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Theiler's Virus Genome Is Closely Related to That of
Encephalomyocarditis Virus, the Prototype Cardiovirus
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Theiler's virus causes a persistent demyelinating infection of the mouse central nervous system. Our study
of the molecular mechanism of persistence led us to sequence 1925 nucleotides located at the 3' end of the viral
genome. We observed extensive homologies between this region and the corresponding region of encephalo-
myocarditis virus, the prototype cardiovirus, and only some homologies with the 3' ends of foot-and-mouth
disease virus, rhinovirus, and poliovirus genomes.

Theiler's murine encephalomyelitis virus (TMEV), a
picornavirus, causes asymptomatic enteric infections and
neurological diseases in mice (15). Chiefly on this basis, it
has been classified in the enterovirus group of picornaviruses
(12). When inoculated intracerebrally, TMEV causes two
types of central nervous system diseases. The highly virulent
GD VII and FA strains are responsible for acute fatal
encephalomyelitis, whereas other strains (e.g., TO, DA, and
BeAn) cause persistent central nervous system infections
accompanied by primary demyelination (4, 10). This last
condition closely resembles human multiple sclerosis. Per-
sistent infection of the central nervous system in the face of
an immune response, a central question of pathogenesis,
seems to result from host-imposed restriction of viral RNA
replication in infected glial cells (3). To pursue our analysis
of viral RNA metabolism in infected glial cells, we studied
the RNA polymerase and protease genes (P3 region) of both
virulent (GD VII) and persistent (DA) strains ofTMEV. In a
preliminary step, we cloned and sequenced -2 kilobases of
RNA located at the 3' extremity of the TMEV strain GD VII
genome. We observed that this region presents a high degree
of homology with the corresponding region of encephalo-
myocarditis virus (EMC), the prototype cardiovirus. Some
degree of homology with the genomes of representative
aphtho- and enteroviruses was also found.
cDNA clones of the TMEV RNA genome were obtained

by reverse transcription by using oligo(dT) as a primer (6).
Clones corresponding to the 3' region of the genome, iden-
tified by hybridization with a [32P]poly(A) probe, were
inserted in the PstI site of pBR322 after oligo(dG):oligo(dC)
tailing. One clone (PBT 4) which contained a poly(A) tract at
the 3' extremity and 2 kilobases of upstream sequence was
subcloned in the SmaI site of M13mplO vector after random
shearing (shotgun procedure) (5). Single-stranded templates
were sequenced by the dideoxynucleotide procedure of
Sanger et al. (13). The sequence of clone PBT 4 was
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compiled by using the computer program of Staden (14). On
average, each nucleotide was sequenced seven times. The
nucleotide and deduced amino acid sequences of clone PBT
4 are presented in Fig. 1. Clone PBT 4 extends 1925
nucleotides away from the 3' end of the viral genome. It
contains a single reading frame terminated by a UGA codon
135 nucleotides before the 3' end. The cleavage site that
separates the protease (3C) from the RNA polymerase (3D)
during maturation of the polyprotein precursor was identi-
fied (position 418 in Fig. 1) by analogy with other
picornaviruses. In most cases, this cleavage occurs between
a glutamine and a glycine residue (8, 11). The identity of this
cleavage site is further suggested by the peptide sequence
surrounding position 418 of clone PBT 4 (Glu-Pro-Gln/Gly-
Ala) which is identical to that surrounding the EMC 3C/3D
cleavage site. Therefore, clone PBT 4 covers 417 nucleotides
belonging to the protease gene, the entire RNA polymerase
gene (1373 nucleotides), and 135 nucleotides of noncoding 3'
sequences.
The nucleotide and deduced amino acid sequences of

clone PBT 4 were compared by using a computer program
(9) with picornavirus sequences (1, 2, 8, 11) available in data
banks (Gene Bank, National Biomedical Research Founda-
tion). The results at the amino acid level in the form of a dot
plot matrix are shown in Fig. 2. A dot represents four
identical consecutive amino acids in a window of five amino
acids. Extensive homologies were found between TMEV
and EMC sequences (57.7%). Some homologies were ob-
served between TMEV and foot-and-mouth disease virus (A
10) (38%), probably indicating regions essential for the
function of the proteins. Limited homologies were also
found between TMEV and rhinovirus type 14 sequences
(29.3%) and between TMEV and poliovirus type 1 sequences
(30%). Hydrophobicity plots (7) further confirmed the rela-
tionship of TMEV and EMC RNA polymerase genes (data
not shown).

In summary, the sequences of the P3 regions of TMEV,
EMC, foot-and-mouth disease virus, rhinovirus, and
poliovirus were compared at both the RNA and polypeptide
levels. Because of the extensive homologies existing be-
tween the sequences of TMEV and EMC, we propose that
the taxonomic position of TMEV be reconsidered and that
this virus be classified as a cardiovirus.
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Ar-SerValAsnArgSerG lyAlaGluThrAspLeuThrPheVa lLysValTIlrLysGlyProLeuPheLysAsXAs;Va lAsnLysPheCy sSerAsnLysAspAspPheProAl aArrGCGUUCCGUUAUCGCUCAGGAGCUGAMACGGACCUUACAUUCGUGAAGGUUACUAAAGGACCACUCUUClAiGGACAMUGUGAACAAGUUUWGCUCAAACAMGGACGAUUUWCCUCCUAG
0.. . . . . . . 100

AsniAspThrCysTyrArOAspiietAsnThrGlyLeuAlaPheValTyrSerGlyAsnPheLeuI leGlyAsnGlnProValAsnThrThrThrGlyAlaCysPheAsnllisCysLeullis
GAMUGACACGUGUUACCGGGAUAUGAACACUGGAUUGGCCUUCGUGUAUUCCGGUAACUUUCUGt&UUGGCAAUCA,ACCUGUGt.ACACAACtACUGGtGCCUGCUUCAMCCACUGCCUCCAL

. . . . 200
TyrArzAlaG lnThrAr&Arg>G lyTrpCysG lySerAlaIleI leCysAsnValAsr,G lyLysLysAlaValTyrG lyie tHis SerAlaG lyG lyG lyGlyLeu:13aAlaa1'iC'LirI le
CUAUCGt.GCUCAAACUCGACGUGGUUGGUGUGGUUCUGCCAUCAUCUGCAAUGUUAACGGCAAAAAAGCUGUWUACGGAAUGCACUCUCCUGGALGGCGGAiGGCCUUGCCGCCGCUACCAU
** * * 3C 13D . .

IleThrArgGluLeuIleGluAlaAlaGluLysSerIlietLeuAlaLeuGluProGlntlyAlaI leValAspl1eSerThrGlySerValValllisValProArgLysThrLysLeuArg
CAUCACCt.GAGAGUUGAUUGAAGCAGCUGAGAaAGUCUAUGUUGGCGCUGGAACCGCSi,AGGUGCCAUCGUGGACAUUUCCACi.GGA.UCUGUCGUACA.UGUCCCC.',GiJ.AGACC&bliCUGAG

. .* 400 . . . .
ArgThrValAlaHisAspValPheGlnProLysPheG luProAlaValLeuSerArgTyrAspProArgThrAspLysAspValAspValVa lAlaPheSerLysllUisThrT,hrAsn,.cet

GAGAACAGUCGCUCAUGACGUUUWCCAACCCAAAUUCGAACCUGCAGUUCUGUCCCGUUAUGACCCUCGGACCGACAAGGAUGUli,GAUGUUGUAGCCUUCUCCAA1.CACA.CUACUAt,CAU
* 500 . . . . . . . . . 600

GluSerLeuProProI lePheAspIleValCysGlyGluTyrAlaAsnArgValPheThrI leLeuGlyLysAspAsnGlyLeuLeuThrValGluGInAlaV lLeuG lyLeuSerGly
GGt.AAGCUUGCCUCCAAUCUUUGACAUUGUCUGCGGUGAAUACGCUAACCGUGUUUUCAiCCAUCCUUGGUAAAGACAACGGUCUCUUAACCGUUGAtl.Ct,GGCUGUGCUUGGCUUGUCGGG

. . . 700
IletAspProlietG luLysAspTihrSerProGlyLeuProTyrThrGlnGlnGlyLeuArgArgThrAspLeuLeuAspPheAsnThrAlaLysij etThrProG l.LeuAspTyrAlaliis
CAUGGACCCCAUGGAGAMGGACACCUCCCCUGGAUUGCCCUACACUCAU.CAAGGACUjCAGACGAACUGACCUUCUGGAUUWCAACACUGCCAAAAUGACA,CCCCAAUUGGACUAUGCCCA

o . * *** * B00 *
SerLysLeuVa lLeuGlyValTyrGlyArgArgCysLeuProI lel lePheLysAspGlnIleArgProLeuliisLys IlelIisGluAlaLysThrArgI leValAspValProProPhe

UUCCAAACUGGUACUCGGCGUUUAUGGACGACGWUGUCUACCAAUCAUUUUUAAAGAUCAAAUUCGGCCCUUGCt.UAAGAUCCACGAtj,GCtAAAAACCCGGAUUGUUGAUGUGCCCCCGUU
* . . . . 900 . . .

AlaHisCysIleTrpGlyArgGluLeuLeuGlyArgPheAlaSerLysPheGlnThrLysProGlyLeuGluLeuGlySerAlaIleG lyThrAspProAspValAspTrpTiirArgTyr
UGCCCACUGCAUUWGGGGAAGACAGCUUUUGGGACGCUUCGCUUCCAAAUWCAAACUAAACCUGGACUUGASlCWUGGAUCUGCAP.UUGGAACUGACCCGGA.UGU-UGACUGGACGCGCUA

* * * 1000 *

AlaAlaGluLeuSerGlyPheAsnTyrValTyrAspVa lAspTyrSerAsnPheAspAlaSerHis SerThrAlal;etPheGluCysLeuIl1eAsr.Asn'PhePheTlhrGluGlnAsnG ly
UGCCGCCGtLGCUGAGCGGGUUCAhACUACGUCUAUGAUGUAGAUUACUCCAACUUWGAUGCUUCCCAUUCUACUGCt.AUGUUUGt,AUGUUUGtUAWMCAUUUCUUUACt,GAGCtAAAUGG

1100 . . . . . . . . . 1200
PheAspArgArgIleAlaGluTyrLeuA.r&SerLeuAlaValSerArgRisAlaTyrG luAspArgAr,ValTyr SerTrpG lyProAlaSerG lyCysAlaAlaThirSer'; 'e tLeuA.sn

AUUUGACAGACGCAUUGCCGAGUACCUUAGAUCUCUGGCUGUGUCGCGACAUGCUUAUGAGGACCGCCGUGUCUA,Ul GCUGGGGGCCUGCUWCGGGCUGUGCUGCUACC6GCA,UGWMAA
0 0 0

*. . . . . 1300
ThrIlel!letAsnAsnValIleIleArgAlaAlaLeuTyrLeuThrTyrSerAsnPheGluPheAspAspIleLysVa lLeuSerTyrGlyAspAspLeuLeuI leGlyThrAsnTyrGln

CACCAUCA,UGAACt,AUGUCA,UAAUUCGUGCUGCCCUGUACCUUACUUAUUCAAAUUUUGAAUUUGAUGAUAUUAAGGUCCUUUCCUACGGA.GACGti.CCUUUUAAUUGGSiACUAAUACCA
o .1 . . . . 1400 * *

IleAspPheAsnLeuValLysGluArgLeuAlaProPheGlyTyrLysIleThrProAlaAsnLysThrThrThrPheProLeuThrSer'isLeuG lnAspValThrPheLeuLy sAr,,
AAUGAUUWMAUCUUGUUAAAGAAAGAUUAGCCCCCUUCGGWUAUAAGAUUACUCCUGCCAACAAGt,CCACUP CUUWUCCUCUGACCUCCCAUUWGCAAGAUGUUACCUWCUt,A,GAG

1500 *

Ar,PheValArgPheAsnSerTyrLeuPheArgProGni'ietAspAlaValAsnLeuLysAlaletVa lSerTyrCysLysProGlyThrLeuLysGluLysLcuiletSerI leAlaLeu
AAGAUUUGUGAGAUUUAAUUCUUACCUGUUCAGACCUCAAAUGGtAUGCUGUCAAUUUGAAAGC6A%UGGUUAGCUACUGUAAMCCAGGAACACUUAAGGAGAMACUAMUGUCCt.WUGCUCU

* . . 1600 * *

LeuAlaValE.isSerGlyProAspIleTyrAspGluI1ePheLeuProPheiAr.AsnValGlyIleValVa lProTIrTyrAspSerlietLeuTyrAr£,TrpLeuSerLeuP'ieArg***
UCUGGCCGUUCAUUCUGGACCAGAUAUUWAUGAUGAGAUUUWCCUUCCUUUUAGGAAUGUGGAAUA,GUGUCCCCACCUAUGAUUCUAUGCUUWACAGAUGGCUUt.GCUUAUUAGAUG

1700 . . . . . . . . 1800

AACAUCCUCUCGAUCGGAUCGAACGUUUACCCUAGAAGCCACUAGGGUGUACGCGGCCGUUCUGACGUUGGAAUUCUUUUAlGGCAAAAGUUGUGUAGAUGCUUAUAAUUGGtAMAUGAGiGSA
1900

CAACApoly A

FIG. 1. Nucleotide and deduced amino acid sequences of 1925 bases from the 3' end of the TMEV genome. The proteolytic cleavage site
between the 3C and 3D polypeptides is indicated by an arrow at position 418.



VOL. 60, 1986

0

0 -

/

co

/

/

I~ 7 1

.93.S0 ;.8.3 930. 00 2050. 30 2 70 30 2290 3S
E.M.C. virus

605. so

I

1724.30 B44.3S .964.30 2084.33 2204.03 2324.30

F.M.D.V.

C,,)
o-
0

0

C>
°1

<MI
0

o-

1725.30 1845.00 1965.00 2085.00 2205.00

Polio

-I

Iz

ot -r r,,-r-f T-- rt X-T
599 .00 1t' 300 1839.30 959.30 20'S 30

Rhiino 14

FIG. 2. Comparison of the amino acid sequence of the TMEV 3' region with those of representative picornaviruses by using dot plot
matrices. Dots were scored when four consecutive amino acids (in a window of five) were identical. F.M.D.V., Foot-and-mouth disease virus.
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