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Porcine reproductive and respiratory syndrome virus {(PRRSV)-specific cDNA 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 couid be demonstrated. Within the 3 terminal 3.5 kb of the PRRSV genome, 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 PRRSY nucleocapsid protein with a
calculated molecular weight of 14 kDa. It displays 44.8% amino acid identity with the capsid protein of lactate dehydro-
genase-elevating virus {LDV) 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 L.DV 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 polymerases. Genome organization, strategy of gene expression, and the sequence of deduced

proteins show that PRRSV belongs to the Arterivirus group of viruses.

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 all over 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, 18889), which is now usually
called "swine infertility and respiratory syndrome’’
(SIRS, Collins et &/, 1991).

Both the European PRRSV and the American SIRSV
have recently been isclated and characterized {Oh-
linger et a/., 1991; Terpstra ¢t a/., 1991, Wensvoort et
al., 1991a,b; Benfield et a/,, 1992; Collins et &/, 1992).
Seroclogical, ultrastructural, and biophysical data indi-
cate that PRRSY and SIRSV represent the same virus.
Serological variation, however, exists especially be-
tween the American and European isofates, but also
amang virus isolates from North America (Wensvoort
et al., 1982).

! 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 af,
1992)with moarphological and morphogenetical similar-
ittes 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 permigsive cells. The arteriviruses infect
particular subpopulations of macrophages (Plage-
mann and Mcennig, 1992) and PRRSV apparenily
grows exclusively in alveolar lung macrophages. How-
ever, serological crossreactions could sc 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 a/., 1991) and of parts of
the LDV genome (Godeny ef af., 1320). In contrast 1o
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 1o corona-
viruses, arteriviral mRNAs form a 3’ coterminat nested
set and possess common 5 terminal leader se-
guences which are joined to the bodies of the mRNAs

0042-6822/93 $5.00
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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 al,, 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 PRRSY 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 isclation

Porcine alveolar macrophages were harvested from
the lungs of SPF pigs as described (Wensvoort et af,,
1991a,b). PRRSV isclate 10 was obtained from a still-
born piglet from a sow with PRRS. The lungs were ho-
mogenized and 0.3 ml of 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
immunoflucrescence, electron microscopy, and West-
ern blot (Ohlinger et af., 19%1). Swine infected with iso-
fate 10 showed symptoms and an immune respanse
typical of PRRS. PRR3V coufd be reisolated from ali
infected pigs. Two pregnant SPF sows challenged with
isolate 10 gave hirth to weak or dead piglets with typi-
cal PRRS symptoms.

Virus purification

PRRSV was harvested 24 hr after infection of lung
macrophages. The supernatant was first pelleted for 4
hr at 19,000 rpm in a Beckman R19 rotor. After an
overnight incubation at 4° in TES (20 mM Tris, pH 7, 1
mM EDTA, 160 mM NaCli the pellet was resuspended.
The virus concentrate was extracted three times with
arcton {1,1,2-tri-chioro-tri-fluoro-ethane). The agueous
phase was passed through a 5-um filter and subse-
quently through a Sephacryl S400 superfine 55-ml col-
umn (C16/40). Chromatography was performed at a
flow rate of 0.7 ml/min and fractions of 1 mi were col-
lected. Virus-containing fractions were centrifuged
through a sucrose step gradient (0.5 ml of 609%, 1 ml of
459, and 1 ml of 26% 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 isclated according to Chirgwin et &l

(1879). Preparative cDNA synthesis according 1o
Gubler and Hoftman (1983) was performed on 0.5 ug
RNA (approximately 0.1 pg PRRSV genomic RNA) as
described (Conzelmann et a&f., 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 AZAPH (Stratagene)} according to the supplier's in-
structions. Recombinant pBluescript were excised in
vive as recommended by the supnplier. Labeled first-
strand PRRSY cDNA was prepared by using 10 uCi
[«-*?P] ACTP (3000 Ci/mMol; Amersham) together with
1 mM each of dGTP, dATP, and dTTP. The cDNA was
separated from notincorporated nucleotides by Sepha-
dex G50 (Pharmacia) chromatography and used di-
rectly for Northern hybridizations as described (Con-
zelmann et a/., 1981).

Oligonucleotide hybridization

Deoxyaligonucleotide 3'M (5"-TCGGTCACATGGTT-
CCTGCCT-31 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°
was done as described (Conzelmann et a/., 1991),

Sequence determination and analysis

Both strands of recombinant pBluescript were sub-
jected t¢ unidirectional deletion using Excnuclease I
and S1-Nuclease according to Hennikoff (1984} and
were sequenced (Sanger et al., 1977} on double-strand
plasmid templates according to Zhang et a/. (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
RNAg have been described, namely 13 kb for EAV and
13 1o 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. Demonstration of PRRSV-specific RNAs {arrowheads) in
infected macrophages. Oligo(dT)-primed radicactively iabeled cDNA
of RNA from purified virions was hybridized to total RNA from in-
fected {lane 1) and noninfected macrophages (lane 2).

genomic RNA alsc terminates with a poly(A) tail. Ac-
cordingly, oligo(dT} was employed for priming of an an-
alytical first cDNA strand synthesis, where efficient in-
corporation of [a-*P]-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
macrophages. Prominent specific bands appeared
with the RNA of 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 cDNA primed with oligo(dT) originated from
PRRSV RNA which is obviously polyadenylated. Using
again oligo(dT) as a primer, preparative cDNA synthe-
sis was performed. A cDNA bank was established in
MZAPII phages and screened with the labeled single-
stranded ¢DNA probe. Plaques showing strong hybrid-
ization signals were isolated and recombinant pBlue-
script were obtained by in vivo excision from AZAPII.
The isolated inserts proved to be specific for PRRSV by
hybridization experiments with infected and nonin-
fected cells as described above. Northern hybridiza-
tion showed in addition, that the RNA isolated from
purified virions, which was used for cDNA synthesis,
consisted mainly of the 15-kb poputation (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 stretch of nucleotides, which was supposed to

be located close to the genomic 3 end. Cione
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 tabeled 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(A)* enriched RNA from
infected macrophages (not shown). After hybridization
with a labeled 5’ terminal fragment of clone pPRRSV-
T1, however, only the 15-kb RNA was detected {not
shown). Thus, all prominent subgenomic plus-
stranded mRNAs correspond to the 3’ terminal part of
the PRRSV genome which is spanned entirely by clone
pPRRSV-T1. In order to demonstrate that the mRNAs
form a 3’ coterminal 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-
nuclectide recognized six major subgenomic RNA pop-
ulations with sizes 0of 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

0.24-

kb

FiG. 2. A Northern blot of RNA from infected macrophages (lane 1)
and from purified virions (lane 2) isolated 1 day p.i. was hybridized
with the insert of pPRRSV-T1.
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Fia. 3. Northern hybridization of total RNA from infected macro-
phages with a PRRSV 3' terminal cligonucleotide. 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 EAV genome and to the published 3’
part of the LDV genome. Eight ORFs with coding ca-

pacities of 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 ORFs are 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 ORFs with 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 &' 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. White the other ORFs are partially over-
fapping, ORF x 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

Aseguence 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 polypeptide encoded by EAYV ORF1b, 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, coronavirus and torovirus 1b polypeptides (Den
Boon et al., 1991). Thus, the identified partial PRRSV &’
ORF apparently represents part of the viral polymerase
gene and was denominated ORF1b.

The overlapping ORFs, most iikely expressed from
the six subgenomic mRNAs, encode a set of small poly-
peptides (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' terminat 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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Fi1G. 4. Distribution of open reading frames in the determined PRRSY sequence, location of subgenomic mRNAs (sg mRNAs, boxes represent

the leader RNA), and cDNA clones used for sequencing.

44.0% amino acid identity and 56.9% amino acid simi-
larity. Obviously ORF7 encodes the PRRSVY 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 commaon 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 halt of the protein. Thus, the genome of PRRSV
with the polymerase gene located in the &' 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 1o 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 al., 1892). 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 ORF8 pro-

tein. These putative membrane proteing show a higher
conservation of sequence and also of length (173, 171,
and 162 aa, respectively} than the arteriviral capsid
proteins. The carboxyterminal part of PRRSY ORF5 and
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 anly 20% sequence identity. However, a
similar hydrepathy plot with a stretch of about 70 hy-
drephobic residues in the middle of the polypeptides,
indicates, that they represent correspending proteins
{not shown).

Due to the tack of sequence infoermation from LDV,
the deduced proteins of PRRSYV ORFs 2, 3, and 4 could
only be compared to the EAY proteins. Of these, only
the ORF2 proteins showed a low degree of aa se-
quence homology (26.3% identity, b2.0% similarity)
and similarities in the distribution of hydropathy. Vir-
tually no seguence and hydropathy similarity could be
demonstrated between the ORF4 and ORF3 proteins.
Common to these proteins is, however, a high number
of potentiai N-glycosylation sites {Table 1; Den Boon et
al., 1991).

Signals for leader-joining

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



1 AGCCATCCA&CCTTGTTACAGGGAGAAAC%TGAATCTRAéGCTAGGAACACCAGGGTGG+TTTTACCACCCGGCCTGTGGCCTTTGGTCAGGTGCTGACACCATACCATA
AlalIleGlnProCysTyrArgGluLysleuGluSerLysAlahrgAanThrArgvalValPheThrThrAargProvValAlaFPheGlyGlnValLleuThrProfyrHisL 37 {ORF1b)

111 AAGATCGCATCGGCTCTGCGATAACCATAGATTCATCCCAGGGGGCCACCTTTGATATTGTGACATTGCATCTACCATCGCCAAAGTCCCTAAATARATCCCGAGCACTT
y2AsphArglleGlySerAlatTleThrTleAspSerSerGlnGlyAlaThrPheAsplleValThrLeudisleuProSerProLysSerLeuAsnlysSerArghlaLeu 73

221 GTHGCCATCaCTCGGGCAAGhCACGGGTTGTTCATTTATéACCCTCATAACCAGCTCCAGGRGTTTTTCAACTTAACCCéTGAGCGCACTGATTGTRACCTTGTGTTCAG
ValAlalleThrArgAlaArgilisGlyleuPhalletyrAspProdisAsnGlnLeuGlnGluPhePheAsnLeuthrProGluArgThrhspCysAsnLeuValPheSe 119

331 CCGTGGGGATGRGCTGGTAGTTCTCAATGCGGATAATGCAGTCACAACTéTAGCGAAGGCCCTAGAGACAGGTCCATCTCGATTTCGAGTATCRGACCCGAGGTGCAAGT
rargGlyAapGluLeuValValleuAsnAlaAspAsnAlaValThrThrvalalaLysAlaLeuGluThrSlyFProSerArgPhehrgValSerAspProbdrgCysLyss 147

441 CTICTCITAGCCGCTTGTTCGGCCAGTCTGGAAGGGAGCTGTATGCCACTACCGCAAGTGGCACATAACCTGGGGTTTTACTTTTCCCCGGACAGTCCAGTATTTGCACET
erleuleuflaAlaCysSerAlaSerLeuGluGlySerCysMetProLeuProGlnValAlallisAsnLeuGlyPheTyrPheSerProAspSerProvalPheAlaPro 183

551 CTGCCAAARGAGTTGGCGCCACATTGGCCAGTOGTTACCCACCAGAATAATCGGGCGTGGCCTGATCGACTTGTCGCTAGTATGCGCCCAATTGATGCCCGCTACAGCAA
LeuProLysGluLeuAlaProHisTrpProvalValThrHisGlnAsnAsnArgAlaTrpFroAspArgleuvValAlaSerMetArgProlleAsphlaArgTyrSerLy 220

661 GCCAATGGTCGGTGCAGGGTATGTGGTCGGGCCGTCCACCTTTCTTGGTACTCCTGGTGTGGTGTCATACTATCTCACACTATACATCAGGGGTGAGCCCCAGGCCTTGC
2ProMetValGlyAlaGlyTyrvValvalGlyProSerThePheLeuGlyThrProGlyvalvalserTyrTyrLeuThrLeutyrIleArgGlyGluProGlnAlaleulP 257

. G . . . . - . - . . -
171 CASAARCACTCGTTTCARCAGGACGTATAGCCACAGATIGTUGGGAGTATCTCGACGCGGCTGAGGAAGAGGCAGCAAAAGARCTCCCCCACGCATTICATTGGCGATSETS
roGluThrLeuValSerThrélyArglleAlaThrAispCysArgGluTyrLetAspAlaAlaGluGluGluAlaAlalysGluLeuProlishlaPhelleGlyAspVal 293

- . - . . A - - . - - .
881 AAMGGTACCACGGTTGGGGGGTGTCATCACATTACATCARARTACCTACCTAGGTCCCTGCCTAAGGACTCTGTTGCOGTAGTTGGAGTAAGTTCGCCCGGCAGGGCTGS
LysGlyThrThrvalGlyGlyCysHisHialleThrSerLysTyrLeuProArgSerLeuProLysAspS+rValAlaValValGlyValSerSerProGlyhrgAlaAl 330
Lys
. . . < . . . . - . - -
991 TAARAGCCGTGTGCACTCTCACCGATGTGTACCTCCCGGAACTCCGGCCATATCTGCAACCTGAGACGGCATCARAAATGC TGGAAACTCAAATTAGACTTCAGGGACGTCC
alysAlavalCysThrLeuThrAspValtyrLeuProGluLeuArgProTyrleuGlnProGluThrAlaSerLysCysTrpLysLenlyaLeufAapPheArghspValA 367

1101 GACTARTGGTCTGGAARGGAGCCACCGCCTATTTCCAGT TGGAAGGGCTTACATGGTCGGCGCTSCCCGACTATGCCAGGTTTATTCAGCTGCCCAAGGATGCCGTTGTA
rglruMetvalTrpLysclyAlaThrAlaTyrPheGlnLeuGluGlyLeuThrTrpSerAlaLeuProAspTyralaArgPhelleGlnLeuProLyshspilavalval 403

1211 TRCATTGATCCGTGTATAGGACCGGCGACAGCCAACCGTAAGATCGTGC&AACCACAGACTGGCGGGCCGACCTGGCRG%GACACCGTATGATTACGGTGCCCAGAACA%
TyrlleAspProCysIleGlyProAlaThrAlaAsnArgLyalleValArgThrThrAspTrpArgAlaAspLeuvAlaValTheProTyrAspTyrGlyAlaGinAsnIl 440

1321 TTTGACAACAGCCTGGTTCGAGGACCTCGEGCCGCAGTGGAAGATTTTGCGGCTGCAGCCCTTTAGGCGAGCATTTRGCTTTGAAAACACTGAGGATTGGGCAATCCTTG
eLeuThrThrAlaTrpPheGluAspleuGlyProGinTrpLysIleLeuilyl.euSlnProPheArgArgAlaPheSlyPheGluAspThrGluAepTrpAlaXleLenh 477

1431 CACSCCGTATGAATGACGGCAAGGACTACACTGACTATAACTGGAACTGTGT TCGAGARCGCCCACACGCCATCTACGEGCGTGCTCGTGACCATACGTATCATTTTGCC
laArghrgMetAsnAspGlyLyaAspTyrThrAspTyrAsnTrpAsnCysValArgGluArgProlisAlalleTyrGlyArgalaArghspHisThrTyrHisPheAla 513

LEEE ]
1541 COTGGCACAGAATTGCAGGTAGAGCTAGGTAAACCCCGGCTGCCGCCTIGGGCAAGTGCCGTGAATTCGEAGTGATGCAATGGGGTCACTGTGEAGTAMMAT CAGCCAGCT
ProGlyThrGluLeuSlpValGluLeuGlyLysProArgleuPraProGlyGlnValProEnd MetGIinTrpGlyHisCysGlyValLysSerAlaSerC 13{ORF2)}

1651 GTTCGTGGACGCCTTCACTGAGTTCCT TG T TAGTGTGETTGATATTGTCATTT TCCTTGCCATACTGTETGEGTTCACCGTCGCAGGATGGTTACTGETCTTTCTTCTCA
ysSerTrpThrProSerLeuSerSerLeuleuValTrpLeulleLeuSerPheSerLeuProTyrCysLheuGlySerProSerGinAspGlyTyrTrpSerPhePhasSer 49

1761  GAGTGETTTECTCCGCESTTCTCCETTCECGCTCTGCCATTCACTCTCCCOARCTATCGAAGETCCTATGAAGGCT TG TIGCCCANCTGCAGACCGEATETCCCACAATT
GluTrpFheAlaProArgPheServValhArgAlaleuProPheThrLeuFroAsnTyrArgArgSerTyrGluGlyLeuLeuProAsnCysArgProAspValProGlnFh [:13

1871 TGCAGTCHAGCACCCATIGGGTHTGTTTTGGCRCATGCGAGTTTCCCAC&TAATTGRTGAGRTGGTCTCTCGTCGCATTTACCAGACCATGGAACATTCAGGTCAAGCGG
eAlaValLysRisProLenGlyMetPheTrpHisMetArgValSerHisLeulleAapGluMetValSerArgArglleTyrGlnThiMetGlulisSerGlyGlnAlaA 123

1981 CCTGGAAGCAGGTGGTTGGTGAGGCCACT&TCACGAAGC&GTCAGGGCTéGATATAGTTACTCATTTCCAACACCTGGCéGCAGTGGAGGCGGATTCTTGCCGCTTTCTC
laTrpLysGlnValvalGlyGluAlaThrLeuThrLysLeuSerGlyLeuhapIleValThrHisPheGlnHisLeuAlaAlaValGluAlaRspSerCysArgPheleu 159

1031 AGCTCACGACTCGTGATGCTARRMAAATCTIGCCGTTGGCAATGTGAGCCTACAGTACAACACCACGTTGGACCGCGTTGAGCTCATCTTCCCCACGCCAGGTACGAGGCC
SerSerArgLeuValMetLeulLysAsnLeuAlaValGlyAsnValSerLeuGlnTyrAanThrThrleuhsphArgValGluLenIlePheProThrProGlyThrArgPr 196

2201 CAAGTTGACCGACTTCAGACAATGGCTCGTCAGCGTGCACGCTTCCATTTTT TCCTCTGTGGCTTCATCTGTTACCTTGTTCATAGTGCTTTGGCTTCGAATTCCAGCTC
oLysLeuThrAspPhehrgGinTrpLeuValServValBisAlaSerIlePheSerSerValAlaSerSerValThrleubhellevalLeuTrpLeuArgIleProAlal. 233
MetAlaArgGlnArghlaArgPheHisPhePheLeuCysGlyFPhelleCysTyrLeuvValHisSeraAlaLeuAlaSerAsnSerSersSe 30{0PF3)

. - - - . - T . . - - .

2311 TACGCTATGTTTTTGGTTTCCATIGGCCCACGGECARCACATCATTCGAGCTGACCATCAACTACACCATATGCATGCCCTGTTCTACCAGTCAAGCGGCTCGCCAAAGGC
euvArgTyrvalPheGlyFPheHisTrpProThrAlaThrAisHisSerSerEnd 249
rThrLeuCysPheTrpPheProLeuAlaHisGlyAanThrSerPheGluLeuThrIleAsnTyrThrileCysMetProCysSerThrSerGlnAlaAl aArgGlnArgl 67

Ala

2421 TCGAGCCCGSTCGTAACATGTGGTGCARAATAGGGCATGACAGGTGTGAGGAGCGTGACCATGATGAGT TGTTAATGTCCATCCCGTCCGGGTACGACAACCTCAARCTT
eudluProGlyArgAsnMetTrpCysLyalleGlyHisAspArgCyaGluGluArghspHishspGluLeuLeuMetSerIleProSerGlyTyrAspAsnLeuLysheu 103

- - N - T - - . . - . .
2531 GAGGSTTATTATGCTTGGCTGGCTTTTTIGTCCTTT TCCTACGCGRCCCAATTCCATCCGEAGTTGTTCGGGATAGGGAATGTGTCGCGCGICTTCGTGGACARGCGACA
G1luGlyTyrTyrRlaTrpLeuAlaPheLeuSerPhaSexTyrAlaAlaGlnPheHisProGluLeuPheGlyIleGlyRanValSerArgValPheValhspLysAcgHi 140

2641 CCRGTTCAT%IGTGCCGAG&ATGATGGhCéChhTTCAAC&GTATCTACC&GACBCAACR&CTCCGCATTATATGCGGCA&ATTACCACCACCRAATAGAEGGGGGCAAT&
aGlinPhelleCyshlaGluHisAspGlyProAsnSerThrvalSerThrGlyHisAanIleSerAlaLeuTyrAtaAlaTyrTyrHisHisGlnIleAspGlyGlyAsnT 177
FiG. 5. Nucleotide sequence of pPRRSV-T1 representing the 3' terminat 4.9 kb of the PRRSY genome and deduced aming 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 GGTTCCATITGGARTGGCTGCEGCCACTCTTTTCCTCCTGGCTGGTGCTCAACATATCATGGTTTCTGAGGCGTTCGCCTGTAAGCCCTGTTTCTCGACGCATCTATCAG
rpPhelisLeuGluTrpLevArgProLenPheSerSerTrpleuvallevAsnIleSerTrpPheLeuArgArgSerProvalSerProValSerArghrgileTyrGln 213
MetAlaAlaRhlaThrLeuPheLeulLeuAlaGlyAlaGlnHisIleMetValSerGluAlaPheAlaCysLysProCysPheSerthriHisleuSera 33(ORF4)
2861 ATATTIGAGACCAACACGACCGCGGCTGCCGGTTTCATGGTCCTTCAGGACATCAATTGTTTCCGACCTCACGGGGTECTCAGCAGCGCAAGAGAAAATTTCCTTCGGAAAG
IleLeuArgProThrArgProfdrgleuProValSerTrpSerPhehrgThrSerI1eValSerAspLeuThrGlySerclnGloArgLyshrgLysPhaProSerGluse 250
spIleGluThrAsnThrThrAlaAlaAlaGlyPheMetValLeuGlnAspIleAanCyasPheArgProHisGlyValSerAlaAlaGlnGluLysIleSerFheGlyLys 69
2971 TCGTCCCAATGTCGTGAAGCCGTUGGTACTCCCCAGTACATCACGATARCGGCTAACGTGACCGACGAATCATACTTIGTACARCGCGGACTTGCTGATGCTTICTGCGTG
rArgProAsnValValLysProSerVallLeuProSerThrSerArgEnd 265
SerSerGlnCysArgGluAlaValGlyThrProGlnTyrIleThrIleThrAlahsnValThrAspGluSexTyrLeuTyrAsnAlaAspLeuLeuMetLeuSerAlaCy 106
ol CCTTTTCTA&GCCTCAGBAATGMGCGAGAARGGCTTCAAAGTTATCTTTéGGAATGTCTéTGGCGTTGTiTCCGCTTGT&TCAATTTCA&AGATTATGT&GCCCATGTGA
aLeuPhaTyrAlaSerGluMet SerGluLysGlyFPheLysvalllePheGlyAsnValSerGlyvalvValSerAlaCysValhanFheThrAspTyrValAlafiisValT 143
- - * - - . - . *hk ok - - .
3191  CCCAACATACCCAGCAGCATCATCTGGTAATTGATCACATTCGGTTGCTGCATTTCCTGACACCATCTGCAATGAGGTGGGCTACARCCATTGCTTGTTIGTTCGCCATT
hrGlmHiaTheGlnGlnHisAisleuVallleAspHisTieArgleuLeuHisPheLeuThrProSerAlaMetArgTrpAlaThrThrileAlaCysLeuPheAlalle 178
3301 CTCTTGGCGATATGAGATGTTCTCACAAATTGGGGCGTTTCTTGACTCC&CACTCTTGCTTCTGGTGGCiTTTTTTGCTGCCTACCGGCiTGTCCTGGT&CTTTGCCGA&
LeuleuAlaIleEnd 182
MetArgCysSerHislyalLeuGlyArgPheLeuThrProRisSerCysPheTrpTrpleuPheleuleuProThrGlyLeuSerTrpSerPheAlalsp 33 (ORF5}
311 GGCAACGGCGACAGCTCGACATACCAATACATATATAACTTGACGKTRTéCGAGCTGAATGGGACCGACiGGTTGTCCAGCCATTTTGG&TGGGCAGTC&AGACCTTTG&
GlyAsnGlyAspSerSerThrTyrGlnTyrIleTyrAsnLeuThrIleCysGluLeuhsnGlyThrAspTrpLeuSerSerHisPheGlyTrpAlavalGluThrPheVa 70
3521 GCTTTACCCAGTTGCCACTCATRTCCTCTCACTGGGTTTTCTCACAACAAGCCATTTTTTTGACGCGCTCGGTCTCGGCGTTGTATCCA&TGCAGGACT&GTTGGCGGGC
lLauTyrProValhlaThrHisIleLeuSerLeuGlyPheLeuThrThrSexHisPhePhehspAlaLeuGlyLeuGlyValvalSerThrAlaGlyLeuvValGlyGlya 107
3631 GGTACGTACTCTGCAGCGTCTACGGCGCTTGTGCTTTCGCAGCGTTCGTATGTTTTGTCATCCGTGCTGéTAAAAATTGCATGGCCTGCCGCTATGCCC&TACCCGGTTT
rglyrvaileuCysSerValTyrGlyAlaCysAlaPheAlahlaPheValCysPheValllaArgAlaAlaLysAsnCyaMetAlaCyshArgTyrAlaArgThrArgPhe 143
. - - . A . . . - . - .
3741  ACCAACTTCATTGTGGACGACCGGGGGAGAGTCCATCGATGGAGGTCTCCAATAGTGGTAGRAMATTGGGCAAAGCCGAAGTCGACGGCARCCTCGTCACCATTARACK
ThrAsnPheIleValAspAspArgGlyArgVallHisArgTrpArgSerProllevValvValGlulysleuGlyLyaAlaGluValAspGlyAsnLeuValThrIleLysHi 180
Lys
L - dr bk - y - - - - . - .
3851 TGTCGTCCTCGAAGGGGTTARAGCTCAACCCTTGACGAGSACTTICSGCTGAGCAATGEGAGGCCTAGATGATTTTTGCAACGATCCTATCGCCGCACAAAAGCTTGTGCT
aValvalleuwGluGlyVallyshlaGinProLeaThTATgThrSeraAlaGluGlnTrpGluAlaEnd 201
MetGlyGlyLeuAsphspFPheCysAsnAspProlleAlaAlaGlnLysLeuvValle 19 (CRF6)
3961 AGCCTTTAGCATCACATACACACCTATAATGATRTACGCCCTTAAGGTG%CACGCGGCCGACTCCTGGG&CTGTTGCACRTCCTAATATTTCTGRATTG*TCCTTTACAT
uAlaPheSerIleThrTyrTheProlleHetIleTyrAlaleulysValSerArgGlyArgleuleuGlyleuleullisIleLenllePhelenAsnCysSerPheTheP 56
4071 TCGGATACATGACATATGT&CATTTTCAATCCACCRACCGTGTCGCACT%ACCCTGGGG&CTGTTGTCGéCCTTCTGTG&GGTGTTTACAGCTTCACAGRGTCRTGGAA&
heGlyTyrMetThrTyrValAisPheGlnSerThrAsnArgValAlaLeuThrLeuGlyAlavValValAlaLeuLeuTrpGiyValTyrSerPheThrGluSertrpLys 92
4181  TTTATCACTTICCASATGCAGATTETGTTGUCT TEGCCEECEATACATTCTOECCCETGCCCATCACGTAGARAGTGCTGCAGGETCTCCATICARTCTCAGCGTCTGETAR
PhelleThrSerArgCyshrgLeuCyaCysleuGlyArgArgTyrileLevAlaProAlaHisHisvalGluSerAlaRlaGlyLeuHisSerlleSerAlaSerGlyhs 129
4291 CCGAGCATACGCTGTGAGAAAGCCCGGACTAACATCAGTGAACGGCACTCTAGTACCAGGACTTCGGAGCCTCGTGCTGGGCGGCAAACGAGCTGTTAAACGAGGAGTGS
nArghlaTyrAlaValArgLysProGlyLeuThrSerValAsnGlyThrieuValProGlyLeunArgSerLeuValLleuGlyGlyLysArgAlavValLysArgGlyvalv 166
rat . . . R . . . . . . R
4401 TTAACCTCGTCAAGTATGGCCGGTAAAAACCAGAGCCAGAAGARAAAGARAAGTACAGCTCCGATGGGGAATGGCCAGCCAGTCAATCAACTGTGCCAGTTGCTGGGTGC
alAanLeuValLysTyrGlyArgEnd 173
MetAlaGlyLysAsnGlnSerGlalysLysLysLysSerThrAlaProM=tGlyAsnGlyGlnProValAsnGlaleuCysGlnLeuLeuGlyAl 32 {ORE7}
4511 AATGATAAAGTCCCAGCGCCAGCAACCTAGGGGAGGACAGGCCAAAAAGARAAAGCCTGAGARGCCACATTTTCCCCTGECTGCTGAAGATGACATCCGGCACCACCTCA
aMetTleLysSerGlnArgGlnGlnProArgGlyGlyGlnAlaLysLysLyslysProGlulysProlisPheProLeuAlaAlaGluAspAsplleArgAisAisLeuT 69
4621 CCCAGACTGAACGCTCCCTCTGCTTGCARMTCGATCCAGRCGGCTTTCAATCAAGGCGCAGGRACTECGTCGCTTTCATCCAGCGGGAAGGTCAGT I TTCAGGTTGAGTTT
hxGlnTheGluArgSerLeuCysleuGinSerIleGlnThrAlaPheAanGinGlyRAlaGlyThrAlaSerLeuSerSerSerGlyLysValSerPheGlaValGlurhe 105
473 RTGCTGCCGGTTGCTCATACAGTGCGCCTGRTTCGCGTGACTTCTACAT&CGCCAGTCRGGGTGCAAGTiAATTTGACAGTCAGGTGAATGGCCGCGATTGGCGTGTGGC
MetLeuProValAlaHisThrvalArgLeulleArgValThrSerThrSerAlaSerGlnGlyAlaSerEnd 128
4841 CTCTGﬂGTCACCTATTCAATTAGGGCGATCACATGGGGGTCATACTTRATCAGGCAGGAACCATGTGAC&GAAATTAAAA(AJn

Fic. 5—Continued

mRNAs (De Vries et af., 1990; Kuo et al,, 1992). A simi-
lar sequence motif, AACG, is common to the regions
preceding four of the identified PRRSY 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, 8, and 7 represent the most
abundant PRRSV specific RNAs (Figs. 1-3).
3’ Terminal noncoding sequence

The PRRSV nonceding 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 Potential
mRNAsg kb ORF No. encoded Mr {kDa) N-glycosylation sites
2 3.7 ORF2 249 28.4 2
3 3.1 ORF3 265 30.6 7
4 2.6 ORF4 183 20.0 4
5 2.0 ORFb5 22.4 2
6 1.4 ORF& 173 18.9 2
7 0.9 QORF7 128 13.9 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 polyadenytation site of the EAV genome is similar,
with three deviations from the PRRSV/LDV censensus
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 identicai
(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 arganization 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
CRF5 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. Whiie the ORF3 poly-
peptides show the most striking length difference of
the deduced PRRSV and EAV proteins (2656 and 163
aa, respectively), they resemble each other by possess-
ing the highest number of potential N-glycosylation

a
EAV ACGTGGATATTCTCCTGTGTGGCGTCATGTTGAAGTAGTTATTAGCCACCCAGGAACC (B) ,
x k% *k ¥ *%k *x * kX kX X% xk * k X k%
PRRSV  ATTAGGGCGATCACATGGGGGTCATACTTAATCAGGCAGGAACCATGTGACCGAAATT (A)
* x x & * * * kK Kk % * * kX% Kkkk
LDV AGTCAGATGCAGCGACTCAGCCTTTTGTAATTAATTGCGATTTGGCTGGGCCGGAATT (A)
* Kk * k  k Ak k *k k% * Akkk
b
EAV TTCTCCTGTGTGGCGTCATGTTGAAGTAGTTATTAGCCACCCAGGAACC (A) 4
* * * xRk kX k% xkk  kk  kkkkkkik
PRRSV  ATTCAATTAGGGCGATCACATGGGGGTCATACTTAATCAGGCAGGRACCATGTGACCGAAATT (A),,
* *k * xkk hk kk * % * x kkk REKK
Lov GTCAGATGCAGCGACTCAGCCTTTTGTAATTAATTGCGATTTGG-~—~== CTGGGCCGGAATT (a) ,,
*k % *  kkk * kkk kkk k k% X

Fic. 6. Alignment of 3’ terminal sequences of PRRSY, LDV, 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.
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sites (6 and 7, respectively). Thus, they may represent
highly divergent viral glycoproteins.

Clear homologies exist between PRRSY ORF7, 6,
and b 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 maost
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 neuravirulence (Kuo et af.,
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 LDV-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, aleader
RNA of 207 nucleotides derived from the genome &’
end is linked to defined sites of the subgenomic RNAs,
in a way that the respective ORF translational start co-
don represents the first AUG of the mRNA (De Vries et
al., 1990}. The length of the PRRSY leader has not yet
been determined exactly, but it exceeds 200 nucleo-
tides {unpublished resuits). While in EAV every ORF is
praceded by the junction site maotit 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 er a/,, 1992). Commaon 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 PRRSY 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 PRRSY, 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 PRRSY 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 PRRSY genome 22 nucleo-
tides upstream. Aligned accordingly, the terminal
PRRSV nencoding region shows more similarity to the
3" noncoding region of EAV than 1o that of LDV, which
lacks this conserved octanucleotide. In addition, after

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

Despite a smaller size, the polymerase gene of EAV
is organized simitar to the ones of coronaviruses and
toroviruges. All three consist of two overlapping ORFs,
1a and 1b, which are expressed maost ikely by a mech-
anism of ribosomal —1 frame-shifting (Brierly et al.,
1987; Snijderet al,, 1890; Den Boon et al., 1981). Inthe
1b ORFs four conserved domains were identified in
corresponding positions (Snijder et af., 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 (GKS/T) motif {domain 3) {Gorbalenya
et al., 1988; Hodgman, 1988). in the determined
PRRSY ORF1b 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 &/, 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
“coronavirus-like'' superfamily was proposed {Den
Boon et al., 1990; Snijder ef af, 1990; Spaan et &/,
1990}. Howaver, 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 corgnaviruses. It remains
to be determined, whether the mode of arteri- and coro-
navirug transcription is identical. According to the
current data coronavirus RNAS are generated indepen-
dently by leader primed transcription (review; Lai,
1986; Spaan et al,, 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 al,
1982) and thus alternative RNA splicing mechanisms
were assumed 10 be responsible for EAV leader/mRNA
linking (De Vries et .., 1990). However, coronavirus-
like mechanisms are not excluded (Den Boon et &/,
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1991). Further detailed analysis ot arterivirus transcrip-
tion mechanisms will elucidate their evolutionary rela-
tionship with coronaviruses.

The common molecular features of the so-far four
“arteriviruses’’ of simian (SHFV), porcine (PRRSV), mu-
rine {LDV), and equine crigin (EAV) not only separate
them from Togaviridae, but may justify the establish-
ment of a new virus family. The term "Arteriviridae”
refers only to the disease caused by EAV, while **Multi-
viridae” (Plagemann and Moennig, 1982} stresses the
multiple subgenomic mRNASs. As one possible alterna-
tive, we would like to suggest as the new virus family
name ‘‘Mamurnaviridae' {macrophage multiple RNA
viruses) which also points toward the common group
of target cells.
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