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Nucleotide sequence of tomato ringspot virus RNA-2
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The sequence of tomato ringspot virus (TomRSV)
RNA-2 has been determined. It is 7273 nucleotides in
length excluding the 3’ poly(A) tail and contains a
single long open reading frame (ORF) of 5646
nucleotides in the positive sense beginning at position
78 and terminating at position 5723. A second in-frame
AUG at position 441 is in a more favourable context
for initiation of translation and may act as a site for
initiation of translation. The TomRSV RNA-2 3" non-
coding region is 1550 nucleotides in length. The coat
protein is located in the C-terminal region of the
large polypeptide and shows significant but limited

amino acid sequence similarity to the putative coat
proteins of the nepoviruses tomato black ring (TBRV),
Hungarian grapevine chrome mosaic (GCMYV) and
grapevine fanleaf (GFLV). Comparisons of the coding
and non-coding regions of TomRSV RNA-2 and the
RNA components of TBRV, GCMV, GFLV and the
comovirus cowpea mosaic virus revealed significant
similarity for over 300 amino acids between the coding
region immediately to the N-terminal side of the
putative coat proteins of TomRSV and GFLV; very
little similarity could be detected among the non-
coding regions of TomRSV and any of these viruses.

Introduction

Tomato ringspot virus (TomRSV), a member of the
nepovirus group (Harrison & Murant, 1977), is found
mainly in North America around the Great Lakes and
along the Pacific coast where populations of its nema-
tode vectors Xiphinema sp. occur. The most serious
disease problems caused by TomRSYV occur in Prunus sp.
such as peach and cherry, but TomRSV also causes
diseases in apple, raspberry and grapevine. Chronically
infected plants do not show obvious symptoms but are
characterized by a general decline in productivity (Stace-
Smith, 1984).

Like other nepoviruses, TomRSV consists of 28 nm
isometric particles composed of 60 copies of a single coat
protein species encapsidating each of the two compon-
ents of the bipartite, single-stranded, positive-sense
RNA genome (Harrison & Murant, 1977; Schneider et
al., 1974). The 5 terminus of each viral RNA component
is covalently attached to a small protein (VPg) (Mayo et
al., 1982) and their 3’ termini are polyadenylated (Mayo
et al., 1979). Mature TomRSV proteins are probably
released from two large polyprotein precursors corre-
sponding to RNA-1 and -2 by proteolytic processing as
shown for the nepovirus tomato black ring (TBRYV)
RNA-1 (Demangeat et al., 1990).

It has been suggested that nepoviruses be included as
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part of the picornavirus-like supergroup which includes
the comoviruses, potyviruses and piconorvaruses (Gold-
bach, 1987). Some common features within this group
include genomic structure and organization, as well as
regions of nucleotide and amino acid sequence similar-
ity. Martelli (1975) suggested that members of the
nepovirus group could be divided into three subgroups
based on the M, of their RNA-2 components. Subgroup I
would include grapevine fanleaf (GFLV), raspberry
ringspot, tobacco ringspot and arabis mosaic virus with
RNA-2 components of M, 1-4x106 to 1-5x108;
subgroup II would include TBRV, Hungarian grapevine
chrome mosaic (GCMV) and artichoke Italian latent
virus with RNA-2 components of M, 1-5x10° to
1-6 x 10%; and subgroup IIT would include TomRSV,
peach rosette mosaic, cherry leaf roll and myrobalan
latent ringspot virus with RNA-2 components of M,
>1-6 x 10°.

We report here the nucleotide sequence of TomRSV
RNA-2. This is the first sequence of a nepovirus from the
subgroup having a large RNA-2 component. Compari-
sons between this sequence and other nepovirus se-
quences are presented also.

Methods
¢DNA clones. Viral RNA used for preparation of cDNA was
obtained from a raspberry isolate of TomRSV. Two overlapping
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cDNA clones derived from TomRSV RNA-2 were used to determine
most of the nucleotide sequence of RNA-2; clone K6 which has been
described previously (Rott ez al., 1988), and clone O35. Generation of
035 was essentially as described by D’Alessio et al. (1987), except that
first-strand cDNA synthesis was primed from virion RNA using
the phosphorylated synthetic oligonucleotide, oligonucleotide no. 2
(5 TTCTGGTTCCTCTTCC 3°), which was complementary to
TomRSV RNA-2 at nucleotide positions 2201 to 2216. The amount of
first-strand product was estimated using agarose gel electrophoresis.
Solution containing first-strand cDNA was adjusted to 0-2 M-sodium
acetate pH 5-8, and cDNA was precipitated with 2-5 volumes ethanol,
and then washed with 709, ethanol before continuing with second-
strand synthesis (D’Alessio et al., 1987). Synthesized double-stranded
cDNA was ligated into the EcoRYV site of Bluescript (Stratagene) and
used to transform competent Escherichia coli DH5« cells (BRL).
Northern-blotted TomRSV RNA (Vrati et al., 1987) was used to
confirm that clone O35 originated from TomRSV RNA-2. Clone O35
(approximately 2-2 kb) was analysed further by restriction enzyme
mapping and dideoxynucleotide sequencing (see below).

Sequencing and sequence analysis. Subclones used to sequence clones
K6 and O35 were generated by restriction enzyme digestion and/or
exonuclease Ill-generated nested deletions (Henikoff, 1984). The
dideoxynucleotide chain termination method of Sanger et al. (1977) was
used to sequence double-stranded plasmid DNA templates using
modified T7 DNA polymerase (Sequenase) as described by Toneguzzo
et al. (1988). All portions of RNA-2 were sequenced completely in both
directions except for the 5 extreme 28 nucleotides which were not
present in any cDNA clone analysed. These 28 nucleotides were
sequenced in one direction only using viral RNA as a template (see
below). On average each nucleotide was sequenced over three times.

Two regions of TomRSV RNA-2 were sequenced using viral RNA
as template with synthetic oligonucleotide primers no. 1 (§
GCCTTCGATGGAACC ¥, complementary to positions 115 to 130)
or no. 2 and Moloney murine leukaemia virus reverse transcriptase in
the presence of dideoxynucleotides (Ahlquist et al., 1981).

Sequence data were assembled and analysed using the Gene-Master
(Bio-Rad) sequence analysis software package on a Compaq 386
computer. Further analysis was performed using programs and
databases available through the Canadian National Research Coun-
cil’s Scientific Numeric Database Service on a DEC VAX. We would
like to thank Bill Ronald and Jim Purves of Agriculture Canada for
writing a program used to test the goodness of fit between the amino
acid composition of the TomRSV coat protein (Tremaine & Stace-
Smith, 1968) and the calculated amino acid composition of segments of
the deduced polyprotein sequence encoded by RNA-2 (see Meyer et al.,
1986). The raspberry isolate of TomRSV used by Tremaine & Stace-
Smith for the coat protein amino acid composition analysis and the
raspberry isolate we have sequenced were both obtained from the
British Columbia Frazer Valley growing area and are therefore
probably very similar. The coat protein multiple sequence alignment
was made by a progressive alignment procedure which uses the
Needleman-Wunsch algorithm (Needleman & Wunsch, 1970) iterati-
vely to generate a multiple sequence alignment (Feng & Doolittle,
1987). The predicted amino acid sequences were compared using the
TFASTA program (Pearson & Lipman, 1988) with sequences in the
protein sequence libraries of the NBRF, Swiss-Prot and Pseqlp, and the
nucleotide sequence libraries of the NBRF, GenBank and EMBL. The
5’ region between two potential AUG initiation codons was analysed
for a possible coding function using the program TESTSCORE
(Fickett, 1982) and a window size of 67. Scores within the top 77 to
1009, predict coding regions. This was followed with the absolute
positional base preference method (Staden, 1984), using a window size
of 50, to determine the coding frame.

Results and Discussion

Sequencing and primary structure of RNA-2

Two overlapping cDNA clones, designated K6 and O35,
were used to determine most of the nucleotide sequence
of TomRSV RNA-2. Clone K6 which has been
previously described (Rott et al., 1988), corresponds to
5498 nucleotides at the 3’ end of RNA-2 (Fig. 54). Clone
035, which corresponds to the 5-terminal region of
TomRSV RNA-2, was derived using the synthetic
oligonucleotide primer oligonucleotide no. 2, which was
complementary to RNA-2 at a region approximately 400
nucleotides from the 5" end of clone K6 (Fig. 5a). Two
oligonucleotides (no. 1, complementary to TomRSV
RNA-2 nucleotides 115 to 130 and no. 2, complementary
to nucleotides 2201 to 2216) were used to confirm and/or
extend the sequence obtained by sequencing cDNA
clones. The sequencing reactions using oligonucleotide
no. 1 yielded 28 nucleotides at the 5" terminus of RNA-2
not present in O35 and resulted in two strong stop points.
These stop points correspond to nucleotides 1 and 2 of
TomRSV RNA-2 and are each denoted N in Fig. 1.
Oligonucleotide no. 2 was used to sequence part of the
viral RNA to confirm the presence of three tandem
repeats deduced from the nucleotide sequence within the
overlapping portions of clones K6 and O35 (see below).

TomRSV RNA-2 determined as described above is
7273 nucleotides in length excluding the 3’ poly(A) tail
(Fig. 1). The calculated M, of RNA-2 is 2-35 x10°¢
[excluding the 3’ poly(A) tail and 5 VPgl, which is
similar to the 2-4 x10° M, value determined by
denaturing gel electrophoresis (Murant ez al., 1981). The
base composition of RNA-2 is 22:5% A, 23-39, C, 24-99,
G and 29-39% U.

Open reading frames

A single long open reading frame (ORF) consisting of
5646 nucleotides is present in the virion sense orientation
of RNA-2. This ORF, which accounts for 78%, of the
RNA-2 sequence, begins at the first AUG at position 78
(AUG 78) and terminates at a UAA stop codon at
position 5723. The predicted translation product would
have an M, of 207K. AUG 78 (UUUGAUGUC) does
not have either the optimal Kozak (CG/ACCAUGG) or
Liitcke (AACAAUGGC) context for translation initia-
tion in animals or plants, respectively (Kozak, 1986;
Liitcke et al., 1987). The next in-frame AUG, which is
the fourth AUG from the 5’ terminus (UGCAAUGGA)
occurs at position 441 and is in a favourable Kozak
context for the initiation of translation with a G in the
—3 and +4 positions. This raises the possibility that
AUG 441 may be an initiation site for translation. The



predicted translation product beginning at AUG 441
would have an M, of 194K. However, there is further
evidence that AUG 78 may act as an initiation site for
translation. The 5 800 nucleotides of TomRSV RNA-2
were analysed using the program TESTSCORE (Fickett,
1982). The region beginning from AUG 78 gave a score
of between 50 and 779 for the first 100 nucleotides, and
then rose to 1009, through to the end of the sequence
analysed. Scores between 77 and 1009 indicate coding
regions (Fickett, 1982). Further analysis using the
absolute positional base preference method (Staden,
1984) indicates that there is only one coding frame in this
region beginning at approximately nucleotide 180 to the
end of the sequence analysed (the first 800 nucleotides).
AUG 78 is the only potential in-frame initiation site
upstream of the coding region indicated by TEST
SCORE and the absolute positional base preference
method. Translation initiation of TomRSV RNA-2
therefore, may be similar to that described for the
comovirus cowpea mosaic virus (CPMV) M RNA. The
latter has at least two in-frame sites for translation
initiation, one at position 161 and the other at position
512 and/or 524 (van Wezenbeek et al., 1983). Both sites
appear to be functional (Holness et al., 1989) and
preliminary results suggest both leaky scanning and
internal initiation as mechanisms for initiation at the 512
site (Wellink et a/., 1990). Initiation of translation at
internal AUG codons has been established to occur in
both poliovirus (Pelletier & Sonenberg, 1988) and
encephalomyocarditis virus (Kaminski et al., 1990) by a
mechanism of internal ribosome binding. For TomRSV
RNA-2, it is not known whether AUG 78 and/or AUG
441 act as the site for initiation of translation and further
work is required to address this question.

All other potential ORFs in the positive-strand were
less than 355 nucleotides in length. Two ORFs in the
negative-strand orientation are present which are 603
and 582 nucleotides in length (positive-strand nucleotide
positions 956 to 353 and 3103 to 2521, respectively). A
search of the NBRF, Swiss-Prot, Pseqlp, GenBank and
EMBL databases failed to detect sequences with
significant amino acid sequence similarity to either of
these two ORFs.

Non-coding regions

The 5 non-coding region of TomRSV RNA-2 was
analysed and compared to the corresponding regions of
the two RNA components of TBRV (Meyer et al., 1986;
Greif et al., 1988) and GCMYV (Brault ef al., 1989; Le
Gall et al., 1989), RNA-2 of GFLV (Serghini ez al., 1990)
and the B and M components of the comovirus CPMV
(Lomonossoff & Shanks, 1983; van Wezenbeek et al.,
1983). It has been reported previously that TBRYV,
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GCMV, GFLV and CPMV share a conserved
UGAAAAAU sequence downstream from the 5’ termi-
nus (Serghini et al., 1990). TomRSV RNA-2 has a similar
sequence (CGAAAAAU). This short octanucleotide
was the longest region of sequence identity that could be
detected between the 77 nucleotide 5" non-coding region
of TomRSV RNA-2 and the 114 to 287 nucleotide 5" non-
coding regions of any of these other viruses. The base
composition of the 5 TomRSV RNA-2 non-coding
region is similar to those of TBRV, GCMV, GFLV and
CPMV in having a high U content (44-2%) and a low
G+ C content (35:1%).

The 3’ non-coding region of TomRSV RNA-2 is 1550
nucleotides excluding the poly(A) tail. This is much
longer than the sizes of the 3’ non-coding regions of
TBRV, GCMV, GFLV and CPMYV, as well as those of
most other positive polarity RNA viruses. The 3’ non-
coding regions for TBRV, GCMV, GFLV and CPMV
are less than 305 nucleotides. Comparison of the 3’ non-
coding region of TomRSV RNA-2 with those of the
RNA-2 components of GFLV, TBRV and GCMV, the
M RNA from CPMYV, and poliovirus RNA did not
reveal any significant sequence similarity except for the
sequence AAAAGC found immediately preceding the
poly(A) tail in RNA-2 of TomRSV, TBRV and GCMV.
The conserved blocks of sequence among the 3’ non-
coding regions of TBRV, GCMV, GFLV and CPMV
previously reported by Serghini et al. (1990) could not be
detected in the 3’ non-coding region of TomRSV RNA-2.

The 3’ non-coding regions of TBRV, GCMV, GFLV
and CPMY have a high U content (40-5 to 48-09;) which
is similar to that of their 5 non-coding regions. The
entire 3’ non-coding region of TomRSV RNA-2 has a
lower U content of 31-:2%,. However, its extreme 3’ end
(approximately 110 nucleotides) has a U content of
44-29, which is similar to the high U content of the 3’
non-coding regions of the other viruses.

The possible significance of the very long 3’ non-
coding region on TomRSYV RNA-2 is unknown. In a
previous paper (Rott ez al., 1988) we reported that the 3'-
terminal regions of TomRSV RNA-1 and RNA-2 share
an extended region of nucleotide sequence homology.
Nucleotide sequence analysis of part of RNA-1 has
confirmed that RNAs 1 and 2 share 3'-terminal sequence
identity over a 1533 nucleotide region (unpublished
results). The possible significance of the 3’-terminal
identity of RNAs 1 and 2 in viral RNA replication will
be discussed in that communication.

Analysis of the RNA-2-coding region

(i) Location of the putative coat protein-coding region
Tremaine & Stace-Smith (1968) reported the coat protein
amino acid composition for a raspberry isolate of
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M 5 § I ¢C FAGGNUHARILP
NNAGCGAAAAAUCUGGUGAUAUUCCAACUUCUCUCAAUUCACACUUCCAUUGUGUCGUUUUGUUUUCUUUUCUUUUGAUGUCCUCCAUUUGUUUCGCCGGUGGCAACCACGCCAGGUNGE

$ KA R Y YROATI SDU RETLUDZRESGRTFUPTCGT CLA AQYTVOQAUPZPUZPABAKTAQE
CAUCGAAGGCUGCUUACUAUCGGGCUAUUUCCGAUAGGGAGCUGGACCGCGAGGGUCGCUUCCCUUGCGGCUGUCUAGCACAGUAUACUGUGCAAGCCCCCCCUCCUGCCARGACACAGG

K AV GRSADILO QI KGNVAPLTIEKIE KT QRTCDVVVAUVSG?PUPPTILTETLUVYTPA
AGAAAGCCGUAGGCAGGUCCGCUGACCUCCARAAGGGUAAUGUUGCUCCCCUUAAGAAGCAACGCUGCGAUGUUGUGGUCGCAGUCUCUGGACCUCCUCCUUUGGAGUUGGUCUACCCUG

RV G Q # RLDOQP S K G PLAUVZPSAIEKSO QTSTA AMEUVVLSAETEH BARBARTITARA
CCCGGGUAGGGCAACAUAGGUUGGACCAACCUUCAAAAGGUCCCUUGGCAGUCCCCUCUGCCAAGCAAACCUCCACUGCAAUGGAGGUUGUUCUUUCUGCUGAGGAGGCGGCUAUCACCG
kR

P WILULRPTGCIEKTGEA AZPTZPZPZ®PU®PILTAO QT®ROQOQTF®AATLIEKTEKTZ RTILAVYVIKSGOQQAQTITITRE
CCCCCUGGCUUCUUCGCCCCUGCAAGGGCGAAGCCCCCCCCCCCCCCCCCCUUACACAGAGGCAGCAAUUUGCUGCCCUAAAGAAGAGGCUGGCCGUCAAGGGCCAGCARAUCAUUCGCG

H I RA RIXKAA ATZ K YA ATIA AIKAIZ KT KA AA AR ML ARAV KA AR AGQEA BATPT RTLA AARAOQIKAA
AGCACAUUCGUGCUCGCAAGGCGGCCARAUAUGCCGCCAUCGCCAAAGCCAAARAGGCUGCGGCUCUUGCUGCCGUUAAGGCAGCGCAGGAGGCUCCUCGCCUCGCGGCCCARARGGCCG

I s K I L RDURDUVAATLTPZEPZPZPUPUPSAARTLA AAEA BAETLA ASI KA ATESTLHR RTR RILEL
CCAUCAGCAAGAUCCUUCGGGAUCGAGAUGUUGCUGCUCUCCCCCCUCCCCCCCCUCCUUCUGCUGCCAGAUUGGCAGCCGAGGCCGAAUUGGCCUCAAAGGCCGAGUCUCUCCGGAGGC

K A F KT F S RV RUPATLNTSTFUPPZPZPUPU?PZPPARSSEULTLAATFTEA BADHSBEMN
UCAAAGCCUUUAAAACUUUUAGCAGGGUACGCCCUGCUUUAAACACUUCUUUUCCUCCCCCUCCCCCACCCCCUCCGECUCGEUCUUCCGAGCUUUUGGCAGCUVUUGAGGCUGCCAUGA

R S Q PV QGGVF s L PTZRIEKTGVYVAZPTUVQGV YV RAGTLT RAOQIKTGT FTILNA
ACAGGUCUCAGCCUGUUCAAGGGGGCUUCUCCCUCCCUACCCGCAAGGGUGUUUAUGUCGCUCCCACCGUUCAGGGUGUGGUGCGCGCUGGGCUUCGUGCCCAGAAGGGCUUUUUGAAUG

V §$ TG I VAGARTITLIEKSI KSONWMWTFHRI R SMGTIA AHDYVESGCMASTVL
CCGUCUCCACCGGCAUUGUGGCUGGAGCUCGCAUUUUAAAGAGCAAAAGCCAAAAUUGGUUUAGGAGGAGCAUGGGCAUUGCCCAUGAUUAUGUUGAAGGAUGCAUGGCCAGCACUGUUU

G CAGPVVOQRUOQOEA ACSUVVAAPTZPTIUVETPVILWVPPILSETYANIDTFPK
UAGGUUGUGCUGGGCCUGUUGUGCAACGACAGGAAGCUUGCAGCGUUGUUGCUGCACCUCCUAUAGUGGAGCCCGUUUUGUGGGUUCCCCCAUUGAGCGAGUACGCUAACGAUUUUCCUA

L TCSTTF¥FTE®WOQRUPRIEKS OSTIA ATISNTILTFARIEKTILTIDI RALILVYVSGV S5 L IA
AGCUUACUUGCUCUACUUUUACUGAAUGGCAAAGACCGCGCAAGCAAUCUATUGCCAUUUCUAACCUUBUCCGCARGCUCAUUGAUCGUGCUUBGCUBGUGAGUGGCGUUAGCUUGAUUG

$ VL L F ETI AENTFA AVUZ ROQAVCPUVEMEPSCATS SV S5 EZKSLV S LDESG G
CGAGCGUCCUCCUAUUUGAGAUVGCGGAAAAUUUUGCCGUGC GACAGGCGGUUUGCCCAGUGGARAUGCCGUCUUGCGCARCCUCUGUUUCGGAGAAAUCCUUAGUCUCAUUGGAUGAAG

N F Y L RKYULSPPZPJYUZPTFGRTESTFTVYTFOQARTPRTFTIGEPMPSMVRAUVTPEL
GGAAUUUUUAUCUCCGUAAAUAUUUAUCACCACCUCCCUAUCCUUUUGGUAGGGAAAGUUUCUAUUUUCAAGCUAGGCCCCGUUUUAUUGGGCCUAUGCCUUCUAUGGUUAGGGCUGUAC

Q I VQOQPTMTTETETLTETFTEVTEPS S WSS PLZPILTFA ANTFIKVNR RTGSGHA ATCTFTLDQ
CACAAAUUGUACAACAGCCUACCAUGACGGAGGAACUCGAAUUUGAAGUUCCUUCCUCAUGGUCUUCUCCUUUGCCUCUGUUCGCGAAUUUUARAGUGAAUAGGGGCGCAUGUUUUUUGT

VLPOQRVUVILZPDETCMSDTELTULSTILTFTEDOQQTLTZP?PETSG?PTLZ®PST FSWS S5 P LPLTF
AAGUCCUGCCUCAAAGGGUUGUUUUACCCGAUGAAUGC AUGGAUULGCUUUCUCUUUUUGAGGAUCARUUGCCGGAAGGGCCUUUGCCUUCCUUUAGUUGGUCUUCACCUUUACCUCUAL

A NF KV NRGACT FULOQVLPQRUV VL P D- E CMDIULIULSLF EDOQTLU®PEGP
UCGCGAAUUUUAAAGUGAAUAGGGGUGCAUGUUUUUUGCAAGUCCUGCCUCAAAGGGUUGUUUUACCUGAUGAAUGCAUGGAUUUGCUUUCUCUUUUUGAGGAUCAAUUGCCGGAAGGGC

L P S F 5 WS S PLPTLTFASTF KV VNR RGATCCFLOQVILPARTIEKVYVVYVSDETFMD
CUUUACCUUCCUUUAGUUGGUCUUCACCUUUACCUCUAUUCGCGAGUUUUAAAGUGAAUAGGGGUGCAUGCUUUUUGCAGGUUUUGCCUGCGCGCAAGGUCGUCUCUGAUGAGUUCAUGG

VLPFLTFSZPLVSHOQETETETPTEMUVPH-AVLEA BAADS SV GDTITEATFTFDD
ACGUCUUGCCCUUUUUGUUCUCUCCACUGGUAUCGCACCAGGAAGAGGAACCAGAAAUGGUUCCUGCUGUGUUGGAAGCAGCAGAUUCAGUUGGUGAUAUCACCGAAGCCUUCUUUGAUG

L ECE S F YD S Y S DETFETEH BAEMWA ATEVPRTCIEKTMSETLTCASTLTTLASGTDA
ACUUGGAAUGUGAGUCUUUCUAUGACUCAUAUUCUGAUGAAGAAGAAGCUGAGUGGGCUGAAGUGCCAAGGUGUAAGACUAUGUCUGAACUUUGCGCUUCUCUUACUCUUGCCGGUGALG

E 6L R K S H GV F L KU RTIULUVTYTULOQST FETET®PTLYS5 S5 RATFZY SV KVIKTFPUVY
CCGAGGGGCUACGUAAGUCUCACGGGGUUUUUUUAAAACGCCUUGUGACUUACCUUCAGUCCUUCGAAGAGCCACUUUACUCUUCACGCGCCUUVUAUAGCGUGAAGGUGAAGCCAGUUU

R P K KFEGHIDG CTT G CTLUDTGNMGTET ®WTEMWRESUVDAMU®ZPRECPOGRTILTLNT
AUCGUCCCAAAARAUUUGAGGGACAUAUCGAUUGUACCUGCCUCGAUGGCAAUAUGGGCGAGUGGGAAUGGC GCGARAGCGUCGACGCUAUGUGGCGUUGCCCAGGGCGCUUGCUCAAUA

XK R T F T RDUDWEURUVOQYULURUIGTFNES GRTYURIRNUSWIRVYVILINTILETEMMDTZLSIL
CAAAGCGCACAUUCACUCGCGAUGAUUGGGAGCGUGUGCARUAUUUACGCAUAGGCUUCAAUGAGGGUAGAUACCGCCGAAAUUGGCGCGUUUUAAACCUUGAGGAGAUGGAUCUCUCUU

HE Y PETIS S APV QS SLF SRV VDR RGATTLA ASSTI11PTFUVTRSUNTC® QS
UGCAUGAAUAUCCAGAGAUUUCGUCUGCCCCAGUACAGUCCUCUCUUUUUUCGAGGGUUGUCGAUAGGGGAGCCACC UUGGCAAGUAGUAUCCCCUTUGUUACUCGCUCUAACUGCTAGY

$ L GT P G L NV HTTIHOQEA ATPTTTLU RATPZPTFTGA ARNUVMGS S DAGAN
CUUCUCUAGGAACUCCUGGUUUAAAUGUACAUACUAUACACCAGGAAGCCCCUACUACAUUGCGAGCUCCACCUUUUACAGGAGCGCGCAAUGUAAUGGGAUCCUCUGAUGCGGGUGCAR

A AP YR S EARIKTZ RMWTILSRIKTUG QETDSsSQQETDUSNTII KT RYADI KUHGTISSFETEHA AR
AUGCUGCUCCGUACCGCUCAGAAGCGCGCAAGCGCUGGCUGAGUCGUAAACAAGAGGAUUCC CAAGAAGAUAACAUUAAGAGGUAUGCCGAUAAGCACGGCAUUUCCUUUGRAGAGGCUA

AV Y K AP XK E GV P T QR S ILPDUVRDA AYSARTSAGA ARIVRERSTILTFTGS®GS
GAGCUGUCUACAAGGCCCCAAAGGAAGGAGUGCCUACCCAGCGCUCCAUUCUGCCUGAUGUUAGAGAUGCUUAUUCUGCCCGUUCUGCUGGCGCUCGGGUUCGGUCCCUCUUCGGAGGAU

P TTRAMQRTEDTFU VILTS®PSAGDA ASSFSFYFNPVSEQEMMAMAETQE
CCCCUACCACGCGCGCACAGAGGACGGAAGAUUUUGUGUUAACGAGCCCGUCUGCGGGGGAUGCAAGCUCGUUUAGUUUUUAUUUUAARUCCCGUUUCUGAGCAAGAGAUGGCUGAGCAAG
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TomRSV RNA-2 sequence

R 6 GNTTMUL S L DAV EUVVIDEPVGMEZPGEEDDTDILTV VMV LMWCOQNSTDD
AGCGUGGUGGUAAUACUAUGCUGUCUCUUGAUGCGGUUGAGGUCGUUAUCGACCCAGUUGGCAUGCCUGGUGAUGACACUGAUUUGACUGUUAUGGUCUUGUGGUGUCAAAAUUCAGAUG

@ R 2L I 6 A M S TTFVGNGLARAVT FYZ®P?PGEL KU LILYA ANTCRVZRDSGRUVTEL
AUCAGCGCGCUCUGAUCGGGGCCAUGUCUACUUUUGUGGGCAAUGGCCUGGCCAGAGCCGUUUUCUAUCCCGGGCUUAAAUVAUUAUAUGCCAAUUGUAGAGUGCGAGAUGGCCGAGUUY

KV IVSSTNSTILTUHGTLZPOQOQA AGOQVSTIOGTTLHR R QHTLTGEPGUHDRTTISGA
UAAAGGUCAUUGUGAGCAGCACAARUUCAACGCUCACGCAUGGUUUGCCCCAGGCUCAAGUCUCCAUUGGGACUUUGCGCCAGCAUUUGGGGCCAGGUCAUGAUCGCACUAUCUCUGGUG

LYASOQQQGF N NTIRATEG Q@GS GA AV VTT FA APUQGS GHVETGTIUPSA ANVAOQOMG
CCCUGUAUGCUUCCCAACAACAGGGUUUCAAUAUACGCGCCACGGAACAAGGUGGUGCUGUAACAUUUGCCCCCCAAGGGGGCCAUGUUGAGGGUAUCCCCAGCGCCAAUGUACAGAUGG

A G E HLIQAGTPMOQM®WR RILOQQHR RSQSSURTFUVV S GHSRTRGS S LFTGS
GCGCUGGGGAGCAUUUAAUUCAAGCGGGUCCCAUGCAGUGGCGCUUGCAGAGGUCGCAAUCUUCUCGAUUUGUGGUCUCUGGUCAUUCGCGAACGCGUGGAAGCUCUUUGUUUACUGGAA

vV D RTOQOQQGT GAF EDUPGT FTLPPRNSSUV QGG S WQEGTEA AR BAYTLGK
GUGUCGAUAGGACGCAGCAGGGAACGGGGGCUVUUGAARGACCCGGGUUUUUUACCACCCAGGAAUUCUUCUGUUCAGGGCGGGUCCUGGCAAGAAGGUACUGAAGCCGCUUAUUUAGGCA

v T ¢C A KDAIKGGTUL L HTULDTITIIXKETCIKSQNILILURYIKTEHWMWAOQRUGQGTFILH
AAGUUACCUGUGCGAAGGACGCCAAGGGUGGAACUUUAUUGCACACUUUGGAUAUUAUAAAAGAGUGCAAARUCCCAAAAUUUAUUAAGGUAUAAAGAAUGGCAACGUCAAGGCUUUCUUC

G K L RLRCTFTIUZPTNTIFU CGHSMMTCSULUDATFT GHRYUDSNUVLGASTFPV
AUGGAAAGCUUAGAUUGCGCUGCUUUAUACCCACUAACAUUUUUUGUGGGCAUUCCAUGAUGUGUUCCUUGGACGCGUUUGGUCGUUAUGAUUCGAACGUGCUAGGUGCUAGUUUUCCAG

K L A S L LPTEVISULADGEPVVT®WTT FUDISGRTILUC CGIHGEGTLYYSs EGAY
UGARGUUGGCAAGUUUAUUGCCAACGGAGGUGAUUAGUCUGGCUGAUGGGCCCGUGGUCACGUGGACGUUUGAUAUUGGGCGUCUGUGUGGUCAUGGUCUCUAUUAUUCCGAGGGCGCUU

A R P K TIUYFULV LS DNUDV?PAEA ADU WO OQTFTYOQQLULFETDUHTT FSNSTFGA
AUGCGAGGCCCAAAAUUUAUUUVUUUAGUUCUVUCCGAUARUGAUGUUCCUGCAGAAGCAGAUUGGC AAUUUACCUAUCAGCUUUUGUUCGAGGAUCAUACAUUUUCGAAUUCCUUUGGGG

vePFITULPMHTITFNZ RILDTITGTYUW®RTG?PTETIDTLTST®PAPNA AYRTILILTFSG®G
CGGUUCCUUUUAUUACCUUACCCCAUAUUUUUARUAGAUUAGAUAUAGGUUAUUGGCGCGGGCCARCAGAGAUAGAUUUAACAUCAACUCCCGCACCAAACGCCUAUCGUUUACUUUUCG

L 58 T VIS G NMSTTLUNANSO QATLTLU RTPEFTFIQG6 S NGTULRGRTIIZ KI KTITGTATL
GCUUGUCCACUGUCAUUAGUGGUAACAUGUCGACUUUGAAUGCCAAUCAAGCCUUAUUGCGUUUUUUCCAGGGCUCGAAUGGCACUUUACAUGGGCGCAUUARAAAGAUAGGGACAGCAC

T T € 8 L L L S L R H KDA S L TVLETA AYQRZPHY I UL ADSGO QGATFSLUPTI
UUACAACCUGUUCCCUUUUAUUAUCGUUGCGCCACAAAGAUGCGAGUCUCACAUUGGAGACCGCAUAUCARAGGCCCCAUUACAUUUUGGCUGACGGACAAGGGGCUUUUUCAUUACCAA

S T P HAA AT S F L EDMTULURTILIETITVFATIA AG? P F S P KDNI KA AIEKYOQTFMTCYF
UUUCUACCCCCCAUGCAGCAACCUCCUUUUUAGAGGACAUGUUGCGCCUGGAGAUUUUUGCUAUUGCUGGGCCUUUUAGUCCCAAAGAUAAUAAAGCAAAAUACCAAUUCAUGUGUUAUU

D HI ELVEGVPRTTIAGE G QA QTFNW®WSCSTFRNTFIEKTIDUDU®Z KT FEWZPATRIL
UCGAUCACAUAGAAUUGGUUGAGGGGGUACCUAGAACUAUAGCAGGCGAACAGCAGUUCAACUGGUGCAGUUUUAGAAAUUUCAARAAUCGAUGACUGGAAGUUUGAGUGGCCGGCUCGCC

P DI LDUDIKSEVILTLROQUHPTILSULILTISSTGTFTFTGRA ATITFUVTFOQWSGTULN
UUCCAGAUAUACUUGAUGAUAAGUCAGAAGUGCUCUUAAGGCAACAUCCUUUAUCUCUGCUUAUCUCAUCUACCGGUUUUUUUACGGGUAGAGCCAUUUUUGUUUUCCAGUGGGGUUUGA

T T AGNMIKGST F S ARULAFGT KTGVETETITEQ QTSTVOQPULVGACEATRI
AUACUACUGCUGGGAAUAUGAAAGGUUCAUUUUCUGCGCGCCUGGCCUUUGGCAAGGGCGUUGAGGARAUUGAGCAAACGUCARCAGUGCAACCACUUGUUGGCGCUUGUGAAGCCCGCA

P VETFI KTYTOGYTTSGZPUPGSMEZPYTIZYVRILTAOQAIZ KT LV VDA RTILSVNUV
UACCCGUGGAGUUUAAGACUUACACGGGUUAUACUACUUCGGGUCCUCCUGGAUCUAUGGAACCAUACAUUUACGUGAGGCUUACGCAAGCUAAGCUUGUGGAUAGGCUUUCUGUGARUG

I L Q EGF 8 F Y G P 5 V KHF K KEV GT P SATULGTNNZPPVGRUZPUPENWV
UUAUUUUACAGGAGGGAUDUUCUUUCUAUGGACCUAGUGUCAAACAUUUUAAGAAAGAAGUCGGCACGCCURGUGCCACCCUAGGGACAAAUAAUCCCGUUGGGCGCCCACCUGAGAALG

D T GG P G G Q Y A AALUOQA AAQOQAGT KNZ®PTFGURG *
UCGAUACAGGGGGUCCUGGCGGCCAGUAUGCAGCUGCCUUACAAGCAGCCCAGCAAGCUGGAAAAAAUCCUDUCGGGCGUGGCUAAGUUGGCUUCCUGARAGGCGAGUAGCUGCCGUUAG
CAGCUUCCAAAAGGUGGCCUCUUAAUUAGCUUUUAAUAGGGGUUAUCCAGCCUUAAGCAAGCUGGCACCGGUCCUGAUGGACUACCAGGAARGCACCUGGUUUGGAAGAAUUCGAGUAAA
AUUCUUAAAUCUUGUUUACUCGUGACUUAUAGUACAUUCAAGAGGAAUGACUCAUGUUUUGUUUAUUUACAUGAUGGCAUAAAGAGUUAACGGCUCAUAUGGUGCUCAUUACGUUCAAGU
GUUGAAGGAUCCAAUAGCCUUGAACUGUGGUGCCAUGUGAGGAAAUCCACGUUAUCUCUGAUUGUCAAAAUAGACUAGUCUAGGAGACGAUAAAUCCUAUGUGGGUGAGUCCCACUCUGG
CGAGACACGCAGUGCCUUUUAUUUGUUUGAGGUUAUCAAACAUCAUAUCUUGAGUCUGCAUUUAAAUUCGAAUAAUGUAGUUGUCAUAGCCUACCGAUGAGUCUGCGAGARAGGUUCCAU
GAGGACUUGGGUUGGCUAACCCCCACUUAAUCUCUUCAUAGAUCAUUCGACAGUGUGUCGAGAAACUAUGGGUUUUGACACCUUARGGGAAGCGAGAGUUCUCGUAUGGAUAUCACUCUA
AUCAUGGUACUUACCAUGCCAUGUUUAGAGUAAAUCAUCGCCUCGACGGUGUGAUAC UUUCCUUAAGUUUUAGUCAAARCGAUAGUCUCGUUGAUCGUAUGUGAAGCGUGGAGCGAGUUCG
AAACGAACUGAUUACCAGAGGUAGGACGCUAUUGUUCCAGGCGUUUCUUAUGGGCAUAAGCUGUAAACUUGGUUUCGCARGCCAUGCAGCACCUCCCGUUACUUGUGUACUUUCUAGGGG
CUCCCGGCCUUCCUUCCGGUACAAUACCUAGUGAAGCAAGUAAUUGCGUUGAGGGAUAAGAGUAGCAUGUUCCUACUUAAGGAAGGAAUAUGUCGUGUUUUCCACACGUUAGUGUUGCAA
UGCUGUAAUGGCACUGCAGUGCAGGAAUGGUUCCCAGCCACUUUUUCUGGGAUUCUAAUCGUACGUCACAAUUGUGUGUGUAUCGUUGACGGAGGAGUAGCGAUCCUCUACCACGCGAGU
CUGGAAGUGAUUACCAGGGCCUARGAUGGCCAGCACACGGUACGAUUAAAUUUAGCUGUAAUGUAGUGGUAUGUUAAGUUGAGACUAACUUACCCGUACGAGUUAAACUCUAAGAUGGAU
GUGUGUUCUGCCAUCUUAGAGGAAGUAGAUGUGUUUUUACCAAUCUGAGACGAGCCGUUAAUUCGGUGCUUUAAUACGUCAAUGAUAAUACUCGUGCAGUUGCAGCUGCACGAGUAUGUU
GGUACACACAGUCUACUCGGAUACGGUCGAGUUACCCUCACARUAGGGAUUACUCUCUCAAUCUUAACUACUGCAAGGACGUUGUUUUCGCAGGGUUUUGUUGGUCCGUUUGUGUUUCAR
AACGCUGCUUUGCAAUUUUCUUUUUUGUUUUAUUGCUUUCGUAGUGUCGAACUUUGUCCAAGUUCAUAAAAGC

Fig. 1. Nucleotide sequence of TomRSV RNA-2 and deduced amino acid sequence of the long polyprotein. The first two nucleotides
which could not be read from the sequencing gel are each represented by an N. The second in-frame AUG proposed to be the initiation
site for translation is indicated by three asterisks. The underlined regions are complementary to oligonucleotides no. 1 and no. 2.
Nucleotides are numbered on the left beginning at the first N. Amino acids are numbered on the right and begin at the first in-frame M.
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1510

TomRSV 130 Q GGSWQEGTEAAYLGKVTCAKDAKGGTLLHTLDIIKECKSONLLRYKEWQ

TBRV
GCMV

KAGGSYAFGETIELPATVTPGTVLAVFNIFDKIQETNTRVCSKWL

834

RAGGEFAFIHTIDLPTAVTEGQVLAKIDIFRKKIQDAKSMVCVOWMNM

810
680

GFLV

RGLAGRGVIYIPKDCQANRYLGTLNIRDMISDFKGVQYEKWI

LR B A

RQGFLHGKLRLRCFIPTNIFCGHSMMCSLDAFGRYDSNVLGASFPVKLAS
EQGYVSQNLTAISHLAPNAFSGIAIWYIFDAYGKIPGDV-TTTFELEMAR

TomRSV 1371
TBRV

GCMY

GFLV

880

856 QAGYVNKNLTFISHLAPSQFCGVAIWYIFDAYGKIPSDV-TTSLELEIAR

723

TAGLVMPTFKIVIRLPANAFTGLTWVMSFDAYNRITSRI--TASADPVYT

LLPTEVISLADGPVVTWTFDIGRLCGHGLYYSEGAYARPKIYFLVLSDND
SFDPHVQVLRDVSTSTWVIDFHKICGQTLNFSGQGYCVPKIWVIAASTEFQ
SLCPHVHVLRDSKTSVWTIDFHKICGQSLNFSGRGFSKPTLWVIAASTAQ

LSVPHWLIHKHHKLGTFCSEIDYGELCGHAMWFKSTTFESPRLHFTCLTGNN

TomRSV 1421
TBRV

GCMV

GFLV

929

905

k!

VPAEADWQFTYQLLFEDHETFSNSFGAVPFITLPHIFNRL-DIGYWRGPTE

TomRSV 147t
TBRV
GCMV

LARSTATKFRLEFYTRGEKLVRGLAEQP-LSYPIEARHLTDLNLMLAPKYQ

979
955
821

LPWSAQVTYRLEALAQGDEIAHGLATRSIVTYPISLEHLKDIEIMLPPROQ

GFLV

KELAADWQAVVELYAELEEATSFLGKPTLVFDPGVFNGKFQF-LTCPPIF

* *

*

IDLTSTPAPNAYRLLFGLSTVISGNMSTLNANQALLRFFQGSNGTLHGRI
IAVGTYAMIT-FPVSLAAKLQSTSGRTAYSYAAGLLSHFLGVGTGIHFVYV
MAIGNAGSIN-FPLSFAVQQKSSSGRIAYSYAAGLLSHFLGIGTGIHFKI

TomRSV 1520
TBRV

GCMV

GFLV

1028

1005

FDLTAVTALRSAGLTLGQVPMVGTTERKV-YNLNSTLVSCVLGMGTGVRGRYV

870

KKIGTALTTCSLLLSLRHKDASLTLETAYQRPHYILADGQGAFSLPISTEP

TomRSV 1570
TBRV

1077

RTTSSAFVTSKLRIALW--GTVPETDQLAQMPH-VDVEVNVDASLQIQSP

GCMV
GFLV

1054 QCTSSAFVTARLRVALW--GDTITLEQLSQMPH-VDCDVDVVSSLKIQSTP
9199 HICAPIFYSIVLWVVSEWNGTTMDWNELFKYPG-VYVEEDGSFEVKIRSP

-HAA--- - - -TSFLEDMLRLEIFAIAGPFSPKDNKAKYQFMCYFDHIELV
FFST-~-----ANFGNSGSAFYVSTLCAPMAPETVETGSEYYIQIKGIEAN

TomRSV 1620
TBRV

1124

1101

FYAT------ANFGDSGARFWVTPMSSPMAPETMESKLEYYIQILGIDAD

YHRTPARLLAGQSQRDMSSLNFYAIAGPIAPSGETAQLPIVVQIDETIS-VR

GCMV
GFLV

968

EGVPRTIAGEQQFNW-CSFR---NFKIDDWKFEWPARLPDILDDKSEVLL
PGLCREINYKQRFAW-CLLECLDNSKASPIKVKIPSRIGNLSSKHVKVTN
PPMCRQINYDOQRFAWFTLLRPPDPKLSKILKLTLPSRVCNIAYKEATVTN

TomRSV 1663

TBRV
GCMV

1168
1145
1017

GFLV

PDLSLPSFEDDYFVW-VDFS---EFTLDKEEIEIGSRFFDFTSNTCRVSM

ROQHPLSLLISSTGFFTGRAIFVFQWGLNTTAGNMKGSFSAKLAFGKGVEE
FVNALAILCATTGMHHGNCTIHFSWLWH--PAELGKQL-GRLKFVQGMGI

TomRSV 1709
TBRV
GCMV

1217

YVNAFAIMCATTGHMHAGKCILHFSWTLN--KGTSFKDLQGHISFYSGHGD

1195

13 GENPPAAMIACHGLHSGVLDLKLQWSLN----TEFGKSSGSVTITKLVGD

GFLY

I1---EQTSTVQPLVGACEA-RIPVEFKTYTG-YTTSGPPGSMEPYIYVRT

TomRSV 1759

1109 KA -MGLDGPSHVFAIQKLEGTTELLVGNFAG-ANPNTRFSLYSRWMAIRKL

* ¥ T ¥ @
TQAKLVDRLSVNVILQEGFSFYGPSVKHFKKEVGTPSATLGTNNPVGRPP

PDFSWVASLHVSIEVHEGFKFYGRSAGPLTIPATVADVSAVSGS

*

TomRSV 1803
TBRV

GCMV

GFLV

1312

1293 AHWDWLTSLTVDIQVLPGFRFYGRSAGPLTIPS

1157

DQAKSIKVLRVLCKPRPGFSFYGRTSFPV

TomRSV 853 ENVDTGGPGGQYAAALQAAQQAGKNPFGRG

Fig. 2. Alignment of the amino acid sequences of the TomRSV, TBRV, GCMYV and GFLV putative coat proteins. Alignment was
generated using the multiple sequence alignment program of Feng & Doolittle (1987). A double asterisk indicates amino acids common
to all four sequences. A single asterisk indicates three of four amino acids at that position are identical. Underlined dipeptides are
known or potential cleavage sites. Numbers to the left of each line of sequence refer to amino acid position on each nepovirus RNA-2

polyprotein.



TomRSV 984
GFLV 360

TomRSV 1059
GFLV 435

TomRSV 1134
GFLV 510

TomRSV 1209
GFLV 585

TomRSV RNA-2 sequence

* * * % * * k& Kk * *x * k% *
ARKRWLS-RKQEDSQEDNIKRY~--ADKHGI SFEEARAVYKAPKEGVPTQRS ILPDVRDAYSARSAGARVRSLFG
GRAQWISERRQALRRREQANSFEGLAAQTDMTFEQARNAYLGAADMIEQGLPLLPPLRSAY~——-——- APRGLWR
* * hkk * kk * * Ahkkkk A%k * * *k * * Kk kkkk kkkkk

GSPTTRAQRTEDFVLTSPSAGDASSFSFYFNPVSEQEMAEQERGGNTMLSLDAVEVVIDPVGMPGDDTDLTVMVL
G-PSTRANYTLDFRLNGIPTG-TNTLE ILYNPVSEEEMEEYRDRGMSAVVIDALEIAINPFGMPGNPTDLTVVAT

* *k kk hkk khkhkkhkikk *x Khkk * * * kkk K * k kkkkkk

WCONSDDQRAL IGAMSTFVGNGLARAVF YPGLKLL YANCRVRDGRVLKVIVSSTNSTLTHGLPQAQVS IGTLROH
YGHERDMTRAF IGSASTFLGNGLARAIFFPGLQ--YSQEEPRRESI IRLYVASTNATVDTDSVLAAISVGTLRQH

*  kx kK * k% xkk k% * % % ® k& % % * * Xk Rk *

LGPGHDRTISGALYASQQQGFNIRATEQGGAVTFAPQGGHVEG IPSANVOMGAGEHL I QAGPMOWRLORSQSSRF
VGSMHYRTVAS TVHQAQVQGTTLRATMMGNTVVVSPEGSLVTGTPEARVE IGGGSS IRMVGPLOWE SVEEPGQTF

1511

*k

TomRSV 1284 VVSGHSRT
GFLV 660 SIRSRSRS

Fig. 3. Amino acid sequence alignment of the regions N-terminal to the TomRSV and GFLV coat proteins. Dashes indicate gaps
introduced to maximize the alignment. Asterisks above the sequences indicate positions of amino acid identity. The numbers to the left
of the sequences indicate amino acid positions on the long polyproteins of TomRSV RNA-2 and GFLV RNA-2.

Table 1. Amino acid composition analysis of the TomRSV
coat protein

Amino Relative Determined
acid mole ratio* Scaledt from sequence}

A 149 36 43

C 51 12 10

D+N 16-0 38 45

E+Q 181 43 49/47

F 14-5 35 37

G 181 43 53/51

H 52 12 13

1 12-7 30 28

K 9-7 23 26

L 24-1 58 60

M 27 7 7

P 11-5 28 32

R 105 25 26

S 16-2 39 38/37

T 149 36 40

A% 99 24 26

w 52 12 9/8

Y 73 18 20

* From Tremaine & Stace-Smith (1968).

1 Relative mole ratio values were rescaled for a coat protein with an
M, of approximately 58000 as determined by Allen & Dias (1977).

1 Value to the left of the slash is determined from the potential Q-G
cleavage site, the value to the right of the slash is determined for the
potential Q-E cleavage site.

TomRSYV assuming an M, of 24000. Later, Allen & Dias
(1977) reported that the TomRSV coat protein had an M,
of 58000. We have rescaled the coat protein amino acid
composition determined by Tremaine & Stace-Smith for
a protein with an M, of 58K (Table 1) and compared this
with the predicted amino acid composition encoded by
the RNA-2 long ORF by chi-squared analysis. Values of
chi-squared were greater than 27-6 for sequences
C-terminal to residue 1037 and were less than 5-4 for

sequences between residues 1235 and 1882. This would
suggest that the TomRSV coat protein is encoded at the
C-terminal region of the RNA-2-encoded polyprotein. A
comparison of the amino acid composition of the
TomRSV coat protein and the C-terminal region of the
RNA-2-encoded polyprotein is shown in Table 1. The
coat protein-coding regions for the nepoviruses TBRV,
GCMYV and GFLV have also been localized to the
C-terminal region of the RNA-2-encoded polyproteins
(Meyer et al., 1986; Brault et al., 1989; Serghini et al.,
1990). An alignment of the amino acid sequence at the
C-terminal region of the TomRSV RNA-2 polyprotein
and the putative coat protein sequences of TBRYV,
GCMV and GFLV is shown in Fig. 2. The putative
TomRSYV coat protein sequence shared sequence identity
of 21-4%, 22:9% and 23-4% with the putative coat
protein regions of TBRV, GCMV and GFLV, respec-
tively. The N-terminal region of the putative coat protein
was analysed for the following potential protease
cleavage sites: Q-S, Q-G, Q-M, E-S, E-G, R-A, R-G
and K-A (Palmenberg, 1990; Wellink er al., 1986,
Serghini et al., 1990; Brault et al., 1989, Demangeat et
al., 1990). The sites Q-G and E-G, at amino acid
positions 1320-1321 and 1325-1326, are tentatively
identified as potential cleavage sites for the TomRSV
putative coat protein based on their location and the
previously determined size of the TomRSV coat protein
(Fig. 2). The Q-G and E-G sites proposed for TomRSV
are different from the R—-A, R—-G and KA cleavage sites
proposed for GCMV, GFLV and TBRYV, respectively,
but are similar to those of the como-, poty- and
picornaviruses (Hellen et al., 1989). A third potential
cleavage site may occur at the K—G site at position 1343—
1344 which would conform to a nepovirus consensus (K
or R-G or A). The putative TomRSV coat protein would
have a calculated size of 60K to 62K which is similar to
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the 58K determined by SDS-PAGE (Allen & Dias,
1977). The TomRSYV coat protein is larger than the coat
proteins of TBRV, GCMYV and GFLYV. The larger size of
the TomRSV coat protein is at least partially due to an
additional 36 to 48 amino acids at the C terminus (Fig. 2).

(i1) Coding region N-terminal to the putative coat protein
The region to the N-terminal side of the putative coat
protein has the capacity to encode a 132K to 145K
polypeptide depending on which AUG acts as the
translation initiation site. It is not known how many
different protein products are encoded by this region or
what their functions are. However this region can be
divided into several domains based on similarities in
amino acid sequence and genomic organization with
other nepo- and comoviruses as well as some unique
features of the TomRSV RNA-2 polyprotein itself.
The TBRV and GCMV RNA-2 polyproteins share
amino acid sequence similarity throughout their entire
length. However, the most highly conserved region is
immediately N-terminal of the putative coat protein
sequences (Brault ef al., 1989). We were unable to align
this conserved region with the corresponding region in
TomRSV. Interestingly however, we did detect sequence
identity of 36-79% for over 300 amino acids between the
regions immediately N-terminal of the TomRSV and
GFLYV putative coat proteins (Fig. 3). This was the
highest match obtained in comparisons between the
TomRSV RNA-2 polyprotein and those of other
nepoviruses. Only a short region of identity could be
detected in this region between TomRSV RNA-2 and

(a) AUG AUG

RNA-2 of TBRV or GCMV. It has been suggested, by
analogy with the M RN A-encoded proteins of comovirus
CPMYV, that this region may encode a cell-to-cell
transport function (Meyer et al., 1986; Wellink & van
Kammen, 1989). If so, the difference between the
TomRSV/GFLV and TBRV/GCMYV sequences may
refiect slightly different mechanisms to potentiate virus
movement throughout infected plants.

An internal region of TomRSV RNA-2 from nucleo-
tides 1812 to 2244 consists of three tandem repeats. Two
of the repeats were near perfect and 159 nucleotides in
length whereas the third was degenerate and 114
nucleotides in length. This region fell almost completely
within the overlap portion of clones K6 and O35, and the
presence of the repeats was therefore confirmed by two
independent clones. In addition, part of the repeated
sequence was confirmed by dideoxynucleotide sequence
analysis using oligonucleotide no. 2 as a primer and viral
RNA as template. Sequence analysis indicated that this
region encodes two identical amino acid repeats 53
amino acids in length, and one partial and degenerate

Repeat 1 554 SWSSPLPLFANFKVNRGACFLQVLPORVVLPDECMDLLSLFEDQLEEGRLESF

KA RRARRKKKARA KRR AR KRR R AR KRR AR AT A I A XK IAR KK A K R KK kK

Repeat 2 607 SWSSPLPLFANFKVNRGACFLQVLPQRVVLPDECMDLLSLFEDQLPEGPLPSF

ERARKXKKRN ARKARKKAARFKKA * & &k *k X

Repeat 3 660 SWSSPLPLFASFKVNRGACFLQVLRARKVVSDEFMDVLE

Fig. 4. Alignment of the amino acid sequence of the three tandem
repeats near the N-terminal region of the TomRSV RNA-2 polypro-
tein. Asterisks between repeats indicate positions of amino acid
identity. Proline residues and the L-P dipeptides are underlined. The
numbers at the beginning of each line refer to amino acid position on
the long TomRSV RNA-2 polyprotein.

UAA

441
| I | Coat protein | 5724
7
(7273 nt) VpG poly(A)
< 035
1 K6
2
b AUG AUG UAG
)
® | 8' 233 Coat protein | 3560
GFLV I l
1 7

(3774 nt) 3 poly(A)

AU(”’SS UAG4361

| 2 Coat protein |
(4662 nt) VpG poly(A)
UA
AUGZIB X G4190
| Coat protein I

(4441 nt) P poly(A)

Fig. 5. (a) Location of the cDNA clones 035 and K6 relative to TomRSV RNA-2. Arrows labelled 1 and 2 refer to oligonucleotides no. 1
and no. 2, respectively. (b)) Comparison of the TomRSV, TBRYV, GCMV and GFLV RNA-2 components. Thick lines represent
nucleotide sequence and the large boxed regions indicate the long ORFs. Amino acid sequence similarity is indicated by similar shading
within boxed regions. The diagonal shading within the TomRSV sequence indicates the three tandem repeats. Boxed regions without
shading do not share amino acid sequence similarity. Numbers refers to nucleotide (nt) positions on the respective RNAs.



repeat of 38 amino acids (Fig. 4). The sequence has a
high proline content (12-1%) and the dipeptide L-P is
repeated 13 times. The significance of this repeated
region, the high frequency of P or the presence of the L-P
dipeptide is unknown. A search of the NBRF, GenBank,
EMBL, Swiss-Prot and PseqIp databases failed to detect
significant amino acid sequence similarity with any
other sequence.

In conclusion TomRSV RNA-2 has many similarities
with the RNA-2 components of the nepoviruses TBRV,
GCMYV and GFLYV, as well as with the M RNA of
CPMV. These include a 5 VPg, 3 poly(A) tail,
expression by cleavage of a polyprotein, location of the
coat protein-coding region at the C terminus of the large
polyprotein, and some sequence similarities within the
N-terminal region of the long polyprotein. TomRSV
RNA-2 also has some unique features which can account
for the much larger size of its RNA in comparison to
TBRV, GCMV and GFLV. These features include a
very long 3’ non-coding region of 1550 nucleotides, a
larger putative coat protein-coding region and repeated
elements within the N-terminal coding region. A
comparison of the genomic organization of the RNA-2
components of TomRSV, TBRV, GCMV and GFLV is
shown in Fig. 5. We believe that the unique features of
TomRSV as compared to TBRV, GCMV and GFLV
confirm the inclusion of TomRSYV in a separate subgroup
of nepoviruses (Martelli, 1975; Harrison & Murant,
1977).

A grant from NSERC of Canada to J. H. T. providing financial
support for M. E. R. is gratefully acknowledged.
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