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Abstract: The purpose of this study was to determine the distribution of Tobacco
streak virus (TSV) in the vegetable fields of the Markazi, Qom, Lorestan and
Hamadan provinces. This study was performed in 2017, and a total of 475 samples
of parsley plants were collected. Using the specific antibody of the virus, the TSV
infection of these samples was investigated by the immunosorbent assay through the
double antibody sandwich ELISA (DAS-ELISA) method. The results of this study
indicated that the TSV infection of parsley samples in Qom, Markazi, Hamedan and
Lorestan provinces were 14, 18.8, 15.4 and 20.1%, respectively. Also, the
phylogenetic analysis of nucleotide and amino acid sequences of the coat protein of
these isolates showed that Iranian and Indian isolates could be clustered along with
each other. The phylogenetic tree obtained based on nucleotide and amino acid
sequences of the coat protein gene, showed that the isolates were divided into two
and three clusters, respectively. Iranian isolates were clustered along with global TSV
isolates and other Ilarviruses formed a separate cluster. This is the first report of TSV
genetic diversity in Iran, and also the first report of TSV infection in the vegetable

fields of Qom, Markazi, Hamedan and Lorestan provinces.
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Introduction

Parsley Petroselinum sativum Hoffm. is a biennial
plant, which belongs to the Apiaceae family and
is used in the food, pharmaceutical, perfumery
and cosmetics industries (Lopez et al., 1999). The
plant is widely cultivated in Asian countries, and
contains vitamins A, B, C and various minerals
like iron and is widely used in foods of many
regions (Yanardag et al., 2003; Zargari, 2004).
Tobacco streak virus (TSV) belongs to the
genus llarvirus, Bromoviridae family and is quasi-
isometric plant virus with a diameter of 30 nm.
The genome of the virus is RNA-positive, single-
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stranded, and triplicate, similar to other members
of the Bromoviridae. The entire genome has 7941
nucleotides. RNA1, RNA2, RNA3 and sgRNA4
have 3491, 3050, 2205 and 850 nucleotides,
respectively. RNA No. 1 encodes an RNA
dependent RNA polymerase (RdRp) protein.
RNA4 is actually an sgRNA derived from the
negative RNA-3 strand. Also, RNAI contains
3491 nucleotides and has an ORF that encodes a
protein with 1094 amino acids (protein la). An
untranslated region (UTR) at the 5' and 3' end
contain 37 and 169 nucleotides, respectively.
RNA2 contains 3050 nucleotides and two ORFs.
Larger ORF range from nucleotide 42 to 2444
encodes a protein with 800 amino acids (protein
2a). The host rang of the virus is wide, and infects
many species in more than 30 dicot and monocot
plants families. The TSV virus was for the first
time isolated in the United States in 1936 from
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tobacco (Johnson, 1936). In addition, the virus has
also been reported in sunflower, pepper, cotton,
cowpea, peanut, various types of mung bean,
zucchini, soybean, okra, hollyhock, Hibiscus
cannabinus, Calendula officinalis and Parthenium
hysterophorus (Ravi et al., 2001; Reddy et al.,
2002; Greber et al., 1991).

In Australia, the virus was first identified in
1971 in tobacco, strawberries, dahlia (Tzanetakis et
al., 2003). Sharman et al. (2011) isolated TSV
from sunflower, cotton, pea, and mung bean, and
also isolated it from P. hysterophorus in 2009. In
the USA, the virus has been isolated from
hollyhock, strawberries and American Cranberry
cultivars (Jones et al., 2001). In Italy, Bellardi et al.
(2006) reported TSV from the boxwood. In Iran,
TSV infections have been reported from soybean
fields by Rahimian et al. (1995) in Golestan
province and also by Golnaraghi et al. (2002) in
Mazandaran, Lorestan, Ardabil and Khuzestan
provinces. Khateri et al. (2006) isolated the virus
from tobacco in Mazandaran province. TSV virus
was first isolated from sunflowers by Hosseini ef
al. (2006). Motamedi et al. (2013) determined the
TSV infection of sunflower fields in Tehran,
Isfahan, West Azarbaijan, Hamadan, Markazi and
Qom provinces to be 23.85%, and investigated the
molecular weight of the viral coat protein (CP),
experimental host range, phylogenetic analysis
with the CP amino acid sequences of a TSV isolate
collected from Isfahan province. The TSV virus is
easily transmitted mechanically as well as through
cutting and grafting (Almeida et al., 2005).
However, the seed-borne virus has been reported in
various plants including Parthenium sp., Dautura
steramonium, Chenopodium quinoa, soybeans,
beans, Gomphrena globosa, tomato, tobacco
(Nicotiana clevelandii) and mung bean (Kaiser et
al., 1991).

Prasada Rao ef al. (2003) collected the thrips
near the flowers of TSV infected plants, to
investigate the role of thrips in transmission of the
TSV virus. The results demonstrated that thrips
carrying infected pollens transmitted the virus to
healthy plants at the rate of 40%. Also, the most
important TSV vectors were reported to be Thrips
tabaci and Frankliniella occidentalis (Prasada
Rao et al., 2003).
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Up to now, there are no reports of viral diseases
of parsley in Iran. Globally, viruses such as Potato
virus Y, Tomato spotted wilt virus, Cucumber
mosaic virus, and the Tobacco ring spot virus have
been reported for this plant (Loebenstein and
Lecoq, 2012). Recently parsley severe stunt —
associated virus (PSSaV), a novel nanovirus,
member of the family Nanoviridae has been
reported from Germany (Vetten et al., 2019):

Detecting and determining the distribution
of viral agents in different hosts underlies the
selection of an appropriate method to control
the damage caused by these agents. In addition,
according to TSV reports from different parts of
Iran (Golnaraghi et al., 2004; Rakhshandehroo
et al., 2005; Moini, 2007), it is necessary to
control this virus and also to investigate the

genetic diversity of Iranian isolates. No
information is currently available about
molecular variation among Iranian TSV

isolates; the aim of this study was to investigate
the distribution of TSV isolate from parsley and
sequencing of its coat protein gene.

Materials and Methods

Sample collection

From spring to autumn of 2017, the vegetable
fields of the Qom, Markazi, Lorestan and
Hamadan provinces were observed. A total of 475
samples were collected based on viral symptoms
including; yellowing, deformation, chlorotic or
necrotic lesions, mottling of the leaves, and
stunting. Young leaves from some symptomatic
plants were collected. Accordingly, 117 samples
were collected from Markazi province, 121 from
Qom province, 123 from Lorestan province and
114 from Hamadan province (Table 1).

Table 1 Percentage of TSV infection in 2017 in the
surveyed provinces.

No. of samples

Province Studied Infocted Infection (%)
Qom 121 17 14.0
Markazi 117 22 18.8
Lorestan 123 19 15.4
Hamedan 114 23 20.1
Total 475 81 17.0
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Enzyme-linked immunosorbent assay (DAS-
ELISA)

Analysis of the collected samples infected by the
Tobacco streak virus was performed using the
specific antibody (AS-906) prepared by DSMZ
(Brunswick-Germany) by applying DAS-ELISA
(Double Antibody Sandwich ELISA) according
to the manufacturer's instructions. Each sample
extraction was randomly placed into two wells as
replicates. The rate of color change was
evaluated in the substrate material of 4-para-
nitrophenyl phosphate (Merck Co., Germany) at
405 nm using ELISA reader model Beckman
AD340 USA, every 15 minutes up to 90 minutes
after the addition of the substrate material. The
evaluation was performed using the equation R=
x + 3 SD, where x is the mean absorbance of
negative sample, SD is the standard deviation of
wells and R stands for the infection threshold.

Mechanical inoculation

Nicotiana benthamiana (benth), N. tabacum.
cv. Samsun (cultivated tobacco), Chenopodium
album subsp. amaranthicolor (goosefoot),
Vigna unguiculata (cowpea), and Cucumis
sativum (cucumber) were inoculated by the
virus isolates. Sap was prepared from infected
parsley leaves with phosphate buffer (pH 7) and
2% polyvinyl pyrrolidone was used as an
additive, and then sap was rubbed onto leaves
using carborundum powder.

RNA isolation, RT-PCR, cloning, and sequencing
Extraction of total RNA was performed using
the RNeasy plant Mini kit (Kit Qiagen,
Germany) to enhance the quality of the
extracted RNA. At first stage, 0.1 g of plant
tissue was prepared, and grounded by the liquid
nitrogen, after that extraction was conducted
according to the Kit instructions. At the final
stage, the extracted total RNA was dissolved in
sterile distilled water and placed on the 1% agar
gel to control the quality.

The TSV CP RNA3 primer pair (5'- TCG ACT
CTA GAA ACT AGT CTT GAT TCA CCA
GAA ATC TTC-3'and 5'- AGG TAG CAG AG
ATA TAA CAA TGA ATA CTT TGA TCC
AAG G-3") was used for the multiplication of the
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CP region. The reverse transcriptase reaction was
performed in a final volume of 10 pl. Initially, 15
micrograms of RNA with 20 picomole of primer
was poured into PCR tubes, and then treated in a
thermocycler for 5 min at 70 °C. After that, a
mixture of two microliters of the 5X reaction
buffer, 1 mM of deoxy nucleotide triphosphate
(ANTPs), 20 wunits of ribonuclease inhibitor
enzyme, 50 units of M-MuLV RT enzyme and
DEPC-treated water (Vivantis, Malaysia) were
added to each of the tubes, so that the final reaction
volume was 10 pl. The cDNA production reaction
was performed in a thermocycler for four minutes
at 37 °C, for 60 minutes at 42 °C, and finally for 10
minutes at 70 °C (Eppendorf, Germany).

PCR reaction with the final volume of 20 pl
as the leader included 2.5 pL of reverse
transcriptase reaction product, 10 picomole of
each primer, 2 mM of MgCl,, 2 pl of reaction
buffer with 10-fold concentration (including
500 mM KCI and Tris-HCI (PH 8.4)), 1.5 mM
of dNTPs, and 1.25 units of Taq Polymerase
enzyme  (Vivantis, = Malaysia) in  the
thermocycler (Eppendorf, Germany). The
temperature cycles used in this step included
an initial denaturation cycle for two minutes at
95 °C, 35 denaturation cycles for one minute
at 95 °C, annealing for 30s at 55 °C and
finally, the extension step for five minutes at
72 °C. The polymerase chain reaction products
were isolated from 1% agarose gel. Four PCR
products were cloned for 2 hours at room
temperature  after gel separation and
purification by gel extraction kit (Denazist
Asia, Iran) to be bonded to the pTZ57R/T
plasmid according to the manufacturer’s
instructions.

Samples were placed at the temperature of
70 °C for 10 min, in order to deactivate the
ligase enzyme, and then, they were transformed
into Escherichia coli DH50 competent cells by
electric shock. Afterwards, one or two ml of
LB-Amp culture solution was added and placed
for one hour at 37 ©°C. Then, the above
mentioned solution was cultured on the plates
containing LB-Amp-Xgal-IPTG (Iml of
ampicillin 100 mg/ml in water, Iml of IPTG
47mg/ml in water and 1ml of X-Gal 40 mg/ml).
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Plates were kept at 37 °C overnight to grow
bacterial colonies. After purification of white
colonies and culturing in LB-Amp medium,
plasmid was extracted using the plasmid DNA
isolation kit. Then, for the digestion, four
microliters of recombinant plasmid with
appropriate cut enzymes, Kpnl and Xbal, were
placed for 1 to 1.5 h at 37 °C according to the
manufacturer's  instructions.  Finally, the
samples were analyzed on 1% agarose gel, and
the clones were sent to Macrogen Company
(South Korea) for nucleotide sequencing.

Phylogenetic and genetic analysis

The obtained nucleotide sequences were
edited by Vector NTI advance 11.5 software
(Invitron, USA). The sequences of the studied
isolates were then aligned with the sequences
deposited in the GenBank using CLUSTAL
W method by MEGA7 software (Kumar et
al., 2016). Accordingly, the similarity of
sequences was then calculated by SDT
(Sequence Demarcation Tools) software

(Muhire et al., 2014). MEGA7 software was
used to investigate the phylogenetic
relationships and to determine the selective
pressure on TSV coat protein.

Results

TSV detection and distribution

Based on ELISA, infection of parsley samples
obtained from Qom, Markazi, Hamedan and
Lorestan provinces were 14, 18.8, 15.4 and
20.1%, respectively. Infection of samples
collected from vegetables fields in the studied
provinces is presented in Table 1.

Mechanical inoculation

Symptoms observed 14 days after inoculation
included: Mosaic on N. benthamiana, mottle on
N. tabacum. cv. samsun, chlorosis on C.
amaranticolor, necrosis on Vigna unguiculata,
and mosaic on C. sativum (Fig. 1). The
presence of TSV in these plants was
reconfirmed by ELISA.

Figure 1 Mosaic on Nicotiana benthamiana (A), mottle on Nicotiana tabacum. cv. Samsun (B), chlorosis on
Chenopodium amaranticolor (C), necrosis on Vigna unguiculata (D), and mosaic on Cucumis sativum (E) in
greenhouse environment. Mosaic and chlorosis on parsley (F).
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Molecular characterization of TSV isolates
The expected 747-bp amplicon was amplified using
specific primer pair TSV CP RNA3 in RT-PCR
reaction. The sequences of four TSV isolates were
deposited in the GenBank with accession numbers
from MK576107 to MK576110 (Table 2).

The phylogenetic analysis of the nucleotide
sequence was performed using Neighbor
joining method along with other isolates in
GenBank with MEGA7 software, and showed
that the isolates were categorized into two
clusters (Fig. 2).

Table 2 List TSV isolates deposited in the GenBank database and the accession number for each, together with
the origin of the viral isolate, accession number and source.

Accession number Virus Host Isolate Country
MK576107 TSV Parsley Prsl Iran
MK576108 TSV Parsley Prs2 Iran
MK576109 TSV Parsley Prs3 Iran
MK576110 TSV Parsley Prs4 Iran
KT923144 CLRV Citrus limon - USA
NC_003546 CLRV -

EU650677 CVV Sour orange AM2 Italy
AB745627 AV-2 Asparagus - Australia
AB745629 AV-2 Asparagus - Mexico
HG328277 ApMV - - Poland
FN435317 ApMV Apple - India
AM408908 PNRSV Peach - India
AJ133199 PNRSV Apricot - Italy
KP256520 TSV Soybean OK USA
FJ561301 TSV pumpkin - India
JX463339 TSV Crownbeard 2334 Australia
HQ130448 TSV Ruharb pGem2 USA
JX463336 TSV Sunflower 1973 Australia
KX394691 TSV Cotton TSVAV1 India
HM131488 TSV Groundnut India
KX397347 TSV Cotton TSVMHI1 -
AY505082 TSV Cotton - India
AY505081 TSV Cotton - India
AF515824 TSV Cotton - India
AY940155 TSV Cotton - India
FJ608537 TSV Watermelon India
KC996727 TSV Jasmine - India
KF264470 TSV Sunflower CPKAR India
KU242586 TSV Cotton TSVTS2 -
KU242585 TSV Cotton TSVTS1 -
KU242582 TSV Cotton TSVTNI -
KU242587 TSV Cotton TSVTS3 -
KU242584 TSV Cotton TSVTP1 -
1X294487 TSV onion - India
KU509214 TSV Cotton TSVSG2 India
JF340383 SNV Sunflower - India
KU242583 TSV Cotton TSVTN2 -
KJ825822 TSV Soybean CPCBE3 India
KF264467 TSV Okra CPCBE1 India
AF515825 TSV Sunn-hemp - India
X95284 RTSV - -

ApMV: Apple mosaic virus, AV-2: Asparagus virus 2, CLRV: Citrus leaf rugose virus, CVV: Citrus variegation virus, PNRSV: Prunus
necrotic ringspot virus, RTSV: Rice tungro spherical virus, SND: Sunflower necrosis disease, TSV: Tobacco streak virus.
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Tobacco streak virus CPKAR (Sunflower) India KF264470
Tobacco streak virus TSVTS2 (Cotton) KU242586
Tobacco streak virus TSVTP1 (Cotton) KU242584
Tobacco streak virus (Cotton) India AY505081

Tobacco streak virus (Cotton) India AY940155

Tobacco streak virus (Cotton) India AY505082

Tobacco streak virus TSVTS3 (Cotton) KU242587
Tobacco streak virus TSVTS1 (Cotton) KU242585
Tobacco streak virus TSVTN1 (Cotton) KU242582
Tobacco streak virus CPCBE3 (Soybean) India KJ825822
Tobacco streak virus CPCBE1 (Okra) India KF264467
Tobacco streak virus TSVTN2 (Cotton) KU242583
Tobacco streak virus TSVAV1 (Cotton) India KX394691
Tobacco streak virus TSVSG2 (Cotton) India KU509214
Tobacco streak virus TSVYMH1 (Cotton) KX397347
Tobacco streak virus (pumpkin) India FJ561301 11
Tobacco streak virus (Watermelon) India FJ608537

Tobacco streak virus (Sunn-hemp) India AF515825

Tobacco streak virus (Groundnut) India HM131488

Tobacco streak virus (onion) India JX294487

Tobacco streak virus (Cotton) India AF515824

Sunflower necrosis virus (Sunflower) India JF340383

Tobacco streak virus (Jasmine) India KC996727

Tobacco streak virus Prs4 (Parsley) Iran MK576110

Tobacco streak virus Prs3 (Parsley) Iran MK576109

Tobacco streak virus Prs2 (Parsley) Iran MK576108

Tobacco streak virus Prs1 (Parsley) Iran MK576107

Tobacco streak virus 2334 (Crownbeard) Australia JX463339
Tobacco streak virus isolate OK (Soybean) USA KP256520
Tobacco streak virus 1973 (Sunflower) Australia JX463336
Tobacco streak virus clone pGem2 (Ruharb) USA HQ 130448 _ |
Citrus leaf rugose virus (Citrus limon) USA KT923144 =
Citrus leaf rugose virus-NC 003546

Citrus variegation virus AM2 (sour orange) Italy EU650677
Citrus variegation virus ZE-2 (Lemon) Italy EU650675

Asparagus virus 2 (Asparagus) Australia AB745627
Asparagus virus 2 (Asparagus) Mexico AB745629 1
Apple mosaic virus Poland HG328277

Apple mosaic virus (Apple) India FN435317

Prunus necrotic ringspot virus (Peach)india AM408908

Prunus necrotic ringspot virus (Apricot)ltaly AJ133199
Rice tungro spherical virus X95284
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Figure 2 Phylogenetic tree based on CP gene nucleotide sequence of the studied Iranian TSV isolates along with
other isolates in GenBank. The tree was constructed by MEGA 7.0 using neighbor joining method with 1000
bootstrap replicates and was rooted with Rice tungro spherical virus (accession number X95284).

The TSV isolated from different hosts around
the world were placed in Cluster 2, and other
members of the genus Ilarovirus were placed in
Cluster 1. The members of the second group were
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subdivided into two sub clusters as a and b,
indicating differences between species.
Accordingly, Iranian isolates were in a same
group with other TSV isolates in cluster 1 (Fig. 2).
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The phylogenetic tree drawn based on
amino acid sequence of the virus coat
protein was similar to the phylogenetic tree
based on the nucleotide sequence, however
with the difference that Apple mosaic virus
(APMV) and Prunus necrotic ring spot virus
(PNRSV) were classified into the same
group as Cluster 2. Other viruses, belonging
to the Ilarovirus group, were classified into
Cluster 2 and the TSV isolates were in
Cluster 3. Meanwhile, TSV isolates from

Tobacco streak virus (onion) I ndia JX294487

Tobacco streak virus CPCBE1 (Okra) India KF264467
Tobacco streak virus TSVTP1 (Cotton) KU242584
Tobacco streak virus TSVTS3 (Cotton) KU242587
Tobacco streak virus TSVTN1 (Cotton) KU242582
Tobacco streak virus TSVTS1 (Cotton) KU242585
Tobacco streak virus TSVTS2 (Cotton) KU242586
Tobacco streak virus CPKAR (Sunflower) India KF264470
Tobacco streak virus (Jasmine) I ndia KC996727

Tobacco streak virus (Cotton) India AY940155

Tobacco streak virus (Cotton) India AF515824 m
Tobacco streak virus (Cotton) India AY505081

Tobacco streak virus (Cotton) India AY505082

Tobacco streak virus TSVMH1 (Cotton) KX397347

Tobacco streak virus (Groundnut) India HM131488

Tobacco streak virus (Sunn-hemp) I ndia AF515825

Tobacco streak virus TSVSG2 (Cotton) India KU509214
Tobacco streak virus TSVTN2 (Cotton) KU242583

Tobacco streak virus TSVAV1 (Cotton) India KX394691
Tobacco streak virus isolate OK (Soybean) USA KP256520
Tobacco streak virus clone pGem2 (Ruharb) USA HQ130448
Tobacco streak virus Prs2 (Parsley) Iran MK576108

Tobacco streak virus Prs3 (Parsley) Iran MK576109

Tobacco streak virus Prs4 (Parsley) Iran MK576110

Tobacco streak virus CPCBE3 (Soybean) I ndia KJ825822
Sunflower necrosis virus (Sunflower) India JF340383
Tobacco streak virus Prs1 (Parsley) Iran MK576107

Tobacco streak virus 2334 (Crownbeard) Australia JX463339
Tobacco streak virus (Watermelon) India FJ608537

Tobacco streak virus (pumpkin) I ndia FJ561301

Tobacco streak virus 1973 (Sunflower) Australia JX463336
Tobacco mosaic virus (Hibiscus) USA GQ370525 =
Citrus leaf rugose virus (Citrus limon) USA KT923144 i
Citrus leaf rugose virus-NC 003546

Citrus variegation virus AM2 (sour orange) | taly EU650677 1
Citrus variegation virus ZE-2 (Lemon) Italy EU650675
Asparagus virus 2 (Asparagus) Australia AB745627
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Rice tungro spherical virus X95284

crown  beard  (Australia), sunflower
(Australia), soybean (USA) and common
hop (USA) formed a sub cluster due to their
differences from other isolates. (Fig. 3).

These results showed little differences
among Iranian, US and Australian TSV
isolates. Other members of the genus Ilarvirus
were separately classified into one cluster (Fig.
3). The phylogenetic analysis showed that the
coat protein gene sequence has been preserved
among all isolates.

Figure 3 Phylogenetic tree based on of the CP gene amino acids of the studied Iranian TSV isolates along with
other isolates in GenBank. The tree was constructed by MEGA 7.0 using neighbor joining method with 1000
bootstrap replicates and was rooted with Rice tungro spherical virus (accession number X95284).
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Using SDTv software, the similarity matrix
indicated that there were 99.4-100% and 97.6-
100% similarity at the level of nucleic acids and
amino acids among Iranian isolates,
respectively (Fig. 4 and 5). Sequence similarity
at the nucleotide level between Iranian isolates
and other TSV isolates was more than 90%.
The nucleotide sequence similarity of Iranian
isolates with TSV isolates from crownbeard
(Australia), sunflower (Australia), soybean
(US) and common hops (US) ranged from 78 to
83%. Sequence similarity in amino acid levels
between Iranian isolates and other TSV isolates
was more than 80%.
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Determination of selective pressure in TSV
coat protein

Estimation of Tajimas’s D factor and dN/dS
ratio (dN: 0.019 and dS: 0.170) using MEGA7
software showed that dN/dS ratio in TSV
coating protein was less than one (0.122). Also,
result of the Tajimas’s D test was negative (-
2.2), confirming negative selection in this area.
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Figure 5 Matrix of pairwise equivalence percentage between nucleotides of the coat protein gene of Iranian TSV

and other isolates retrieved from the GeneBank.
Discussion

The exchange of vegetable seeds with annual
seeding of crops by the farmers, in addition to
the widespread distribution of thrips as the TSV
vector has resulted in the spread of TSV virus in
many parts of the country. The extensive spread
of the virus has provided the background for its
evolution to infect a large number of hosts of
different plant families in various climatic
conditions (Jailani et al., 2019). Our results
showed incidence of TSV in the vegetable fields
of the Qom, Markazi, Lorestan and Hamadan
provinces, of 17%. Up to now, this is the first
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report of genetic diversity of TSV in Iran.
Results of sampling and immunosorbent assay
demonstrated that Hamadan province had the
highest infection rate of TSV in parsley (20.1%)
and Qom province had the lowest rate (14%).
The rate of infection with the virus was 18.8%
and 15.4% in Markazi and Lorestan provinces,
respectively. Environmental factors such as
minimum temperature, relative humidity, and
leaf moisture play an important role in the
occurrence of TSV. Low temperatures, high
relative humidity, and higher leaf moisture are
suitable for the spread and prevalence of TSV
(Elmer, 2001; Vinodkumar et al., 2017).
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Researchers have reported that TSV causes
severe necrosis at temperatures from 25 to 30°C
under greenhouse conditions (Greber et al.,
1991). On the other hand, planting date has a
significant effect on the frequency and
prevalence of this virus (Shirshikar, 2003). As
indicated in the results, the highest incidence
and frequency of TSV was in Hamadan
province, and the lowest in Qom. Hamadan
region has a more moderate weather conditions
in comparison with Qom, because Qom has a
hot desert climate. Therefore, considering that
parsley is cultivated in Qom province during
the hot months of June, July and August, the
prevalence of TSV is lower, while the
temperature range of cultivating parsley in
Hamadan province is suitable for distribution
and prevalence of this virus. However, the low
prevalence of TSV in Lorestan province is
significant, because its climate is similar to that
of Hamadan province, the low infection rate in
Lorestan province might be due to population
of Thrips tabacci Linderman and Frankliniella
occidentalis Pergande (Kaiser et al., 1991),
cultured accession of parsley, the presence of
weeds such as Dautura stramonium and
Chenopodium quinoa (was observed during
sampling) because TSV is seed-borne in these
plants (Sdoodee and Teakle, 1987), and also the
effects of neighboring fields such as soybeans,
tomatoes and mung beans (Tzanetakis et al.,
2003). The large number of a vector population
such as thrips due to the infected pollens,
probably affects the prevalence of TSV in
healthy plants (Prasada Rao et al., 2003).

Strong winds in the growing season cause
widespread dispersion of pollens from infected
plants, which, increase the rate of virus spread
and it shows the critical role of pollens in
transmission of TSV virus, if it is going to be
dispersed by vector thrips (Sharman et al.,
2011).

Although TSV has been reported in many
countries around the world and is an important
economic virus, its complete genome sequence
has been only reported for seven isolates from
Australia, United States, and India. Studies
have demonstrated that the TSV coat protein
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gene isolated from different hosts such as other
Ilarviruses is highly preserved (Vinodkumar et
al., 2017; Jailani et al., 2019). Therefore, in this
study, the phylogenetic analysis of TSV isolates
was performed based on the coat protein coding
region.

In the phylogenetic tree of Iranian isolates
and the isolates from different crops in other
parts of the world, two and three separate
clusters were formed based on the nucleic acid
and amino acid sequences, respectively, (Figs. 2
and 3). This finding is consistent with previous
study (Rao et al., 2003).

All TSV isolates were placed in Cluster 2,
based on the nucleotide sequence. The Iranian
isolates were placed near to the Indian
isolates with the similarity rate of 92%. Two
Iranian isolates, Prs 1 and Prs2, are placed in
one sub cluster, both of which have been
isolated from Markazi and Lorestan
provinces. This indicates that probably due to
the exchange of agricultural products and
seeds between these two provinces, the two
isolates are more closely related. The other
two isolates, Prs3 and Prs4, were isolated
from the Hamadan and Qom provinces,
respectively. In terms of nucleic acid
sequence, the Iranian isolates have the
highest affinity (96%) with the Indian isolates
from the sunflower, 94% from soybean and
92% affinity with those from onions. The
results indicated that the sequence of coat
proteins of Iranian and Indian isolates were
not similar in two amino acids, however
Iranian isolates differed from American and
Australian isolates in 72 nucleotides and 20
amino acids. Changes in some of the amino
acids in the gene coding region require
further study to determine their effects on
virus biology. Based on the phylogenetic tree
of the nucleotide sequence, the isolates of
cluster 2 have on average 92% similarity with
each other, and cluster 1 and cluster 2 have an
approximately 82% similarity. Evolutionary
genomic analysis revealed the conserved
nature of TSV encoded CP gene infecting
cotton, mungbean, sunflower and sun hemp,
however a variable region has been identified
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(Bhat et al., 2002). The conserved nature of
CP gene in TSV was also confirmed by
Bheemathatti et al. (2010) in sunflower,
gherkin and pumpkin. Sivaprasad et al.
(2013) revealed that, 15 isolates of TSV
infecting various hosts including, groundnut,
sunflower, onion, blackgram, greengram,
jute,  marygold, calotropis,  pumpkin,
watermelon and kenaf plants in India had
highly conserved coat protein genes. TSV
affects an increasingly wide range of crop
species but the CP of isolates from different
hosts and locations appears highly conserved,
displaying >95% identity among the aa of the
CP (Pallas e al., 2013). Other subgroup 1
llarviruses (Bacopa chlorosis virus (BCRV),
Parietaria  mottle virus (PMoV) and
Strawberry necrotic shock virus (SNSV))
share <80% identity with the CP of TSV
(Galipienso ef al., 2008).

Phylogenetic studies of the Indian isolates
also showed that geographical differences were
more important in the grouping of these isolates
than the host (Rageshwari et al., 2017). The
similarity of nucleotide sequence of Iranian
isolates with TSV isolates of Australia and the
US was 78 to 83%, therefore the Iranian
isolates in this study are more similar to Asian
isolates from India. Studies on the genus
llarovirus and TSV isolates have shown that
because of the widespread distribution of the
virus due to the export of agricultural products
to different parts of the world, virus isolates
may not be distinguished by geographic region,
so that US isolates could be placed in one
cluster along with the Australian and Asian
isolates which is inconsistent with the previous
report from Vinodkumar et al. (2017) who
studied genetic diversity of seven TSV isolates
by sequencing the CP region and aligning a
matrix of 900 bp with data of other TSV
isolates from GenBank. In viruses whose
genome is a single-stranded RNA, its
recombination is likely to be more than other
viruses. This is unavoidable in the evolutionary
process of viruses and results in the creation of
new isolates in a region, and thereby infection
of new hosts. The amino acid composition is
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conserved at positions 62, 73, 127 and 180 as
alanine™, valine”, phenylalanine'”’, serine'®,
respectively, which, in Iranian isolates, are the
same as those of other countries (Senthilraja et
al., 2018). A considerable proportion of the
arginine and/or lysine residues that occur in the
CP of ilarviruses are found in the N-terminal
region of the molecule (Pallas et al., 2013). The
amino-terminal peptides containing this basic
motif are sufficient to bind to the 3'-
nontranslated region (3'-NTR) of its own RNA
(Ansel-McKinney et al., 1996). Mutational and
comparative analysis of the N-terminal CP
sequences of TSV have led to the proposal of
an RNA-binding consensus sequence (Q/K/R-
P/N-T-X-R-S-R/Q-Q/N/S-W/F-A). In this
sequence, a single arginine (R) is the only
residue that is essential and responsible for the
specific binding of either those peptides
corresponding to this motif or full-length CPs to
a terminal fragment of 3'NTR RNA (Swanson
et al., 1998)

The overall dN/dS ratio for the CP gene
was less than 1.00 which most of the
mutations did not alter the amino acid,
indicating negative or purifying selection, and
these results were predictable according to the
roles of the coat protein. Therefore, it could be
concluded that the CP gene is under a high
selection pressure (dN/dS = 0.122).

Low values of dN/dS have been reported in
different genomic regions for the other
members of the family Bromoviridae (Revathy
and Bhat 2017; Nouri et al., 2014; De Silva et
al., 2002).

Detection of viral agents in different hosts
makes the selection of suitable strategy for their
control more feasible. One of the most
important ways to control plant viruses is the
use of resistant cultivars. Before investigating
the relative resistance of cultivars or transgenic
plants to control the virus, it is necessary to
study the genetic diversity of Iranian virus
isolates, because determining the genetic
diversity in a viral group and understanding the
mechanisms and factors affecting diversity and
variability are important for determining and
applying resistance genes.


https://dorl.net/dor/20.1001.1.22519041.2020.9.4.6.9
https://jcp.modares.ac.ir/article-3-39044-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-12-27 ]

[ DOR: 20.1001.1.22519041.2020.9.4.6.9 ]

Tobacco streak virus in parsley

J. Crop Prot.

Declaration of conflicting interests
The Authors states that there is no conflict of
mterest.

References

Almeida, A. M., Sakai, J., Hanada, K., Oliveira,
T. G., Belintani, P., Kitajima, E. W., Souto,
E. R., Novaes, T. G. D. and Nora, P. S. 2005.
Biological and molecular characterization of
an isolate of Tobacco streak virus obtained
from soybeans in Brazil. Fitopatologia
Brasileira, 30(4): 366-373.

Ansel-McKinney, P., Scott, S. W., Swanson,
M., Ge, X. and Gehrke, L. 1996. A plant
viral coat protein RNA binding consensus
sequence contains a crucial arginine. The
EMBO Journal, 15: 5077-5084.

Bellardi, M. G., Sghedoni, L. and Bertaccini, A.
2004, March. Tobacco streak virus infecting
Buxus sempervirens. In: XI International
Symposium on  Virus Diseases  of
Ornamental Plants, 722: 229-234,

Bhat, A. L., Jain, R. K., Chaudhary, V., Reddy,
M. K., Ramiah, M., Chattannavar, S. N. and
Varmas, A. 2002. Sequence conservation in
the coat protein gene of Tobacco streak
virus isolates causing necrosis disease in
cotton, mung bean, sunflower and sunn-
hemp in India. Indian Journal of
Biotechnology, 1: 350-356.

Bheemathatti, S., Sivaprasad, Y., & Saigopal,
D. V. R. (2010). Detection of tobacco
streak virus by immunocapturereverse
transcriptase-polymerase chain reaction and
molecular variability analysis of a part of
RNA3 of sunflower, gherkin, and pumpkin
from Andhra Pradesh, India. Science Asia,
36(3), 194-198.

De Silva, D. P. P., Jones, P. and Shaw, M. W.
2002. Identification and transmission of
Piper yellow mottle virus and Cucumber
mosaic virus infecting black pepper (Piper
nigrum) in Sri Lanka. Plant Pathology,
51(5): 537-545.

Elmer, W. H. 2001. The economically important
diseases of asparagus in the United States.
Plant Health Progress, 2(1): 13.

694

Galipienso, L., del Carmen Herranz, M., Lopez,
C., Pallas, V. and Aramburu, J., 2008.
Sequence analysis within the RNA 3 of
seven Spanish tomato isolates of Parietaria
mottle virus (PMoV-T) reveals important
structural differences with the parietaria
isolates (PMoV). European Journal of Plant
Pathology, 120(2): 125-135.

Golnaraghi, A.R., Shahraeen, N., Pourrahim,
R., Farzadfar, S. and Ghasemi, A. 2004.
Occurrence and relative incidence of viruses
infecting soybeans in Iran. Plant Disease,
88(10): 1069-1074.

Greber, R. S., Klose, M. J., Teakle, D. S. and
Milne, J. R. 1991. High incidence of tobacco
streak virus in tobacco and its transmission
by Microcephalothrips abdominalis and
pollen from Ageratum houstonianum. Plant
Disease, 75(5): 450-452.

Hosseini, S., Mosahebi, G. and Koohi Habibi,
M. 2006. Distribution of sunflower viruses
of Iran. In: Proceedings of the 10"
International Plant Virus Epidemiology
Symposium, 2006, October, India,
Hyderabad. pp. 15-19.

Jailani, A. A. K., Vemana, K., Roy, A,
Krishnareddy, M., Kobayashi, K. and
Mandal, B. 2019. Complete genome
sequence and phylogenetic relationships of
tobacco streak virus causing groundnut stem
necrosis disease in India. Virus Disease,
30(2): 227-236.

Johnson, J. 1936. Tobacco streak, a virus
disease. Phytopathology, 26(3).

Jones, A.T., McGavin, W.J. and Dolan, A.,
2001. Detection of Tobacco streak virus
isolates in North American Cranberry
(Vaccinium macrocarpon Ait.). Plant Health
Progress, 2(1): p. 5.

Kaiser, W. J., Wyatt, S. D. and Klein, R. E.
1991. Epidemiology and seed transmission
of two tobacco streak virus pathotypes
associated with seed increases of legume
germ plasm in eastern Washington. Plant
Disease, 75(3): 258-264

Khateri, H., Moarrefzadeh, N., Koohi-Habibi,
M., Mosahebi, G., Hosseini, A. and
Hamzeh, N. 2006. High incidence of


https://dorl.net/dor/20.1001.1.22519041.2020.9.4.6.9
https://jcp.modares.ac.ir/article-3-39044-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-12-27 ]

[ DOR: 20.1001.1.22519041.2020.9.4.6.9 ]

Abtahi and Hosseini

J. Crop Prot. (2020) Vol. 9 (4)

tobacco streak virus in the tobacco fields of
Iran. Communications in agricultural and
Applied Biological Sciences, 71(3 Pt B):
1213-1216.

Kumar, S., Stecher, G. and Tamura, K. 2016.
MEGA7: molecular evolutionary genetics
analysis version 7.0 for bigger datasets.
Molecular Biology and Evolution, 33(7):
1870-1874.

Loebenstein, G. and Lecoq, H. 2012. Viruses
and Virus Diseases of Vegetables in the
Mediterranean Basin (Vol. 84). Academic
Press, NY.

Lopez, M. G., Sanchez-Mendoza, I. R. and
Ochoa-Alejo, N. 1999. Compartive study of
volatile components and fatty acids of plants
and in vitro cultures of parsley
(Petroselinum crispum (Mill) nym ex hill).
Journal of Agricultural and Food Chemistry,
47(8): 3292-3296.

Moini, A. A. 2007. Identification of some
pathogenic viruses of soybean and their
possible relations with podding disorder
with emphasis on Tospoviruses. Final
Report Project in Virology Department,
Plant Pest and Diseases Research Institute.
2003; 24 pp. (In Persian).

Motamedi, M., Koohi, H. M. and Mosahebi, G.
2013. Study on some biological and
molecular characterization of tobacco streak
virus isolated from sunflower. Journal Plan
Protection, 2: 159-168.

Muhire, B. M., Varsani, A. and Martin, D. P.
2014. SDT: A virus classification tool based
on pairwise sequence alignment and identity
calculation. PloS One, 9(9), p.e108277.

Nouri, S., Arevalo, R., Falk, B.W. and Groves, R.
L. 2014. Genetic structure and molecular
variability of Cucumber mosaic virus isolates
in the United States. PLoS One, 9(5).

Pallas, V., Aparicio, F., Herranz, M. C.,
Sanchez-Navarro, J. A. and Scott, S. W.
2013. The molecular biology of ilarviruses.
In: Karl, M. and Frederick, A. M. (Eds.),
Advances in Virus Research, Chapter five,
Academic Press, Vol. 87, pp. 139-181.

Prasada Rao, R. D. V. J., Reddy, A. S., Reddy,
S. V., Thirumala-Devi, K., Rao, S. C.,

695

Manoj Kumar, V., Subramaniam, K.,
Yellamanda Reddy, T., Nigam, S. N. and
Reddy, D. V. R. 2003. The host range of
Tobacco streak virus in India and
transmission by thrips. Annals of Applied
Biology, 142(3): 365-368.

Rageshwari, S., Renukadevi, P., Malathi, V. G.,
Amalabalu, P. and Nakkeeran, S. 2017. DAC-
ELISA and RT-PCR based confirmation of
systemic and latent infection by tobacco streak
virus in cotton and parthenium. Journal of
Plant Pathology, 99(2): 469-475.

Rahimian, H., Hamdollah-Zadeh, A. and
Montazeri, M. 1995. Viruses associated with
the soybean pod set failure syndrome in
Iran. In: Proceedings of the 12" Iranian
Plant Protection Congress, 2-7 September
1995 Karaj, Iran.

Rakhshandehroo, F., Pourrahim, R., Zamani
Zadeh, H., Rezaee, S. and Mohammadi, M.
2005. Incidence and distribution of viruses
infecting Iranian vineyards. Journal of
Phytopathology, 153(7-8): 480-484.

Rao, S. C., Rao, R. P., Kumar, V. M., Raman, D.
S., Raoof, M. A. and Prasad, R. D. 2003. First
report of Tobacco streak virus infecting
safflower  (Carthamus  tinctorius)  in
Mabharashtra, India. Plant Disease, 87(11):
1396-1396.

Ravi, K. S., Buttgereitt, A., Kitkaru, A. S.,
Deshmukh, S., Lesemann, D. E. and
Winter, S. 2001. Sunflower necrosis
disease from India is caused by an
ilarvirus related to Tobacco streak virus:
New Disease Report. Plant Pathology,
50(6): 800-800.

Reddy, A. S., Rao, R. P., Thirumala-Devi, K.,
Reddy, S. V., Mayo, M. A., Roberts, L.,
Satyanarayana, T., Subramaniam, K. and
Reddy, D. V. R. 2002. Occurrence of
Tobacco Streak Virus on peanut (Arachis
hypogaea) in India. Plant Disease, 86(2):
173-178.

Revathy, K. A. and Bhat, A. 1. 2017. Complete
genome sequencing of cucumber mosaic
virus from black pepper revealed rare
deletion in the methyltransferase domain of
la gene. Virus Disease, 28(3): 309-314.


https://dorl.net/dor/20.1001.1.22519041.2020.9.4.6.9
https://jcp.modares.ac.ir/article-3-39044-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-12-27 ]

[ DOR: 20.1001.1.22519041.2020.9.4.6.9 ]

Tobacco streak virus in parsley

J. Crop Prot.

Sdoodee, R. and Teakle, D. S. 1987. Transmission
of tobacco streak virus by Thrips tabaci a new

Senthilraja, C., Reddy, M. G., Rajeswaran, J.,
Kokiladevi, E. and Velazhahan, R. 2018.
RNA interference-mediated resistance to
Tobacco streak virus in transgenic peanut.
Australasian Plant Pathology, 47(2): 227-230.

Sharman, M., Thomas, J. E. and Persley, D. M.
2011. First report of Tobacco streak virus
in sunflower, cotton, chickpea and mung
bean in Australia. Plant Diseases Notes, 3:
27-29.

Shirshikar, S. P. 2003. Influence of different
sowing dates on the incidence of sunflower
necrosis disease/influencia de diferentes
fechas de siembra en la aparicion de la
enfermedad de necrosis en girasol/influence
de différentes dates de semailles sur
I’incidence de la nécrose du tournesol.
Helia, 26(39): 109-116.

Sivaprasad, Y., Bhaskara Reddy, B. V.,
Sujitha, A., and SaiGopal, D. V. R., 2013.
Genetic variability of tobacco streak virus
in South India based on the analysis of coat
protein gene. Archives of Phytopathology
and Plant Protection, 46(2): 172-179.

Swanson, M. M., Ansel-McKinney, P.,
Houser-Scott, F., Yusibov, V., Loesch-
Fries, L. S. and Gehrke, L. 1998. Viral
coat protein peptides with limited
sequence homology bind similar domains

696

method of plant virus transmission. Plant
pathology, 36(3): 377-380.

of alfalfa mosaic virus and tobacco streak
virus RNAs. Journal of Virology, 72(4):
3227-3234.

Tzanetakis, 1. E., Mackey, 1. C. and Martin, R.
R. 2003. Strawberry necrotic shock virus: a
new virus previously thought to be Tobacco
streak virus. In: X International Symposium
on Small Fruit Virus Diseases, July, 2003,
Valencia (Spain). 656: 27-31.

Vetten, H. J., Knierim, D., Rakoski, M. S.,
Menzel, W., Maiss, E., Gronenborn, B.,
Winter, S. and Krenz, B. 2019.
Identification of a novel nanovirus in
parsley. Archives of Virology, 164(7):
1883-1887.

Vinodkumar, S., Nakkeeran, S., Malathi, V.
G., Karthikeyan, G., Balu, P. A,
Mohankumar, S. and Renukadevi, P. 2017.
Tobacco streak virus: an emerging threat to
cotton cultivation in India. Phytoparasitica,
45(5): 729-743.

Yanardag, R., Bolkent, $., Tabakoglu-Oguz,
A. and Ozsoy-Sacan, O. 2003. Effects of
Petroselinum crispum extract on pancreatic
B cells and blood glucose of streptozotocin-
induced diabetic rats. Biological and
Pharmaceutical Bulletin, 26(8): 1206-1210.

Zargari, A. 2004. Medicinal Plants. Tehran
University Press, Iran, [In Persian].


https://dorl.net/dor/20.1001.1.22519041.2020.9.4.6.9
https://jcp.modares.ac.ir/article-3-39044-en.html

[ Downloaded from jcp.modares.ac.ir on 2024-12-27 ]

[ DOR: 20.1001.1.22519041.2020.9.4.6.9 ]

Abtahi and Hosseini J. Crop Prot. (2020) Vol. 9 (4)

Petroselinum sativum g yoz> oLS jl ool 1o 9595 5145y wopg ST 9 £589 (cw )y
T S aible ougw 9 7' bl @ololudle 35

Q‘f‘ “S|)| “Sb‘ olKisls ‘M é)l.A.A 9 Lg))jlﬂ.: ouSiils 5)]0.!.4 9 6?5)‘0 uL{bLa.f 05;*\
Ol ey i s oRls (55,5l caSiiils ¢ Sb5ielS 0,5 Y

f-abtahi@araku.ac.ir :4.5lSe Jsims oot g Sy mSI oy

VAR oty A s dy VTAA 3T YE rcil o

Lo, LS i 53 (TSV) (595 148, Gugny (ST (resd (g3 (ool 1 Som touaSy
G2z oS ases TYO VAP Jlu jo iogh cpl )0 0 oo g (i (635 0 o8 oLl
u)b 9o C.)sd.)t.u U"s) a4 é’)jjjj‘“’ U?"o)" )‘ oalaiwl l; ISV LYl Lhd.)}.o; Q"‘ ‘;ojﬂm 6)5ié.o>
(99 obazl iol sleslatul b 5 (Double Antibody Sandwich-ELISA, DAS-ELISA) |31
lagbiond il g haz oS slaaigas (Sogll a5 ols (lad (gl ol @l (28,5 )18 gy 0550
las g Slpl alas oS ols las baslas oul code usSgy aigal Sl g g0 gelS e Sy 5L
Ga9ilS g (o lwlp oad e 5 (S5el8 C3 )0 S e 418 09,5 S o e b e
S8 09,5 A g 90 40 s pan Ladslas a5 ol )Lis cdiel sl Sl g ey (e 4l
Lasu,.:”;”)u );LM: 9 M; )‘).9 03; h_i) )b Luo TSV ‘51.‘!)4.)‘&} o‘,o.kd.) ‘3‘]9‘ Lgl.md)‘d} A.Jrf‘so
IS odsl g Olnl )3 TSV (S £95 (o 2 51 G015 sl cnl isls JSeas (slaslSlaz o9 5

WAlse TSV &y fliw J 5 laed o535 10 epd slopliwl Sloy jw &30 65.39J'| £585 !

RT-PCR U5V g 5 Sk 6 siar o5 2(s0ls’ 5157315

697


https://dorl.net/dor/20.1001.1.22519041.2020.9.4.6.9
https://jcp.modares.ac.ir/article-3-39044-en.html
http://www.tcpdf.org

