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Watermelon chlorotic stunt virus (WmCSV) is a destructive Begomovirus
from the family of Geminiviridae with a bipartite genome including similar-
sized circular, single-stranded DNA (DNA-A and DNA-B) which has recently
developed dangerously in many countries in the Middle East. WmCSV is
transmitted by the whitefly Bemisia tabaci in a persistent and circulative
manner. In order to detect this virus, in the summer of 2023, samples of
watermelon with symptoms of yellowing and severe leaf curl, leathery and
blistering of the young leaves surface, chlorotic spots, and dwarf were
collected from watermelon fields in the north of Khouzestan province (Dezful,
Shoush, and Andimeshk). PCR was performed using two primer pairs of
Begomovirus related to AV1 and also AV2 genomic region. The sequencing
results confirmed WmCSV infection in the samples. In the phylogenetic tree
drawn based on the coat protein gene (AV1), Khouzestan isolates were placed
in a group next to other Iranian isolates and they had most similarities to
Noorabad isolate from Fars province. Also, results of two by two comparisons
of nucleotide sequences of the AV1 genomic region using SDT v1.2 software
showed the sequences of three Khouzestan isolates are highly similar (99.40%)
and had the most identity (99.60%) with Noorabad Mamassani isolate from
Fars province and the greatest genetic distance with Saudi Arabia isolates
(95.80%) and Lebanon isolate (96.50%). This is the first report of WmCSV
occurrence in Khouzestan province’s watermelon fields. WmCSV is rapidly
advancing on their host crops in Iran, especially in the southern regions of the
country.
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Introduction

infected 90-100% of watermelon fields (Czosnek
et al., 2021). This disease was present in every

Virus diseases of Cucurbitaceae cause annual
guantitative and qualitative economic damages
to these products (Radouane et al., 2021). So far,
many viruses and viroids have been reported that
can infect one or a few species of cucurbits
naturally or in the laboratory. Watermelon
chlorotic stunt virus (WmCSV) is one of the
important viruses that causes damage to
Cucurbitaceae (Bananej et al., 2009). WmCSV
was first identified with symptoms such as
yellowing of veins, severe plant dwarfism and
leaf chlorosis on watermelon in Yemen and

region where watermelon was planted regularly
and caused a severe reduction in the yield. In
some areas of Saudi Arabia, WmCSV destroyed
all watermelon crops (Al-Saleh et al., 2014).
WmCSV has been identified in watermelon and
muskmelon in eastern and central Sudan. Then,
this virus was detected in the Palestine region
(Mohammed et al., 2014) and Jordan (Al-Musa
et al., 2011) as well as in southern Lebanon in
the cultivation areas of cucurbits, including
cucumbers, melons, watermelons, and pumpkins.
WmCSV was reported from Cucurbita moschata
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in Oman in 2012 (Khan et al., 2012). It was also
reported on Cucurbitaceae in Mexico
(Dominguez-Durén et al., 2018). In recent years,
WmCSV has been a serious and significant
threat to Cucurbitaceae in the Middle East,
Arabian Peninsula, and North Africa (Shafiq et
al., 2021).

WmCSV belongs to Begomovirus genus and
Geminiviridae family and has a bipartite genome
including similar-sized circular, single-stranded
DNA (DNA-A and DNA-B) (Hanley-Bowdoin
et al., 2013; Hasanvand and Pakbaz, 2022). The
DNA-A of bipartite Begomoviruses encodes two
genes in virion-sense (AV1 and AV2), while
four genes are encoded in the complementary-
sense orientation (AC1, AC2, AC3, and AC4)
(Rosario et al., 2016; Gomathi et al., 2023). The
genome in Begomovirus is encapsidated in
twinned icosahedrons. WmCSV is transmitted
by the whitefly Bemisia tabaci in a persistent
and circulative manner (Czosnek et al., 2021,
Breves et al., 2023).

So far in Iran, WmCSV has been reported from
the provinces of Bushehr, Kerman, Hormozgan,
Sistan & Baluchistan, Golestan (Bananej, 2016),
Fars and Gilan (Esmaeili et al., 2015). This virus
has a wide spread in the south and southeast of
Iran due to the suitable climate for the activity of
the vector. Also, the source of the virus is
maintained for subsequent crops by transmitting
the disease to the weeds next to the fields.
Considering that Khouzestan province is one of
the major areas for growing Cucurbitaceae

including watermelon, and in recent years there
have been suspected signs of viral infections
with the presence of whiteflies in watermelon
fields, the purpose of this research is to detect of
Watermelon chlorotic stunt virus in watermelon
fields of the north of Khuzestan province and
determine the phylogenetic position of its
isolates.

Materials and Methods
Sample collection and DNA extraction

In the spring and summer of 2023, 40 leaf
samples were taken from suspected plants with
symptoms such as dwarf, vein clearing, mottling
and chlorotic spots between the veins, severe
leaf curl from watermelon fields in the northern
cities of Khouzestan province (Dezful, Shoush
and Andimeshk). The samples were transferred
to the laboratory on ice and used for molecular
tests. A part of each sample was transferred to a -
70°¢  freezer for long-term storage. DNA
extraction was done from leaf samples using the
CTAB-PVPP method (Zhang et al., 1998) and
stored at -20°°.

Polymerase chain reaction

The Polymerase chain reaction was first
performed using a pair of degenerate primers (Bc
and PCRv181) belonging to  whitefly-
transmissible Begomoviruses on DNA-A (Rojas
et al., 1993; Czosnek et al., 2021) (Table 1).

Table 1. Primers used in this study

Primer Name Nucleotide Sequence (5'-3") Gene region Size Product
Begomo. PCRv181 5TAATATTACCGGWTGGCC3' AV?2 550bp
Begomo. Bc 5TGGACYTTRCAWGGBCCTTCACA3'
WmCSV-700A-F 5'AGCCCCTACATGAGCCGTGCT3'

AV1 650bp

WmCSV-1334A-R

S'’ACACAGGATTCGATGCGTGTG3'

This reaction was carried out in a final volume of
25ul, including 12.5ul of 2x PCR BioTaq Mix
Red kit (PCR Biosystem company), 10pmol of
forward and reverse primers, and 100ng of DNA.
To amplify the expected fragment, the thermal
program was done as follows: an initial
denaturation at 94°C for 3min and then 35
cycles, including denaturation at 94°C for 35s,
annealing at 55°C for 35s, and extension at 72°C
for 35s, and finally the final extension step at
72°¢ for 7min. Sterile distilled water was used
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instead of DNA as a negative control in one
reaction. Safe DNA stain solution (Pishgam
Company) was used to stain the PCR products,
and to observe the amplified products and
evaluate their quantity and quality, 1% agarose
gel electrophoresis was used in the presence of a
100bp standard molecular marker (Pishgam
Company) and finally the results were observed
with gel document.

Nucleotide sequencing to detect viral species
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One representative of amplified PCR products
using degenerate primers was selected based on
guality and sent to Codon company for
purification and sequencing. To determine the
species of viral isolate, the nucleotide sequence
of this sample was compared with other related
sequences in the gene bank using the nucleotide
Blast tool in NCBI.

PCR using species-specific primers

After evaluating the results obtained from
determining nucleotide sequencing based on Bc
and PCRv181 primers and determining the virus
species, PCR was performed using specific
primers of WmCSV (Esmaeili et al., 2015) to
amplify the coat protein (CP) gene (Table 1).
The concentration and values of the PCR, the
commercial kit, and the thermal program were
almost similar to the reaction performed for
amplification using degenerate primers, except
for the annealing temperature of specific
primers, which was 58°C.

Determination of phylogeny position

Amplified products were sent to Codon company
for purification and sequencing. Finally, the
obtained nucleotide sequences were first
evaluated using the nucleotide Blast tool in
NCBI. The ends of the sequences were edited
using BioEdit software. The final sequences
were used to draw the phylogeny tree. To
determine the phylogeny position of the viral
species were used several nucleotide sequences
related to the studied genomic regions belonging
to different hosts and countries, which were
previously registered in the gene bank. For this
purpose, multiple sequence alignment was done
using the ClustalW tool in MEGAL1 software,
and then a phylogeny tree was drawn with the
neighbor-joining method and based on 1000
repetitions in bootstrap evaluation. Also, the
identity analysis of the nucleotide sequence of
the studied genomic regions between the
sequenced isolates and the gene bank was done
using SDT v1.2 software (Muhire et al., 2014).

Results and Discussion
Field survey

In visiting the watermelon fields of Khouzestan
province including Dezful, Shoush, and
Andimeshk cities, symptoms such as severe
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mosaic and chlorosis, blistering of the leaf
surface, small leaves and wavy leaf margins,
fruit deformity, and plant dwarfing were
observed (Fig. 1), which were similar to the
previous reports of symptoms of this virus
(Bananej et al., 2009). In the previous research,
infected plants with WmCSV showed symptoms
such as yellow veins, mottling, and severe
stunting of young leaves in Palestine
(Mohammed et al., 2014). Also, Cucurbita
maxima plants infected with WmCSV showed
yellowing, curling, and stunting symptoms in
Oman (Shafiq et al., 2021). The variety of
symptoms can be caused by the difference in the
type of cultivars, so some watermelon cultivars
are more tolerant to this virus and also, different
melon cultivars have different resistance to
WmCSV (Yousif et al., 2007).

(-‘\& 4 -

Fig. 1. Symptoms of WmCSV in watermelon samples
collected from fields in Khouzestan province: a)
severe mosaic and chlorosis; b) yellowish, leathery,
and blistering of the young leaves surface and plant
dwarfing; c¢) reduction of fruit growth; d) reduced leaf
size and wavy leaf margins

Detection of WmCSV by PCR

In a PCR test using degenerate primers of
Begomoviruses transmissible with whiteflies (Bc
and PCRv181), a 550bp fragment was amplified
which belonged to the 3' end part of the
intergenic region and about 200 base pairs from
the 5' end of the pre-coat protein gene (AV2)
(Fig. 2A), and indicated the definitive infection
of the samples to viral species of the genus
Begomovirus. In a study, in order to detect
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Tomato yellow leaf curl virus (TYLCV) in the
herbaceous hosts in the southern regions of
Kerman province, PCR was performed using the
degeneration primers Bc and PCRv181. These
primers were able to amplify a fragment of 550
base pairs in the infectious samples (Salari et al.,
2015). Also, the other researchers used these
primers to detect TYLCV in Khorasan Razavi
(Gharouni et al., 2014) and Lorestan provinces
(Rostami et al., 2023) and ToLCPMV in
Kouzestan province (Jelavi et al., 2022). In
another study, in order to investigate the
phylogenetic relationship of WmCSV isolates in
Cucurbitaceace in Sistan & Baluchestan
province, WmCSV was identified using specific
primers Gem-CP-V-5' and Gem-CP-V-3'
belonging to Begomovirus and a fragment of
550bp was amplified in suspected watermelon
samples (Jafari et al., 2020).

An amplified fragment of Shoush isolate was
purified and sequenced by the Sanger method at

Codon Company. Evaluation of the sequence
using the Nucleotide Blast tool (nBlast) in the
gene bank revealed that the studied isolate based
on the nucleotide sequence of the AV2 genomic
region belonged to Watermelon chlorotic stunt
virus (WmCSV). This sequence had 96-99%
nucleotide identity with other sequences
available and registered from this region in
NCBI, and the most and least similarity was
related to the isolate recorded from Noorabad
city of Mamsani, Fars province (KT272767.1)
and the isolate of Saudi Arabia (KT943457.1),
respectively based on nBlast tool analysis.
Accession number of this isolate is available in
Table 2. After confirming the virus species, the
specific primers of WmCSV species were used
to perform the PCR test. These primers were
able to amplify a fragment with a length of about
650bp including the coat protein gene (AV1) of
WmCSV (Fig. 2B).

Table 2. Gene bank accession numbers related to WmCSYV isolates sequenced in this study.

Location Genomic fragment Gene region Accession humber Host

Shoush DNA-A AV1 OP954295 C. lanatus
Dezful DNA-A AV1 OP967001 C. lanatus
Andimeshk DNA-A AV1 0OP926974 C. lanatus
Shoush DNA-A AV2 0OP926973 C. lanatus

A) B)

Fig. 2. Electrophoresis pattern of PCR products on 1% agarose gel: A) Amplification of a 550bp fragment using
degenerate primers of Begomoviruses (BC and PCRv181); B) Amplification of a 650bp fragment using specific
WmCSV primers. M= Molecular marker (100bp); N= Negative control.

Out of 40 samples collected from watermelon
fields in three cities, 24 infected samples were
identified (9 out of 23 samples collected
belonging to Dezful, 8 to Andimeshk, and 7 to

Shoush). The results of this research were
consistent with those of Esmaili et al. In their
research, the infection of 14 species from 12
genera and 9 families of weeds in different



Pakbaz et al., J Genet Resour, 2024; 10(1): 98-108

regions in the south and southeast of Iran was
confirmed by PCR test, and a 650bp fragment
was amplified (Esmaeili et al., 2015).

WmCSV has been reported in watermelon fields
of Fars province, including Lar, Estehban,
Firuzabad, Khonj, Mamsani, and Darab
(Esmaeili et al., 2015) and also in watermelon
and melon fields of Sistan and Baluchistan
province (Jafari et al., 2020). In a study, the
sensitivity of different cultivars that were mostly
cultivated by farmers in the southern regions of
Iran was investigated. In this study, WmCSV
species-specific primers were able to amplify
fragments of the expected size. The cultivars Ps,
Proseed, WLNOOL-20046, and Charlee showed
the least sensitivity to infection with this virus
(Esmaeili et al., 2015).

Most species in Cucurbitaceae, such as
cucumber, melon, and pumpkin, and some
species of Solanaceae, such as tomato, are
sensitive to WmCSV. On the other hand,
experimental plants such as Nicotiana
benthamiana and N. glutinousa are also hosts of
this virus in most southern regions of Iran with
tropical climates (Bananej, 2016). Lagenaria
siceraria, Vigna radiate, Datura stramonium,
Amaranthus viridis have been identified as hosts
of this virus (Ahmad et al., 2018).

Determining the phylogenetic position

After grouping the amplified products based on
quality and geographic region, one sample from
each city was sequenced. Then, the received
sequences were evaluated on the NCBI site and
the nBlast tool confirmed that the investigated
isolates belong to WmCSV based on the AV1
gene nucleotide sequence and can be

phylogenetically investigated with the other
registered isolates in the gene bank. On average,
the studied isolates had 95.28-98.28 percent
nucleotide similarity with other sequences
registered from this region in NCBI. The results
obtained from the comparison of the sequences
in the gene bank based on the AV1 gene showed
the highest percentage of similarity at the
nucleotide level between the Khouzestan isolates
and the isolate recorded from Noorabad
Mamssani in Fars province. The accession
numbers of isolates studied in this research are
listed in Table 2.

In order to determine the relationships and
phylogenetic  position, multiple  sequence
alignment of Khouzestan province isolates,
along with several isolates of WmCSV available
in the gene bank, was done. These sequences
were related to different hosts and geographical
regions, including Iran and other countries
(Tables 3 and 4). These analyses were performed
using the ClustalW tool in BioEdit software, and
a phylogeny tree was drawn based on both of the
studied genomic regions using MEGA11.

In the phylogeny tree drawn based on nucleotide
sequences of the AV2 genomic region, the
studied isolates were placed in two groups, | and
Il (Fig. 3). Group | included two subgroups. The
Shoush isolate had the most similarity with the
Noorabad city isolate from Fars province, on
watermelon  host with accession number
(KT272767.1), and was placed in subgroup I in a
separate sub-branch next to this isolate. In this
subgroup, isolates related to Jordan, Lebanon,
Palestine region, West Bank, Mexico, Sudan,
and Germany were placed in separate branches.

Table 3. Accession numbers and characteristics of WmCSV isolates related to the AV2 genomic region available

in the gene bank used in phylogeny analysis.

Ac Num* Host Country Ac Num* Host Country
KT272767.1 C. lanatus Mamassani, Fars, Iran KJ854914.1 C. lanatus West Bank
KT272773.1 C. pepo Jiroft, Kerman, Iran KJ854915.1 C. lanatus West Bank
KT272771.1 C. lanatus Khash, Sistan, Iran KC462552.1; EF201809.1  C. lanatus Palestine
KY825715.1 B.rapavar.rapal. Bagher-Abad, Kerman, Iran JX131283.1 S. arvensis Jordan
KT272769.1 C. lanatus Khonj, Fars, Iran HM368371.1 C. melo Lebanon
KT272765.1 C. lanatus Darab, Fars, Iran EU561237.1 C. lanatus Jordan
JN618983.1 Cucurbita Oman 0OK058529.1 C. lanatus Germany
JN618982.1 Cucurbita Oman KY488568.1 D. innoxia Sudan
JN618981.1 Cucurbita Oman KJ939448.1; KJ958911.1 C. lanatus Saudi Arabia
KY124280.1  C.lanatus Mexico KJ958912.1 C. pepo Saudi Arabia
MW588390.1  Opuntia auberi Mexico KC677628.1 C. maxima Sudan

*Ac Num= Accession number
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Table 4. Accession numbers and characteristics of WmCSV isolates related to the AV1 gene available in the gene

bank used in phylogeny analysis.

Ac Num* Host Country Ac Num* Host Country
KT272767.1 C. lanatus Mamassani, Fars, Iran MH244454.1 C. lanatus Chababhar, Iran:
JX480487.1 H. szovitsii Minab, Kerman, Iran MH220206.1  C. melo Zabol, Iran
KT272769.1 C. lanatus Khonj, Fars, Iran JN618983.1 Cucurbita Oman
KT272765.1 C. lanatus Darab, Fars, Iran JN618982.1 Cucurbita Oman
JX480480.1 S. aegyptiaca Minab, Hormozgan, Iran JN618981.1 Cucurbita Oman
JX480479.1 C. hierosolymitana Jiroft, Kerman, Iran KJ854919.1 C. lanatus West Bank
KY825715.1 B. rapa var. rapa. Bagher-Abad, Kerman, Iran KJ854918.1 C. lanatus West Bank
KT272771.1 C. lanatus Khash, Sistan, Iran MW588390.1  O. auberi Mexico
MH244451.1 C. lanatus Konarak, Iran JX131283.1 S. arvensis Jordan
MH244455.1 C. lanatus Hamun, Iran EU561237.1 C. lanatus Jordan
MH244461.1 C. lanatus Iranshahr, Iran EF201809.1 - Palestine region
MH244450.1 C. melo var. cantalupo Sarbaz, Iran HM368371.1  C.melo Lebanon
MH244459.1 C. lanatus Zahedan, Iran KJ958911.1 C. lanatus Saudi Arabia
MH244457.1 C. lanatus Saravan, Iran KC876037.1 C. lanatus Saudi Arabia
MH244447.1 C. melo var. cantalupo Nikshahr, Iran - - -

*Ac Num= Accession number

The Iranian isolates related to Jiroft
(KT272773.1) on Cucurbita pepo and
Bagherabad (KY825715.1) on Brassica rapa
detected from Kerman province were classified
in subgroup Il. Saudi Arabia isolates
(KJ939448.1), (KJ958911.1), and (KJ958912.1)
were included in subgroup | of group Il along
with isolates from Khash city of Sistan and
Baluchestan province (KT272771.1). Iranian
isolates from  Fars  province (Darab:
KT272765.1) and (Khonj: KT272769.1) and also
Oman isolates (JN618983.1), (JN618982.1) and
(JN618981.1) were classified in subgroup II.

Also, the results of the two by two comparison
of nucleotide sequences of the AV2 genomic
region using SDT v1.2 software confirmed the
obtained results in the phylogeny tree, and the
Shoush isolate had the most identity with the
isolate from Noorabad Mamassani city, Fars
province (KT272767.1) and the percentage of
their nucleotide similarity was 99.10%. Also,
this isolate had the greatest genetic distance with
Saudi Arabia isolates, especially KJ958911.1,
with 95.90% similarity. Jordan isolates had very
little genetic distance from the Palestine, West
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Bank, Lebanon, and Mexican isolates in this
matrix, and among the Iranian isolates, the
Kerman, Jiroft isolate (KT272773.1) had the
most genetic similarity with those isolates (Fig.
5).

Based on the nucleotide sequence of the AV1
gene, the investigated isolates were placed in
two groups, | and Il, in the phylogeny tree.
Group | contains two subgroups I and Il (Fig. 4).
All three isolates of Khouzestan province
(Dezful, Shoush, and Andimeshk), along with
the Noorabad Mamassani isolate of Fars
province (KT272767.1), were classified in a
separate sub-branch in subgroup I. In addition,
Sistan & Baluchestan isolates include Nikshahr

(MH244447.1),  Chabahar  (MH244454.1),
Saravan (MH244457.1), Konarak
(MH244451.1), Zabol (MH220206.1) and

Sarbaz (MH244450.1) and also Saudi Arabia and
Oman isolates were placed in separate sub-
branches in subgroup 1. The other Iranian
isolates, such as Kerman, Fars, Hormozgan, and
Hamun, were placed in subgroup Il. Isolates
from Jordan, West Bank, Lebanon, and Mexico
were classified in group I1.
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Fig. 3. The phylogeny tree was drawn based on the nucleotide sequence of AV2 genomic region of WmCSV-

Shoush isolate and some isolates from the gene bank. Tree was drawn using MEGAL1 software by neighbor-
joining method and 1000 repetitions in evaluation. The isolates sequenced in this study are marked with in the tree.
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Also, the results of the two by two comparison
of nucleotide sequences of the AV1 genomic
region using SDT v1.2 software showed that the
sequences of the three Khouzestan viral isolates
are highly similar and, on average, the
percentage of their nucleotide similarity is
99.40%. According to the drawn comparison

matrix, Khouzestan isolates had the most identity
(99.60%) with Noorabad Mamassani isolate
from Fars province, and they had the greatest
genetic distance with Saudi Arabia isolates
(95.80%), and Lebanon isolates (96.50%) which
are shown in Figure 6.

KJ958912.1 Pairwise identity (%)
KJ939448.1 -
KJ958911.1 100
KT272771.1 99
JX131283.1 —gg
EUS61237.1 =98
HM268371.1 )97
KJ854915.1 g;
KJ854914.1 96
EF201809.1 95
MWS88390.1
KC462552.1
KY124280.1
KT272767.1
0P926973
KT272773.1
KY825715.1
JN618983.1
JN618982.1
JN618981.1
0OK058529.1
KT272765.1
KT272769.1 |0
KY483568.1
KC677628.1
S s I R E Rt B R EEbEE s st B s = w
B BEE 3302 CEEE 228 E

Fig. 5. Pair-by-pair comparison matrix of nucleotide sequence of the AV2 genomic region of WmCSV Khouzestan
isolate with 24 selected isolates from the gene bank using SDT v1.2 software.

The studies have shown that, in the phylogenetic
analysis of complete nucleotide sequences of
DNA-A and DNA-B fragments of different
WmCSYV isolates, Iranian isolates are separated
in a cluster which is supported by a high
bootstrap wvalue. Similar results have been
obtained by comparing the partial nucleotide
sequences of Iranian isolates and other countries
of the world (Mohammed et al., 2014), as if all
the Iranian isolates were placed in separate sub-
clusters in Figure 4 in the present research;
however, it still observed genetic diversity
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among them. In this phylogeny tree, Iranian
isolates, including Khouzestan and Sistan &
Baluchistan, are next to Oman and Saudi Arabia
isolates in subgroup I, and Khouzestan isolates
are very similar to Sistan & Baluchistan isolates.
In the last research, the analysis of the sequences
of this virus has shown that the isolates from
Iran, Oman, and Saudi Arabia belong to the
same group. While Palestine region, Jordan,
Lebanon, and Palestine are placed in the same
group. Also, isolates from Iran and Saudi Arabia
have more diversity than other regions (Jafari et
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al., 2020). The close relationship between
isolates from Sistan & Baluchistan provinces and
isolates from Oman and Saudi Arabia was
consistent with the research of Jafari et al.
(2020). In fact, despite the location of the sea,

MH244447 1
MH244450.1
MH220206.1
MH244457 1
MH244454 1
MH244451.1
JN618983.1
JN618982.1
JNE18981.1
HM368371.1
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the Oman and Saudi Arabia isolates and Iranian
isolates are still transferred between these
countries. The virus is probably transmitted
between these countries through infected
whiteflies (Jafari et al., 2020).
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Fig. 6. Pair-by-pair comparison matrix of nucleotide sequence of the AV1 genomic region
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isolate with 29 selected isolates from the gene bank using SDT v1.2 software.

Conclusion

In this study, WmCSV was detected and
reported in watermelon fields of Khouzestan
province for the first time. Molecular tests using
specific primers showed that more than 50% of
the studied samples were infected with this virus.
Based on the nucleotide sequence of WmCSV
DNA-A, especially the AV1 gene, three
investigated isolates of Khouzestan province
(Dezful, Shoush, and Andimeshk) along with the
Noorabad Mamassani isolate of Fars province
(KT272767.1) were classified in a separate sub-
branch in subgroup I, in the phylogeny tree.
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Also, Sistan & Baluchistan isolates include
Nikshahr, Chabahar, Saravan, Konarak, Zabol,
and Sarbaz, and Saudi Arabia and Oman isolates
were placed in separate sub-branches in
subgroup |. Most of the nucleotide sequences
belonging to WmCSV registered in the gene
bank are related to the Middle East region.
Warm weather, favorable conditions for the
activity, and a high population of Begomovirus-
carrying whiteflies have caused the transmission
and spread of this virus in the Middle East
region, including the southern regions of Iran.
The high population of whitefly, co-infection of
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and other viruses that infect watermelons, as
well as mismanagement caused that currently, in
the watermelon fields in the north of Khouzestan
province, including Dezful, Shoush and
Andimeshk, farmers have stopped planting
watermelon seeds in these areas and other crops
have replaced. Therefore, in addition to reducing
the use of insecticides due to the development of
resistance, the use of virus-resistant cultivars is
strongly recommended. It is necessary to
evaluate the resistance of different watermelon
cultivars to this virus and to find and use the
most resistant cultivar or a cultivar with less
sensitivity for planting in the case of this virus.
Also, it is suggested to produce resistant
transgenic plants through genetic engineering
and gene silencing to resist WmCSV.
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