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Figure 1 Observed symptoms on Tomato torrado virus-infected tomato plants in a greenhouse in the vicinity of
Shiraz. (A): Vertical necrosis on the stem (B): Necrotic lesions on fruits and leaves. (C): Necrotic lesion and fruit
deformation in a sample collected from a tomato field in the vicinity of Shiraz city.
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Figure 2 Phylogenetic relationship of two Iranian Tomato
Torado virus (ToTV) isolates and sixteen exotic isolates of
this virus obtained from GenBank, based on a part of the
RNA 2 sequence (275 nucleotides). The Phylogenetic tree

was reconstructed by the method of maximum likelihood (ML) by MEGA-7 software. Two isolates of Squash
chlorotic leaf spot virus from Sudan from the genus Torradovirus with Accession numbers KU052531.1 and
KU052561.1 were selected as Out group (circle A). Iranian isolates (ring C) were placed in one group with
Spanish isolates (ring B). Nodes that support less than 50% of bootstrap values are not reported. The number of
isolates and the geographical origin of the isolates is shown in the tree.
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Emerging plant diseases account for serious threats to agricultural crop yields and food security. Tomato
torrado virus (ToTV) for the first time was reported in the Canary Islands (Spain) from greenhouse-grown
tomato plants expressing yellowing areas at the base of the leaflets, which later turn into necrotic spots or
large necrotic areas covering leaves, stem and fruit (Verbeek et al., 2007). ToTV is the type member of the
genus Torradovirus in the family Secoviridae. This virus has a non-enveloped icosahedral morphology
(about 30 nm in diameter), with a bipartite genome composed of two linear single-stranded positive-sense
RNA molecules (Wintermantel et al., 2018). ToTV, together with five other members of the Torradovirus
species, Tomato marchitez virus (ToMarV), Carrot torradovirus 1 (CaTV1), Lettuce necrotic leaf curl virus
(LNLCV), Motherwort yellow mottle virus (MYMOV), Squash chlorotic leaf spot virus (SCLSV), are the
spherical viruses transmitted by three species of whiteflies (Trialeurodes vaporariorum, Bemisia tabaci, and
Trialeurodes abutilonea) in a semi-persistent manner. Noteworthy, the seeds transmission of a Polish ToTV
isolate (1-3%) has also been reported (Jaroszewska et al., 2019). During a field survey carried out during the
spring of 2021, a total number of 14 tomato plant samples showing severe necrosis symptoms on tomato
leaves and fruits (Fig.1), similar to those described for ToTV (Moodley et al., 2019), were collected from an
open tomato field in the vicinity of Shiraz. Total RNA was extracted from leaf and fruit tissues of 14
symptomatic samples using Trizol reagent, and for the presence of ToTV was subjected to reverse
transcription polymerase chain reaction (RT-PCR) using a set of specific primer pairs (3Avp/35seq R and
3Avp/35seq F) targeting approximately a 275-nucleotide fragment in the coat protein gene (Wieczoreck et
al. 2020). Eleven symptomatic tomato samples yielded an amplicon of the expected size (about 275 bp) in
the RT-PCR, while no band was amplified in the healthy tomato leaf sample. Amplified fragments of two
samples were purified from the gel using a PCR purification kit (Qiagen Co) and sequenced directly using a
paired-end sequencing strategy (Sinohe Co. Iran). Multiple alignments of the obtained nucleotide sequences
showed that the Iranian ToTV isolates have the highest similarity of 98.2% (IRSHZ1) and 97.3% (IRSHZ3)
with ToTV strain TEN-03 and the lowest similarity of 96.8% (IRSHZ1) and 95.4% (IRSHZ3) with ToTV
strain GNC-06, both of which were reported from Spain. In phylogenetic analysis, the Iranian isolates, along
with some Spanish isolates, were grouped in one cluster. In contrast, other ToTV isolates (including African,
Australian, Netherlands and Panamanian isolates) were grouped into a separate clade (Figure 2). Which
probably implies the independent evolution in these ToTV isolates. To identify the possibility of mixed
infection with other viruses, four primer pairs, including a degenerate primer pair of potyviruses Nibl /
Nib3R (Riechmann et al. 2015); a degenerate primer pair of begomoviruses primer© / primer'®V (Anfoka et
al. 2005) and ToBRFV specific primer pair TobamodF/TobamodR (Tamura et al. 2011) were used which
had no result. Considering the economic importance of tomatoes in Iran and the presence of the tomato
torrado virus, which is responsible for serious economic losses in many parts of the world, a deeper
understanding of the epidemiology of these new emerging viral diseases' is imperative to improve the current
control measures. Further investigations are underway to identify the genetic variation, pathogenicity of
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different strains, natural host range and virus distribution in the country. To our knowledge, this is the first
report of a torradovirus infecting tomato plants in Iran.
Keywords: ToTV, emerging disease, phylogeny, Shiraz
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