
SUMMARY

Isometric virus particles with a diameter of approxi-
mately 30 nm were observed in the Wielkopolska region
of Poland in greenhouse-grown tomato plants with
necrotic foliar symptoms. The viral genome consisted of
a single-stranded RNA molecule. RT-PCR with random
hexamer primers and sequencing of DNA products re-
vealed 91% identity to Olive latent virus 1 (OLV-1).
Further RT-PCR with virus-specific primers confirmed
the presence of OLV-1 in symptomatic plants. The host
range and the sequence of the coat protein gene of the
new OLV-1 isolate, designated CM1, was determined.
Differences were observed in biological and genetic
traits between the Polish isolate CM1 and other OLV-1
isolates. To our knowledge, this is the first report of
OLV-1 in tomato plants.

Key words: coat protein, host range, OLV-1, Solanum
lycopersicum.

Olive latent virus 1 (OLV-1), a member of the genus
Necrovirus, family Tombusviridae (Russo et al., 1994)
has isometric particles ca. 30 nm in diameter and a
monopartite, positive-sense single stranded RNA
genome ca. 3,700 nucleotides in size (Grieco et al.,
1996). The genomic RNA contains five open reading
frames (ORFs) and small inter-cistronic regions. OLV-1
is easily mechanically transmissible to indicator plants in
which it causes necrotic lesions and can be transmitted
to plant roots through the soil in the absence of vectors
(Félix et al., 2007). Several isolates have been obtained
from symptomless or weakened Olea europaea trees in
Italy, Jordan and Portugal (Gallitelli and Savino, 1985;
Martelli et al., 1995; Félix and Clara, 1998), as well as
from other quite different hosts, such as citrus trees, af-
fected by chlorotic dwarf in Turkey (Martelli et al.,
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1996) and tulips, showing necrotic symptoms in Japan
(Kanematsu et al., 2001). Thus, the natural host range
of OLV-1, though apparently limited, includes taxo-
nomically diverse species. In this paper, we describe the
identification and characterization of a new OLV-1 iso-
late from tomato.

Tomato plants showing necrotic spots of the leaves
were observed in the Wielkopolska region (western
Poland) in greenhouses planted with imported
seedlings. Infected plants were first examined by elec-
tron microscopy, which revealed the presence of isomet-
ric particles about 30 nm in diameter. Tomato leaves
displaying necrotic spots and symptomless apical leaves
were used as inoculum for mechanical transmission to
Nicotiana benthamiana, from which the virus was me-
chanically inoculated to five plants each of the following
species: N. occidentalis, N. tabacum Xanthi NC and
Samsun, N. affinis, N. clevelandii, N. debneyi, N. gluti-
nosa, N. rustica, Datura inoxia, D. stramonium, Nicandra
physaloides, Physalis floridana, Petunia hybrida, Solanum
lycopersicum, S. melongena, S. tuberosum, Pisum
sativum, Phaseolus vulgaris, Capsicum annuum,
Chenopodium quinoa, C. murale, C. amaranticolor, Cu-
cumis sativus, C. melo, Citrullus lanatus, Cucurbita pepo
convar. giromontiina, C. pepo var. patisoniana and Oci-
mum basilicum. Inoculations were repeated three times.
The reaction to the virus of eight regional tomato culti-
vars (Money Maker, Jaga, Zorza, Atol, Beta Lux,
Krakus, Kibic and Promyk) was also investigated. Inoc-
ulated plants were maintained under insect-free green-
house conditions and observed for symptom develop-
ment every other day for three weeks.

N. benthamiana showed necrotic local lesions three
days post inoculation followed by systemic infection.
No reactions were obtained when symptomless apical
leaves were used as inoculum. All tested tomato vari-
eties reacted to mechanical inoculation only with local-
ized necrotic spots and displayed no difference in symp-
tom expression which, in any case, resembled that ini-
tially observed in naturally infected plants. Although
this may suggest that natural infection of greenhouse-
grown tomatoes was only local or the virus was restrict-
ed to the necrotic areas, yet we cannot exclude that
some tomato varieties could be infected systemically. Of
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the herbaceous hosts tested, only N. benthamiana and
N. occidentalis were invaded systemically, whereas all
the others responded with local necrotic spots (rarely
with chlorotic lesions), except for C. annuum, S. melon-
gena, P. floridana and S. tuberosum, which were not in-
fected at all. 

Inoculated plants were assayed for virus presence by
RT-PCR or back inoculation to N. benthamiana. DAS-
ELISA following the standard protocol (Clark and
Adams, 1977) was performed using antisera to Tobacco
necrosis virus (TNV), Tomato aspermy virus (TAV),
Tomato black ring virus (TBRV) and Tomato torrado
virus (ToTV) obtained from DSMZ (Braunschweig,
Germany). None of the tested antisera gave a positive
response. 

The virus was propagated in and purified from N.
benthamiana tissues. To this aim, systemically infected
leaves were collected about 12 days post inoculation,
homogenized in 5 vol of 0.1 M citrate buffer, pH 7.5
containing 1% mercaptoethanol, 0.5% Na2SO3 and
0.002% EDTA. The extract was filtered through
cheesecloth and 2% Triton X-100 was added to it and
incubated during night at 6°C. The extract was clarified
with chloroform (20%) and centrifuged at 10,000 g for
15 min. After that supernatant was centrifuged through
the layer of 20% sucrose at 80,000 g for 2 h. The pellet
was resuspended in a small amount of 0.1 M citric
buffer, pH 7.5, and the suspension was placed onto a

sucrose gradient (10-40%) and centrifuged at 90,000 g
for 2 h. The virus-containing fraction and the partially
purified virus was centrifuged in 10-40% sucrose densi-
ty gradient for 2 h at 90,000 g. Virus bands were collect-
ed from the gradient and concentrated by high speed
centrifugation (for 2h at 90,000 g for 2 h).

Nucleic acid was extracted from purified virus prepa-
rations, following a standard phenol/chloroform method
(Sambrook et al., 1989) and analyzed by electrophoresis
in a 1% denaturating agarose gel, which yielded a band
with estimated size of about 3700 nt. The viral RNA was
then subjected to RT-PCR. Briefly, 100 ng of purified vi-
ral RNA were mixed with 150 ng of random hexamer
primers (Novazym, Poland) and incubated for 10 min at
70°C. Reverse transcription was performed with 200
units of reverse transcriptase (MMLV) (Novazym,
Poland) according to the manufacturer’s instructions, in
a total reaction volume of 20 µl and PCR was carried out
with random hexamer primers (Novazym, Poland). 
cDNA was amplified with 40 cycles at 94°C for 1 min,
25°C for 1 min, 72°C for 1 min and 30 sec, with a 10
min extension time at 72°C in the last cycle. 

The gel electrophoresis analysis of PCR products re-
vealed several bands of different size. All amplicons
were excised from agarose gel, purified with Qiaex II
gel extraction kit (Qiagen, USA) and cloned into
pGEM-T-Easy vector (Promega, USA). Escherichia coli
DH5a (Invitrogen, USA) was transformed with the lig-

Fig. 1. Sequence analysis of CP gene of Olive latent virus 1 isolates. The unique amino acids residues
of the CM1 isolate are marked by arrows. The accession numbers of isolates used in analysis are the
following: GU326337 (tomato isolate CM1); NC001721.1 (citrus isolate); DQ083996.1 (olive isolate
GM6); AB061815.1 (tulip isolate Pare-P).
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ated vector, and plasmid DNA was isolated using the
Qiagen Miniprep Kit (Qiagen, Germany). The cloned
cDNA fragments were sequenced with a Beckman
Coulter CEQ 8000 automatic sequencer using Genome-
Lab DTCS Quick Start Kit (Beckman, USA) and M13F
and M13R vector specific primers. Nucleotide and
amino acids sequence data were analyzed using BioEdit
software (Hall, 1999). Blast searches were carried out
using the NBCI Blast server (www.ncbi.nlm.nih.gov)
with all available databases. 

The obtained sequence allowed us to design virus-
specific primers based on OLV-1 sequences deposited
in the GenBank database and to amplify the coat pro-
tein (CP) gene of the Polish OLV-1 isolate. An addition-
al cDNA fragment encompassing the CP gene was ob-
tained using SuperScript III One-Step RT-PCR with
Platinium Taq (Invitrogen, USA) according to the man-
ufacturer’s instructions and the OLV-1-specific primers:
OLVF 5’ TAGTTAAGTATACGAATAACA 3’ and
OLVR 5’AATCTGGTGTTGGGTCCACT 3’. A prod-
uct of the expected size (1200 bp) was cloned and se-
quenced as described previously and the sequence was
deposited in GenBank under accession No. GU326337.

Comparison between OLV-1 sequences retrieved
from the GenBank database was carried out by the
Neighbor-Joining algorithm implemented with Mega
version 3 (Kumar et al., 2004). Multiple sequence align-
ments using ClustalW were also made and the sequence
identity matrix was constructed using BioEdit software.

Sequencing of cloned cDNA fragments obtained with
random hexamer primers allowed identification of a viral
sequence with 91% similarity to OLV-1 isolate GM6
from olive (accession No. DQ083996.1). With this
knowledge we were able to design specific primers to am-
plify and sequence the CP gene of isolate CM1, which
consisted of 810 nucleotides (nts) encoding 270 amino
acid residues. Nucleotide sequence identities of the toma-
to CM1 isolate with those from olive, citrus (accession
No. NC001721.1) and tulip (accession No. AB061815.1)
were 91.8%, 89.5% and 92.5%, respectively. 

The CM1 isolate elicited systemic symptoms in N.
benthamiana similar to those of the citrus isolate (Felix
et al., 2005) whereas the olive isolate GM6 gave only lo-
cal symptoms These differences may be related to the
amino acid changes in the CP protein, which is involved
in long distance movement (Pantaleo et al., 1999, 2006);
however, this requires further investigation to be ascer-
tained. Interestingly, the CM1 isolate is more similar to
the GM6 and tulip Pare-P isolates than the citrus iso-
late. However, the motif PTSRTDT was found in the C-
terminal of the CP of CM1 and citrus isolates while the
motif TNIQNGY was found in the GM6 and Pare-P
isolates. It has been shown previously that the C-termi-
nal domain of OLV-1 CP does not seem to be essential
for virus particle assembly but its modification abolishes
systemic virus spread (Pantaleo et al., 2006). Analysis of

the whole CP region revealed the presence of few amino
acid residue changes which are unique to CM1 (Fig. 1). 

As to biological traits, the Polish OLV-1 isolate in-
duced systemic infection in both N. occidentalis and N.
benthamiana, whereas the previously described isolates
infect N. occidentalis with necrotic local lesions only
(Felix et al., 2007). It is then tempting to speculate that
the nucleotide sequence differences observed between
the Polish and other OLV-1 isolates may have led to
changes in the biological properties of the virus, with
epidemiological consequences, including the acquisition
of a broader host range. 

The origin of the Polish OLV-1 isolate is unknown.
The virus can be transmitted through the soil into plant
roots, however CM1 was isolated from plants that were
grown in rockwool. Thus it may be possible that the
virus was introduced into Poland via imported grafted
tomato seedlings. 

An interesting feature of OLV-1 genome is its poten-
tial ability to act as a parental molecule, together with
Tobacco necrosis virus D (TNV-D), to give rise to a new
recombinant virus, as in the case of Olive mild mosaic
virus (OMMV) (Felix et al., 2007). The recent finding
of a virus displaying genomic identity with OMMV and
infecting tulips reveals that this virus is more wide-
spread than anticipated and that additional hosts may
emerge (Felix et al., 2007). Whether or not the Polish
OLV-1 isolate is a result of recombination remains to be
established.

The data presented in this paper identify a new iso-
late of OLV-1 naturally infecting tomato plants. Al-
though it has physico-chemical similar to those of other
OLV-1 isolates molecular differences exist at the level of
the CP sequence.
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