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Objective: Tomato leaf curl Palampur virus (TOLCPMV) is a destructive Begomovirus
with a bipartite genome that has recently been reported from Iran, and its only vector is
Bemisia tabaci. Despite reports of TOLCPMV in certain Iranian provinces, there is
currently no information regarding the presence and genetic diversity of this virus in
cucumber fields and greenhouses in Khouzestan province. Therefore, this study aims to
detect TOLCPMV and determine the phylogenetic relationships of its isolates in this
region.

Method: To detect and investigate the genetic diversity of TOLCPMV, suspected plants
were sampled in spring and summer 2023. Using the degenerate primers specific to
whitefly-transmitted Begomoviruses, a fragment related to the pre-coat protein gene was
amplified. To study the viral species more precisely and confirm their nature, the sequence
of the movement protein gene was amplified, and a phylogenetic tree was constructed.
Additionally, a comparison matrix of sequences was drawn along with the sequences
received from GeneBank.

Results: The amplification of the studied genes indicated infection with Begomoviruses.
Analysis of sequences and determination of relationships based on two gene regions
(Genious Prime software) showed that the Andimeshk, Dezful, and Soush isolates were
placed in the Iranian isolate group and had the highest genetic similarity to the Jiroft
isolates on the cucumber host. Also, the results of SDT showed the three mentioned
isolates have a high similarity at the nucleotide level and showed the highest similarity at
the nucleotide sequence level with isolate FJ660426.1 (cucumber, Jiroft with 96.39%),
isolate FJ660435.1 (cucumber, Jiroft with 98.30%), and isolate OP810507.1 (tomato, Iraq
with 98.87%), respectively.

Conclusions: This is the first report of the widespread occurrence of TOLCPMV in
cucumber-cultivating areas in the north of Khouzestan province. Given the widespread
distribution and extensive damage of this Begomovirus in cucumber farms in Khouzestan,
it appears it is rapidly advancing on host crops in the western and southern regions of the
country and, if not managed, will cause irreparable damage to the hosts of this virus in
the coming years.
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Introduction

Cucurbits (Cucurbitaceae), particularly cucumber (Cucumis sativus L.), are cornerstone crops in both
greenhouse and open-field agriculture in Iran, owing to their adaptability to diverse climatic conditions
and high nutritional value (Brandenberger et al., 2021). However, the production of this crop is
continuously challenged by major biotic stressors, among which viral diseases are the most significant,
leading to substantial yield losses and deterioration of product quality. Among these, members of the
Geminiviridae family, specifically the Tomato leaf curl palampur virus (ToLCPMV), are recognized as
one of the most destructive constraints on crop production in tropical and subtropical regions. This virus,
a member of the genus Begomovirus, possesses a bipartite genome (DNA-A and DNA-B) and is rapidly
disseminated in the field by the whitefly B. tabaci, a highly efficient and polyphagous vector. The rapid
evolution and spread of this virus in recent decades have been directly linked to climate change and the
increase in vector populations (Heydarnejad et al., 2013). By inducing severe symptoms such as leaf
curling, significant stunting, chlorosis (mosaic and yellowing), and physiological disturbances,
ToLCPMV causes dramatic yield reduction and loss of fruit quality (Abkhoo and Mehraban, 2020).
Although ToLCPMV has been previously reported from Kerman, Hormozgan, Fars, and Sistan and
Baluchestan provinces—with estimated crop losses reaching up to 100% in some regions (Heydarnejad
et al., 2009)—there is a lack of documented, precise information regarding its presence, distribution,
and molecular characteristics in the cucumber fields and greenhouses of Khouzestan province. Given
that Khouzestan is a major hub for cucumber production in the country, the infiltration and spread of
this viral agent could pose a serious threat to regional production security. Furthermore, the phylogenetic
relationships of potential local isolates with other Iranian and international isolates have yet to be
analyzed. Therefore, the present study was designed and conducted with the objective of precisely
detecting TOLCPMYV in the cucumber fields and greenhouses of Khouzestan province, determining the
phylogenetic placement of the obtained isolates, and comparing their genetic sequences with those
reported elsewhere in Iran and globally. This research aims to fill the existing knowledge gap and
facilitate the development of management programs to prevent potential epidemics and avoid
irreversible damage to this strategic crop in the region.

Method

During the spring and summer of 2023, to identify and track Tomato leaf curl Palampur virus
(ToLCPMV) in cucumber farms and greenhouses in the northern Khouzestan province (Dezful, Shoush,
and Andimeshk counties), 60 leaf samples displaying suspicious symptoms such as severe mosaic,
yellowing, stunting, leaf leathery/blistering, little leaf, and fruit malformation were collected and
transported to the laboratory under cold conditions. Total DNA was extracted using the CTAB method
(Zhang et al., 1998), and to screen for whitefly-transmitted begomoviruses, degenerate primers Bc and
PCRv181, which target the pre-coat protein (AV2) gene, were utilized (Rojas et al., 1993; Deng et al.,
1994). PCR reactions were optimized using 2x PCR Bio Tagq Mix Red under standard thermal cycling
conditions, and the quality of the amplified products was verified via 1% agarose gel electrophoresis
using a 100 bp marker (Pishgam). To achieve accurate species identification and sequencing, positive
samples were purified and sent to Macrogen (South Korea). For definitive confirmation of the viral
species, specific primers targeting the movement protein (BC1-MP) and the intergenic region of the
DNA-B component were employed (Heydarnejad et al., 2013). The raw sequences were edited and
assembled using BioEdit software, and the identity of the isolates was verified using the NCBI BLASTn
tool. Finally, to analyze the phylogenetic relationships and determine the evolutionary position of the
isolates, multiple sequence alignment was performed using Geneious Prime 2024.0, and a phylogenetic
tree was constructed based on the Muscle algorithm with 1000 bootstrap replicates. Furthermore, the
genetic distance and sequence identity between the Khouzestan isolates and other sequences available
in GenBank were analyzed using SDT v1.2 software (Muhire et al., 2014).

Results
Field surveys and sampling conducted in cucumber greenhouses and fields across Andimeshk, Dezful,
and Shoush counties revealed a wide range of disease symptoms, including yellowing, mosaic, curling,
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leaf blistering/leathery appearance, leaf curling, distortion, leaf-size reduction, and plant stunting. In
some instances, flower abortion was also reported following infection, leading to significant yield losses.
This diversity of symptoms, consistent with previous field observations for TOLCPMV (Astaraki and
Shams-bakhsh, 2023), may be attributed to factors such as host cultivars, plant age at the time of
infection, and the diversity of viral isolates. Since these symptoms can be indistinguishable from those
caused by other viruses, pathogens, or environmental stresses, definitive diagnosis was confirmed solely
through molecular assays (Ramazani et al., 2022a). The prevalence of this infection in the study areas
coincided with high population densities of the vector B. tabaci.

PCR analysis using the degenerate primers B¢ and PCRv181 confirmed the presence of ToOLCPMV in
26 cucumber samples, yielding the expected 550-bp fragment, while no amplification was observed in
the negative control. This amplified fragment encompasses the 3’ end of the intergenic region and
approximately 200 bp of the 5' region of the coat protein (AV2) gene. The efficacy of these primers in
amplifying target fragments in other begomovirus-infected crops, such as ToOLCPMV and Watermelon
chlorotic stunt virus (WmCSV), has been previously documented (Jelavi et al., 2022; Pakbaz et al.,
2024). Furthermore, the use of ToLCPMV-specific primers (TOLCPMV-1079B-F and ToLCPMV-
2054B-R) successfully amplified a 950-bp fragment encompassing the intergenic region and the
movement protein gene, providing high-precision confirmation of the infection.

To finalize the identification process, the nucleotide sequences of selected isolates were purified,
sequenced, and deposited in the NCBI database. Phylogenetic analysis based on the nucleotide sequence
of the coat protein precursor region on DNA-A classified the Khouzestan isolates into Group I, with
Abutilon mosaic virus (AbMV) used as the outgroup. Nucleotide similarity matrix results demonstrated
that the isolates from Andimeshk, Dezful, and Shoush exhibited the highest similarity (>98%) to the
Jiroft cucumber isolate, a finding consistent with the phylogenetic tree.

In addition to the DNA-A analysis, phylogenetic relationships were assessed based on the nucleotide
sequence of the movement protein (BC1-MP) and the intergenic region of the DNA-B component. In
this analysis, the Khouzestan isolates clustered within Group |, and the resulting tree revealed a two-
group structure (Groups I and 1), again using Abutilon mosaic virus as the outgroup. The similarity
matrix analysis based on specific primer pairs showed that the Andimeshk, Dezful, and Shoush isolates
shared the highest nucleotide identity with the previously reported Jiroft cucumber isolate and an Iraqi
tomato isolate. Furthermore, pairwise nucleotide comparisons of the BC1-MP and intergenic regions
using SDT v1.2 confirmed high sequence homology among the three studied isolates. These isolates
exhibited minimal genetic distance from the Jiroft and Iraqgi isolates, while showing the greatest genetic
divergence from the papaya (Oman) and melon (Jiroft) isolates. Finally, matrix-based comparisons for
both DNA-A and DNA-B genomic components revealed negligible genetic variation among the isolates
from the three counties; specifically, the Andimeshk isolate showed >97% sequence identity with the
Dezful and Shoush isolates, suggesting high genetic consistency of the virus within the studied region.

Conclusions

Khouzestan province is a pivotal region for cucurbit production in Iran, where widespread symptoms
including mosaic, leaf curling, and stunting, often coinciding with high B. tabaci populations, have
recently been observed. In the present study, 26 out of 60 sampled cucumber plants were identified as
ToLCPMV-positive, marking the first report of this virus in Khouzestan. The successful amplification
of the 950-bp BC1-MP fragment confirms the high sensitivity and diagnostic utility of current primers
for Iranian isolates. Phylogenetic analysis of both DNA-A and DNA-B components revealed that the
Khouzestan isolates share high nucleotide identity and cluster with the Jiroft isolates within the “Iranian”
group. This high genetic affinity, contrasting with the greater divergence observed from Indian,
Pakistani, and Omani isolates, suggests a relatively recent and rapid dispersal of the virus across
southern Iran, likely mediated by the transport of infected seedlings or vector movement.
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While Iranian isolates exhibit high sequence identity, the high recombination rate inherent to
begomoviruses implies a continued risk of novel strain emergence (Ramazani et al., 2022b). Previous
research has confirmed the expansion of TOLCPMV host ranges in Iran, including eggplant and pepper
(Abkhoo and Mehraban, 2020), and consistent genome identity across various cucurbits (Heydarnejad
et al., 2013). The prevalence of TOLCPMYV (43%) in this study confirms that the virus is not merely
sporadic but is firmly established within Khouzestan’s production ecosystems. Driven by favorable
climate conditions and high whitefly abundance, the risk of rapid viral proliferation and future epidemics
is significant. Consequently, continuous molecular surveillance, integrated vector management, and
strict control over the movement of potentially infected plant materials are imperative to mitigate
epidemic risks and ensure the sustainability of cucurbit production. Future studies focusing on full-
genome sequencing and recombination dynamics are essential to further elucidate the evolutionary
trajectory and epidemiology of TOLCPMV in Iran.
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Table 4. Characteristics of isolates available in the GenBank used in phylogenetic analyses in this study
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CucHsht2 ol MW651901 Ch12 JOtINCEN | EU677429
SquKavarl ol MW651874 TLCPV-Squash5 gl MKG606695
PepKhonj1 | MW651879 Alyusufia MS89 olasy OP479886
EggpKhonjl w1y MW651878 Babylonl gl ON229618
WatmHshtl Ol MW651899 T56X:Cuc:08 1yl ) JF501721
WatmJir2 JOEIUESERR N MW651886 T65X:Cuc:08 KEJESEEN | JF501720
PV15-3- papaya oles MZ423188 Kufa Gle 0OP810506
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He- Herniaria z54S ol EU677430 Tomato: Roodan Slgy il EU547682
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PepbHsht1 oyl MW651902 TLCPV-Datural ale MK606697
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DNA-B 35 4ol p (Fo o Julni g 2 3 Cuba il AJ223505
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IR:Jir6:T3P:Cuc:07 O FJ660427 Mild Js AF105975
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Kerman: cucumber RS RN FJ668379 Iran 2 ol EU085423
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PV15-5 olos MZ423191 - il gl sl AY297924
PV16-8 Slos MZ423192 pTW1 sl U88692
Punjab KErS KC456162 Ban5 S0 AF295401
SAZ235 Skt LN854628 pDR9 als X63015
Eggplant isolate REPS HQ264186 Lucknow REPS Y16421
Tomato-A4 bl KM977734 Abutilon mosaic virus LN611625

(AF isolate)
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Figure 1. Map and longitude and latitude of sampled areas: Andimshek, Dezful, and Shoush cities in
Khouzestan province (marked by a circle).
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Figure 2. Leathery and blistering of the leaf surface, yellowness, and severe mosaic in cucumbers
infected with TOLCPMV in the greenhouses and farms of Khouzestan province.
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Figure 3. a) Electrophoresis pattern of amplified fragments on 1% agarose gel:

a) Amplification using PCRv181 and Bc degenerate primers in the range of 550bp. Columns 1 to 4 are
amplified fragments.
b) Molecular marker 100bp (Excel-band 100 bp+3k DNA ladder)
c) Amplification using TOLCPMV-1079B-F and ToLCPMV-2054B-R specific primers in the range of
950bp. Columns 1 to 4 are amplified fragments and N, the negative control.
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Table 5- Characteristics and accession numbers of the nucleotide sequences of the present study
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Figure 5. The phylogeny tree was drawn based on the nucleotide sequences determined on the ToOLCPMV
DNA-A isolates from Khouzestan province and some isolates available in the Genebank. The tree was

drawn using Geneious software by the Muscle method with 1000 repetitions in the evaluation. The isolates
sequenced in this study are marked with a black circle in the tree.
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Figure 6. Pair-by-pair comparison matrix of nucleotide synonyms of the pre-coat protein genomic region on
DNA-A of Andimeshk, Dezful, and Shoush isolates of ToOLCPMV (red box) with 30 selected isolates from the
gene bank using SDT v1.2 software.
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Figure 7. The phylogeny tree was drawn based on the nucleotide sequences determined on the ToOLCPMV
DNA-B isolates from Khouzestan province and some isolates available in the Genebank. The tree was drawn

using Geneious software by the Muscle method with 1000 repetitions in the evaluation. The isolates
sequenced in this study are marked with a black circle in the tree.
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Figure 8. Pair-by-pair comparison matrix of BC1-MP and intergenic region nucleotide pairs on DNA-B of

Andimeshk, Dezful and Shoush isolates of TOLCPMYV (red box) with 12 selected isolates from the gene bank
using SDT v1.2 software.
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