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Outlook on Tospoviruses Affecting Important Crop Plants in Iran

Abstract: Tospoviruses are among the most damaging plant viruses worldwide. Over recent decades, the
increasing global trade of plants and plant products, climate changes and types of agricultural practices in
different regions have resulted in the spread of both the tospoviruses and their vector’s thrips species. This
brief review further emphasized the status on the distribution and presence of important Orthotospoviruses
affecting major crop plants in different growing regions in Iran. This data may bring more attentions to this
important genus of viruses and will help in devising efficient control strategies to curb the tospovirus

diseases and the thrips vectors.
Shahraeen Nooh'’
Affiliation

'Department of Plant Virus Research, lIranian
Research Institute for Plant Protection-IRIPP -
AREEO, Tehran, Iran

Article History:

Received Date :Mar 08, 2024
Revised Date : Mar 16, 2025
Accepted Date 1 Jul 28, 2025

Published Date  :Aug 04, 2025

Introduction
Tospoviruses have become increasingly
important worldwide since the 1980s due to the

spread of the important insect
vector Frankliniella occidentalis and the
discovery of new viruses (Oliver &

Whitfield,2016; Schlthof et al.,2011; Pappu et
al.,2009; Winter et al.,2002). A large number of
plant families are known to be affected by viruses
of the Tospovirus genus. These includes both
food crops such as (soybean, capsicums,
tomatoes, lettuce, peanuts, watermelons, et al)
as well as many ornamental species which are
important to flower farms (Calla lily, iris,
chrysanthemum, impatiens, cineraria,
anthurium, et al.). As a result, tospoviruses are
now recoghized globally as emerging agricultural
diseases, classified within the
family Tospoviridae , genus Orthotospovirus and
the order Bunyavirals (Abudurexifi et al.,2019;

ICTV,2020; Karavina, 2025; Karthikeyan et
al.,2021). ALl members share a common
structure: virus particles quasi-spherical in

shape, from 80 to 120 nm in diameter, and
surrounded by an envelope of a host-derived
membrane in which two glycoproteins, Gn and
Gc, are embedded (Karavina,2025; Zarzynska-
Nowak et al.,2022,2016) (Fig a). Tospoviruses

and their vectors, thrips species in the
order Thysanoptera, represent a major problem
for agricultural and ornamental crops that must
be managed to avoid devastating losses. In
recent years, the number of recognized species
in the genus has increased rapidly, and our
knowledge of the molecular interactions of
tospoviruses with their host plants and vectors
has expanded (Ullman et al.,1977; Karen-Beth et
al.,2011; Pappu et al.,2009; Karthikeyan et
al.,2021; Mortazavi & Aleosfoor,2015; Mortazavi
etal.,2013).

Background
Genus Orthotospovirus currently

contains 26 established (Feng et al.,2023; ICTV,
Website) and several tentative species. Based on
their geographic distribution and nucleocapsid
protein sequence homology, members are
grouped into American- and Euro/Asian-type
orthotospoviruses, respectively. However, the
genetic interaction between different species
and the possibility, during mixed infections, for
trans-complementation of gene functions by
orthotospoviruses from different geographic
groups remains underexplored. Many of those
virus species, from both geographic clades,
cause important crop diseases throughout the
world or in local regions. Tomato spotted wilt
virus (TSWV) is the type of member of the
orthotospoviruses and belongs to the American
clade. Whereas TSWV is the best studied virus
in Orthotospovirus, most other viruses from both
geographic groups are much less studied.
(Abadkhah et al.,2018; Abudurexiti et al.,2019;
Feng et al.,2023). (EPPO, 2020; Oliver &
Whitfield, 2016). Hassani-Mehraban et al., 2019).
Tospoviruses are known to be exclusively
transmitted by thrips belonging to the family
Thripidae and subfamily Thripinae. Of the known
1,710 species of Thripidae only 14 thrips species
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are currently reported to transmit tospoviruses (
ESFA,2012; Karthikeyan,2021; Mortazavi &
Aleosfoor,2015;Mortazavi et al.,2013; Ullman et
al.,1997;). Thrips-transmitted  tospoviruses
cause severe yield losses to several
economically important crops in the United
States and worldwide. For instance, a
single Tospovirus (Tomato spotted wilt virus)
alone caused an estimated $1.4 billion in losses
inthe U.S. over 10 years (Ullman et al. 1997; Prins
& Goldbach ,1998; Oliver & Whitfield,2016).
Global trade and associated movement of plant
materials across borders have introduced
tospoviruses and their vectors into newer areas.
Advances in serological and molecular
techniques have also led to identification of new
tospoviruses (Zarzynska-Nowak et al.,2022;
Seepiban et al.2015; Chao et al. 2025). So far,
CSNV, TYRYV, INSV, IYSV, GBNV (PBNV) CaCV,
MYSV and TSWV has been reported from Iran
(Rasoulpour & lzadpanah,2007; Bananej et
al.,1998., Golnaraghi et al.,2001,2018;
Mehraban et al.,,2019; Ghotbi et al.,2005;
Shahraeen et al.,2002; Bayat et al.,2017;
Salehzadeh et al.,2024: Hassani-Mehraban et
al.,2019). However, limited data are available
related to the variants, extent of damages of
these viruses. Since in recent years, reports of
infection of multiple hosts with tospoviruses
have increased in different regions of Iran (Table
1). In view of the range of environmental
conditions, host availability and sequence
variability shown by IYSV, MYSV, CaCV, INSV,
TYRV and TSWYV, there is a possibility of the
abundance of these viruses and their potential
vectors, as well as other tospoviruses, in farms.
Especially since TYRV was first reported from Iran
(Varamin- tomato)( Winter et al.2002), and in the
author's opinion, different populations of
tospoviruses may exist in Iranian farms, and their
detection and identification require a joint and
coherent research effort, and scattered reports
and research make disease control management
difficult.(Gorbani et al.,2008; Golnaraghi et
al.,2018; Rasoulpour & lzadpanah,2007;Ghotbi
et al.,2005;Ghotbi et al.,2020,2010;Ghotbi &
Shahraeen,2010,2022,2023, 2025a,b,c,d).
Tomato spotted wilt virus-TSWV-
Orthotospovirus

TSWV causes serious damage to a wide
range of economically important crops

worldwide including fruits, vegetables,
ornamental, and weed plants as well. TSWV
isolates are transmitted by several species of
thrips (Thysanoptera, Thripidae) in a persistent
and propagative manner, especially the western
flowers  thrips  Frankliniella  occidentalis
(ESFA,2012; Oliver &Whitfield,2016; Mortazavi et
al.,2015) (Table 1). Various symptoms including
chlorosis, necrosis and ring spots on leaves,
fruit, and steams that lead to wilting and death of
infected plants are more common in TSWV
infection (EPPO,2020; Ghotbi et al.,2005; Ghotbi
& Shahraeen,2025c; Amaresan & Kumar,2025).
Tomato spotted wilt virus has been reported from
Iran based on symptoms and electron
microscopy in 1996 (Bananej et al., 1996) (Fig.1g,
a, d) (Table 1). There are some reports of
Orthotospoviruses from different parts of Iran in
tomato, potato, soybean, peanuts, allium cepa,
melon, lettuce and several ornamental plants
based on serological and molecular methods
and host plants reactions (Ghotbi & Shahraeen,
,2005,2012; Golnaraghi et al., 2007; Hajiabadi et
al., 2012; Pourrahim et al., 2001;
Abadkhah,2018; Bayat et al.,2018). Recently,
TSWV has been reported from Iran's important
export crop, the saffron plant, from the South
Khorasan region (Farkhond et al.,2018).
Tospoviruses can infect a large number of plant
species, including economically important
vegetable crops such as bean, cucurbit, lettuce,
pepper, potato, soybean, tomato and various
ornamental species (Ghotbi & Shahraeen 2025a,
b, ¢ and d; Ghobi et al.,2020; EFSA, 2012;
EPPO,2020). Recombination analysis based on
nucleocapsid gene revealed that the Iranian
TSWV isolates have recombination evidence with
other isolates (TOS101/TSWV-1423/3906)
around the world (Abadikhah et al.,2018).
Individual species may have extended host
ranges, such as TSWV, which has been reported
to infect over 1300 different plant species (EFSA,
2012), whereas others have a more limited host
range. Nearly all tospoviruses are known to be
transmitted by thrips (order Thysanoptera, family
Thripidae) in a persistent and propagative
manner (Table 1), Rotenberg et al., 2015). Many
of these thrips’ species also have wide host
ranges and a worldwide distribution. To date, at
least 15 different thrips species have been
reported to vector tospoviruses (Oliver &
Whitfield,2016). Tospoviruses are considered not
to be transmitted. A first report of seed
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transmission of a tospovirus (soybean vein
necrosis virus) has recently been published by
Groves et al. (2016), but this needs confirmation.
Tospoviruses are among the most damaging
plant viruses (Pappu et al., 2009; Scholthof et
al.2011). Usually, the impact on tomato crop
losses caused by TSWV can reach values that
exceed 40%, with over 90% of reduction in
quality and marketable tomatoes and worldwide
losses that overcome one billion dollars
annually. In addition to tomato crops, other
important horticultural species with great losses
caused by TSWV infection are pepper, lettuce
and eggplant (Caruso et al.,2024).). Tomato
spotted wilt virus is included in the OEPP/EPPO
A2 pests list recommended for regulation as a
quarantine pathogen (EPPO, 2023a)
Tomato yellow virus-TYRV-
Orthotospovirus

Aviraldisease thatinduced bright yellow
ring patterns on tomato fruits (Fig. 1a, b) was
observed in tomato fields in the Varamin area of
Tehran province, Iran in 2002. The causal agent
was identified as a distinct tospoviral species
and was tentatively named Tomato yellow fruit
ring virus (TYFRV) (Winter et al., 2002; Ghotbi et
al.,2005;). It was also called Tomato fruit yellow
ring virus (Winter et al., 2006). Since it was first
detected in the Varamin area, it was also called
the Tomato Varamin virus (ToVV) (Ghotbi et al.,
2005). It has also been reported to be present in
Kenya and Poland (Birithia et al.,2012;
Zarzynska-Nowak et al.,2016; Gholnaragi et
al.,2018). In Poland, the virus was found on
tomatoes in one growing season. It has not been
detected in subsequent seasons. The virus has a
wide host range that includes ornamental plants
(such as chrysanthemum, gazania, cineraria,
anemone and alstroemeria), potato, soybean,
weeds and important food and cash crops from
the families Solanaceae and Fabaceae (Bayat et
al.,2018; Rasoulpour & Izadpanah,2007;
Pourrahim et al.,2012,2002b; Shahraeen &
Ghotbi,2003; Golnaraghi et al.,2007a & b). It
infects crops grown in open fields and protects
environments. TYRV is transmitted principally by
the cosmopolitan and highly polyphagous onion
thrips (Thrips tabaci) and western flower thrips
(Frankliniella occidentalis) in a persistent and
propagative manner. In addition, it can also be
transmitted via infected potato tubers and
mechanically through infected plant sap. While it

ring

has a limited geographical distribution so far, the
presence of its vectors and host plants in many
countries across all continents necessitates
continuous  monitoring to  prevent its
introduction into new areas where it could
potentially rapidly spread out of control and
cause severe economic losses (EPPO,2020;
Zarzynska-Nowak et al.,2022).Economic losses
caused by TYRV have not yet been quantified, but
high disease incidences were reported in
soyabean and potatoes in Iran (Pourrahim et
al.,2012; Golnaraghi et al.,,2007; Ghotbi et
al.,2005). Farahbakhsh et al. (2016) first reported
the occurrence of TYRV on Anthorium in lran, so
on Althea in Markazi province and Alstroemeria in
Isfahan and Chaharmahal-o-Bakhtiari
provinces, also Lonicera and Ailanthus altissim
and TSWV in Lonicera spp. and Ailanthus
altissima in Isfahan province. Molecular
comparison of TYRV isolates from Isfahan,
Chaharmahal-o-Bakhtiari and Markazi
provinces were also reported (Majidian et
al.,2016; Bayat et al.,2018; Beikzadeh, et
al.,2011). TYRV occurs in mixed infections with
other orthotospoviruses such as tomato spotted
wilt orthotospovirus (TSWV), Iris yellow spot
orthotospovirus (IYSV) and Impatiens necrotic
spot orthotospovirus (INSV). This increases the
chances of recombination and reassortment
which could give rise to new species and/or more
virulent strains of the pathogen (Ghotbi &
Shahraeen,2005; Shahraeen & Ghotbi 2010;
Feng et al.,2023; Karthikeyan et al.,2021). The
yield and quality losses in some of the
greenhouses in Kujawsko-Pomorskie (Poland)
were estimated at 70% by growers (Zarzynska-
Nowak et al.,2016). TYRV has quasi-spherical
particles measuring 80-120 nm in diameter and
it is transmitted naturally in a persistent
propagative manner by several thrips’ species.
Similar to other orthotospoviruses, the TYRV
genome contains three single-stranded (ss) RNA
segments designated as small (S), medium (M)
and large (L) RNA. (Zarzynska-Nowak et al.,2016;

Hassani-Mehraban et al,2019; Turina et
al.,2012).

Impatiens necrotic spot virus- INSV-
Orthotospovirus,

Impatiens necrotic spot virus (INSV) has
been present in the Mediterranean for a number
of years, but its economic impact in vegetable
crops is less than that in ornamental crops
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(Turina et al.,2012). Impatiens necrotic spot virus
(INSV), belonging to genus Orthotospovirus,
causes severe damage to greenhouse
ornamental plants. INSV reported from almost
every ornamental screen house in Iran. INSV
general symptoms include necrotic leaf spots,
chlorosis and stunting in infected ornamental
host plants. A total number of 581 ornamental
samples of 58 different plant species with
symptoms similar to those of INSV infection were
collected in 4 provinces of Iran. The results
indicated an average of 20.13 per cent virus
incidence. INSV infection was recorded to be
28% in Mahallat, 24.5% in Tehran, 22.1% in
Mazandaran and 16.4% in Guilan provinces
(Ghotbi & Shahraeen,2023). Impatiens necrotic
spot virus-INSV- Orthotospovirus is among the
most important tospoviruses reported from
ornamental plants in the world (Peters, 1998).
Infection with viral diseases, not only reduced
the quality, but also leads to leaf and flower
blistering, dwarf plant, mosaic, marginal leaf
chlorosis, leaf entanglement, deformity or lack
of flower formation (Shahraeen & Ghotbi, 2003;
Shahraeen et al., 2022).INSV is the most
important harmful and predominant virus in
ornamental plants in Iran and has been
reported from various ornamental species in
the country (Ghotbi et al.,, 2005; Shahraeen &
Ghotbi,2003; Pourrahim et al., 2012; Bayat &
Nazerian,2019).

Iris yellow spot virus-IYSV-orthotospovirus,
An emerging pathogen (IYSV),
affecting Allium species and ornamental crops,
has been identified in over 92 countries and
states/provinces worldwide. 1IYSV was identified
in 1981 in Brazil and has spread to many
important onion-producing regions of the world,
including several U.S. states. IYSV symptoms
include straw-colored, dry, tan, spindle- or
diamond-shaped lesions on the leaves and
scrapes of onion plants and can cause yield loss
up to 100% (Diaz-Montano et al.,2011). It is
classified within the family Tospoviridae and the
genus Orthotospovirus. As a member of the
genus Orthotospovirus, itis transmitted by thrips
(specifically Thrips tabaci and Frankliniella
fusca) in a circulative and propagative manner.
This pathogen leads to significant yield losses in
ornamental plants and cultivated alliaceous
crops such as onion, garlic, and leeks
(Karavina,2025). Bayat et al (2018) by studying

sequence analysis of the obtained fragments
from RT-PCR using generic primers of Asian clad
1 and Eurasian clades of tospoviruses and
nucleocapsid gene specific primers confirmed
the occurrence of TYRV on alstromeria, tobacco,
tomato and nasturtium; IYSV on onion and leek
and Capsicum chlorosis virus (CaCV) on black-
eyed Susan (Rudbeckia sp.), and Hippeastrum
hybridum (Bayat et al.,2024) from Markazi
province in Iran. During a survey in 2002-2003 in
Markazi province of Iran. Ghotbi & Shahraeen
(2005) were first reported to have an infection of
onion plants with three tospoviruses.
Pathological and serological tests (on Vigna
unguiculata cv. Local, Chenopodium
amaranticolor, Datura metel and D.
stramonijum) confirmed that the causal agents
were TSWV (tomato spotted wilt virus), TYFRV
(tomato yellow fruit rig virus) and IYSV (Iris yellow
spotvirus).
Groundnut bud necrosis  virus-GBNV-
Orthotospovirus

Groundnut (peanut) bud necrosis virus
(GBNV) is a tospovirus that causes bud necrosis
disease in groundnuts and other food crops. It is
primarily transmitted by the thrips vector, Thrips
palmi. GBNV infects a wide range of hosts,
including cowpeas, mung beans, soybeans, and
potatoes. Groundnut (peanut) bud necrosis
virus (GBNV) was first reported from Iran by
Gholnaraghi et al.,2002c). During the summer of
2001, mosaic, mottle, ring mosaic, stunting, and
bud necrosis were observed in peanut fields
(Arachis hypogaea cv. Guilan) in the Golestan
province of Iran. GBNV is a member of the
Orthtotospovirus genus and has serological
relationship with TSWV. Later the virus was
reported in Markazi province in ornamental
Susan (Rudbeckia sp.) (Bayat et al.,2016).
Capsicum chlorosis virus-CaCV-
Orthotospovirus,

CaCV infects plant species in the family
Solanaceae (i.e. pepper, tomato) and several
other species of families, including ornamentals.
It may induce severe symptoms on its hosts,
mainly on leaves and fruits, which may become
unmarketable. The virus is transmitted in a

persistent propagative mode by the
thrips Ceratothripoides claratris, Frankliniella
schultzei, Microcephalothrips

abdominalis and Thrips  palmi. Plants for
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planting, parts of plants, fruits and cut flowers of
CaCV hosts, and viruliferous thrips were
identified as the most relevant pathways for the
entry of CaCV into the new region
(EPPO,2020,2023a). Should the pests enter and
establish in a territory, impact on the production
of cultivated hosts is expected. Phytosanitary
measures are described to prevent entry and
spread of the virus in a new region
(EPPO,2020,2023a). CaCV fulfils the criteria that
are within the remit of EFSA to assess for it to be
regarded as a potential union quarantine pest.
Using generic tospovirus primers derived from
the nucleocapsid gene of the Asian 1 clade of
tospoviruses, incidence of Capsicum chlorosis
virus on black-eyed Susan plants (Rudbeckia sp.)
in Markazi province of Iran has been reported
(Bayat et al.,2016,2018,2024).
Melon yellow virus-MYSV-
Orthotospovirus

Melon yellow spot virus (Tospovirus,
MYSV) was first identified in 1992 in Japan
causing spotted wilt symptoms and a severe
chlorosis on melon crops (EPPO, RS 2000/158). It
was also found that MYSV is primarily
transmitted by Thrips palmi (EPPO, A1 List) in a
persistent manner. In addition to melons
(Cucumis melo), diseases caused by MYSV have
been observed on cucumbers (Cucumis sativus),
watermelon (Citrullus lanatus) and balsam pear
(Momordica charantia). MYSV has also been
detected in several weed species commonly
occurring around cucumber greenhouses. At
present, MYSV is considered to be one of the
most serious threats to cucumber production in
Japan. When infection occurs early in the
season, yield losses of 30 to 60% have been
observed. In addition to Japan, MYSV has been
reported during the last decade on
cucurbitaceous crops in Taiwan (2006), Thailand
(2008), and China (2009, Hainan and Guangxi
Provinces) (EPPO,2020; EPPO,2013). C. sativus
is a significant vegetable crop that is cultivated
year-round in lran. During a greenhouse survey
conducted in the spring of 2024, Cucumis (C.
sativus), plants exhibiting suspected
Orthotospovirus infection symptoms, such as
severe leaf yellow spots, yellowing, fruit
necrosis, and chlorotic ring spots, were
collected from Shahinshahr city (Isfahan
province, Iran). Using an Orthotospovirus-
universal primer pair, Salehzadeh & Afsharifar

spot

(2024) first reported the occurrence of MYSV
from Iran. While Thrips palmi, also known as
melon thrips, is a globally significant pest, it has
not been officially reported as established in
Iran. It is considered an EPPO A1 quarantine
organism, meaning it is a pest of quarantine
concern for the European and Mediterranean
Plant Protection Organization (EPPO). Although it
has been intercepted at borders and has been
found in other parts of Asia, Africa, and the
Americas, to this date there's no official record of
it being present in Iran. (Rajabian et al.,2018;
Mirab-balou,2013; EPPO Global data base).

Chrysanthemum stem necrosis virus-CSNV-
Orthotospovirus,

In  chrysanthemum, CSNV
symptoms which are similar to those of Tomato
spotted wilt virus (TSWV). In the Netherlands,
they were described as mild or severe necrotic
streaks on the stem, wilting of leaves and stems,
and chlorotic or necrotic spots and rings on
some leaves. However, symptoms of CSNV are
more severe and can result in complete necrosis
of the stem resulting in wilting of sections of
plants (EPPO,2020). Based on the genome
structure, CSNV belongs to the genus
Orthotospovirus, a typical representative of
which is TSWV (Jafarpour et al., 2010). CSNV
belongs to the American branch of
orthotospoviruses, which differ from the Asian
ones in the presence of the amino acid triad
(RGD) in the gene encoding the glycoprotein Gc
(EPPO,2020). Chrysanthemum stem necrosis
virus (CSNV) is present in Iran, as confirmed by
Jafarpour et al. (2010). The virus causes necrotic
zones on chrysanthemum stems, which can lead
to plant death. The presence of tospoviruses and
CSNV in Iran has been documented in various
studies and reports. Further research may focus
on the prevalence, impact, and management
strategies for CSNV in Iranian chrysanthemum
cultivation (Ghotbi et al.,2005; Ghotbi &
Shahraeen,2012).

causes
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Table 1. A short list of species in the genus Orthotospovirus reported from crop plants in Iran.

*Name Acronym **Vector Selected reference C*
Frankliniella bispinosa
Frankliniella cephalica C*r:
Frankliniella fusca Mirab- )
Frankliniella gemina balou,201 5’291 8; Bananej
d*Frankiiniella intonsa et al.1998; Oliver &
o o Whitfield,2016;
*Tomato spotted wilt virus TSWv Fr.ankl/n/falla EPPO,2020; Mortazavi et
occidentalis, al.,2013;
d*Frankliniella
schultzei, Thrips
setosus
d*Thrips tabaci
Mortazavi &
Aleosfoor,2015; Mortazavi
Microcephalothrips et al.291 3 Shahragen &
wk i i - Ghothi,2003; Ghtbi &
Tomato yellow ring virus TYRV abdominalis Shahraeen,2025d.,2010;
Thrips tabaci Ghotbi et al.,2005. Winter
etal.,2002
Frankliniella intonsa EPPO,2020; Shahraeen et
Frankliniella al.,2002; Ghotbi et
Impatiens necrotic spot virus INSV occidentalis al.,2020,2003,2005;
Frankliniella schultzei | Shahraeen et al.,2002
Frankliniella fusca
. . Frankliniella fusca Bayat, et al.,2018; Ghotbi
Iris yellow spot virus IYSvV Thrips tabaci & Shahraeen,2025a
Frankliniella schultzei | Bayat, etal.,2016;
Groundnut bud necrosis virus GBNV Scirtothrips dorsalis Gholnaraghi et
Thrips palmi al.,2002¢,2001a,2007b
Ceratothripoides
claratris Thrips palmi an§(§12'2024 2016
i is vi Frankliniella schultzei N ’ ’ "
Capsicum chlorosis virus cacV & Misrocenal ) EFSA,2020; Mirab-
phalothrips | 1.4, 2015,2018;
abdominalis
Salehzadeh, et al.,2024;
Melon yellow spot virus MYSV d*(Thrips palmi) EPPO,2013; Ullman
&Sherwood,1997;
Rajabian et al.,2018
Frankliniella gemina
Chrysanthemum stem necrosis virus Frankliniella Jafarpour et al.,2010;
CSNV occidentalis Karthikeyan,2021.
Frankliniella schultzei | EPPO,2020
Frankliniella intonsa

C

*
=Selected references, tospoviruses reported from Iran and elsewhere

**List of thrips pest vectors based on Oliver & Whitfield (2016). Virus species included in the ICTV classification

d* Also described (Thrips vector/pests described in Iran by:) Mirab-balou,2015,2018; Mortazavi,2013,2015. (Thrips palmi, yet not officially

reported from Iran).
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Materials and Methods

Enzyme-linked immunosorbent assay
(DAS-ELISA) is widely used in large-scale
screening for a tospovirus infection in various
types of plants; however, the molecular
techniques are more sensitive than the
serological ones. Low virus titer can limit
sensitivity, producing false negatives when the
virus concentration is under the technique
detection threshold (Golnaraghi et al.,2008;
Birithia et al.,2012; Bayat et al.,2018; Shahraeen
et al.,2001; Ghrbani et al.,2008). Primers were
designed for RT-PCR detection of tospoviruses
from all recognized clades, i.e. the American,
Asian and Eurasian clades, and from the small
group of distinct and floating species. Pilot
experiments on isolates from twenty different
species showed that the designed primer sets
successfully detected all species by RT-PCR, as
confirmed by nucleotide sequence analysis of
the amplicons (Abadikhah et al.,2018; Hassani
Mehraban et al.,2016). For the tospoviruses
recommended for regulation by EPPO and
regulated by a number of EPPO members,
commercial antibodies are available. Details of
their performance are provided by EPPO (2020).

A protocol for identifying tospovirus and
thrips species in an individual thrips sample has
been successfully developed. The number of
viruliferous thrips in a thrips population is one of
the most important factors in the spread of
tospovirus disease. To identify viruliferous thrips,
both serological and molecular methods have
been commonly used. Enzyme-Llinked
immunosorbent assay (ELISA) has been used to
identify different tospoviruses in various thrips
vectors (Seepiban et al.,2015; Ghotbi et al.,20083;
EPPO,2020, Gholnaraghi et al.,2007). Nowak-
Zarzynska et al. (2018) developed and evaluated
an mRT-PCR assay for the simultaneous
detection and differentiation of TYRV and TSWV.
Primers were designed to amplify 666 bp and 328
bp of the nucleocapsid (N) genes of TYRV and
TSWYV, respectively. mRT-PCR is a rapid, specific
and sensitive method for TYRV and TSWV
identification which often occur in mixed
infection. In recent times, high-throughput
sequencing (HTS) has been used to detect
orthotospoviruses (Karavina et al., 2020). Unlike
RT-PCR, HTS does not require the use of primers.
Thus, it provides for unbiased detection of
viruses and can recover the whole genome of

viruses in a single run. A rapid and sensitive
tospovirus (TSWV) detection protocol based on
real time reverse transcription loop-mediated
isothermal amplification (RT-LAMP) assay has
been developed, also using cost-effective and
simplified sample preparation procedure.
Sensitivity, specificity, accuracy, and in-field
application of the real-time RT-LAMP assay were
evaluated. The developed real-time RT-LAMP
assay proved to be one thousand and one
hundred times more sensitive than end-point RT-
PCR and real-time RT-PCR methods,
respectively, detecting a total of 9.191 x
101genome copies as minimum target, and no
cross-reactivity were detected with other viruses
belonging to tospoviridae and bromoviridae
families used as outgroup (Caruso et al.,2024). A
universal RT-PCR assay for orthotospoviruses
has been developed targeting the
RNA-dependent RNA polymerase gene (RdRp) on
the L RNA segment by identifying the most
conserved protein motifs and taking advantage
of the presence of codon usage biases in the
tospovirus genus (Chao et al.,2025).

Virus disease managements

Disease management strongly relies on
a fast and accurate identification of the causal
agent as described (Eppo,2020; Prins &
Goldbach,1998; Seepiban et al.,2015) including
both serological and molecular methods. During
the past three decades, the economic impact of
tospoviruses has increased, causing high yield
losses in a variety of crops and ornamentals.
Owing to the difficulty in combating thrips
vectors with insecticides, the best way to
limit/prevent  tospovirus-induced  diseases
involve a management strategy that includes
virus resistance. More virus-crop combinations
need resistance sources to help control the
diseases caused by tospoviruses. Given the
increasing importance of IYSV, particularly for
onion seed production in the United States,
some preliminary tests for resistance/tolerance
to both onion thrips and IYSV have been carried
out and a limited number of selections of
potential interest in breeding programs were
identified (Pappu et al.,2009; Sofer et al.,1988,
Tabassum,2014; Ullman et al.,1997). The most
common thrips species in Iran include Thrips
tabaci, which is a significant pest of crops like
onions, garlic, and other vegetables. Other
notable species are Frankliniella
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occidentalis (the Western flower thrips), which
affects a wide range of flowers and vegetables,
and Thrips angusticeps, among others. These
species are prevalent due to their adaptability to
various crops and environmental condition in
Iran (Mirab-Balou,2015,2018 and Mortazavi et
al,2015,2013). Thrips infestations in Iranian
agriculture are typically managed through a
combination of integrated pest management
(IPM) strategies, including cultural practices:
Biological control, chemical control, and
monitoring and early detection. These strategies
aim to reduce thrips populations effectively
while  minimizing environmental impact.
Nurseries must also be kept weed-free and
systematically monitored for thrips vectors using
yellow sticky traps hung vertically above plants
(EPPO,2020). Temperature is one of the most
important environmental factors that affect
plant-pathogen interactions, and it can either
increase or decrease disease resistance. This
reflects the differential influence of the same
temperature variation on different plants.
Temperature affects the growth and populations
of microorganisms living on plants such as
viruses. Several reports have shown that during
tospoviruses infection temperature is an
important factor that affect the symptom
expression as well as viral movement in
pathogens such as Cucumber green mottle
mosaic virus (CGMMV) on cucumber and melon,
Cucumber mosaic virus (CMV) on melon, Melon
necrotic spot virus (MNSV) on melon and TSWV
on bonnet pepper (Capsicum chinense) and
peanut (Arachis hypogaea) (Soler et al.,1988).
Given that one of the main concerns of global
warming is its impact on agriculture. The effects
of temperature on plant defense against biotic
stress need to be considered in future breeding
programs for resistance to pathogen ability of
some strains of TSWV to overcome host plant
resistance (Pappu et al., 2009), influence of
climate change on severity, epidemics of
tospovirus infections remain as challenges in
controlling tospovirus diseases. Hence, a
continued vigilance is required to identify and
characterize the emerging tospoviruses, to
protect crops from severe tospovirus outbreaks.
Further, it is also imperative to determine their
impact on crop production, understand their
epidemiology for effective implementation of
control strategies. Thus, a well-coordinated
collective plan based on data on infection

pressure by virus and the vector population
fluctuation during the growing season can
represent an effective way of combating
tospovirus epidemics. Dependence on any
particular control measure may be ineffective;
but judicious blending of compatible measures
(IDM) is to be adopted on a wide area basis,
rather than by individual growers. To ensure that
an IDM approach is effective, there is a need to
adopt a harmonious range of control measures
applied before planting, during the season and
after harvesting to minimize losses and maximize
returns. Better understanding of vectors and
improved genetic engineering techniques would
certainly brighten the prospects of tospovirus
disease controlin the near future (Karthikeyan et
al.,2021; EPPO,2020). Cryotherapy-based
methods are recently developed novel
biotechnologies for the efficient production of
pathogen-free plants. Shoot tip cryotherapy was
developed as a novel biotechnology at the
beginning of the 21st century to efficiently
eradicate plant pathogens (specifically for
commercial horticultural crops such as potato
and sweet potato, ornamentals and fruit plants
such as apple, citrus and grapevine. Combining
thermotherapy or cold treatment, or
chemotherapy with shoot tip culture, often
results in  much higher pathogen-free
frequencies than shoot tip culture alone, and in
some cases can even eradicate pathogens that
can infect the AD of shoot tips. Based on these
speculations, several cryotherapy-based
methods for pathogen eradication have recently
been established (Jingwei et al.,2025). There is
report of elimination of two important
tospoviruses, tomato spotted wilt (TSWV) and
impatiens spot necrosis (INSV), from the
ornamental alstroemeria plant using
micropropagation (tissue culture) (Ghotbi et al.,
unpublished).
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Fig.1. A= N. glutinosa systemic water soak
lesions by TSWV., B= Necrotic local lesions on
cowpea (local variety) by TYRV., C= Tomato
(Linda variety) systemic venial necrosis by
TYRV., D=N. rustica systemic infection by
TSWV., E=Tomato fruits with yellow ring
infected by TYRV., F=N. bentamiana severe
systemic mosaic and leaf deformation by
TYRV and G= Transmission electron
micrograph of an isolate of TYRV virions (90-
110nm), stained with 1%UA. Virions are
enveloped in a host derived membrane
surrounded by viral glycoproteins. (hosts
photo and EM micrograph by Shahraeen N).

Social and Economic Impact

The spread of tospoviruses impacts a
diverse number of food and ornamental crops,
resulting in crop disease epidemics of economic
and social significance. Prins and Goldbach
(1998) estimated an annual loss of over $1.0
billion from a single Tospovirus, Tomato spotted
wilt virus (TSWV) globally. Infection at early
stages of crop growth often results in a
substantial decrease in plant stand leading to
considerable yield losses, but infection at later
stages may still cause significant losses in the
yield and quality of produce. The economic
impact of tospoviruses and of TYRV in Iran where
the virus is widespread is not known. However,
high infection levels have been recorded on
soyabeans (Golnaraghi et al., 2007) and potatoes
(Pourrahim et al., 2007). The virus can cause
severe necrosis on stems and leaves of

ornamentals thereby greatly reducing the quality
of the resultant produce (Beikzadeh et al., 2012).
In Poland, yield and quality losses in infected
tomatoes were estimated at 70% (Zarzynska-
Nowak et al., 2016). The necrosis and chlorosis
induced by TYRV infection reduce the aesthetic
value of food crops such as tomatoes and
peppers, and ornamentals such as
chrysanthemums, petunia and gazania. People
will not buy symptomatic produce, leading to a
loss of income for farmers. Heavy viral infections
can completely kill plants, leading to disruption
of livelihoods for farmers and traders of crops
and ornamental plants. Tactics employed in
tospoviruses management must be based on
thorough understanding of epidemiological
principles and must fall within integrated disease
management (IDM) approaches that include
biological, chemical, cultural, host-plant
resistance and physical control (Karthikeyan et
al.,2021; Prins & Goldbach,1998). TYRV can be
introduced to other areas via infected seedlings.
Therefore, seedlings sourced from nurseries
should screened for TYRV before planting or
transportation to other areas. (Amaresan &
Kumar,2025; EPPO,2020; Karavina,2020).

Discussion

The extent of damage that tospoviruses
can inflict to the crop plants and the ability of
several species of thrips to transmit these
viruses increased our concerns in global
agriculture. So far, 26 species of Tospovirus have
been identified globally along with 14 species of
thrips that

can serve as vectors (Feng et al.,2023;
ESFA,2012; Jones, 2005; Pappu et al., 2009;
Ciuffo et al.,, 2010; Hassani Mehraban et
al.,2016). Several species in tospovirus genus
cause severe losses in agronomic and
horticultural crops and ornamental plants
production. Tomato spotted wilt virus (TSWV),
Impatiens necrotic spot virus (INSV) and Tomato
yellow ring virus (TYRV) are the most important
tospoviruses infecting crop plants (Pappu et
al.,2009; EPPO,2020). The majority of
tospoviruses cause systemic infection in most of
the crop plants they infect and infection at early
stages of plant growth causes greatest damage,
often resulting in severe stunting of the entire
plant which may lead to death. However, other
tospoviruses, such as CaCV and IYSV tend to
remain localized. The losses caused by
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tospoviruses arise not only from yield reductions
but also from disfiguring symptoms which affect
quality. Fruits from infected plants develop
visible surface blemishes and are unsalable (Fig
1), so heavily infected crops are often
abandoned. The potato tubers from TSWV
infected plants often develop superficial ring
symptoms and severe internal necrosis of the
flesh which render them unsalable (Pourrahim et
al. 2002b,2001a; Golnaraghi et al.2007b).
Moreover, the fact that thrips are difficult to
control has contributed to the spreading of
known and unknown tospoviruses into new
areas. In Iran, the first record of thrips species
was of three species, Frankliniella intonsa
(Trybom), Thrips flavus Schrank and Thrips tabaci
Lindeman, as pests of summer crops, and after
that there were several scattered studies of this
group in various parts of Iran (Mierab-
Balou,2013,2018; Mortazavi et al.,2013). The
spread of Frankliniella occidentalis is considered
the primary driver of the worldwide emergence of
tospoviruses, although Thrips palmi is the major
vector of several important tospoviruses in Asia
(Rotenberg et al.,, 2015). Furthermore, the
occurrence of reassortment (exchange of one or
more genomic RNAs between virus isolates) and
recombination within and between different
species might contribute to a further emergence
of tospovirus diseases. This is because they can
differ with respect to viral properties relevant to
management, such as host range,
symptomatology, vector transmissibility and the
potential to breakdown host resistance (Mandal
et al.,2017). As a result, tospoviruses are
recognized as emerging diseases threatening
food security worldwide (Oliver & Whitfield,
2016; Prins & Goldbach,1998; Scholthof et
al.,2011). Tospovirus study in Iran was intensified
since 1998 with the identification of TSWV and
TYRV as a new virus species in Iran (Bananej et
al.,1998; Ghotbi et al.,2005; Winter et al.,2002)
(Table.1). Large scale surveys on tospovirus
infections have so far not been made and
therefore no estimates can be given about the
economic impact of tospoviral diseases in Iran.
Moreover, the possible occurrence of other
tospovirus species in lran, and even new ones,
cannot be excluded. Population genetics studies
should be conducted to find the systematic and
random forces of evolution factors on the
tospoviruses reported from Iran (Rasoulpour &
Izadpanah, 2007; Abadikhah, et al.,2018;

Shahraeen & Ghotbi,2010). Investigations are
required to identify the different and efficient
thrips vectors transmitting tospoviruses in Iran.
Rapid identification tools are needed, and
variants of polymerase chain reaction (PCR) or
reverse transcription-PCR (RT-PCR) still have an
important role to play, but there are deficiencies
in existing assays for both groups of organisms. A
universal RT-PCR assay for orthotospoviruses
has been developed targeting the
RNA-dependent RNA polymerase gene (RdRp) on
the L RNA segment by identifying the most
conserved protein motifs and taking advantage
of the presence of codon usage biases in the
virus genus (Chao et al.,2025).

Conclusion

Tospoviruses, particularly those within the
Orthotospovirus genus, pose a significant and
evolving threat to both agronomic and
ornamental crops in Iran. The detection of
multiple virus species including TSWV, TYRY,
INSV, IYSV, GBNV, CaCV, MYSV, and CSNV across
diverse regions and hosts underscores the
urgency of systematic monitoring and integrated
disease management. Factors such as
expanding global trade, changing climate
conditions, and the adaptability of thrips vectors
have facilitated the rapid emergence and spread
of these pathogens. Despite progress in
molecular diagnostics and preliminary surveys,
comprehensive nationwide studies remain
limited. Moving forward, a coordinated approach
involving surveillance, vector control, resistance
breeding, and novel biotechnologies like
cryotherapy and HTS is critical. Such efforts will
enhance our ability to mitigate yield losses,
protect high-value crops, and strengthen the
resilience of Iran’s agricultural systems against
tospovirus outbreaks.
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