Lys Thr Thr Ala Leu Asp
725 730 735

Pro Gly Arg Tyr Gln Ser Arg Arg Gly Leu Val Ala Val Lys Arg Gly
740 745 750

Ile Ala Gly Asn Glu Val Asp Leu Ser Asp Gly Asp Tyr Gln Val Val
755 760 765

Pro Leu Leu Pro Thr Cys Lys Asp Ile Asn Met Val Lys Val Ala Cys
770 775 780

Asn Val Leu Leu Ser Lys Phe Ile Val Gly Pro Pro Gly Ser Gly Lys
785 790 795 ’ 800

Thr Thr Trp Leu Leu Ser Gln Val Gln Asp Asp Asp Val Ile Tyr Thr
805 810 815

Pro Thr His Gln Thr Met Phe Asp Ile Val Ser Ala Leu Lys Val Cys
820 825 830

Arg Tyr Ser 'Val Pro Gly Ala Ser Gly Leu Pro Phe Pro Pro Pro Ala
835 840 845

Arg Ser Gly Pro Trp Val Arg Leu Ile Ala Ser Gly His Val Pro Gly
850 855 860

Arg Val Ser Tyr Leu Asp Glu Ala Gly Tyr Cys Asn His Leu Asp Ile
865 870 875 880

Leu Arg Leu Leu Ser Lys Thr Pro Leu Val Cys Leu Gly Asp Leu Gln
885 890 895

Gln Leu His Pro Val Gly Phe Asp Ser Xaa Cys Tyr Val Phe Asp Gln
900 905 910

Met Pro Gln Lys Gln Leu Thr Thr Ile Tyr Arg Phe Gly Pro Asn Ile
915 920 925

Cys Ala Ala Ile Gln Pro Cys Tyr Arg Glu Lys Leu Glu Ser Lys Ala
930 935 940
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Arg Asn Thr Arg Val Val Phe Thr Thr Arg Pro Val Ala Phe Gly Gln
945 950 955 960

Val Leu Thr Pro Tyr His Lys Asp Arg Ile Gly Ser Ala Ile Thr Ile
965 970 975

Asp Ser Ser Gln Gly Ala Thr Phe Asp Ile Val Thr Leu His Leu Pro
980 985 990

Ser Pro Lys Ser Leu Asn Lys Ser Arg Ala Leu Val Ala Ile Thr Arg
995 1000 1005

Ala Arg His Gly Leu Phe Ile Tyr Asp Pro His Asn Gln Leu Gln Glu
1010 1015 1020

Phe Phe Asn Leu Thr Pro Glu Arg Thr Asp Cys Asn Leu Val Phe Ser
1025 1030 1035 1040

Cys Gly Asp Glu Leu Val Val Leu Asn Ala Asp Asn Ala Val Thr Thr
1045 1050 ' 1055

Val Ala Lys Ala Leu Glu Thr Gly Pro Ser Arg Phe Arg Val Ser Asp
1060 1065 1070

Pro Arg Cys Lys Ser Leu Leu Ala Ala Cys Ser Ala Ser Leu Glu Gly
1075 1080 1085

Ser Cys Met Pro Leu Pro Gln Val Ala His Asn Leu Gly Phe Tyr Phe
1090 1095 ‘ 1100

Ser Pro Asp Ser Pro Val Phe Ala Pro Leu Pro Lys Glu Leu Ala Pro

1105 1110 1115 1120

His Trp Pro Val Val Thr His Gln Asn Asn Arg Ala Trp Pro Asp Arg
1125 1130 1135

Leu Val Ala Ser Met Arg Pro Ile Asp Ala Arg Tyr Ser Lys Pro Met
1140 1145 1150

Val Gly Ala Gly Tyr Val Val Gly Pro Ser Thr Phe Leu Gly Thr Pro
1155 1160 1165

Gly Val Val Ser Tyr Tyr Leu Thr Leu Tyr Ile Arg Gly Glu Pro Gln
1170 1175 1180

Ala Leu Pro Glu Thr Leu Val Ser Thr Gly Arg Ile Ala Thr Asp Cys
1185 1190 1195 1200

Arg Glu Tyr Leu Asp Ala Ala Glu Glu Glu Ala Ala Lys Glu Leu Pro
1205 1210 1215

His Ala Phe Ile Gly Asp Val Lys Gly Thr Thr Val Gly Gly Cys His
1220 1225 1230

His Ile Thr Ser Lys Tyr Leu Pro Arg Ser Leu Pro Lys Asp Ser Val
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1235 1240 1245

Ala Val Val Gly Val Ser Ser Pro Gly Arg Ala Ala Lys Ala Val Cys
1250 1255 1260

Thr Leu Thr Asp Val Tyr Leu Pro Glu Leu Arg Pro Tyr Leu Gln Pro
1265 1270 1275 1280

Glu Thr Ala Ser Lys Cys Trp Lys Leu Lys Leu Asp Phe Arg Asp Val
1285 1290 1295

Arg Leu Met Val Trp Lys Gly Ala Thr Ala Tyr Phe Gln Leu Glu Gly
1300 1305 1310

Leu Thr Trp Ser Ala Leu Pro Asp Tyr Ala Arg Phe Ile Gln Leu Pro
1315 1320 1325

Lys Asp Ala Val Val Tyr Ile Asp Pro Cys Ile Gly Pro Ala Thr Ala
1330 1335 1340

Asn Arg Lys Val Val Arg Thr Thr Asp Trp Arg Ala Asp Leu Ala Val
1345 1350 1355 1360

Thr Pro Tyr Asp Tyr Gly Ala Gln Asn Ile Leu Thr Thr Ala Trp Phe
: 1365 1370 1375

Glu Asp Leu Gly Pro Gln Trp Lys Ile Leu Gly Leu Gln Pro Phe Arg
1380 1385 1390

Arg Ala Phe Gly Phe Glu Asn Thr Glu Asp Trp Ala Ile Leu Ala Axrg
1395 1400 1405

Arg Met Asn Asp Gly Lys Asp Tyr Thr Asp Tyr Asn Trp Asn Cys Val
1410 1415 1420

Arg Glu Arg Pro His Ala Ile Tyr Gly Arg Ala Arg Asp His Thr Tyr
1425 1430 1435 1440

His Phe Ala Pro Gly Thr Glu Leu Gln Val Glu Leu Gly Lys Pro Arg
1445 1450 1455

Leu Pro Pro Gly Gln Val Pro
1460

<210> 12

<211> -249

<212> PRT

<213> Porcine reproductive and respiratory syndrome virus

<400> 12
Met Gln Trp Gly Tyr Cys Gly Val Lys Ser Ala Ser Cys Ser Trp Thr
1 5 10 15

Pro Ser Leu Ser Ser Leu Leu Val Trp Leu Ile Leu Leu Phe Ser Leu
20 25 30
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Pro Tyr Cys Leu Gly Ser Pro Ser Gln Asp Gly Tyr Trp Ser Ser Phe
35 40 45

Ser Glu Trp Phe Ala Pro Arg Phe Ser Val Arg Ala Leu Pro Phe Thr
50 55 60

Leu Pro Asn Tyr Arg Arg Ser Tyr Glu Gly Leu Leu Pro Asn Cys Arg
65 70 75 80

Pro Asp Val Pro Gln Phe Ala Phe Lys His Pro Leu Gly Met Leu Tip
‘ 85 90 .95

His Met Arg Val Ser Gln Leu Ile Asp Glu Met Val Ser Arg Arg Ile
. 100 105 o 110

Tyr Gln Thr Met Glu His Ser Gly Gln Ala Ala Trp Lys Gln Ala Val
T 115 120 125

Gly Glu Ala Thr Leu Thr Lys Leu Ser Arg Leu Asp Ile Val Thr His
130 135 140

Phe Gln His Leu Ala Ala Val Glu Ala Asp Ser Cys Arg Phe Leu Ser
. 145 150 . 155 . - 160

Ser Arg Leu Val Met Leu Lys Asn Leu Ala Val Gly Asn Val Ser Leu
\ » - 165 170 y : 175

Gln Tyr Asn Thr Thr Leu Asp Arg Val Glu Leu Ile Phe Pro Thr Pro
180 185 190

Gly Thr Arg Pro Lys Leu Thr Asp Phe Arg Gln Trp Leu Ile Ser Val
195 200 .- 205

His Ala Ser Ile Phe Ser Ser Val Ala Ser Ser Val Thr Leu Phe Ile
210 215 ‘ 220 .

Val Leu Trp Leu Arg Ile Pro Ala Leu Arg Tyr Val Phe Gly Phe His
225 230 235 240

Trp Pro Thr Ala Thr His His Ser Ser
245

<210> 13

<211> 265

<212> PRT

<213> Porcine reproductive and respiratory syndrome virus

<400> 13 . ’
Met Ala His Gln Cys Ala Arg Phe His Phe Phe Leu Cys Gly Phe Ile
1 : 5 10 15

Cys Tyr Leu Val His Ser Ala Leu Ala Ser Asn Ser Ser Ser Thr Leu
: 20 25 30
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Cys Phe Trp Phe Pro Leu Ala His Gly Asn Thr Ser Phe Glu Leu Thr
"+ 35 40 45

Ile Asn Tyr Thr Ile Cys Met Pro Cys Ser Thr Ser Gln Ala Ala Arg
50 55 60

Gln Arg Leu Glu Pro Gly Arg Asn Met Trp Cys Lys Ile Gly Tyr Asp
65 70 75 80

Arg Cys Glu Glu Arg Asp His Asp Glu Leu Leu Met Pro Ile Pro Ser
85 90 95

Gly Tyr Asp Asn Leu Lys Leu Glu Gly Tyr Tyr Ala Trp Leu Ala Phe
100 105 110

Leu Ser Phe Ser Tyr Ala Ala Gln Phe His Pro Glu Leu Phe Gly Ile
, 115 120 125 .

Gly Asn Val Ser Arg Val Phe Val Asp Lys Arg His Gln Phe Ile Cys
130 135 140 :

Ala Glu His Asp Gly Gln Asn Ser Thr Val Ser Thr Gly His Asn Ile
145 150 155 ) 160

Ser Ala Leu Tyr Ala Ala Tyr Tyr His His Gln Ile Asp Gly Gly Asn
165 170 - 175

Trp Phe His Leu Glu Trp Leu Arg Pro Leu Phe Ser Ser Trp Leu Val
: 180 185 ! 190

Leu Asn Ile Ser Trp Phe Leu Arg Arg Ser Pro Val Ser Pro Val Ser.
195 200 205

Arg Arg Ile Tyr Gln Ile Leu Arg Pro Thr Arg Pro Arg Leu Pro Val
210 . 215 220

Ser Trp Ser Phe Arg Thr Ser Ile Val Ser Asp Leu Thr Gly Ser Gln
225 230 235 240

Gln Arg Lys Arg Lys Phe Pro Ser Glu Ser Arg Pro Asn Val Val Lys
245 250 255

Pro Ser Val Leu Pro Ser Thr Ser Arg
260 265

<210> 14

<211> 183

<212> PRT

<213> Porcine reproductive and respiratory syndrome virus

<400> 14 )
Met Ala Ala Ala Thr Leu Phe Leu Leu Ala Gly Ala Gln Tyr Ile Met
1 5 10 15

.-

Val Ser Glu Ala Phe Ala Cys Lys Pro Cys Phe Ser Thr His Leu Ser
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20 25 30

Asp Ile Glu Thr Asn Thr Thr Ala Ala Ala Gly Phe Met Val Leu Gln
135 40 45

Asp Ile Asn Cys Leu Arg Pro His Gly Val Ser Ala Ala Gln Glu Glu
50 55 60

Ile Pro Phe Gly Lys Ser Ser Gln Cys Arg Glu Ala Val Gly Thr Pro
65 . 70 75 80

Gln Tyr Ile Thr Ile Thr Ala Asn Val Thr Asp Glu Ser Tyr Leu Tyr
85 90 95

Asn Ala Asp Leu Leu Met Leu Ser Ala Cys Leu Phe His Ala Ser Glu
‘ ’ 100 + 105 ' 110

Met Ser Glu Lys Gly Phe Lys Val Ile Phe Gly Asn Val Ser Gly Val
115 120 - 125

Val Ser Ala Cys Val Asn Phe Thr Asp Tyr Val Ala His Val Thr Gln
: 130 -~ ‘ 135 " 140 ’

His Thr Gln Gln His His Leu Val Ile Asp His Ile Arg Leu Leu His
145 . 150 - 155 160

Phe Leu Thr Pro Ser Ala Met Arg Trp Ala Thr Thr Ile Ala Cys Leu
o 165 - 170 x 175

Phe Ala Ile Leu Leu Ala Ile
180

<210> 15

<211> 201

<212> PRT

<213> Porcine reproductive and respiratory syndrome virus

<400> 15
Met Arg Cys Ser His Lys Leu Gly Arg Phe Leu Thr Pro His Ser Cys
1 5 10 15

Phe Trp Trp Phe Phe Leu Leu Cys Thr Gly Leu Ser Trp Ser Phe Ala
20 25 30

Asp Gly Asn Gly Asn Ser Ser Thr Tyr Gln Tyr Ile Tyr Asn Leu Thr
35 40 45

Ile Cys Glu Leu Asn Gly Thr Asp Trp Leu Ser Ser His Phe Gly Trp
50 55 60

Ala Val Glu Thr Phe Val Phe Tyr Pro Val Ala Thr His Ile Leu Ser
65 70 75 80

Leu Gly Phe Leu Thr Thr Ser His Phe Phe Asp Ala Leu Gly Leu Gly
85 90 95
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Ala Val Ser Thr Ala Gly Phe Val Gly Gly Arg Tyr Val Leu Cys Ser
100 105 110

Val Tyr Gly Ala Cys Ala Phe Ala Ala Phe Val Cys Phe Val Ile Arg
115 120 ‘ 125 .

Ala Ala Lys Asn Cys Met Ala Cys Arg Tyr Ala Arg Thr Arg Phe Thr
130 135 : 140

Asn Phe Ile Val Asp Asn Arg Gly Arg Val His Arg Trp Lys Ser Pro
145 . 150 155 , 160

Ile Val Val Glu Lys Leu Gly Lys Ala Glu Val Asp Gly Asn Leu Val
e . 165 170 175

Thr Ile Lys His Val Val Leu Glu Gly Val Lys Ala Gln Pro Leu Thr
: 180 185 190

Arg Thr Ser Ala Glu Gln Trp Glu Ala
195 200

<210> 16
<211> 173
<212> PRT
<213> Porcine reproductive and respiratory syndrome virus

<400> 16 :
Met Gly Gly Leu Asp Asp Phe Cys Asn Asp Pro Ile Ala Ala Gln Lys
1 5 10 15

Leu Val Leu Ala Phe Ser Ile Thr Tyr Thr Pro Ile Met Ile Tyr Ala
20 25 30

Leu Lys Val Ser Arg Gly Arg Leu Leu Gly Leu Leu His Ile Leu Ile
35 : 40 45

Phe Leu Asn Cys Ser Phe Thr Phe Gly Tyr Met Thr Tyr Val His Phe
50 55 60

Gln Ser Thr Asn Arg Val Ala Leu Thr Leu Gly Ala Val Val Ala Leu
65 70 75 80

Leu Trp Gly Val Tyr Ser Phe Thr Glu Ser Trp Lys Phe Ile Thr Ser
85 90 95

Arg Cys Arg Leu Cys Cys Leu Gly Arg Arg Tyr Ile Leu Ala Pro Ala
100 105 : 110

His His Val Glu Ser Ala Ala Gly Leu His Ser Ile Ser Ala Ser Gly
115 120 125

Asn Arg Ala Tyr Ala Val Arg Lys Pro Gly Leu Thr Ser Val Asn Gly
130 135 140
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Thr Leu Val Pro Gly Leu Arg Ser Leu Val Leu Gly Gly Lys Arg Ala
145 150 155 160

Val Lys Arg Gly Val Val Asn Leu Val Lys Tyr Gly Arg
165 170

<210> 17

<211> 128

<212> PRT

<213> Porcine reproductive and respiratory syndrome virus

<400> 17
Met Ala Gly Lys Asn Gln Ser Gln Lys Lys Lys Lys Ser Thr Ala Pro
1 5 10 15

Met Gly Asn Gly Gln Pro Val Asn Gln Leu Cys Gln Leu Leu Gly Ala
20 25 30

Met Ile Lys Ser Gln Arg Gln Gln Pro Arg Gly Gly Gln Ala Lys Lys

Lys Lys Pro Glu Lys Pro His Phe Pro Leu Ala Ala Glu Asp Asp Ile
50 55 60

Arg His His Leu Thr Gln Thr Glu Arg Ser Leu Cys Leu Gln Ser Ile
65 70 , : 75 , 80

Gln Thr Ala Phe Asn Gln Gly Ala Gly Thr Ala Ser Leu Ser Ser Ser
85 90 95

Gly Lys Val Ser Phe Gln Val Glu Phe Met Leu Pro Val Ala His Thr
100 105 110

Val Arg Leu Ile Arg Val Thr Ser Thr Ser Ala Ser Gln Gly Ala Ser
115 120 125

<210> 18

<211> 249

<212> PRT

<213> Porcine reproductive and respiratory syndrome virus

<400> 18
Met Gln Trp Gly His Cys Gly Val Lys Ser Ala Ser Cys Ser Trp Thr
1 5 10 15

Pro Ser Leu Ser Ser Leu Leu Val Trp Leu Ile Leu Ser Phe Ser Leu
20 25 30

Pro Tyr Cys Leu Gly Ser Pro Ser Gln Asp Gly Tyr Trp Ser Ser Phe
35 40 45

Ser Glu Trp Phe Ala Pro Arg Phe Ser Val Arg Ala Leu Pro Phe Thr
50 55 60
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Leu Pro Asn Tyr Arg Arg Ser Tyr Glu Gly Leu Leu Pro Asn Cys Arg
65 70 75 80

Pro Asp Val Pro Gln Phe Ala Phe Lys His Pro Leu Gly Met Leu Trp
85 90 95

His Met Arg Val Ser His Leu Ile Asp Glu Met Val Ser Arg Arg Ile
100 105 110

Tyr Gln Thr Met Glu His Ser Gly Gln Ala Ala Trp Lys Gln Val Val
115 120 125

Gly Glu Ala Thr Leu Thr Lys Leu Ser Gly Leu Asp Ile Val Thr His
130 135 140

.Phe Gln Xaa Leu Ala Ala Val Glu Ala Asp Ser Cys Arg Phe Leu Ser
145 150 155 160

Ser Arg Leu Val Met Leu Lys Asn Leu Ala Val Gly Asn Val Ser Leu
165 170 175

Gln Tyr Asn Thr Thr Leu Asp Arg Val Glu Leu Ile Phe Pro Thr Pro
180 185 190

Gly Thr Arg Pro Lys Leu Thr Asp Phe Arg Gln Trp Leu Ile Ser Val
195 200 205

‘His Ala Ser Ile Phe Ser Ser Val Ala Ser Ser Val Thr Leu Phe Ile
210 215 220

Val Leu Trp Leu Arg Ile Pro Ala Leu Arg Tyr Val Phe Gly Phe His
225 230 235 240

Trp Pro Thr Ala Thr His Hig Ser Ser
245

<210> 19

<211> 265

<212> PRT

<213> Porcine reproductive and respiratory syndrome virus

<400> 19
Met Ala His Gln Cys Ala Arg Phe His Phe Phe Leu Cys Gly Phe Ile
1 5 10 15

Cys Tyr Leu Val His Ser Ala Leu Ala Ser Asn Ser Ser Ser Thr Leu
20 25 ' 30

Cys Phe Trp Phe Pro Leu Ala His Gly Asn Thr Ser Phe Glu Leu Thr
35 40 45

Ile Asn Tyr Thr Ile Cys Met Pro Cys Ser Thr Ser Gln Ala Ala Arg
50 55 60
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Gln

65
Arg
Gly
Leu
Gly
Ala
© 145
Ser
Trp
Leu
Arg
Ser
.225

Gln

Pro

<210>
<211l>
<212>
<213>

<400>

Arg Leu Glu Pro

Cys

Tyxr

Ser

Asn

130

Glu

Ala

Phe

Asn

Arg

210

Trp

Arg

Ser

20

183
PRT
Porcine reproductive and respiratory syndrome

20

Glu

Asp

Phe

115

Val
His
Leu
His
Ile
195
Ile
Ser
Lye

Val

Glu

Asn

100

Ser

Ser

Asp

Tyxr

Leu

180

Ser

Tyr

Phe

Arg

Leu
260

Arg

85

Leu

Tyr

Arg

Gly

Ala

165

Glu

Trp

Gln

Arg

Lys

245

Pro

Gly

70
Asp
Lys
Ala
Val
His
150
Ala
Trp
Phe
Ile
Thr
230

Phe

Ser

His

His

Leu

Ala

Phe

135

Asn

Tyxr

Leu

Leu

Leu

215

Sexr

Pro

Thr

28/32

Ser
Asp
Glu
Gln
120
Val
Ser
Tyr
Arg
Arg
200
Arg
Ile
Ser

Ser

Met

Glu

Gly

105

Phe

Asp

Thr

Pro

185

Arg

Pro

vVal

Glu

Arg
265

Trp
Leu

90
Tyr
His
Lys
Val
His
170
Leu
Ser
Thr
Ser

Ser
250

Cys

75

Leu

Tyr

Pro

Arg

Ser

Lys

Met

Ala

Glu

His

140

Thr

155 ..

Gln

Phe

Pro

Arg

Asp

235

Arg

Ile
Sex
Va;
Pro
220

Leu

Pro

Ile

Pro

Trp

Leu

125

Gln

Gly

Asp

Ser

Ser

205

Arg

Thr

Asn

Met Ala Ala Ala Thr Leu Phe Phe Leu Ala Gly Ala Gln

1

5

10

Val Ser Glu Ala Phe Ala Cys Lys Pro Cys

20

25

Phe Ser Thr

Asp Ile Lys Thr Asn Thr Thr Ala Ala Ala Gly Phe Met

35

40

Asp Ile Asn Cys Phe Arg Pro His Gly Val

45

Ser Ala Ala

PCT/EP02/02486

Gly
Ile
Leu
110
Phe
Phe
His
Gly
Trp
190
Pro
Leu

Gly

Val

His

Pro

95

Ala

Gly

Ile

Asn

Gly

175

Leu

Val

Pro

Ser

Val
255

virus

His

His

30

Val

Gln

Ile

15

Leu

Leu

Glu

Asp

80

Ser

Phe

Ile

Cys

Ile

160

Asn

Val

Ser

Val

Gln

240

Lys

Met

Ser

Gln

Lys
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50 55 60

Ile Ser Phe Gly Lys Ser Ser Gln Cys Arg Glu Ala Val Gly Thr Pro
65 : 70 75 : 80

Gln Tyr Tle Thr Ile Thr Ala Asn Val Thr Asp Glu Ser Tyr Leu Tyxr
85 . 90 95

Asn Ala Asp Leu Leu Met Leu Ser Ala Cys Leu Phe Tyr Ala Ser Glu
100 - 105 : ‘ 110

Met Ser Glu Lys Gly Phe Lys Val Ile Phe Gly Asn Val Ser Gly Val
115 120 125

Val Ser Ala Cys Val Asn Phe Thr Asp Tyr Val Ala His Val Thr Gln
130 135 140

Hig Thr Gln Gln His His Leu Val Val Asp His Ile Arg Leu Leu His
145 o 150 - 155 . 160

Phe Leu Thr Pro Ser Ala Met Arg Trp Ala Thr Thr Ile Ala Cys Leu
‘ 165 . 170 - 175

Leu Ala Ile Leu Leu Ala Ile
180 ;

<210> 21

<211> 201

<212> PRT

<213> Porcine reproductive and respiratory syndrome virus

<400> 21
Met Arg Cys Ser His Lys Leu Gly Arg Ser Leu Thr Pro His Ser Cys
1 5 10 15

Phe Trp Trp Leu Phe Leu Leu Cys Thr Gly Leu Ser Trp Ser Phe Ala
20 25 30

Asp Gly Asn Gly Asp Ser Ser Thr Tyr Gln Tyr Ile Tyr Asp Leu Thr
35 40 45

Ile Cys Glu Leu Asn Gly Thr Asp Trp Leu Ser Ser His Phe Gly Trp
50 55 60

Ala Val Glu Thr Phe Val Phe Tyr Pro Val Ala Thr His Ile Leu Ser
65 : 70 75 ’ 80

Leu Gly Phe Leu Thr Thr Ser His Phe Phe Asp Ala Leu Gly Leu Gly
: 85 90 95

Ala Val Ser Thr Ala Gly Phe Val Gly Gly Arg Tyr Val Leu Cys Ser
100 105 110

Val Tyr Gly Ala Cys Ala Phe Ala Ala Phe Val Cys Phe Val Ile Arg
115 120 125
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Ala Ala

130

Lys

Asn Phe
145
Ile

Val val

Thr Ile Lys

Arg Thr

195
27

<210> 22

<211> 750
<212> DNA
<213>

<400> 22

ATGCAATGGG
TCCTTGTTAG
CAGGATGGTT
CTGCCATTCA
CCGGATGTCC
TCCCACTTGA
CAAGCGGCCT
ATAGTTACTC
TCACGACTCG
ACGTTGGACC
TTCAGACAAT
ACCTTGTTCA
TGGCCCACGG

<210>
<211>
<212>
<213>

23
798
DNA

<400> 23

ATGGCTCATC
CATAGTGCTT
GGCAACACAT
CAAGCGGCTC
AGGTGTGAGG
CTCAAACTTG
TTCCATCCGG
CAGTTCATTT
TCCGCATTAT
GAATGGCTGC
CGTTCGCCTG

Ile

Ser

PRRSV

Asn Cys

Val Asp

30/32

135

150

Glu Lys
165

His Val
180

Ala Glu

GTCACTGTGG
TGTGGTTGAT
ACTGGTCTTT
CTCTCCCGAA
CACAATTTGC
TTGATGAGAT
GGAAGCAGGT
ATTTCCAACA
TGATGCTAAA
GCGTTGAGCT
GGCTCATCAG
TAGTGCTTTG
CAACACATCA

AGTGTGCACG
TGGCTTCGAA
CATTCGAGCT
GCCAAAGGCT
AGCGTGACCA
AGGGTTATTA
AGTTGTTCGG
GTGCCGAGCA
ATGCGGCATA
GGCCACTCTT
TAAGCCCTGT

.200

Lelystad Agent ORF2

AGTAAAATCA
ATTGCCATTT
CTTCTCAGAG
CTATCGAAGG
AGTCAAGCAC
GGTCTCTCGT
GGTTGGTGAG
CCTGGCCGCA
AAATCTTGCC
CATCTTCCCC
TGTGCACGCT
GCTTCGAATT
TTCGAGCTGA

PRRSV Lelystad Agent ORF3

CTTCCATTTT
TTCCAGCTCT
GACCATCAAC
CGAGCCCGGT
TGATGAGTTG
TGCTTGGCTG
GATAGGGAAT
TGATGGACAC
TTACCACCAC
TTCTTCCTGG
TTCTCGACGC

Met Ala Cys Arg Tyr Ala

Asp Arg Gly Arg Val His

155

Leu Gly Lys Ala Glu Val

170

Val Leu Glu Gly Val Lys

185

Gln Trp Glu Ala

GCCAGCTGTT
TCCTTGCCAT
TGGTTTGCTC
TCCTATGAAG
CCATTGGGYA
CGCATTTACC
GCCACTCTCA
GTGGAGGCGG
GTTGGCAATG
ACGCCAGGTA
TCCATTTTTT
CCAGCTCTAC

TTCCTCTGTG
ACGCTATGTT
TACACCATAT
CGTAACATGT
TTAATGTCCA
GCTTTTTTGT
GIGTCGCGCG
AATTCAACCG
CAAATAGACG
CTGGTGCTCA
ATCTATCAGA

PCT/EP02/02486

Arg Thr Arg Phe Thr

140

Arg Trp Lys Ser Pro

160

Asp Gly Asn Leu Val

175

Ala Gln Pro Leu Thr

190

CGTGGACGCC
ACTGTTTGGG
CGCGCTTCTC
GCTTGTITGCC
TGTTTTGGCA
AGACCATGGA
CGAAGCTGTC
ATTCTTGCCG
TGAGCCTACA
CGAGGCCCAA
CCTCTGTGGC
GCTATGTTTT

GCTTCATCTG
TTTGGTTTCC
GCATGCCCTG
GGTGCAAAAT
TCCCGTCCGG
CCTTTTCCTA
TCTTCGTGGA
TATCTACCGG
GGGGCAATTG
ACATATCATG
TATTGAGACC

TTCACTGAGT
TTCACCGTCG
CGTTCGCGCT
CAACTGCAGA
CATGCGAGTT
ACATTCAGGT
AGGGCTCGAT
CTTTCTCAGC
GTACAACACC
GTTGACCGAT
TTCATCTIGTIT
TGGTTTCCAT

TTACCTTGTIT
ATTGGCCCAC
TTCTACCAGT
AGGGCATGAC
GTACGGACAA
CGCGGCCCAA
CAAGCGACAC
ACACAACATC
GTTCCATTTG
GTTTCTGAGG
AACACGACCG

60
120
180
240
300
360
420
480
540
600
660
720
750

60
120
180
240
300
360
420
480
540
600
660
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CGGCTGCCGG TTTCATGGTC CTTCAGGACA TCAATTGTTT CCGACCTCAC GGGGTCTCAG 720
CAGCGCAAGA GAAAATTTCC TTCGGAAAGT CGTCCCAATG TCGTGAAGCC GTCGGTACTC 780

CCCAGTACAT

<210> 24
<211l> 606
<212> DNA

CACGATAA

<213> PRRSV Lelystad Agent ORF5

<400> 24
ATGAGATGTT
TTTTTGCTGT
TACCAATACA
CATTTTGGTT
CTGGGTTTITC
GCAGGATTITG
GCGTTCGTAT
ACCCGGTTTA
ATAGTGGTAG
GTCGTCCTCG
GCCTAG

<210> 25
<211> 21
<212> DNA

CTCACAAATT
GTACCGGCTT
TATATAACTT
GGGCAGTCGA
TCACAACAAG
TTGGCGGGCG
GTTTTGTCAT
CCAACTTCAT
AAAAATTGGG
AAGGGGTTAA

GGGGCGTTTC
GTCCTGGTCC
GACGATATGC
GACCTTTGTG
CCATTTTTTT
GTACGTACTC
CCGTGCTGCT
TGTGGACGAC
CAAAGCCGAA
AGCTCAACCC

TTGACTCCGC
TTTGCCGATG
GAGCTGAATG
CTTTACCCGG
GACGCGCTCG
TGCAGCGTCT
AAAAATTGCA
CGGGGGAGAG
GTCGATGGCA
TTGACGAGGA

<213> PRRSV Attenuation Site I ORF2

<400> 25

TACTGGTCTT TCTTCTCAGA G

<210> 26
<211l> 21
<212> DNA

<213> PRRSV Attenuation Site II ORF2

<400> 26

ACAATTTGCA GTCAAGCACC C

<210> 27
<211> 21
<212> DNA

<213> PRRSV Attenuation Site III ORF2

<400> 27

ATTGGGYATG TTTTGGCACA T

<210> 28
<211> 21

ACTCTTGCTT CTGGTGGCIT
GCAACGGCGA CAGCTCGACA
GGACCGACTG GTTGTCCAGC
TTGCCACTCA TATCCTCTCA
GTCTCGGCGC TGTATCCACT
ACGGCGCTTG TGCTTTCGCA
TGGCCTGCCG CTATGCCCGT
TTCATCGATG GAAGTCTCCA
ACCTCGTCAC CATCAAACAT
CTTCGGCTGA GCAATGGGAG

798

60
120
80 -
240
300
360
420
480
540
600
606

21

21

21



WO 02/072802 PCT/EP02/02486
32/32

<212> DNA '
<213> PRRSV Attenuation Site ORF3

<400> 28
GTTGTTAAT GTCCATCCCGT C 21

<210> 29

<211> 21 !
<212> DNA ;

<213> PRRSV Attenuation Site ORF5

©'<400> 29 : '
GACCTTTGTG CTTTACCCGG T : 21



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

