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Porcine reproductive and respiratory syndrome virus (PRRSV)-specific cONA clones spanning the 3' terminal 5 kb of
the genomic RNA were isolated, sequenced, and used as probes for identification of PRRSV-specific RNAs. The PRRSV
genome is a positive-stranded polyadenylated RNA of about 15 kb. In infected cells, a 3' coterminal nested set of six
major subgenomic mRNAs could be demonstrated. Within the 3' terminal 3.5 kb of the PRRSVgenome, six overlapping
reading frames (ORFs) were identified, each most likely expressed by one of the subgenomic mRNAs. Amino acid
sequence comparisons revealed that the most 3' terminal ORF (ORF7)encodes the PRRSVnucleocapsid protein with a
calculated molecular weight of 14 kna. It displays 44.8% amino acid identity with the capsid protein of lactate dehydro
qenase-elevatinq virus (LOV) and 23.6% with that of equine arteritis virus (EAV). The product of ORF6, the second 3'
terminal ORF, represents a putative membrane protein and exhibits 53.2 and 27.2% amino acid identity with the
corresponding LOV and EAV polypeptides, respectively. Similar to EAV, ORFs 2 through 5 might encode glycosylated
viral proteins. The polypeptide deduced from the most 5' ORF (ORF1b) contains two conserved domains common to
EAV and coronavirus potymerases. Genome organization, strategy of gene expression, and the sequence of deduced
proteins show that PRRSV belongs to the Arterivirus group of viruses. © 1993 Academic Press, Inc.

INTRODUCTION

Porcine reproductive and respiratory syndrome virus
(PRRSV) represents the causative agent of a new por
cine disease which emerged in northern Germany in
1990 and spread in form of an epidemic allover Europe
in 1991. As indicated by the name of the virus, major
clinical signs in swine are abortion and respiratory dis
tress (Lindhaus and Lindhaus, 1991). A similar "mys
tery swine disease" has first been reported in 1987 in
North America (Keffaber, 1989), which is now usually
called "swine infertility and respiratory syndrome"
(SIRS, Collins et et., 1991).

Both the European PRRSV and the American SIRSV
have recently been isolated and characterized (Oh
linger et al., 1991; Terpstra et al., 1991; Wensvoort et
al., 1991 a.b: Benfield et et., 1992; Collins et al., 1992).
Serological, ultrastructural, and biophysical data indi
cate that PRRSV and SIRSV represent the same virus.
Serological variation, however, exists especially be
tween the American and European isolates, but also
among virus isolates from North America (Wensvoort
et al., 1992).

1 Sequence data from this article have been deposited with the
GenBank Data Library under the accession number L04493.

2 To whom reprint requests should be addressed.
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PRRSV has been described as a small enveloped
RNA virus (Wensvoort et al., 1991b, Benfield et al.,
1992) with morphological and morphogenetical similar
ities to members of the arterivirus group, including
equine arteritis virus (EAV)and lactate dehydrogenase
elevating virus of mice (LDV). In addition, relationships
between PRRSV and arteriviruses are suggested by
the nature of permissive cells. The arteriviruses infect
particular subpopulations of macro phages (Plaqe
mann and Moennig, 1992) and PRRSV apparently
grows exclusively in alveolar lung macrophages. How
ever, serological crossreactions could so far not be
demonstrated between PRRSV and any of the arterivi
ruses.

Members of the arterivirus group are currently clas
sified within the Togaviridae family (Westaway et al.,
1985), but the need for reclassification has become
obvious after cloning and molecular analysis of the to
tal EAV genome (Den Boon et al., 1991) and of parts of
the LDV genome (Godeny et al., 1990). In contrast to
togaviruses, arterivirus gene expression does not oc
cur by translation and subsequent processing of poly
proteins, but by transcription of multiple subgenomic
mRNAs, each encoding one protein. Similar to corona
viruses, arteriviral mRNAs form a 3' coterminal nested
set and possess common 5' terminal leader se
quences which are joined to the bodies of the mRNAs
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during transcription. Moreover, the putative EAV poly
merase gene is probably expressed by ribosomal
frameshifting as in coronaviruses and possesses con
served domains also present in corona- and torovirus
polymerases (Den Boon et aI., 1991).

Using purified PRRS virions from infected macro
phages as starting material, molecular cDNA cloning
and sequencing was performed. This approach should
not only elucidate the relationship of PRRSV to other
viruses, but also provide tools for diagnostic purposes
and the development of vaccines. In this paper we pro
vide the first molecular data on the PRRSV genome. Its
organization, transcription features and also deduced
viral protein sequences prove the close evolutionary
relationship between PRRSV and arteriviruses.

MATERIALS AND METHODS

Cells and virus isolation

Porcine alveolar macrophages were harvested from
the lungs of SPF pigs as described (Wensvoort et st.,
1991a,b). PRRSV isolate 10 was obtained from a still
born piglet from a sow with PRRS. The lungs were ho
mogenized and 0.3 ml ot the homogenate were added
to a flask with alveolar macrophages. Three days post
infection cell lysis was observed. The virus was further
cultured on SPF macrophages and characterized by
immunofluorescence, electron microscopy, and West
ern blot (Ohlinger et et., 1991). Swine infected with iso
late 10 showed symptoms and an immune response
typical of PRRS. PRRSV could be reisolated from all
infected pigs. Two pregnant SPFsows challenged with
isolate 10 gave birth to weak or dead piglets with typi
cal PRRS symptoms.

Virus purification

PRRSV was harvested 24 hr after infection of lung
rnacrophages. The supernatant was first pelleted for 4
hr at 19,000 rpm in a Beckman R19 rotor. After an
overnight incubation at 40 in TES (20 mMTris, pH 7,1
mM EDTA, 150 mM NaCI)the pellet was resuspended.
The virus concentrate was extracted three times with
arcton (1,1 ,2-tri-chloro-tri-fluoro-ethane). The aqueous
phase was passed through a 5-l'm filter and subse
quently through a Sephacryl S400 superfine 55-ml col
umn (CI6/40). Chromatography was performed at a
flow rate of 0.7 mllmin and fractions of 1 ml were col
lected. Virus-containing fractions were centrifuged
through a sucrose step gradient (0.5 ml of 60%, 1 mlof
45%, and 1 ml of 25% sucrose) in a Beckman SW60
rotor at 50,000 rpm for 30 min. For RNA isolation, the
45/25% interphase was used.

RNA preparation, cDNA synthesis and cloning

Genomic RNA from virions and infected macro
phages was isolated according to Chirgwin et al.

(1979). Preparative cDNA synthesis according to
Gubler and Hoffman (1983) was performed on 0.5 I'g
RNA (approximately 0.1 I'g PRRSV genomic RNA) as
described (Conzelmann et aI., 1991), using 0.2 ng
oligo(dT) primer and the second-strand mix from the
Pharmacia cDNA synthesis kit. EcoRI/Notl adaptor li
gation and phosphorylation were performed as recom
mended by the supplier. The cDNA was size selected
by preparative agarose gel electrophoresis and cloned
in ,\ZAPII (Stratagene) according to the supplier's in
structions. Recombinant pBluescript were excised in
vivo as recommended by the supplier. Labeled first
strand PRRSV cDNA was prepared by using 10 I'Ci
[a_32 p] dCTP (3000 Ci/mMol; Amersham) together with
1 mM each of dGTP, dATP, and dTIP. The cDNA was
separated from not incorporated nucleotides by Sepha
dex G50 (Pharmacia) chromatography and used di
rectly tor Northern hybridizations as described (Con
zelmann et al., 1991).

Oligonucleotide hybridization

Deoxyoligonucleotide 3'M (5'-TCGGTCACATGGTI
CCTGCCT-3') was synthesized on a Biosearch 8700
DNA Synthesizer and purified by denaturing polyacryl
amide gel electrophoresis. Labeling with polynucleo
tide kinase and hybridization to Northern blots at 61 0

was done as described (Conzelmann et aI., 1991).

Sequence determination and analysis

Both strands of recombinant pBluescript were sub
jected to unidirectional deletion using Exonuclease III
and S1-Nuclease according to Hennikoff (1984) and
were sequenced (Sanger et al., 1977) on double-strand
plasmid templates according to Zhang et al. (1988) us
ing T7-DNA-Polymerase. Computer analysis of the nu
cleotide and peptide sequences was performed using
the UWGCG software (Devereux et a/., 1984) on a VAX
4000 (Digital). Protein homologies were calculated us
ing the GAP program, the parameters were gap
weight, 3; gap length weight, 0 1.

RESULTS

Synthesis and isolation of PRRSV-specific cDNA
clones: Demonstration of PRRSV genomic and
subgenomic mRNAs

As determined by denaturing agarose gel electro
phoresis and subsequent staining with acridine or
ange, an RNA species of about 15 kb could be
enriched in the course of virion purification from the
supernatants of PRRSV-infected macrophages (not
shown). For arteriviruses, similar sizes of genomic
RNAs have been described, namely 13 kb for EAV and
13 to 14 kb for LDV (Den Boon et al., 1991; Godeny et
al., 1990; Kuo et al., 1991). It seemed likely that PRRSV
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FIG. 1. Demonstrat ion of PRRSV-spe cific RNAs (arrowh eads) in
infected macrophages. Oligo(dT)-primed radioact ively labeled cD NA
of RNA from puri fied virions was hybridized to tota l RNA from in
fected (lane 1) and noninfected macrophages (lane 2).

genomic RNA also terminates with a poly(A) tail. Ac
cordingly, oligo(dT) was employed for priming of an an
alyticai first cDNA strand synthesis, where efficient in
corporation of [a- 32P)-labeled dCTP occurred (not
shown}.To investigate whether the labeled cDNA origi
nated mainly from the viral RNA or from contaminating
cellular RNAs, Northern hybridizations were performed
with total RNA from PRRSV-infected and noninfected
macrophag es. Prominent specifi c bands appeared
with the RNAof infected cells , while only faint hybridiza
tion signals were obtained with RNA from noninfected
cells (Fig. 1). The largest hybridizing RNA population
corresponded in size to the supposed 15-kb PRRSV
genomic RNA. In addition, a set of subgenomic RNAs
in the range of 0.9 to 3.7 kb were observed. Thus the
bulk of eDNA primed with oligo(dT} originated from
PRRSV RNA wh ich is obviously polyadenylated. Using
again oligo(dT) as a primer, preparative eDNA synthe
sis was performed . A cDNA bank was established in
XZAPII phages and screened with the labeled single
stranded eDNA probe. Plaques showing strong hybrid
ization signals were isolated and recombinant pBlue
script were obtained by in vivo excision from XZAPII.
The isolated inserts proved to be specific for PRRSV by
hybridization experiments with infected and nonin
fected cells as described above. North ern hybridiza
tion showed in addition, that the RNA isolated from
purified virions, which was used for cDNA synthesis.
consisted mainly of the 15-kb population (Fig. 2}.

PRRSV-specific cDNA clones were characterized by
restriction mapping and terminal sequencing . Most
clones from the oligo(dT) primed cDNA started within a
short stretc h of nucleotides, which was supposed to

be located close to the genomic 3' end. Clone
pPRRSV-T1 had a size of 5 kb and possessed a termi
nal stretch of four A residues ; most likely these repre
sent the first nucleotides of the genomic poly(A) tail
(see below).

PRRSV subgenomic mRNAs form a 3' nested set

The set of subgenomic RNAs detected by the
minus-stranded labeled cDNA was also recognized by
the isolated and nick-translated cDNA inserts of clones
pPRRSV-T1 and pPRRSV-T23 (size of 3.8 kb) both in
total RNA (Fig. 2} and in poly(At enriched RNA from
infected macrophages (not shown} . After hybridization
with a labeled 5' terminal fragment of clone pPRRSV
Tt , however, only the 15-kb RNA was detected (not
shown). Thus, all prominent subgenomi c plus
stranded mRNAs correspond to the 3' terminal part of
the PRRSV genome wh ich is spanned entirely by clone
pPRRSV-T1 . In order to demonstrate that the mRNAs
form a 3' eoterminal nested set, a minus-sense oligonu
cleotide located four residues from the putative PRRSV
genomic 3' end was synthesized, labeled, and used in
Northern hybridization experiments (Fig. 3}. The oligo
nucleotide recognized six major subgenomi c RNA pop
ulations with sizes of 0.9, 1.4,2.0,2.6,3.1, and 3.7 kb,
respectively, along with the 15-kb genomic RNA. Ac
cording to the EAV nomenclature, PRRSV RNAs were
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FIG. 2. A Nort hern blot of RNA from infected macrophages (lane 1)
and from pur ified virions (lane 2) isolated 1 day p.i. wa s hybridized
with the inse rt of pPRRSV-T l .
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FIG. 3. Northern hybridization of total RNA from infected macro
phages with a PRRSV 3' terminal oligonucleotide. The six major sub
genomic mRNAs were numbered according to size, RNA 1 repre
senting genome size RNA.

numbered 1 (genome) through 7 (0.9 kb mRNA). Strik
ing differences were observed in the relative amounts
of the subgenomic mRNAs. RNAs 2, 6, and 7 repre
sented the most abundant mRNAs, whereas mRNAs
3, 4, and 5 were present in much lower amounts.

Sequence determination

As mentioned above, pPRRSV-T1 completely en
compassed the genomic region from which all promi
nent subgenomic PRRSV mRNAs are transcribed. In
analogy to EAV, this stretch should contain all PRRSV
structural protein genes . In addition to pPRRSV-T1,
pPRRSV-T23 and a 1.2-kb Pvull fragment of pPRRSV
T19 (Fig. 4) were sequenced entirely to ensure that
pPRRSV-T1 did not represent an aberrant PRRSV
cDNA clone .

Open reading frames

The resulting sequence of 4920 nucleotides (Fig. 5)
revealed a distribution of open reading frames strik
ingly similar to the EAVgenome and to the published 3'
part of the LDV genome. Eight ORFs with coding ca-

pacities ot more than 100 amino acids were identified
on the plus strand (Fig. 4). With the exception of the
incomplete ORF at the 5' end of the determined se
quence (nt 2-1603) all ORFsare partially or, in the case
of one ORF (x) fully overlapping. Partially overlapping
ORFs were numbered 2 through 7 from 5/ to 3' direc
tion, according to the EAV nomenclature (Den Boon et
al., 1991). ORFs 2 through 7 comprise nucleotides
1614-2363 , 2222-3019, 2764-3315 , 3312-3917,
3905-4426, and 4416-4802, respectively. On the
minus-strand, only two ORFswith a coding capacity of
more than 100 aa were detected (not shown).

The calculated distance from the start of ORFs 2
through 7 to the putative 3' end of the PRRSV genome
correlates with the observed lengths of the 3' nested
subgenomic mRNAs 2 through 7. The differences of
about 400 nucleotides in each case may be explained
by the presence of a poly{A) tail at the 3' ends of the
mRNAs and, characteristic for the arterivirus group,
the addition of a 5' leader sequence of about 200 nu
cleotides to the bodies of the mRNAs (see below). The
start codon regions of ORFs 2 through 7 are similar to
the consensus sequence for translation initiation (Ko
zak, 1984).

The short ORF x mentioned above is unique in sev
eral aspects. While the other ORFs are partially over
lapping, ORFx is located entirely within ORF5. No spe
cific subgenomic mRNA could be correlated to this
ORF and, finally, a T is located at position -3 from its
putative start ATG codon instead of a purine. It seems
likely that ORF x does not encode a PRRSV protein.

Deduced PRRSV proteins

A sequence of 533 aa was deduced from the 5'termi
nal incomplete ORF. Amino acid comparisons with
EAV proteins revealed an overall homology of 38.0%
with the polypept ide encoded by EAV ORF1 b, and of
60.0% when similar aa are considered . Two aa
stretches (positions 35 to 88 and 297 to 371) were
identified in which the amino acid identity reached 61.1
and 57.3%, respectively, without introduction of any
gaps. These conserved stretches are located within
the described conserved domains 3 and 4, shared by
EAV, coronaviru s and torovirus 1b polypeptides (Den
Boon et al., 1991). Thus, the identified partial PRRSV 5'
ORFapparently represents part of the viral polymerase
gene and was denominated ORF1 b.

The overlapping ORFs, most likely expressed from
the six subgenomic mRNAs, encode a set of small poly
pept ides (Table 1). In both EAV and LDV, the nucleo
capsid protein genes (EAV ORF7, LDV ORF1) are lo
cated at the genomic 3' end. The 3' terminal PRRSV
ORF7 codes for a highly charged protein of 128 aa
length. After the introduction of two gaps it displayed
significant homology to the LDV capsid protein with
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FIG. 4. Distribution of open reading framesinthe determined PRRSV sequence, location of subgenomic mRNAs(sg mRNAs, boxesrepresent
the leader RNA), and eDNA clones used for sequencing.

44.0% amino acid identity and 56.9% amino acid simi
larity. Obviously ORF7 encodes the PRRSV capsid pro
tein gene. In comparison with the EAV nucleocapsid
protein only poor homology was found with 23.6% aa
identity and 42.5% similarity. However, the three arteri
virus capsid proteins display common features; all rep
resent small, highly charged proteins with calculated
isoelectric points of 11.06, 12.27, and 11.37 for
PRRSV, EAV and LDV, respectively, and show highly
hydrophilic stretches especially within the aminoter
minal half of the protein. Thus, the genome of PRRSV
with the polymerase gene located in the 5' region and
the nucleocapsid gene at the 3' terminus exhibits a
typical arterivirus genome organization.

The products of the ORFs located between polymer
ase and capsid protein genes are assumed to encode
arteriviral envelope proteins. The deduced PRRSV pro
teins showed only low homology to the respective EAV
encoded proteins. In comparison to the published LDV
sequences, however, striking similarities were found
with regard to the ORF 5 and 6 products. The product
of the second 3' terminal ORF (for LDV called ORF2) is
assumed to represent a triple membrane-spanning en
velope protein characterized by three hydrophobic do
mains within the amino-terminal half of the protein (Kuo
et a/., 1992). PRRSV ORF6 encodes a very similar poly
peptide which is three aa longer and shows 53.2% aa
identity and 70.8% aa similarity to LDV ORF2 protein,
in contrast to 27.2% aa identity and 46.9% aa similar
ity, respectively, to the corresponding EAV ORF6 pro-

tein. These putative membrane proteins show a higher
conservation of sequence and also of length (173, 171,
and 162 aa, respectively) than the arteriviral capsid
proteins. The carboxylerminal part of PRRSV ORF5and
the published corresponding fragment of the LDV
ORF3 protein (131 aa) exhibit an aa identity of 47.0%
and a similarity of 68.9%. PRRSV and EAV ORF5 pro
teins show only 20% sequence identity. However, a
similar hydropathy plot with a stretch of about 70 hy
drophobic residues in the middle of the polypeptides,
indicates, that they represent corresponding proteins
(not shown).

Due to the lack of sequence information from LDV,
the deduced proteins of PRRSV ORFs 2, 3, and 4 could
only be compared to the EAV proteins. Of these, only
the ORF2 proteins showed a low degree of aa se
quence homology (263% identity, 52.0% similarity)
and similarities in the distribution of hydropathy. Vir
tually no sequence and hydropathy similarity could be
demonstrated between the ORF4 and ORF3 proteins.
Common to these proteins is, however, a high number
of potential N-glycosylation sites (Table 1; Den Boon et
a/., 1991).

Signals for leader-joining

Short sequence motifs, TCAAC in EAVand TAACCA
or TAAAACC in LDV, have been described which
might serve as parts of recognition signals or junction
sites for the addition of leaders during transcription of



AGCCATCCAGCCTTGTTACAGGGAGAAACTTGAATCTAAGGCTAGGAACACCAGGGTGGTTTT'fACCACCCGGCCTGTGGCCTTTGG1'CJ\GG1'GCTGACACCATACCATA
AlaIl~GlnProCY3TyrArgGluLY$LeUGluSerLysAlaAr9A$nThrArgVa!ValPheThrThrArgProValAlaPheGlyGlnValLeuThrProTyrHi9L 37 (ORFlb)

III AAGATCGCATCGGCTCTGCGATAACCATAGATTCATCCCAGGGGGCCACCTT1'GATATTGTGACATTGCATCTACCATC,~CAAAGTCCCTAAATAAATCCCGAGCACTT

y'" AspArg I 1eG 1ySe r Al a t 1 ~Th r lIe A9'pS'"rS e rG1nG1 y Al a Th rP heAsp lIeVa 1ThrLeuiii 9LeuP roSe rP roLys SE'rLeuAs nLy s SerArgAlaLeu 73

221 GTAGCCATCACTCGGGCAAGACACGGGTTGTTCATTTATGACCCTCATAACCAGCTCCAGGAGTTTTTCAACTTAJ\CCCCTGAGCGCACTGATTGTAACCTTGTGTTCAG
VaIAI~IleThrArgAlaArgJ[isGlyLeuPh~IleTyrAspProHisAsnGlnLeuGlnGluPhePheAsnLeuThrProGluArgThrAspCysAsnLeuValPheSe 110

331 CCGTGGGGATGAGCTGGTAGTTCTGA1\TGCGGATJ\ATGCAGTCACAACTGTAGCGAAGGCCCTAGJ\GJ\CAGGTCCATCTCGATTTCGAGTATCAGACCCGAGGTGCAAGT
rArgGlyAspGluLeuVaiValLeuAsnAlaA9pAsnAlaValThrThrValAlaLy9AlaLeuGluThrGlyProSerArgPheArgValSerA9pProArgCysLysS 147

441 CTCTCTTAGCCGCTTGTTCGGCCAGTCTGGAAGGGAGCTGTATGCCACTACCGCAAGTGGCACATAACCTGGGGTTTTACTTTTCCCCGGACAGTCCAGTATTTGCACCT
e rLeul,euAlaAlacyas e rAl as e rLe uGluG 1yS erCysHet ProLeuP roGlnVa lAlall i 9A3nl.euGlyP heTyrPhe SerP rOAapSerP roVal Ph eAl aP ro 183

551 CTGCCAAAAGAGTTGGCGCCACATTGGCCAGTGGTTACCCACCAGAATAATCGGGCGTGGCCTGATCGACTTGTCGCTAGTATGCGCCCAATTGATGCCCGCTACAGCAA
Leu1"r 0 I,y s G1uLeuAl ...P roR i sTrpP roValVa1Th rH L sG 1nAsnAsnArgAlaTrpP roAs pArgLeuVa lAlaSe rMetArgPco I 1eA3pAl a1\rgTyr SerLy 220

661 GCCAATGGTCGGTGCAGGGTATGTGGTCGGGCCGTCCACCTTTCTTGGTACTCCTGGTGTGGTGTCATACTATCTCACACTATACATCAGGGGTGAGCCCCAGGCCTTC~

sProHetValGlyAlaGlyTyrValValGlyProSerThrPheLeuGlyThrProGlyValValserTyrTyrLeuThrLeuTyrIleArgGlyGIuProGlnAlaLeuP 251

G
111 CAGAAACACTCGTTTCAACAGGACGTATAGCCACAGATTGTCGGGAGTATCTCGACGCGGCTGAGGAAGAC~CAGCAAAAGAACTCCCCCACGCATTCATTGGCGATGTC

rOGIUThrLeuValSerThrGlyArqIleAlaThrA3pCysArgGluTyrLetlAspAlaAl<lGluGluGluAlllAlaLysGluLeuProHisAlaPheIleGlyA9pVal 293

,
881 AAAGGTACCACGGTTGGGGGGTGTCATCACATTACATCAAAATACCTACCTAGGTCCCTGCCTAAGGACTCTGTTGCCGTAGTTGGAGTAAGTTCGCCCGGCAGGGCTGC

I,ysGlyTh rTh rvajct 'IGI ycys Hi s Hi.!l I 1 eThrSer Ly s TyrLeuP roA.t:gSe rLeuProLy9A9pSerVa lAlaValValGI'IVaISarSerP roGly ArgAlaAl 330
Ly"

C
991 TAAAGCCGTGTGCACTCYCACCGATGTGTACCTCCCGGAACTCCGGCCATATCTGCAACCTGAGACGGCATCAAAATGCTGGAAACTCAAATTAGACTTCAGGGJ\CGTCC

a Ly s AlaVa 1Cys Th rLeu Th r AspVa 1TyrLeuP roGlu LeuArgP roTyrLeuGIn1"roGluTh r Al as e rLys CysT rpLys LeuLy"'LeuAspP heArgAspValA 367

110 1 GACT111\TGGTCTGGAAAGGAGCCACCGCCT /\TTTCCAGTTGGAAGGGCTTAC/\TGGTCGGCGCTGCCCGACTATGCCAGGTTTA TTCJ\GCTGCCCAAGGATGCCGTTGTA
r gLpuHetve ITrpI,y sG 1YAlaTh r AlaT y rPheGI nLeu G1uGlyLeuTh rT rpSe r Al aLeuP r OASpTyrAl aArgPhe 11 eGlnLeuP roLysAs pAlaVa 1Va 1 40 3

1211 TACATTGATCCGTGTATJ\GGACCGGCGACAGCCAACCGTAAGATCGTGCGAACCACAGACTGGCGGGCCGACCTGGCAGTGACACCGTJ\TGATTACGGTGCCCAGAACAT
TyrIlpAspProCy",IlE'GlyProAlaThrAlaAsnArqLy9IleValArqThrThrAspTrpArgAlaAspLeuAlaValThrProTyrAspTyrGlyAlaG1nAsnIl 440

1321 TTTGACAACAGCCTGGTyCGAGGACCTCGGGCCGCAGTGGAAGATTTTGGGGCTGCAGCCCTTTAGGCGAGCATT?GGCTTTGAAAACACTGAGGATTGGGCAATCCTTG
e Le"Th rTh r Al a TrpPh eGl uAspLeuG 1 y1"roGl n TrpLy 9 I 1 eLeuG1yLeuGl nP roPh eArgArgAI aP heG 1yP heGluAs(lThrGl uAspTrpAl a I leLeuA 477

1431 CACGCCGTATGAATGACGGCAAGGACTACACTGACTATAACTGGAACTGTGTTCGAGAACGCCCACACGCCATCTACC~GCGTGCTCGTGACCATACGTATCATTTTGCC

l~ArgArgHetAsnASpGlyLysAspTyrThrA",pTyrAsnTrpAsncysvalArgGluArgProHisAlaIleTyrGlyArgAlaAIgAspHisThrTyrHisPheAla513

1541 CCTGGCACAGAATTGCAGGTAGAGCTAGGTAAACCCCGGCTGCCGCCTGGGCAAGTGCCGTGAATTCGGAGTGATGCAATGGGGTCACTGTGGAGTAAAATCAGCCAGCT
ProGI yThrGI uLeuGlnValGluL""uGlyLysP roArgLeuProProGlyGlnValProEnd HetGlnTrpGlyHiscysGlyValLy$SerAlaSerc 13 (ORF2)

1651 GTTCGTGGACGCCTTCACTGAGTTCCTTGTTAGTGTGGTTGATATTGTCATT1'TCCTTGCCATACTGTTTGGGTTCACCGTCGCAGGATGGTTACTGGTCTTTCTTCTCA
yaSerTrpThrproSerLeuSerSerLeuLeuValTrpLeuIleLeuSerPheSerLeuProTyrcysLeuGlySerProSerGlnAspGlyTyrTrpSerPhePheSer 49

1161 GAGTGGTTTGCTCCGCGCTTCTCCGTTCGCGCTCTGCCATTCACTCTCCCGAACTATCGAAGGTCCTATGAAGGCTTGTTGCCCAACTGCAGACCGGATGTCCCACAATT
GluTrpFheAlaFroArgPheSerValArgAlaLeuFroFheThrLeuPrOA~nTYrArgArgSerTyrGluGlyLeuLeuPrOA~nC'lgArgProAgpValProGlnPh 66

1811 TGCAGTCAAGCACCCATTGGGTATGTTTTGGCACATGCGAGTTTCCCACCTAATTGATGAGATGGTCTCTCGTCGCATTTACCAGACCATGGAACATTCAGGTCAAGCGG
eAlaValLysHisProLeuGlyMetPheTrpHisHetArgValSe~HisLeulleAspGluM""tValSerArgArgIleTyrGlnThrHetGluHisSerGlyGlnAlaA 123

1981 CCTGGAAGCAGGTGGTTGGTGAGGCCACTCTCACGAAGCTGTCAGGGCTCGATATAGTTACTCATTTCCAACACCTGGCCGCAGTGGAGGCGGATTCTTGCCGCTTTCTC
laTrpLy3GlnValValGlyGluAlaThrLeuThrLysLeuSerGlyLeuAspIleValThrHisPheGlnHisLeu1\laAlaValGluAlaAspSerCysArgPheLeu 159

1091 AGCTCACGACTCGTGATGCTAAAAAATCTTGCCGTTGGCAATGTGAGCCTACAGTACAACACCACGTTGGACCGCGTTGAGCTCATCTTCCCCACGCCAGGTACGAGGCC
Se~S~rArgLeuValH""tLeuLysAanLeuA1aValGlyAsnValSerLeuG1nTyrAsnThrThrLeuAspArgValGluLeuIlePheProThrProGlyThrA.rgPr 196

2201 CAAGTTGACCGAcTTCAGAcAATGGCTCGTCAGCGTGcACGCTTCCATTTTTTCCTCTGTGGCTTCATCTGTTACCTTGTTCATAGTGCTTTGGcTTCGJ\ATTCCAGCTC
oLy9LeuThrAspPheArgGlnTrpLeuValSerVa1HisAlaSertlePheSerSerValAlaSerSerValThrLeuPhetleValLeuTrpLeuArgtleproAlaL 233

MetAlaArgG1nArgAlaArgPheHisPhePheLeuCysGlyPheIleCysTyrLeuValHisSerAlaLeuAlaSer~nSerSerSe30jOP.3)

T
2311 TACGCTATGTTTTTGGTTTCCATTGGCCCACGGCAACACATCATTCGAGCTGACCATCAACTACACCATATGCATGCCCTGTTCTACCAGTCAAGCGGCTCGCCAAAGGC

euArgTyrvalPheGlyPheHisTrpProThrAlaThrHi9HisSerSerEnd 249
rThrLeuCysPheTrpPheProLeuAlaHisGlyAsnThrSerPheGluLeuThrtleAsnTyrThrIleCysHetProCysSerThrSerGlnAlaAlaArgGlnArgL 67

""
2421 TCGAGCCCGGTCGTAACATGTGGTGCAAAATAGGGCATGACAGGTGTGAGGAGCGTGACCATGATGAGTTGTTAATGTCCATCCCGTCCGGGTACGACAACCTCAAACTT

""uGluProGlyArgAsnHetTrpCysLysIleGlyHisAspArgCysGluGluArgAspHisAspGluLeuLeuHe~SerIl""ProScrGlYTyrAspAsnLeuLysLeu 103

_ T
2531 GAGGGTTATTATGCTTGGCTGGCTTTTTTGTCCTTTTCCTACGCGGCCCAATTCCATCCGGAGTTGTTCGGGATAGGGAATGTGTCGCGCGTCTTCGTGGACAAGCGACA

GluGlyTyrTyrAlaTrpLeuAlaPheLeuSerPheSerTyrAl~AlaGlnPheHisProGluLeuPheGlylieGlyAsnValSerArgValPheValA3pLysArgHi 140

2641 CC~GTTCATTTGTGCCGAGCATGATGGACCCJ\ATTCAACCGTATCTACCGGACACJ\ACATCTCCGCATTATATGCGGCATATTACCACCACCAAATAGACGGGGGCAATT

sGlnPheIlecysAlaGluHi3ASpGlyProAsnSerThrValSerThrGlyHi9AsnIleSerAlaLeuTyrAlaAlaTyrTyrHisHisGlnIleAspGlyGlyAsnT 171

FIG. 5. Nucleotide sequence of pPRRSV-T1 representing the 3' terminal 4.9 kb of the PRRSV genome and deduced amino acid sequences of
PRRSV proteins. Putative leader/RNA junction sites are indicated by stars. Nucleotide and amino acid sequence ambiguities in pPRRSV-T19,
and pPRRSV-T23 are indicated above and below the pPRRSV-T1 sequences, respectively.
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2751 GGTTCCATTTGGAATGGCTGCGGCCACTCTTTTCCTCCTGGCTGGTGCTCAACATATCATGGTTTCTGAGGCGTTCGCCTGTAAGCCCTGTTTCTCGACGCATCTATCAG
~pPheHi5LeUGluTrpLeuArgProLeuPheSerSerTrpLeuValLeUA$nIleSe rTrpPheLeUArgArgSerP roVal Se rP roVa lSerArgArg I leTyrGln 213

MetAlaAlaAlaThrLeuPheLeuLeuAlaGlyAlaGlnHisIleMetValSerGluAlaPheAlaCysLysProCysPheSerThrHisLeuSerA 33 (ORF4)

2861 ATATTGAGACCAACACGACCGCGGCTGCCGGTTTCATGGTCCTTCAGGACATCAATTGTTTCCGACCTCACGGGGTCTCAGCAGCGCAAGAGAAAATTTCCTTCGGAAAG
lIeLeuA.rgProTh r Ar gP roArgI,eu ProVa IS", rT rpS e rP heA.rgTh r5 e r I 1 eV",- ISerAs pLeu Th rG 1 ySerGlnGInArgLys ArgLys PhePrOSerGl uS.. 250
spIleGIuThrAsnThrThrAlaAlaAIaGlyPheMetValLeuGlnAsplieAs nCY~ P heArqP roH i~Gl yValSerAlaAlaGlnGluLys I leSerPheGlyLys 69

2971 TCGTCCC~TGTCGTGAAGCCGTCGGTACTCCCCAGTACATCACGATAACGGCTAACGTGACCGACGAATCATACTTGTACAACGCGGACTTGCTGATGCTTTCTGCGTG

rArgProAsnValValLysProSerValLeuProSerThrSerArgEnd 265
SerSerGlnCysArgGluAlaVa1GlyThrProGlnTyrIleThrIleThrAlaAsnValThrAspGluSerTyrLeuTyrAsnAlaAspLeuLeuMetLeuSerAlaCy 106

3081 CCTTTTCTACGCCTCAGAAATGAGCGAGAAAGGCTTCAAAGTTATCTTTGGGAATGTCTCTGGCGTTGTTTCCGCTTGTGTCAATTTCACAGATTATGTGGCCCATGTGA
sLeuPhaTyrAlaSerG1uHetSerGluLysG1yPheLysVa1I1ePheGlyAsnValSerGlyValValSerAlaCysValAsnPheThrAspTyrValAlaHisVaIT 143

••••
3191 CCCAACATACCCAGCAGCATCATCTGGTAATTGATCACATTCGGTTGCTGCATTTCCTGACACCATCTGCAATGAGGTGGGCTACAACCATTGCTTGTTTGTTCGCCATT

hrGI nHis ThrG1nGl nHi sEli st.eove 1 r1eAspH is I I eArgLeuLeu Hi sPheLeuThrP roSerAl aHe tArgTrpAl aThrThr I leAlaCyet.eue heAla I Le 17 9

3301 CTCTTGGCGATATGAGATGTTCTCACAAATTGGGGCGTTTCTTGACTCCGCACTCTTGCTTCTGGTGGCTTTTTTTGCTGCCTACCGGCTTGTCCTGGTCCTTTGCCGAT
LeuL,,",uAlalleEnd 183

HetArgCysSerHisLysLeUGlyArgPheLeuThrProRlsSerCysPheTrpTrpLeuPheLeuLeuProThrGlyLeuSerTrpSerPheAlaAsp 33(ORF5)

3411 GGCAACGGCGACAGCTCGACATACCAATACATATATAACTTGACGATATGCGAGCTGAATGGGACCGACTGGTTGTCCAGCCATTTTGGTTGGGCAGTCGAGACCTTTGT
G1yAsnGlyAspserserThrTyrGlnTyrIleTyrAsnLeuThrIleCysGlu LeUAS nGl YThr~pTrpLeu serserHls PheG1YTrpAlaValG1UThrPheVa 70

3521 GCTTTACCCAGTTGCCACTCATATCCTCTCACTGGGTTTTCTCACAACAAGCCATTTTTTTGACGCGCTCGGTCTCGGCGTTGTATCCACTGCAGGACT~GTTGGCGGGC

lL~uTyrProValA13ThrHisIleLeuSerLeuGlyPheLeuThrThrSerHl~PhePheAspAlaLeuGlyLeuG1yValValSerThrAlaGlyLeuV31GlyGlyA 107

. . .
3631 GGTACGTACTCTGCAGCGTCTACGGCGCTTGTGCTTTCGCAGCGTTCGTATGTTTTGTCATCCGTGCTGCTAAAAATTGCATGGCCTGCCGCTATGCCCGTACCCGGTTT

rgTyrValLeuCysSerValTyrG1yAlacysAlaPheA13AlaPheVa1cysPheValIleArgAlaA1aLysAsnCysHetAlaCysArgTyrAlaArgThrArgPhe 143

A • . •
3741 ACCAACTTCATTGTGGACGACCGGGGGAGAGTCCATCGATGGAGGTCTCCAATAGTGGTAGAAAAATTGGGCAAAGCCGAAGTCGACGGCAACCTCGTCACCATTAAACA

ThrAsnPheIleValAspAspArgGlyArgVa1HisArqTrpArgSerProIleValV31GluLysLeuGlyLysAlaGluValAspGlyAsnLeuValThrIleLysHi 180
Ly•

• ,.*. . .
3851 TGTCGTCCTCGAAGGGGTTAAAGCTCAACCCTTGACGAGGACTTCGGCTGAGCAATGGGAGGCCTAGATGATTTTTGCAACGATCCTATCGCCGCACAAAAGCTTGTGCT

3valVal~uGluGlyvalLys~laGlnP~OLeuTh~~r9ThrSer~laGluGln TrpGluAlaEn d 201
H""'tGlyGlyLeuAspAspPheCys~nAspProIleA13AlaGlnLysLeuValLe 19 (ORF6)

. . .
3961 AGCCTTTAGCATCACATACACACCTATAATGATATACGCCCTTAAGGTGTCACGCGGCCGACTCCTGGGGCTGTTGCACATCCTAATATTTCTGAATTGTTCCTTTACAT

uA1aPh~~~rIleThrTyrThrProlleMetIleTyrA1aLeuLysValSerArg GlyArgLeuLeuGl yLeuLeuH i s I leLeu l lePheLeuAsnCys SerPheThrP 56

4071 TCGGATACATGACATATGTGCATTTTCAATCCACCAACCGTGTCGCACTTACCCTGGGGGCTGTTGTCaCCCTTCTGTGGGGTGTTTACAGCTTCACAGAGTCATGGAAG
heGlyTyrHetThrTyrValRisP~eGlnSerThrAsnArgValAlaLeuThrL euGlyAl avalVa lAlaLeuLeuTrpGlyValTyrs erPheThrGIUSerTrpLys 92

4181 TTTATCACTTCCAGATC~AGATTGTGTTGCCTTGGCCGGCGATACATTCTGGCCCCTGCCCATCACGTAGAAAGTGCTGCAGGTCTCCATTCAATCTCAGCGTCTGGTAA

PheIleThrSerArgCysArgLeuCysCysLeuGlyArgArgTyrIleLeuAlaProAlaHisHisValGluSerAlaAlaGlyLeuHisSerIleSerAlaSerGlyAs 129

4291 CCGAGCATACGCTGTGAGAAAGCCcGGACTAACATCAGTGAACGGCACTCTAGTACCAGGACTTCGGAGCCTCGTGCTGGGCGGCAAACGAGCTGTTAAACGAGGAGTGG
nArgAl aTyrAlaV31ArgLysP roG 1yLeuTh rSerValAs nGl yThrLeuValP roG 1yLellArgS erLeuVa lLeuGlyG1yLy sArgAlava lLys ArgGlyVa1 V 16 6

.,..,.
4401 TTAACCTCGTCAAGTATGGCCGGTAAAAACCAGAGCCAGAAGAAAAAGAAAAGTACAGCTCCGATGGGGAATGGCCAGCCAGTCAATCAACTGTGCCAGTTGCTGGGTGC

alAsnLeuValLysTyrGlyArgEnd 173
MetAlaGlyLysAsnG1nserGlnLysLysLySLysserThrAlaProH~tGlyAsnGlyGlnProValAsnGlnLeuCy~GlnLeuLeUGlyAI32 {ORF7}

4511 AATGATAAAGTCCCAGCGCCAGCAACCTAGGGGAGGACAGGCCAAAAAGAAAAAGCCTGAGAAGCcACATTTTCCCCTGGCTGCTGAAGATGACATCCGGCACCACCTCA
aHetrt~LysSerGlnArgGlnGlnProArgG1YGlYGlnA1aLysLysLysLys P roGluLys P roHisPheProLeUAlaAlaGluAspAsp I leArgRi sRi sLeuT 69

4621 CCCAGACTGAACGCTCCCTCTGCTTGCAATCGATCCAGACGGCTTTCAATCAAGGCGCAGGAACTGCGTCGCTTTCATCCAGCGGGAAGGTCAGTTTTCAGGTTGAGTTT
hrGlnThrGluArgSerLeucysLeuGlnSerIleGlnThrAlaPheASnGlnGlyAlaGlyThrAlaSerLeuSerSerSerGlyLysValSerPheGlnValGluPhe 105

4731 ATGCTGCCGGTTGCTCATACAGTGCGCCTGATTCGCGTGACTTCTACATCCGCCAGTCAGGGTGCAAGTTAATTTGACAGTCAGGTGAATGGCCGCGATTGGCGTGTGGC
HetLeuProValAlaHisThrValArgLeuIleArgValThrSerThrSerAlaserGlnGlyAlaSerEnd 128

4841 CTCTr,AGTCACCTATTCAATTAGGGCGATCACATC~GGGTCATACTTAATCAGGCAGGAACCATGTGACCGAAATTAAAA {A ) n

FIG. 5-Continued

mRNAs (De Vries et al.• 1990; Kuo et al., 1992). A simi
lar sequence motif, MCC, is common to the regions
preceding four of the identified PRRSV ORF transla
tional start codons (ORF2 ATG -42; ORF5 ATG -36,
ORF6 ATG -28, ORF7 ATG -13). Interestingly, an ex
tended common sequence, GNTNAACC, (N for any
nucleotide) precedes ORFs 2, 6, and 7 (Fig. 5); the

corresponding mRNAs 2, 6, and 7 represent the most
abundant PRRSV specific RNAs (Figs 1-3).

3' Terminal noncoding sequence

The PRRSV noncoding sequence following the
ORF7 stop codon down to the putative 3' end is 114
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TABLE 1

CHARACTERISTICS OF DEDUCED PRRSV PROTEINS

Amino acids
mRNAs kb ORF No. encoded Mr (kDa)

2 3.7 ORF2 249 28.4
3 3.1 ORF3 265 30.6
4 2.6 ORF4 183 20.0
5 2.0 ORF5 201 22.4
6 1.4 ORF6 173 18.9
7 0.9 ORF7 128 13.9

Potential
N-glycosylation sites

2
7
4
2
2
1

nucleotides in length, thus exceeding LDV and EAV 3'
noncoding sequences by 34 and 55 residues, respec
tively. Only few nucleotides at the polyadenylation
sites are conserved in PRRSV and LDV showing the
consensus sequence C-C-G-G/A-A-A-T- T-poly(A).
The polyadenylation site of the EAV genome is similar,
with three deviations from the PRRSV/LDV consensus
sequence (Fig. 6a). Interestingly, a sequence identical
to the EAV polyadenylation site motif is found up
stream of the PRRSV polyadenylation site. In addition,
13 of the preceding 26 nucleotides are identical
(Fig.6b).

DISCUSSION

The recent epidemic "porcine respiratory and repro
ductive syndrome" (PRRS) is caused by a previously
unknown virus. The presented molecular data clearly
demonstrate that PRRSV is a member of the "arteri
virus" group, as was already suspected because of
similar ultrastructure. Thus far, the arterivirus group in
cluded EAV, representing the only member of the Ar
terivirus genus within the Togaviridae family, as well as
the unclassified togaviruses LDV and simian hemor
rhagic fever virus (SHFV).

The PRRSV genomic RNA, with an estimated size of
nearly 15 kb, is the largest of the arterivirus group; viral
RNAs from LDV, EAV, and SHFV range between 12
and 13 kb (Plagemann and Moennig, 1992). Sequence
analysis of the 3' terminal 5 kb of the PRRSV genome
revealed that its organization is identical to that of EAV.
As in EAV, six small, partially overlapping ORFs are
expressed via transcription of a set of 3' coterminal
subgenomic mRNAs. There is evidence that PRRSV
mRNAs also possess a common 5' leader sequence
(not shown). As suggested by the comparison of de
duced protein sequences, the gene order is similar to
the one of EAV. The PRRSV nucleocapsid gene is lo
cated at the 3' end of the genome and is preceded by
an ORF encoding a well-conserved putative mem
brane-spanning protein. The four upstream ORFs prob
ably encode glycosylated envelope proteins of lower
conservation. PRRSV and EAV ORF2 proteins and
ORF5 polypeptides display some similarity in hydropa
thy, indicating that they might represent corresponding
proteins, but such similarities could not be observed
for ORF3 or ORF4 polypeptides. While the ORF3 poly
peptides show the most striking length difference of
the deduced PRRSV and EAV proteins (265 and 163
aa, respectively), they resemble each other by possess
ing the highest number of potential N-glycosylation

a
EAV ACGTGGATATTCTCCTGTGTGGCGTCATGTTGAAGTAGTTATTAGCCACCCAGGAACC(A)n

* ** ** * ** * * * * * ** * * * **
PRRSV ATTAGGGCGATCACATGGGGGTCATACTTAATCAGGCAGGAACCATGTGACCGAAATT(A)n

* * * * * * * * * * * * * *** ****
LDV AGTCAGATGCAGCGACTCAGCCTTTTGTAATTAATTGCGATTTGGCTGGGCCGGAATT(Al n

* *** * * * ** * ** ** * ****

b
EAV TTCTCCTGTGTGGCGTCATGTTGAAGTAGTTATTAGCCACCCAGGAACC(A)n

* * * *** * * ** * *** ** ********
PRRSV ATTCAATTAGGGCGATCACATGGGGGTCATACTTAATCAGGCAGGAACCATGTGACCGAAATT(Al n

* ** * *** ** ** * * * * *** ****
LDV GTCAGATGCAGCGACTCAGCCTTTTGTAATTAATTGCGATTTGG------CTGGGCCGGAATT(Al n

** ** * *** * *** *** * ** *
FIG. 6. Alignment of 3'terminal sequences of PRRSV, LOV, and EAV. Common nucleotides are marked by stars. (a) 3' coterminal alignment; (b)

alignment of the EAV 3' terminal sequence to an upstream PRRSV sequence.



PRRSV, NEW MEMBER OF ARTERIVIRUS GROUP 337

sites (6 and 7, respectively). Thus, they may represent
highly divergent viral glycoproteins.

Clear homologies exist between PRRSV ORF7, 6,
and 5 polypeptides and the published LDV protein se
quences (LDV ORF 1, 2, and part of ORF3, respec
tively) with 44.8, 53.2, and 47.0% amino acid identity.
Thus, as indicated already by the data obtained from
the comparison of PRRSV and EAV proteins, the puta
tive membrane protein (ORF6) is apparently the most
conserved structural protein among members of the
arterivirus group. Interestingly, a slightly higher varia
tion of the LDV membrane proteins in contrast to the
capsid proteins was observed when LDV isolates were
compared, which differ in neurovirulence (Kuo et al.,
1992).

The comparative protein sequence analyses demon
strate, that PRRSV is much closer related to LDV than
to EAV. Surprisingly, seven instead of six subgenomic
RNAs could be identified in l.Dv-infected cells (Kuo et
al., 1991, 1992). It remains to be determined, whether
LDV actually possesses an additional ORF encoding a
protein.

The general mechanisms of transcription are appar
ently highly similar for all arteriviruses. In EAV, a leader
RNA of 207 nucleotides derived from the genome 5'
end is linked to defined sites of the subgenomic RNAs,
in a way that the respective ORFtranslational start co
don represents the first AUG of the mRNA (De Vries et
al., 1990). The length of the PRRSV leader has not yet
been determined exactly, but It exceeds 200 nucleo
tides (unpublished results). While in EAV every ORF is
preceded by the junction site motif TCAAC (Den Boon
et al., 1991), for LDV, different motifs have been sug
gested, TAACCA in RNAs 5, 6, and 8, and TAAAACC
in RNA 7 (Kuo et al., 1992). Common putative junction
motifs exceeding three nucleotides could not be identi
fied in the PRRSV sequence, however, ORFs 7, 6, 5,
and 2 are preceded by AACC, which represents part of
the LDV motif. As in EAV, the PRRSV mRNAs 7,6, and
2 represent the predominant subgenomic RNAs. Inter
estingly, the corresponding ORFs show a common ex
tended "junction motif" GNTNAACC.

The terminal noncoding regions of many positive
strand virus genera contain areas of high sequence
conservation (Strauss and Strauss, 1988). The 3' termi
nal noncoding regions of PRRSV, LDV, and EAV are
heterogeneous in length (114,80, and 59 nucleotides,
respectively). Of the 10 nucleotides adjacent to the
poly(A) tail, 8 are identical in PRRSV and LDV, and only
five are conserved in the EAV genome. Notably, an
octanucleotide sequence identical to the EAV polyade
nylation site, is found in the PRRSV genome 22 nucleo
tides upstream. Aligned accordingly, the terminal
PRRSV noncoding region shows more similarity to the
3' noncading region of EAV than to that of LDV, which
lacks this conserved acta nucleotide. In addition, after

introduction of a gap in the LDV sequence some resi
dues identical in all three virus sequences are ob
served (Fig. 6). This might be important with regard to
polymerase recognition or replication initiation and it
will be interesting, to compare the respective se
quences from other strains and the fourth member of
the arterivirus group, SHFV.

Despite a smaller size, the polymerase gene of EAV
is organized similar to the ones of coronaviruses and
toroviruses. All three consist of two overlapping ORFs,
1a and 1b, which are expressed most likely by a mech
anism of ribosomal -1 frame-shifting (Brierly et al.,
1987; Snijder et aI., 1990; Den Boon et al., 1991). In the
1b ORFs four conserved domains were identified in
corresponding positions (Snijder et al., 1990) which in
clude motifs conserved in many RNA viruses, such as
the GDD motif (domain 1) (Argos, 1988; Gorbalenya
and Koonin, 1988) and the nucleotide triphosphate
binding helicase (GKSIT) motif (domain 3) (Gorbalenya
et al., 1988; Hodgman, 1988). In the determined
PRRSV ORFI b protein sequence, domain 4 and part of
domain 3 were identified. It is assumed that the re
maining 5' terminal 10 kb of the PRRSV genome repre
sent the PRRSV polymerase gene, most likely in the
form of two overlapping reading frames. According to
the observed difference in genome size it should be at
least 2 kb larger than the EAV polymerase gene.

It was shown here for an additional member of the
arterivirus group, that these viruses share highly simi
lar genome organization, expression strategy, and
transcription mechanisms. Both the organization of the
polymerase genes which supposedly possess a com
mon ancestor (Den Boon et al., 1991) and the tran
scription of multiple 3' terminal mRNAs suggest rela
tionships of arteriviruses, coronaviruses, and torovi
ruses. As a consequence the establishment of a new
"coronaviruslike" superfamily was proposed (Den
Boon et al., 1990; Snijder et et., 1990; Spaan et al.,
1990). However, the smaller genome size (about half of
coronavirus genome), the extent of the leader (approxi
mately triple of coronavirus leader), the overlapping of
reading frames and also morphological data clearly
distinguish arteriviruses from coronaviruses. It remains
to be determined, whether the mode of arteri and core
navirus transcription is identical. According to the
current data coronavirus RNAs are generated indepen
dently by leader primed transcription (review; l.ai,
1986; Spaan et et., 1988), and in addition, minus sense
subgenomic RNAs might function as replicons (Sethna
et al., 1989; Sawicki and Sawicki, 1990). In contrast,
EAV UV transcription mapping had indicated the pres
ence of genome length precursors (Van Berlo et et.,
1982) and thus alternative RNA splicing mechanisms
were assumed to be responsible for EAV leader/mRNA
linking (De Vries et aI., 1990). However, coronavirus
like mechanisms are not excluded (Den Boon et al.,
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1991). Further detailed analysis at arterivirus transcrip
tion mechanisms will elucidate their evolutionary rela
tionship with ooronavirusas.

The common molecular teatures at the so-tar tour
"arteriviruses" at simian (SHFV). porcine (PRRSV), mu
rine (LDV), and equine origin (EAV) not only separate
them from Togaviridae, but may justify the establish
ment at a new virus family. The term "Arteriviridae"
reters only to the disease caused by EAV, while "Multi
viridae" (Plagemann and Moennig, 1992) stresses the
multiple subgenomic mRNAs. As one possible alterna
tive, we would like to suggest as the new virus tamily
name "Mamurnaviridae" (macrophage multiple RNA
viruses) which also points toward the common group
at target cells.
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