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The nucleotide sequences upstream from the carlavirus open reading frames were examined for direct sequence homology. Bloeks of hamology
~. were evident upstream from the 25 K ORFs of potato virus § (PVS), potute virus M (PVM] and lily symptomless virug (LSV), and upstream
from the coat protein injtidtion codons of PVS, PVM, LSV, cirnation latent virus and Helenium virus S, These blocks, which correspond to the
'-terminal reglons of the subgenomic RNAs, were shown. to contain potential ribosome recognition sequences. The distances between the binding
sites und initiation codons ranged from 20 to 40 nuclcotides on the viru) RNAs, Whilst the majority of ehloroplasts mRNAs have a distance of
8 nucleotides between hinding site und initiation codon, the remaining have a distance of 23 nucleatides which is similar to that reported here

. ‘ \ far the carluviruses. ‘ ~

Subgenomic promoter; Sequence homology; Caslavirus; Ribosome binding site

I. INTRODUCTION

Carlaviruses are a group of filamentous plant viruses
consisting of particles 610-700 nm in length, composed
of multiple copies of a single coat protein of 33 kDa [1].
Genomic  RNA is positive-sense and_ single-stranded,
with a M, between 2.3 and 2.6 x 10% (7-7.8 kb) which is
3'-polyadenylated and contains a 5' terminal cap struc-
ture -{2,3]. Genomic RNA appears to encode a large
molecular mass product of 190 kDa with the
3/-terminal region expressed through the production of
two- 3’ -coterminal subgenomic RNAs of approximately
2.5 kb and1.3 kb. These subgenomic RNAs have been
detected in RNA from infected leaves and from encap-
sidated viral RNA [2,4]. ’

Recently the nucleotide sequences of the 3’ terminal
regions of the carlaviruses carnation latent virus (CLV),
potato virus S (PVS), potato virus M (PVM), Helenium
virus .S and lily symptomless virus (LSV), have been
reported [5-9]. The predicted 3' open reading frames
(ORFs) for all viruses consisted of a triple gene block of
25K, 12K and 7 K, 5’ tothe coat protein gene and an

.11 K ORE 3’ to the coat protein gene. The sizes of the

subgenomic RNAs would place théir 5’ termini
upstream from the 25 K and the coat protein genes. In-
deed nucleic acid sequence homology -between the
upstream regions of these two genes has been reported

‘Correspondence address; G.D. Foster,k University of Leicester,
Department of Botany, University Road, Leicester LE1 7RH, UK

Published by Elsevier Science Publishers B. V.-

for PVM and LSV individually, though it was reported
that no homology was observed between the two viruses

[7,9].

In this communication we report the first extensive
comparison of these homologous nucleotide - blocks
upstream from the proposed initiation codons (ATG)
of the carlavirus 25 K and coat protein genes. These
comparisons have enabled us to make suggestions for
the functions of the RNA sequences based on the
presence of canonical Shine-Dalgarno sequences and
possible modes of gene expression. ‘

2. METHODS

The sequences were initially assembled and analysed using the pro-
gram DNASIS (Pharmacia). For initial homology search, dot matrix
comparisons were performed using the computer program DIAGON
[10] with further analysis being carried out using ANALYSEQ [11)
and CLUSTAL: :

3. RESULTS AND DISCUSSION

The ' 100 nucleotides upstream from. the “initiation
codons of the carlaviruses 25 K and 33 K (coat protein)
ORFs were aligned for maximum homology using
DNASIS and CLUSTAL. The aligned sequences, as
shown in Fig. 1, revealed high homology between the
non-coding regions upstream of the 25 K ORFs of LSV,
PVS and PVM and between the upstream regions of the
coat proteins (CP) of LSV, PVS, PVM, CLV and
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Fig. 1 (A) Alignment of the nucleatide séquences 5 1o the coat protein and 25 K ORF3 of earlaviruses. Gaps have been introduced for maximum
alignment. ATG start codons of the 25 K ORFs are undérlined with ‘a solid bar, potential ribosome binding sites, as discussed in the text, are
underlined with hatched lines. RBSE is further analysed in Fig. 2 and RBS2 and RBS2 in Fig. 3. Areas of homology between the 25 K and CP.
upstream regions are indicated by sloping bars, (B) Genetic organisation of the 3*-terminal region of a earlavirus RNA. The sizes and positions
of the open reading frames (sizes given in kDa) are baxed on the sequence inforniation previously reported [5-9). The positions of the ribosome
~ bindind sites on the carlavirus RNAs are indicated. \

HelVS. Within the aligned sequences were blocks with
highly conserved homology common to both the 25 K
and CP sequences. These regions, which correspond ap-
proximately to the termini of  the identified
subgenomics, were examined further. for homologies
with other known sequences via data base searches.

These searches revealed that the conserved blocks
upstream from the-AUG of the 25 K ORF contained
canonical. Shine-Dalgarno sequences (S-D) AG-
GAGGT (12], which have been shown to be present in,
and required for efficient expression of, nearly all E.
coli mRNAs studied to date [13]. This classical purine-
rich $-D sequence AGGAGGT, which is present 5' to
the initiation codon in prokaryotic mRNA, has been
shown to base pair with a pyrimidine rich sequence near
the 3" end of the 16 S rRNA, thus allowing ribosome
binding and subsequent initiation and elongation. The
extent of the ribosome binding potential of the regions
upstream from the carlavirus 25 K ORF can be seen in
Fig. 2A where the sequences are aligned with the
3'-terminal sequence of 16 S rRNA [14,15]. As can be
seen from the figure, PVS contains a perfect
Shine-Dalgarno sequence of AGGAGGT which could
base pair with the 3/ sequence of rRNA, with six other
bases also exhibiting base pairing potential, suggesting
a strong ribosome binding region. Similar sequences are
also evident at the equivalent positions upstream from
the AUG of the 25 K genes of LSV and PVM, at ap-
proximately 40 nucleotides from their respective initia-
tion codons. These blocks are most striking when com-
pared with the well defined ribosome binding sites of .
coli RNA polymerase @ and the A protein of the E. coli
phage MS2 as shown in Figs 2B and 2C [16].
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-When examined further, another potential ribosome
binding site (RBS) is present downstream from the first
25 K ORF RBS and 10-12 nucleotides upstream from
the 25 K AUG (Fig. 1). This region, based around the
sequence AGCTTAGGTTT, has strong homology to
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Fig. 2 (A) Complementarity of the 3'-terminal sequence from rRNA
(with stem/loop) with the non-coding region upstream from the 25 K
ORF (RBS1). The sequence of the rRNA 3' end is shown as the com-
plementary strand for direct comparison with viral sequences, Poten-
iial recognition sequences are marked by underlining, with base pair-
ing indicated by vertical bars. (B) Homology between the potential
ribosome binding site RNS1 of the PVS 25 K ORF.and the ribosome
binding. site of the MS2 A protein of the RNA bacteriophage. (C)
Homology between the potential ribosome site RBS1 of LSV 25 K
ORF and the ribosome binding site of B-RNA polymerase of E. coll.
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Fig. . Alignment of the highly conserved blovks RBS2 from the 28
K ORF, RBSI from (he CP ORF and rRNA (relaxed) shown in the
complemantary yense for direer comparison, Asterisks(®) above the

sequences indicate nueleotides which may b invelved in base pairing..

the sequence, ACCTTTAGGTTT, which is present
25-37 nucleotides upstream from the coat protein
AUGs of PVM, PVS, CLV, LSV and HelVS (Fig. 1)
These two regions also have the ability to act as
ribosome binding sites via base pairing with ribosomal
RNA in the relaxed state, as shown in Fig. 3.

~ The question which must be asked at this stage is why
such sequences are present upstream from the AUG of
a viral RNA from a eukaryotic host, which, in contrast

to prokaryotes, conspicuously lacks the key anti S-D -

sequences CCTCC from the otherwise conserved 3' end
of the small 18 S rRINA of eukaryotes, -

- The model proposed by Kozak, for eukaryotic initia-
tion requires the 40 S ribosomal subunit to bind to the
5"end of a mRNA facilitated by the 5’ m7G cap struc-
ture. The ribosomal subunit subsequently migrates to
the first AUG codon in a favourable context for initia-
tion of translation [17]. The observation that the
genomic RNA of carlaviruses appear to be capped at
the $' terminus but-that the subgenomic RNAs are not

[3], suggests that an alternative mechanism may operate

for .ribosome ‘binding and initiation for carlavirus
subgenomic RNAS. ~

The basis. of an alternative mechanism may lie in
ribosome binding via base pairing, with one possible
source of suitable ribosomes being the small subunit
rRNA from chloroplasts. These have been shown to be

“highly homologous to the bacterial 16~S rRNA with
strong conservation of their 3/ -terminal sequences [18].
In Figs 2A and 3 the 3'-terminal sequences of the
depicted rRNA is identical between E, coli fRNA and
chloroplast 16 8 rRNA [14,15]. This had led to the pro-
posal that binding of plastidic mRNA to the small
ribosomal subunit is mediated by base pairing, as has
been demonstrated within prokaryotes. Indeed, Ruf
and Kossel reported that 90% of chloroplast mRNA
species examined contained ribosome recognition se-
quences upstream of the respectwe unnatlon codons
[19].

It is mtelestmg ‘to note that the distance between the
RBS and AUG within chloroplast RNAs peaked at 8
nucleotides, similar to the spacing of 7 =2 observed for
the classical "S-D sequences of bacterial mRNA.
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However, an additional peak was also observed at posi-
tion ~23 for the RBS, which is similar to the distances
observed for the carlavirus RNAs, thus suggesting that
chloroplast ribosomes can accommodate larger dis-

. tances between the recognition sites and AUGS.

Whether: these viral RNAs are translated within
¢chloroplasts remains unknown at this stage. However it
has long been established that viral infection does affect
phetosynthesis, with ehloroplasts being structuraily and
biochemieally affected by infection [20-22}, though the
exact mechanism remaing unclear at this stage. If these
viral blocks are involved in ribosome binding at the 235
K and CP ORFs then it has implications on the mode of
translation of the other open reading frames, as these
blocks were not present upstream from their AUGs,
The expression of the ather ORFs could therefore be by
a ‘relay race’ mcchamsm of translation or tmnslanonal
f rameshifting [23,24].
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