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Figure 1. Symptoms of naturally infected watermelon plants with sesame curly top virus showing severe leaf
curling and dwarfing collected from Rudbar-e-Jonub (Kerman province, southeastern Iran) (a); agroinoculated
watermelon plant with constructed infectious clone of the virus showing dwarfing and mild yellowing (b).

Healthy watermelon plant has been shown in left side of panel b.
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Figure 2. Maximum likelihood phylogenetic tree using nucleotide sequence of tomato leaf curl
betasatellite (watermelon isolate) obtained in this study (bold letters) and those of the selected
GenBank isolates. Bootstrap values were calculated from 1000 replicates and the genome sequence of

cotton leaf curl gezira betasatellite (accession number KM279620) was used as outgroup.
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Association of a betasatellite molecule with sesame curly top virus in severe
infection of watermelon
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Associated betasatellites with begomoviruses and mastreviruses are small single stranded circular DNA
molecules ~1.4 kb in size which have been detected in various infected plants and cause enhanced
accumulation of helper viruses as well as induction of severe symptoms (Navas-Castillo & Fiallo-Olivé 2021).
In previous study, Sesame curly top virus (SeCTV) (genus Turncurtovirus, family Geminiviridae) was detected
in infected watermelon plants showing severe leaf curling in Rudbar-e-Jonub farms (Kerman province,
southeastern Iran) (Fig. 1a). Whereas, agroinoculation of watermelon plants with constructed infectious clone
of SeCTV resulted in somewhat mild symptoms showing dwarfing and mild yellowing of plants (Fig. 1b) in
compared with the natural SeCTV infection of watermelon plants (Hasanvand et al. 2021). In order to
investigate the causal agent of severe symptoms in watermelon plant, total DNA were extracted from SeCTV
infected sample (isolate 1W) followed by enrichment of circular DNA molecules using (RCA). Initially,
possible co-infection of sample with other common geminiviruses in the region including beet curly top Iran
virus (BCTIV), chickpea chlorotic dwarf virus (CpCDV) and begomoviruses was tested using PCR assay,
specific or degenerate (in case of begomoviruses) primer pairs and RCA product as template. The PCR assay
did not result in detection of amplicon for aforementioned viruses. Subsequently, due to the role of betasatellite
molecules in induction of severe symptoms and enhanced pathogenesis of helper begomoviruses and two
mastreviruses in different plants (Navas-Castillo & Fiallo-Olivé 2021; Salari et al. 2022), the possible
association of betasatellite molecule with the natural SeCTV infected watermelon plant showing severe
symptoms was studied. PCR assay was carried out using RCA product and specific overlapping primer pair
BS-F/BS-R (5'-CCG TAT GGG ATC ATG AAG GTC TT-3'/5-GGC CAT GAA GGG ATC ATA CCT C-3").
These primers can amplify the full-length genome of tomato leaf curl betasatellite (ToLCB), recently found to
be associated with a number of begomoviruses in infected plants in south of Kerman province (Salari et al.
2022). The PCR assay resulted in 1.4 kb amplicon for the 1W isolate followed by cloning of the PCR product
into pPGEM®-T Easy Vector (Promega, USA). Recombinant plasmid was Sanger sequenced and the resulting
assembled sequence was recorded in GenBank (accession number MZ911868). Sequence analysis indicated
that ToLCB is associated with SeCTV in severe diseased watermelon plant. ToLCB sequence of the 1W isolate
shares ~99% pairwise identity with the Iranian GenBank isolates recently detected from guar, soybean and
pepper (MZ911863, 0Q319129 and ON886549, respectively) and grouped with these isolates in constructed
phylogenetic tree (Fig.2). It seems that severe symptoms of watermelon plants are due to the presence of
tomato leaf curl betasatellite in association with sesame curly top virus in infected plants. However, further
studies using infectious clone of SeCTV and ToLCB are necessary to confirm this interaction. Furthermore,
possibility of co-infection of watermelon sample with RNA viruses, i. e., cucurbit infecting potyviruses is not
far-fetched. Based on the results of this study, this is the first report of the association of a betasatellite with a
turncurtovirus in the natural infection of a plant.

Keywords: Geminivirus, Sesame curly top virus, Tomato leaf curl betasatellite, Watermelon

*A part of PhD thesis of the first author submitted to College of Agriculture, Shahid Bahonar University of Kerman,
Kerman, Iran.

**Corresponding author’s, E-mail address: jheydarnejad@uk.ac.ir

1 Graduated PhD student of Plant Pathology, College of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran

2 Assistant professor of Plant Pathology, College of Agriculture, University of Jiroft, Jiroft, Iran

3 Professor of Plant Pathology, College of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran

4 MS student of Plant Pathology, College of Agriculture, Shahid Bahonar University of Kerman, Iran

216 Y\&


mailto:jheydarnejad@uk.ac.ir

YAY-YAV VP ) Jl /¥ ojlad / OA W/ alE sla s low

References @l;,o

Hasanvand V., Heydarnejad J., Salari Kh., Massumi H. and Varsani A. 2021. Genome sequence of new
isolates of sesame curly top virus in Kerman province and identification of new hosts of the virus. Iranian
Journal of Plant Pathology 57(4): 281-289.

Navas-Castillo J. and Fiallo-Olivé E. 2021. Geminiviruses (Geminiviridae). pp 411-419. In: Bamford D.H.,
Zuckerman M. (Eds.), Encyclopedia of Virology, 4th ed., Vol. 3. Academic Press, Oxford, UK.

Salari Kh., Heydarnejad J., Massumi H. and Hasanvand V. 2022. New natural hosts and phylogenetic
analysis of five tomato yellow leaf curl virus isolates and associated satellites in Kerman province. Iranian
Journal of Plant Pathology 58(2): 60-76.

YV 217



