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Molecular characterization of cucumber mosaic virus isolates infecting tomato
in Hamedan and Tehran provinces of Iran
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Summary. - Here we identified four isolates, MS, 3H, 50A, and 2K of cucumber mosaic virus (CMV) infect-
ing tomato, on the basis of their non-coding intergenic region and a part of the coat protein (CP) sequence in
the CMV genomic RNA3. The sequences from the four isolates were compared with other previously charac-
terized isolates of CMV isolated from different plant species across the globe. Sequence comparisons revealed
that the two CMYV isolates from Hamedan province (MS and 3H) had the highest sequence identity with
CMV-G10 (98%), which was previously reported as a severe Hellenic tomato isolate of CMV, while the CMV
isolates from Tehran province, including CMV-2K (isolated from Karaj region) and CMV-50A (isolated from
Varamin region), had the highest sequence identity with that of CMV-ALF (99%). Phylogenetic analysis of the
nucleotide sequences showed that CMV-MS and CMV-3H belong to group IB, while CMV-2K and CMV-50A
belong to group IA. This is the first report on the molecular characterization of novel isolates of CMV infecting

tomato plants in Iran.
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Introduction

Cucumber mosaic virus (CMYV, the genus Cucumovirus,
the family Bromoviridae), is regarded as one of the most
important plant viruses, both economically in reducing crop
yields (Scholthof et al., 2011) and also as a model for plant-
virus evolution (Roossinck, 2001; Jacquemond, 2012). CMV
infects more than 1,200 plant species in over 100 families
of monocots and dicots (Palukaitis et al., 1992; Palukaitis
and Garcia-Arenal, 2003; Tomofumi and Satoshi, 2012).
The core genome of CMV consists of three positive-sense
RNAs referred as RNAs 1, 2, and 3 in a decreasing order of
their size (about 3357, 3050 and 2216 nt, respectively), with
five open reading frames. Each genomic RNA is packaged
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in separate particles (Palukaitis et al., 1992; Tomofumi and
Satoshi, 2012).

While RNA1 encodes only one protein, namely the 1a
protein, which contains methyl transferase and helicase
motifs and functions as a viral component of the replicase
complex together with the 2a protein encoded by RNA2 is an
RNA-dependent RNA polymerase (Hayes and Buck, 1990;
Roossinck et al., 1999; Roossinck, 2001). RNA2 also encodes
the 2b protein, which functions in host-specific long-distance
movement (Ding et al., 1994, 1995), symptom severity (Ding
et al., 1996), and suppression of post-transcriptional gene
silencing (Brigneti et al., 1998). RNA3 encodes 2 proteins: the
3aand 3b proteins. The 3a protein is a cell-to-cell movement
protein (MP) and 3b protein is the coat protein (CP) which is
involved in several processes including virus assembly, cell-
to-cell and vascular movement (Suzuki et al., 1991; Canto et
al., 1997), and also aphid-mediated transmission (Palukaitis
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et al., 1992; Palukaitis and Garcia-Arenal, 2003). Based on
the results from several approaches, including: serological
studies, peptide mapping, nucleic acid hybridization and
sequence similarity, the CMV isolates can be divided into
two main groups, I and II (Palukaitis et al., 1992; Roossinck
2002; Tomofumi and Satoshi, 2012). Group I, can be further
divided into two clusters designated as IA and IB.

The molecular analysis and determination of the phy-
logenetic status of viruses is one of the most important
steps towards the elucidation of the virus epidemiology
and is necessary for the control of plant viral diseases, by
introducing appropriate varieties for cultivation by farm-
ers. In this paper, we determine the genomic sequences of
the non-coding intergenic region and a part of the CP gene
from RNA3 of four CMV isolates obtained from naturally
infected tomato in Iran.

Materials and Methods

Virus isolates. Four CMV isolates were obtained from tomato
(Solanum lycopersicum) plants showing mosaic, yellowing and
shoestring symptoms. Two isolates were from Hamedan province
(CMV-MS and CMV-3H isolated from Bahar and Tuyserkan re-
gions, respectively) and the other two isolates were from Tehran
province (CMV-2K and CMV-50A isolated from Karaj and Varamin
regions, respectively). Detection of CMV was done with polyclonal
antibodies obtained from Bioreba AG (Switzerland) using DAS-
ELISA according to Clark and Adams (1977) and the manufac-
turer's instructions. All buffers, reagents, positive and negative
controls were obtained from Bioreba AG. Infection by CMV was
confirmed by bioassays on herbaceous plants. Briefly, the infected
leaf samples were initially propagated on Nicotiana tabacum cv.
Samsun followed by at least three single local lesion passages on
Chenopodium amaranticolor leaves. Infection of N. tabacum cv.
Samsun plants by CMV was confirmed by DAS-ELISA and RT-
PCR. The infected extracts reacted in the DAS-ELISA only with
CMV antibodies and not with any other viral antibodies including
arabis mosaic virus, potato virus Y, tomato bushy stunt virus, tomato
yellow leaf curl virus and tomato spotted wilt virus. The inoculated
plants were maintained in an insect-proof greenhouse at standard
conditions (15-25°C).

Total RNA extraction and RT-PCR. Total RNA was extracted
from 75 mg of the symptomatic parts of the leaves using TRI-Rea-
gent (Sigma, USA) according to the manufacturers' protocol and the
extracted RNA was resuspended in 50 pl of diethylpyrocarbonate
(DEPC)-treated sterile H,O. RNA quality and concentration were
determined by gel electrophoresis in 1% agarose gel. As a negative
control, the total RNA extracted from healthy tomato was used.

Highly specific oligonucleotide primers designed and de-
scribed by Blas et al. (1994) were used to amplify the conserved
sequences of CMV RNA3 (yielding 540 bp fragment) by RT-PCR.
The sequences of the primers used were, forward primer: 5'-

GTAATACGACTCACTATAGGTTTTGTTTG-3', complementary
to position 114 to 132 in the CP gene, and the reverse primer:
5-GCGCGAAACAAGCTTCTTATC-3', homologous to nucle-
otides 633 to 653 in the non-coding intergenic region (MWG-
Biotech. Co., Germany).

The cDNAs were synthesized using RevertAid™M-MuLV
reverse transcriptase (Fermentas, Germany) at 42°C for one hour,
using 0.5 ul of RNase inhibitor. An aliquot (2.5 pl) of the RT reaction
was used for PCR in a final volume of 25 ul. The PCR was performed
using a thermal cycler (Eppendorf-AG 22331, Germany), with an
initial denaturation step of 95°C for 5 min followed by 35 cycles of
denaturation at 95°C for 60 sec, annealing at 42°C for 60 sec and
an extension at 72°C for 60 sec. The PCR products and DNA ladder
(GeneRuler™ 250 bp DNA Ladder Plus, Fermentas, Lithuania) were
analyzed by electrophoresis in 1% agarose gel, in the presence of 1
pg/ml ethidium bromide using 1x Tris-Borate EDTA (TBE) buffer
(Sambrook et al., 1989).

Sequencing and phylogenetic analysis. The RT-PCR products
of the four CMV isolates, MS, 3H, 2K and 50A, were verified by
sequencing (MWG-Biotech AG, Germany). The sequencing of
PCR fragments was done in both orientations, using the primers
used for initial PCR amplification. Comparison of the nucleotide
sequences was done using Blast software with other sequences
available in the GenBank (NCBI, USA) to identify related sequences
(Altschul et al., 1997).

Sequence assembly, multiple sequence alignments and phyloge-
netic analyses were carried out using MEGA software (Molecular
Evolutionary Genetics Analysis) version 5.0 (Tamura ef al., 2011).
A neighbor-joining phylogenetic tree was constructed after 1,000
replicates of bootstrapping of the aligned sequences and all branches
with bootstrap values <60% were collapsed. The sequences of CP
genes of peanut stunt virus (PSV strain ER; Acc. No. U15730.1)
and tomato aspermy virus (TAV; Acc. No. AJ550020.1) were used
as outgroups.

Results and Discussion

The results of RT-PCR analyses using specific primers to
detect CMV were in complete agreement with DAS-ELISA
results. A PCR product of ~540 bp was obtained from in-
fected samples and no amplicon was produced from healthy
plant extracts.

The nucleotide sequence analysis of the amplified frag-
ments of the four CMV isolates (Acc. No. HQ659502.1,
JF343523.1, JF343522.1, JF343524.1 for the isolates MS, 3H,
2K, and 50A, respectively) by Blast search revealed a high
homology to the already published sequences of CMV.

However, there was remarkable sequence variation
within the isolates obtained in this study. The CMV-MS and
CMV-3H sequences revealed a nucleotide identity of 98%
with CMV-G10 and CMV-G2, (Acc. No. AY541691.1 and
AY450854.1, respectively), two Greece isolates of CMV that
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Fig. 1
Phylogenetic analysis from partial nucleotide sequences of non-coding intergenic region and a part of the CP gene in RNA3, obtained with
MEGA version 5.0, of 26 CMYV isolates, including four isolates from Iran
Iranian isolates studied in this research are marked by diamonds (MS, 3H, 50A and 2K). Sequences for comparison were obtained from GenBank and
the affiliation of each isolate, group IA, group IB, group II, and group III is also indicated.

were isolated from tomato and reported as severe strains of
CMV (Sclavounos et al., 2006). Phylogenetic analysis showed
that isolates obtained from Hamedan province belong to the
group IB in the same cluster with the Greece isolates (Fig. 1).
On the other hand, CMV-2K revealed the highest homology
with 99% identity to CMV-ALF (Acc. No. JF343525.1), which
was reported in Ibicella lutea (Safaeizadeh and Saidi, 2012),
and also 99% identity to CMV-Cu (Acc. No. EF620777.1),
which was isolated from cucumber (Rasoulpour and Iza-
dpanah, 2008). CMV-50A revealed a nucleotide identity
0f 99% to CMV-ALF (Acc. No. JF343525.1), and also 99%
identity to CMV-DI13 (Acc. No. DQ002879.1), which was
isolated from squash in the north-west of Iran. As illustrated
in Fig. 1, CMV-2K and CMV-50A belong to the group IA,
in the same cluster with CMV-ALF. The fact that CMV-2K
and CMV-50A have sequence homology with CMV-ALE

which was reported in I Iutea, a weed host in vegetable
crops, indicates that I. [utea may play an important role
in CMV epidemiology in the studied area. However, there
were some variations among these isolates and further
sequencing of the other regions of the CMV genome, like
the movement protein gene will provide more information
about these isolates.

Based on the molecular analysis done for these novel
isolates in this study, it is certain that the primers described
by Blas et al. (1994) are sensitive, quick and easy to use for
diagnostics of CMV. The use of a single pair of CMV-specific
primers and sequencing the PCR product offers a fast and
accurate means of grouping different CMV isolates. As il-
lustrated in the phylogenetic tree (Fig. 1), sequencing of the
non-coding intergenic region and the part of CP gene can
strongly discriminate the CMV isolates and determine their
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phylogenetic status. The fact that CMV-MS and CMV-3H
have similar sequence homology, suggests that the isolates
from Hamedan province have originated from a common
source. Bashir et al. (2008) also showed that all the CMV
isolates obtained from cucurbit in the northwest of Iran be-
long to group IA. Additionally, in one of the earlier reports by
Bashir et al. (2006), the CMYV isolates from cucumber showed
that group IA and II occur in the northwestern regions of
Iran. In another study which was carried out in northern
regions of Iran (Hosseinzadeh, et al., 2012), the presence of
group I and II was determined in different hosts, but their
results were based just on serological studies.

In the current study, we report for the first time, that
viruses of tomato from Hamedan province cluster in group
IB. Since CMV-3H and CMV-MS have highest sequence
similarity with CMV-G2 and CMV-G10 which formerly
were reported from Greece (Sclavounos et al., 2006); it is
hypothesized that CMV-IB might be transported through
agricultural products from Mediterranean countries to
Iran. It is also hypothesized that CMV-3H and CMV-MS
might have biological properties as reported for CMV-G2
and CMV-G10. Anyhow, subsequent studies are needed to
determine biological properties of the isolates which are
reported in this study.

Recently, Liu et al. (2009) reported that CMV sequences
could be clustered in to three different groups. They showed
that the CMV-BX isolated from Pinellia ternate belongs to
group III. As illustrated in Fig. 1 our phylogenetic analysis
is in complete agreement with their results.

The information about phylogenetic and genetic diver-
sity reported here will provide insights in to the studies
on evolution, gene function and plant-virus interaction of
CMV and other related viruses. Altogether, our results will
be useful in the formulation of future control strategies of
the viruses infecting tomato. Overall, molecular studies of
a large number of additional CMYV isolates from different
plant hosts and different regions are required to determine
the phylogenetic status of CMV isolates from Iran.
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