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The genome organization of porcine respiratory coron- 
avirus (PRCV), a newly recognized agent which has a 
close antigenic relationship to the enteropathogenic 
transmissible gastroenteritis virus (TGEV), was 
studied. Genomic RNA from cell-cultured PRCV 
(French isolate RM4) was used to produce eDNA 
clones covering the genomic 3' end to the start of the 
spike (S) glycoprotein gene (7519 nucleotides). Six 
open reading frames (ORFs) were identified that 
allowed the translation of three coronavirus structural 
proteins and three putative non-structural (NS) poly- 
peptides, homologous to TGEV ORFs designated 

NS3-1, NS4 and NS7. Pairwise alignment of PRCV 
nucleotide and amino acid sequences with sequence 
data available for three TGEV strains revealed a 96 % 
overall homology. However, the genome of PRCV 
exhibited two important distinctive features. The first 
was that the S gene lacked 672 nucleotides in the 5' 
region and encoded a truncated form of the S 
polypeptide, and secondly, the first NS ORF down- 
stream of the S gene was predicted to be non-functional 
as a consequence of a double deletion. The significance 
ofgenomic deletions with respect to tissue tropism and 
evolution of coronaviruses is discussed. 

Introduction 

A new porcine respiratory coronavirus, tentatively 
designated PRCV, which has a close antigenic relation- 
ship to the enteropathogenic transmissible gastroenteri- 
tis virus (TGEV), suddenly emerged in 1983 to 1984 and 
spread within less than 2 years in most if not all European 
countries, where is now persists enzootically (Pensaert et 
al., 1986; Brown & Cartwright, 1986; Jestin et al., 1987; 
Have, 1990). A cytopathic agent has been isolated in cell 
culture and pathogenesis studies have shown that it 
replicated at a high titre in the respiratory tract, but to a 
very low extent in the gut (Pensaert et al., 1986). The 
significance of this virus as a pathogen is still unclear. 
Although it was first considered as non-pathogenic 
(Pensaert et al., 1986), subsequent investigations have 
linked PRCV with field outbreaks of respiratory disease 
(Jestin et al., 1987) and with pneumonia lesions following 
an experimental infection (Duret et al., 1988; O'Toole et 

.al.,  1989; Van Nieuwstadt & Pol, 1989). Conventional 
serological tests do not distinguish between PRCV- and 
TGEV-infected animals. However, antigenic dissimilar- 
ities were evident on examining the heterologous 
reactivity of monoclonal antibodies (MAbs). PRCV was 
found to be non-reactive towards several non-neutraliz- 
ing anti-TGEV MAbs directed against the S (spike) or M 
(membrane) proteins (Callebaut et al., 1988; Garwes et 

al., 1988); neutalization-mediating epitopes unique to 
TGEV have been identified also (Laude et al., 1988). 
Conversely, anti-PRCV S-specific MAbs have been 
shown to differentiate between the two viruses (O. 
Deriabine, R. L'Haridon, J. Gelfi & H. Laude, 
unpublished data). Examination of the structural poly- 
peptide pattern of PRCV virions (TLM83 strain) shown 
by immunoblotting did not reveal any significant size 
discrepancy as compared to the TGEV Purdue strain 
(Callebaut et al., 1988). 

The molecular characterization of this newly recog- 
nized agent has been undertaken in the laboratory with 
the aim of gaining information with respect to two 
important questions: what is the phylogenic origin of 
PRCV ?, and which gene(s) control(s) the expression of 
the enteric tropism of TGEV ? In the present study part 
of the genetic information of PRCV was determined and 
compared to available TGEV sequence data. We showed 
that although the known part of their genomes are nearly 
identical, one major difference exists in both a structural 
and a non-structural gene. 

Methods 

Virus and cells. The French isolate RM4 of PRCV at four passages in 
the swine testicle (ST) cell line (Duret et al., 1988), supplied by Rhfne- 
M6rieux Laboratoire IFFA, was used as a virus source. The virus was 
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adapted to the pig kidney (PD5) cell line (three passages), and then 
plaque-purified. Infected cultures were maintained in Dulbecco's 
MEM plus 5~ foetal calf serum and incubated for 40 h at 38 °C. 
Infectivity titres measured in ST cells averaged 106 p.f.u./ml. 

RNA extraction. Clarified supernatant from the infected PD5 cell 
culture medium was used as a starting material. The virions were semi- 
purified by ultracentrifugation through a 10 ml 25~ glycerol cushion 
(Beckman rotor SW28, 60 min at 25000 r.p.m.). Pellets were treated 
with proteinase K plus 2~ SDS and RNA was phenol-extracted as 
described (Rasschaert et al., 1987). RNA material was precipitated 
overnight by 2 M-LiC1 at --20 °C then washed twice with 80~ ethanol 
and resuspended in double-distilled water. 

cDNA cloning. The strategy and protocols were essentially as 
reported (Rasschaert et al., 1987). Briefly, purified RNA was copied by 
reverse transcriptase (Moloney murine leukaemia .virus, Bethesda 
Research Laboratories) using the TGEV-specific reverse primer pE2, 
located 47 nucleotides downstream of the S gene (5' CATCATCCT- 
TAACAAAATTCTCTAGCAGAA 3'). RNase T2-treated cDNA- 
RNA hybrids were dC-tailed and inserted into PstI-cut dG-tailed 
pBR322. Transfection of Escherichia coli RR1 ceils and screening of 
clones by colony hybridization with TGEV cDNA clones pTG2.18 
and pTG2.26 (Rasschaert et al., 1987), were performed using standard 
methods (Sambrook et al., 1989). Two additional clones (designated 
pTVR) were obtained by insertion of PCR-amplified (see below) 
cDNA fragments into the SmaI site of the pTZ vector (Pharmacia) and 
transformation of E. coli NM522 cells. 

Polymerase chain reaction (PCR). PCR-amplified fragments were 
obtained using cDNA-RNA heteroduplexes as templates and 
20-mer oligonucleotides derived from the PRCV sequence. Taq DNA 
polymerase (Stratagene, 2 units) was employed in the conditions 
described by Saiki et al. (1988). Thirteen cycles (90 °C, 55 °C and 70 °C 
for 1 min each) were performed in a Hybaid apparatus (Ceralabo). 

Supercoiled DNA sequencing. DNA matrices were prepared accord- 
ing to Lim & P6ne (1988). Three ~tg of plasmid DNA was denatured by 
0.15 M-NaOH plus 0.15 M-EDTA for 30 min at 37 °C, then precipitated 
overnight with ethanol and 0.2 M-ammonium acetate. Sequence 
reactions were performed using the Sequenase kit (USB) and synthetic 
primers (Biosearch 8600 apparatus). 

Analysis of viral polypeptides. Radiolabelled cell extracts were 
prepared as described (Laude et al., 1986) with the following 
modifications. ST cell monolayers were infected or mock-infected by 
PRCV at a multiplicity of 1 p.f.u, per cell and maintained in Eagle's 
MEM plus 2~ foetal calf serum. At 3 h post-infection, [35S]methionine 
was added at 100 ktCi/ml. Fifteen h later the cells were scraped into 
RIPA lysis buffer and immunoprecipitation was performed using a 
mixture of three anti-TG EV MAbs: 51.13, 22.6 and 3.60 (Laude et al., 
1986). Resulting samples were analysed on a 9 to 20 ~ polyacrylamide 
gradient SDS gel plus 5~ 2-mercaptoethanol. 

R e s u l t s  

Generation and mapping o f  the P R C V  c D N A  clones 

P R C V  genomic  R N A  ex t rac ted  f rom semi-pur i f ied  
vir ions was reverse - t ransc r ibed  af ter  p r im ing  wi th  a 
TGEV-spec i f i c  sequence d o w n s t r e a m  of  the  S gene. 
He te rodup lex  R N A - D N A  mate r i a l  was then  in t roduced  
into the pBR322 vector  and  cloned into E. coli. The  
resul t ing clones were p robed  aga ins t  two T G E V c D N A  

Hp Hp HI Hi HIPs P s  

5' I---- ........ I I I I I I I  13' 
I I Pv x~ L .J~  
pVR44 

pVR3 pVR68 

pVR6 pVR34 
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pTVR10 pTVR25 

pVR90 pVR23 pVR56 

p T~2:26 ,..p T.73_.18._ 

S NS3-1NS4 M N NS7 

7 6 5 4 3 2 1 0 kb 

Fig. 1. Restriction and gene maps of PRCV genome 3' region. The 
positions of the cDNA clones used for sequencing are shown, pTG2.26 
and pTG2.18 (dotted lines) are TGEV cDNA clones that were used for 
screening. Enzyme sites: BgllI (Bg), HindlII (Hi), HpaI (Hp), PstI (Ps), 
PvulI (Pv), XbaI (Xb). 

clones to de tec t  the S or  the  M and  nuc leocaps id  (N) 
genes,  respect ive ly  (Rasschaer t  et al., 1987). The  pVR12  
and pVR26  clones arose f rom non-specif ic  p r iming  (Fig.  
1). This  appea r s  to be the  case also for the clones cover ing  
the S gene, as the  T G E V  reverse  p r imer  used (der ived  
f rom Purdue  virus sequence)  was found to m a t c h  
imperfec t ly  wi th  the P R C V  sequence,  in pa r t i cu la r  at  the 
3' end. The  clones p T V R 1 0  and  pTVR25  were ob t a ined  
subsequent ly  th rough  P C R  ampl i f ica t ion  of  por t ions  of  
the P R C V  genome  de l imi t ed  using a p p r o p r i a t e  am- 
p l imers  de r ived  f rom pa r t i a l  sequencing.  Res t r ic t ion  
analysis  of  the  p V R  and  p T V R  clones pe rmi t t ed  the  
const ruct ion o f  a cont inuous  m a p  cover ing approx i -  
mate ly  7.5 kb  of  the  P R C V  genomic  3' region.  

D N A  sequencing and analysis 

The insert  o f  each  of  the  c lones specif ied in Fig.  1 was 
sequenced di rec t ly  on p l a smid  supercoi led  D N A  and in 
both  direct ions .  T rans l a t ion  o f  the resul t ing 7519 
nucleot ide  long sequence a l lowed the ident i f ica t ion  o f  six 
O R F s  in the viral  sense s t rand  (Fig.  1; nucleot ide  and  
amino  acid  sequences  d i sp layed  in Fig.  2). The  largest  
three were p red ic ted  to encode  the typica l  coronavi rus  
s t ructural  po lypep t ides  S, M and  N. The  o ther  three  
were found to be homologous  to T G E V  O R F s  e n c o d i n g  
pu ta t ive  non-s t ruc tura l  po lypept ides ,  and  were desig-  
na ted  NS3-1,  NS4 and  NS7 as discussed l a t e r :  The  
repea ted  sequence 5' C T A A A C  3' found ups t r eam of  
each O R F ,  assumed  to act  as a signal  for the t ranscr ip-  
t ion of  subgenomic  R N A  in coronavi ruses  ( review:  
Spaan  et al., 1988), is ident ica l  to tha t  o f  T G E V  
(Rasschaer t  et al., 1987). T h e  ex t reme 3' non-coding  



Porcine coronavirus nucleotide sequence 2601 

region comprised an 8 nucleotide sequence conserved in 
coronaviruses, and ended in a poly(A) stretch. 

Pairwise alignment of the PRCV sequence data with 
those available for the three different TGEV strains 
Purdue 115 (Laude et al., 1987; Rasschaert & Laude, 
1987; Rasschaert et al., 1987), FS772/70 (Britton et al., 
1988a, b, 1989) and Miller (Wesley et al., 1989; Wesley, 
1990) revealed a very high level of homology. Thus, 96% 
overall homology was found between PRCV and TGEV 
Purdue strains at both the nucleotide and amino acid 
level. However, several features unique to the PRCV 
genome were apparent. The most striking are three 
deletions affecting ORFS: (i) a 672 base in-frame 
deletion (position marked 1 in Fig. 2), located 59 bases 
downstream of the initiation codon of the S gene and (ii) 
two deletions which result in the alteration of the ORF 
situated immediately downstream of the S gene in the 
TGEV genome, a deletion of 38 bases (at position 2 in 
Fig. 2) removing both the C T A A A C  sequence and the 
ATG initiation codon, and a deletion of 36 bases (at 
position 3) removing part of the body sequence. 
Moreover, two short deletions of two and six bases 
(positions 4 and 5) were seen in the PRCV 3' non-coding 
region by comparison to the Purdue and FS772/70 strain 
sequences (not yet available for the Miller strain). To 
summarize, the observed differences between PRCV 
and TGEV genomes consisted of deletions and point 
mutations only; no sequence unique to PRCV was found. 

Estimation o f  Mr for P R C V  S protein 

The above sequence data predicted an Mr of 135K for the 
PRCV S apoprotein instead of the 158K for TGEV S. 
An experiment was designed to compare the relative size 
of PRCV and Purdue virus polypeptides by SDS-PAGE 
(Fig. 3). Both the PRCV S species and its intracellular 
precursor S' exhibited an increased mobility as compared 
to TGEV species S (220K) and S' (175K), formerly 
named E2 and E'2 (Laude et al., 1986). An Mr of 190K 
was estimated for the PRCV S polypeptide. The two 
viruses showed no significant difference in Mr for either 
polypeptide N or M. 

Discussion 

In this study we cloned and analysed the 3' region of the 
genomic RNA of a French isolate of PRCV, a newly 
recognized porcine pneumotropic coronavirus which is 
antigenically closely related to TGEV but which does not 
induce intestinal lesions. The sequenced region, about 
7500 nucleotides long, stretched from the beginning of 
the S glycoprotein gene up to the 3' poly(A) tail and 
probably encompasses all the viral genes except for the 

polymerase gene. Thus a substantial part of the genetic 
information of PRCV was available for comparison to 
TGEV. It appeared that the genomes of the two viruses 
had not only a closely related organization, but exhibited 
also a very low level of nucleotide divergence (4%). 
However, as schematized in Fig. 4, PRCV and TGEV 
differed by two striking features. 

First, the region homologous to the TGEV ORF NS3a 
contained no functional ORF (see Fig. 2 and Results). 
Additional detailed sequence data are needed to ascer- 
tain whether this is a common feature of PRCV isolates. 
However this view is supported by the recent report that 
the British isolate had the same ORF altered (P. Britton, 
et al., IV International Coronavirus Symposium, Cam- 
bridge, July 1989). The NS3a ORF (NS3 for the Miller 
strain) has been shown to be transcribed for three 
different TGEV strains and has the potential to encode a 
non-structural polypeptide which remains to be charac- 
terized (Rasschaert et al., 1987; Britton et al., 1989; 
Wesley et al., 1989). The efficient propagation of PRCV 
both in vitro and in vivo suggests that the expression of 
this gene is not an absolute requirement. Incidentally, 
alteration of an ORF encoding a putative NS polypep- 
tide is not unprecedented in TGEV; the NS3b ORF from 
the Purdue strain propagated in our laboratory was 
reported to have a mutated first ATG codon and, at least 
in some clones, a 13 base frameshift deletion in the 3' 
region (Rasschaert et al., 1987) when compared to the 
sequence from another laboratory (Kapke et al., 1988). 

Secondly, the genome of PRCV was found to encode a 
truncated S protein. Analysis of the S gene nucleotide 
sequence established from four cDNA clones predicted a 
1225 long amino acid precursor polypeptide (see Fig. 2) 
instead of 1447 (Purdue virus; Rasschaert et al., 1987) 
and 1449 amino acids (Miller and FS772/70 strains; 
Wesley, 1990; P. Britton, personal communication). The 
difference involves the omission in the PRCV S 
sequence of a continuous stretch of 224 residues starting 
at position 5 from the N terminus (Fig. 5). The sequence 
unique to TGEV S includes the 180 residue long segment 
where the antigenic site D has been mapped (Delmas et 
al., 1990). This finding is consistent with the observed 
lack of reactivity of Purdue site D-specific MAbs 
towards three different PRCV isolates (Laude et al., 
1988). Further, it strengthens the view that the trunca- 
tion of S protein, directly confirmed for the French 
isolate (Fig. 3), is a typical feature of this virus. Also of 
interest is the observation that one of the four MAbs 
defining site D (78.17) retained a significant reactivity 
towards PRCV, suggesting that the relevant epitope 
involves additional residues outside the TGEV-specific 
domain. Alignment of PRCV and TGEV S sequences 
revealed in addition 33 to 43 positions of non-identity, 
depending upon the PRCV-TGEV strain pair (Fig. 5). 
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ATGGATTACTAAGGAAGGGTAAGTTGCTCATTAGAAATAATGGTAAGTT.~#CTAAAC~TTGGTAACCACTTTATTAACACAC~ATGAAAAAATTATTTGTGGTCTTGGTTGTAATGCCATT 120  

O M K K L F V V L V V M P L 13 

GATTTATGGAGACAAG T T T C~ACT T C C GTAGT T TCCAAT TGCACTGATCAATGTGCTAGTTATGTGGC TAAT GTT T T TACTATACTACCAGGAGGCTTTATACCATCAGATTTTAGTTT 240 

I Y G D K F P  T S V V S N C T D Q C A S Y V A N V F T  I LP G G F  I p S D F S F  53 

TAATAAT TGGT T C C TCCTI~ACTAATAGCTCCAC GTTGGT TAATGGTAAATTAGTTACCAAACAGCCTC TATTAGT TAATTGCTTAT GGCCAGTCCCTAGCTTTGAAGAAGTAGCTTCTAC 360 

N N W F  L L T N S S  T L V N G K L V T K Q P  L L V N C  L W P V P  S F E E V A S  T 93 

AT T T T GT T T T GAAGGTGCTGAC T TTGATCAAT GTAAT GGTGCTGTT T TAAATAACACTGTAGACGTCATTAGGT T TAACCTTAAT T T TAC TACAAATGTACAATCAGGTAAGGGTGCTAC 480 

F C F E G A D F  D Q C N G A V L N N T V D V I  R E N  L N F T  T N V Q S  G K G A T  133 

AGTGTTTTCATTGAACACAACGGGT GGT GTCACT C TTGAAAT C T CATGT TATAA T GATACAGTGAGTGATTCGAGCTT T T C CAGTTACGGT GAAAT T C C GTTCGGCGTAACTAAT GGACC 600 

V F S L N T T G G V T L E  I S C Y N D T V S D S  S F S S Y G E I P F G V T N G P  173 

AC GGTAC T GT TACGTACTCTATAATGGCACAGC T CTTAAGTATCTAGGAACATTAC CAC C TAGT GTCAAGGAGAT T GC TATTAGTAAGTGGGGCCATT T T TATATTAATGGTTACAATTT 720 

R Y C Y V L Y N G T A L K Y  L G T  LP P S V K E  I A I  S K W G H F Y  I N G Y N F  213 

CTTTAGCAcATTTcCTATTGATTGTATAT•TTTTAATTTGACTAcTGGTGATAGTGAcGT•TTCTGGAcAATAGCTTACACATCGTAcAcTGAAGCATTAGTACAAGTTGAAAACACAGC 840  
F S T F P  I D C  I S F N L T T G D S D V F W T  I A Y T S Y T E A L V Q V E N T A  253 

TATTACAAATGTGAC G TAT T GTAATAGT TATGT TAATAACAT TAAAT GC T CT~AAC T.TACTGCTAATTTGAATAATGGATTT TATCCTGT T TC TTCAAGTGAAGTTGGTTCTGTCA.ATAA 960  
I T N V T Y C N S Y V N N  I K C S Q L T A N L N N G F Y P V S S S E V G S V N K  293 

GAGTGTTGTGTTACTACCTAGCTT T C TGACACATACCATTGTT.~%CATAACTATTGGTCTTGGTAT G~GCGTAGTGGTTATGGTCAACCCATAGCCTCAACGCT.~%GTAACATTACACT 1 0 9 0  
._~V V L L P S F L T H T I V N I T I G L G M K R S G Y G Q P I A S T L S ~ _ ~  L 333 

AC CAAT GCAGGATAACAACAAC GATGTGTAC TGTGT T C GTTCTGAC CAATTTTCAGTTTATGTTCATTC TACT T GCAAAAGTGT T T TAT GGGACAAT GTTTTTAAGCGAAACTGCAC GGA 1200 

P M Q D N N N D V Y C V R  S D Q F  S V Y V H S  T C K S V L W D N V F K R N C  TD 373 

CGTTTTAGATGCcACAGCTGTTATAAAAACTGGTACTTGTCCTTT•TCATTTGATAAATTGAACAATTAcTTAACTTTTAACAAGTTCTGTTTGTCGTTGAGTCCCGTTGGTGCTAATTG 1320 

V L D A T A V I  K T G T C P F S F D K L N N Y L T F N K F C L S L S P V G A N C  413 

TAAGTTT GATGTAGCTGCC CG TACAAGAACCAATGATCAGG TT GTTAGAAGTTTG TATG TAATATATGAAGAAGGAGACAGCATAGTTGGTGTACC G TCTGACAATAGTGGTT TGCACGA 1440 

K F D V A A R T R T N D Q V V R S L Y V I  Y E E  GD S I V G V P  S D N S  G L H D  453 

TTT G TCAGTGC TACAC C TAGATT C GTGCACAGATTACAATATATATGGTAGAACTGGTGT T GGTAT TAT TAGACAAACTAACAGGACGATACTTAGTGGC T TATAT TACACATCACTAT C 1560 

L S V L H L D S C T D Y N I Y G R T G V G I  I R Q T N R T  I L S G L Y Y T S  LS 493 

TGGTGATTTGTTAGGTTTTACAAATGTTAGTGATGGTGTTATCTACTCTGTAACGCCATGTGATGTTAGcGCACAAGcAGcTATTATTGATGGTACCATAGTTGGGGCTATCACTTccAT 1680 

G D L L G F T N V S D G V I Y S V T P C D V S A Q A A I  I D G T I V G A I  TS I 533 

TAACAGTGAATTGTTAGGTCTAACACATTGGACAACAAcAC~TAATTTTTATTACTACTCTATATATAATTACACAAATGATAAGAcTCGTGGCACTcCAATTGGcAGTAATGACGTTGA 1800 

N S E L L G L T H W T T T F N F Y Y Y S I Y ~ Y T N D K T R G T P I G S N D V D  573 

TT G T GAACCT GT CATAAC CTAT T C TAACATAGGTGT T T GTAAAAATGGTGCTTTGGTTTT TATTAACGT CACACAT T C TGATGGAGACGTGCAAC CAAT TAGCAC TGGTAAC GT CACGAT 1920 

C E P V I  T Y S N  I G V C K N G A L V F  I N V T H S D G D V Q P  I S T G N V T  I 613 

ACCTACTAACTTTA•TATATCCGTGCAAGTCGAATACATTCAGGTTTACACTACACCAGTGTcAATAGACTGTTCAAGATATGTTTGTAATGGCAACC•TAGGTGTAACAAACTGTTAAc 2040 

P T N F T  I S V Q V E Y I Q V Y T T P V S  I D C S R Y V C N G N P R C N K L L T  653 

ACAATACGTTTCTGCATGTCAAACTATTGAGCAAG•ACTTGcAATGGGTGCcAGACTTGAAAACATGGAAGTTGATTCCATGTTATTTGTTTCTGAAAATG•CcTTAAATTGGCTTCTGT 2160 

Q Y V S A C ~ T  I E Q A L A M G A R  L E N M E V D  S M L F V S E N A L K L A S V  693 

C GAAGCAT T CAATAGTTCAGAAACT T TAGATCC TATTTACAAAGAAT GGCC TAATATAGGT GGC T T T T GGCTAGAAGGT C TAAAATACATACT T C C GT CCGATAATAGCAAAC GTAAGTA 2280 

E A F N S  ~ E T L D P  I Y K E W P  NI G G F W L E G L K Y I  Lp S D N S K R K Y  733 

T C GTTCAGCTATAGAGGACTTGC T T T T TTCTAAGGTTGTAACAT C T GGT T TAGGTACAGT T GAT GAAGATTACAAAC GT T GTACAGGTGGTTAT GACATAGCT GACTTAGTATGT GC T CA 2400 

R S A  I ED L L F  S K V V T  S G L G T V D E D Y K R C  T G G Y D  I A D  L V C A Q  773 

ATAC TATAATGGCATTATGGTGC TAC C T GGTGT GGCTAAT GC T GACAAAAT GAC TAT GTACACAGCAT C CCTC GCAGGT GGTATAACAT TAGG TGCAC T TGGT GGAGGCGCCGTGGC TAT 2520 

Y Y N  G I M V L P  G V A N A D K M T M Y T A S  L A G G  I T L G A L G  G G A V A I  813 

ACCTTTTGCAGTAGCAGTTCAGGCTAGACTTAATTATGT~GCTCTACAAACTGATGTATTGAACAAA~CCAGCAGATCCTGGCTAGTGCT~TTAATCAAGCTATTGGTAACATTACACA 2640 

P F A V A V Q A R  L N Y V A L Q T  D V L N K N Q Q  I L A S A F N Q A  I GN I T Q  853 

G T CATT T GGTAAGGT TAAT GAT GCTATACAT CAAACATCAC GAGGTCT TACAACT GT T GC TAAAGCAT T GGCAAAAGT GCAAGATGTTGT CAACACACAAGGTCAAGCTTTAAGACAC C T 2760 

S F G K V N D A  I H Q T  S R G L T  T V A K A L A K V Q D V V N T Q G Q A L R H L  893 

AACAG TACAAT TG CAAAATAAT T TCCAAGCCAT TAGTAGT T C TATTAGT GACAT T TATAATAGGC T T GAT GAAT T GAGT GC T GATGCACAAGT CGACAGGCTGAT CACAGGAAGACT TAC 2880 

T V Q L Q N N F Q A I  S S S I SD I Y N R L D E L S A D A Q V D R L I  T G R L T  933 

AG CACTTAATGCATTT G T G T C T CAGACTCTAAC CAGACAA GC C GAGGTTAG G G C TAG TAGACAAC T T GCTAAAGACAAGGT TAATGAAT G C GT TAG G TCTCAGTC T CAGAGAT T C GGCTT 3000 

A L N A F V S Q T L T R Q A E V R A S  R Q L A K D K V N E  C V R S Q S Q R F G F  973 

CTGTGGTAATGGTACACATTTGTTTT•ACTCGCAAATG•AGCA•CAAATGGCATGATCTTCTTTCACACAGTGCTATTACCAACGGcGTATGAAACTGTGA•TGCTTGGTCAGGTATTTG 3120 

C G N G T H LF S L A N A A P  N GM I FF H T V L  LP T A Y  E T V T A W S  G I C i013 

TG•TTTAGATGTTGATCG•ACTTTTGGACTTGTCGTTAAAGATGTCCAGTTGACTTTATTTCGTAATCTAGATGACAAGTTcTATTTGAcACCCAGAACTATGTAT•AGCCTAGAGTGGC 3240 

A L D VD R T F G L V V  K D V Q  L T L F R N L D D K F Y L T P R T M Y Q P R V A  1053 

AACTAGTTCTGATTTTGTTCAAATTGAAGGGTGCGATGTG•TGTTTGTTAATACAAcTGTAAGTGATTTGCCTAGTATTATA•CTGATTATATTGATATTAATCAGACTGTTCAAGACAT 3360 

T S S D F V Q I E G C D V L F V N T T V S D L P S I I P D Y I D I N O T V Q D I I 0 9 3  

AT TAGAAAAT T T TAGAC CAAATTGGACTGTAC C TGAGCTGACAT TGGAC GTT TTTAAC GCAAC C TAT T TAAACCTGAC T GGT GAAATTGAT GAC TTAGAGTT TAGGTCAGAAAAGCTACA 3480 

LE NF RP N W T V P  E L T L D V F  M A T  Y LN L T G E I  D D LE F R S E K LH 1133 

TAACACTAC T GTAGAACTTGCCATTCT CATTGACAACAT TAACAATACAGTAGTCAATCT T GAATGGC T TAATAGAAT T GAAACTTATGTAAAAT GGCCTTGGTATGTGTGGCTACTAAT 3600 

N T T V E  LA I L I D N I N N T V V N  LE W L N R  I E T Y V K W P  W Y V W  L L I I173 

AGGC TTAGTAGTAATATTTTGCATAC CATTAC T GCTATTTT GC T GT T GTAGTACAGGTTGCTGTGGATGCATAGGT T GTTTAGGAAGTTGTTGT CAC TC TATATTCAGTAGAAGACAATT 3720 

.o ..2.oL2.LolL;ooL oLL;     .L .L2.o2.LLL; o .o ooLLL22 LI  L2; ..o'"' 
E N Y E P I E K V H V H 1225 

TTACTAATACATCCGTGGACGTTGTACTTGGCGAACTTGATTGTGTATACTTTACTGTAACC C T TAAAGTAGAATTTAAGACTT GTAAATTACTTGTGTGCATAGGTTTT GGTGACATAC 3960 



Porcine coronavirus nucleotide sequence 2603 

TT C T TAATAC T C T GAGTTT T GTAAT TGTTAGTAACCATCCTATCGTTAATAACACAGCAAATGT GCATCATATACAACAAGAACGTGTTATAGTACAACAGCACCATGTT GTTAGTGCTA 4 2 0 0  

F L N T L S F V I V S N H P I V N N T A N V H H I Q Q B R V I V Q Q H H V V S A 45 

°AACACAAAACTATTACCCAGAGTTCAGCATCGCTGTACTTTTTGTATCTTTTCTAGCTTTGTACC °TACTACAAACTTTAAGACGTGTGTCGGCAT C TTAAT GTTTAAGATTTTATCAA 4 3 2 0  
R T Q N Y Y P E F S I A V L F V S F L A L Y R S T N F K T C V G I L M F K I L S 85 

T•ACACTTTTA••AcCTAT•CTTATA••ATAC••TTA•TACATTGATG•CATT•TTA•AACAACTGTCTTATCTTTAAGATT•C-CCTACTTAGCATACTTTT•GTATGTTAATAGTAGGT 4440 

M T L L G P M L I A Y G Y Y I D G I V T T T V L S L R F A Y L A Y F W Y V N S R 125 

T T GAAT T TAT T T TATACAATACAACGACACTCAT G TTTGTACATGGCAGAGCTGCAC CGTTTAAGAGAAGT T C T CACAGCTC TAT T TATGT CACATTGTAT GGT G GCATAAAT TATATGT 4560 

F E F I L Y /4 T T T L M F V H G R A A P F I( R S S H S S I Y V T L Y G G I N Y M 165 

TTGTGAATGAC C TCAC GTTGCATTTTGTAGACCCTATGCTTGTAAGCATAGCAATAC GTGGCT TAGCTCATGC T GATCTAACTGTAGTTAGAOCAGTTGAACTTCTCAATGGTGATTTTA 4680 

F V N D L T L H F V D P M L V S I A I R G L A H A D L T V V R A V E L L N G D F 205 

T TTAT~TATTTTcACAG~A~CCC~TAGTc~TGTTTACAATGCAGCCTTTTcTCAGGCGGT~CTAAAC~AAATT~ACTTAAAAGAAGAAGAG~AGACC~TACCTAT~AC~TTTccTAG~ 4800 

v 0 v v 0 v , .  0 i 0 00 °" " 48252440 

A L T "4 I D D N G M V ~ 5 I I F W F L L I I I L I L L S I A L L N I I K L C M V 45 

T GTT~CAATTTAG~AA~GACAGTTATTATT~TT~CAGT~CAACATGCTTAC~ATGCcTATAA~AATTTTATGCGAATTAAA~CATACAAC~CTGAT~GAGCA~TCCTTGTTT~A~CTAAA 5040 

C C N L G R T V I I V P V Q H A Y D A Y K N F M R I K A Y N P D G A L L V 82 

~TCAT~TTcAACA~A°~C~ATCTTATTT~CTTCTT~CAAACT~AACTTCA~CTGGTcTATAATATT~ATCATTTTTATTACTGTG~TACAATAT~AA~ACCTCAATTCA~CTG~TT 5280 

S C F N R G D L I W L L A N W N F S W S I I L I I F I T V L Q Y G R P Q F S W F 79 

C GTGTAT••CATTAAAAT••TTATAATGTGGcTATTAT••cCGATTGTTTTGGCTCTTACGATTTTTAAT•CATA•T•GGAATAcCAAGTGTCcAG•TATGTAATGTTC••CTTTA•TAT 5400 

V Y G I K M L I M W L L W P I V L A L T I F N A Y S E Y Q V S R Y V M F G F S I 119 

T•cA•GT•CAATTGTTACATTT•TACT•T•GATTATGTATTTT•TAA•AT••ATTCAGTT•TACA•AAGGACTAA•TCTT•GT•GT•CTTCAACCCT•AAACTAAC•CAATT•TTTGCGT 5520 

A ° A I V T F V L W I M Y F V R S I Q L Y R R T K S W W S F N P E T N A I L C V 159 

TAGTGCATTAGGAAGAAGC TATGTGC TT C C TCTCGAAGGTGTGCCAAC T GGTGTCAC TCTAAC T T T GCTTTCAGGGAAT TTGTACGCT GAAGGGTTCAAAATTGCAGGTGGTATGACCAT 5640 

S A L G R S y V L P L E G V P T ° V T L T L L S G N L Y A E G F K I A G G M T I 199 

CGACAAT T T GC CA~TACGTAATGGT T GCATTACCCAGCAGGACTATTGTTTACACACTTGTTGGCAAGAAGTTGAAAGCAAGTAGTGCGACTGGATGGG C T TACTATGTAAAATCTAA 5760 

D N L P K Y V M V A L F S R T I V Y T L V G K K L K A S S A T G W A Y Y V K S K 239 

AGCT GGT GAT TAC TCAACAGAGGACAAGAACT GDATA~N TTTGAsGT GAGCQGEA~TTAT TACATATGGTATA~CTAAAdT T~GG~C~CC~GG~AC~C~T G~CA~TT~GG~GG~ 262/125880 

T GAAT C CAC CAAAATAC G T G GTCGC T CCAAT T C C C G TGGT C G GAAGATTAATAACATAC C T C T TTCATTCTTCAAC C C C ATAAC C C T C CAGCAAGGTGCAAAATTTT G GAACT CAT G T C C 6000 

E S T K I R G R S N S R G R K I N N I P L S F F N P I T L Q Q G A K F W N S C P 52 

GAGAGATT T T GTACC CAAAGGAATAGGTAATAGGGATCAACAGATTGGTTATTGGAATAGACAAACTCGCTATCGCATGGTGAAGGGC CAAC GTAAACAGCTTCC T GAAAGGTGGT T C TT 6120 

R D F V P K G I G N R D Q Q I G Y W N R Q T R Y R M V K G Q R K E L P E R W F F 92 

TTACTACTTAGGCAC TGGACC T CAT GCAGATGCCAAAT TTAAAGATAAAT TAGAT GGAGTTGTCTGGG T T GC CAAGGATGGTGCCATGAACAAACCAACCACGC T T GGTAGTCGT GGTGC 6240 

Y Y L G T G P H A D A K F K D K L D G V V W V A K D G A M N K P T T L G S R G A 132 

TAATAATGAAT••AAAGCTTTGAAATTC•ATG•TAAAGTGCCAGGCGAATTTCAACTT•AA•TTAACCAGTCTAGGGACAACT•AAGGTCA•GCT•TCAATCTAGATc•CG•TCTA•AAA 6360 

N N E S K A L K F D G K V P G E F Q L E V N Q S R D N S R S R S Q S R S R S R N 172 

CAGATCTCAATC TAGAGGTAGGCAACAAT CCAATAACAAGAAGGATGACAGTGTAGAACAAGCTGTTCTTGCCGCACTTAAAAAGTTAGGT GTT TACACAGAAAAACAACAGCAAC GC T C 6480 

R S Q S R G R Q Q S N N K K D D S V E Q A V L A A L K K L G V Y T E K Q Q Q R S 212 

TCGTT C TAAAT CTAAAGAACGTAGTAACTCTAAAACAAGAGATACTACG CCTAAGAAT GAAAACAAACACAC C TGGAAGAGAAC T° CAGGTAAAGGTCATGTGACAAGATTT TAT GGAGC 6600 

R S K S K E R S N S K T R D T T P K N E N K H T W K R T A G K ° D V T R F Y G A 252 

TAGAAGCAGCT CAGC CAAT T TTGGT GACAGT GACCTC GTTGCCAAT GGGAG CAGT GCCAAGCAT TAC C CACAAT T GGC T GAAT GT °T T C CAT C T GTGTCTAGCATTTT G T T T GGAAGCTA 6720 

R S S S A N F G D S D L V A N G S S A K H Y P Q L A E C V P S V S S I L F G S Y 292 

TTGGACT TCAKAGOAAGAT °°CGACCAGATAGAAOTCA~OT TCACACACAAAT ACCACT T GCCAAAGGATCAT CCTAAAACT °AACAATTCCTT CAGCA GATTAATG C CTAT °CTAGC C C 6840 

W T S K E D G D Q I E V T F T H K Y H L P K D H P K T E Q F L ° ° Z N A Y A S P 332 

AT CAGAATTGGCAAAAGAACAGAGAAAAAGAAAGTC T C GT T C TAAATCTGCAGAAAGGT CAGAGCAAGAGGTGGTAC CTGATTCATTAATAGAAAAC TATACAGATGT GT TTCAT GACAC 6960 

S E L A K E Q R K R K S R S K S A E R S E Q E V V P D S L I E N Y T D V F D D T 372 

TTACTTAATCACTCTTTCA~TCTTA`~ACT~TT~AT~ATTTTAATATCTTATATA~AGTTTA~CA~AAACTAGATTACTA~TGGTGCTTCGATTAATCTTT T TAGTCTTAT TAGGA 7 2 0 0  

L2LLLLL  L LL;LL; 2LL cLo2LL2LLL LL LLLL LL L' 

CTGGAT C TAGT °AT TGTTTAAAATGTAAAATT GTTTGAAAATTT T C C T T T T GATAGTGATACACAAAA~ 7 519 

Figl 2. Sequence of the extreme 3' 7519 nucleotides of the PRCV genome and deduced amino acid sequences of the major ORFs. The 
positions of the deletions relative to three TGEV strains (see Results) are indicated by the framed rmmbers 1 to 5 above the nucleotide 
sequence. The framed letters A and B show the positions of two sequence segments unique to the Purdue strain (see Discussion). The 
consensus intergenic sequences are boxed. The octanucleotide sequence conserved in the 3' non-coding region of coronaviruses is 
overlined, The predicted ORFs are translated into the one-letter amino acid code. The 29 potential Asn-linked glycosylation sites found 
in protein S are underlined. Protein S and M signal peptides are indicated by bold lines. 
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Fig. 3. Comparative gel electrophoresis of PRCV and TGEV 
intracellular polypeptides. Cytosols from [35S]methionine-labelled 
infected ST cells were subjected to immunoprecipitation using a 
mixture of MAbs against Purdue strain (TGEV) structural polypep- 
tides. Immunoprecipitated material was resolved in a 9 to 20~ 
acrylamide gradient SDS-PAGE gel. Lane 1, mock-infected cells; lane 
2, PRCV-infected cells (105 c.p.m.); lane 3, TGEV-infected cells 
(10 ~ c.p.m.)..4,/, of marker proteins are indicated in the left margin. 

In particular, one change, Ser to Phe, was present within 
the nine residue stretch expressing C epitopes (Delmas et 
al., 1990); this correlates with the failure of  two site C- 
specific MAbs to recognize the PRCV S antigen (Laude 
et al., 1988). By contrast to site D- and C-specific MAbs, 
all site A- and B-specific MAbs exhibited a strong cross- 
reactivity towards PRCV S, despite the existence of 12 
amino acid changes in the region stretching from 
positions 300 to 512, where the relevant epitopes have 
been mapped (Delmas et al., 1990). This further supports 
our earlier assumption that biologically crucial determi- 
nants are expressed in this domain of the S molecule 
(Delmas et al., 1986). 

The nature of  the events responsible for the genomic 
diversity between PRCV and T G E V  remains an open 
question. Both homologous and heterologous R N A  
recombinations are proposed to be a driving force for 
coronavirus evolution (see review by Spaan et al., 1988). 
Thus the possibility cannot be formally excluded that the 
sequences unique to T G E V  result from insertional 
events. However, we believe that the idea that P R C V  is 
derived from T G E V  through successive deletion events 

S NS3-1 NS4 M N NS7 
P R C V  5' F/////////////////////////////////////////A [ Y/~IIIII[[II~'~.\\\\\\\\\\\\'~I I 3 

S NS3 NS3-1 NS4 
Miller  r//////////////////////////////////////////////////~ m r - - - ~  

S NS3a NS3b NS4 M N NS7 
Purdue ] r/////////////////////////////////////////////////,~m ~l l l lH l l l k \ \ \ \ \ \ \ \ \ \ \ \ \~ l  [ 
FS772/70 

Fig. 4. Compared gene organization of PRCV and of three TGEV 
strains. The genes are designated according to the latest recommenda- 
tions of the coronavirus study group (Cavanagh et aL, 1990). In 
particular, the second NS ORF downstream of the S gene is referred to 
as NS3-1 in the case of the Miller strain to acknowledge the fact that its 
transcription involves a distinct subgenomic RNA species (Wesley et 
al., 1989), in contrast to NS3b ORFs of Purdue and FS772/70 viruses. 
The PRCV ORF named NS3-1 is preceded by an intergenic sequence 
homologous to that of the Miller ORF NS3-1. The TGEV ORFs NS3a, 
NS3b, NS4 and NS7 were formerly named X2a, X2b, X1 and X3, 
respectively (Rasschaert et al., 1987). The diagram was drawn 
according to the sequence data cited in the Results section. 

is the most plausible. Recent data indicate that deletions 
might be responsible for the observed polymorphism of 
the S protein of mouse hepatitis virus (MHV). In 
particular, the S genes of three selected MAb-resistant 
variants of M H V  type 4 have been shown to encode 
truncated S proteins with a large deletion of 142 to 159 
amino acids mapping approximately in the N-terminal 
two-thirds of the S1 subunit of S protein (Parker et al., 
1989). Besides, the S protein genes of two M H V  strains, 
J H M  (Schmidt et  al., 1987) and A59 (Luytjes et  al., 1987), 
harbour a sequence deleted in the same region relative to 
that of  MHV-4. Examination of the T G E V  nucleotide 
sequence did not reveal any feature indicative of a 
jumping of the R N A  polymerase complex such as a site 
of  strong secondary structure, or repeated sequences in 
the vicinity of  the deletion site. The only noticeable 
feature was the presence of a heptanucleotide sequence 
A G T T T C C  immediately adjacent to the unique se- 
quence of the T G E V  S gene which is repeated 10 
nucleotides downstream; however, no simple mechanism 
underlying a possible deletion process could be recon- 
structed on this basis. 

Another conclusion drawn from the comparison of 
PRCV and of T G E V  strains sequences was a closer 
relationship of PRCV to the fully virulent Miller and 
FS772/70 strains than to the high passage Purdue strain, 
of  which several sequence features were not seen in 
PRCV:  (i) a six nucleotide deletion in the S gene, 
encoding the residues Asn and Asp at positions 151 and 
152 (asterisks in Fig. 5) and (ii) two short insertions of 16 
and 29 nucleotides located upstream and at the 3' end of 
the NS3a ORF,  respectively (corresponding positions in 
PRCV sequence noted A and B in Fig. 2). In addition, 
the PRCV ORF NS3-1 is immediately preceded by a 
sequence CTAAAC,  as in the Miller strain (Wesley et 
al., 1989). Finally, pairwise comparisons of  the different 
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224 aa unique to T G E V [  

N C T  TQ S 
,MKKLFVVLVVMPL IYGDKFP'f SVVSNC TDQCASYVANVF T ILPGGF IP SDF SFNNWFLLTNS S TLVNGKLVTKQP LLVNC 

N T TQ S 

A L G P I 
LWPVP SFEEVAS TFCFEGADFDQCNGAVLNNTVDVIRFNLNFTTNVQSGKGATVF SLNTTGGVTLE I SCYNDTVSD~ SFS 

A G ** 

.... m 

SYGE~ FGVTNGPRYCYVLYNGTALKYLGTLP P SVKE IAISKWGHFYINGYNFFS TFP IDC I SFNLTTGD SDVFWT IAYT 
l D H 

S YTEAL VQVENTAI TNVT Y CNS YVNN IKCSQLTANLNNGF YP V SS SEVGS VNKS W L L P ~ i ~  ~ ~ ~ i  ~ 

K H I L 

80 

160 

240 

320 

400 

v 
~ ~ i : i ~ # ~ ~ ~ i  ;DVSAQAAI IDGT IVGAIT S INSELLGLTHWTTTPNFYYYS IYNYTND 

~iii~i!~i~ii~iiiii!~i~i~iiii~i~!!!!iiiiiiiijiiiiii!~it~tt~i!i~it~i~t~iiiii~iiiii~iiiiit~i~ttiiiiiiiiiiiiiiiiiiiiii v 

R A D 

KTRGTP IGSNDVDCEPVI TYSN IGVCKNGALVF INVTHSDGDVQP I STGNVT IP TNF T ISVQVEYIQVYT TPVS IDCSRY 

R A D F 

G S 
VCNGNPRCNKLLTQYVSACQT IEQALAMGARLENMEVD SMLFVSENALKLASVEAFNS SETLDP IYKEWPN IGGFWLEGL 

S 

A 

KYI LP SDNSKRKYRSAIEDLLF SKVVT SGLGTVDEDYKRC TGGYD IADLVCAQYYNG IMVLP GVANADKMTMYTASLAGG 
H D 

A 
I TLGALGGGAVAIPFAVAVQARLNYVALQTDVLNKNQQI LASAFNQAIGN I TQSFGKVNDAIHQTSRGLTTVAKALAKVQ 

480 

560 

640 

720 

800 

880 

S 

DVVNTQGQALRHLTVQLQNNFQAI S S S I SD IYNRLDELSADAQVDRL I TGRLTALNAFVSQTLTRQAEVRASRQLAKDKV 
I S 

960 

AP 
NECVRSQSQRFGFCGNG THLF SLANAAPNGMIFFHTVLLP TAYETVTAWSG ICALDVDRTFGLVVKDVQLTLFRNLDDKF 

P S G 
1040 

A F I 

YLTPRTMYQPRVATSSDFVQ IEGCDVLFVNT TVS DLPS I IPDY I D INQTVQD ILENFRPNWTVPELTLDVFNATYLNLTG 

A F I 
1120 

L 
E IDDLEFRSEKLHNTTVELAIL IDNINNTVVNLEWLNR IE TYVKWP WYVWLL IGLWIFC IPLLLFCCCSTGCCGC !GCL 

L 

1200 

c 
GSCCH S IF  SRRQFEN YEP tEKVHVH 12 2 5 

C 

Fig. 5. Alignment of the S protein sequences of PRCV and two TGEV strains. The position of  the segment omitted in the PRCV 
sequence is shown. Amino acid changes relative to Miller and to Purdue strains are indicated above and beneath the PRCV sequence, 
respectively. The asterisks mark two amino acids absent in the Purdue S protein. The location of  the major TGEV antigenic sites C 
(open box) and A and B (filled box) is given (Delmas et al., 1990). 
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Table  1. Pairwise sequence homology between P R C V  and 
TGEV polypeptides 

PRCV predicted polypeptides 

Number of 
Designation amino acids 

TGEV strain 

Purdue Miller FS772/70 

aa* ~ t  aa ~ aa 

S 1225 44 97 34 97"3 - - 
M 262 13 95 -~ 11 95-8 
N 382 14 96"3 - - 9 97'6 
NS3-1 244 7§ 97-1 4 98.4 3 98.8 
NS4 82 3 96"3 0 100 4 95.1 
NS7 78 7 91 - 4 94"8 

* Number of divergent amino acids (aa). 
t Percentage homology. 
:1: Sequence data not available. 
§ Compared with full-length NS3b ORF (Kapke et al., 1988). 

translated ORFs revealed a greater overall homology 
between PRCV and Miller or FS772/70 strains than 
between PRCV and the Purdue strain (Table 1). A 
further point to mention with respect to PRCV/TGEV 
sequence comparison is that the TGEV strains for which 
sequence data are available were isolated a long time 
before the PRCV outbreak. Therefore, one cannot 
exclude the possibility that the observed divergence in 
terms of point mutations reflects, at least in part, the 
natural drift of TGEV. 

No conclusion can be reached about the genome 
modification(s) controlling the phenotypic difference 
observed between PRCV and TGEV, namely the 
impaired multiplication of the former in the digestive 
tract. It is tempting to speculate that the truncation of the 
S gene is relevant as it is well known that the spike 
glycoproteins play a pivotal role in conferring tissue 
specificity to enveloped RNA viruses. In this respect, 
mutants of MHV encoding a point-mutated or a 
truncated S protein have been shown to be neuroatten- 
uated for mice, thus indicating that at least one virulence 
determinant is associated with this protein (Dalziel et  al., 
1986; F l e m i n g  et al., 1986; G a l l a g h e r  et al., 1990). T h e  

o m i s s i o n  o f  p r o t e i n  ( abou t  30K)  in the  p r o x i m a l  r e g i o n  o f  

P R C V  S m i g h t  affect ,  d i r ec t ly  o r  by  i n d u c e d  d i s t an t  

c o n f o r m a t i o n a l  c h a n g e ,  a p u t a t i v e  d o m a i n  i n v o l v e d  in 

the  r e c o g n i t i o n  o f  T G E V  recep to r s  on  the  en t e rocy te s .  

S tud ie s  a i m i n g  to e x a m i n e  the  p a t h o g e n i c i t y  fo r  p ig le t s  

o f  T G E V  m u t a n t s  in the  r eg ion  u n i q u e  to the  T G E V  S 

g e n e  a re  c u r r e n t l y  be ing  d e v e l o p e d  as an  a p p r o a c h  to 

a n s w e r  th is  ques t ion .  In  any  case,  the  r e c o g n i t i o n  t h a t  

T G E V  and  M H V  S p ro t e in s  c a n  sus ta in  a la rge  d e l e t i o n  

e a c h  in a d i f fe ren t  r e g i o n  should  he lp  a t t e m p t s  to d i s sec t  
the  m o l e c u l e  func t iona l ly .  

T o  conc lude ,  t he  p r e s e n t  f ind ings  a b o u t  P R C V  

t o g e t h e r  w i t h  those  r e p o r t e d  on  M H V  a l low the  

proposition that genomic deletion as well as recombina- 
tion might be a major source of diversity among the 
coronavirus family. The studies on PRCV provide the 
first indication that a deleted coronavirus may emerge 
not only as the result of experimental selection but also 
spontaneously in the field and, furthermore, may have 
great epizootiological impact. 

We wish to thank Drs C. Duret and J. P. Soulebot for kindly 
providing the Rh6ne-M6rieux PRCV isolate and J. Gelfi for her expert 
assistance in producing PRCV stocks. Thanks are also due to A. M. 
Spite for typing the manuscript and to K. Rerat for revising the English 
style. M. Duarte (C.I.V.E.T., Pando, Uruguay) holds a fellowship from 
the French Government. 
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