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The E2-peplomer protein gene of the virulent Miller strain of 
transmissible gastroenteritis virus (TGEV) was sequenced from cDNA clones 
and compared to the E2 gene sequence of the avirulent Purdue strain. 
Sequence comparisons indicate that most amino acid differences occur in the 
N-terminal half of the E2-peplomer which represents the most exposed region 
of the protein. In addition, analysis of an incompletely sequenced open 
reading frame (ORF) to the immediate 5'side of the E2 gene indicates 
extensive sequence homology with the infectious bronchitis virus (IBV) F2 
gene which is thought to encode a RNA polymerase. 

INTRODUCTION 

Transmissible gastroenteritis virus (TGEV) is an economically important 
pathogenic coronavirus of swine. It is an enveloped RNA virus composed of 3 
major structural proteins (E2, E1, and N), and a 23.6 kilobase (kb) 
positive-stranded genome. At least 5 classes of neutralizing epitopes occur 
on the E2-peplomer glycoprotein while complement-dependent neutralization 
can be demonit~ated only with El glycoprotein-specific monoclonal 
antibodies. - Nucleotide sequencing studies have focused on the 
avirulent PurduS tIS strain in which 8.3 kb at the 3' end of the genome have 
been sequenced. - Base sequence comparisons of the Purdue and Miller 
strains in the region between the El and E2 genes have shown that the Miller 
TGEV genome contains an additional intergenic recognit~on sequence and a 
larger ORF, perhaps, encoding a nonstructural protein. In order to 
further determine genetic differences between these 2 strains, the E2 gene 
of the virulent Miller strain was sequenced. In addition, analysis of an 
incomplete ORF upstream of the E2 ge§e indicates extensive sequence homology 
with a presumed IBV polymerase gene. 

MATERIALS AND METHODS 

A working stock ?6 the virulent Miller strain of TGEV was prepared as 
described previously. For the isolation of genomic RNA, the virus was 
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first plaque-picked 3 times on swine testi§ular (ST) cells before virus 
purification and subsequent RNA isolation. The plaque-picked virus 
remained lethal for neonatal piglets. 

Cloning and DNA Sequencing 

cDNA was prepared from TGEV genomic RNA and cloned into Agtll. 
First and second strand syntheses were carried out using calf thymus DNA 
oligodeoxynucleotides as primers and a cDNA synthesis kit (Amersham Corp., 
Arlington Heights, IL). EcoRI linkers were added to blunt-ended, 
double-stranded cDNA. The cDNA was then ligated to EcoRI cut Agtl1 and 
packaged in vitro (Stratagene, La Jolla, CA)32 Lambda phage containing viral 
inserts were identified by hybridization to P-labeled cDNA prepared from 
genomic RNA. 

To facilitate cDNA sequencing, viral inserts that hybridized to 
specific mRNAs were subcloned into the EcoR1 site of the multipurpose 
pBluescript phagemid vector (Stratagene, ~t Jolla, CAl. Stepwise 
unidirectional deletions Y2re constructed and sequenced by the dideoxy 
chain-termination method. Programs for computer analysis of the DNA 
sequence were purchased from DNASTAR (Madison, WI). 

RESULTS 

Figure 1 shows the location at the 3'end of the TGEV genome of the 
cDNA clones, pRP1 and pRP3, derived from the virulent Miller strain of TGEV 
that were used to obtain DNA sequences of the E2-peplomer gene and the 930 
bases to the 5'side of the E2 gene. cDNA clone pRP1, 4256 base pairs (bp) 
in length, includes approximately 3/4 of the E2 gene sequence plus the 930 
bases upstream. cDNA clone pRP3, 3232 bp in length, overlaps cDNA pRPI by 
72 bases, and contains the remaining 1/4 of the E2 gene sequence, the 
genetic region between the E2 and El genes and the entire El gene sequence 
except for the last 12 bases at the 3'end. For DNA sequencing of these 
clones overlapping unidirectional deletions were constructed by the 
exonuclease III/S1 nuclease method and double-stranded plasmid DNAs were 
sequenced by the dideoxynucleotide method. 
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Fig. 1. Schematic diagram of the genomic organization of TGEV. The 
location at the 3'end of the genome of cDNA clones, pRP1 and pRP3, used 
for sequencing the gene encoding the E2-peplomer glycoprotein and the 
upstream POL ORF are shown. The relationship between the major structural 
protein genes E2, E1, and N and other large ORFs, A, B, C, D that might 
encode either non-structural or minor structural proteins are indicated. 
The POL ORF is part of a gene encoding a RNA polymerase. 
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Fig. 2. The nucleotide sequence and predicted amino acid sequence of the 
E2-peplomer protein of TGEV. In addition, the base sequence (930 nucleo
tides) to the 5'side of the E2 gene is included. Amino acid differences 
between the Miller and Purdue strains are shown in bold letters. For the 
Miller strain, two extra amino acids are added at positions 375 and 376 
that establish an additional potential glycosylation site. 
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The E2 gene sequence and the deduced amino acid sequence for TGEV, 
Miller strain, are shown in Figure 2 along with the 930 bases to the 5'side 
of the E2 gene. The nucleotide sequence was determined from both strands of 
the cDNA clones. The E2 gene primary translation product consists of 1449 
amino acid residues, 2 residues longer than the E2 protein of the Purdue 
strain due to a 6 base insert at positions 2053-2058 (Fig. 2). There is 
98% homology between the Miller strain and the Purdue strain E2 proteins at 
both the nucleotide and the amino acid levels. Between the 2 strains, there 
are 72 nucleotide differences in the E2 gene that resulted in the 30 amino 
acid changes shown as bold letters in Figure 2. 

A single large ORF, overlapping only the initiation methionine of the 
E2 gene is found in the 930 bases to the 5'side of the E2 gene. Presumably, 
this is only a part of a much larger ORF. The amino acid translation 
product of this ORF is given in Figure 3 and compared with the IBV F2 ORF 
that is also located immediately 5' of the IBV E2 gene. Extensive sequence 
homology, 51% identity and 24% conservative amino acid changes, exists 
between the partial amino acid sequence determined for the TGEV ORF and the 
C-terminal 312 amino acid residues of the presumed IBV polymerase protein. 
Thus the base sequences immediately upstream from the E2 gene apparently 
code for a large RNA dependent-RNA polymerase in both IBV and TGEV. 

DISCUSSION 

The complete nucleotide sequence and the predicted amino acid sequence 
of the TGEV E2-peplomer gene (Miller strain) and a partial sequence of a 
presumed polymerase gene immediately to the 5'side of the E2 gene have been 
determined. The E2-peplomer gene of the virulent Miller strain shares 98% 
sequence homology at both the nuc~eotide and amino acid sequence levels with 
the E2 gene of the Purdue strain. An additional 6 extra bases, positions 
2053 to 2058 in the Miller strain E2 sequence, increase the length of the 
peplomer protein by 2 amino acids to 1449 residues and gives rise to a new 
potential glycosylation site. The amino acid differences between these 
strains do not occur randomly within the peplomer glycoprotein. Instead, 
over 75% of the amino acid changes occur in the N-terminal half of the 
peplomer which comprises the exposed club-shaped portion of the peplomer on 
top of a stalk. Only 7 amino acid differences occur in the C-terminal half 
of the peplomer which encompasses the stalk structure and the membrane 
anchoring domain. This feature of N-terminal amino acid variation in the 
peplomerl§l¥~oprotein has also been observed in mouse hepatitis virus (MHV) 
and IBV.' Further in the SI protein of IBV which is the N-terminal 
cleavage product of the IBV peplomer protein, there are 2 regions of high 
amino acid variabilit¥s £ge of which has been shown to be associated with 
virus neutralization.' Similarly, most of the amino acid changes 
occur in the N-terminal half of the TGEV peplomer gene, however, no 
clustering of amino acid variation indicative of highly variable regions 
were apparent. The 30 amino acid changes in the E2 protein of the Miller 
and Purdue strains apparently are neutral substitutions since neutralizing 
monoclonal antibodies, representing 5 different noncompeting sites, were 
unable to distinguish between these 2 TGEV strains. 

Coronaviruses have homologous recognition sequences that are involved 
in the initiation of transcription and the joining of a RNA leader sequence 
onto the 5'end of each subgenomic mRNA. The TGEV recognition sequence 
(A/T A/T)CTAAAC occurs 27 bases upstream from the E2 gene ATG start codon in 
both the Miller and Purdue strains. In the Purdue strain, a second 
(A/T A/T)CTAAAC sequence occurs 119 nucleotides into the E2 gene that might 
also function as an initiation site for a subgenomic mRNA. However, because 
of a C to T substitution at base 1056 (Fig. 2), the Miller strain E2 gene 
does not contain this second recognition sequence nor do any further 
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Fig. 3. Comparison between predicted amino acid sequences of IBV F2 and 
TGEV. The IBV sequence represents the C-terminal 312 amino acid residues 
of the F2 ORF. The TGEV amino acid sequences is derived from the 930 
bases immediately to the 5'side of the E2-peplomer gene. Identical amino 
acid residues are indicated. A colon indicates a conservative amino acid 
substitute. A dash indicates a deleted amino acid residue in order to 
achieve optional alignment. 

{A/T A/T)CTAAAC sequences occur in the rest of the E2 gene. Interestingly, 
the sequence {A/T A/T)CTAAAT occurs 3 times within 150 nucleotides on either 
side of the E2 gene homologous recognition sequence and does not appear 
again in the rest of the E2 gene sequence. 

MHV encodes a potential nonstructural protein (30-35 Kd) to the 5'side 
of the E2-peplomer gene 1~a18is the translation product of an additional 
subgenomic mRNA (RNA 2).' Analyses of TGEV subgenomic RNAs do not 
reveal a RNA6l~r~9r2~han the E2 subgenomic mRNA but smaller than total 
genomic RNA. '" In IBV replication, the E2 mRNA is the largest 
subgenomic mRNA. Large ORFs, upstream of the IBV E2 gene, are thought to 
encode potential polymerasg genes Fl and F2, the latter overlapping the 
peplomer E2 gene sequence. In this regard, the TGEV genome arrangement 
resembles more closely IBV than MHV. The evidence that a TGEV polymerase 
gene occurs to the immediate 5'side of the E2 gene is based on amino acid 
sequence. homology at the C-terminus of the F2 polymerase enzyme of IBV 
(Fig. 3). Of the 310 amino acids deduced for the TGEV polymerase protein, 
51% are identical to the C-terminus of IBV F2 and another 24% represent 
conservative amino acid changes. 
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